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Abstract

In this article, we review existing research on the complementarity of social media data and
survey data for the study of public opinion. We start by situating our review in the
extensive literature (N = 187) about the uses, challenges, and frameworks related to the
use of social media for studying public opinion. Based on 187 relevant articles (141
empirical and 46 theoretical) - we identify within the 141 empircal ones six main research
approaches concerning the complementarity of both data sources. Results show that the
biggest share of the research has focused on how social media can be used to confirm
survey findings, especially for election predictions. The main contribution of our review is
to detail and classify other growing complementarity approaches, such as comparing both
data sources on a given phenomenon, using survey measures as a proxy in social media
research, enriching surveys with SMD, recruiting individuals on social media to conduct a
second survey phase, and generating new insight on “old” or “under-investigated” topics
or theories using SMD. We discuss the advantages and disadvantages associated with each
of these approaches in relation to four main research purposes, namely the improvement of
validity, sustainability, reliability, and interpretability. We conclude by discussing some
limitations of our study and highlighting future paths for research.
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1 Introduction

This paper provides a systematic literature review of how social media data (SMD) and
traditional survey data have been used complementarily to study public opinion (PO) over
the last decade. As social media users represent more than half of the world’s population (see
[26]) and provide continuous reactions to daily socio-political events, it is not surprising that
traditional survey research has been concerned about whether such data would make surveys
obsolete or whether they could be used complementarily. Addressing these questions is
particularly relevant in the area of PO. Social media plays a growing role in the formation
of PO as user-generated content on these platforms is increasingly deployed as representations
of PO (e.g. [27, 56]). In addition, politicians increasingly consider social media, especially
Twitter, to be a “barometer” of PO [44].

Despite the extensive literature about the benefits and challenges of using SMD to answer
social and political questions, as well as about SMD as a possible replacement for traditional
surveys, a comprehensive overview of the complementarity of both data sources remains limited.
The aim of this paper is to fill this gap by providing a systematic literature review focusing on how
SMD and survey data can complement each other to study PO. Inspired by the influential study of
Japec et al. [45] which elaborated on the complementarity of survey data and “big data” (rather
broadly defined), we want to concentrate, however, on one type of “big data”, namely SMD.
There are two main reasons for this choice. First, SMD are a specific type of “non-survey” data
which possess specific arrangements (or conventions) and paradata that are different from other
types of administrative or “big data”, especially when it come to the assessment of PO. Second,
whereas there is substantial research on augmenting survey data with administrative (e.g.
electricity or water consumption) or other type of “web data” (e.g. Google searches or citation
metrics) to improve estimates of PO or official statistics, we still lack an overarching picture of the
(new) developments and approaches of complementing SMD and surveys with each other.

Our analysis is based on an extensive survey of the literature capturing a representative
sample of the best published theoretical and empirical scientific papers on the topic (N = 187).
We have restricted the analytical period to the last decade (2010-2020) as the discussion on
complementarity is still a young field of study (e.g. [58]). On this basis, we have been able to
identify six complementarity approaches which can be synthesised to four major purposes,
namely predicting, substituting, comparing, and linking SMD and survey data.

In the next section, we situate our review within the existing literature by demonstrating how
the scientific discussion surrounding the opportunities and challenges offered by SMD within
survey research has evolved, especially by highlighting the complementary understanding of PO
offered by both data sources. Then, we discuss more specifically which research approaches have
emerged, and we classify them according to four main research purposes using both data sources
complementarily. The analysis of the empirical studies aims to act as a guide for other researchers
by identifying research gaps and highlighting the pros and cons of each approach. Furthermore,
we underline areas for future improvements and point to technical and ethical considerations. We
conclude by mentioning the main contributions and limitations of our review.

2 Background - The complementary understandings of PO

Surveys have long been the most predictive and accurate tools for collecting and measuring
opinion. However, over the last decade, decreasing response rates have called into question the
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potential of using a random sample of individuals to represent an entire population (e.g. [37,
49]), thus posing important concerns about the sustainability of survey research. Even by
adapting to new modes, such as push-to-web, to increase response rates, it remains unclear
whether surveys will maintain this dominant role as communication habits continue to change
(e.g. [68]). Given the recent “survey crisis” (e.g. [13, 22]), an increasingly rich source of PO
data is commonly referred to as “big data”. These “new” data take the form of extraordinarily
large and complex datasets. There are three attributes that are generally agreed upon to
describe this type of data (e.g. [19]), namely volume, velocity, and variety. Social media are
a sub-type of big data where people express their thoughts and opinions with the purpose of
sharing them with others [18]. Due to their inherent properties, SMD have been seen as a
promising complementary, and even alternative, source of data for exploring PO. However,
researchers acknowledged early on that, almost universally, SMD are non-random, and thus
discouraged using them as a means of making generalisable claims. This challenge is well
highlighted by Schober et al. [68], who claim that, while the social media researcher seeks to
achieve topic coverage, the survey researcher emphasises population coverage as a central
endeavour.

An entire strand of research thus focussed on how surveys and social media differ in several
aspects. Table 1 attempts to classify the most prominent differences along which SMD and
survey data are typically compared. We have identified several dimensions based on recurring
criteria mentioned in the literature concerning the nature of and the relationship between both
data sources. Often-cited criteria include the type of population and data signal, the unit of
observation and analysis, and the available meta-data (for a thorough discussion of the
differences see [18, 68], and [77]).

To understand how to best use both data sources complementarily, it is also essential to
reflect on how they construct PO differently. This is increasingly important, as what constitutes
“the public” tends to be forged by the methods and data from which it is derived [56]. In

Table 1 Differences between SMD and survey data to study PO

SM Survey

Type of population
Data signals

Types of data

Unit of observation or
the level at which
data are collected

Unit of analysis or
level at which the

data are analysed

Meta-data

Selective

Platform users and their signals (e.g. posts
or tweets, #hashtags, @mentions,
retweets, replies)

Unstructured texts containing opinions and
opinion strength or merely information
(e.g. links)

Can be any of the following: users, search
queries or keywords, #hashtags or
@mentions, retweets, or replies, likes or
emotional reactions, location

Can be any of the following: users,
location, texts from a specific topic or
sentiment, overall texts, links, or other
metadata

Set of users’ behavioural information (e.g.
network, frequency of use, interactions)
and contextual information (e.g. time
and location)

Representative
Opinion survey of individuals with a
defined sampling frame

Structured opinions measured by answers
to pre-defined and pre-tested survey
questions (scales)

Individuals from a sampling frame
representing a target population

Individuals’ responses to survey items or
aggregated responses at the country,
region or household level

Precise and quasi-complete socio--
demographic information on individ-
uals and auxiliary data (e.g. number of
contact attempts, number of persons in
the household)
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survey research, PO is equivalent to the private opinion of a representative public,
operationalised as a set of positions on a given topic. PO can thus be conceptualised as a
reflection of a shared position among citizens on specific issues that are then amplified and
reviewed by news media and political actors [42]. Survey measures of PO are constrained by
the scope of the questionnaires, which usually provide little room for spontaneous expressions
of opinion (except in open-ended survey questions). The diversity of opinions is thereby
reduced into a set of discrete and aggregate data (e.g. [75]). Conversely, the reliance on social
media for measuring PO expands the societal and collective components of opinions [59] by
conceptualising it in Habermas’ [39] terms as a complex system of representations. In this
respect, SMD are better suited to capturing the conversational and relational nature of PO
formation [3]. Hence, where survey data weigh precision and standardisation, SMD excel in
multidimensionality and polyphony. In addition to their focus on solicited private opinions,
surveys are also less reactive to opinion changes than SMD. In theory, opinion changes could
be assessed by frequent short opinion surveys (e.g. every two months). However, the advan-
tage of SMD is that they can cover opinion change more rapidly (and on an ad hoc
basis), thus reacting faster to events, which is almost impossible for surveys (e.g. it
takes more time to set up probability-based surveys for the study of COVID com-
pared to what can be done with SMD).

Despite the advantages offered by social media for measuring more social and timelier
opinions, the reliance on SMD raises important questions for empirical research on
(automated) measurements of opinions and on the choice of the indicators employed to model
opinions. Indeed, constructing measures of PO based on SMD can be very time consuming
and can involve a lot of pre-processing effort before the data can be translated into meaningful
measures of expressed opinions. Furthermore, it sometimes remains quite difficult to know
what is driving the evolution of ideas and concerns found in online conversations. Conse-
quently, a current strand of research seeks to better understand the issues of representativeness
of social media communities and the validity of measured opinion, especially opinions
stemming from sentiment analysis. While there is a rising interest in applying SMD to
understand opinion, and even to replace traditional surveys (e.g. [3, 32]), SMD alone are of
limited use for social scientific research as they usually provide incomplete and imprecise
information. However, the issues associated with SMD are not necessarily fatal to the
proposition that they can be used to generate social insights, especially in complementing
survey data. An efficient strategy to enhance research lies, therefore, in the analysis of how
both data sources can complement each other in ways that maximise their strengths.

In the next sections, we aim to show that there is a plethora of research practices in which
both data sources complement each other for the study of PO. To date, however, there is still
no consensus about the best way to use SMD for studying PO [58]. We are now at a point
where we should reflect on what has been done so far, what lessons we can learn from it, and
then specify suitable trends for social research. In this paper, we seek to fill this gap by
reviewing research that uses both data sources complementarily for the purposes of measuring
PO and by providing a critical evaluation of the identified research paths.

3 Method of analysis: Building a corpus of relevant articles

To build our corpus of scientific articles, we carried out several searches in bibliographic
databases (focusing on Scopus and Google Scholar) using the software PublishOrPerish [40].
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We obtained an initial corpus of 3596 unique papers, which we reduced to papers that were
relevant for the scope of our review. The initial corpus was deliberately based on a search-
query that was broad enough to collect the relevant literature, while not missing important
papers. We used the query “(social media OR twitter OR facebook OR instagram OR reddit)
AND (survey OR surveys OR polls)” and specified that it should appear in the body of the text
(using the keyword field) instead of appearing only in the title or abstract, which were found to
be too restrictive to capture the literature of interest. The query was designed to restrict the
focus of our review to SMD, thus ignoring other types of “big data” or “digital trace” data.
A first filter was applied to reduce the number of papers to journal articles, book chapters,
and scientific reports (thus excluding books, theses, and conference papers) as we wanted to
concentrate on high-valued scientific sources which have already been approved by the
scientific community. In this respect, including conference papers would have drastically
inflated the number of (duplicated) papers concerned with predictions and with replicating
previous studies using alternative methods of analysis and algorithms. Among the remaining
papers, we applied two eligibility criteria to disregard those that were not pertinent to the
analysis as 1) their focus was not on PO, ii) they were oriented towards a specific aspect of data
treatment (e.g. estimating socio-demographics from texts or profile pictures) or an analytical
strategy (e.g. elaborating algorithms). We also excluded articles mentioning survey findings
without an explicit aim of supplementing, comparing, or combining those with SMD.

4 Results of the literature review on the uses of social media
as a complement to surveys

Overall, the collection protocol left us with 187 papers - 141 of an empirical and 46 of a
theoretical nature (these papers can be found in the Appendix). Most of these papers stem from
political communication and computational social sciences journals. Although the sample of
187 papers may not cover the whole corpus of research on the subject, it is nonetheless
sufficient to highlight the main research directions that have been endorsed on the topic of
complementarity. Figure 1 provides an overview of the yearly repartition of the retrieved
papers differentiating between those with a theoretical (N = 46) and an empirical (N = 141)
focus. While the number of theoretical papers remains stable over the years, we can see a
steady increase in empirical papers over time.

M Theoretical papers Empirical papers

25
20
15

10

5 i1 I
N | 1NN NE

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

number of papers in the corpus

years

Fig. 1 Number of empirical and theoretical articles according to our meta-review of the existing literature using
surveys and SMD
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4.1 Theoretical insights

Starting with the theoretical papers in our review (N = 46, see Table 2 in the Appendix),
survey and social media researchers have explored ways in which social media and survey data
can yield congruent conclusions (e.g. [68]). One part of these articles (n = 14) tries to establish
a framework regarding the predictive power of SMD as a potential substitute for surveys. This
line of research stems principally from the fields of election and economy forecasting (for
recent reviews see [15, 66]).

Another strand of theoretical articles (n = 14) focuses instead on the compliance of social
media research with established reporting standards so as to guarantee transparency and
replicability (e.g. [51]). Finding ways of integrating data obtained from different sources (n
= 3) also constitutes a fertile path of research [46]. In this respect, Stier et al. [72] provide the
most advanced guide on how to systematically link survey data with information from external
data sources, including SMD, at different level of analysis. The authors demonstrate that
integrating traditional survey data and digital trace data is of growing interest, notably because
of the limited reliability of self-reported behavioural measures and declining response rates.
Additionally, enriching survey data with SMD could also help to reduce unit non-response and
to control for the unrepresentativeness of SMID, as they are limited to those respondents having
social media profiles and consenting to the linkage. Finally, a smaller share of research (n = 5)
focuses on developing a quality assessment framework for SMD which is similar to the Tozal
Survey Error (TSE) [11, 38]. The TSE framework has been extended to encompass SMD and
their inherent quality challenges (see the studies by Sen et al. [70] on Twitter-based studies and
Jungherr [47] for a measurement theory to account for the pitfalls of digital traces). In a similar
vein, Hsieh and Murphy [43] analysed the potential benefits of evaluating estimates from
surveys and SMD in common terms and arrived at a general error framework for Twitter
opinion research. Olteanu et al. [61] went a step further by pointing to the errors and biases that
could potentially affect studies based on digital behavioural data, outlining them in an idealised
study framework. The paper by Sen et al. [70] provides the most advanced framework to date.
It involves potential measurement and representation errors in a digital trace-based study
lifecycle where they are classified according to their sources.

Other research (n = 5) tackles the ontology of SMD as compared to survey data. In these
papers, prevalent discussions revolve around the conception of opinion as measured by both
data sources, as well as debates related to the evolution of “new” research “paradigms” or
“digital hermeneutics”. The remaining papers concentrate on behavioural research (n = 2),
demographic research (n = 2), and small data analysis in political communication (n = 1).

Overall, the considered theoretical articles stress the importance of developing a framework
that accounts for possible biases of SMD while remaining in, or mirroring, the TSE. Moreover,
they also emphasize the need, in this debate, to focus on the complementarity rather than the
replacing aspect, notably by developing clear and reliable linking strategies. These articles also
encourage researchers to go beyond the dominant model for understanding PO from proba-
bility sample surveys to encompass other (“new’’) expressions of opinions (e.g. Murphy et al.
2014) that can possibly supplement or even replace survey-based approaches.

4.2 Empirical insights

The empirical literature (N = 141) focuses on a rather narrow set of topics, such as elections,
political issues, and approval ratings for the presidency (64%). Another important area of PO
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research using SMD complementarily with survey data is related to health (e.g. vaccination,
drugs, etc.), equality issues, and climate or environment-related concerns. Most empirical
studies in our review are based on Twitter data (73%), followed by Facebook (18%) and other
social media (9%). This is related to the fact that not all social media platforms provide the
same degree of data accessibility [8]. For instance, Facebook imposes severe limitations on the
scope of retrievable data, whereas Twitter has less strong privacy settings, allowing researchers
to get access to Twitter’s historical data.

