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Abstract  

Context: An enormous number of papers (more than 70,000) have been published in the area of Software Engineering (SE) since its 

inception in 1968. To better characterize and understand this massive research literature, there is a need for comprehensive 
bibliometrics assessments in this vibrant field. 

Objective: The objective of this study is to utilize automated citation and topic analysis to characterize the software engineering 
research literature over the years. While a few bibliometrics studies have appeared in the field of SE, this article aims to be the most 
comprehensive bibliometrics assessments in this vibrant field.  

Method: To achieve the above objective, we report in this paper a bibliometrics study with data collected from Scopus database 
consisting of over 70,000 articles. For thematic analysis, we used topic modeling to automatically generate the most probable topic 
distributions given the data.  

Results: We found that number of papers published per year has grown tremendously and currently 6,000 to 7,000 papers are 
published every year. At the same time, nearly half of the papers are not cited at all. Using text mining of articles titles, we found that 
currently the hot research topics in software engineering are: (1) web services, (2) mobile and cloud computing, (3) industrial (case) 
studies, (4) source code and (5) test generation. Finally, we found that a small share of large countries produce the majority of the 
papers in SE while small European countries are proportionally the most active in the area of SE, based on the number of papers.  

Conclusion: Due to large volumes of research in SE, we suggest using the automated analysis of bibliometrics as we have done in this 
paper. By picking out the most cited papers, we can present the land marks of SE and, with thematic analysis, we can characterize the 
entire field. This can be useful for students and other new comers to SE and for presenting our achievements to other disciplines. In 
particular, we see and report the value of such an analysis in situations where performing a full scale SLR is not feasible due to 
restrictions on time or to lack of exact research questions.     
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1 INTRODUCTION 

According to the data from the Scopus publication database, more than 70,000 papers have been published in the area of 
Software Engineering (SE) since its inception in 1968. As the SE research literature has grown tremendously, there is a 
need for bibliometrics studies in this area. Bibliometrics is a set of methods to quantit atively analyze research literature.  

Bibliometrics studies in SE have focused in the following areas; (a) generating ranking list s of top performing institution s 
and scholars [1-9], (b) citation analysis to identify  the most popular articles [10-13], and (c) content analysis of SE research 
[14-16]. Papers in area (a) can mainly be used internally within the SE research community. Papers on areas (b) and (c) can 
be used to explain our science to outsiders, e.g. to funding authorities or to scientists representing other disciplines. 
Additionally, such works can be helpful in teaching students about software engineering research or to highlight the top 
areas under study to industry , and help outsider  to get acquainted with the latest research trends. Thus, bibliometrics 
papers can be important aid in distributing knowledge beyond the software engineering community.  

New bibliometrics studies are needed regularly to keep up with the most recent research developments. Furt hermore, this 
study contributes beyond the past works in the following ways. First, this study covers the largest pool of software 
engineering papers so far 72,787 papers, for example this is over two times more than in  prior work that analyzed 26,624 
papers [17].  Second, we analyze the citations in the SE research literature. The past series of work by Wohlin [10-13] in 
this area covers only papers published in selected SE journals and analyses papers on individual years only , whereas we 
cover far greater area of publication forums . Furthermore, Wohlin does  not consider the citations landscape beyond 
individual papers. Third, we present automated topic analysis to identify  software engineering research themes and the 
hot and cold research topics in SE. Past work in this area has manually analyzed a rather small set of articles, e.g., Glass et 
al [14] manually analyzed a small set of papers (n=369) from six leading SE journals. Cai and Card [15] analyzed 691 
papers from 7 leading journals SE and 7 leading conferences SE. To our knowledge , the only automated thematic analysis 
of SE literature is by Coulter  et al. [16] who in 1998 performed co-word analysis using ACM Computing Classification 
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System. Our  study on research topics is automated, focuses on our entire corpus and follows the approach by Griffiths 
and Steyvers [18]. In summary, the contributions of this paper are four -fold:  

¶ The most comprehensive citation analysis  reported to date on the entire SE research literature (Section 4.2) 

¶ Topics and thematic analysis of the entire SE research literature (Section 4.3) 

¶ Ranking of the world nations  by the number of SE papers contributed by each country (Section 4.4) 

¶ To enable other researchers to conducted similar  types of analyses, the entire raw dataset (including 71,668 
papers) has been made available as an Excel file which can be downloaded online [19] 

Section 2 discusses the related work in which we  brief ly  review the existing bibliometrics studies in SE . We then present 
in Section 3 the research methodology, the data source and data extraction process which we used to prepare the pool of 
all SE papers used later for analysis. Section 4 presents the results of the study. Section 5 summarizes the findings, 
implications, and discusses the potential threats to validity of our study. Finally, Section 6 concludes this study and states 
the future work directions.  

2 RELATED WORK : EXISTING BIBLIOMETRI CS STUDIES IN SE 

A number of bibliometrics studies have been published in SE, several of which are discussed next. Table 1 list a few 
representative studies along with their notable findings.  

The sequential series of four papers by Wohlin [10-13] analyzes the most cited papers in SE journals between 1999-2002. 
As discussed by Wohlin, the intention of the analysis in those four papers was twofold: (1) first, to identify the most cited  
papers, and (2) second, to invite the authors of the most cited papers to contribute to a special section of the Information 
and Software Technology journal.  

Cai and Card [15] analyzed 691 papers from 7 leading journals SE and 7 leading conferences SE. Among their findings 
was that 73% of journal papers focus on 20% of subjects in SE, including testing and debugging, management, and 
software/program verification.  

The series of 12 papers by Glass et al., three of which are cited in Table 1 [4, 5, 20], was an ongoing, annual event that 
identified the top -15 SE scholars and institutions for the five-year period in systems and software engineering between 
1995 and 2006. The rankings were based on the number of papers published in a selected set of leading SE journals. 

