ON THE ADOPTION OF CROWDSOURCING FOR THEORY
TESTING

Research paper

Enwereuzo I[jeoma, Victoria University of Wellington, New Zealand,
jjeoma.enwereuzo@vuw.ac.nz

Pedro Antunes, Victoria University of Wellington, New Zealand, pedro.antunes@vuw.ac.nz

David Johnstone, Victoria University of Wellington, New Zealand, da-
vid.johnstone@vuw.ac.nz

Abstract

This paper examines the possibilities of using the crowdsourcing strategy for theory testing. We first
analyse the relationships between theory building and theory testing activities. Then, based on a sys-
tematic review of 248 papers published in MISQ, we characterise the intents and pattern systems of
activities that have been used for theory testing. Finally, we ascertain which activities can be
crowdsourced or not and pinpoint a set of pathways supporting partial and total crowdsourcing. The
obtained results show that a large number of activities related to data gathering can be crowdsourced,
and that a number of intents have viable pathways supporting partial crowdsourcing.
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1 Introduction

Theory concerns “abstract entities that aim to describe, explain, and enhance understanding of the
world and, in some cases, to provide predictions of what will happen in the future and to give a basis
for intervention and action” (Gregor, 2006). Theory also provides a linguistic tool for organizing sci-
entific knowledge and scientific research (Colquitt and Zapata-Phelan, 2007). Finally, theory can be
used as an educational device to raise consciousness about a set of concepts. Though only validated
theory can be considered useful and helpful.

There are two general forms of validating theory: formative and summative (Lee and Hubona, 2009).
The former is part of the theory building process while the latter seeks closure with a statement wheth-
er there is support or not to a theory. Theory building is an on-going process of observing, confirming,
applying, and adapting theory (Lynham, 2002). It also involves the development of new ideas, con-
cepts, conceptual frameworks, methods, and models (Nunamaker Jr et al., 1990). Theory testing is a
natural complement to theory building; just as Bacharach (1989) said, “if it is not testable, no matter
how profound or aesthetically pleasing it may be, it is not theory”.

Theory testing always involves collecting data either confirming or disconfirming the set of proposi-
tions articulated by a theory (Lokke and Sorensen, 2014). We are particularly interested in theory test-
ing that involves human participants producing a wide range of data such as opinions, thoughts, exper-
tise, attitudes, communications, observations, actions, and task logs. Theory testing involving human
participation is ethically, conceptually and practically challenging. Especially in social sciences, one
has to respect best practices regarding the participants' involvement, the nature of data being collected,
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diversity of variables influencing human behaviour, and adequacy of data collection processes, meth-
ods and tools (Bhattacherjee, 2012). A more practical but nevertheless important challenge is recruit-
ing and engaging study participants (Witschey et al., 2013).

Although many robust methods have already been developed to test theories with human participation,
which may include interviews, surveys, and many others, we are still curious to know to what extent
the crowdsourcing (CS) strategy, can be used to support the theory testing process, especially in the
Information Systems (IS) field, and to understand the advantages and constraints this method brings to
theory testing. CS is a strategy in which a single task maybe fragmented into multiple tasks delivered
to “a large group of people in the form of an open call” (Howe, 2006). The relationship between the
requestor and performers is usually loose, with little or no restrictions on who may perform the task
(Yuen et al., 2011, Whitla, 2009, Schenk and Guittard, 2011, Zhao and Zhu, 2012). Besides, the whole
process is supported by information technology, which helps reaching the crowd and managing the
task execution. CS has been recognised to take advantage of parallelisation and to harness the collec-
tive intelligence of the crowd (Parvanta et al., 2013).

From the outset, the potential advantages of adopting CS for theory testing could be significant. CS
may help controlling the timing and the scale of data collection in an elastic way, from very short pe-
riods but huge scale to long periods and smaller scale. This elasticity also extends to spatial coverage,
regarding countries, organisations, contexts, etc. (Smith et al., 2013, Ford et al., 2015, Brabham,
2008a). Further, CS may also reduce the overhead associated to the testing process. This includes re-
moving administrative overhead related to procuring participants, supervision, scheduling, training,
managing experimental treatments, selecting samples, distributing research instruments, and collecting
results.