Overall, we derived six major approaches on how survey data and SMD can complement each
other namely 1) predicting social and political outcomes using SMD (n = 48), ii) comparing both
data sources on a given phenomenon (n = 26), iii) using survey measures as a proxy in social
media research (n = 18), iv) enriching surveys with SMD (n = 9), v) recruiting individuals on
social media to conduct a second survey phase (n = 8), and vi) generating new insight on “old” or
“under-investigated” topics or theories using SMD (n = 32). These approaches can be synthe-
sised in four, partly overlapping, ‘data complementing’ research purposes: i) validating survey
findings with SMD, ii) improving the sustainability of the research by diversifying the views on a
phenomenon, iii) improving the reliability of survey measures by specifying measurements, and
iv) improving the interpretability of social or political issues. Figure 2 summarises the relationship
between the six approaches and the four research purposes. Furthermore, it shows that each
purpose leads to a typical way of using both data sources complementarily. For instance,
improving reliability by specifying a research question involves data linkage strategies, while
generating new insights involves a sequential use of social media and survey stages.

The analysis of our corpus suggests that the biggest part of research concentrates on
whether SMD can potentially substitute survey data (n = 48, see Table 3 in the Appendix).
This has mostly been done by trying to replicate survey findings by using SMD for forecasting
(see recent review by [66]). The aim to predict real-world outcomes with SMD in the realm of
PO has essentially been applied to elections. Most of these papers directly refer to the much-
cited study of O’Connor et al. [60] which purpose is to validate SMD against survey findings.
While research in this area has tested a range of different methodologies, the results remain
inconclusive, and only in some cases could elections be accurately predicted (e.g. [31, 47]).
Recent literature reviews on the use of SMD for running electoral predictions (e.g. [15])
classify studies according to the employed methods of prediction, such as volume, sentiment,
or network approaches. These reviews show considerable variance in the accuracy of predic-
tions, which, on average, lag behind the established survey measurements. A common

Given the RQ(s), what is the purpose of complementing survey data and
SMD with each other?

| l | |

Compl arity approaches: Prediction Comparison Enrichment & Generation of new
‘ Survey as proxy insights & Recruitment
Purposes for complementing both Validate Improve Improve Improve
data sources: survey findings sustainability reliability interpretability
Connection between both data “holistic” Linkage at  Linkage at “ethnography”
sources: merging individual  aggregated perspective
. level (ex-ante level (ex-ante
or ex-post)  or ex-post)

Fig. 2 Complementary approaches using SMD and survey data for the study of PO
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problem of the aforementioned studies lies in the decision about which approach can most
accurately yield predictions (but also which social media platforms are better suited, and how
that varies in different geographical or temporal contexts). This inference problem is quite
complex as various elements are involved in skewing the samples in social media debates. To
date, the inconclusive state of the research has led to a research agenda aiming to respond to
the plea from Gayo-Avello et al. [33] for a “model explaining the predictive power of social
media” (p. 490). In this realm, for instance, the study of Pasek et al. (2019) assesses how
patterns of approval among population subgroups compare to tweets about the president, while
disentangling effects at the individual and group levels of analysis. On a more theoretical level,
the study by Schober et al. [69] seeks to elaborate when and under what conditions SMD can
be used to make valid inferences. However, the inconclusive state of the research may also be
linked to the fact that predictions are often done based on the content created by users and
overlook the characteristics of the creating users. For instance, SMD can be biased towards a
particular group (see [5, 24]). Moreover, interactions on social media platforms are not always
the product of individuals, but also bots, organisations, political parties, etc. [80]. Based on the
evaluation of the body of articles falling under the ‘substitution paradigm’, a path for future
research could be to better account for the characteristics of social media users, insofar as these
characteristics can be useful for assessing how individual tweets can be converted into
meaningful measures of expressed opinion. To do so, future studies could survey social media
users identified using relevant key terms (e.g. hashtags or mentions) to gauge the relationship
between social media measures of their sentiment and survey measures of their attitudes.
The second dominant approach in our review is related to how surveys can be enriched with
SMD (n = 9, see Table 4 in the Appendix). Here, SMD are collected with the intention of
improving the reliability of survey measures at the individual or aggregate level. Replication of
survey-based opinions can be difficult, either because of improper interpretation of the findings
or because insufficient information has been provided. Such issues undermine the credibility of
survey research and make it difficult to evaluate the contributions of a given study. Research
aiming to enrich surveys with SMD most often implies the adoption of a data-linking strategy.
This can be done, for instance, either at the user level, public actor level, geographic level, or
temporal level (see [72]). Enriching surveys with SMD can serve several goals. First, it can
help to augment the explanatory potential of survey measures. For instance, De Sio & Weber
[23] adopted an innovative research design to explain election outcomes based on party
strategy on social media with respect to policy issue salience. They did this by linking
representative mass surveys from six European countries with Twitter analysis of campaign
activity. Second, enrichment of survey data with SMD can also help to test research hypoth-
eses by relying on “true” behavioural measures (instead of self-reported survey measures). For
instance, Karlsen and Enjolras [48] linked candidate survey data with Twitter data to study
styles of social media campaigning. These differences in campaigning styles were then related
to the extent to which candidates were successful on Twitter. Third, SMD also offer an
opportunity to address issues of item non-response and calibration of novel measures. For
instance, Shin [71] studied the extent to which social media users selectively consumed like-
minded news stories by linking survey responses from Twitter users with their media
following and exposure to news via their friends. The study further showed some differences
between self-reports and digital measures, such as more pronounced patterns of selective
exposure in the SMD. Finally, linking social survey and SMD further provides an opportunity
to explore the relationship between attitudes and beliefs reported through surveys and content
(and behaviours) generated online. For instance, Cardenal et al. [14] combined survey and
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Web-tracking data to analyse how Facebook-referred news consumption influenced social
media users’ agendas. They found that selective exposure increased with amplified news
consumption. The core problem in these studies lies in gaining consent to carry out the data
linkage. This constitutes a complex procedure in which issues of anonymity, security, and
disclosure all come to the fore. An additional problem is that social media measurements
provide only one partial view of opinions. For instance, while researchers can measure how
many times a given message has been liked, shared, or retweeted, it is much harder to account
for (or measure) how often a given message has been seen or has attracted attention. Moreover,
our corpus shows that research relying on linking strategies tends to remain at the individual
and public actor levels of analysis, which requires requesting consent to use the linked data.
This may, in turn, introduce consent or selection bias. To mitigate such difficulties, future
studies should also explore the potentials of linking both data sources at higher levels of
analysis, such as country or according to topicality level.

A third purpose is to use surveys as a proxy in social media research. This approach
therefore reverses the logic that SMD are always used as a complementary (side) element of
the main survey-based analyses. In this kind of “survey proxy approach” (n = 18, see Table 5
in the Appendix), SMD are used as the main source of analysis, while the survey data are used
for contextualising or calibrating SMD. A first strand of research relies on SMD to comple-
ment traditional research approaches in political communication and citizens’ political engage-
ment. For instance, the assessment of the importance of given public concerns in PO has been
measured extensively with the “most important problem” survey item. Social media provide
another way to measure this concern in an unintrusive way by (semi-)automatically classifying
the content of social media texts, while also accounting for the extent to which different actors
are responsive to these concerns. Following this logic, the study conducted by Eberl et al. [28]
investigated the effects of sentiment and issue salience on emotionally labelled responses to
posts written by political actors on Facebook. Another study, by Plescia et al. [64], analysed
the responsiveness of populist parties to the issue salience amongst the public. They did this by
relying on survey data to measure public salience and tweets to assess salience issue for
parties. A second strand of studies aims at facilitating cross-national comparisons. For
instance, a possible application consists in using survey data for classifying parties and voters
along important dimensions (e.g. see [30]). Here, parties were placed on a left and right
spectrum using the Chapel Hill Expert Survey [4]. Party score on the overall ideological stance
was then used as an explanatory variable in subsequent analysis. Another example is the study
by Park et al. [62] which investigated the consumption of popular YouTube videos in countries
that differ in cultural values, language, gross domestic product, and Internet penetration rate. A
possible issue encountered by these studies is linked to spurious effects between survey and
social media measurements (e.g. misleading or unexplained correlations). Furthermore, these
studies tend to remain poorly equipped to explain actual motives behind social media users’
expression of opinions or reactions. The “survey as proxy” approach requires a considerable
dose of ingenuity and methodological innovation to mine social media for producing opinion
estimates that can be merged with survey estimates. For instance, SMD corpora often deviate
from a predefined (survey) coding scheme. Substantively, a future path of research should take
advantage of the fact that a growing number of societal issues have become transnational, such
as immigration, terrorism, women’s rights, and climate change. Such research could involve
the combination of word embeddings and survey opinion measures at the country level.

A fourth approach aims to compare SMD with survey responses that directly measure PO.
Studies comparing SMD with survey data (n = 26, see Table 6 in Appendix) essentially aim at
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improving sustainability of the research, which consists in the ability to gauge PO consistently
over time. Sustainability thus implies that we should develop designs that include opportuni-
ties for “holistic merging” of the data that will generate more inclusive and fine-grained
research insights. There are several reasons that comparing both data sources is meaningful
for social research. Firstly, comparing SMD and survey data can be very useful in times of
protests and collective actions, notably due to the difficulty of generating survey data to
properly assess these disruptive changes (see critique of survey data by Lee [53]). The timing
of an event might indeed not coincide with the timing of a survey, which is often done ex-post.
For instance, Davis et al. [21] examined the extent to which tweets about the affordable care
act (“Obamacare”) could be used to measure PO over time. Secondly, social media can be
compared to surveys for research questions that require chronicity, on a weekly or daily basis,
thus going beyond the few ongoing surveys that collect data monthly or yearly. For instance,
Diaz et al. [25] demonstrated how social media activity functions like an “opt-in panel” where
users repeatedly discuss the same topics. This allows us to study, longitudinally, quite rapid
shifts in individual opinions and behaviours, thus complementing survey panels which are
prohibitively expensive. Another example is the study by Loureiro & Allo [54], which aimed
to complement surveys by providing up-to-date measurements about social concerns when
debating mitigation and energy transition paths. Thirdly, survey questions are often designed
to capture internal attitudes toward a specific object. However, the relevance of certain survey
questions might vary over time and, in some cases, might no longer correspond to the issues
discussed spontaneously online. For instance, at a geographical level, the study by Scarbor-
ough [67] compared gender equality attitudes found in survey data to sentiments emanating
from tweets. Fourth, SMD can produce quicker and less expensive statistics for enabling
informed policy and program decisions. However, this requires gaining knowledge of where
any possible disparities in attitude distributions between SMD and survey data may lie. In this
respect, the study by Amaya et al. [2] presented recent advancements. The authors compared
attitude distributions between Reddit users and survey measures of political leaning, political
interest, and policy issues. They showed that Reddit users tend to have more centrist and
normally distributed scores than the survey data, skewing estimates toward the conservative
end of the spectrum on all attitude measures. Another study, from Pasek et al. (2020),
explained that SMD might be better conceived as providing insights about public attention
rather than (“survey like”) attitudes or opinions. To do so, the authors compared tweets
mentioning the presidential candidates and open-ended survey questions about the candidates
to assess whether spikes surrounding political events correlate between both data sources.
Results display some support for the correlation between social media attention and survey
data, but they also show systematic differences that need to be better understood to assess
when SMD can best generate insights about select topics. The research comparing both data
sources tends to remain focused on volume analysis and tonality assessment. This type of
research also tends to pay little attention to the domain-specificity of the SMD collected as well
as to ways of mitigating replicability and consistency issues (e.g. [34]). For instance, the
evolution of search queries around a given theme might lack precision and consistency over
time. The connotation of hashtags can change or whole hashtags can even disappear. Better
combining both data sources also requires elaborating more sophisticated measures of opinion
and attitudes. One could think about pushing forward “stance detection” in complement to
“sentiment detection”, but also about advancing “narrative analysis” in complement to “topic
or frame detection”. These are avenues where computational social research would benefit
from the expertise of applied computational linguistics.

@ Springer



Multimedia Tools and Applications (2022) 81:10107-10142 10117

A fifth approach implicates using SMD to generate new insights. This is especially useful
when survey data are not available or when survey data are not recent enough (n = 32, see
Table 7 in Appendix). Here, the main purpose is to improve the interpretability of the research
by adopting an “ethnographic” methodology. By avoiding rigid research design plans, SMD
can remain responsive to, and pursue, new paths of discovery as they emerge. Based on the
papers collected, we found typical reasons for relying on SMD to generate new insights, such
as capturing emergent opinions, expanding the scope of survey measures, validating survey
measures, proposing novel approaches to get a more nuanced or dynamic perspective on PO,
and making causal analyses (see column “Reason to complement” in Table 6 in Appendix).
When used for capturing emergent opinions, SMD allow us to study the topical and normative
climate around specific issues for which we have no theoretically grounded ideas yet. In this
exploratory design, social media can provide survey researchers with a snapshot of important
societal and political concerns worth surveying in future research. This is especially useful for
emerging topics, such as nuclear power (e.g. [50]) or health-related policies [65, 74]. On these
emerging issues, SMD can be used in an exploratory or ethnographic perspective to generate
initial and qualitative insights into under-studied research objects in order to develop quanti-
tative survey measurements. SMD can also be useful for expanding the scope of survey
measures on topics that are difficult to survey. For instance, Hatipoglu et al. [41] used SMD to
study international relationships with a case study on Turkish sentiments towards Syrian
refugees using Twitter. Another study by Guan et al. (2020) relied on the social media platform
Weibo to study Chinese views of the United States. SMD can also be useful for validating
survey measures. For instance, the study by Dahlberg et al. [20] investigated the meanings of
democracy in a cross-country perspective to better understand differences in the usage of the
term “democracy” across languages and countries. The authors’ findings aimed to inform
survey measurements about the different conceptualisations of democracy, notably by high-
lighting translations and language equivalence issues in survey items. Another reason is to
propose novel approaches for achieving a more nuanced or dynamic perspective on PO. For
instance, researchers can add new components and improve “old findings”, which are difficult
to measure with survey data. In this view, the study by Barberd et al. [7] modelled policy issue
responsiveness using Twitter data, thus going beyond the more static perspective on issue
congruence offered by surveys. In another study, Clark et al. [16] investigated organisational
legitimacy in a case study about public reactions on social media to the Supreme Court’s same-
sex marriage cases. The authors argued that SMD can lessen some of the limitations of survey
research in the field, notably by accessing not just policy positioning among individuals but
also a variety of features of political discourse, such as opinion intensity and emotions like
anger or happiness. SMD can also be used to make causal inferences in order to understand
changes in opinion before and after an event, such as measuring the effect of a promulgated
law on PO [1]. Here, SMD allow researchers to rely on spontaneous opinions expressed online
rather than on retrospective survey questions, and this can help develop policy initiatives. For
instance, Tavoschi et al. [73] used Twitter as a “sentinel system” to assess the orientation of PO
in relation to vaccination. Despite the advantages of SMD in providing new research insights,
these studies tend to lack a rigorous contextualisation of the findings derived from SMD. In
this respect, a reliance on SMD would benefit from implementing sequential designs, where
social media help to identify specific populations or sub-topics, which could then lead to a
second quantitative survey phase. Whenever possible, SMD would further benefit from a
comparison with longitudinal surveys to assess the extent to which both data sources reveal
similar dynamics of change. Future studies could further exploit SMD’s ability to generate

@ Springer



10118 Multimedia Tools and Applications (2022) 81:10107-10142

new insights for research in sensitive fields, such as war, racism, sexual orientation, and
religious beliefs. These are often topics on which it remains difficult to collect survey data,
notably because of the social desirability bias (e.g. [52]) and the like (e.g. extreme response
style, moderacy bias, and acquiescence), but also because of the fear of being denounced or
because the topic is controversial.