The study reported in [21] presented a bibliometric assessment of Canadian SE scholars and institutions. Additional 
findings reported in [21] included correlation analysis of the SE research productivity (output in terms of number of 
papers) of Canadian provinces versus their national research grant amounts. 

Focusing on specific sub-areas under SE, the study reported in [22] presented a bibliometric analysis of ten years of 
search-based SE. Some recent systematic mapping (SM) have included  bibliometric analyses of SE sub-areas, e.g., 
development of scientific software in [23]. Among the findings reported in [23] was that the most active authors in the 
area of development of scientific software were mostly located in the US (approximately 50%), followed by the Canadian 
and British researchers. 

Ren and Taylorõs developed a Java tool [24] in 2007 and used it for automatic publication ranking of research institutions 
and scholars. [24] presented a proof of concept of that tool in ranking SE institutions and scholars. The tool incorporates 
the impact factors of publication venues. Again, similar to works of Glass et al. [5, 6], instead of covering the entire SE 
research literature landscape, only a selected subset of SE journals were considered. In a previous work  [21], the first 
author and a colleague used Ren and Taylorõs tool in 2010 and presented a bibliometric ranking and assessment of the 
Canadian SE scholars and institutions with data covering the time window of 1996 -2006. 

More recently, in a 2013 paper [17], Garousi and Ruhe conducted and reported a bibliometric/geographic assessment of 
the entire SE research landscape covering the papers published between 1969-2009. Among the most interesting findings 
of [17] are: (1) Over the 40 years, in total about 60% of the SE literature has been contributed by only 7% of all countries, 
(2) the SE research output of different countries does not necessarily correlate with their GDPs, (3) the share of 
contributions to the SE discipline by the American researchers has declined from 71.4% (in 1980) to 14.9% (in 2008), and 
(4) China is the country with the biggest share growth in the number of publications, from 0.8% of the entire SE 
publications in 1991 to 13.8% in 2009. 

While [17] reported interesting findings as discussed above, the dataset used in that study lacked the citation data of the 
papers and thus it was impossible to conduct citation analysis in the context of the SE literature. The current study 
intends to fill those gaps by extracting and analyzing the citation landscape for the SE literature. Furthermore, in this 
paper we also study the search for SE research with topic modeling by partially replic ating a popular  paper by Griffiths 
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and Steyvers [18] who applied topic modeling  (text-mining technique) to discover scientific topics . Also, the current study 
widens the analysis time window of [17] (1969-2009) by including the latest papers in the study pool as well, i.e., 
considering the publication time wind ow of 1969-2014. Finally, the number of papers analyzed is larger 72,787 vs. 26,624 

The paper entitled òTrends in computer science researchó [25] is related since CS is closely related to SE. This paper identified 
trends, bursty topics, and interesting inter -relationships between the American National Science Foundation (NSF) 
awards and CS publications, finding, for example, that if an uncommonly high frequency of a specific topic is observed in 
publications, the funding for this topic is usually increased.  

Fernandes reports a bibliometric study [26] which focuses on authorship trends in SE. The researcher collected around 
70.000 entries from the DBLP (a well-known online computer science bibliography website) for 122 conferences and 
journals, for the period 1971ð2012. Interestingly enough, the author indicated that the number of authors of articles in SE 
is increasing on average around 0.40 authors/decade. Also, the results indicate that until 1980, the majority of the articles 
have one author, while articles from 90s until today with 3 or 4 authors represent almost half of the total number of 
papers. Since the average number of authors of scientific articles is increasing, it was the opinion of the researcher that the 
system of authorship is consequently becoming inapprop riate, in the sense that it becomes more difficult to credit all the 
authors for the specific contributions they made to each article. Therefore, the researcher suggests that the SE community 
must establish an agreed publishing standard to define how to assign the academic contribution to all collaborators of a 
research project. 

Garousi (the first author of the current paper ) recently conducted and published a bibliometric assessment [27] of Turkish 
software engineering scholars and institutions covering years 1992-2014. Among the results were that: (1) Turkey 
produces only about %0.49 of the world-wide SE knowledge, as measured by the number of papers in Scopus, which is 
very negligible unfortunately. (2) There is a lack of diversity in the general SE spectrum in Turkey, e.g., we noticed very 
little focus on requirements engineering, software maintenance and evolution, and architecture. This denotes the need to 
further diversif ication in SE research topics in Turkey, and (3) In total, 89 papers in the pool (30.8% of the total) are 
internationally -authored SE papers. Having a good level of international collaborations is a good sign for the Turkish SE 
community. The current artic le follows the same bibliometric approach as was conducted in [27] (details are discussed in 
Section 3). 

Garousi and Fernandes conducted and reported a recent bibliometric assessment [28] to identify the top-100 highly -cited 
papers in SE in terms of two metrics: total number of citations and average annual number of citations.  These two 
researchers argued that, as the subject of research excellence has received increasing attention (in science policy) over the 
last few decades, increasing numbers of bibliometric studies have been published dealing with characterizing and 
rankin g highly -cited papers [29]. For example, the cover story of the October 2014 issue of the prestigious Nature 
magazine was òThe top 100 papersó [30]. That Nature issue includes several papers (e.g., [31]) on the issue of highly -cited 
papers in various scientific disciplines . Garousi and Fernandes [28] report, among other things , that: by total number of 
citations, the top paper is òA metrics suite for object-oriented designó, cited 1,817 times and published in 1994. By average 
annual number of citations, the top paper is " QoS-aware middleware for Web services composition", cited 154.2 times on 
average annually and published in 2004. Garousi and Fernandes [28] also identified works pointing out  p ossible 
determinants of the likelihood of high citations , e.g., based on a paper entitled òHighly-cited works in neurosurgeryó [32], the 
determinants are: the time of publication, field of study, nature of the work , and the journal in which the work appears.  
One would wonder if those determinants are also applicable in the SE domain.  

