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Bibliometric scholars have primarily evaluated massive data without 
refining any potential typing and/or spelling errors, resulting in two 
constraints: misinterpretation of findings and misleading future 
research in the knowledge domain. Thus, this study aims to introduce 
the data curation approach in order to reduce these restrictions. Utilizing 
a renowned service journal (Journal of Service Research) as the study 
sample, we first acquired all published papers and then constructed raw 
and clean datasets. We ran citation and co-citation analyses  on these 
datasets separately. Our investigation reveals that clean data yielded 
more trustworthy and valid results than raw data with redundant 
references. This study provides an answer to how and why data in 
bibliometric analysis needs to be cleaned. It thus contributes to the 
literature by suggesting a new route for scholars to improve the accuracy 
and reliability of their bibliometric findings.
Keywords: Quantitative analysis, Cluster analysis, Longitudinal data analysis.

Introduction

To uncover the intellectual structure of a given 
domain, scholars adopt citation and co-citation 
analysis as a quantitative bibliometrics approach that 
reduces or eliminates the potential drawbacks of using 
a qualitative approach relying on mostly subjective 
norms and interpretations of independent scholars in 
scientific research (Köseoglu, 2020). In doing so, scholars 
improve the document citation and co-citation analysis 
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as complementary to the qualitative investigations as a part of the bibliometric analysis 
(Zupic & Čater, 2015). The citation and co-citation analyses clarify the intellectual 
connection of the knowledge domain by utilizing mathematical and statistical techniques 
to use citations or references of published documents as data (Hou, Yang, & Chen, 2018). 
Scholars have mostly adopted these approaches in their bibliometric studies within the 
last decade (Batistič, Černe, & Vogel, 2017; Hota, Subramanian, & Narayanamurthy, 2019; 
Köseoglu, Mehraliyev, Aladag, & King, 2021; Reale, Khelfaoui, Montiglio, & Gingras, 
2020). These attempts have recently led to the launching of several software programs 
(such as VOSviewer) that significantly ease the analysis of a huge volume of data within a 
limited period. However,  this procedure undoubtedly also brings about some significant 
disadvantages for the scholarship. Probably of utmost importance is to submit the raw 
data, including misspelled and/or duplicated publications or references, into the software 
without subjecting the data set to a cleaning procedure. The broad range of bibliometric 
studies, in the form of both a citation and co-citation analysis, rely on reviewing a large 
volume of data by ignoring the cleaning process, which can result in questioning of findings 
and aftereffects (e.g., Boyack & Klavans, 2010; Cunill, Salvá, Gonzalez, & Mulet-Forteza, 
2019; Hota, Subramanian, & Narayanamurthy, 2019; Lazzeretti, Capone, & Innocenti, 2017; 
Mody, Hanks, & Cheng, 2021; Shin & Perdue, 2019). This can vitally affect the findings’ 
reliability and validity, which results in questioning the findings of bibliometric studies. 
Due to the potential limitation of using the raw data for citation and co-citation analysis, 
the agenda generated from the uncleaned data may mislead future research about the 
study domain. This is one of the problems that bibliometric scholars have answered to 
warrant the reliability of findings. Thus, this current research aims to answer the research 
question “does data curation matter in bibliometric analysis? 

Overcoming this problem requires data cleaning to ascertain if there are some misuses 
and differences in the spelling of an author’s name, the title of the study, or journal that 
need to be eliminated within the dataset before submitting it to the software for analysis 
(Köseoglu et. al., 2021). In other words, a bibliometric analysis first requires an explicit 
clean-up of all the inconsistencies in references used by previous publications that the 
dataset includes. Given the vital role of data cleaning in both citation and co-citation 
analyses, an application of data curation which refers to thoroughly preparing a dataset 
for further bibliometric analysis, is necessary. Such an implementation can elucidate how 
a bibliometric analysis can provide more clear, reliable, valid, and accurate findings that 
can lead to future research in the knowledge domain. Therefore, we have tested how data 
curation influences citation and co-citation analysis findings. 

