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ABSTRACT

The verification of a previously observed finding is impor-
tant. Being able to verify a finding provides some guarantee
that it is not product of chance but that the observed phe-
nomenon is stable or regular. The most well done way of
verifying experimental findings is through replication. But,
is this the only method for verifying the observations of an
experiment? We have studied different ways of verifying ex-
perimental findings that are used in other disciplines. From
the 18 replication classifications that we located, we have
identified three methods for verifying a finding. Each of
these methods fulfil a particular verification purpose.
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1. INTRODUCTION

The verification of experimental findings plays a key role
in scientific progress, as it consolidates knowledge. Philoso-
pher Karl Popper [28] emphasizes its value and declares:
“We do not take even our own observations quite seriously,
or accept them as scientific observations, until we have re-
peated and tested them. Only by such repetitions can we
convince ourselves that we are not dealing with a mere iso-
lated coincidence, but with events which, on account of
their regularity and reproducibility, are in principle inter-
subjectively testable”.
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In Experimental Software Engineering (ESE) we have tried
to verify findings through the repetition or replication of pre-
vious experiments. In the trials to synthesize the findings
of a set of replicated experiments [10, 22, 23, 9], researchers
report that replication results are so variable that they are
hard to synthesize. This has led researchers to consider other
ways of verification. As Miller [24] claims “perhaps the field
should start considering that [other] alternatives may prove
to be more fruitful in many replication situations”.

We have looked at how other disciplines verify experimen-
tal findings with the aim of analyzing whether we can adapt
these methods to our field.

The remainder of the article is structured as follows. In
Section 2 we describe the three methods of verification that
we have found. In Section 3 we try to clarify the concepts
of replication and reproduction. In Section 4 we describe
re-analysis, replication and reproduction as methods of ver-
ifying experimental findings in ESE. Annex A lists the de-
scriptions of the replication types that we have found.

2. VERIFYING EXPERIMENTAL FIND-
INGS IN OTHER DISCIPLINES

In order to identify classifications of replications in other
disciplines we searched in Google®, Google scholar®, Scien-
ceDirect® and JSTOR® using different keywords (types of
replications, types of experimental replications, typology of
replications, replication types, replication typologies, replica-
tion types and classification of replications). After running
the searches on the four engines and examining the results
returned, we located an initial set of 10 classifications [33, 7,
15, 3, 32, 25, 5, 20, 12, 31]. Following the references in this
initial set, we were able to locate another 8 [21, 11, 8, 18, 16,
19, 26, 29]. We ended up with 18 replication classifications
shown in Annex A.

Examining the classifications, we found that findings were
not always verified by running the experiment over again.
Neither did the replication always repeat the experimental
procedure of the baseline experiment. We have identified
three major groups of methods for verifying findings:

1. Follow the same method used in the baseline experi-
ment. The degree of similarity between the new exper-
iment and the baseline experiment vary. For verifica-
tion purpose some of the structural components of the
experiment can be changed or modified in the repli-
cation. For example, Tsang and Kwan use the term
empirical generalization when the study is repeated on



different populations. Monroe uses the term indepen-
dent replication when the study is repeated by different
researchers.

This type of replication is used for different purposes.
According to Lykken, for example, the purpose of op-
erational replication is to check that the experimen-
tal recipe produces the same results with another re-
searcher. Tsang & Kwan’s empirical generalization
purpose is to test the extent to which the study re-
sults are generalizable to other populations.

Most researchers use the term replication accompanied
by an adjective to refer to this method of verification,
e.g. real replication, strict replication, close replication.
The adjective denotes the change made to the struc-
ture of the experiment. Table I shows the replication
types in this category.

Table I: Using the same experimental method.

Term Author(s)
Close Replication Lindsay & Ehrenberg
Conceptual Replication Hunter; Monroe
Demonstrated Replication Monroe

Differentiated Replication

Direct Replication

Empirical Generalization

Exact Replication

Experimental Replication

Generalization and Extension

Independent Replication

Instrumental Replication

Literal Replication

Nonexperimental Replication

Nonindependent Replication

Operational Replication

Partial Replication

Real Replications

Reproducibility of an experiment under
a fixed theoretical interpretation

Reproducibility of the material
realization of an experiment

Retest Replication

Scientific Replication

Sequential Replication

Statistical Replication

Strict Replication

Systematic Replication

Types 0, I, IT

Types A.H

Varied Replication

Virtual Replication

Lindsay & Ehrenberg
Schmidt; Kantowitz et al.
Tsang & Kwan

Ijzendoorn; Tsang & Kwan;
Leone & Schultz

Tsang & Kwan

La Sorte; Monroe

Kelly et al.

