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Abstract—Twitter data is increasingly used to make predictions 
about real-world events. However recently, several studies 
directly or indirectly questioned proposed Twitter prediction 
procedures. In this paper, we conduct a literature review to 
investigate the research processes adopted by previous Twitter 
prediction studies in detail. We first identify the actors involved, 
and then we study how they influence the different phases of the 
research process. We found that in Twitter prediction research 
up to four actors perform several sampling, filtering, 
classification and assessment decisions throughout the 
development of prediction models. If these decisions and the 
reasons behind them are not sufficiently documented, the 
developed prediction methods cannot be reproduced in future 
research and consequently their validity and reliability are hard 
to assess. 
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I. INTRODUCTION 
Every day, people around the world publish 500 million 

tweets [1] to inform the outside world about what they do, 
what is happening, or to share news with their followers. In 
recent years, both the academic and the business world 
realized the potential of these messages, as a source of real-
time information, which allows to detect trends and to even 
make predictions about the future. Most studies that have used 
Twitter data to predict elections [2], diseases [3]  or stock 
market developments [4] provided promising results, 
suggesting that Twitter data could reveal great predictive 
power. However, the new information source Twitter comes 
with a risk: As in other “Big data” domains, the amount of 
data a researcher has at hand is huge and noisy, which might 
accommodate enough data to support any kind of hypothesis, 
if just enough specially tailored sampling and filtering 
techniques are applied. “It is quite possible that the most 
interesting patterns we discover during a data mining exercise 
will have resulted from measurement inaccuracies, distorted 
samples or some other unsuspected difference between the 
reality of the data and our perception of it” [5]. In fact, 

recently, several studies directly or indirectly question the 
practices applied in previous Twitter prediction studies [6], 
[7]. Experiments used to evaluate the quality of the proposed 
methods are hard to reproduce, because access to historic 
Twitter data is expensive. Additionally, researchers require 
knowledge of a multitude of different parameters in order to 
repeat presented experiments, but existing studies often lack a 
precise description of these.  

The goal of this paper is to explore which actors are involved 
in Twitter prediction research processes, and which decisions 
are taken that might influence the prediction result. For this 
purpose, we analyze 24 studies from different domains which 
aimed to perform predictions based on Twitter data. We show 
that Twitter-based predictions involve a number of sampling, 
filtering and classification steps which are performed by up to 
four different actors. Each of these actors might bring in their 
own reality and thereby influence the objectivity of the study. 
This paper can be seen as a first exploratory step on the way to 
more reliable and valid Twitter-based predictions research. 
This paper is organized as follows: first, we introduce related 
work, the sample of studies we selected for our survey and the 
method. Next, we elaborate on the actors involved in the 
Twitter research process and their role in the reviewed studies. 
We critically discuss how these roles affect validity and 
reliability, and conclude with a short summary and limitations.  

II. RELATED WORK 
There is a variety of literature-based approaches examining 

prediction models using social media data, starting with the 
extensive work done by Kalampokis et al. [8], who depicted 
the state-of-the-art in predictive applications based on social 
media and developed a general social media prediction 
framework. They found that most prediction studies which 
claimed to evidence Twitter’s predictive power did not employ 
any predictive analytics in their studies. Metaxas et al. [7] and 
Gayo-Avello [9] review existing studies and question both the 
predictive power of Twitter as well as applied prediction 



methods, particularly in the political domain. Both agreed that 
prediction through Twitter is exaggerated and is only slightly 
better than chance, raising issues related to the lack of 
consideration of users’ demographics and biased data samples. 
They pointed out that these issues did not receive much 
attention by the reviewed studies and call for improved 
documentation of data sampling parameters and in-depth 
investigation of applied sentiment analysis methods. Other 
studies focused especially on the data sampling applied in 
Twitter research and questioned the quality of the data 
retrieved from Twitter [10], [11]. Following these critics, in 
this paper, we investigate the Twitter prediction research 
process in more detail and shed light on the involved actors 
and decisions.    

III. DATA & METHOD 
Sampling papers for this study is, like sampling data from 

Twitter, not a trivial task which will be inevitably biased by 
our personal decisions. We decided to include all papers listed 
in the extensive literature review on social media prediction 
carried out by Kalampokis et al. [8] in 2013. We applied the 
same search terms and search methodology and complemented 
this set of papers with more recent studies from 2013 and 
2014. After obtaining a list of papers, we selected the  5 most 
recent (publication year) and influential studies (based on 
google citations) for each domain. Table I shows the papers 
included into this study per domain. We subsequently 
analyzed and extracted 25 attributes from these papers 
concerning the research process and the involved actors. In the 
next section, we will provide more insight into the collected 
data. 