Given the paucity of articles using data cleaning in the field of bibliometric analysis 
including citation and co-citation (Köseoglu, Okumus, Dogan, & Law, 2019), the value of 
the data curation approach in the bibliometric analysis literature is manifold. Bibliometric 
studies review comprehensive literature, clarifying and revealing the most cited and 
influential studies within the knowledge domain (Ellegaard & Wallin, 2015; Glänzel, 
Schubert, & Czerwon, 1999; Scheffler & Brunzel, 2020). As understanding state-of-the-art 
study outcomes in the research field are significant, review studies with citation and co-
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citation analysis could serve as a valuable basis for scholars. These review studies can 
also present promising directions for future investigation, generating a roadmap of extant 
knowledge and enabling innovative ideas to improve. However, to be able to achieve all the 
above-mentioned outcomes, researchers must first consider getting thoroughly clean data, 
which does not include any misspelled or duplicated publications or references. Thus, 
adopting a data curation approach can contribute to the discipline’s progress. 

Considering this background, this present work aims to introduce and display the 
utility of data curation as a complementary methodological approach to remove potential 
flaws and inconsistencies in the dataset. As an application example, we have shown the 
differences between before- and after-curation data to introduce how data curation could 
serve as a method to improve the bibliometric analysis field in disciplines and provide 
complementary viewpoints to citation and co-citation methods in the literature. To do so, 
we have employed a top service journal: the Journal of Service Research. 

The study, furthermore, presents the history of citation and co-citation analysis. After 
summarizing the methodology employed herein, we demonstrate the utility of the new 
approach in the form of a step-by-step explanation. Last, we discuss the utility of the newly 
suggested complementary approach by comparing the findings obtained from our before 
and after data curation analyses of the articles chosen from the referred journal for the 
further implications of the new approach. 

Literature review 
History of citation analysis 

Bibliometric analysis is a quantitative method utilized to identify the progress and 
intellectual structure of scientific domains of research (Liu, Yin, Liu, & Dunford, 2015). 
In general, bibliometric analyses have been comprehensively endorsed due to their 
inherent objective (Garfield, 1979). Bibliometric research could examine researchers’ latent 
intellectual connections, study trends, and global connections (Benckendorff & Zehrer, 
2013; Köseoglu et. al., 2021). Unless indicated otherwise, the concept of citation has been 
utilized synonymously with the concept of bibliographic reference. Therefore, citation 
analysis can somewhat reflect the examination of bibliometric references that shape a part 
of the mechanism of scientific connection (Nicolaisen, 2007). 

Citation analysis is considered a quantitative method, which examines the citation 
of scholarly journals, studies, and scholars to test their quantitative features and natural 
laws (Daud et. al., 2022; Kalita, 2016). From its infancy stage, citation analysis has been 
the topic of perpetual claim regarding the coherence, validity, and information content it 
mirrors. However, it has been comprehensively utilized by scholars as the fundamental 
study approach for bibliometrics and scientometrics. At this point, it has constructed its 
conceptual mechanism, even though there have been several challenges in implementation 
(MacRoberts & MacRoberts, 2018). 

The historical background of citation analysis provides a significant understanding 
of the evolution of this analysis method. Notably, in 1955, Garfield suggested seeking 
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scholarly literature through citations in his Citation Indexes for Science. In 1963, he further 
improved the extensive citation index database, the Science Citation Index (SCI) which 
was considered the groundwork of citation analysis and established a meaningful basis for 
citation analysis research (see Garfield, 1963). Nonetheless, as a domain including cross-
over research, citation analysis has a comprehensive conceptual background; specifically, 
studies in and before the 1950s already made important breakthroughs in formulation, 
improvement, and following the progress of citation analysis. 

Since the mid-1950s, the citation analysis method suggested by Garfield accomplished 
immediate improvement and expansion. In the 1960s, Garfield revealed SCI, presenting the 
necessary database for citation analysis, and Price’s “little SCI Big SCI” argument provided 
a significant conceptual basis for the improvement of citation analysis. 