Even though the adoption of CS to theory testing seems a compelling endeavour, we must address an
important challenge: how to align theory testing with crowdsourcing. Research communities have
developed theory-testing patterns, which may have to be adjusted to the CS strategy and re-checked
again for robustness. And in some cases we may find that CS may not be feasible.

In this paper, we investigate this alignment problem in the IS field. We analyse various ways in which
theories have been tested. Then, we seek to identify patterns that could help us discover how theory
testing can be aligned with the CS method. To achieve this goal, we undertake a descriptive literature
review in the IS field. Since CS may have a particular impact on how theory testing is conducted, we
focus our review on the operational dimension of theory testing, rather than philosophical, epistemo-
logical or methodological dimensions.

The remainder of this paper is organized as follows. Section two discusses related work on theory
types, theory building, theory testing, and how they may be related to CS. Section three describes the
method and procedure used for the literature review, as well as the obtained results. Section four con-
tains the discussion of the results and Section five contains some concluding remarks and future work.

2 Related Work

An academic discipline will not have much leverage if it does not have useful theory to contribute
(Niederman and March, 2015). Theory helps scientists to logically describe and explain a phenome-
non, process or sequence of events. Gregor (2006) suggests a classification into five theory types. This
study will focus mainly on theories with testable proposition, therefore, we will consider type III and
IV theory.

Type III theory aims to predict “what will be”. These theories are able to predict the outcomes, results
or consequences using some explanatory factors but without necessarily explaining the connections
among factors, or explaining the independent and dependent variables. Some research approaches fall-
ing into this category use statistical techniques such as correlation or regression analysis (Gregor,
2006) to predict but not to explain phenomena.
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Type IV theory is concerned with “what is”, “how”, “why” and “what will be”. A theory in this cate-
gory is capable to provide both the prediction and the scaffolding of the underlying causes of a phe-
nomenon using theoretical constructs. To many, this is the ideal theory as it seeks to define the con-
cepts and propositions underlying a phenomenon, while specifying a set of fundamental relations
among different variables that help predicting the phenomenon (Gregor, 2002).

21 Focus on theory with testable propositions

Type III and type IV theories will be our primary targets for identifying theory-testing patterns, since
researchers develop testable propositions with the explicit purpose to test them. The other types of
theory do not have to pass the testing challenge, since propositions only need to be either identified
(types I and II) or applied (type V).

Goode and Hatt (1952) define testable proposition as an imaginative idea, a guess, a statement of a
solvable problem or any thinking that can be put to test to determine its validity. A testable proposition
can also be an hypothesis: a tentative generalization which has to be tested to determine its validity
(Khan, 2011). A testable proposition should have the following characteristics (Khan, 2011): 1) refer
to observable and measurable events, which are pre-conditions for the formulation of testable proposi-
tions; 2) be conceptually comprehensible and provide a solution to a defined problem; 3) be formulat-
ed in a way that can be tested and verified directly; 4) be related to the existing body of knowledge;
and 5) have logical unity and comprehensiveness (Khan, 2011).

The test of a theory is concerned with establishing or refuting the validity of the theory’s core proposi-
tions. A theory is tested by determining to what degree it provides or not a close fit to empirical data
(Colquitt and Zapata-Phelan, 2007). These binary outcomes are the basis for codifying knowledge and
creating the opportunity for further research. Testing and re-testing theory are considered key founda-
tions to progress scientific knowledge (Niederman and March, 2015).

Researchers spend time finding and then explaining fundamental relationships in empirical data
(Viswesvaran and Ones, 1995). Researchers often also try to explore the mediators and moderators
that define the boundary conditions of a theory. De Vaus (2013) and Bitektine (2008) suggested a
stage-gate framework describing both theory building and testing. We adapted that framework to focus
primarily on theory testing, noting however a set of pre and post conditions necessary to realise theory
testing (Figure 1):

Pre-conditions:

1. Have a statement with a brief explanation of the theory and what it intends to achieve. Have a set
of conceptual propositions. A conceptual proposition is a statement that shows the relationship be-
tween two factors. The more conceptual propositions to be tested, the stronger the test of a theory
(Stinchcombe, 1987).

Theory testing steps:

1. If necessary, restate the conceptual propositions as testable propositions. This involves translating
abstract concepts into concrete, observable and measurable variables. This step is often called op-
erationalization (De Vaus, 2013).