The last approach using SMD and survey data complementarily focuses on using social
media to recruit survey respondents. However, in comparison with the previous approach, the
studies collected here usually analyse SMD and survey data in sequential phases. As we only
consider papers that are in some way also related to PO and are not solely about recruitment of
survey respondents and their socio-demographic characteristics, the number of studies we were
able to analyse is much smaller (n = 8, see Table 8§ in the Appendix). Our review demonstrates
that the papers essentially tackle the problem surveys have in recruiting specific politically
involved sub-groups of the population. In particular, the research relies on social media to
access representative samples of social media users, for instance, those who commented on
their countries’ elections (see [9, 12]) or who posted at least one election-related tweet [79].
Furthermore, in these studies, ethical concerns (e.g. privacy, tracking, etc.), but also the
technical affordability of the social media platform used, are discussed. The latter issue is
important, as each social media platform has particular arrangements which are likely to
influence the group of individuals that can be reached. Overall, future studies could think
about extending the recruitment approach to enhance our knowledge of reactions to systematic
events, topics, or other repetitive features (such as supporting an issue or taking part in
actions), while eliminating recall errors. Furthermore, relying on SMD can help researchers
pre-test their hypotheses for future surveys by uncovering relevant underlying discursive
patterns or by making smaller-scale qualitative observations.

5 Summary and concluding remarks

The aim of this article was to provide a review of published papers on the complementarity of
SMD and survey data for PO research. We started this review by situating our work within
theoretical advances concerning the complementarity of both data source. There has been exten-
sive work underlying the opportunities and (quality) challenges of SMD for answering social
research questions. However, research attention has only recently turned to SMD as a source of
expression of PO and of its measurement. Consequently, there is a need for more research to
uncover the ways in which SMD can be best used for fostering the understanding of PO.

The main contribution of our review is to provide a complete picture of the empirical
research on the topic while calling attention to the pros and cons of each approach and possible
future paths of advancements. Though this review might not be exhaustive, it has enabled us to
show six major complementarity approaches which were identified as responding to four
different research purposes. Below we highlight the main research paths for each approach.
Using both data sources complementarily for prediction purposes was by far the most
prominent approach and it remains a research area which raises many questions about the
potential generalisability of the findings, namely in terms of the representativeness and validity
of social media measurements of PO. We believe that the most important difficulty lies
perhaps in the manner in which these studies deduce political opinions or attitudes from
SMD. Survey researchers readily admit that opinions are more difficult to measure than
behaviour because they involve what people think and not just how they act. Thereby, the
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choice to rely on sentiment analysis or merely on volume metrics (such as the number of
retweets or mentions) seems unclear, at least for the near future.

Approaches concerned with improving sustainability have a significant potential for ad-
vancing social research, as they allow researchers to combine the richness of SMD content
with established survey measures. When SMD are used in similar contexts to survey data, we
believe that a critical view should prevail, informed by current social science best practices and
expertise. For instance, whereas surveys draw a sample of carefully worded and standardised
questions, social media can cover many topics as well as different facets of the same topic,
which are not necessarily defined a priori on a theoretical basis. This research avenue is most
likely to be fruitful for studies aiming to augment surveys by mapping discussions that are
topical on social media, while allowing variations at country or regional levels of analysis to be
discerned (e.g. Bennett et al. [10] on climate change opinions). Studies aiming to compare both
data sources are certainly the most suitable to help improve our understanding about when and
how both data sources can be validly combined. Survey methodologists can play a decisive
role, notably by paying attention to the type of (open-ended) questions that can be more
directly comparable with SMD. This direction can also inform the lack of consistent evidence
for the first prediction approach.

Alternatively, studies aiming to improve reliability see research as mostly requiring control
for the still severe limitations of using SMD appropriately in a PO context. In this respect,
studies enriching survey data with SMD offer a solution to the fact that social media often lack
relevant individual information, such as respondent’s attributes (e.g. sociodemographic char-
acteristics or personality traits) or key outcome variables (e.g. voting, social, or political
attitudes). Additionally, the “survey as proxy” approach enables researchers to calibrate
SMD according to standardized survey measures at the actor (e.g. political candidates or
parties) or context levels by reversing the data linking strategy. Future paths for both
approaches implicate opening up the analysis to non-individual levels.

Studies aiming to improve the interpretability of survey research by generating new insights
or by recruiting respondents on social media for a second survey phase, and that use both data
sources complementarily, offer additional fertile ways to consider for new analyses that would
not be possible using survey data alone. In this view, SMD do not aim to replace opinion
surveys, but aim to provide a broader context for interpreting opinion, which will then serve to
improve the quality of survey questions. This research avenue is most likely to be useful for
knowing more about hard-to-reach populations (e.g. the LGBTQI* or disabled persons
communities) or topics that are difficult to survey (e.g. violence and racism), especially when
conducting iterative phases of analysis. It is also useful to get “opinion climates” about topics
which have long been under survey scrutiny (e.g. emerging concerns related to feminism or
social inclusion) in order to develop “updated” survey measurements.

Bringing together the opportunities offered by these different approaches shows that
samples of social media users do not necessarily have to be representative of the general
public to be used meaningfully as a complement to surveys. Most importantly, we believe that
SMD should supplement, but not replace, traditional methods and data sources in the study of
PO. By keeping up with current developments, we believe that remaining in the framework of
survey research when using both data sources complementarily is paramount for identifying
potential non-survey data sources, accessing them, and assessing their quality and usefulness
for the study of PO. Like mixed-method approaches combining qualitative and quantitative
data (e.g. [36]), the primary motive for complementing survey and SMD with one another is to
allow researchers to mix datasets in a meaningful way for developing an overall interpretation.
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5.1 Technical and ethical note

Regarding sustainability, it is important to consider that the patterns of social media consumption
are influenced not only by user preferences, but also by technological changes and the availability
of the platforms. For instance, social media companies may not survive and whole platforms
could disappear, thus impeding data access. With changes in consumption patterns, PO may be
difficult to measure consistently over time. From a more technical perspective, it is also important
to assess the extent to which databases composed of social media texts collected by different
means (e.g. different search queries or different platform algorithms) might raise consistency and
replicability issues (e.g. [34]). As for reliability, several issues are worth considering. Even though
SMD can provide complementary information to survey estimates though linkage, there are
sometimes concerns about the veracity or honesty of the information collected. For instance, SMD
may increase the potential for social stigmatisation, causing users to be more reluctant to share
their true opinions [63]. However, the opposite may also be true: users could express more radical
opinions to gain social approval (e.g. disinhibition effect). The identity of those who post can also
raise veracity concerns [55], and it may be difficult to distinguish sarcastic content from texts that
are straight-forwardly positive or negative (e.g. [35]). Another important issue is that we usually
know how many people have liked a post, clicked on a link, or retweeted a message, but we rarely
know how many people have seen the item and chosen not to take any action [77]. Furthermore,
due to algorithms that favour selective exposure and homophily of opinion [6, 17], it is important
to assess the extent to which findings derived from online opinion generate more polarised
opinions than the ones that would be obtained through the private setting of surveys.

When researchers aim to generate new insights, they should consider that each social media
platform has particular arrangements. For instance, the orientation of the content (e.g. political,
family-oriented, business-oriented) as well as the scope of the content (e.g. possible bias toward
more visible events) can play a decisive role on what content is available and which user profiles are
most likely to be active on the social media platform. Furthermore, the nature of the platform allows
for different levels of engagement in debates (e.g. Twitter is mostly used for short text content, while
YouTube and Instagram allow sharing and commenting on videos and pictures). Functional
capabilities can not only influence the ways of recruiting respondents for a second survey phase
(e.g. direct messages), but also the identifying of sub-groups of interest (e.g. differences between
friend and follower networks, and the reciprocity of follower networks). In addition, social media
platforms may give users control over the availability of the information (e.g. to suppress or filter
unwanted comments), which will again impact what is available from whom and on what.

For each research purpose, we should also consider that there are important ethical factors that are
likely to influence the possible paths of research relying on SMD. Each platform has its own rules
which are subject to change at any time. For instance, anonymity settings also affect the content of
SMD, with growing concerns about surveillance and the resulting loss of privacy [29, 76, 78], thus
influencing what people are willing to post. There are also evolving rules about the banning of
particular words and behaviours, as well as users, which may influence research findings (especially
when conducting longitudinal research). SMD are private property of tech companies and can be
arbitrarily erased or made inaccessible, compromising the replicability of research.

5.2 Outlook

Our review has several limitations. First, it focuses on social media but do not include other
data sources that are frequently compared to survey data to model PO (e.g. Google trends,
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mainstream media, or administrative data). We thus encourage future research to extend the
proposed complementary framework to additional data sources. This would allow the building
of knowledge about the most suitable ways of combining these data for answering specific
research purposes. Furthermore, our review entails a conceptual aim with less focus on the
variety of methods used to either collect, clean, analyse, and aggregate the data to generate
statistics. Discussing the pros and cons of methodologies employed by these papers could
constitute the object of another review.

Notwithstanding these limitations, our study is not only of interest for social and political
scientists concerned by the declining response rates and restrictive budgeting for survey
research [57]. As social media have been established as multifunctional tools, and many
companies and researchers implement strategies based on social media to collect opinions,
make predictions, study behaviours, conduct experiments, or recruit hard-to-reach populations,
this review is also of interest for practitioners.

Extracting PO from social media text can foster social sciences by moving it forward as an
applied field, thus bridging gaps between computational models and interpretative research.
We see this collaboration as particularly important for developing more advanced and reliable
measures of opinion from social media texts. This also constitutes an opportunity to challenge
the opposition of the so-called data-driven and theory-driven approaches, a simplistic dichot-
omy which further consolidates the misconception that social research can be conducted by
relying solely on text-based data. We encourage researchers to acknowledge the different
conceptualisation of opinion when measured by SMD and surveys, and we advise them to
adopt a mixed-method strategy where the complementarity of both data is paramount.

Appendix

Table 2 List of theoretical papers focusing on the combination of survey and social media data (n = 46,
continues next pages)

Author(s) Date Title Source Focus

Blumenthal 2005 Toward an open-source methodology: — The Public Opinion Quarterly = General
What we can learn from the
blogosphere

Gayo-Avello 2011 Don’t turn social media into another ~ Communications of the ACM  Prediction
Literary Digest poll

Sobkowicz 2012  Opinion mining in social media: Government Information Prediction
et al. Modeling, simulating, and Quarterly
forecasting political opinions in the
web
Boyd & 2012 Critical questions for big data: Information, General
Crawford Provocations for a cultural, Communication &
technological, and scholarly Society
phenomenon
Metaxas & 2012 Social media and the elections Science Prediction
Mustafaraj
Gayo-Avello 2012 [ Wanted to Predict Elections with arXiv Preprint Prediction
Twitter and all I got was this Lousy
Paper
Gayo-Avello 2012 No, You Cannot Predict Elections with 1EEE Internet Computing Prediction
Twitter
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Table 2 (continued)

Author(s) Date Title Source Focus
Smith 2013 Survey-research paradigms old and International Journal of Public ~ Ontology
new Opinion Research
Couper 2013 Is the sky falling? New technology, Survey Research Methods General
changing media, and the future of
surveys
Baker etal. 2013  Summary Report of the AAPOR Task  Journal of Survey Statistics and General
Force on Non-probability Sampling Methodology
Schoen etal. 2013 The Power of Prediction with Social Internet Research Prediction
Media
Gayo-Avello 2013 A Meta-Analysis of State-of-the-Art Social Science Computer Prediction
Electoral Prediction From Twitter Review
Data
Stieglitz & 2013 Social media and political Social Network Analysis and ~ General
Dang-- communication: a social media Mining volume
Xuan analytics framework
Gayo-Avello 2013  Understanding the predictive power of Internet Research Prediction
et al. social media
Ruths & 2014 Social Media for Large Studies of Science Behaviour

Pfeffer
Tufekci 2014

Murphy et al. 2014

Murphy et al. 2014

Hill & Dever 2014

Tang et al. 2014

Zagheni & 2015
Weber

Resnick et al. 2015

Ampofoet 2015
ak.

Hargittai 2015

Schober et al. 2016
Olteanu et al. 2016
Junngherr 2016

Spiro 2016

RJ Dalton 2016
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Behavior
Big Questions for social media Big
Data: Representativeness, Validity,
and Other Methodological Pitfalls
Social media, sociality, and survey
research

Social media in public opinion
research: Executive summary of the
aapor task force on emerging
technologies in public opinion
research

The Future of Social Media, Sociality,
and Survey Research

Mining social media with social
theories: a survey

Demographic Research with
Non-representative Internet Data

What social media data we are missing
and how to get it

Text Mining and Social Media: When
Quantitative Meets Qualitative, and
Software Meets Humans

Is Bigger Always Better? Potential
Biases of Big Data Derived from
Social Network Sites

Social media analyses for social
measurement

Social Data: Biases, Methodological
Pitfalls, and Ethical Boundaries

Twitter use in election campaigns: A
systematic literature review

Research opportunities at the
intersection of social media and
survey data

arXiv Preprint

Book chapter (1): Social Media,

Sociality, and Survey
Research
Public Opinion Quarterly

Book chapter (12): Social

Media, Sociality, and Survey

Research

ACM SIGKDD Explorations
Newsletter

International Journal of
Manpower

The American Academy of
Political and Social Science

Book chapter (8): Innovations
in Digital Research Methods

The American Academy of
Political and Social Science

Public Opinion Quarterly
Frontiers in Big Data
Journal of Information

Technology & Politics
Current Opinion in Psychology

International Journal of
Sociology

Error sources

Ontology

General

General

Ontology
Demographic
General

Ontology

General

General
Error sources
Prediction

Linking

Behaviour
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Table 2 (continued)
Author(s) Date Title Source Focus
The potential of big data for the
cross-national study of political be-
havior
Johnson & 2017 Big Data and Survey Research: Book chapter: Seeing Cities Linking
Smith Supplement or Substitute? Through Big Data
Hsieh & 2017 Total Twitter error Book chapter (2): Total Survey Error sources
Murphy Error in Practice
Salleh 2017 From survey to social media: Public Science General
opinion and politics in the age of big
data
Pal 2017 Studying political communication on Current Opinion in Behavioral ~ Small data
Twitter: the case for small data Sciences
Salunkhe 2017 A review: Prediction of election using  International Journal of Prediction
etal. twitter sentiment analysis Advanced Research in
Science, Communication and
Technology
Klasnja et al. 2018 Measuring Public Opinion with social ~Book chapter: The Oxford General
media Data Handbook of Polling and
Survey Methods
Jungherr 2018 Normalizing digital trace data Book chapter: Digital General
Discussions
Kwak & Cho 2018 Analyzing public opinion with social ~ Asian Journal for Public Prediction
media data during election periods: Opinion Research
A selective literature review
Szreder 2018 Will big data affect opinion polls? Archives of Data Science General
Freelon 2019 Inferring individual-level characteris-  Book chapter: Digital Demographic
tics from digital trace data: Issues Discussions
and recommendations
Trottier 2019 A research agenda for social media Fast Capitalism General
surveillance
Sen et al. 2019 A Total Error Framework for Digital — arXiv Preprint Error sources
Traces of Humans
Salvatore 2020 Social Media and Twitter Data Quality Social Indicators Research Error sources
et al. for New Social Indicators
Stier et al. 2020 Integrating survey data and digital Social Science Linking
trace data: key issues in developing Computer Review
an emerging field
Romele et al. 2020 Digital hermeneutics: from interpreting Al & SOCIETY Ontology
with machines to interpretational
machines
Skoric et al. 2020 Electoral and Public Opinion Forecasts Information Prediction
with social media Data: A
Meta-Analysis
Rousidis 2020 Social media prediction: a literature Multimedia Tools and Prediction
et al. review Applications
Chauhan 2020 The emergence of social media data Journal of Ambient Prediction
et al. and sentiment analysis in election Intelligence and Humanized