Chronologically, Garfield (1979) defined citation analysis as an analytical method 
that utilizes reference citations of scholarly published studies. By Le Pair (1988), citation 
analysis is potentially a clear evaluation method for those scholarly subdomains whose 
journals are the academic platforms for connection. Lancaster (1991) drew attention to 
a vital class of bibliometric research that associates with what sources researchers cite. 
He indicated that citation analysis copes with several factors like the topics which have 
the connections among the citations (for example, who cites whom, which journal has 
been cited by which journal, and what knowledge domain is more cited in the literature 
of a given field of study, etc.). In a similar vein, Diodato in 1994 defined citation analysis 
as a dominant method of bibliometrics that regards citations (both to and from papers) 
(see Diodato & Gellatly, 2013). Citation analysis research could concentrate on papers, 
scholars, journals, and study locations as the builder of those papers. As for the 2000s, 
citation analysis has exposed a different improvement trend, specifically in study subjects. 
These subjects comprise of study evaluation index, knowledge visualization, and citation 
attitude, and have been shaping the highest citation publication periods, recently being a 
study hotspot. 

Hou’s (2017) study found three important historical stages in the development of citation 
analysis. The first stage: was the 1950s - 1960s, the formation time, shaped by Garfield’s 
approach to the Science Citation Index in 1955, Price’s argument of the exponential 
development of scholarly advancement in 1963, and Price’s network analysis in 1965. The 
second period proceeded from the 1970s to the late 1990s, called the development period, 
formed by three breakthroughs, namely, Small’s (1973) method of reference co-citation, 
author co-citation analysis (White & Griffith, 1981) and (McCain, 1990) and White and 
McCain’s map of scholarly information based on author co-citation analysis in 1998. The 
third period started in 2000 when the quick diffusion time of citation analysis, described 
by distinct study topics, involved three main hot topics: scholarly study progress index, 
citation attitude, and knowledge visualization. 

History of the co-citation analysis 

The co-citation analysis method establishes the basis for improving the citation 
analysis study (Hou, 2017). Co-citation has been described by several scholars like Small 
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(1973), Cawkell (1976), and Bellardo (1980) as a topic similarity index. Co-citation analysis 
experienced its important development process between the 1970–the 1990s. We realized 
the progress of co-citation analysis when the first vital attempt appeared in 1973 with Small 
(1973), who suggested the document co-citation analysis method. It was a cornerstone in 
the background of co-citation analysis research. Small (1973) defined it as “the frequency 
with which two papers are cited together”. Moreover, the author indicated that cited 
papers are associated together via the procedure of co-citation, and this procedure is akin 
to the similarity tests of the co-occurrence of words. Cawkell (1976) provides a parallel 
description of co-citation as a topic similarity measure, and Bellardo (1980) described co-
citation, yet in a very simple expression, as a procedure whereby a researcher cited two 
previous studies in a new study. 

As for 1981, there happened a significant improvement in the background of co-
citation analysis. White and Griffith’s (1981) seminal study first proposed the approach 
of author co-citation analysis. In the background of co-citation analysis, 1990 was another 
important year. McCain’s (1990) pioneering study systematically presented the analysis 
approach and procedures of total cited count by scholars and reviewed the procedure of 
relevant study since the analysis method of total cited count by scholars was suggested 
in 1981. In this study, she suggested an approach of cluster analysis drawing on authors’ 
co-citation, factor analysis, and information visualization. In the millennium, through a 
multi-perspective co-citation analysis, Chen, Ibekwe-SanJuan, and Hou (2010) adopted the 
knowledge visualization tool CiteSpace to reveal the progress and characteristics of the 
study domain from 1996 to 2008. 

As of the 2000s, citation analysis has come in a time of fast development. The number 
of published studies, citation counts, and citation frequencies all increased considerably. 
Drawing on the existing theories of citation analysis, document co-citation, and author 
co-citation, citation analysis started to progress in different avenues, involving scholarly 
evaluation index, citation network, knowledge visualization, mapping, and citing attitudes. 
Additionally, the H index research for scholarly research progress is another current 
approach in citation analysis. 