Table 1- A few selected bibliometrics studies in SE (sorted by years of publications)  

Ref. Year Topic  Notable  findings  

[10] 2005 An analysis of the most 

cited papers in software 

engineering journals -

1999 

¶ An analysis of the 20 most cited SE journal papers in the 20 year period of 1979-1999 is presented. 

¶ Most cited papers are ranked using two metrics: absolute numbers of citations and the average 

number of citations per year.  

¶ The research topics and methods of the most cited papers in 1999 are compared with those from the 

most cited papers in 1994 to provide a picture of similarities and differences between the years. 

¶ The top cited paper is ɁÜÚÌɯÊÈÚÌɯÔÈ×ÚɯÈÚɯÈÙÊÏÐÛÌÊÛÜÙÈÓɯÌÕÛÐÛÐÌÚɯÍÖÙɯÊÖÔ×ÓÌßɯÚàÚÛÌÔÚɂɯ[33] with only 25 

citations.  

[11] 2007 An analysis of the most 

cited papers in software 

engineering journals-

2000 

¶ The paper describing the SPIN model checker [34] by G.J. Holzmann published in 1997 is the first 

using both metrics. 

[12] 2008 An analysis of the most 

cited papers in software 

¶ The most productive author in the 20 -year period of 1981-2001 is Victor Basili.  
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engineering journals-

2001 

[13] 2009 An analysis of the most 

cited papers in software 

engineering journals-

2002 

¶ The top cited paper is ɁPÙÌÓÐÔÐÕÈÙàɯÎÜÐËÌÓÐÕÌÚɯÍÖÙɯÌÔ×ÐÙÐÊÈÓɯÙÌÚÌÈÙÊÏɯÐÕɯÚÖÍÛÞÈÙÌɯÌÕÎÐÕÌÌÙÐÕÎɂɯÞÐÛÏɯ

64 citations. 

[15] 2008 An analysis of research 

topics in software 

engineeringɬ2006 

¶ The paper examines all the 691 papers published in a selected list of venues in 2006. 

¶ 73% of journal papers focus on 20% of subjects in SE, including testing and debugging, management, 

and software/program verification . 

¶ 89% of conference papers focus on 20% of subjects in SE, including software/program verification, 

testing and debugging, and design tools and techniques. 

¶ The average number of 7 top journals and 7 top international conferences in SE references cited by a 

journal paper is about 33, whereas this number becomes around 24 for a conference paper. 

[4] 2008 Assessment of systems 

and software 

engineering scholars 

and institutions (2001-

2005) 

¶ The rankings are calculated based on the number of papers published in journals: IEEE TSE, 

TOSEM, JSS, SPE, EMSE, IST, and IEEE Software.  

¶ The top scholar is Magne Jørgensen of Simula Research Laboratory, Norway 

¶ The top institution is Korea Advanced Instit ute of Science and Technology, Korea. 

[5] 2009 Assessment of systems 

and software 

engineering scholars 

and institutions (2002-

2006) 

¶ The top-ranked scholar is Magne Jørgensen of Simula Research Laboratory, Norway. 

¶ The top-ranked institution is Korea Advanced Institute of Sc ience and Technology, Korea 

[21] 2010 Bibliometric assessment 

of Canadian software 

engineering scholars 

and institutions (1996-

2006) 

¶ The study used two metrics: impact factors, and h-index, based on papers published in top 12 

selected software engineering journals and conferences. 

¶ The top-ranked institution is Carleton University.  

¶ The top-ranked scholars (by each of the two metrics) are Lionel Briand (formerly with Carleton 

University) and Gail Murphy from UBC. 

[22] 2011 Ten years of search-

based software 

engineering: a 

bibliometric analysis  

¶ The study covered 740 publications of the SBSE community from 2001 through 2010.  

¶ The performed bibliometric analysis concerned mainl y in four categories: publication, sources, 

authorship, and collaboration. The study also analyzed the applicability of bibliometric laws in 

SBSE, such as Bradfords and Lotka. 

[20] 2011 Assessment of systems 

and software 

engineering scholars 

and institutions (2003ɬ

2007 and 2004ɬ2008) 

¶ The top-ranked institution is Korea Advanced Institute of Science and Technology, Korea for 

2003ɬ2007, and Simula Research Laboratory, Norway for 2004ɬ2008 

¶ Magne Jørgensen is the top-ranked scholar for both periods.  

[23] 2011 Development of 

scientific software: a 

systematic mapping, 

bibliometrics study and 

a paper repository 

¶ 17 out of 130 publications in the pool were cited more than 25 times. 

¶ The most active author in the field is Diane Kelly, with Royal Military Collage of Canada, with a 

total of ten (co-authored) publications.  

¶ The authors' most frequent affiliations are located in the US (approximately 50%), followed with 

a large distance by Canada and the UK. 

[17] 2013 Bibliometric/geographic 

assessment of 40 years of 

software engineering 

research (1969-2009) 

¶ The first bibliometric quantitative analysis of publications in SE, including relative and absolute 

growth in the number of all SE publicatio ns as well as an analysis among countries.  

¶ Over the 40 year period (1969ɬ2009), in total about 60% of the SE literature has been contributed 

by only 7% of all countries. 

¶ The US is the clear leader, followed by UK and China. 

¶ The SE research output of different countries does not necessarily correlate with their GDPs 

¶ The share of contributions to the SE discipline by the American researchers has declined from 

71.43% (in 1980) to 14.90% (in 2008). 

¶ China is the country with the biggest share growth in the numb er of SE publications (from 0.82% 

of the entire SE publications in 1991 to 13.82% in 2009). 