TABLE I.  THE SELECTED STUDIES FOR EACH DOMAIN 

Domain Studies 
Movie Asur & Huberman 2010 [12], Rui & 

Whinston 2012[13], and Du et al. 
2014[14]. 

Health Culotta 2010 [15], Paul & Dredze 2011 
[16], Signorini et al. 2011 [17], Achrekar 
et al. 2011 [18], Lampos & Cristianini 
2012 [19], and Brennan et al. 2013[3]. 

Politics Metaxas et al. 2011 [7], O’Connor et al. 
2010 [20], Tumasjan et al. 2010 [2], 
Conover et al. 2011 [21], Gayo-Avello 
2011[9], Sang and Bos 2012 [22], and 
Franch 2012 [23]. 

Natural Disasters & Crime Sakaki et al. 2010 [24], Earle et al. 2012 
[25], and Gerber 2014 [26]. 

Finance Oh and Sheng 2011 [27], Bollen et al. 
2011 [28], Smailović et al. 2013 [29], and 
Rao & Srivastava 2014 [4]. 

IV. ACTORS IN THE TWITTER PREDICTION RESEARCH 
While reviewing the literature, we identified essentially 

four different actors: the users, Twitter, the researchers; and 
the assessors. In the following sections we will elaborate on 
their role and how they affect the research process. 

A. User 
The decision of a user to publish his or her personal 

experience in a tweet influences whether this information can 
be used for subsequent predictions. However, not all people 
are equally likely to share information on Twitter. Therefore 
any research based on tweets has to take the demographic bias 
into consideration. Twitter users have different characteristics, 
they live in different geographic places, publish tweets in 
various languages and dialects, belong to different age groups, 
some are followed by a larger number of people and their 
messages spread widely, while others’ are not. Only 6 out of 
the 24 reviewed studies consider users features in their 
sampling and prediction processes as listed in Table II. 
Although determining traits such as the age and gender of 
Twitter users could be effective for prediction in domains such 
as politics where there is an age boundary for voting 
eligibility. In addition, only two studies [24], [25] include 
more than one language. Including all languages spoken by 
people related to an event might be important to not 
systematically exclude any group (e.g. in case of the 
prediction of US election outcomes, groups tweeting in 
Spanish but are eligible to vote are excluded [7], [9], [21]). In 
addition, users’ locations are important for domains such as 
politics and disasters. If the locations of users are not 
considered, a mismatch between the demographics and the 
real world problem might result (e.g. the locations of Twitter 
users are probably quite different from the location of the 
voters).  

TABLE II.  CONSIDERED USERS INFORMATION 

Used by Domain Users’ Information Considered 

Brennan, et al. 2013[3] Health Location 

Du et al. 2014[14] Movie Influence 
Sakaki et al. 2010[24] Disaster Different Language 
Earle et al. 2012[25] Disaster Different Language 
Metaxas et al. 2011 [7] Politics Location 

Gayo-Avello 2011[9] Politics Location, Age 

B. Twitter  
Twitter as a medium and a platform can be seen as an actor 

as well, since the provided the user interface and API features 
influence the information generation and data collection 
process.  

1) Information Generation 
Twitter and its features cannot be assumed to be a static 

constant over time. Although the general idea of providing a 
platform for open information exchange still persists, Twitter 
keeps developing the features it provides to its users which 
might change the way users interact with the platform. For 
example, in 2009, Twitter changed its byline from “What are 
you doing?” to “What is happening?”, broadening the focus 
from personal subjects to happenings in general. In July 2009, 
they introduced automatic linking of hashtags, which allows 
users the possibility to tag and browse tweets relating to a 
specific topic.  

 



2) Information dissemination 
Not all tweets posted by users will be published on the 

Twitter API. First of all, tweets are only disseminated, if they 
are public. Furthermore, illegal or spam tweets are removed 
[30]. Although Twitter is generally an open platform and 
strives to not filter tweets based on content, tweets might have 
to be withheld in a certain country, based on governmental 
request. Twitter publishes a transparency report listing all 
requests for removal, from January till June 2014, overall, 
25 accounts and 251 tweets were withheld in various countries 
around the world [31]. The number of tweets withheld is just a 
minor fraction given the total volume of tweets sent per day, 
which would have to be considered in case researchers 
particularly focus on critical content, e.g. discriminatory 
issues. Twitter data can be retrieved through different 
channels:  
Twitter Search API: provides tweets matching certain 
keywords posted in the previous seven days relative to the 
retrieval time. Only a specific number of tweets can be 
retrieved per call and the number of requests is limited in a 
specific time window.  
Twitter Streaming API: provides up to 1% of all tweets in 
real-time. Either a random sample or a filtered sample 
(matching keywords or geographical areas) can be retrieved.  
External providers can provide a better coverage 
e.g. Decahose Twitterstream (10%), or the Firehose Twitter 
Stream (100%). Furthermore domain-specific and historic 
tweets can be acquired commercially.  