Lykken; Kelly et al.

Leone & Schultz

Monroe

Lykken; Kelly et al.
Hendrick; Monroe
Evanschitzky & Armstrong
Radder

Radder

La Sorte

Hunter

Monroe

Hunter

Hendrick; Monroe
Kantowitz et al.; Finifter
Easley et al.

Bahr et al.

Ijzendoorn

Finifter

2. Use a different method to the baseline experiment.
In this type of verification, the only thing the new
experiment has in common with the baseline experi-
ment is that they are both based on the same theo-
retical structure, i.e. they share the same constructs.
This verification is used to corroborate previously ob-
served findings through a different path. Hendrick,
Schmidt and Kantowitz et al. call this type of verifi-
cation conceptual replication, whereas Finifter names
it systematic replication. Radder, describes it as the
reproducibility of the result of an experiment. Table 11
shows the replication types that adhere to this verifi-
cation method.

3. Use existing data sets from a previous experiment to
reanalyse the data employing either the same analysis
procedures or others. This modus operandi is useful
for verifying whether errors were made during the data
analysis stage or whether the outcomes are affected by

Table II: Using a different experimental method.

Term Author(s)
Conceptual Extension Tsang & Kwan
Conceptual Replication Hendrick; Schmidt; Kantowitz et al.
Constructive Replication Lykken; Kelly et al.
Corroboration Leone & Schultz
Differentiated Replication Lindsay & Ehrenberg
Generalization and Extension Tsang & Kwan
Reproducibility of the result of an experiment Radder

Sistematic Replication Finifter
Theoretical Replication La Sorte
Type 111 Easley et al.
Types I..P Babhr et al.

any particular data analysis technique. Some replica-
tion types reanalyse the statistical models instead of
the existing study data. Different names are used for
this type of verification. For example, La Sorte calls
it internal replication; Finifter terms it pseudoreplica-
tion, and Tsang and Kwan describe it as checking of
analysis and reanalysis of data. Table III shows the
replication types we identified that fall into this cate-
gory.

Table III: Reanalyzing existing data.

Term Author(s)
Checking of Analysis Tsang & Kwan

Complete Secondary Analysis Ijzendoorn

Data Re-analyses Evanschitzky & Armstrong
Internal Replication La Sorte

Pseudoreplication Finifter

Reanalysis of Data Tsang & Kwan

Restricted Secondary Analysis Ijzendoorn

Types I, 1T Mittelstaedt & Zorn

There are no standardized terms for identifying the three
types of verification observed in the replication classifica-
tions. Searching names to identify each of the three types of
verification is easy for the third one but more complex for the
first two. Refer to the third as re-analysis makes sense since
the descriptions clearly allude to this concept. However, the
naming of the other two types cause some confusion.

3. REPLICATION VS. REPRODUCTION

Most researchers use the term replication to refer to the
repetition of an experiment, although some use the term
reproduction or reproducibility to describe this repetition.
This would mean that many researchers consider the two
terms to be synonyms. Likewise, Wikipedia uses these terms
indistinctly and defines reproducibility as “one of the main
principles of the scientific method, and refers to the abil-
ity of a test or experiment to be accurately reproduced, or
replicated, by someone else working independently”[34].

Some researchers, however, do make a distinction between
the two terms. Cartwright [4], for example, suggests replica-
bility “doing the same experiment again” from reproducibil-
ity “doing a new experiment”. For Cartwright the repli-
cation of an experiment refers to repeating an experiment
very closely following the method used in the baseline ex-
periment, whereas reproduction refers re-examining a previ-
ously observed finding using a different method to what was
employed in the previous experiment.

According to Cartwright, replication does not guarantee
that the observed finding corresponds to an existing regu-
larity. The finding can be artifactual, i.e. a product of the



materials or the instruments used in the experiment. To
guarantee that the finding corresponds to a regularity in
the reality under observation, a reproduction using different
methods needs to be undertaken to ensure that the finding
is independent of the procedure, materials or instruments
used in the experiment.