[25] 2013 Trends in computer 

science research 

¶ Only a small fraction of authors attribute their work to the same research area for a long period 

of time, reflecting for instance the emphasis on novelty (use of new keywords) and typical 

academic research teams 

¶ Highlighted the dynamic research landscape in CS, with its focus constantly moving to new 

challenges arising from new technological developments.  

¶ Computer science is atypical science in that its universe evolves quickly, with a speed that is 

unprecedented even for engineers. 

[26] 2014 Authorship trends in SE  ¶ Around 70.000 entries from the DBLP for 122 conferences and journals, for the period 1971ð2012, 
were collected. 

¶ The number of authors of articles in SE is increasing on average around 0.40 authors/decade.  
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¶ Until 1980, the majority of the articles have one author, while articles from 90s until today with 3 
or 4 authors represent almost half of the total number of papers. 

[27] 2015 Bibliometric assessment 

of Turkish  software 

engineering scholars 

and institutions (1992-

2014) 

¶ Turkey produces only about %0.49 of the world -wide SE knowledge, as measured by the 
number of papers in Scopus, which is very negligible unfortunately.  

¶ There is a lack of diversity in the general SE spectrum in Turkey, e.g., we noticed very little focus 
on requirements engineering, software maintenance and evolution, and architectu re. This 
denotes the need to further diversification in SE research topics in Turkey.  

¶ In total, 89 papers in the pool (30.8% of the total) are internationally-authored SE papers. Having 
a good level of international collaborations is a good sign for the T urkish SE community.  

[28] 2016 Highly -cited papers in 

software engineering: 

The top-100 

¶ A study, comprised of five research questions, to identify and classify the top -100 highly-cited 
SE papers in terms of two metrics: total number of citations and average annual number of 
citations.  

¶ By total number of citations, the top paper is òA metrics suite for object-oriented designó, cited 
1,817 times and published in 1994. By average annual number of citations, the top paper is "QoS-
aware middleware for Web services composition", cited 154.2 times on average annually and 
published in 2004. 

¶ It was concluded that it is important to identify the highly -cited SE papers and also to 
characterize the overall citation landscape in the SE field. It was hope that this paper would  
encourage further discussions in the SE community towards further analys is and formal 
characterization of the highly -cited SE papers, as it has been done in other fields. 

3 RESEARCH METHOD AND DATA EXTRACTION  

In the following, the goal, research questions of our study and the metrics we have used are presented. We then present 
the data extraction phase of our study. 

3.1 GOAL AND RESEARCH QUE STIONS 

The goal of this study is to conduct a bibliometrics assessment in SE, focusing on citations and topics, to better 
characterize and understand the research literature in this field from th e point of view of researchers. Based on the above 
goal, the following research questions (RQs) were raised (grouped under four  categories). The goal and RQs of the study 
are exploratory and descriptive in nature [35]. 

¶ RQ 1: Volume of papers: How many SE papers have been published each year since the fieldõs inception in 1968? 

¶ RQ 2: Citation landscape: What is the citation landscape of the SE literature? This RQ has been divided into five  sub-
RQs. 

o RQ 2.1: What is the distribution of citations for the SE papers? For example, what ratio of SE papers has had 
no citations? 

o RQ 2.2: What are the highly -cited papers in SE? 
o RQ 2.3: What are the citation trends of different venue types? For example, do journal papers get more 

citations, on average, than conference papers? 
o RQ 2.4: What are the annual trends of citations in SE? For example, do older papers get more citations on 

average compared to newer papers? 
o RQ 2.5: How have the volume of and citations for  papers in different SE sub-areas evolved  over the years? 

¶ RQ 3: Topics and thematic analysis:  This RQ has been divided into three sub-RQs. 
o RQ 3.1: How have focus areas of the papers have changed over the years? 

o RQ 3.2: What research topics have increased/decreased in popularity  (hot and cold topics)? 

¶ RQ 4: the most active countries in SE: How do different countries rank in terms of number of contributed papers ? 

3.2 DATA SOURCE AND DATA EXTRACTION 

3.2.1 Selection of the publication database  

To identify  the list of all  SE papers, we had to select a suitable publication database. For systematic selection of such a 
database, by reviewing the related review studies (discussed in Section 3), we devised three important  selection criteria:  

1. The publication database should provide the highest quality and reliability in terms of coverage of the SE 
literature, i .e., including all the SE papers,  

2. The publication database should include the citation data for papers,  
3. The publication database should provide a convenient/usable interface to search and extract the citation data . 
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To find the candidate publication databa ses, we reviewed a large number of bibliometrics studies, in SE (e.g., [5, 6, 17, 21, 
22]), and fields other than SE (e.g., [36-39]). We short-listed the candidate publication databases as follows: DBLP 
(www.dblp.org ), Scopus (www.scopus.com), Web of Science (www.webofknowledge.com ) and Google Scholar 
(scholar.google.com). These databases are among the most popular databases that researchers regularly use in various 
bibliometrics studies. DBLP was not further considered, since it does include citation data. In Table 1, we discuss how the 
remaining three candidate publication databases rate in terms of the selection criteria discussed above.  

Table 2- Rating of the three candidate publication databases in terms of the three selection criteria  

Criteria  Publication databases  

Scopus Web of Science Google Scholar  

1-Quality and reliability in 

terms of coverage of the SE 

literature  

Since Scopus has the feature to search by 

Ɂ2ÖÜÙÊÌɯÕÈÔÌɂɯȹÝÌÕÜÌɯÕÈÔÌÚȺȮɯquality and 

reliability of search results in t erms of 

complete coverage can be achieved to a 

great extent. 

Given the nature of SE papers, 

quality and reliability of search 

results in terms of complete 

coverage cannot be guaranteed. 