prediction

Computing

@ Springer



Multimedia Tools and Applications (2022) 81:10107-10142

10124

[euoneu uonovd oNIM], €10C
aqnnox
29 9[5000D sontod
‘IOPIM ], 29 ASojouyoa], BIPIJN] [BIO0S Y1 UONIIP2AJ
[euoneu uono9d ©[00q2oe,] UONBWLIOJU] JO [BUINO[ uon22|q YN 0107 “2(Spmo.) ayy Jo wopsim) €10T youerj
[oIeasay SUOISSNISIT [P0
[eaoxdde (Jouas)) UONBIIUNIIO)) auluQ) Jo sisappuy ol ¢y :sappy [paoddy
[euoneu [enuopisard  BIPaW [BIO0S I1O)0 uewny [pyUapISaLg S ) pup uondo) Jygng ‘suonow 7107 Te 10 UQ[eg-Zd[eZuon)
QOUSIOS TRAUI[UON]
JO [ewmof Apnys aspo v sp uonodzje yudpisald ysiundg
Areurjdrosipiouy 1107 4211y Jo 1x21100 2Yyjul us1wduwipd
[euoneu uonos[d opm], uy :soey)) [0.10192]2 up Suljapour puv SuiZLRIOVAY)  TI0T ‘Te 12 opuolog
[2POJN A2IIN] P2)I2.LI07) SNSUD) Sulsn
[euoneu uonos[d oNIm], juuidar AryIe uoydIpaLd 7107 U0y [uudpisaid S T10T Te 10 Koy)
Ma1Aa1 1nduwod suoyoipa.d ynm ajqno.y ayy 10 6007 fo
[euoneu uonadd oNm ], QIUAIDS [BID0S uondaja unwidr) ayl uom Anvd apaid ayp AYm  710¢ ‘Te 19 may3un(
QOUSIOS TRAUI[UON]
Jo [eumor Apnjs aspo v sp UO1I2]2 [PIUIPISAA YSIUDAS
Areurydrosipiouy [10C A2mm] fo 3x21u00 2y) ur uSwdund
[euoneu uonodP oMM, uy soey) [0.10192]2 up Suyppoul pup Jui2Ld1OvvY) 7107 ‘Te 30 opuolog
uvfspwnj oy asuodso.a
MITAI V -suondipa.d yjm ajqno.y ayj 40 6007 JO
[euoneu uono[ opim],  Ionduiod 9oudIds [e100S 101192]2 upULIRL) Yy uom Anivd ap.ad ayy Yy 10T ‘e 30 1oySung
BIPIIN udwduiwo
Aqmnox % npms [pyuapIs2Ad UDIUDUIOY GO ) Ul 2GNINOK PUD DM
yoogaoeq AP BISIAIY-OIRISIY 900qaoD,] ‘$30]q J0 2SN dYJ UO SISAJDUY
[euoneu uonoJR 2 IoNIM ], BIPIJA JO [eUInOf SuSIndund [0.10193J2 Ul DIpaUL MU JO asn Y] 110T 1oAIyoseredy
MIIATY
19ndwo)) adpospupy [pouijod 2y 12a)fo. S421DADYD
[euoneu uonoe oMM Q0UAIIG [E190S OF] MOY 2PN ] YIM SISDI2.40f uU0I2|T  110T ‘e 32 uefsewn],
sisAjeue
Jo [9A9] oidog, NS 90mog oL Qrq (s)yr0ypny

(soSed yxou sonunuod ‘g = u) sasodind uonorpard 10} BIEP ASAINS pUB BIPAW [BI0S Suruiquiod suopesrqnd Jo 1sIT € dqel

pringer

& 's



10125

Multimedia Tools and Applications (2022) 81:10107-10142

Suraq-jom Tonim], §107  uny$oD % wiyem(
[OIBaSaI JOUIoIUL JudUL]0.1UD 2oD]djAYIDUL 1O
[euoneu yieay IONIM], [ed1paw JO [eUINOf 241 2]qup.1offy spo1paid Jusunuas LM S10T ‘Te 10 Suop
sonavd (poyrjod o1 uonuUIY 24112100
[euoneu uono[d oNIM], Juo So[d Jo sonuvudp ayy Jo s1sjpup pasvq-so1M]  S10T ‘Te 10 woy
Ayor00g %
UONBOTUNIUIO.) (2znq Jo wiiof v .10 ‘2ayova.l
lLEAIN uonosd oNIM], UOT)BULIOJU] ‘2a1101pa.d ‘S1paM] 24D :SUO1ID2]D pup LIIM]  ST0T Ay
A3y pup sappiS pajpuy) ayl
wo.f 2oudpInd—S.a1pul poyiapy sudiwduind
MA1ASY 1ndwo) [p40102]2
[euoneu uonos[d oNIm], Q0USIOG [BI00S Ao0j1uout 01 SISAIpup JuswnUas 3uis))  S10T ‘Te 310 uoI))
oup.,] pup iy 03 uonvonddp
up ypm sadua.afa.d poyod  suazird
_Jo a3pajmouy
o aa0.dun und VPl |10
Jo sisdppup
[euoneu sonrjod IoNIM],  AI9I00S 29 BIPAW MON JUDWNUIS MOF] ;SJUN0D JaoM] L1dal] 10T ‘Te 310 uoI)
JuSWOSRURIA upMv ] ur uo1daja (pyuapIsaLd 7107
uoneWIOU] 2y 1nogp s1pamy 23onupvj-asaury’) Jo dpnys
Jeuor3ax sonijod oMM, JO [euInor qIsy 25D Y :JX2]102 [PI0] ‘BIPAW [RIO0S [PGOID 10T uay) 2 3uay)
sjapout 21doy
[euoneu yeay oMM, auo Soid Buisn vipaw [p120s u1 s1doy yyway utidaodsy] 10T ozpaI(d 29 [ned
AOIADYDG [DIU]OF JO A0IDIIPUT 2AUDIPUDNC)
10LISIp soniod oNIM], auo So[d D SD DIpauL [D1D0S S2JOA A0 ‘SIDIM] 240 €10T ‘e 10 e1zeInIq
s3ojqooru
pue ‘s3ojq
Teuosiod SunpomioN [e100S synsa. jjod
‘swnioy pue ‘IoiAeyog auoydajay
[ed0] UONOJ[d  UOISSNISIP SUI[UO ‘A3o10yoAsdIagh) 1pa.d o) Judunuas autjuo Suizjpuy €107 uey) 3 nj
Surury Z10Z Aoy Jo suonoapa yaa.ny ayy apfp spjepnogerej
SIOMION [B100S  “JU[ pun 2.10f2q 32} Jo SISAUD JUWIIUDS VIO 2 SIPIUBULIDY]
sisAjeue
Jo [ore] oidog, NS 90I1n0g opIL  Qreq (s)1oymny

(ponunuoo) ¢ ajqel

prlnger

AR



Multimedia Tools and Applications (2022) 81:10107-10142

90UdI0S [BONI[0d DIDP [PNIX) APIIM] SUISH

[euoneu uondR JOPIM],  JO [BUINO[ UBOLIDWIY sjjod jaaap-a101s Suyvjodidyur pun Sudipaid 10T dweyoneog
Su2)sAs Aaodynu ul L01aDYaq

[euoneu sontod jooqoaoe | ouo SO[d  Bunoa spipaid ay1] y00qaon,] SIS D MOE] DIDP SNOMOUISID [ 10T Te 30 UeSuQISLIY

Z10¢ u1 2104 uppndod Aq xv)
0001qO] 5,211)S 24} 5104 0] UIIWAWDD

[euoneu yIeay IoNIM ], 101u0)) 0938qO], pajinf s.priofiip) Jo sisjpuv sop1ng 10T ‘Te 30 Sudq
AJ101en() suoydaja Livpudwvijmd
uoneuopu] ysmul C1OT 24 Sundipaid

[euoneu uonos[d 300qadR] JUSWILLIOAOD) :uorurdo ongnd puv sayij 00920, [ 10T ‘Te 30 uoureesdop
vivp
Korjod Aoy 3uisn uorurdo

[euoneu yxaIg oNIM],  pue sonioq ‘sonsnels  oiygnd Suidfisspjo pup Suryov.ay Aq 2104 jixaag ayy Sundipaid [ 10T ‘Te 10 zodo]
Ap1011800) suoyaa pyuapisaid
uoneuLIoyuy SN 910 2y Jo 1xa1u00 2y U1

[euoneu uonad oNm JUSWIULIDAOD) A2 UO 284n0081p [pon1jod Jo sisipuy [ 107 ‘Te 12 qnbe
Q0URIOS [BONI[OJ vIop [PMXY I Suisn sjjod

SN uono[ INIM],  JO [PWINO[ UROLIDWIY [242]-23018 Suvjod.apul pun 3undoipadd [ 107 dureyoneog

Teaoidde
[euoneu Tenuapisaxd WM ], jundor Aryre 2] ynm 3utjjod uonndo dygng  910g Te 10 £poD

RQ.QUNNm Nﬁkmﬁmb
S10C NN a4 1o1pad o) o

[euoneu uonode oMM SaIpMS [e10309[q 3uisy) : ;4103014 0] $42190.40Y2 O]  910T ‘Te 10 deuing
J40ddng 102110 UDY ] A2YIDY SO0
MITAY Ionduo) PADNO UOUINY JO 40IpIIpUf Uy SuotuId0)
[euoneu uonoe oMM, Q0UAIIG [B100S ongng Jo Apng ayg ur vip 2.4 I3 S10T ‘e 30 1oySung
BIPSIAl [BIOOS' i1
Sunsesaro ] Jo Bunsn22.40,] U0y Jo Anoyfiq (piuud.og
[euoneu uonoe IONIM]  [PUINO[ [RUOTRUIAU] Y] U (JPIN] ANO) YIIM DJOA M UDD  ST0T Auoqny
d3uey) [e0g pue vIpp 31q pun SISAIDUD 421N ] YSNo.y)
Jeuor3ar SunseooIo,| ssaurddppy
% [euoneu [eor3ojouyda [, [puonDN SS04L) :asnpI2qAddpyuint #
sisAjeue
JO [PAT odog, NS 90In0g SPLL  fred (s)rotny

10126

(ponunuoo) ¢ ajqel

pringer

A



10127

Multimedia Tools and Applications (2022) 81:10107-10142

MIIATY (852004 [D)BI(T IMOqy
[eaoxdde 1omndwo)) s 1121 uv) vip daaang 31g WYM
[euoneu Tenuaprsaid oNIm], J0UAIOG [B100S JHuapisaid ay) noqy Sunodm] S0y 610¢ Te 19 yosed
Sunndwo)
paziuewny [2pow pa331i [aaou v uisn
pue 20udg[Au] uvisyyvg Jo uona)a [niouad Suidipa.ad
[euoneu uondR JoNIM JUAIqUIY JO [RUINO[ ssonjod 4of ipp 319 3uidn.a2427 10T ‘Te 10 sremy
Surury uonydaja [pyuspisaid
pue sisAJeuy 6107 YStunds wo.f 2oudpIasy J4oIN]
[euoneu uonos[d oMM, JI0MION [B190S Buisn as.moasip ponrjod asAppuv am uv) G107 Tp[EWLID)
0URIS S1900M) JO SISAIOUD JUDWNUDS PISDG
fileIN uonos[d onIm], 1omdwoy) erpadorg o1doy prigdy ypo suonoajo Suydipad u() 107  BABISBALIS 29 [esueg
101I2]2 [D.12UDS 2SPUDMID] Q[ ()T
[euoneu uonos[d 00qaoe] ouo SOId 2y fo Apnys y :synsad uonoaje pun Ajriopndod BIPAW [R100S  81(0T Sueyy
Sutury
pue sisA[euy 2UI02]N0 U0NID]D SAIVIS PaIIU))
[euoneu uonos[d opIm], JI0MION] [BIOOS Sunoipa.d pup Suijjod .1of eIPAW [B100S 10T ‘e 30 BIPaIOH
SUOISN]IUOD ADJIUILS PJAIA JUDUIIIUDS
aopm ] pup sjjod Supov.ay Loans
uonoejsyes KJao1en() Yorym apun suoyipuod Suilfijuapr auiny
[euoneu JIWIOU0d oMM, uorurdQ a1qng 4240 SUOYD]2.LIOD J1UOU0ID JO AJ1j1qvIs 2] R1(T ‘Te 30 yoseq
suonoapa pyuapisaid 107
K19100S Buistid.ns s puvjoq o asvd ayy :sa3nd
[euoneu uonos[d jooqaoe| 2 Iy ‘BIPIA unf y00qaIv,J SNSIAA saijwp uowidy 107 Ijfe[zS-eysmaranuy)
Kya100g S210UINIISUOD
29 UONBIIUNIIIO)) Aipuawyavd oy 2ovds poyijod
SOIOUAMSUOD JIxaIg onIm], ‘UOT)RULIOJU] d2pm ] Surddvw :j1xa.g SuizLgaumavg 8107 BOJIIN 29 SOIseq
(910 ‘gD ‘uoneISILILI doy .1apuss) (131 [P901D
[euonRUISIUL ‘1opuad) Aienbo Nooqade]  juowdo[oAd( PHOA Y1 ¥on.4] 0} VIP(] PY Y00qadv. Sulsf) {107 ‘[é 12 1[BWO0SBIA!
soniog sjjod uorurdo jpuoyipv.y puv sisqipun
2 A3ojouyoa], JUDUINUDS UIIMIDG UOSLIDAUIOD Y/ (S.12J0A
[euoneu uonosfe IONIM],  UOBULIOJU] JO [BUINO[ Jo saoua.uafo.d oy [pana. vipaut [p120s uv)  [10C ‘e 39 eIDAIIO
sisAjeue
Jo [ore] oidog, NS 90I1n0g opIL  Qreq (s)1oymny

(ponunuoo) ¢ ajqel

prlnger

AR



Multimedia Tools and Applications (2022) 81:10107-10142

10128

suowd2]o uvally) L107 241 ul

SIsATeuy uoyuaul SUNoA Jo UOYDULSD BUSNQUIBION

[euoneu uonos[d onIm], 'R US| ayy L0f S1SAUD JUWIIUIS APIM]  0T0T 29 epaandog
uoyoaja [pyuspisaid
SN 9102 242 Jo Apnis asvo
Y “BIPOW [BIOOS pasnq-uo1jni0]

BRI uonadd INIM ], auo so[d wo.f uonndo aayvja. SuLinsnapy 070 ‘[e 12 Suon
sondjpup vipaut
p120s U1 poriad uo1122jj0d PIvP
SIonuo1j a1y} fo 2]0.1 xa)du10> dvyj-2.4minf

