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Introduction

A key challenge in science is that information provided in scientific communications must be
enough for other researchers in the research field to be able to reproduce the published
findings (Stodden, Seiler, & Ma, 2018). That is, a scientific communication (i.e., article),
should clearly describe all the steps taken.

Since 1665, when the Philosophical Transactions of the Royal Society was established,
reproducibility has been used in science to assist the determination of the validity, legitimacy,
transparency, importance, and strength of science (Allison, Shiffrin, & Stodden, 2018). This
has also helped to improve the credibility of the scientific articles and accelerate new
discoveries. Moreover, in recent years, the reproducibility of scientific findings has been a
major concern in science, which has turned into a great debate (Allison et al., 2018; Fanelli,
2018; Maniadis & Tufano, 2017; Munafo et al., 2017). Results of some studies suggest that
reproducibility of scientific findings is lower than desirable (Begley & loannidis, 2015;
Glasziou et al., 2014). According to a recent survey published in Nature, 52% of those
surveyed agree that there is a significant “crisis” of reproducibility (Baker, 2016). Although
the term “reproducibility crisis” is not appropriate to describe the current state of science
(Baker, 2016), as indicated by Munafo et. al. (2017) more effort could be done to improve
research practices in order to maximize the efficiency of the research community.

Whilst most replication efforts have focused on biomedicine, health, and psychology
(Maniadis & Tufano, 2017), a recent survey of over 1,500 scientists, from various fields,
suggests that the problem is widespread (Baker, 2016).

! This work was supported by FEDER funds (TIN2016-75850-R)
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Reproducibility concerns in one field cannot be directly translated to other fields, as each
research field has its own set of reproducibility artifacts (i.e. elements used in the experiment
needed to reproduce again the same results). For example, in computational research, digital
scholarly artifacts such as datasets and codes are an integral part of it (Stodden et al., 2018),
and hence, the research community requires the dissemination of these digital artifacts.

Accordingly, some journals such as Science require authors to make codes and data available.
Furthermore, data repositories, such figshare.com and dryad.org, and software repositories,
such as github.com, exist for reproducibility purposes. Although these are good initiatives,
they are not well spread across journals and very few of them explicitly require this
information to be made available.

In scientometrics studies (Batagelj & Cerinsek, 2013; Cobo, Lopez-Herrera, Herrera-Viedma,
& Herrera, 2011; Mane & Borner, 2004), datasets are obtained from bibliographic databases
(e.g., Web of Science, Scopus, etc.), or they are created from private data sources. Thus, in
scientometrics, the procedure used to construct the dataset is an important artifact which must
be clearly described. Otherwise it would be impossible for other researchers to reproduce the
results. Other reproducibility artifacts in scientometrics are related to data analysis, which
may require sharing of data and computer code (Waltman, 2017).

Thus, the main aim of this study is to quantify the reproducibility of a sample of scientometric
studies by examining the availability of different artifacts. To do this, an empirical evaluation
of a set of 285 articles published in the journal Scientometrics in 2017 was carried out. This
provides us with a good perspective on the degree of reproducibility in the field of
scientometrics. As indicated by Gléanzel (1996), the reproducibility of results in scientometrics
can only be guaranteed if all sources, procedures and techniques are properly documented in
scientific publications. To achieve the aim of the contribution, the following questions are
addressed with regards to the studied dataset:

1. Which and to what extent are the reproducibility artifacts available?

2. Which type of database has been used?

3. What databases are used regularly?

4. How many databases are used?

5. Which type of software is used regularly?

6. Are the codes used for data analysis available where ad-hoc software is used?

This contribution is organized as follows. The Methodology section describes the
methodology followed to measure the reproducibility of articles. The Dataset section
describes the corpus used in the analysis. The Results section describes the main findings.
Finally, some conclusions are drawn in the Conclusions section.

Methodology
In order to analyse the reproducibility of scientometric studies, a specific set of steps have

been taken. In general terms, our methodology is based on three tasks: 1) dataset acquisition
(collection), i1) definition of the reproducibility measures, and ii1) evaluation of the corpus.
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Dataset acquisition (collection)

For the purpose of this paper, we used a set of papers that met one of the following criteria: 1)
focused on science of science analysis, such as, bibliometric, scientometric or science
mapping analysis, and i) papers with a theoretical component but containing a practical
example.