Given the nature of SE papers, 

quality and reliability of search 

results in terms of complete 

coverage cannot be guaranteed. 

2-Including citation data  Yes Yes Yes 

3-Convenient/usable 

interface for searching and 

data extraction 

Allows saving the list of all extracted 

papers into CSV files. 

Only allows saving the list of 

extracted papers into CSV files on 

a page by page basis. 

Exporting the list of extracted 

papers to files is not automatically 

possible. 

We were not able to find any API 

for it.  

Regarding criterion #3, as we discuss in Table 1, Google Scholar became ineligible for our selection, since exporting the 
list of extracted papers to files is not automatically possible in a convenient manner (except that one has to write complex 
scripts), and we were not able to find any API for it. One can easily imagine that manual analysis of huge number of SE 
papers using Google Scholar would be very time consuming. Web of Science only allows saving the list of extracted 
papers into CSV files on a page by page basis, e.g., if the paper search results returns 100 pages of papers, exporting the 
data would be very tedious . Only Scopus allows saving the list of all extracted papers into CSV files. Thus, this is an 
advantage of Scopus over Web of Science. 

Regarding criterion #1, as we discuss in Table 1, Scopus scores better than Web of Science, since Scopus has the feature to 
search by òSource nameó (venue names). Thus, using Scopus, quality and reliability of paper search results in terms of 
complete coverage of the SE domain can be achieved to a great extent, i.e., as we discuss in the following, we included in 
the search query the phrase òsoftwareó in venue names which we found to be a suitable approach to ensure including 
almost all major SE journals and conferences in the search approach. Given the nature of SE papers, quality and reliability 
of search results in terms of complete coverage cannot be guaranteed using Web of Science, since searching by paper title 
having the phrase òsoftware engineeringó does not guarantee including all the SE papers as many SE paper do not 
explicitly include that phrase in their title, nor in the abstract, nor in the ke ywords . The first author actually experienced 
this challenge in a recent bibliometrics study [17] in which a bibliometric/geographic assessment of 40 years of SE 
research (1969-2009) was reported. All the major SE venues including the top SE conferences and journals, e.g., ICSE, 
ICSM, ICST, IEEE TSE, ACM TOSEM, were included in the results returned by Scopus when the search via source name 
including ôsoftwareõ was conducted. 

Regarding criterion #2, all three candidate publication databases includ e citation data  (i.e., the number of times a given 
paper has been cited). 

In conclusion, by summarizing the outcomes with respect to our three selection criteria, the Scopus publication database 
was chosen as the publication database from which the set of SE papers would be identified. A recent paper published in 
the Nature magazine, titled òThe top 100 papersó [30], which was discussed in Section 2, also used Scopus. There have 
been empirical studies, e.g., [36-39], which have compared the performance and coverage of Web of Science versus 
Scopus in several fields, e.g., social sciences. Some studies, e.g., [38], have found empirically that Scopus is better than 
Web of Science in certain aspects, e.g., òlarger coverage of titlesó [38]. 

3.2.2 Extraction of all SE papers from Scopus  

Having selected Scopus as the publication database to conduct the search for the SE papers, the next step was to actually 
conduct the search for those papers.  

http://www.dblp.org/
http://www.scopus.com/
http://www.webofknowledge.com/
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We found that, when conducting searches in Scopus, including the phrase òsoftwareó in òsource titleó (a term used in 
Scopus interface meaning the conference or journal  where a paper has been published) is a suitable approach to ensure 
targeting the entire SE literature with a high precision (coverage). By experimentation, we found that this approach is 
indeed quite reliable in terms of coverage of the SE literature and has been used in other disciplines as well [29-32, 40-53]. 
We should further  note that the same approach has showed to be effective and it has also been used in two other recent 
bibliometric studies by the first author of the current article: (1) in a recent bibliometric assessment [27] of the Turkish SE 
scholars and institutions by extracting the list of all SE papers which have originated from Turkey (authored or co -
authored by Turkish authors)  using the same approach, (2) in a recent bibliometric assessment to identify the top-100 
highly -cited papers in SE [28].  

In the Scopus search interface, we included the phrase òsoftwareó under òsource titleó as shown in Figure 1. The exact 
search query that was developed to extract all SE papers from Scopus is shown in Table 3 along with explan ations for 
each phrase in the query. We conducted several rounds of iterative review and excluded unrelated venues (such as, 
Journal of Optimization Methods and Software ) and also non-English papers.  

We should also note that the data extraction phase of this study was conducted on Dec. 25, 2014. Even if the analysis was 
done at the end of 2014, as per our analysis, we found that it takes a while for the Scopus database engine to 
record/import all the data from other sources (it seems that there is some sort of a batch processing scheme in place).  
Thus, the data for 2014 were partial . Furthermore, the citations for papers in 2014 were relatively very low since they were 
either òIn Pressó or recently published. For instance, our analysis showed that the 2,443 papers (partial count as per the 
Scopus approach discussed above) published in 2014 had 203 citations, while  for 6,403 papers published in 2013, there 
were 3,365 citations. Due to the partial situation of the 2014 dataset, we decided to not include th e 2014 papers altogether 
in our dataset and used 2013 as the last publication year.  