2. Decide what data are relevant or appropriate to test the testable propositions.

Collect relevant data.

4. Analyse the data. Data are analysed to see: a) how much support there is for the testable proposi-
tions: b) how much support there is for the conceptual propositions; and ¢) how much support
there is for the whole theory.

W

Post-conditions:
1. Have a statement assessing the whole theory. The theory may be or may not be supported com-
pletely.
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Figure 1. Steps to theory testing, adapted from (Bitektine, 2008, De Vaus, 2013, Mackenzie et
al., 2011, Niederman and March, 2015)

Most theories in social sciences are tested quantitatively (Bitektine, 2008, Hyde, 2000, Piper, 2006),
while others are qualitatively tested, especially using the case study method. Bitektine (2008) identi-
fied some important steps to consider for theory testing when adopting the case study method that
significantly align to the one mentioned above, with the following amendments:

Pre-conditions:
3. Identify the case(s), unit of analysis and subjects.

Theory testing steps:

4. Analyse the case(s) and identify patterns using the foundations provided by the theory.

5. Analyse internal and/or external validity. Realise that single-case studies tend to generate type-1
errors (accept false hypotheses) while cross-case studies tend to generate type-2 errors (reject true
hypotheses) (Gerring, 2006).

2.2 Considering crowdsourcing in theory testing

To be able to relate CS to theory testing, it is important to first look at the main concepts pertaining to
CS, which we summarise in Table 1. The task which includes data collection, could assume multiple
forms: questionnaires, social marketing, fact checking, tagging, activity logging, voting, playing, sim-
ulation, ideation, commentary, expert opinions, quantified self, etc. This concept of relying on the
crowd for data collection is not completely new, since it is also found in citizen’s science (Bonney et
al., 2009) and living labs (Felstad, 2008). Furthermore, tasks may also involve related activities such
as data analysis and quality checking, which in essence collect meta-data (data about data).

Vukovic et al. (2010a) discussed the kind of contract the crowd is involved in when doing the task,
which could be internal, external or mixed. In this study, we assume most theory testing utilizes an
external contract.
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The crowd can also be classified according
Concept | Description to the required domain knowledge. By do-
Crowdsou | The entity that seeks to carry out a specific task main knowledge we mean specialization in
rcer by harnessing the crowd. In our context, the an area of knowledge necessary to complete
crowdsourcer is the researcher (Parvanta et al., a task (De Boer et al, 2012, Ross et al.
2013, De Vaus, 2013). . ’ ’ ’
2009). The selection of the crowd members
Task, The task is what fulfils the crowdsourcer’s may depend on the task requiring domain
Crowd goals, while the crowd task is what is actually knowledge or not, and how CS platforms
task assigned to the crowd. Usually, the crowd task it this feat ’ In this stud d t
is a decomposition of the task. supp 0 1§ fea ur?' n this stu Y’ ,We 0 no
consider the specific characteristics of CS

Crowd The people assigned to the task. They tend to platforms

be unknown to each other and often unknown ’
to the crowdsourcer. This study contributes to previous research
Incentive | The remuneration, motivation or compensation on .theory generation and testing by investi-
the crowd receives as a result of fulfilling the gating how crowdsourcing can alleviate the
task. challenges of data collection and analysis in
Open call | The general invitation to become a member of theory testing. Using crowdsourcing as a
the crowd, which will fulfil the designated task. research instrument has been around for
Platform | The technological platform that mediates the SOme t.1m6. In particular, crowdsqurcmg 18
crowdsourcer and the crowd. becoming a common way to deliver ques-
. tionnaires in behavioural research (Bates &

Table 1. Crowdsourcing concepts

Lanza, 2013; Behrend et al, 2011;
Jarmolowicz et al., 2012). In user studies, it
has also started to be used as an instrument to collect user data (Kittur et al., 2008; Stewart et al.,
2017), and it is also regarded as an important component in citizen science, where it supports the dis-
tributed collection of research data (Bonney et al., 2009; Gura, 2013). However, the relationship be-
tween crowdsourcing and theory testing has not yet been systematically explored and established.

By adopting CS, we see that the researcher has to fulfil certain expectations and obligations, which can
be expressed as a set of requirements. To align theory testing and CS, it is therefore important to be
explicit about such requirements, which serve as a checklist for judging the viability of using CS. Fur-
thermore, the list of requirements also ensures uniformity when judging viability across many different
studies. In Table 2 we elaborate a list of requirements we consider relevant for theory testing.