With the development of information technology, certain research in bibliometric 
analysis has mostly employed software programs and computer-aided automatic labelling, 
particularly the wide application of text-mining techniques and cluster algorithms 
in analyzing the structure of knowledge domains (Hou et. al., 2018). However, these 
computerized systems are not meant to replace biases derived from human intervention 
(Hou et. al., 2018). Rather, in the data collection process, human intervention could lead to 
some important biases. Among them, the most important one may be disregarding the data 
cleaning as many authors did (e.g., Cunill, Salvá, Gonzalez, & Mulet-Forteza, 2019; García-
Lillo, Claver-Cortés, Úbeda-García, Marco-Lajara, & Zaragoza-Sáez, 2018; Gomezelj, 2016; 
Lazzeretti, Capone, & Innocenti, 2017; Mody, Hanks, & Cheng, 2021; Shin & Perdue, 2019). 
For this reason, we propose the approach, named “data curation”, in citation and co-citation 
analysis and demonstrate its important effect on scientific findings to avoid misleading 
future research in bibliometric studies. Simply put, we employed sample articles published 
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in three prestigious journals from service industries to show notable differences between 
before- and after-data curation approach in the results of citation and co-citation analyses. 

Methodology 
Study design

For understanding the intellectual structure of a body of knowledge, researchers 
choose one of two methods. They first depend on a qualitative technique, notably their 
experience and knowledge, judgments, and perceptions, compromising the reliability and 
validity of conclusions based on such qualitative methods (Zupic & Čater, 2015). Using 
quantitative approaches may overcome such limitations, and academics may conduct co-
citation analysis to supplement qualitative aspects (Köseoglu, 2020). Co-citation analysis 
illuminates intellectual processes using  statistical and mathematical techniques to analyze 
study citations or references as data (Arici et. al., 2021). 

In the present research, we used two bibliometric methods: citation analysis and 
co-citation analysis using network analysis. These techniques improve impartiality by 
evaluating large datasets across time. Citation analysis entails counting references to 
highlight significant publications on a particular research topic during a specific time 
frame (Köseoglu et. al., 2021). Citation analysis may give insightful information into a 
research field’s history, today, and future. Researchers can track development by studying 
the evolution of key references through time and finding the significance of valuable 
publications (Zupic & Čater, 2015). Co-citation analysis, on the other hand, investigates 
relationships between prominent references by visualizing intellectual linkages in 
the particular subject. Using statistics, it creates commonalities between cited article 
bibliographies, including the number of co-cited authors, articles, or journals (Arici et. al., 
2021).

Data collection

The data utilized in the citation and co-citation analysis consist of references cited 
in service industries studies published by a scientific journal. These are considered to 
represent a confirmed type of knowledge. The studies were obtained from a top service 
journal, the Journal of Service Research (JSR). We have adopted the following procedure to 
select the journal. First, we sought Social Science Citation Index and Scopus, as commonly 
accepted international databases, and clarified the prominent service-focused journals. 
Second, we considered the top journal that has a long history and deep background so that 
we can better reflect the field of service industries. Last, we asked for three academicians’ 
ideas regarding the suitability of the chosen journal. These procedures ended with the 
inclusion of the top journal in our sample. 

Using the Scopus database, we downloaded studies as well as their references published 
in the service journal from the first issue (1998) to the latest one (December 2020). Later, 
these documents were transferred to an Excel spreadsheet. We also controlled if these 
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articles involved references and excluded any study without references. In the end, we 
deleted six documents, which yielded 5184 studies from JSR.

Before submitting the data for analysis, we followed two different procedures. First, we 
did not clean the data. As illustrated in Figure 1, we submitted the raw data for citation 
and co-citation analysis. Moreover, we adopted procedures illustrated in Figure 2 using 
the data curation approach. In particular, several references were inconsistent since the 
authors’ names, the title of the study, and/or the name of the journal were illustrated 
differently. By following these procedures, we curated the data to fix the titles of the related 
journal article references and to enhance correctness. In particular, in the raw data, the 
types of references included journal articles, books, book chapters, theses, reports, and 
online addresses. However, drawing on previous bibliometric research (e.g., Köseoglu  
et. al., 2021), in clean data we opted to confine their coverage to journal articles from these 
references by writing the reference type manually to increase reliability.