Table 3-The search query that was developed to extract SE papers from Scopus  

Search query: Explanations:  
(SRCTITLE (software ))AND  Only venues ÞÐÛÏɯÛÏÌɯɁÚÖÍÛÞÈÙÌɂɯ×ÏÙÈÚÌ 
(LIMIT - TO (SUBJAREA , "COMP" ))AND  Only the sub-ÈÙÌÈɯÖÍɯɁ"ÖÔ×ÜÛÌÙɯ2ÊÐÌÕÊÌɂ 
(EXCLUDE (EXACTSRCTITLE , "Advances in Engineering Software" ))AND  Excluding this particular journal  
(EXCLUDE (EXACTSRCTITLE , "Optimization Methods and Software" ))AND  Excluding this particular journal  
(EXCLUDE (EXACTSRCTITLE , "Environmental Modelling and Software" ))AND  Excluding this particular journal  
(EXCLUDE (SUBJAREA , "ENVI"))AND  Excluding t he sub-area of environmental science 
(EXCLUDE (EXACTSRCTITLE , "ACM Transactions on Mathematical 

Software")OR  
Excluding this particular journal  

EXCLUDE (EXACTSRCTITLE , "Journal of Statistical Software" ))AND  Excluding this particular journal  
( LIMIT - TO (LANGUAGE , " English " ) )   Only including papers written in English  
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Figure 1- Two screenshots showing the method used to identify  the top papers  in the Scopus publication database  
(www.scopus.com ) 

As a result of applying the above approach, we had an initial dataset of 69,540 papers. Obviously, all the major SE venues 
including the top SE conferences and journals such as ICSE, ICSM, ICST, IEEE TSE, ACM TOSEM, were included in the 
results returned by Scopus since all the names include the word ôsoftwareõ. 

Furthermore, we were also aware that a number of SE-related venues do not have the term ôsoftwareõ in their titles, such 
as the following ones:  

¶ Venues on requirements engineering: Springer Journal on Requirements Engineering and the International 
Requirements Engineering Conference (RE) 

¶ Venues including the "Formal Methods" phrase: Formal Methods in System Design (journal), and the 
International Symposium on Formal Methods (FM)  

¶ International Conference on Program Comprehension (ICPC) 

¶ Working Conference on Reverse Engineering (WCRE) 

¶ International Conference on Model -Driven Engineering Languages and Systems (MoDELS) 

¶ International Conference Technology of Object-Oriented Languages and Systems (TOOLS)  

¶ European Conference on Object-Oriented Programming (ECOOP)  

¶ Object-Oriented Programming, Systems, Languages & Applications (OOPSLA)   

We should mention that, a t some point, the line between SE and other related disciplines such as the programmi ng 
language community often seems ògrayó. Thus, for the purpose of this study, we had to draw the border somewhere. As 
we have listed in the above additional list of venues not including the term ôsoftwareõ, we included those that have a 
focus on object-oriented concepts and thus related to the design phase of SE.  

We conducted searches for the above venues separately (in the first week of May 2015), and as a result, 3,240 additional 
papers were found and added to the pool.  As an example, Figure 2 shows the query used to extract the list of papers 
published in the proceedings of the Conference on Object-Oriented Programming, Systems, Languages and Applications 
(OOPSLA). 

http://www.scopus.com/
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Figure 2-Screenshot showing the query used to identify  papers published in the proceedings of the Conference on 
Object -Oriented P rogramming, Systems, Languages and  Applications (OOPSLA)   

We should add that Scopus stores the following 12 document (resource) types: article, article in press, book, book chapter, 
conference paper, conference review, editorial , erratum, letter, note, review and short survey. We only wanted to include 
scientific papers, thus we included records of the following types only: articles, articles in press, book chapters, conference 
papers and review papers (e.g., survey and systematic review papers), and excluded the rest. 

Once we had the pool of papers, we reviewed the records to ensure its integrity, e.g., not having dupl icate records of a 
given paper. It was somewhat surprising that data exported from Scopus had some duplicates. We cleaned up the dataset 
and after applying all the above steps, the final paper pool was finalized with 71,668 papers. To ensure transparency and 
replicability of our analysis, and also to enable other researchers to conducted other types of analyses, the entire raw 
dataset for all the papers is available as an Excel file which can be downloaded online [19]. 

4 RESULTS 

4.1 RQ 1: ANNUAL VOLUME OF PAPERS OVER YEARS 

In terms of the growth of the SE literature, Figure 3 shows the number of SE papers included in Scopus by their 
publication year. The earliest publication year was 1972 from which 29 papers were included in Scopus. The annual 
number of papers have grown and reached 6,317 papers in 2013. A major growth after year 2004 is visible.  
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Figure 3- Number of SE papers included in Scopus by their publication year  

4.2 RQ 2: CITATION ANALYSIS  

4.2.1 RQ 2.1: Citation landscape  

Citations are crucial in any research to position the work and to build on the work of others. A high citation count is 
usually considered an indication of the influence and impact of a given paper  [41].  

Based on the data extracted from Scopus, Figure 4 shows an overview of the SE citation landscape as a scatter plot of all 
the papersõ citation counts versus publication years, along with the corresponding box-plot s (in top and right side of 
Figure 4). Note that there are 71,668 points on this scatter plot, corresponding to all papers in the pool.  

 

Figure 4- Scatter plot of cita tion counts versus publication years of all the SE papers (also including box-plot s). 

The cross black points in the two box-plot s in the top (for publication years) and the right side of the chart (for citation 
values) are ôoutliersõ and, as the two box-plots depict, the data in both X and Y axes are somewhat (for the case of 
publication years) to extremely skewed (for the case of number of citations). This denotes that, for the case of publication 
years, most of the papers have been published in later years. For instance, %81.8 of the papers were published in the last 
15 years (2000-2014), while the remaining %18.2 were published in the first 28 years (1968-1999). This shows that the 
volume of SE papers is experiencing a major growth lately. Note that the r ight box-plot in Figure 4 is hidden under the 
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numerous outlier points since there are many of such points. Let us recall that, as per notational rules of box -plots, a box-
plot shows 25%-75% quartile of data in a ôboxõ notation and that quartile is quite tiny in th e case of the right box -plot in 
Figure 4, since half of the citation values are simply zero and other are quite small, as discussed next. 