We have mandatory requirements — these are requirements that if one of the requirements is not met,
then crowdsourcing will not be a viable option, they reflect conceptual and practical limitations that
cannot be circumvented without breaking the whole notion of crowdsourcing (e.g., crowdsourcing
without the Internet is not crowdsourcing). While the desirable requirements are requirement that
even if one is not met, CS is possible, but to get a good result, it is better to meet such requirements.
The mandatory requirements are mandatory because some of those requirements are what CS is made
up of, and also platform limitations and conditions while the desirable requirements are also platform
conditions, but are flexible depending on what the researcher wants.

Our selection of mandatory requirements reflects a relatively consensual view in the related literature,
but the list of desirable requirements can be seen as more controversial. For instance, many
crowdsourcing tasks have been implemented using project websites and social media. However, we
suggest that the costs of not using a crowdsourcing platform are just too high for theory testing pur-
poses. Even though many crowdsourcing tasks have been implemented without any particular skills
requirements (e.g. photo classification), in our particular context we see matching skills as very im-
portant to avoid uncontrolled setting and biased results, which could reduce data quality. In our partic-
ular context, training can be a problem. In many research setting, especially in experimental research,
some training is necessary, e.g. training participants to gather environmental data using specific in-
struments. However, it may be difficult to assess if training was or not successful, especially because
tasks are one-off (so, no repeated training sessions). For that reason, we suggest that simple or no
training should be the target.
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_| Requirements | Description Justification Examples
Horizontal de- | The task must be decomposa- | Task decomposition leads to | (Turner et al.,
composability ble into a number of simple, | faster turn-around time, | 2012), (Filatova,

independent tasks that can be | which is one of the main | 2012)
executed in parallel by the | advantages of CS (Vukovic
crowd et al.,, 2010b, Heer and
Bostock, 2010)
One-off The crowd task must be exe- | Repeated tasks are usually | (Filatova, 2012),
cuted only once for each ele- | not allowed (platform limi- | (Jarmolowicz et
Sy ment of the crowd. tation) (Yang et al., 2008, | al., 2012)
"5' Mason and Suri, 2012)
~—
-g < | Limited interac- | The crowd task must be exe- | Communication loops are | (Turner et al,
§ tion cuted by the crowd using a | usually not possible (plat- | 2012)
E minimal communication | form limitation) (Wexler,
channel with the crowdsourcer | 2011, Wu et al., 2013)
Computer me- | The crowd task must be re- | Most CS platforms are web- | (Turner et al.,
diation motely executed, using the | based (Kleemann et al., | 2012),
Internet for communication | 2008, Andriole, 2010) (Jarmolowicz et
and coordination al., 2012)
Simplicity The crowd task must be easy | Simplicity is considered one | (Filatova, 2012),
to delineate and have clear | of the most important condi- | (Biemann, 2013)
inputs and outputs tions for the success of CS
(Geerts, 2009)
Time-bound- It should be possible to com- | Timing is crucial to any CS | (Turner et al,
ness plete the crowd task in a | task (Kittur et al., 2008, | 2012),
bounded period of time Bernstein et al., 2011) (Jarmolowicz et
al., 2012)
© Skills matching | It should be possible to match | Mismatch of skills and tasks | (Turner et al.,
= the domain knowledge re- | leads to low quality results | 2012), (Lin et al.,
&7 quired by the crowd task with | (Schenk and Guittard, 2011, | 2012)
@ the skills of the selected mem- | Geiger et al., 2011)
)
= bers of the crowd
Training Training, if required, should | In current CS platforms, | (Filatova, 2012),
not be complex or prolonged training is still considered | (Biemann, 2013)
challenging (Park et al,
| 2014)
Table 2. Crowdsourcing requirements

3. Literature Review

A descriptive literature review is adopted as the research method for analysing different ways in which
theory has been tested in the IS field. This method of literature review is used because it helps to de-
termine the extent to which a body of empirical studies supports or reveals any interpretable trends or
patterns with respect to pre-existing findings (Paré¢ et al., 2015). This is done by collecting, codifying
and analysing data that reflects the frequency of the topics found in the literature (Par¢ et al., 2015).
The use of literature review is important because it grounds the research in the existing knowledge
base. A similar approach was used by Thuan (2016) to identify factors influencing the decision to CS.
A systematic approach is used instead of the narrative because it increases rigor and transparency and

it is a well-structured and defined process (Kitchenham et al., 2009, Okoli and Schabram, 2010).
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Our method of systematic literature review is based on (Okoli and Schabram, 2010, Kitchenham et al.,
2009), who recommend searching the literature using the following stages: 1) select articles; 2) filter
articles; 3) data extraction; and 4) data synthesis. These stages are described below.

