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Due to the constantly increasing amount and variety of data produced, big data and the corresponding
technologies have become an integral part of daily life, influencing numerous domains and organizations.
However, because of its diversity and complexity, the necessary testing of the corresponding applications is
a highly challenging task that lacks maturity and is still being explored. While there are numerous publications
dealing with this topic, there is no sufficiently comprehensive overview to conflate those isolated pieces of
information to a coherent knowledgebase. The publication at hand highlights this grievance by means of an
unstructured literature review, proposes a starting point for a corresponding taxonomy to bridge this gap and

highlights future avenues for research.

1 INTRODUCTION

Today’s society is influenced by an ongoing
omnipresence of data that are created, captured,
stored and analyzed (Jin et al., 2015). Not only is the
amount of those data rapidly rising (Dobre and Xhafa,
2014; Yin and Kaynak, 2015), but also the demand
for their fast processing increases (Kolajo et al.,
2019). This lead to the establishment of the term big
data (Gandomi and Haider, 2015; Diebold, 2012),
respectively big data analytics, which address those
new challenges and ways of coping with them. To
gain new insights, organizations establish and
develop their analytics capabilities, aiming to
enhance their operational performance by improving
their decision making, reducing costs, amending
existing assets or services and establishing new ones
(Becker, 2016; Vom Brocke et al., 2009b; Wamba et
al., 2017). However, those analytic capabilities also
have to be tested thoroughly to assure them working
correctly (Staegemann et al,, 2019b). Yet, to our
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knowledge, there is no universally followed
procedure for doing so, leading to the existence and
application of a multitude of methods, approaches
and tools (Alexandrov et al., 2013; Ashoke and
Haritsa, 2015; Han et al., 2018; Staegemann et al.,
2019a), making this particular realm
incomprehensible and hampering the achievement of
significant advancements. The publication at hand
aims at bridging this gap by highlighting the issue and
proposing ways to cope with it. To achieve that, in the
following sections, the concept of big data is
explained in more detail, followed by a consideration
of the corresponding approaches regarding the testing
and closing with concluding remarks, which comprise
an outlook on avenues for future research endeavors.

2 BIG DATA

Big data as a term has no universal and unified
definition. Instead, it is rather a concept with a general
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idea but wvarious interpretations regarding its
delimitation and scope (Gandomi and Haider, 2015),
(Volk et al., 2020d). Following a popular definition
provided by the National Institute of Standards and
Technology (NIST), big data “consists of extensive
datasets primarily in the characteristics of volume,
velocity, variety, and/or variability that require a
scalable  architecture  for efficient  storage,
manipulation, and analysis” (NIST, 2019).

This emphasizes on the one hand the
distinctiveness based on the data’s characteristics and
on the other hand, the resulting requirements on the
used architectures and technologies (Volk et al,
2020b). Despite those challenges, the incorporation
of big data into an organization’s operations has
proven beneficial (Miiller et al., 2018), (Raguseo and
Vitari, 2018).

Furthermore, the potential application areas are
manifold (Volk et al., 2020c), comprising the likes of
healthcare (Safa et al., 2019), transportation
management (Fiore et al., 2019), education (H&usler
et al.,, 2020), agriculture (Bronson and Knezevic,
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2016), manufacturing (Nagorny et al., 2017), civil
protection (Wu and Cui, 2018) and many more.

However, besides the potential gains and the
versatility, there is, due to the high complexity (Volk
et al., 2020a), also a substantial susceptibility for
errors, be it the occurrence of spurious correlations
within the analyzed data (Calude and Longo, 2017),
biased interpretations (Giinther et al., 2017), the
amplification of seemingly small errors during the
processing (Yang et al., 2018) or the used analytics
solutions becoming outdated (Staegemann et al.,
2020a). Moreover, also unreliable data sources (Pu et
al., 2018), faulty implementations (Staegemann et al.,
2019b) and challenges regarding the data transfer
within a solution itself (Staegemann et al., 2020d) can
negatively impact the achieved results.

Thus, it is highly important to mitigate or
preferably even completely prevent those issues,
whose consequences could lead to a financial loss in
a business scenario or even to deaths in the medical
domain (Raghupathi and Raghupathi, 2014).

Table 1: Excerpt of the relevant body of literature.

Paper Main content Concepts
(Han et al., 2018) Review regarding big data benchmarks Benchmarking
(Alexandrov et al., 2013) Data generation for testing/benchmarking Testing/Benchmarking
(Ashoke and Haritsa, 2015) Simulation of database environments Testing/Benchmarking
(Staegemann et al., 2019a) Proposal for modular testing approach Testing
(Staegemann et al., 2020d) Test approach for ETL process ETL testing
(Staegemann et al., 2020c) Proposal to adopt TDD in big data TDD
(Casale et al., 2015) Proposal to adopt MDE in big data MDE
(Gulzar et al., 2019) New white-box testing approach Testing
(Wang et al., 2014) Big data benchmark suite Benchmarking

(Staegemann et al., 2019¢c)

Discussion of challenges in big data testing

General considerations

(Zhang et al., 2017)