Figure 1
Current application of citation and co-citation without data cleaning/curation

Figure 2
Suggested data cleaning/curation procedure in the citation and co-citation analysis
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Data analysis

We performed citation and co-citation network visualization through VOSviewer software 
to analyse the raw and clean data. VOSviewer clarifies clusters utilizing modularity-based 
clustering (Köseoglu et. al., 2021). VOSviewer visualizes the most influential documents 
and co-cited articles in a knowledge field by counting the weight of these publications. This 
analysis relies on the numbers, i.e., citation and co-citation scores. This also allowed us to 
clarify the scholarly roots as clusters during the time frame. To normalize their study of 
the publications, the scholars used the correlation intensity technique (Arici et. al., 2021). 
Circles stand in for nodes in the network view, while bars depict the connections between 
nodes. The nodes’ locational groupings are identified by their colors. The width of the 
nodes reveals the frequency of references to a certain publication. The data generated by 
this software has been provided in the Appendix, including raw and clean datasets. Raw 
data has been untouched, which means that we directly used it without refining, while the 
clean data was carefully checked, and we coded each reference separately to eliminate any 
duplication before submitting the dataset to the analysis. 

Results
Citation analysis

We have considered the 200 articles mostly cited to reveal a bigger picture of the most 
influential articles within the data that can be described by counting citation documents 
available in the reference lists of the articles published in the journal set. The results have 
been displayed to explore potential differences among the selected databases. As can be 
seen in Appendix (online supplement), citation analysis results of the raw data obtained 
from the Journal of Service Research demonstrated that the three most cited ones of the 
first five articles were methodology-based studies, such as SEM (Anderson & Gerbing, 
1988; Bagozzi, 1988; Fornell & Larcker, 1981a). Of the first five articles, other two studies 
were written about service quality (Parasuraman et. al., 1988) and relationship marketing 
(Morgan & Hunt, 1994). However, the most cited article (Fornell & Larcker, 1981a) was listed 
three times like different studies, as the 1st, 75th, and 166th ranks in raw data. Similarly, 
Vargo and Lusch’s (2004) study was listed separately (in the 2nd and 207th ranks). We can 
illustrate many articles listed as different studies in the raw data (Anderson & Gerbing, 
1988; Bagozzi & Yi, 1988; Oliver, 1997; Parasuraman et. al., 1988, 1985; Zeithaml et. al., 
1996).

On the other hand, clean data results showed that the most cited article was likewise 
about SEM (e.g., Fornell & Larcker, 1981), but the second most cited article changed 
from Parasuraman et. al. (1988) (see Appendix A- online supplement). As we saw in the 
previous results, the data curation approach has changed the order of the most influential 
articles. For example, Bitner, Booms, and Tetreault’s (1990) study was listed as the 10th 
most cited article in the raw data, but this study rose to the fourth rank in the clean data. 
Another surprising result shows that the article of (Zeithaml et. al., 1996) was listed as 

https://www.zotero.org/google-docs/?zIi3Ge
https://www.zotero.org/google-docs/?zhOSUI
https://www.zotero.org/google-docs/?6exjV4
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the sixth most cited article in the clean data, whereas this article could not be seen within 
the top ten cited documents in the raw data. The reason behind such a dramatic change 
was that raw data illustrated the same article as two different documents in the 23rd rank 
and the 33rd rank, respectively (see Appendix B- online supplement). We want to close 
this paragraph by providing one more interesting example from both datasets. An article 
written by (Morgan & Hunt, 1994) was listed differently in the raw data in the rank of 31 
(with weights of 12) and 51 (with weights of 10) since the first name of the first author was 
differently typed (i.e., Morgan, R.M. vs Morgan, Robert, M.). This was a good example for 
justifying our supposition that such typing or spelling mistakes need to be eliminated by 
adopting a “data curation approach” to reveal more reliable results. 

There is a distinct difference between raw and clean data. Since citation and co-citation 
analysis influentially directed future research in the knowledge domain, analyzing such raw 
data including many intentional or unintentionally duplicated entries, would dramatically 
mislead future researchers. Overall, the results of such a citation analysis relying on the 
raw data might inaccurately dominate the study field. 