[euonRUIAUI uonosd IoPIM],  SWISAS UOHBULIOU] ayy 1o1pa.d o) 2wty ur yonq 3u10H (0707 Te 10 znj3ons
DIpajy [P190S JO 210y
A Y] :SUOIDT A0f SISPIDAO0]

2 Auno) uonodd jyooqooe,  Sunsesdlo Jo [euInof Buniquio)) ojui Jy3isuf MaN V- 0202 Suep 2 uyd
($a0D.43 [O)SIP INOGD
[eaoxdde MIIAY Jondwio) sn jja1 uvd vp daaans 319 YM

[euoneu [enuapisaxd oNIM], 90UQIOS [B100S Jruapisaad ayy ynoqp Surgpamy s,0yM  0Z0T ‘Te 30 Sjoseq
Apmis aayv.avduiod
UONEOIUNIUWIO)) poYIaU-22.4Y) ‘AlJUN0d-22.41) D

[euonRUIAIUI oo oNIM], JO [euwInor ueIsy DIpauL [DID0S WO S0 SundNpald 610T ‘Te 10 epref

sisAjeue
Jo [ore] oidog, NS 90I1n0g opIL  Qreq (s)1oymny

(ponunuoo) ¢ ajqel

pringer

& 's



10129

Multimedia Tools and Applications (2022) 81:10107-10142

5.42S[) AIIM] SUOWLY S2UNSDIPN

2004 013U YIM SLi0day-fjas fo uosLinduio))

14

[euoneu soniod oNIm], K39100S + BIPIA| [BI00S  (RIPIIA [BIO0S UO SMIN QUINSUO) SUDSIAD] O MOE]  (0T0T urys
S18A1pUD 2ADADAUI0D LNHUNOI-XIS D :20UDULIOf1>d

[euonewIOIUI sonijod opIm], soniod ueddomny 10N [p.L0122]2 pup ‘UonDIUNUWIUOD USIDdWDD ‘plaIL ansS]  (0TOT IOQIM 2 OIS 9
asn pun

uoydopn s3unardg

[euoneu sonrjod JPIM ], £)91008 29 UONEOIUNIWO) ‘UOIBULIOJU] Aoy spsyndod Sununupxiyy jasipvavd jsyndod v 6107 2 sqoe[
vIDp SULYOD.J-qaM pun Aoa.ns
[OIBSY wo.f

[euoneu sonijod j00qade] uorurdQ o1qng JO [BUINO[ [EUOTRUINU] aouapiazy ;vpuadp onyqnd ay) 3uipo.a y00qadn,l Sf 10T Te 19 [eudpIe)
AN ] pUD YO0GIID,]
uo uoyvoIUNWWod [oyijod JO uoyvIpaw 2y pun
yooqaoe] ‘Saou21pND ‘SUDIdYI|O]

[euoneu soniod ® 1M, UONBOIUNIULIOD [BONI[O] RIPOW [BIO0S U0 Surusivdumnd uoydsayq 8107 ‘Te 310 11S
suvonijod Aq uondopy 4171 ] pup
UONROIUNUILIOd 3]00ga9.] K101008 29 §00qaov,]

[euoneu Teonjod ¥ INM ], UONBOIUNIIIO.) ‘UONBULIONU] ur uoynLwa — jAod ayy pup douowr ayp aw moys, 10T ‘Te 10 uepuIng)

(20 'g071

‘uonerguwr Y¥00qaom,] 3uisn yovo.ddnp

[euoneu  ‘Iopua3) Afenba yooqaoe] MIIAY [BIISO[0I00S UBOLIDULY  J2A0U Y/ SY.IOMJdU [DIDOS Ul UOYDN3DA3DS JO §20.4n08 [ 10T ‘Te 10 ensjoq
DIDP APPIN] YIIM DIDP A2AUNS 2IDPIPUDD

SoNI[04/Ssa1d Suppury Jw2isAs uoyvorunuwuiod panijod prigdy seqjolug

[euoneu uono[ WM ], JO [eWINO( [RUONRUINU] Y[, b uz 2ouanpfiul puv Suudivduipd vipaut [p120s fo 21438 90T 29 UdS[Iey]
ApIy 1 2SN A2IM ] Suown $a1141100 [po11j0d
ploysay-12y3ty
UONBIIUNIULIO)) pun -12mo] uzamjaq diysuonynja. i}
parerpajy-1ndwo)) Sutiopdxsg

[euoneu sonijod IONIM], Jo [eumor RIPOUI [BIOOS UO UONID pup UOISS2AAXD (D20  ST0T ‘Te 310 edoRA

sIsAjeue
JO 1oAY oidog, NS 20IN0S L dAreq (s)roymy

(6 = u) sesodind JuAWYDLIUS 0] BIEP ASAINS PUB BIPAUW [B1D0S Furuiquiod suonedrqnd Jo IsI7 ¢ ajqe)

prlnger

AR



Multimedia Tools and Applications (2022) 81:10107-10142

10130

uon
-BOIUNUILIIOD SaLIDUILL] U0 S1) 9107 Y} SULIN S2SDSSIPY
[euoneu [eontjod  yooqooe] 29 JONIM], £191008 + BIPIJA] [BI00S aa1spns.ia Jo as) ayp pup ‘sjjod uomid)) ©IPIN [e190S {107 ‘Te 39 TuISSOYy
uon sudivduno priopulaqnd "N F1O7 Y} SuLinp
-BOIUNUILIOD sonrjod 2 ASojouyoo], $2132ID.4)S UONDIUNWIULOD DIPaUWL [DID0S pub ‘Sjjod ay)
[euoneu reonijod  yooqooeq 2 JoNIM], UONeWLIOJU] JO [euInof u1 Suipuwys ‘ssaudanijadiiod 2004 uzamiaq diysuonvjal ayJ 8107 ‘Te 30 TUISSOY|
uon
-BOIUNUIIOD Kjpreng) JeIpau [e1oos jdopp
[euoneURIUL [eonijod  j00Qqade,] 29 JOWIM] SOIpMS [EUONRUIU] S.2ppa] pliom op Aym widIsAs ssaappp donygnd mau 2y Q107 JJOZNOZ 2 vIoqIeq
uon 2PN ] pUD YO0GIID,] UO UONDIIUNUIUIOD
-BOIUNUIIOD [vounod Jo uoyvipaw ay) pup ‘saoudipny
[euoneu feonijod  yooqooe] 29 JoNIM ], UONBOIUNUILIOD [BONI[O] ‘SUDIDNIOF “BIPAW [e100S U0 Sutudwduwd uondd|g {10 Te 310 101S
K108 29 SOLIUNOD XIS SSOAOD ADPIN] PUD
[euorjeu sonrjod  j00qaoe] 29 JOPIM],  UOHEBIIUNIWO)) ‘UOBULIOJU] ¥00qaon,] fo sisAppup up :wsyndod pup sanivd aw.5x7 [ 10T ‘Te 30 Jsurg
agnynog
[euoneuIoIUI 1oyj0 aqmIno X Juo SoId U0 UONdWNSUOD 0IPIA [DANINI-SSOLD PUD SINDA [DANIND) [ 10T Te 19 yjred
101122]2
upyvy €107 2y ul udwdwvd aayp3au pup sastuoid
[euoneu sonrjod IONIM], £J9100S 29 BIPAW MIN 241NqLSIP JO SSaU2A1I2YJ2 Y] PN U0 SutuSidwwd- 9107  BPPV.P 29 U0
S21DPIPUDI
And ypm SuyonAIUL UDYM SN ADPIM ] JIAIDUN  SUDZIILD
[euoneu sontjod oPIM], UONEBOIUNWIWIO)) JO [BUINOf Jo saouanbasuod ayy :$19am) Sty SAUID]G UDULYIOM PP Y 9](T ‘Te 30 SLIBYO0aY ],
uon
-BOIUNUIIOD sonrod 2 ASojouyoo], suvLipuunlyvd JO s201700.4d duljUO
[euoneUIAUI Teonijod oNIm ], UONJEULIOJU] JO [eUINOf JuauDULIdd 21) SUISSISSY—AdPIA] UO JUDUDILDY N Y] ST0T uossIe|
§5220.4d UOYPUIIOU UPIYGNADY Y] Ul SUMOUYUN
IN uonoo[d opIm ] Jourau 29 Ad1[0d UMOUYUN PUD ‘SDJOA ‘S]PIM ] SUOyDISaaul [po130joydasg €107  PeIISUY 29 UISUSf
WyR2AIqUUIET
SuBipduipd 1pu01ssa.43100 10f AZap.4js suoyv]a. --p[nzng
s1osn uono9[d hIN MIIAQI SUOTR[aI J1[qNJ ongnd auijuo uv sv 423 ] Sunutunxsy ;Onoowap 3ulpamy €10 29 OLIBJABT
aqnnox pue sonrod 2 A3ojouyoo], suonaa wRIptu ) 0107
[euoneu uondR CIONIM ], [00qae] UONeULIOJU] JO [BUINO[ ayy fo sisdppun uy jArwndod autjuo  suvionijod saanp wyp\ €107 USS[OIN 29 LIBOOBA
sisAjeue
JO [oAYT oido], NS 2INn0g ML dAreq (s)royny

(o8ed 1xou sonunuod ‘@] = u) BJep BIpAW [B100S YM Ax0Id se Aoains Fuisn suonesrqnd jo 1sIT G d|qeL

pringer

& 's



10131

Multimedia Tools and Applications (2022) 81:10107-10142

sonrod 2 A3ojouyoo],

Y00ga2v,] UO SUONIDIAL [DUOLIOULD

[euoneu soprjod }0ogade UOIBWLIOJU] JO [BWINO[ S.42SN ]02[fD 20Ud1IDS 2NSSI pUDp JUdUIIUIS MOL] J150d D Ul SIDYM  (0Z0T Te 10 [10qH
uon
-BOIUNUILIOD suoydaja uvadoansy 6107
[euoneUIAIUL Teonijod MM ], SN0 29 YoIeIsaY ayy Surinp oM ] uo Suudwduny) ;42104 2y) 01 o ulyovay (07 I1OZ[oyqQ 2 [erueq
MITATY s190M ], uojuIoy |,
[euoneu sonrjod JPIM ], 10indwo)) 90UIDS [BI00S S, duin.d] Juapisadd Y uowa3n3usy s4as0) op1nM] Jiding qmg 070 2 snIeze|
yovoaddp
[euoneu sontjod oRIM], K19100S 29 BIPIJN MON|  SWIISAS DIpaul Y/ :SSaUdAISUOAS2.1 DIPIUL SMAU pup ‘AopIm ] ‘dunt] (70T ‘Te 30 S[PM
[euoneUIAUI sonrjod oMM ], uonejuasarday sanag 3syndog Jo ssaudaisuodsayy [poyijod (PIOA ayp Suifjty 6102 ‘Te 10 e1989[d
uon
-BOIUNUILIIODd saLmuirid uo1212 §1) 9107 Y1 uLinp
[euoneu feonijod  00qade] 29 JNIM], K)2100S + BIPOJN [BI00S  $23pssaut aaisvns.dad Jo asn ayy pup ‘sjjod uorido ‘e1pawt [e190S 10T ‘Te 19 IUISSOY
sisAjeue
Jo [oreT oidog, NS 90In0g opIL  Qreq (s)1oymny

(panunuood) ¢ a|qel

prlnger

AR



Multimedia Tools and Applications (2022) 81:10107-10142

10132

SoIDIS pajtuf) aYy] ut

Aprs ousijignqo.ad :vyiy 0} paivja. S101ADYdq pup ‘23pajmMouy ‘Sapniip Te R
[euoneu yreay oMM, QOUR[[IOAINS N[BOH AN [N  fO Sansvaut Aaains yjim LA ] U0 U0ISSnasIp Jo sa1doy Jo suonvidossy 10T oo[peyIe,]
Yuvg 15240, 21dwf)() Suiliag JO ssauaa1120.17Y
[e20] 10U)0 BIPOW [BIOOS JOIO Anqeureysng 2y 3u1ssassy ul vyp( A2a.4ng puv vipq vipaul [p1os Surivduio) {107 T 10 Suep
uon
~ROIUNIUITIOD sonnjod Jo uoyvzypuos.iad ay) pup ‘Sunjas-vpusdn
[euoneu Teonijod IONM], AKoaIng uelsy Bunuv.L,y :SuoyId|2 [2UdS UPIPU] F ()7 dY) SULNP LIN] o asn Y] [10T fefeg
UONBULIOJU[-093 ] AK9AImS IOYSIA PUER BIBP BIPAW [B100S JO uostedwod v yred TeR
[euor3ar 10110 wesgeysuy JO [euwInof [eUONBUISIU] [BUONEU B Ul SULIOJIUOW JOJISIA 0] uoneuLojul orqdei30o3 pojeoud3d-19sn 107 OWIOYUINIOH
[euoneu yreay IONIM],  [OIedSal JOUIAU] [BOIPAW JO [RUINOf 2NN ] UO 2A0IDUWDG() 01 aSUOASaL qngd  L10T T IR Siae(g
[euoneu nxarg oMM Sy10M)9U [e100s [euonendwio)) WNPU.L2J2.4 J1X2.4g Y} SUIPADSaL S4SN AN ] JO 2ouaniful pub 2oupis /107 [e 19 1eQID)
[euonEUIAIUI sonijod oM, Quo SoId  Aoaung jaung snonunuoy) 1oafiddui] up Sy DD Pipaw [p120S pup auu)) 10T ‘Te 19 zeiq
A3ojouyoo],
PuB 0UIDS UONBULIOJU] TR
[euoneu sonijod JONIM], J0J UONRIDOSSY Sy} JO [euInof A2171M] Ul Sanipuosad sapppipund [pyuapisaad fo suondadiag 9107  eAreyoeneyqg
UONEIIUNUIIO)) £10C u0122]2 D.12paf unuL iy 40f umwdwind ayy urinp Te 10
[euoneu uonadd oPm], ParRIpIN-1oIndwo)) JO [eWINOf  parsod sadvssout Jo sisaipup uy opm ] ySnoyy sourod Jo uoyvipawt 2y 9107 zoySunp
sonijod suondafa Aavpudwnipaod ysuvq [ 107 2y) ul suieypd uoypIUNUUW0od Te R
[euoneu sonijod jj00gaoe 29 A30]0UYDI ], UOIBULIOU] JO [BUINO[ PUD ‘20UDLDYOD ‘SDPUITY Y00qaIV,] U0 SUOUDLPISUOD D1]0d  S10T ude(] Uep
A310u 29 (sjuo
JUSWIUOLAUS -wwoo+samyord) spuvy yand uo Surzv.3 a11pd Nogn
[euoneu 2 Qjeu|d INLDPIA JuoWeURW [RYUSWUONAUY  Suondadtad pup ‘sisatapul ‘sonipa d1gnd 42400s1p 0} vipaut [p120s 3uis)) 10T Keg
20up.,] pun Aoy
01 uoyvo1ddp un ynm sadua.tafoad poyijod suazyId Jo a3pagmouy Ano
[euoneu uonode oM, K19100S 29 BIPOW MIN  240.4duil Und DIpaul [D120S JO SISAIDUD JUIWNUIS MOE] (SIUNOD 19oM) L1dAF 10T e 19 UOId)
[0Ieasay A9AING pue ‘AN[RIo0S
[euoneu sonrjod JONIM], BIPSIA [e100S :(€) Jdeyd yoog Apnys 2502 ULIOfo. 2.02-YyIaY §1) Y (Sjjod 2ovjdad sjpm) uv) €107 ‘Te 30 wry]
uonda|q
(saded 90USIOG UOnBULIOU] [onuapISaLg S 710 Ul Apnys asvo v (Surg pup 0oyny) sauisua yo.unas
[euoneu uonodd QoM +) IPIM], omydeidoon) pue AydeiSoye) gam puv (1ap10M]) DIpauL p120S YN SId2IU0D pup Sa11A1IY [p120S Surddvpy €107 ‘Te 39 nosJ,
[euoneu yeay omm], Korjod yyreay 2010425 YIDIE] [PUONDN YSISUST dY] Ul SULIO.A YI|D2Y dY) pup PIM]  €10T ‘e 32 Sury
sIsA[eue
JO 1oAY oido], NS 2In0g L Aeq (s)royny