Review regarding quality assurance techniques

General considerations

(Truica et al., 2020) Generic document-oriented benchmark Benchmarking
(Tao and Gao, 2016) Overview regarding big data quality assurance General considerations
(Gonzalez-Aparicio et al., 2018) Test transactional services in NoSQL DBs Testing
(Nagdive et al., 2014) Overview regarding benchmarking in big data Benchmarking
(Abidin et al., 2016) Overview of big data testing techniques Testing
(Tesfagiorgish and JunYi, 2015) ETL testing based on data reverse engineering ETL testing
(Sharma and Attar, 2016) Framework for validation of ETL process ETL testing
(Xiong et al., 2013) Overview regarding benchmarking in big data Benchmarking
(Lietal., 2015) Data generation for ETL process verification ETL testing

(Gudipati et al., 2013)

Outline how to test big data applications

General considerations

(Madhavji et al., 2015)

Challenges of testing big data applications

General considerations

(Thangaraj and Anuradha, 2015) Overview regarding big data testing Testing
(Garg et al., 2016) Challenges of testing and solution approaches General considerations

(Stepanova et al., 2015) Ontology-based testing approach Testing
(Ivanov et al., 2016) Overview of big data benchmarks Benchmarking

(Zhang and Xie, 2019) Proposal to adopt metamorphic testing Testing
(Liu, 2014) Process for big data benchmarking Benchmarking

(Morén et al., 2015) Testing for MapReduce programs Testing

(Lietal., 2016) Combinatorial data generation to test ETL ETL testing
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While they are multifarious and therefore require
a plethora of diversified measures, at least some of
them can be counteracted with a rigorous testing
policy (Staegemann et al., 2019b).

3 TESTING IN BIG DATA

As indicated in the previous section, the general
quality assurance of big data applications can pertain
to different sectors. Namely, those are the data
dimension, the human dimension and the technical
dimension (Staegemann et al., 2019b). However,
despite the undeniable importance of the first two, the
following considerations will only be focused on the
testing of the technical implementation and not on
data quality or questions regarding the correct way of
usage.

To obtain a starting point, without the complexity
of other methods (Webster and Watson, 2002), (Levy
and Ellis, 2006), an unstructured and exploratory look
at the existing scientific literature of the target domain
was taken, similar to the approach in (Laursen and
Svejvig, 2016). The aim of this procedure was not to
get a perfect analysis of the domain, but to create a
preliminary overview of the different directions. While
this does not allow to derive information regarding the
importance of certain approaches or the corresponding
development over time, it provides input on which later
considerations can be based upon.

One of the first findings was that there are indeed
numerous publications that are dealing with the issues
of testing bit data regarding its functional or non-
functional requirements, respectively considering its
testability in general. While the publications depicted
in Table 1 are by far not the entirety of the
corresponding literature, they already convey an
impression of the prevailing situation.

The concepts discussed in the analyzed literature
roughly translate to the categories festing,
benchmarking, design approaches and general
considerations. However, considering the mapping of
the contributions, the line between those categories
and most of all testing and benchmarking was not
always clear (Alexandrov et al., 2013), with some
publications dealing with several aspects.

Within those categories, there were also varying
approaches, leading to a further segmentation.
Exemplarily, approaches for the verification of the
extract transformation load (ETL) process, which is
highly relevant in big data settings (Nwokeji et al.,
2018), could be mentioned here. As additional
concepts, the ideas of applying test-driven
development (TDD) (Staecgemann et al., 2020c¢) and
model-driven engineering (MDE) (Casale et al.,
2015) in the big data domain were suggested,
constituting ways of preemptive quality assurance via
specific design approaches.

Besides the differences regarding the explored
aspects, the level of detail and depth of
theobservations is also highly diverse. While some
publications describe highly specific
implementations (Gulzar et al., 2019), (Wang et al.,
2014), others focus on more general and broadly
applicable considerations (Han et al, 2018),
(Staegemann et al., 2019c¢), (Zhang et al., 2017).

To provide a systematic overview, the creation of
a big data application testing taxonomy appears
sensible, especially since the literature is lacking in
this matter as showcased in (Staegemann et al.,
2020D).

This would allow to collate the existing body of
literature in a structured way, making it more
accessible to those interested in the topic and
therefore facilitating the dissemination of knowledge
(Raschen, 2005).

Big Data
Application
Testing
. Design General .
Testing Approaches Considerations| [Benchmarking
System ETL Testing MapReduce Test Driven Model-Driven Challenges General Data Review of Benchmark
Testing stng Testing Development || *** || Engineering 868 Approaches Generation Tools Suites

Figure 1: Starting point for a domain specific taxonomy.

298



An initial starting point for a taxonomy, based on
the preliminary unstructured literature review is
depicted in Figure 1. However, to actually reflect the
complexity of the domain, it requires major revision
and refinement based on a comprehensive and
structured literature review. Furthermore, a
conscientious review would not only allow to derive
such a structure, but also to deeply explore the actual
contents, facilitating an understanding of the
undiscovered (potential) connections and interplays
of the challenges, methods, approaches and tools
(Vom Brocke et al., 2009a).

4 CONCLUDING REMARKS

As the unstructured literature review, despite its
limited representativeness, showed, there is a vast
body of knowledge regarding the topic of big data
application testing. However, it is diverse and covers
a variety of subtopics, making it hard for scientists
and practitioners to effectively make use of it. To
bridge this gap, a comprehensive overview, for
example in the form of a taxonomy, would be useful.
For this purpose, a structured literature review
appears to be the method of choice. Apart from
establishing a structure, such a review would also
allow to condense the findings, determine trends,
identify gaps and challenges, but also to derive
recommendations and best practices and therefore, to
advance the development of the domain as a whole.
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