Using the same selection criteria but with different 
methods of data collection influences the scope of the data 
sample. In fact, also using the same criteria and the same data 
source at different points in time might reveal different 
coverage, since the maximum amount of data retrieved is 
proportional to the total number of tweets sent globally. The 
total tweet volume has been increasing in the past years and is 
also impacted by global events like a soccer world cup. 
Furthermore, we do not have any control over future changes 
of the coverage level and the Twitter API features. Therefore, 
the sampling performed on the side of the Twitter API cannot 
be assumed to be a static factor over time. As depicted in 
Table III, only 4 of 24 reviewed studies stated the coverage of 
their data sample. However, it is challenging to obtain 
qualified information about Twitters’ sampling techniques 
used in past versions of the API. Therefore the results of 
previous studies, are hard to interpret, especially when 
sufficient descriptions of the sampling techniques are not 
provided.  

TABLE III.  USED API AND COVERAGE 

API / Coverage Not Stated 1% 10% 100% 

Third Party 2    
Streaming API 3 1 3  
REST API 8    
No info 7 1   

C. Researcher 
As in any research process, a central role in the Twitter 

prediction research process is attributed to the researchers. The 
researchers decide (1) how the data sample is collected and the 
scope, (2) how irrelevant tweets are removed from the sample, 
(3) the prediction model and the dependent and predicted 
variables, and eventually (4) about the method of evaluation. 
In this study we focus on the first two steps which are specific 
to Twitter used as a data source. 

1) Sampling 
As of today, August 2014, about 500 million Twitter 

messages are sent daily. Typically just a tiny fraction of these 
data is related to the researchers’ topic of study. In order to 
reduce the data amount and to increase the ratio of relevant 
data in the sample, researchers apply different strategies in 
essentially two subsequent steps. First, when data is requested 
from the Twitter API, researchers can either retrieve a 1% 
random sample or they specify selection criteria. The reviewed 
studies used mainly keywords or geographic bounding boxes 
for sampling. Second, after the data has been retrieved, 
researchers might apply additional filtering techniques, e.g. in 
some cases only tweets with geotags were included in other 
cases tweets including URLs were excluded, or retweets were 
removed. Note that according to the current twitter API 
documentation, twitter stream filtering, returns only Tweets 
matching the specified keywords or bounding boxes, and 
returns up to 1% of the global tweet volume. Local filtering 
performed after retrieval, will result in a more focused 
subsample but cannot increase the coverage.  
In our review, we found that 17 of 24 studies (See Table IV) 
used keywords as sampling criteria, two studies used 
geographic boundaries, and one study used a random sample. 
Four studies did not state clearly how data was collected, 
however two of them used a data sample collected by a third 
party.  

TABLE IV.  APPLIED SAMPLING METHODS 

Sampling Method No. 

Third Party Data Set 2 
Keywords Topic Specific 13 
Keywords not Topic Specific 4 
Geographic 2 
Random 1 
Not Stated 2 

Since the majority of the studies used keywords as sampling 
technique, in what follows, we elaborate on the keywords used 
and how those keywords were chosen.  

Interestingly, in 12 out of 17 cases, keywords were chosen 
by the researchers without documenting how they have been 
selected. Three studies applied a dynamic keyword-selection 
approach which involves the researcher less or not at all.  Two 
studies used neutral keywords, e.g. “I”, “am”, “feel” to only 
retrieve tweets that relate to personal statements, while others 
used topic specific keyword e.g. “flu”, “H1N1”. The keyword 
selection phase seems to be a critical phase, as the quality of 



the sample depends on the researchers’ capacity to define the 
right keywords. In studies using geographic bounding boxes as 
selection criteria, the researcher has to define the number of 
places to be observed. In the studies reviewed, one study 
selected only tweets around English cities, whereas another 
one retrieved tweets within 3km distance of airports. This 
approach is less reliant on the researchers’ capabilities to 
correctly guess keywords, but introduces another sort of bias, 
since it will limit the sample to geotagged tweets. Less than 
1.5% of all tweets are geotagged and Twitter users have to 
actively choose for the option to geotag tweets, which means 
this sample cannot be considered to be random. 