Bibliometric scholars have mostly considered the first 20 or 30 most cited articles in 
citation analysis (e.g., Köseoglu et. al., 2019, 2021). However, utilizing larger data would 
increase the possibility of finding additional repeated works in the dataset. As seen, our 
results confirmed the supposition that some studies were illustrated several times in the 
ranks above the first 100 documents. That is, our study shows that as long as the sample 
size increases, the duplicating possibility of a document also increases. Thus, we used the 
200 most cited documents in our citation analysis so that we could better reflect how many 
times a document is repeated in the raw data. 

Co-citation analysis

Drawing on the co-citation analysis, we identified and visualized main clusters, each 
portraying a knowledge domain. Appendices featured relevant data concerning the 
different clusters and their components. As we did in citation analysis, co-citation analysis 
results of articles obtained from the top journal were illustrated for raw and clean data 
separately to reveal the main differences. 

Co-citation analysis has still suffered from the lack of commonly accepted cut-off points 
(Köseoglu, 2020). Therefore, scholars have tried various thresholds to achieve the best 
interpretable dataset (Batistič et. al., 2017). According to Köseoglu (2020), it is reasonable 
and applicable. Hence, in our study, we used a cut-off level of 10 for revealing mostly cited 
100 articles.

We also employed the co-citation analysis for the studies taken from the Journal of 
Service Research to be able to reveal the main differences between raw and clean data in 
service literature. Co-citation analysis of raw data produced seven different clusters (see 
Figure 3-A). Interestingly, the cluster map seemed in a heap, which means that six clusters 
were gathered on the left side of the map, while only one cluster in orange, including 
two documents, was placed on the right side. More importantly, the clusters involve many 
duplicate documents. For example, Anderson and Gerbing’s (1988) seminal methodology-
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focused work was illustrated within different clusters (see Appendix C- online supplement, 
clusters 1 and 7). Morgan and Hunt’s (1994) study was also listed in clusters 3 (darker blue 
colored) and 7 (orange colored) with weights of 12 and 10. That is, two studies constituting 
cluster 7 were illustrated within previous clusters and thus made cluster 7 redundant. As 
another duplicate study, Zeithaml et. al., (1996) work could be demonstrated (see Appendix 

Figure 3
Network analysis of the most cited 100 documents in JSR
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C, clusters red colored-1 and light violet colored-5). Nunnally’s (1978) pioneering work 
focusing on psychometric theory was also duplicated across clusters with different 
weights like distinct studies. Many repeated studies could be found within the cluster map 
produced by co-citation analysis of the raw data (e.g., Bagozzi & Yi, 1988; Bolton, 1998; 
Fornell & Larcker, 1981; Parasuraman, Zeithaml, & Berry, 1985).

On the other hand, the clean data results generated five unique clusters in co-citation 
analysis (see Figure 3-B). Unlike the raw data results, there is no repeated study within and 
across clusters (see Appendix D- online supplement). The focus of the top ten documents 
with the highest weights in the first cluster (red colored) is on methodology (Fornell & 
Larcker, 1981a; Podsakoff et. al., 2003) and service quality (e.g., Bitner, Booms, & Tetreault, 
1990; Parasuraman, Zeithaml, & Berry, 1988, 1985; Zeithaml, Berry, & Parasuraman, 1996). 
The second cluster is green-colored and has mostly concentrated on customer satisfaction as 
well as its antecedents and consequences (Anderson & Sullivan, 1993; Bolton, 1998; Fornell, 
1992; Mittal & Kamakura, 2001; Rust & Zahorik, 1993). In darker blue colored cluster 3, 
service encounters and customer experiences are dominant topics (e.g., Bitner, 1990; Bitner, 
Booms, & Tetreault, 1990; Smith, Bolton, & Wagner, 1999; Tax, Brown, & Chandrashekaran, 
1998). Moreover, customer relation was the main foci of the subsequent cluster colored 
in yellow (e.g., Berry, 1995; Crosby, Evans, & Cowles, 1990; Dwyer, Schurr, & Oh, 1987; 
Garbarino & Johnson, 1999; Gremler & Gwinner, 2000; Gwinner, Gremler, & Bitner, 1998; 
Morgan & Hunt, 1994). Last, documents constituting cluster 5 (light violet colored) more 
focused on studying service quality as the main research topic (Cronin & Taylor, 1992; 
Parasuraman et. al., 1988, 1985; Schneider et. al., 1998; Zeithaml, 1988; Zeithaml et. al., 
1996).