Select articles

We are interested in articles that test theory to show the plausibility of such theory. This led to the se-
lection of MIS Quarterly as the focus of the review. We selected this journal because it is known to
have a strong theoretical basis and has a strong reputation. Furthermore, this journal follows a positiv-
ist tradition of research emphasising theory testing (Mingers, 2003). We selected a 10-year period for
the review because this frame seems sufficient to develop a comprehensive view over the topic. The
total number of articles published in the period was 307.

Articles were searched using a set of keywords, a procedure that other published reviews have adopted
(Estellés-Arolas and Gonzalez-Ladron-De-Guevara, 2012). We searched for papers using a combina-
tion of keywords such as ‘theory’, ‘test’, ‘theoretical model’, ‘theoretical framework’, ‘conceptual
model’, and ‘conceptual framework’. The search was done on the full body. Articles with any of these
keywords were selected. The search identified 298 papers, which underlines the strong theoretical con-
tents of MISQ and supports our selection.

Filter articles

This stage eliminated articles unrelated to this study. As mentioned earlier, we were interested in arti-
cles whose theory was tested one way or the other, and which theories belonged to type III and IV cat-
egories. Two intermediate steps were followed in this stage. Firstly, after keyword search, an article
was taken from the pool and a check was done to determine if it contained a theory with testable prop-
ositions (Khan, 2011, Muntermann et al., 2015). We read through the methodology section to deter-
mine this. Secondly, we checked if the article was tested using human participants, since our research
is restricted to theory testing using human participants. After this filtering stage, 248 articles were se-
lected for coding. In Table 3 we summarise the results from the filtering process.

Stages Excluded | Selected

Articles published in MISQ be- | 307 Data extraction

tween 2007 and 2017 This step involved a detailed reading of
Applying list of keywords 9 298 specific sections of each article and coding
Checking for testable propositions | 50 248 of re}evant data for posterior analysis. Ac-
and human participants cording to Paré et al. (2016), there are three
Selected articles ) 248 main aspects to consider during coding. The

first one is deciding what parts of an article

Table 3. Summary of literature review provide most relevant data. We focused

primarily on the methodology, discussion

and concluding sections. Coding was centred on the activities done by the researchers and related to
the testing process.

We were not so much interested in the conceptual parts of theory testing, but more on the activities
and patterns involved in the theory testing process. We were concerned with questions like what types
of participants were used, what type of resources or instruments were used, what types of research
methods and techniques were used, data collection methods, procedures followed during testing, and
what were the outcomes of theory testing.

The second aspect considered by Paré et al. (2016) involved operationalizing the coding procedure.
We adopted a combination of open coding with predefined data extraction forms. Open coding was
used to ensure that no relevant information would be left out, and to ensure the search was not con-
fined to a small set of questions and assumptions. Data extraction forms were also used to ensure that
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pre-defined relevant elements could be extracted efficiently. Figure 2 shows a fragment of the data
extraction form.

| Detail of Coding on Theory testing using C i |

[ General i i Research Theory Type Theory testing context
Main findings Application |
(according to the data |Method of Data | Method of Data Duplicated via
No | Reference | Year | Date in the abstract) collection Analysis Others Type llland IV TheoryTested | Others | Inputs | Agents |Function| Outputs | Participants | Complexity | the Internet | pote
1 2006 Online and i lysi: Yes TAM, il [ Guideline: Dz yes

using humans, using the
Microsoft usability
totest

how participants rate 5
specific categories:
content, ease of use,
promotion, made-for-

Figure 2. Sample of Coding Form

The third aspect considered by Paré et al. (2016) concerned organizing the extracted data in prepara-
tion for analysis. NVivo was adopted to manage the extracted data. Coding was done by the first au-
thor. To increase the reliability of the analysis (Krefting, 1991), an independent researcher coded a
sample selection of articles in parallel and the codes were compared and adjusted for clearer under-
standing.