Another challenge for the researcher is to select a period 
the period of data collection. We observed very different 
periods of time ranging from a week to more than 2 years. 
Even in studies with a similar prediction objective, collection 
times vary substantially (See Fig 1). Although previous studies 
showed that the time period chosen can significantly influence 
the result [6], [7], reviewed studies mostly do not state why a 
particular time period has been chosen.  
After the data has been collected, additional filtering methods 
are applied, e.g. limiting the sample to Tweets in a specific 
language, only users with specific home location or the 
exclusion of retweets or tweets including links.  

 

Figure 1.  Period of Data Collection.  

2) Classification 
Apart from the filtering applied during or after retrieval, 

some studies additionally apply supervised machine learning 
classifiers to exclude non-relevant tweets more effectively. In 
this case, a classifier is trained based on manually tagged 
relevant and non-relevant examples of tweets and used to 
assign future tweets to one of this classes. While this approach 
is less influenced by the researchers, it introduces a new actor 
in the Twitter research process. 

D. Assessor 
Supervised classification assessing the relevance or 

sentiment polarity of Tweets typically involves human 
judgments. In contrast to the other approaches, in this case, a 
human referred to as “assessor” reviews the content of a tweet  
and assigns it to a certain class. A big advantage of this 
approach is that also keywords and rules can be found, which 
exist in the data, however would not have been a priori in the 
mind of the researcher.  It is well known that a high quality set 

of training data is a necessary condition for the construction of 
an effective prediction model. Therefore the assessor can be 
seen as an additional actor affecting the prediction model. 
11 of the 24 surveyed papers involve human assessors for the 
creation of training data sets for sentiment or relevance 
classification (See Table V). Whether a tweet is considered to 
be relevant or not, positively or negatively formulated, is 
subjective to the assessors’ view. The way how we make 
classifications in daily life is dependent on our cultural 
background and personal experiences. Therefore, assessors 
might disagree about the class assigned to a tweet. For 
instance, in 2012 Sang & Bos [22] tried to label tweets 
according to political directions, i.e. whether a tweet is 
negative or positive with regard to a specific party and 
reported on average 20% disagreement between assessors. 
Some studies discarded messages for which annotators 
assigned different labels [12], [22], others reported that it is 
sometimes even for humans difficult to judge whether a tweet 
is reporting an actual earthquake or not, for example a user 
might write ”Is this an earthquake or a truck passing?”[24]. 
Depending on the extent of disagreement, this practice could 
again systematically exclude some tweets from the training 
data and might thereby introduce an additional type of 
selection bias in future classifications. It should be noted that 
some studies applied techniques to help attaining training data 
not only from human assessors but also using other sources, 
like Social Graph Analysis [21], emoticons [29] or a sentiment 
lexica [7]. These methods are less time consuming and limit 
the personal influence of assessors. 

 In most of the studies, researchers or volunteers took over 
the role of the assessors. One study employed Amazon 
Mechanical Turk (AMT) workers for manual labelling. This 
practice involves additional human classification systems as 
AMT workers live in various countries and have different 
cultural backgrounds. For example, a tweet relating to 
“coughing” might be seen as a sign for flu in one country or 
considered irrelevant by a person from another for whom this 
is “normal”. Most studies did not disclose any information 
related to the assessors, their backgrounds or demographics. It 
remains unclear whether assessors were representative of the 
Twitter users observed so they could understand their 
perspectives and assign accurate labels.  

E. Other Actors 
Although not stated in the surveyed studies, there might be 

further actors potentially influencing prediction results. For 
example, in March 2014, the access to Twitter was banned in 
Turkey after users posted messages accusing the governmental 
party of being corrupt [32]. A study monitoring the flu world-
wide would most certainly have been affected by this event 
and consequently also the prediction result. 

V. RELIABILITY AND VALIDITY OF TWITTER PREDICTIONS 
Two important requirements any scientifically developed 

method has to meet are reliability and validity. Based on the 
insights gained, in this section we will examine the reliability 
and validity of Twitter-based predictions. 