To check if additional documents potentially affect results in co-citation analysis, drawing 
on Köseoglu’s (2020) suggestion, we expanded our sample by reducing the threshold value 
to cover more documents. As seen in Appendix (online supplement), this complementary 
analysis using the threshold value of 6 covered 211 documents out of 34096 and revealed 
six clusters different from the previous analysis, including 133 documents with a threshold 
of 7 (Figure 4-A). Another important difference between these analyses was regarding the 
main themes of clusters. For example, in the former analysis of raw data, three of the five 
most cited documents of the first cluster were methodology-focused studies (Anderson 
& Gerbing, 1988; Baron & Kenny, 1986; Bollen, 1989), while the latter’s first cluster (red 
colored) concentrated more on studies examining service context and logic (Ostrom et. al., 
2010, 2015; Vargo & Lusch, 2004, 2008). 

Furthermore, the complementary analysis also involved many repeated documents as 
its counterpart. As can be seen in Appendix E (online supplement), when we excluded the 
duplicate documents, the last cluster (light blue colored cluster 6) included only one study 
(i.e., Cooil, Keiningham, Aksoy, & Hsu, 2007), because other four studies were already listed 
in previous clusters (i.e., Anderson & Gerbing, 1988; Bolton, 1998; Morgan & Hunt, 1994; 
Oliver, 1997). The most cited document by (Vargo & Lusch, 2004) was also demonstrated as 
a distinct study in cluster 4 (yellow colored), with a weight of 6. In addition, Bitner’s (1990, 
1992) two studies were repeated in the complementary analysis of the raw data. 

https://www.zotero.org/google-docs/?LZv0WG
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We used the same procedure for the clean data. Through expanding the sample, we 
analyzed 204 documents at least 13 times cited. This complementary analysis provided 
additional support for our clean data. As shown in Figure 4-B, this complementary 
analysis revealed five clusters as the former analysis of clean data (with 100 documents). 
More importantly, there was no significant change between the two analyses of clean data. 
In particular, within the first 100 documents, the majority of studies illustrated in both 
analyses were the same, except for Fornell and Larcker’s (1981) methodological work. 
Even though this study had the same weighting (i.e., 132 citations), it was illustrated 

Figure 4
Network analysis of the most cited 200 documents in JSR
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in cluster 5 (light violet colored) in the complementary analysis (see Appendix F). The 
results confirmed that even if the threshold was altered and the number of documents 
was enhanced, the results showed internal consistency, referring to no significant changes 
which were detected in the co-citation analysis of both datasets applied data curation. 
However, in the raw data analysis, the results were significantly changed when the number 
of documents was increased. Therefore, data curation provides an important advantage to 
researchers by ensuring the reliability of the findings in co-citation analysis. 

As a closing remark, we reveal that data curation plays a significant role in achieving 
more reliability in citation and co-citation analysis findings. Therefore, future research 
should not ignore the importance of this approach in bibliometric analyses. 

Discussion and Conclusion

“What makes the data curation worthwhile in citation and co-citation analyses?” Even though 
bibliometric analysis literature has suffered from this ambiguity to our best knowledge no 
study has attempted to elucidate this knowledge void to date. Therefore, the main focus of 
our research is to clarify if data cleaning plays a significant role in citation and co-citation 
analyses. Only even the possibility that a data cleaning procedure possesses to provide 
more reliable findings deserves an academic effort. In other words, we need to choose our 
way: “faster but problematic results from raw data or strong and reliable results from clean data, 
which one?” To find the truth, we set out to compare the findings obtained from the samples 
of raw and clean data. Thus, we considered a highly prestigious journal from the service 
industries and performed citation and co-citation analyses using both raw and clean data. 
By doing so, we aimed to reveal the weaknesses of raw data, while demonstrating the 
strengths of data cleaning. Undoubtedly, our comparative results confirm that data cleaning 
named the “data curation” approach has a considerable potential to produce more reliable 
findings in citation and co-citation analysis. 