When the results are repeatable using the same exper-
imental method, the experimenters can be confident that
they have observed some sort of regularity that is stable
enough to be observed more than once. But, as it was ob-
served using the same method, there could be a cause-effect
relationship between the method and the observation. As
Radder puts it [30], “[this result] does not imply any agree-
ment about what the phenomenon is. Some interpreters
may even argue that the phenomenon is an artifact, be-
cause, though it is stable, it is not to be attributed to the
object under study but to certain features of the appara-
tus'”. Cartwright [4] claims that “reproducibility, then, is
a guard against errors in our instruments” in such a situa-
tion. According to Cartwright, though, reproduction is not
absolutely necessary, as the better designed the instruments
(apparatus) are, the less likely it is to have to use repro-
ducibility.

Reproduction can be seen as a sort of triangulation, where
the experimenters use different methods or procedures in
an attempt to validate or corroborate the findings of the
previous experiment [6]. According to Park [27], “These
triangulation strategies can be used to support a conceptual
finding, but they are not replications of any degree”.

The concept of replication given by Cartwright would fit
the first type of verification described in section 2, whereas
the concept of reproduction adheres to the second type of
verification.

To conclude this section, we find that in fields related
to measurement, the term reproduction is also used. In
Biochemistry, for example, a coefficient of reproducibility is
commonly used to evaluate the accuracy of the measure-
ments taken across more than one trial (sample). In other
words, reproduction indicates the reproducibility of a mea-
surement. According to Hunter [13], reproducibility refers
to measures of inter-laboratory variability. This is equiva-
lent to the definition in ISO 5725-1 [1], where, in reference
to measurements, reproducibility conditions are defined as
conditions where test results are obtained with the same
method on identical test material in different laboratories
with different operators using different equipment. There is
a longitudinal multiple-case study that uses this coefficient
in Empirical SE [2].

In Computational Science there is an initiative called re-
producible research [17]. Reproducible research aims that
anything in a scientific paper should be reproducible by the
reader, including results, plots and graphs. The ultimate
product should not be a published paper but rather the en-
tire environment used to produce the results in the paper
(data, software, etc.).

4. VERIFYING FINDINGS IN ESE

We propose to use the terms re-analysis, replication and
reproduction for identifying the three types of verification.
All the three types are necessary to guarantee that an ex-

1The term apparatus refers to the instruments, materials or
methods used.

perimental finding identifies regular events independent of
the method used to observed them.

In re-analysis, the data of a previously run experiment
are used to verify the results rather than re-running the
experiment. Re-analysis verifies two issues:

1. Data are analyzed by other researches using the same
data analysis technique to verify that no errors were
made during the data analysis phase.

2. Data are analyzed with other analysis techniques to
verify whether similar findings can be obtained using
the same data of a previous experiment.

For example, one of the metrics in the experiment run
by Kamsties and Lott [14] to measure the effectiveness of
several defect detection techniques is the percentage of total
possible failures observed. If we had access to the data of
this experiment, we could verify the result using the same
analysis procedures used by the experimenters (ANOVA) or
we could re-analyse the results using a Generalized Linear
Model with a logit link function.

Replication verifies that the observed findings are stable
enough to be discovered more than once. Replication uses
the same method as in the baseline experiment. Different
types of replications need to be perform to verify the find-
ings independence of every component of the experimental
structure.

Continuing with the above example, an experimenter can
vary the type of experimental subjects (using practitioners
instead of students) or the artefacts (programs, source code
or specifications). Each change leads to a replication type.
Each replication type fulfils a purpose in the verification
of the findings. The changes made in the example aim to
verify whether the observed event is a local phenomenon
for a particular subject type or for particular artefacts or
whether it exhibits a more global pattern.

Reproduction verifies that the findings are not to be at-
tributed to the experimental method. In reproduction a new
experiment is run (using different experimental methods) to
test the same hypotheses as the baseline experiment. This
form of verification is to be used it is suspected that the
findings observed in an experiment are artifactual (product
of the apparatus). In this type of repetition, the replicator
has “nothing more than a clear statement of the empirical
fact” [21] which the previous experimenter claims to have
established.

Again using the above example, supposing that the exper-
imenters have observed that Technique A is more effective
than Technique B with inexperienced (junior) subjects. A
reproduction would mean the experimenters preparing their
own materials and artefacts, and defining their own metrics
to measure the response variables (i.e. creating their own ap-
paratus). The constructs are operationalized differently to
verify that the findings are independent of the experimental
method used.
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