TABLE V.  STUDIES INVOLVING ASSESSORS 

Used by 

Oh & 
Sheng 
2011 
[27] 

Smailović 
et al. 2013 
[29] 

Culotta 
2010 
[15] 

Paul & 
Dredze 
2011 
[16] 

Asur & 
Huberman 
2010 [12] 

Rui & 
Whinston 
2012[13] 

Du et al. 
2014[14] 

Sakaki et 
al. 2010 
[24] 

Sang 
& Bos 
2012 
[22] 

Conover 
et al. 
2011 [21] 

Metaxas 
et al. 
2011 [7] 

Domain Finance Finance Health Health Movie Movie Movie Disaster Politics Politics Politics 
Assessors: 
Researchers/ 
Crowdsourced 
users / Others 

R O R O C R  - - - - R 

No. of Assessor 3  -  - 2 3 2  - - 2 - - 
Application: 
Sentiment/ 
Relevance 

S S R R S S S R S S S 

Agreements 
Percentage 

-  -  - 75% - 
85% 

 -  -  - - 79.5% - - 

 
A. Reliability 
“Reliability concerns the extent to which an experiment, test 
or any measuring procedure yields the same result on 
repeated trials.“ [33]. 

Since Twitter prediction methods are automated, two 
prediction experiments using the exact same dataset, will yield 
the same prediction results. However in practice, repeating 
experiments is hard, since access to historic Twitter data is 
expensive. As illustrated in previous sections, researchers 
have to take multiple decisions during the data collection 
process. Existing studies often lack a precise description of 
these decisions, which makes it difficult to repeat the same 
experiment. If an experiment was repeated in two different 
time periods, the number of people using Twitter, the way 
how they use it, the way in which Twitter provides data in its 
API, or the degree of access to Twitter could have changed, 
which might affect the result. While the researcher can control 
the method, several other actors which influence the 
prediction result, like the users, Twitter or governments 
cannot be controlled by the researcher and cannot be assumed 
to be static over time. As long as prediction models do not 
integrate these factors, they can hardly be reliable over time. 

B. Validity 
“An indicator of some abstract concept is valid to the extent 
that it measures what it purports to measure. Validity 
concerns the crucial relationship between concept and 
indicator.“ [33]. Typically the Twitter studies aim to provide 
an alternative way to measure existing indicators; for example, 
Achrekar et al. [18], try to predict a statistic from the national 
health organization, reporting the number of people who 
visited a doctor with influenza like symptoms. Therefore the 
study did not actually aim to predict the number of sick 
people, rather the number of people who visited a doctor as 
reported by the statistic. The validity can be evaluated by 
repeatedly comparing the result of the predicted value with the 

result of the official statistics. However, this poses a challenge 
in domains where official data is not frequently available, e.g. 
for election outcomes. If we were interested into the actual 
number of sick people, rather than the number of people 
visiting a doctor, the Twitter prediction might theoretically 
reflect the number of sick people better than the official 
statistics. But how could we ever move beyond official 
statistics, if any divergence is interpreted as prediction error? 
Furthermore, it is hard to judge about the validity of a method 
when it is not completely clear what a method intends to 
measure. Should a Twitter prediction method tested on flu in 
the US, also work in other geographical regions? Could it also 
predict the spread of other diseases? Most of the studies 
reviewed developed and tested their models exclusively on 
English tweets and one specific use case. In many methods a 
list of manually selected keywords is a prerequisite which is 
both specific to a language as well as to the use case. The 
validity of the prediction result might therefore depend very 
heavily on the ability of a researcher to develop an exhaustive 
list of relevant keywords for the other language or use case 
and therefore restrict general applicability. In other cases, 
assessors are involved to provide their individual judgments to 
be integrated into algorithmic classifiers. Again, when 
transferring the method to another language or use case, a new 
classifier would have to be trained, potentially involving other 
assessors. If the accuracy of the prediction changed, how 
could we determine if the method is not valid for the other 
language or the ability of the assessors to provide accurate 
judgment is different for another language or domain. If the 
scope or the application area are not clearly defined, it is hard 
to objectively assess the validity of given methods.  

VI. CONCLUSION & LIMITATIONS 
In this study, we reviewed 24 Twitter prediction studies to 
identify the actors who are involved into Twitter prediction 
research process as well as their tasks and influences. We 
found that from the point of creation of tweets by Twitter 



users, to the point where they are used within prediction 
models, several sampling, filtering and classification decisions 
are taken by researchers, Twitter and human assessors. If the 
decisions and reasons behind the decisions are not sufficiently 
documented the validity and reliability of current Twitter 
prediction research is hard to assess and therefor remains 
questionable. Given the exploratory nature of this study, 
further research is necessary to evaluate our findings 
empirically. In addition, the focus in this study was on 
Twitter-specific phases of the research process, future work 
could also study the steps of model-building and evaluation in 
more detail.  
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