(saBed yxou sonunuoo ‘9z = u) sesodind uosiredwod 10J eyep A2AINS pue BIpaW [e1d0s uruiquiod suonedrqnd Jo IsI7 9 djqe)

pringer

& 's



10133

Multimedia Tools and Applications (2022) 81:10107-10142

©)ep AOAINS pue JoPIM],

[euoneu yieay omm], QUO SO[J  UNPIM SJAI[aq JOPROIq puk AOUR)ISIY dUIdORA SUOWE UoneLRA0d Fuledwio) (0z0z ‘T8 19 JYemoN
SPOUIQIA dATIRAOUU]
JO UONO3[[0)) V :20UDI0S AdAING (101§ 2ung
[euoneu  sjuoAd uSredwed JNIM], S109IA Bre 1g :(9) 1deyo jooq 2y jja SoLYNIL0dY ]S pup LM ] O :Sjudar udwdun)) o uoyuany (70T ‘T8 39 yosed
SPUBLIOYION O} Ul WNPUSIJaT
Qureny) 9107 Y WO 0UIPIAD ‘Bjep Aoains ur suroped yim Ajdwod Te 1
[euoneu sonijod oM, BONIOJ BIOY  JONIM], UO SjuowngIe pue a010yd J0A MOH (JoNIM [, uo uotuido o1qnd  (0z0g uarsuIry]
SPOYIQIN dATIBAOUU]
JO uonod[[o) Y :90UdIdg AoAIng
[euoneu ey 11ppay S109]A Bre 3ig :(5) 1deyo yooq vID DIPIPY [D120S Ul Sapnny Jo yiSua.g ayy Sulmsvapy (g0 T 10 eAewry
A31ou0
»
JUSUIUIOIAUD unds pup "Y' ayj ul vIpaul [pI20S YIM Vik%
[euonjeuIAIuUL 2 QWO oNM], Korjog AS1oug  s1sAjpup uoyowd pup juduuas sanssi A34oua puv a3unyd appund Sursuag (0g07 29 OIAINOT
(pua19[3000)+) ppouv)) Ul JPUPY 6 1-JINOD Y 01
Jeuoneu yieay IoPIM],  9OUQIDG [BONI[OJ JO [BUINO[ UBIPRURD)  2SUOASIY D1]qN pub a11]5 SNSUISUOD) UDSIIDJ-SSO.LD) O JUDWO 240V  0ZOT e 10 AoPJIOIN
Apris asp2 v s» USIAWDD 11X24G Y] S9SN DIPAUL rqqog
[euonEU sonijod yoqqaoe] QUO SO[J  [PI20S fO SIUSLIDIIDADYD JISDG ALY O} SWYILIOFIY Suiuva]-daap 3uisf) 6107 2 NSOJUBIA
(o1 ‘gD1
[euoneu ‘uoneISiurul
2 qels ‘10puad) uonndQ) a1gnd Jo dpnmis ayy ui 4o 3uis)
2 uoIgar Ayrenbo oNM], SNIO0S 0] suouvIT pup sayunLoddQ) Sapmnly ApUdD) pun JaPIML IS, 8107 YSnoroqreos
DIDP 2010128 Y.lOMIdU
[euoneu yieay opim],  uonejue[dsuel] JO [BUINO[ UBOLIOWY  [1100S Suisn undpf ul uoyppupjdsun.ij 1avay uo as.nodsip aqnd Jo sisppuy 8107 '8 10 BMBN
AS10u0
»
JUSUIUONAUD Te 1
[euoneu 2 dreWIO oNIm, SOIIOU0H [89130]09] 24nIDU 40f anIpA pa.vys v o 2oudpIag 8107 103urepy
25.4n0081p 211gnd saduangfur sdo.o pa.taauidua Ajjponousd
[euoneu yieay oMM, SOIUAING JIT Y} PUB SONI[OJ U0 110da.1 U\ pup ‘FuLdAULSUT ‘SPIUIIDS JO SANUdPYIY [DUONDN  TOT T8 10 [[OMOH
sisAjeue
JO AT oidog, NS 0.0y L Aeq (s)1oypny

(panunuoo) 9 a|qel

prlnger

AR



Multimedia Tools and Applications (2022) 81:10107-10142

10134

ADIIN] UO UOISSNISIP
a3upy> 210U

[euoI3ax 0d jJo A310u0 2% oSuey) aouanpfur a.umvioduid) [p20]
2 Jeuoneu  AS9AINS JAISSed,, JUSWIUOIIAUS 29 SIBWI[O oMM, [BIUSWUONAUY [BQO[D) pup pipaul SSopY :SA0SUas S 2]dod G107 T 10 ONUSILITY]
od a3upy> ppuil]>
Jo aanoadsiod A310U9 29 3uey) Jo suoissnosip vipaut [p120S Ul SL2GUIDYD
[eUOnBUIOIUI OIUBUAP SIOW  JUSWUOIIAUD 29 AJBLI[D oMM, [EJUSWIUOIIAUF [BQO[D)  0YD2 pup suin.iof uado spana. SISApup y10MjaN G107 ‘T 19 SWEI[IA
od AN ] UO STUDUIULOD
Jo yoeordde (91eqQOp AL JO SnOUDINUILS PUD A ] UO dIDGIP
yduosuen MITADI [pouijod v udomaq diysuoynjaa
[euoneU padsuenu drour uorddd +) oPIML  10Indwod 2dUAIOS [EI00S Suypiysaauy ;saipqap Jua.aaffip oMJ  S10T S
SuuoourSug
snoymbiqn ADIN] UO ADMO ADIINAT UO
suorurdo AS10U0 2% pue BIPAWNNIA ApnS 'y DIpapY [D120S UO SISAIDUY
[euoneu  juoSIow oIjded  JUSWUOIAUD 29 AJETI[D IOPIML  JO [BUINO[ [BUOTIEUION] pua.] puv Suisua§ uonndo dyqngd 107 WY 29 Wy
SILI0)S
SMOU BIPAT
[euonIpen pue
saInseaul ‘SOLIBJURUILIIOD Te R
payodai-yjos WnIoy UONRIIUNWIIO)) viop 31q sjpouwl L1092y Sunjas-vpuasy UBWINON
Jeuoneu 0} dALjRUId)[E sonijod ‘s301q ‘Topmm [, Jo [euinor suonuayp dngnd Jo sonupudp 2y +10¢ [1ossmy
ipdizee | a[puYy AN
suorurdo JouIdU| Pasnoof-pupnfimul v fo sjpom) Te 1o
[euonewroul  judSiowe amjdes esy IOPNIMT [eSIPaIAl JO Teumor pup s1om0jjof 2y SuIzLIDY) 107 SYIY-SozearD)
Adv.oyy 2ua3 u1 sansst
suorurdo O183SaY JouIaju] [Po11> pup SUBY2IS-UOYDULIOfUL
[euonewNl  JuaSIowo armdes Yesy  SIMSUY jOOye A [eOIPSIAl JO TeuInor Apmis o) pipawt [p1o0s Surzyiy) €107 e 1 PIR[Iqoy
101192]2 [D42UIS
SA9AINS In0qe JNEIRIIN NN 010C 2y} Butinp sjjod uoruido
yury 29 UOBOIUNWIWIO)) 01 42}11M) UO SISUOS2.A
[euoneu SUSZINIO JeyM uonode IoPNIMT UOT)RULIO U] uazn) ApIqIpa.d pup ‘aousprfuod sniy 1107 T 12 ojodury
sisAjeue Juowe[dwoo
Jo [oAdT 0] Uoseay aido, NS 20mog oml arqg (s)yroyny

(saBed 1xau sonunuod ‘z¢ = u) SIYSISul MU FuneIoudS 10] Bjep ASAINS puB BIPAUI [B100s Suruiquiod suoneorqnd Jo s £ djqe)

pringer

& 's



10135

Multimedia Tools and Applications (2022) 81:10107-10142

uSredures Ainiodwiajuod ur uoyvsyIqow SIuua(]
[euoneu soniod +) oMM, SAIpMYS [BONI[O] pun vipaul [pu0ISsafo.d BIPAW [BI00S  L107 29 JOIMPEYD
od sisAppup
Jo yoeoxdde JUIU0D D Y] Y] Ul Sauljoping
[euoneu padsuenu d1ouw yeay oM, uado (NG 101y00]p payppdn 0] APPIM ] UO SUONIVIY [ 10T Te 10 zmers
(09 ‘g0 DIDp APM ] SUISn 0L(]
‘uonesgur £3ojo1008 gs S.puoziLy Jo Apnis y Jjuauijuas
QIS QOUAIQJUI [eSned ‘1opuad) Aypenbo oMM, JO [euINO[ UBdLIOUIY onyqnd adpys smp] jupSnuw-nun oq [ 10T SQIO0[ ]
Adnoo() 3uoy 3uopy ayy Surinp sjjod
uorido pup sa3vd 300qaov,] uo
od UONBITUNTIIO.) s1sjpup sarias-owil ] uoyvLwjod
(Suoy Jo aandadsiod PpARIpIN-10Indo) uomido pup uoyvIUDYINGLGAD
Suop) Ao JIWRUAD dI0W sonrjod 00gade] JO [eumop u2amaq diysuoynjad 2yy /10T ng 2 uey)
BIPSIN [B1O0S
sonijod ueadomg y3noay ] Qrioisny 3uijsajuo) uo1)
[euonEU UONIBISHES OIUOUOID opIm], puE BIPSJA [BI00S Juonud() Jo juawdAopy 1onsiq v 10T 29 duoIsueqg
104021 pup puPNfiIW
suorurdo uonowoid [esH mogy $122M] JO SISAIPUD 1UJU0D D
[euopeu  juagiowd aimdeds reay oMM, JO [BUINO[ UBJLIOUIY o Unf 2Ap "paam ayouls yunp 320, [107 ‘[0 Ssnery
od usivdund 101122)2
Jo yoeoxdde ubyvIy €107 Y ‘wid)SAs vipaiu 1][990990))
[euoneu padsuenu drour uono IoNIM] 2011081 WSI[BUINOf LGy D ul UOISINDJA] pup APPIMT  QT0T 29 TOUOIRIA
SaInseaW Juawa3n3ua pouyiod
pouodar-jfas SPOUIIIN pue autjuo uo uoynaduiod oyod
BN 0} dATIRUI)E sonijod 3]00qaoE,  OILISNY AOUIIIS [BONIOJ Jo spoaffo oy :Sunoa o1 Suysod o] 9107 Te 10 9RS
saInseaul EaliclelN wiay) Juawa]diod upd
pauodar-jos [e100S mq ‘sdoauns uorrdo 2ovda. jou edaiqeq
[euoneu 0} dATjRUINR sonrjod JNIM ], 10J SPOURIN [eNSIq 11 a1 ] Ay gsjjod paau am o  910T 2 eunfeg
FunpIoMmIoN [B100S pue S1SAIpuD JU2JU0d D
suoruido RN ETe | JE107-CI0C “2mm] uo dffv.g Te R
[euoneu  juaSrowd armdes yedy IONIM], ‘A3o10yoAsd1aqh) pavjaL-punnliiu fo 22ua|pad.id G107 uosdwoy ],
sisAjeue Juawe[dwoo
Jo [oAoT 0] U0SBaYy aido], NS 901n0g opiL  deq (s)roymny

(panunuood) / a|qel

prlnger

AR



Multimedia Tools and Applications (2022) 81:10107-10142

10136

SNO0J ASAINS JO

MITADY QOUDIOS

Aq Bunjas ppuadn puv UonUND NSS!

feuoneu  adoos oy puedxo sonijod oNIM], [eon1[0d UBOLIOUIY 3uLnsvapy ;SMojjof Oym JSppaj oym 6107 Te 19 eloqreq
2uIIpaUI2]2 ]
SIUSWIAINSLAW oju1 Jy31Suy 40f Sjjoq 421 Suisp) Te 1
[euonewId)ul  ASAINS dJepI[RA yeay IOPIM],  OTRISY] QANRULIO] YIIN[ cuonrdQ) yipagy o1gng 40f 100 MON V' 610C  [TB9RIV-TEPIA
A2IJ1A ] A0f anb1uya) jaaou
03] _fo uoyvouddp puv uoyonpo.yui
Snooj AoAIns Jo pue o104 uS010] JO Y[ SUOD]a.L [DUOHDUIIUI
Jeuoneu  odoos oy puedxo sonijod OPIM],  [RWINO[  SINWIZY [[V pup sisjpup jxa) pappwioiny  10g  ‘Te 1 njdodneyy
Koeroowdq vIDp SO JX2] VIpIUL
[euoneu  yoeoidde [orou sonijod oPIM],  9ANEIUASAIdoy JO [euInof p120S pup 20uaN.13U00 p2130]0ap] G107 e 10 UeSopAy
JUWDIDSUS PUD SSIUDADMD
Snooj AoAIns (erpowr 2 A)15.4241p01q 2.4NSDIUL O] $22.4N0S
Jo A310u0 2% SAYOIBISI[S000) vIp 2uljuo Jurdioul Aq | 123.1]
[euonewou]  2doos dyy puedxd  JUSWUOIIAUS 29 AJBWI[D +) IOPIM],  UONBAIdSUO)) [edo13o[org 1yory of 4oorput (pqopd v Suidojpadqg 6107 Te I 1dno)
S2SDD 2SDILIDUI-XDS-DUIDS S, ]AN0))
wia.dng ay1 0) U0V DNGNT
Snooj AoAIns (010 ‘gD :suois1oap (o121pnl Jo aypm ayy ui
jo ‘uoneISruuu Sintve) 28.N0JSIp
Teuonjeu  2doos oy puedxd ‘1opuad) Aupenbo IONIM ], pue meT Jo [ewInof ongnd Apnps o 4apmy 3uisy) 10T Te 30 e
od SOOULIOS 101222
Jo yoeoxdde UoISId9(] J139jeNg JO [piuapIsa.d sn Yy} pup L2)JIM] :SINSSI
[euoneu padsuenu diou uono[d oNIM], [EUINO[ [EUONBUINU] a1uouosa jnoqp uonido dygnd Supupy 8107 e 19 TWRIRY]
SN0y s1sppup JuduiIuds Yim spuswSpnl
KaaIns Jo U211 Su1SS2SSY TBIPAUI [BIO0S
[euoneu  odoos oY) puedxd  UONORJSIIES OIUOUOID IONIM], £)21008 29 ssoursng u1 opw13a] [pUoyDIUDSL0 SULINSVIP 10T Te 1e 1ong
$22.432(] 9€
od (soronte JUDUIDAOPY  SUDZILD) Y] JO SISSIUYDIN
Jo yoeordde SMAU JUI[UO puv syp3ua.ys ayy Surur)dxsy
pasuenu d1our 2 S[rewo ‘uAg
sisAjeue Juawe[dwoo
Jo [oA9T 0} uosey ordo, NS 20mog omL Qrq (s)yroyny