According to the above-mentioned criteria we selected a set of articles published in the
journal Scientometrics in 2017. Scientometrics has been selected as it is one of the most
important journals in the research field, and it publishes a wide variety of practical, and
theoretical studies where a dataset is employed.

We downloaded 375 documents from the Scientometrics’ journal website. Then, a manual
checking was carried out to discard those articles that did not meet the criteria selection
described above. The reason is that the journal also publishes pure theoretical articles or
articles that could not be reproducible due to their intrinsic characteristic. See for example
Rhaiem (2017).

As a result, a total of 285 documents met the criteria and therefore were employed to
determine their reproducibility characteristics.

To be able to determine if the experiments or studies carried out were reproducible, the full
text of the document were analysed.

Definition of reproducibility criteria

In order to measure the degree of reproducibility of the corpus obtained in the first step, we
need to study the key artifacts employed in these documents. Therefore, the corpus was
evaluated according to the following key aspects:

- Workflow. If the methodology employed (or the steps followed) to analyse the data
was clearly defined.

- Search strategy. The search made in a bibliographic database or the steps followed to
retrieve the data. We checked if the selection strategy of the data was clearly
described, and therefore there was no doubt in how the dataset was created and
retrieved. This is an important key element in the reproducibility of scientometrics
studies. So, a special care must be taken. The search strategy could be defined as a
query used in the bibliographical database to retrieve the data (e.g., TS="co-words”),
or by a complete textual description. If the search strategy was described vaguely (e.g.,
“we used some keywords such as, terml and term2, among others”), or it was not
possible to completely reproduce it, we considered the search strategy was not
reproducible. In contrast, the search strategy was considered to be reproducible if there
was enough information in the paper to be able to obtain the same dataset again.
Regarding search strategy, we examined other key elements: time period used, and
types of documents (e.g., articles, review, book chapters, etc.).

- Number of units/cases analysed. It could be the size of the corpus, the number of
authors evaluated, the number of journals, etc. Number of units is important to assure
that the same volume of data is evaluated when the research will be reproduced by
other researchers.
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- Database. Usually, the data is obtained from a bibliographic database. The database
could be accessible publicly (e.g. arXiv, crossref, open citation, etc) or accessible via a
licensed database (e.g., Web of Science, Scopus, patent data, etc.). Furthermore,
sometimes the dataset has been made ad-hoc from private sources or databases. Thus,
we examined the type of database (e.g., open, licensing or private) used in the
analysis.

- Software. The tool used to perform the analysis plays a key role in reproducibility.
Thus, the type of tool used was examined. We categorized tools into: open (if the
software could be used freely, independently from the availability of its source code),
licensing, (if the software was available only under license), or ad-hoc, (if the software
was specifically developed for the study). In the last case, we also determined the
availability of the source code.

- Dataset. If the query is well defined and the database is available, other researchers
could retrieve the data and perform again the analysis. But sometimes, researchers do
not have access to the database, and therefore, although the search strategy were well
defined they can not retrieve the data. Although most of the datasets will be based on
licensing sources, authors could provide the dataset used in the analysis, without
breaking the license terms. For example, authors could provide the DOIs of the
documents used, or some initial version of the data employed.

Evaluation of the corpus

The final step in the methodology was the evaluation of the entire dataset to determine the
degree of reproducibility according to the criteria described above. Since an automatic way
could not be applied, a manual evaluation was done by the authors, by checking the
documents.

Results

In this section findings regarding the studied questions are presented. The dataset used in this
contribution is available via http://dx.doi.org/10.6084/m9.figshare.6137501. It contains the
DOIs of the documents evaluated and the results for the different artifacts examined.

Q1. Which and to what extent are the reproducibility artifacts available?

Figure 1 shows the availability of different reproducibility artifacts in the analysed dataset and
their corresponding percentage. As can be seen in the figure, 98% of the studies described the
workflow and the methodology applied. Although this is a large percentage, we should take
into account that we set as reproducibility workflow if in the paper, a methodology is
proposed defining the steps needed to perform the analysis. Maybe, if we consider a large
corpus, this percentage could decrease, but for Scientoemtrics’ papers, the workflow is
commonly described.