Out of all the 71,668 SE papers in the pool indexed in the Scopus publication database, 30,958 papers (~43% of the pool) 
had no citations at all, 10,095 papers (~14% of the pool) had only one citation . In total, 30,615 papers (~43% of the pool) 
had received more than one citation. The sum of all the citation numbers is 448,050. Thus, the average citation value is 

6.82 per paper. The highest cited paper was cited 1,817 times (to be discussed in further detail in Section 4.2.2). Figure 5 

shows the histogram of the citation data for all the SE papers. 

  

Figure 5- Histogram of citation data for all the SE papers included in Scopus  

Focusing on the issue of inequality in citation distributions , there are many studies in the scientometrics and bibliometrics 
literature, from as early as in the 1960õs, e.g., [54-58]. In a classical book titled òLittle Science, Big Scienceó and written in 
1963 [54], the author observed that only about six percent of publishing scientists produce one -half of all papers 
published.  Allison and Stewart [55] demonstrated that counts of citations to scientists' work are even more unequally 
distribute d than counts of publications.  

More recently, a 2014 paper [58] adopted the well -known Gini in dex, from the economy literature, to quantitatively 
measure inequality in academic in stitutions and science journals. The study showed a universal nature of academic 
inequalities in terms of citations.  In economy and social sciences, the Gini coefficient (also known as the Gini index or Gini 
ratio) is a measure of statistical dispersion intended to represent the income distribution of a nation's residents, and is t he 
most commonly used measure of inequality.   

While we showed an initial view of the citation inequality in the SE literature in the histogram of Figure 5, it would be 
interesting to explore this issue in further depth in future studies  by adopting rigorous ap proaches from the 
scientometrics literature , e.g., [54-58].  

4.2.2 RQ 2.2: Highest -cited papers 

This RQ was the main RQ of another recent bibliometric study in which the first author was involved in [28]. We thus do 
not intend to duplicate those results here, but only would like to report brief results to establish the linkage between the 
two studies  and to invite the reader to review that paper [28] for in -depth analyses of highest-cited papers in SE.  

To identify the highest -cited papers, we used two metrics: absolute numbers of citations and the average annual number 

of citations to a given paper, since its publication year until 2014. The latter metric normalizes the effect of publication 

year (age) on the total numbers of citations and has been used in many bibliometrics studies. The top five papers using 
each of the two metrics are shown in Table 4 and Table 5. For the list of top -100 papers and more comprehensive 
discussions, refer to [28]. 

Two of the top five papers appear in both rankings. We can see that both old and new papers are appearing in the top 
lists, e.g., the paper titled òComplexity measureó from 1976 and òGuidelines for conducting and reporting case study researchó 
from 2009. 

Table 4- Top-five papers based on total number of citations  
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Rank Paper title  Publication year  Times cited  

1 A metrics suite for object-oriented design 1994 1,817 

2 QoS-aware middleware for Web services composition  2004 1,696 

3 The model checker SPIN 1997 1,669 

4 Complexity measure 1976 1,304 

5 Graph drawing by force -directed placement 1991 1,162 

Table 5- Top-five papers based on average annual number of citations  

Ra

nk  
Paper title  

Publicatio

n year 

Average 

citations  

Total 

citations  

1 QoS-aware middleware for Web services composition  2004 154.2 1,696 

2 
CloudSim: A toolkit for modeling and simulation of cloud computing environments and 

evaluation of resource provisioning algorithms  
2011 92.8 371 

3 The model checker SPIN 1997 92.7 1,669 

4 A Metrics suite for object oriented design  1994 86.5 1,817 

5 Guidelines for conducting and reporting case study research in software engineering  2009 65.3 392 

Identification and classification of highly -cited papers are common and are regularly reported in various disciplines, e.g., 

biology, medicine, ecology, and social sciences. More recently, the cover story of the October 2014 issue of the prestigious 

Nature magazine was òThe top 100 papersó [30] which ranked the top-100 papers of all areas of science. The study reported 
that only 14,499 papers out of 58 million items indexed in  the Thomson Reuterõs Web of Science have more than 1,000 
citations. The top three papers identified in [30] were cited 305,148; 213,005 and 155,530 times and all three were 
òbiological lab techniquesó. 

4.2.3 RQ 2.3: Volume and citation s tatistics for  different publication types 

As discussed in Section 3.2, Scopus stores the following 12 document (resource) types in its database: article, article in 
press, book, book chapter, conference paper, conference review, editorial , erratum, letter, note, review and short survey. 
We only wanted to include scientific papers, thus we included records of the following five types only: articles, articles in  
press, book chapters, conference papers and review papers (e.g., survey and systematic review papers), and excluded the 
records of the other types. 

We calculated six types of statistics for different documents types, as shown in Table 6. In terms of the ratio of the papers, 
journal and conferences papers, by covering 31.4% and 66.0% of the pool, are in the majority. In terms average number of 
citations per document type, review papers (e.g., surveys and systematic reviews) and journal articles, with averages of 
18.4 and 12.6, are the top two. Thus, it seems that, as one would expect, review papers are quite popular and receive 
relatively high citations  compared to all other paper types.  

In terms of median citation values, only journal and review articles have non-zero values, denoting that for the other 
types, the data is highly skewed towards zero.  In term of % of documents with no citations, about 61% of book chapters 
and 55% of conference papers have not received any citations. Understandably, a high ratio of articles in press also have 
no citations.  