(panunuood) / a|qel

pringer

& 's



10137

Multimedia Tools and Applications (2022) 81:10107-10142

SNO0J AdAINS

YU wo.lf Apnis asvd y
SADD SSILADALIP UO SUDYDUI-UOISIOIP

Jjo Ad1j0d onygnd .1of vivp 519
[euoneu  odoos oy) puedxd IoU)0 IONIM], Korjod podsuer], pnyxay fo ppyuadjod ayy Sutunuvxy (70T ‘Te 39 eury|
suorudo OYIORJ-BISY 9} JO 0qIap\ WO 22UIPIND
[euoneu  juadrowd armdes sonijod oqroM SUONE[OY [BUOBUION] :S2I0)S U] 2y Jo smaia asaury) (70T ‘Te 10 uenn
Ao
ut L[0T 1Sn3ny 01 910 4oquiaidog
wo.f sisqppup Surunu uorurdo
suorurdo sonnaderayjounuutu] up :uoypu12IvA uo uonndo dygnd
[euoneu  juaSIowd armdes yesy onIm], 79 SOUIOJBA UBWINH AOJIUOUL O] ]00] [2UNUDS D SD AIIN]  (ZOT T8 10 IJOSOAR],
[QuE) DID(] DIPaUL [DID0S YIIM
ilIN ‘g0 ‘uoneISruur [OIBaSY JuawnUdS 1020 SUniyS SULINSVIP
2 [eUONRU  JOUAIQJUI [BSNBD ‘1opuad) Anpenbo oMM, SoNI[0J UBILIdUIY suonnd() angng puv a3uvy) A1og (0707 USYOD-SWEPY
A3y Ui uoyVUIIIVA
1SIUAIOS pUno.y Sist) uoypuLIofuy
Jeuoneu yiesay 300qaoe] [BIOIARYY UBOLIWY ayy Suyp3ysauy :sjoyS paLinig (070 ‘Te 310 eAo]
SOLYUNOD
(smau pun $a30n3unj $s0.400 Lo.100UdP
suruo 1JBYOSUISSIMINIO] Jo a3vsn ayy ur saoua.affip Apnis
S)UQWINSBIWL +) BIpowt OPUIYDID[TIOA 0] [apouL DPUDWDS [PUOYNGLISID
[euoneuroyul  AQAINS djepIjRA sonrjod [B1008 JUSIJIT I YUYISHoZ p 3usn :Jxapu0d ur Onoowdq (0707 Te 1° S1eqryeq
DIDp DIPaUL [DID0S
Buisn o1gnd sspw 2y} pup $.4010]s132]
sisAjeue Juawe[dwoo
Jo [oAoT 0] U0SBaYy aido], NS 901n0g opiL  deq (s)roymny

(panunuood) / a|qel

prlnger

AR



Multimedia Tools and Applications (2022) 81:10107-10142

AP fO SA2SN UDIDI] PUD UDULIDEL) SUOWD JUIUIDILSDSIP

[euoneu sopijod  1OMIM [, K19100§ + BIPIJA] [B100S  fo11j0d 0] 2.4nSOAXT SqNID UDLIDAJUOD PUD SA2QUIDYD 0YID JO  910T Te 10 LeddRA
8uans on pue 2dA) uonedIUNUIWIOd UO
UOIEIIUNIIIO) spuad

[euoneuIdlul  SUIOQ-[[oM  J00qOdE] pajerpow-1oindwiod Jo jewnor  -op SuIdq-[[om pue asn J0oqaoe,] Ueamidq diysuonear oyl 9107 nery 2 ayIng

ueder ur Juourodxo ingiyor

[euoneu sopijod  1opIm], UOIJEOIUNIWO)) [EONI[O] POl POZIWIOPURI € WO 9JUSPIAT :I0jell Jey) S)99M], S10T 2 1YseAeqoy]
Iy U1 SA2SN APPIN] SUOWD SIIALOD
uorn [poujod pjoysa.ays-1y31y pun-12mMo] usaM1aq drysuorvjoL

[euoneu soprjod  IOPIM],  -BOTUNUIO)) PAJRIPIIN-IINdWO)) JO [ewInof 2y Sutiojdxs "eIPIW [BIO0S UO UOLID Pup UOLSS2LAXD [P0  S10T ‘Te 10 LIedoeA
JUWIDIUD U211

[euoneu sopijod  1opmIm ] UONEOIUNUIWIO)) JO [BUINO[ puD ‘RIPIW [BIOOS ‘SjuUAd DIpajy - wonrjod ay) Sutaados pn  G10T e 10 LIeOdBA
10122]2 [D.LoUd3 UDYDI] €] Y} SULIND S.42SN
RELIY S

[euoneu sopijod  1OPIM ], BONI[O BZUSIOS IP BUBI[E)] BISIATY Jo daauns y :uoyvorunuwwod [poyijod puv vipaut p120S 107 ‘e 10 LIeOdBA
dopm ] uo uoyvddn.od [poyijod puv UoyID.LJUI Y.LOMU

[euoneu soprjod  JopIm] SunosIeA [eONI[O] JO [BUINO[  ‘UONDIIUNWIWIOD USIDAWDY) SS2] A0 SA210D4DYD ()] Ul Sou1j0d 107 dldwAIeq 2 opog

SUO1I2IT PLIOIPULIGND) [[()7 Y} SULIN(T S19S)) OpUGON
il uonodd  IoPIM] MIIADY JINdWO)) 9JUIIOG [BI00S  .L2J1IM [ JO uonDdIdN.IDg [DII]OJ : ;SO INOQY S]pdM] OYM  €10T 2 odgeyog
sisA[eue
JO 1oAdT aido, NS 2In0g ML e (s)zoymny

10138

(8 = U) [00) JUSUHINIOAI & Sk BIPAW [eroos Jursn suonedriqnd Jo IsrT g 3jqel

pringer

A



Multimedia Tools and Applications (2022) 81:10107-10142 10139

Code availability Not applicable;

Authors contribution All authors contributed to the design of the study. Maud Reveilhac planned the study,
conducted the data analysis, and wrote the manuscript. All authors contributed to the review of the manuscript
and approved the final version.

Funding Open access funding provided by University of Lausanne.

Data availability Please refer to the appendix.

Declarations

Conflict of interest We have no conflict of interests to disclose;

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and
indicate if changes were made. The images or other third party material in this article are included in the article's
Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article's Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy
of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

10.

. Adams-Cohen NJ (2020) Policy change and public opinion: measuring shifting political sentiment with

social media data. Am Politics Res 48(5):612—-621. https://doi.org/10.1177/1532673X20920263

Amaya A, Bach R, Kreuter F, Keusch F (2020) Measuring the strength of attitudes in social media data. In:
Hill C, Biemer P, Buskirk T, Japec L, Kirchner A, Kolenikov S, Lyberg L (eds) Big data meets survey
science. Wiley, Hoboken, pp 163-192. https://doi.org/10.1002/9781118976357.ch5

Anstead N, O’Loughlin B (2015) Social media analysis and public opinion: the 2010 UK general election. J
Comput-Mediat Commun 20(2):204-220. https://doi.org/10.1111/jcc4.12102

Bakker R, Hooghe L, Jolly S, Marks G, Polk J, Rovny J, Steenbergen M, Vachudova M (2021) Chapel Hill
expert survey (CHES) Europe 1999-2019 trend file. EUI research data, Robert Schuman Centre for
Advanced Studies, European University Institute. https://cadmus.eui.eu//handle/1814/69975. Accessed 1
June 2020

Bakshy E, Messing S, Adamic LA (2015) Exposure to ideologically diverse news and opinion on
Facebook. Science 348(6239):1130-1132. https://doi.org/10.1126/science.aaal 160

Barbera P, Jost JT, Nagler J, Tucker JA, Bonneau R (2015) Tweeting from left to right: is online political
communication more than an echo chamber? Psychol Sci 26(10):1531-1542. https://doi.org/10.1177/
0956797615594620

Barbera P, Casas A, Nagler J, Egan PJ, Bonneau R, Jost JT, Tucker JA (2019) Who leads? Who follows?
Measuring issue attention and agenda setting by legislators and the mass public using social media data. Am
Polit Sci Rev 113(4):883-901. https://doi.org/10.1017/S0003055419000352

. Batrinca B, Treleaven PC (2015) Social media analytics: a survey of techniques, tools and platforms. Al &

Soc 30(1):89-116. https://doi.org/10.1007/s00146-014-0549-4

Bekafigo MA, McBride A (2013) Who tweets about politics?: political participation of twitter users during
the 2011Gubernatorial elections. Soc Sci Comput Rev 31(5):625-643. https://doi.org/10.1177/
0894439313490405

Bennett J, Rachunok B, Flage R, Nateghi R (2021) Mapping climate discourse to climate opinion: an
approach for augmenting surveys with social media to enhance understandings of climate opinion in the
United States. PLoS One 16(1):¢0245319. https://doi.org/10.1371/journal.pone.0245319

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1177/1532673X20920263
https://doi.org/10.1002/9781118976357.ch5
https://doi.org/10.1111/jcc4.12102
https://cadmus.eui.eu//handle/1814/69975
https://doi.org/10.1126/science.aaa1160
https://doi.org/10.1177/0956797615594620
https://doi.org/10.1177/0956797615594620
https://doi.org/10.1017/S0003055419000352
https://doi.org/10.1007/s00146-014-0549-4
https://doi.org/10.1177/0894439313490405
https://doi.org/10.1177/0894439313490405
https://doi.org/10.1371/journal.pone.0245319

10140 Multimedia Tools and Applications (2022) 81:10107-10142

11.

12.

13.

14.

15.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Biemer PP, Christ SL (2008) Weighting survey data. In: de Leeuw ED, Hox J, Dillman D (eds) International
handbook of survey methodology. New York, Taylor and Francis Group, pp 317-341

Bode L, Dalrymple KE (2016) Politics in 140 characters or less: campaign communication, network
interaction, and political participation on twitter. J Political Mark 15(4):311-332. https://doi.org/10.1080/
15377857.2014.959686

Brick JM, Williams D (2013) Explaining rising nonresponse rates in cross-sectional surveys. Ann Am Acad
Political Soc Sci 645(1):36-59

Cardenal AS, Galais C, Majo-Vazquez S (2019) Is Facebook eroding the public agenda? Evidence from
survey and web-tracking data. Int J Public Opin Res 31(4):589-608. https://doi.org/10.1093/ijpor/edy025
Chauhan P, Sharma N, Sikka G (2020) The emergence of social media data and sentiment analysis in
election prediction. J Ambient Intell Humaniz Comput 12(2):2601-2627. https://doi.org/10.1007/s12652-
020-02423-y

. Clark TS, Staton JK, Wang Y, Agichtein E (2018) Using twitter to study public discourse in the wake of

judicial decisions: public reactions to the supreme Court’s same-sex-marriage cases. J Law Courts 6(1):93—
126. https://doi.org/10.1086/695423

Conover MD, Ratkiewicz J, Francisco M, Gongalves B, Menczer F, Flammini A (2011) Political polari-
zation on twitter. Proceedings of the 5t International AAAI Conference on Weblogs and Social Media, 5(1),
89-96. https://ojs.aaai.org/index.php/ICWSM/article/view/14126

Couper MP (2013) Is the sky falling? New technology, changing media, and the future of surveys. Surv Res
Methods 7(3):145-156. https://doi.org/10.18148/srm/2013.v7i3.5751

Daas P, Roos M, van de Ven M, Neroni J (2012) Twitter as a potential source for official statistics in the
Netherlands. Discussion paper (201221). Centraal Bureau voor de Statistiek, Den Haag. http://pietdaas.nl/
beta/pubs/pubs/DiscPaper_Twitter.pdf. Accessed 1 June 2020

Dahlberg S, Axelsson S, Holmberg S (2020) Democracy in context: using a distributional semantic model
to study differences in the usage of democracy across languages and countries. Zeitschrift Fiir
Vergleichende Politikwissenschaft 14(4):425-459. https://doi.org/10.1007/s12286-020-00472-3

Davis MA, Zheng K, Liu Y, Levy H (2017) Public response to Obamacare on twitter. J Med Internet Res
19(5):¢6946. https://doi.org/10.2196/jmir.6946

De Heer W, De Leeuw E (2002) Trends in household survey nonresponse: a longitudinal and international
comparison. In: Groves RM, Dillman D, Eltinge JL, Little RJA (eds) Survey nonresponse. Wiley, New
York, pp 41-54

De Sio LD, Weber T (2020) Issue yield, campaign communication, and electoral performance: a six-country
comparative analysis. West Eur Polit 43(3):720-745. https://doi.org/10.1080/01402382.2019.1655968
Del Vicario M, Bessi A, Zollo F, Petroni F, Scala A, Caldarelli G, Stanley HE, Quattrociocchi W (2016)
The spreading of misinformation online. Proc Natl Acad Sci 113(3):554-559. https://doi.org/10.1073/pnas.
1517441113

Diaz F, Gamon M, Hofman JM, Kiciman E, Rothschild D (2016) Online and social media data as an
imperfect continuous panel survey. PLoS One 11(1):e0145406. https://doi.org/10.1371/journal.pone.
0145406

Digital Global Report (2020) Digital use around the world in July 2020. https://wearesocial.com/blog/2020/
07/digital-use-around-the-world-in-july-2020. Accessed 16 August 2020

Dubois E, Gruzd A, Jacobson J (2018) Journalists’ use of social media to infer public opinion: the citizens’
perspective. Soc Sci Comput Rev 38(1):57-74. https://doi.org/10.1177/0894439318791527

Eberl J-M, Tolochko P, Jost P, Heidenreich T, Boomgaarden HG (2020) What’s in a post? How sentiment
and issue salience affect users’ emotional reactions on Facebook. J Inform Technol Polit 17(1):48-65.
https://doi.org/10.1080/19331681.2019.1710318

Ellison NB, Vitak J, Steinfield C, Gray R, Lampe C (2011) Negotiating privacy concerns and social capital
needs in a social media environment. In: Trepte S, Reinecke L (eds) Privacy online. Springer, London, pp 19-32
Emst N, Engesser S, Biichel F, Blassnig S, Esser F (2017) Extreme parties and populism: an analysis of
Facebook and twitter across six countries. Inf Commun Soc 20(9):1347—1364. https://doi.org/10.1080/
1369118X.2017.1329333

Gayo-Avello D (2011) Don’t turn social media into another ‘literary digest’ poll. Commun ACM 54(10):
121-128. https://doi.org/10.1145/2001269.2001297

Gayo-Avello D (2013) A Meta-analysis of state-of-the-art electoral prediction from twitter data. Soc Sci
Comput Rev 31(6):649-679. https://doi.org/10.1177/0894439313493979

Gayo-Avello D, Metaxas P, Mustafaraj E (2011) Limits of electoral predictions using twitter. Proceedings
of the 5th International AAAI Conference on Web and Social Media, 5(1), 490—493. https:/ojs.aaai.org/
index.php/ICWSM/article/view/14189

Gonzélez-Bailon S, Wang N, Rivero A, Borge-Holthoefer J, Moreno Y (2014) Assessing the bias in
samples of large online networks. Soc Networks 38:16-27. https://doi.org/10.1016/j.socnet.2014.01.004