On the other hand, the search strategy was described in 85% of the articles, not all of them
provided a very clear description of the strategy for reproducibility purposes. Also, time
period is an important aspect regarding search strategy, being mentioned in the majority of the
articles.

Whilst an important key aspect in the reproducibility of scientometric studies is the
availability of the dataset, the majority (92%) of the studied articles did not share the dataset
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used. Although the search strategy is clearly described in the articles, sometimes, due to the
license restriction, it will be impossible for other researchers to access the same data.
Sometimes even with a valid licence and the search strategy clearly defined, it could also be
impossible to retrieve exactly the same data due to the continuously update of the databases.
For the same reason, it is important to publish the dataset used.

Figure 1. Availability of the reproducibility artifacts and their corresponding percentage for
articles published in Scientometrics in 2017.
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QO 2. Which type of database has been used?

Figure 2 shows the percentage of database types (open/free, licensing or private) used in the
studied set. As can be seen in the figure, while most of the articles used a licensed database
such as the WoS, a representative number of articles used an open database, such as DBLP or
Google Scholar. Only very few articles used private sources.

Figure 2. Type of database used in articles published in Scientometrics in 2017 and their
corresponding percentage.
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Q3. What databases are regularly used?

The most frequently used databases in the studied set are shown in Figure 3. As can be seen in
the figure, most of the studies used the WoS and Scopus databases. Also, a large number of
studies (Other) relied on other data sources such as the national (local) ones (Russian Science
Citation Index (RSCI), National Bureau of Statistics and Ministry of Science and Technology
of China).

Figure 3. The Most frequently used databases for articles published in Scientometrics in 2017.
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Q4. How many databases are used?
Figure 4 shows the number of databases being used in the studied set. Although the majority
of articles (68%) used only one database, 31% of the articles used at least two databases. This

means that an article could use different types of databases at the same time.

Figure 4. Number of databases used in articles published in Scientometrics in 2017.

100%
90%
O
60%
50%
40%
30% 22%
20%
10% - 4% 4% 1% 0,4%
0% e [ |

1 2 3 4 5 7

Q5. Which type of software is used regularly?

The availability of the tool used is another important aspect with regard to the reproducibility
of scientific articles. Figure 5 shows the type of software regularly used in the studied set. As
can be seen, 42% of the studies did not mention the software used. Although it is true that
some studies could be done using generic software, for reproducibility purpose, it would be
nice if the software employed is at least mentioned. As an example of a paper that obviously
use some social network tool, but not mentioned it, see
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Figure 5. Types of software regularly used in articles published in Scientometrics in 2017.
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Q6. Are the codes used for data analysis available where ad-hoc software is used?

If a specific or ad-hoc tool was developed to perform the analysis (using R, Python, Matlab or
other programming languages), the availability of the source code should be mandatory to
reproduce the analysis. Thus, we examined the availability of the source code where ad-hoc
software was used. Figure 6 shows the percentage of studies that published the source code
when an ad-hoc software was used. As can be seen, most of the studies did not make the
source code available, which could make the reproducibility of findings a daunting or an
impossible task.

Figure 6. The availability percentage of source code for articles published in Scientometrics in
2017.

= No = Yes

Conclusions

This contribution examined the reproducibility of a sample of articles published in the journal
of Scientometric in 2017 by examining the availability of different artifacts.
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These artifacts were workflow, search strategy, database, software, the availability of the
source code (where applicable) and the availability of the dataset.

Some main finding could be highlighted. Firstly, our data showed that the workflow and the
search strategy used were well described in the majority of the examined articles.
Nevertheless, the dataset was available only in a few studies. Regarding the most regular used
database, our findings showed that whilst 44% of the articles used licensing databases such as
Scopus or the WoS, 36% of articles used other databases such as the ones for specific
purposes or the national (local) ones. Furthermore, very few articles (26%) made the source
code available where ad-hoc software was used.

Considering an aggregation of the reproducibility criterion, we could conclude that only 22
(7,7%) articles could be considered as reproducible, since they define: workflow, search
strategy, and dataset. If we also consider the software or source code, the percentage decrease
significantly.

Finally, it is important to consider that our study was limited to a small set of scientometrics
articles published in the journal of Scientometrics in a year. In order to provide a
comprehensive perspective on reproducibility in the field of scientometrics a bigger corpus
must be examined.
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