Data synthesis

Data synthesis focussed on identifying patterned activities in theory testing. A pattern is a regular and
intelligible form or sequence in which something is done. It can also be seen as a generalized solution
to recurrent problems (Penker, 2000).

Some vital elements associated with patterns are intent, structure and implementation (Kafura, 1998,
Penker, 2000). As implementation is usually very specific to a problem context, in this study we only
consider the first two elements. Intent summarizes the general purpose of a study taking a theory test-
ing perspective, which does not concern the specific problem under investigation (Penker, 2000). In
our synthesis, we identify five different intents (Figure 3).
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n Reporting of > analysis

Perceptions *&» ) .
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\
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o 3
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Study for IPhone 2 o
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downloads, posts, aperiod of time* distributed fqr Vl Correlat.ion
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Experiment Simulation, collection I'_ Structural equation

/ —_— t
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“‘ LISTREL

Surve! . Reviews *— Participants . ———
i Distribution of evaluated reviews‘\A Reporting of Path least square Panel vector

survey materials * Perceptions analysis autTre.gr(isvsi\o;
analysis
/ = A Rating agregation v )
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—
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Delphi
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Figure 3. Activities and pattern systems for theory testing (* indicates the activity can be

crowdsourced)
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Structure regards the organisation of activities, which builds up pattern systems with linked activities.
In our synthesis, we identified a large number of pattern systems involving 52 different activities (Fig-
ure 3). To designate the activities, we used generic names commonly recognized by scholars, e.g. in-
terviews, site selection, cluster analysis, etc. The activities were related in patterned systems using di-
rected arrows.

To emphasise the structural features of the collected data, we organised the pattern systems in two cat-
egories: data gathering and data analysis. These categories reflect the steps in theory testing discussed
in Section 2.1.

3.1 Assessment of crowdsourcing requirements

We used the requirements shown in Table 2 to make a systematic decision if an activity could be CS
or not. An activity is selected then a requirement check is made, if any of the mandatory requirement
is not met and there is no way to modify or get an alternative, then that activity cannot be CS, but if all
requirement is met, then the desirable requirements are considered. Such activity can be CS if some
desirable requirement is not met, but it is advisable to consider those requirements for good output,
this can be seen in figure 4.

I
Start )
o
‘ Pick an activity ‘

|

Do requirement
check

l

No Met all mandatory Yes
requirements? l
_ \\\\\
— S~
No _—" Metall desirable Yes
requirements?
A ‘ Can be crowdsoursed * ‘
Cannot be crowdsourced ‘
Can be crowdsourced! ‘ > Seers::(;rsﬁlee/
(Requires some modification) ‘ ('F;able 2 &4)
a I
Ll End €
G %
Figure 4. Flowchart for Requirement Check

Some examples have been cited in table 2 and table 4 as a guideline, some examples could not be
sourced for some activities, because CS has not been considered in such aspects, which is one of the
main contribution of this study, to explore such areas as long as the CS requirements can be met. With
the help of the flowchart and the requirement check, decisions were made for each activity to deter-
mine if it can be CS or not.

Take for instance the “case study” intent. We have to make a decision on each activity linked to that
intent. Consider then “site selection”. We determine if this activity can be CS or not by going through
the list of requirements. In this case, the activity is not decomposable and cannot be remotely executed
using the Internet. Therefore we can conclude this activity cannot be CS. We then pick another
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Activity

Description

Example/Procedure

Structured Interview

Presentation of interview with exactly the same
questions in the same order

(Brabham, 2010, De Vaus,
2013)

Perceptions recorded

Recording of perceptions from participants, e.g.
collection of user’s feedback, which can serve as
a valuable input to further improvement or as the
needed data

(Snoek et al., 2010)

Online forum

Use of any form of online forum for data collec-
tion. Involves online discussion site where people
can hold conversations in the form of posted
messages, ¢.g. Ubuntu forums, Nairaland, etc.

(Lampe et al., 2014, Brabham,
2009)

Transcription

Process of producing a written copy of something

(Holley, 2010, Eveleigh, 2014)

Data from posts, da-
tabase, downloads etc

Collection of data from pasts, databases,

downloads, logs etc.