Springer


https://doi.org/10.1080/15377857.2014.959686
https://doi.org/10.1080/15377857.2014.959686
https://doi.org/10.1093/ijpor/edy025
https://doi.org/10.1007/s12652-020-02423-y
https://doi.org/10.1007/s12652-020-02423-y
https://doi.org/10.1086/695423
https://ojs.aaai.org/index.php/ICWSM/article/view/14126
https://doi.org/10.18148/srm/2013.v7i3.5751
http://pietdaas.nl/beta/pubs/pubs/DiscPaper_Twitter.pdf
http://pietdaas.nl/beta/pubs/pubs/DiscPaper_Twitter.pdf
https://doi.org/10.1007/s12286-020-00472-3
https://doi.org/10.2196/jmir.6946
https://doi.org/10.1080/01402382.2019.1655968
https://doi.org/10.1073/pnas.1517441113
https://doi.org/10.1073/pnas.1517441113
https://doi.org/10.1371/journal.pone.0145406
https://doi.org/10.1371/journal.pone.0145406
https://wearesocial.com/blog/2020/07/digital-use-around-the-world-in-july-2020
https://wearesocial.com/blog/2020/07/digital-use-around-the-world-in-july-2020
https://doi.org/10.1177/0894439318791527
https://doi.org/10.1080/19331681.2019.1710318
https://doi.org/10.1080/1369118X.2017.1329333
https://doi.org/10.1080/1369118X.2017.1329333
https://doi.org/10.1145/2001269.2001297
https://doi.org/10.1177/0894439313493979
https://ojs.aaai.org/index.php/ICWSM/article/view/14189
https://ojs.aaai.org/index.php/ICWSM/article/view/14189
https://doi.org/10.1016/j.socnet.2014.01.004

Multimedia Tools and Applications (2022) 81:10107-10142 10141

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

Gonzalez-Ibanez R, Muresan S, Wacholder N (2011) Identifying sarcasm in twitter: a closer look.
Proceedings of the 49th Annual Meeting of the Association for Computational Linguistics: Human
Language Technologies, 2(1), 581-586. https://www.aclweb.org/anthology/P11-2102.pdf

Greene JC, Caracelli VJ, Graham WF (1989) Toward a conceptual framework for mixed-method evaluation
designs. Educ Eval Policy Anal 11(3):255-274. https:/doi.org/10.2307/1163620

Groves RM (2006) Nonresponse rates and nonresponse Bias in household surveys. Public Opin Q 70(5):
646-675. https://doi.org/10.1093/pog/nfl033

Groves RM, Lyberg L (2010) Total survey error: past, present, and future. Public Opin Q 74(5):849-879.
https://doi.org/10.1093/pog/nfq065

Habermas J (1991) The structural transformation of the public sphere: an inquiry into a category of
bourgeois society. MIT press, Cambridge

Harzing A-W (2007) Publish or Perish. https://harzing.com/resources/publish-or-perish. Accessed 1
March 2020

Hatipoglu E, Gokee OZ, Arin I, Saygin Y (2019) Automated Text Analysis and International Relations: The
Introduction and Application of a Novel Technique for Twitter. All Azimuth: A Journal of Foreign Policy
and Peace 8(2):183-204. https://doi.org/10.20991/allazimuth.476852

Herbst S (1998) Reading public opinion: how political actors view the democratic process. University of
Chicago Press, Chicago

Hsieh YP, Murphy J (2017) Total twitter error. In: Biemer PP, de Leeuw E, Eckman S, Edwards B, Kreuter
F, Lyberg LE, Tucker NC, West BT (eds) Total survey error in practice. John Wiley & Sons, Hoboken, NJ,
pp 2346

Jacobs K, Spierings N (2019) A populist paradise? Examining populists’ twitter adoption and use. Inf
Commun Soc 22(12):1681-1696. https://doi.org/10.1080/1369118X.2018.1449883

Japec L, Kreuter F, Berg M, Biemer P, Decker P, Lampe C, Lane J, O’Neil C, Usher A (2015) Big data in
survey research: AAPOR task force report. Public Opin Q 79(4):839-880. https://doi.org/10.1093/pogq/
nfv039

Johnson TP, Smith TW (2017) Big data and survey research: supplement or substitute? In: Thakuriah P,
Tilahun N, Zellner M (eds) Seeing cities through big data: research, methods and applications in urban
informatics. Springer, New York, pp 113—125

Jungherr A (2016) Twitter use in election campaigns: a systematic literature review. J Inform Technol Polit
13(1):72-91. https://doi.org/10.1080/19331681.2015.1132401

Karlsen R, Enjolras B (2016) Styles of social media campaigning and influence in a hybrid political
communication system: linking candidate survey data with twitter data. Int J Press/Polit 21(3):338-357
Keeter S, Kennedy C, Clark A, Tompson T, Mokrzycki M (2007) What’s Missing from National Landline
RDD surveys?: the impact of the growing cell-only population. Public Opin Q 71(5):772—792. https://doi.
org/10.1093/pog/nfm053

Kim D, Kim J (2014) Public opinion sensing and trend analysis on social media: a study on nuclear power
on twitter. Int J Multimedia Ubiquitous Eng 9(11):373-384. https://doi.org/10.14257/ijmue.2014.9.11.36
Klasnja M, Barbera P, Beauchamp N, Nagler J, Tucker JA (2018) Measuring public opinion with social
media data. In: Atkeson LR, Alvarez RM (eds) The Oxford handbook of polling and survey methods.
Oxford University Press, Oxford, pp 555-582

Kreuter F, Presser S, Tourangeau R (2008) Social desirability Bias in CATIL, IVR, and web surveys: the
effects of mode and question sensitivity. Public Opin Q 72(5):847-865. https://doi.org/10.1093/pog/nfn063
Lee T (2002) Mobilizing public opinion: black insurgency and racial attitudes in the civil rights era. Chicago
Univ. Press, Chicago

Loureiro ML, Allé6 M (2020) Sensing climate change and energy issues: sentiment and emotion analysis
with social media in the U.K. and Spain. Energy Policy 143:111490. https://doi.org/10.1016/j.enpol.2020.
111490

Lukoianova T, Rubin VL (2013) Veracity roadmap: is big data objective, truthful and credible? Adv Classif
Res Online 24(1):4-15. https://doi.org/10.7152/acro.v24i1.14671

McGregor SC (2019) Social media as public opinion: how journalists use social media to represent public
opinion. Journalism 20(8):1070-1086. https://doi.org/10.1177/1464884919845458

Metzler K, Kim DA, Allum N, Denman A (2016) Who is doing computational social science? Trends in big
data research. SAGE, London http://repository.essex.ac.uk/17679/1/compsocsci.pdf

Moy P, Murphy J (2016) Problems and prospects in survey research. J Mass Commun Q 9(1):16-37.
https://doi.org/10.1177/1077699016631108

Murphy J, Dean E, Hill CA, Richards A (2011) Social media, new technologies, and the future of health
survey research. Proceedings of the 10th conference on health survey research methods, 231-241. http://
www.srl.uic.edu/hsrm/hsrm10_proceedings.pdf#page=236

@ Springer


https://www.aclweb.org/anthology/P11-2102.pdf
https://doi.org/10.2307/1163620
https://doi.org/10.1093/poq/nfl033
https://doi.org/10.1093/poq/nfq065
https://harzing.com/resources/publish-or-perish
https://doi.org/10.20991/allazimuth.476852
https://doi.org/10.1080/1369118X.2018.1449883
https://doi.org/10.1093/poq/nfv039
https://doi.org/10.1093/poq/nfv039
https://doi.org/10.1080/19331681.2015.1132401
https://doi.org/10.1093/poq/nfm053
https://doi.org/10.1093/poq/nfm053
https://doi.org/10.14257/ijmue.2014.9.11.36
https://doi.org/10.1093/poq/nfn063
https://doi.org/10.1016/j.enpol.2020.111490
https://doi.org/10.1016/j.enpol.2020.111490
https://doi.org/10.7152/acro.v24i1.14671
https://doi.org/10.1177/1464884919845458
http://repository.essex.ac.uk/17679/1/compsocsci.pdf
https://doi.org/10.1177/1077699016631108
http://www.srl.uic.edu/hsrm/hsrm10_proceedings.pdf#page=236
http://www.srl.uic.edu/hsrm/hsrm10_proceedings.pdf#page=236

10142 Multimedia Tools and Applications (2022) 81:10107-10142

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

O’Connor B, Balasubramanyan R, Routledge BR, Smith NA (2010) From tweets to polls: linking text
sentiment to public opinion time series. Proceedings of the 4th International AAAI Conference on Weblogs
and Social Media, 4(1), 122-129. https://ojs.aaai.org/index.php/ICWSM/article/view/14031

Olteanu A, Castillo C, Diaz F, Kiciman E (2016) Social data: biases, methodological pitfalls, and ethical
boundaries. Front Big Data 2(13):1-13. https://doi.org/10.3389/fdata.2019.00013

Park M, Park J, Back YM, Macy M (2017) Cultural values and cross-cultural video consumption on
YouTube. PLoS One 12(5):¢0177865. https://doi.org/10.1371/journal.pone.0177865

Pavalanathan U, De Choudhury M (2015) Identity management and mental health discourse in social
media. Proceedings of the 24th international conference on world wide web, 315-321. https://doi.org/10.
1145/2740908.2743049

Plescia C, Kiritzinger S, Sio LD (2019) Filling the void? Political responsiveness of populist parties.
Representation 55(4):513-533. https://doi.org/10.1080/00344893.2019.1635197

Robillard JM, Whiteley L, Johnson TW, Lim J, Wasserman WW, Illes J (2013) Utilizing social media to
study information-seeking and ethical issues in gene therapy. J Med Internet Res 15(3):¢2313. https://doi.
org/10.2196/jmir.2313

Rousidis D, Koukaras P, Tjortjis C (2020) Social media prediction: a literature review. Multimed Tools
Appl 79:1-33. https://doi.org/10.1007/s11042-019-08291-9

Scarborough WJ (2018) Feminist twitter and gender attitudes: opportunities and limitations to using twitter
in the study of public opinion. Socius 4:2378023118780760. https://doi.org/10.1177/2378023118780760
Schober MF, Pasek J, Guggenheim L, Lampe C, Conrad FG (2016) Social media analyses for social
measurement. Public Opin Q 80(1):180-211. https://doi.org/10.1093/pog/nfv048

Schober MF, Conrad FG, Holzberg J, Ferg RA, Katz J, Childs JH, Beatty PC, Gagnon-Bartsch JA (2020)
Better understanding when and how social media posts can augment public opinion surveys. Paper
presented at the BigSurv20 big data meets survey science. https:/www.bigsurv20.org/conf20/program/?
sess=11#100. Accessed 13 November 2020

Sen I, Floeck F, Weller K, Weiss B, Wagner C (2019) A Total Error Framework for Digital Traces of
Humans. http://arxiv.org/abs/1907.08228. Accessed 1 June 2020

Shin J (2020) How do partisans consume news on social media? A comparison of self-reports with digital
trace measures among twitter users. Soc Media Soc 6(4):1-12. https://doi.org/10.1177/2056305120981039
Stier S, Breuer J, Siegers P, Thorson K (2019) Integrating survey data and digital trace data: key issues in
developing an emerging field. Soc Sci Comput Rev 38(5):0894439319843669. https://doi.org/10.1177/
0894439319843669

Tavoschi L, Quattrone F, D’Andrea E, Ducange P, Vabanesi M, Marcelloni F, Lopalco PL (2020) Twitter
as a sentinel tool to monitor public opinion on vaccination: an opinion mining analysis from September
2016 to august 2017 in Italy. Human Vaccines Immunother 16(5):1062—1069. https://doi.org/10.1080/
21645515.2020.1714311

Thompson L, Rivara FP, Whitehill JM (2015) Prevalence of marijuana-related traffic on twitter, 2012—
2013: a content analysis. Cyberpsychol Behav Soc Netw 18(6):311-319. https://doi.org/10.1089/cyber.
2014.0620

Tourangeau R, Galesi¢ M (2008) Conceptions of attitudes and opinions. In: Donsbach W, Traugott MW
(eds) The Sage Handbook of Public Opinion Research, London, London Sage Publications, pp 141-154
Trepte S, Reinecke L (2011) Privacy online: perspectives on privacy and self-disclosure in the social web.
Springer-Verlag, Berlin Heidelberg. https://doi.org/10.1007/978-3-642-21521-6

Tufekei Z (2014) Big questions for social media big data: representativeness, validity and other method-
ological pitfalls. Proceedings of the 8% International AAAI Conference on Web and Social Media, 8(1),
505-514. https://ojs.aaai.org/index.php/ICW SM/article/view/14517

Turow J, Hennessy M, Draper N (2015) The tradeoff fallacy: how marketers are misrepresenting American
consumers and opening them up to exploitation. SSRN scholarly paper no. ID 2820060. Rochester, NY:
social science research network. https://papers.ssrn.com/abstract=2820060. Accessed 1 June 2020

Vaccari C, Valeriani A, Barbera P, Jost JT, Nagler J, Tucker JA (2016) Of Echo chambers and contrarian
clubs: exposure to political disagreement among German and Italian users of twitter. Soc Media Soc 2(3):1-
24. https://doi.org/10.1177/2056305116664221

Varol O, Ferrara E, Davis CA, Menczer F, Flammini A (2017) Online human-bot interactions: detection,
estimation, and characterization. Proceedings of the 11th International AAAI Conference on Web and
Social Media, 11(1), 280-289. https://ojs.aaai.org/index.php/ICWSM/article/view/14871

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps
and institutional affiliations.

@ Springer


https://ojs.aaai.org/index.php/ICWSM/article/view/14031
https://doi.org/10.3389/fdata.2019.00013
https://doi.org/10.1371/journal.pone.0177865
https://doi.org/10.1145/2740908.2743049
https://doi.org/10.1145/2740908.2743049
https://doi.org/10.1080/00344893.2019.1635197
https://doi.org/10.2196/jmir.2313
https://doi.org/10.2196/jmir.2313
https://doi.org/10.1007/s11042-019-08291-9
https://doi.org/10.1177/2378023118780760
https://doi.org/10.1093/poq/nfv048
https://www.bigsurv20.org/conf20/program/?sess=11#100
https://www.bigsurv20.org/conf20/program/?sess=11#100
http://arxiv.org/abs/1907.08228
https://doi.org/10.1177/2056305120981039
https://doi.org/10.1177/0894439319843669
https://doi.org/10.1177/0894439319843669
https://doi.org/10.1080/21645515.2020.1714311
https://doi.org/10.1080/21645515.2020.1714311
https://doi.org/10.1089/cyber.2014.0620
https://doi.org/10.1089/cyber.2014.0620
https://doi.org/10.1007/978-3-642-21521-6
https://ojs.aaai.org/index.php/ICWSM/article/view/14517
https://papers.ssrn.com/abstract=2820060
https://doi.org/10.1177/2056305116664221
https://ojs.aaai.org/index.php/ICWSM/article/view/14871

	A...
	Abstract
	Introduction
	Background – The complementary understandings of PO
	Method of analysis: Building a corpus of relevant articles
	Results of the literature review on the uses of social media as a complement to surveys
	Theoretical insights
	Empirical insights

	Summary and concluding remarks
	Technical and ethical note
	Outlook

	References