Table 6- Volume and citation s tatistics by document types  

Statistics  

Document types  

Article  Article in 

press 

Book chapter  Conference 

paper 

Review  

Total # in the pool 22,523 214 985 47,275 671 

% of the pool 31.4% 0.3% 1.4% 66.0% 0.9% 

Times cited (average) 12.6 0.3 2.5 3.6 18.4 

Times cited (median) 2 0 0 0 4 

% with no citations  33.2% 59.3% 61.3% 54.8% 27.7% 

% with at least one citation 66.8% 40.7% 38.7% 45.2% 72.3% 
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4.2.4 RQ 2.4: Annual analysis of citations  

Figure 6 shows the annual number of papers and citations to papers published in different years. Both yearly and also 
cumulative values ar e shown. The citations to more recent papers (after 2008) are in a decreasing order, since as it is well 
known, more time is needed for the recent papers to get enough exposure and thus citations. 

 

 

Figure 6- Annual number of pap ers and citations (top: yearly values, bottom: cumulative trend)  

Next, we wanted to know how different are the number of citations to papers published in different years. Figure 7 shows 
the trend of average citations to papers in different years, which is essentially the result of division of the values in Figure 
6. Also, a scatterplot of all the individual data points is shown.  

In the first glance, the trend of Figure 7 looks like the òhype cycleó (the trend form of which has been shown in Figure 7 as 
well). However, as discussed next, we do not think the SE literature, as a whole, has such a characteristics. By a closer 
analysis of the papers published in earlier years of 1975-77 where a high peak is visible, we found that relatively small 
number of papers were published in those years but there have been quite influential in the area, and thus have received 
relatively high citations, which have led to high  average values seen in Figure 7. The citations to more recent papers (after 
2005) are quite low, since as it is well known, again, more time is needed for recent papers to get enough exposure. 
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Figure 7- Citations to papers published in different years (the top -right figure has been taken from: 
en.wikipedia.org/wiki/Hype_cycle ) 

4.2.5 RQ 2.5: Volume of and citations  for  papers in different SE sub -areas 

Our dataset (which is also available online [19]) is quite rich since, in addition to the analyses conducted above, it enables 
other types of analyses too. As the next analysis (to address RQ 2.5), we grouped papers by different SE sub-areas. To do 
this, our approach was to calculate the volume of papers in five representative SE sub-areas by searching in the paper 
titles. The five sub-areas are: ôrequirementõ, ôtestõ, ômaintenanceõ, ôverificationõ and ôvalidationõ. We additionally included 
V&V to complement the testing sub -area. Figure 8 shows the trends. We should note that of course, there are limitations 
to this simple textual analysis and phrases with similar meanings to a topic have not been included, e.g., ôprogram 
comprehensionõ which is a topic under ômaintenanceõ have not been included. Recently after year 2004, there has been a 
major increase in the number of papers on testing compared to research focus on maintenance. 

 

 

Figure 8- Top: Annual trends for n umber of papers with four different phrases in their titles . Bottom: Annual ratios of 
papers in four different sub -areas in the entire pool  
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As the next analysis, since we had the citation data as well, we calculated the average number of citations to papers with 
ôrequirementõ, ôtestõ and ômaintenanceõ in their titles and the results are shown in Figure 9. As we can see, the trends in 
early years (from 1970-1990) for all three series were quite similar. Quite an abnormal situation occurs around years 1990-
1992, in which a sudden increase in average number of citations to papers occurs. The trends in years after 1995 to date 
are quite similar among all three series, however, citations to testing papers are slightly higher than the other two.  

 

Figure 9- Average number of citations to papers with ôrequirementõ, ôtestõ and ômaintenanceõ in their titles  

4.3 RQ 3: TOPICS AND THEMATIC ANALYSIS  

To address RQ 3, we conducted two types of topics and thematic analysis: (1) by word cloud visualization of paper title s 
in different decades, and (2) topics analysis based on text-mining , which we report next.  

4.3.1 RQ 3.1: Focus areas of the papers through each decade 

Research trends of every field change by time. We used word cloud analyses to see how the focus areas of SE papers have 
been changing by time. Figure 10 shows the word cloud of subsets of paper titles, grouped by the decades of their 
publications years, e.g., 1980-1989. An online tool named Wordle (www.wordle.net ) was used to generate these word 
clouds. For brevity, common words such as òsoftwareó, òusingó and òofó have been removed. As we can see, in earlier 
decades, e.g., 1970õs, phrases such as òprogramó and òimplementationó were the most common, while the focus areas 
have shifted to topics such as òanalysisó and òdesignó in 1980õs, to òprocessó and òengineeringó in 1990õs, and to different 
topics such as òmodeló, òtestingó and òwebó in 2000õs and afterwards.  
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Figure 10- Focus areas of SE papers in each decade 

4.3.2 RQ 3.2: Topics analysis based on text-mining  

We conducted a systematic trend analysis of SE research topics with text mining. More specifically , we used topic 
modeling and Latent D irichlet Allocation (LDA)  [18]. Topic models are statistical models for discovering abstract topics 
that appear in a collection of documents. Our approach is a partial reproduction  to the one by Griffiths and Steyvers  [18] 
who used it to discover scientific topics appearing in the papers in the Proceedings of the US National Academy of 
Sciences (PNAS). We used the R statistical analysis program and utilized the R  scripts provided by Ponweiser [59] who 
performed an exact replication of the work by Griffiths and Steyvers . 

The automated thematic analysis of the SE research literature has been done in the past by Coulter  et al. [16] who in their 
1998 paper used co-word analysis and relied on the fixed set terms from ACMõs taxonomy. Co-word analysis is  an older 
method in scientometrics and has lost its popularity to LDA  as it cannot handle synonym terms very well for example . 
Recent, studies also suggest that LDA produces better results [60, 61]. In our approach , we first created a document term 
matrix using the package ôtmõ of the R tool-set by issuing the following command:  

¶ dtm = DocumentTermMatrix(corpus, control = list(tolower=TRUE, stopwords = TRUE, stemming = 

TRUE,minwordLength = 3, removeNumbers = TRUE, removePunctuation = TRUE,bounds = list(global = 

c(5,Inf)) )) ó 






