(Lampe et al., 2014, Eveleigh,
2014, Chernova et al., 2011)

ates reviews

Virtual environment | Use of virtual environment for experiment, e.g.|(Chernova et al., 2011)
created for experi-|human-robot interaction demonstrated using

ment games

Assigning roles to|Roles are assigned to participants based on exper-

participants imental condition

reviews Participants conducting reviews assigned to them | (Su et al., 2013)
Participants  evalu-

Online survey

Use of online survey for data collection

Survey link sent to
participants

Sending of survey link to participants, through
which data is collected

Participants contact-
ed after a period of
time

(Brabham, 2008b, Zheng et
al., 2011)

Training Teaching, demonstrating or undertaking a course| (Filatova, 2012), (Biemann,
of exercise for skill needed for a particular task. | 2013)
Table 4. Theory testing activities that could be crowdsourced and its examples

activity, which is “interview”. This activity can be decomposed in independent tasks, has clear inputs
and outputs, can be remotely executed and communicated via the Internet, can be done within a de-
fined time frame, and the domain knowledge of the crowd may be assessed in the interview. We can
therefore conclude that this activity can be CS, which is denoted with an asterisk in Figure 3.

3334

The results from this assessment are summarised in Figure 3. The symbol close to an activity indi-
cates that we found the activity as being able to be CS, as every requirement in Table 2 can be ful-
filled. The symbol “!” close to an activity indicates that the activity can be CS if one or more desirable
requirements are violated but the mandatory requirements can still be fulfilled. Although the desirable
requirements may be violated and CS still possible, it is advisable to consider these requirements be-
fore deciding to CS as some of them are also critical if the best possible results are to be expected.

Throughout this process, we found some cases that could not meet all requirements but with some ad-
ditional constraints which, if applied by the researcher, would allow for CS to be applied. Consider for
instance the training requirement. The requirement states that training should not be complex. If a
study requires complex training, or training that cannot be recorded and uploaded but necessitates the
researcher to do some sort of demonstration for the participants physically, then the activity cannot be
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CS. Though such a decision depends more on the researcher than on specific the characteristics of CS
and theory testing. We denote these activities with (!) in the model shown in Figure 3.

4 Further Analysis and Discussion

Several researchers in IS and other disciplines have been adopting CS for delivering surveys (Ghose et
al., 2010, Kim, 2012, Steelman et al., 2012, Ward and Broniarczyk, 2011, Goodman and Malkoc,
2012, Crowston, 2012). Our analysis suggests that CS may be used beyond that activity. As summa-
rised in Table 5, we identified 5 intents involving 52 different activities. Table 5 shows in more detail
how the activities are split between data gathering and data analysis, and within each category between
CS and non-CS types. We observe that only 10 activities related to data gathering were classified as
not able to be CS, and only 7 activities related to data analysis were classified as being able to be CS.

In Table 5 we provide a more detailed analysis of the theory testing systems of patterns using the no-
tion of pathway. A pathway is a set of linked activities that instantiate an intent from beginning to end.
Once again, we can split the exercise between data gathering and data analysis. Furthermore, we can
divide pathways between fully CS, partially CS, and non-CS. For instance, a fully CS data gathering
pathway allows re-

Intents # Path #DG #DA searchers to  CS
every data gather-
Casestudy | 17=0(F)+ 17(P) | O(F) +3(P) | 5(F) + 6(N) ing activity, while a
Records 10=0F)+10(P) | 0(F)+3(P) | I(F)+8(N) partial CS pathway
. only allows them to
Experiment 98=0(F) + 98(P) I(F) + 19(P) | 6(F) +47(N) CS some of the re-
Survey 36=0(F) + 36(P) 3(F) +2(P) | O(F) +45(N) quired data gather-
Delphi 11=0(F) + 11(P) 1(F) + 1(P) | O(F) + 11(N) Ing activities.

Path(F) = DG(F) )\ DA(F)  Path(P) = DG(P)\/ DA(P) .
Through this ana-

lytic process, we
show that none of
the 5 intents can be
fully CS (both data
gathering and data analysis). However, ‘experiments’, ‘surveys’ and ‘Delphi’ can fully CS the data
gathering stage, while ‘case studies’, ‘records’ and ‘experiments’ can fully CS the data analysis stage.
The detailed breakdown for the number of pathways that can be fully, partially or non-CS can be seen
in Table 6.