Specifically, the data curation approach eliminated three flaws of raw data analysis in 
clarifying the intellectual connection of scientific disciplines. As observed in clean data 
analysis, there was no repeated document within the clusters. That is, each cluster had 
a unique document. On the contrary, raw data analysis results conducted for the journal 
presented clusters including several duplicate studies. Second, in the raw data analysis, a 
cited article presented in a cluster also be also seen in another cluster. However, as for the 
data curation approach, there is no doubt if a document is illustrated in various clusters 
in co-citation analysis because any repeated one is eliminated by carefully checking all 
documents before analysis. Third, visualization of raw data analysis is another problem. 
As seen, the cluster map generated from the raw data analysis has a skewed distribution 
of clusters. Most of the clusters were gathered at a point, whereas one or two other clusters 
were placed in a separate location on the map. In the clean data, all cluster maps provided 
a good visualization, which means that a reader can easily understand and interpret the 
distribution of clusters and their contents. In addition, the data curation approach leads 
to obtaining findings that illustrate internal consistency even when the sample size is 
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expanded. In the application, we first examined 100 data and then included 200 documents 
to test whether the change in sample size influences the findings. In clean data, for both 
samples, the results show consistency which means that there is no significant change in 
clusters and the documents constituting these clusters. However, raw data analysis could 
not provide such consistency since the number of clusters and their weightings, and the 
studies involved in clusters also considerably changed in both datasets. For example, Fornell 
and Larcker’s (1981a) study presented among the most cited articles in the knowledge 
domain, whereas the same article was repeated many times both within the same cluster 
and across clusters. Such duplicate studies result in an unexpected change in the number of 
clusters and their weightings when the sample size is raised. Additionally, the majority of 
bibliometric studies do not report the most cited document lists as an appendix within the 
manuscript. If these documents are attached to the studies, we then could better realize the 
duplicate studies in the lists of most cited studies reported. Hence, we strongly encourage 
future researchers to report these additional lists (i.e., most cited 30, 100, or 200 studies) to 
their manuscript to be able to evidence if there is a duplicate document. 

We cannot ignore the potential importance of previous bibliometric studies adopting 
raw data analysis to provide a research agenda in the given field. Still, it  seems like trying 
to find an exit from the dark corridor, since raw data involves many duplicate documents, 
including the authors’ name, the title of papers and journals, and publishers. As illustrated 
in our findings, analyzing such raw data will probably produce inaccurate cluster contents, 
consequently, a cluster label. More importantly, a scientific effort, which conducts citation 
and co-citation analyses relying on raw data has a great potential to manipulate the 
findings, intentionally and/or unintentionally, which could dramatically mislead future 
research in the knowledge domain. From this viewpoint, the vitality of the “data curation” 
approach needs scientometrics/bibliometrics researchers. In short, as a response to the 
above-mentioned question, our study reveals that data curation is worthwhile in citation 
and co-citation analyses for gaining reliable findings and providing a solid agenda for 
future research in the scientific field.

Despite its potential to unlock Pandora’s box, this study has inherently suffered from 
some limitations. First, even if we tried to cover the main global database, considering 
only a top journal from the service industries could jeopardize the generalizability of our 
findings. Future research, thus, could perform additional efforts to scrutinize the usage of 
the data curation approach against raw data analysis so that we could better understand the 
generalizability of our proposed approach. Second, our approach, proposed for cleaning 
the data used to analyze the intellectual structure of the scientific field, requires several 
rigorous stages, including checking/removing doubled documents, coding all documents 
and their references separately, mitigating the same references written incorrectly, and re-
coding all references of documents. Unfortunately, to our best knowledge, to clean the 
data for citation and co-citation analyses, the current software programs cannot check, 
code, remove (double documents), and re-code the remaining references. Thus, in some 
circumstances, particularly for analyzing big data, it can be a time-consuming process. 
Moreover, we used VOSviewer software to analyze both the raw and clean data, and thus, 
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adopting other software programs in the future study would pay dividends. Lastly, like 
its counterparts, our research has also relied on interpreting findings that can consist of 
biases.
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