Where Path = pathway, F = Fully Crowdsourced, P = partially crowdsourced, N = Non-
crowdsourceable, DA = Data Analysis, DG = Data Gathering.

Table 5

Crowdsourcing Pathways

Intents Data Gathering Data Analysis
# CS Activities |# Non-CS activities |# CS Activities # Non-CS activities
Case study |4 2 6 6
Records 5 1 1 8
Experiment |8 4 - 14
Survey 8 2 - 13
Delphi 3 1 - 11
Table 6. Crowdsourcing activities

We therefore suggest that the developed model, with its various pattern systems, gives researchers dif-
ferent pathways for testing their theories, which allow for circumventing activities that cannot be CS.
Take for instance a ‘case study’. This particular pattern system considers all activities starting with site
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selection and then having training, online forum or structured interviews. We observe that parts of this
pattern system may not be viable for CS, for example where training might be too demanding. How-
ever, we can still CS by circumventing ‘training’, which can be done by either adopting an online fo-
rum activity or sending survey links to participants.

Another interesting finding is the fact that some aspects of data analysis can actually be CS, even
though most of the activities relate to qualitative methods, since quantitative methods for analysis do
not seem amenable for horizontal decomposition. This finding can be helpful for those engaging in
data analysis using any of these activities. Using CS for these activities may actually increase the reli-
ability of the research process, and could also help conducting validity checks by getting different
people to code the same data in order to reduce potential researcher bias and increase inter-coder relia-
bility.

This study contributes to previous research by identifying conceptual elements of theory testing. Of-
ten theory testing is embedded in theory building, which makes it difficult to focus on it as an autono-
mous process. In order to avoid this problem we clearly identify the core elements of theory testing,
independently from theory building. We also explore how theory testing has been conducted by re-
searchers. An understanding of the types of theory testing tasks lays a foundation for a discussion on
how to crowdsource them. We also conceptually characterised crowdsourcing in order to evaluate the-
ory testing tasks for their crowdsourcability. We identified the fundamental requirements for a theory
testing activity to be a candidate for crowdsourcing support. We then used these requirements to sys-
tematically assess what types of theory testing tasks have already been crowdsourced or can be
crowdsourced. Finally, we provide recommendations for researchers who may wish to use
crowdsourcing to enhance the effectiveness of their research method. We particularly focus on re-
searchers developing theory who are considering different strategies on how to test their theory. For
this purpose, we discussed various theory testing patterns and identified what patterns can be fully
crowdsourced, partially crowdsourced, or not crowdsourced at all.

5 Concluding Remarks

Theory testing, which involves the validation or falsification of a theory, can be difficult to accom-
plish, because a good theory needs good data for validation and good data is usually hard to obtain. CS
can be used for theory testing in cases where humans are involved in the testing process. However,
one has to consider how to align the theory testing goals with the constraints imposed by CS. This
alignment problem has been the main focus of our study.

To better understand the problem, we analysed how theories have been tested in the past. MISQ was
selected as a target for a systematic literature review, because of its high reputation and editorial focus
on theory. 248 articles published in the last ten years in MISQ were analysed. In our analysis, we fo-
cussed on the operational dimension of theory testing and not on the particulars of each theory. We
then identified the intents and pattern systems of theory-testing activities adopted by each study. The
activities were then organised in a model that underlines three groupings: intent, data gathering and
data analysis. We also analysed how the activities were actioned in their respective studies, we identi-
fied a set of links and pathways for theory testing. The combination of activities and links identifies a
set of pattern systems. We then analysed which activities and pattern systems could be CS or not.

This study provides two important insights. One is highlighting how CS can be used across a multi-
tude of activities related to theory testing, using data from prior research. The other one is suggesting
that most theory testing intents can be fully CS. Even though some intents may involve pathways that
cannot be CS (fully or partially), our analysis shows that in most cases there are alternative pathways
that can be CS. Researchers can therefore make the decision to choose pathways that are suitable for
their study. This study does not cover the aspect of decision-making, i.e. motives for crowdsourcing
and when it’s best to crowdsource. For future study, developing an algorithm and decision tree for
pathway selection is an aspect to look into.
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