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Abstract
The order in which authors of a scientific paper place their names on the byline follows in 
many research fields some implicit rules. In most fields, the first author is considered to be 
the one who contributed most to the intellectual effort described in the paper. Additionally, 
the last author is normally the most senior researcher and in many situations the contribu‑
tion to the paper is more indirect. In this manuscript, we intend to analyse the evolution 
of the positions of computer science (CS) researchers on the bylines of scientific papers 
throughout their careers. In particular, this bibliometic study considers the Association for 
Computing Machinery (ACM) Fellows (the most prestigious members) that present a long 
and rich publication record. Our hypothesis is that young CS authors tend to have their 
names placed in the first positions of the bylines, while senior CS researchers are often 
considered as last authors. Several statistical analyses were conducted by using biblometric 
data collected from ACM Fellows and other CS researchers. Overall, the obtained results 
do confirm our initial hypothesis.

Keywords  Bibliometrics · Scientific authorship · Authors order · Scholarly publication

Introduction

The strong pressure faced by researchers in order to publish scientific papers (known as the 
“publish or perish” dilemma) implies some practical and ethical issues related to author‑
ship (Abt, 1981; Bennett and Taylor, 2003; Solomon, 2009). In fact, many dimensions of a 
researcher career, such as funding, professional promotions, tenure, prestige, and collegial 
respect, are strongly dependent on the number and quality of the scientific publications. 
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This paper focuses on a particular relevant authorship issue that is related with the posi‑
tions of the authors names on the bylines, which may influence the assumptions that read‑
ers make about the exact author contributions to the research (Maciejovsky et  al., 2008; 
Fox et al., 2018).

Different research fields tend to follow their own implicit rules to establish the order 
in which authors of a scientific paper place their names on the byline. In a small number 
of fields (e.g., Economics, Mathematics, and Business, Management and Accounting), the 
order is highly alphabetical (Henriksen, 2019; Fernandes and Cortez, 2020). In the sci‑
entific areas where authors are not listed alphabetically, which corresponds to most cases 
(Fernandes and Cortez, 2020), common field practices are often applied. For instance, in 
the biomedical sciences, the order of the authors reflects the role they play in the process of 
writing the articles (Marschke et al., 2018).

Several authors argue that only the first and last authors have a more general accepted 
meaning across different research fields (Reisenberg and Lundberg, 1990; Rennie et  al., 
1997; Kennedy, 2003; Wren et al., 2007). The advantage of being the first author of a sci‑
entific paper is a well-studied question (Engers et al., 1999; Krasnova et al., 2012; Acker‑
man and Brânzei, 2017). The first author (of a non-alphabetically ordered paper) is usually 
considered to be the one who has taken the initiative and responsibility for the research 
and has developed most of the work. Often, the first author is considered to be the one 
who contributed most to the intellectual effort described in the paper. While it is generally 
agreed that the first author is the primary contributor for the work, the last one is usually 
the principal investigator, who supported the work. If the first author is a student or a sub‑
ordinate scientist, then the last author is traditionally her/his supervisor or mentor. Indeed, 
the last author is often the most senior researcher and in many situations the direct contri‑
bution to the paper is not minimal but of a different type (Buehring et al., 2007; Kosmul‑
ski, 2012). There are other implicit authorship rules in some scientific areas. For instance, 
Zuckerman (1968) uses the term “noblesse oblige” to indicate that Nobel laureates allow 
their co-authors to be the first ones, even when their own contributions is higher than the 
other co-authors’.

This manuscript aims to analyse the evolution of the positions of researchers on the 
bylines of scientific papers throughout their careers. We consider researchers from the spe‑
cific field of computer science (CS) and that present a long and rich publication record. Our 
hypothesis, as an implicit rule in this field, is that more junior authors tend to have their 
names placed firstly (thus in the “left” of the bylines), while senior researchers are often 
placed lastly (in the “right” side of the bylines). This hypothesis is rooted in two assump‑
tions: (1) CS researchers tend to reduce their time to truly perform scientific work as they 
advance in their careers, devoting more of their attention to managerial duties and roles; 
(2) first positions on the byline of a CS paper are typically occupied by the researchers 
who made more intellectual contribution, while the last ones are occupied either by those 
who made the smallest contributions or by the most senior researchers. It should be noted 
that Association for Computing Machinery (ACM) is the world’s largest scientific CS soci‑
ety, supporting directly several top tier journals and conferences and known prizes (e.g., 
ACM Turing Award). Moreover, ACM Fellows are considered as career awards, given that 
they are related to a small and special selection of top 1% ACM members that produced 
outstanding contributions to the CS field. Thus, most of these researchers should have a 
strong scientific merit. Using the collect ACM Fellows data, we then performed several 
statistical analyses to check if our hypothesis is valid, which include the calculation of an 
author position index (API) and diverse data distribution graphs. The obtained results were 
complemented by considering similar analyses over another dataset with a random and 
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larger selection of CS researchers. Overall, both ACM Fellows and generic CS researchers 
exhibit similar author placement patterns.

The paper is organized as follows. “Related work” section describes the state of the art. 
Then, the adopted research methodology is presented (“Methodology” Section). Next, the 
obtained results are presented and analysed (“Results” section). Finally, limitations are dis‑
cussed in “Limitations” section and conclusions and future work are presented in “Conclu‑
sions” section.

Related work

The decision on the order of the authors of a scholarly publication can follow several 
approaches, as indicated by Peidu (2019): 

1.	 Amount of contribution;
2.	 Alphabetical order;
3.	 Multiple first author or multiple last author;
4.	 Seniority or reverse seniority;
5.	 Raffling or lottery system; and
6.	 Negotiation or mutual understanding.

The choice of the approach is strongly dependent on the common practices of the research 
field . A small number of scientific fields, such as Economics and Mathematics, adopt 
mostly the alphabetical order (Fernandes and Cortez, 2020). However, other scientific 
communities follow distinct implicit rules. In the particular analysed CS field, the first 
author of a multi-authored paper is often considered to be the most important contributor. 
Similarly, the last position tends to be used for the most senior, older or most prestigious 
author. Despite this perception, comprehensive studies on the authors order in CS are not 
abundant. We next describe some related works that address the authors order in different 
fields, aiming to provide an overall perspective on how distinct bibliometric researchers 
address this topic.

Liang et al. (2004) analysed three Chinese universities, aiming to study the fraction of 
co-authored publications where the graduate student’s name precedes that of the supervi‑
sor’s (the g-ratio concept). They found that the doctoral g-ratios of all three universities are 
as high as 80%, which reflects a regular structure of the scientific collaboration between 
doctoral candidates and their supervisors. They have also shown that in general master stu‑
dents g-ratios are smaller than doctoral level g-ratios.

In another study, Moore and Griffin (2006) analysed the factors that affect the placement 
of names in co-authored publications in education-related journals. The obtained results 
indicate that both contribution amount and idea origination were typically used to deter‑
mine name placement, but authorship credit was also assigned based upon criteria like sen‑
iority and assistance to colleagues. More recently, Costas and Bordons (2011) presented a 
study that analysed the order of authorship for more than 1000 permanent Spanish scien‑
tists from three scientific fields (Biology and Biomedicine, Materials Science, and Natural 
Resources). They have shown that there is a trend for younger researchers to appear in the 
first position, while more senior ones are more likely to sign in the last position. Although 
these two articles have objectives that are similar to our work, they are related with differ‑
ent scientific fields and thus cannot be transposed to CS.



	 Scientometrics

1 3

In another bibliometric research, Liu and Fang (2014) examined the authorship prefer‑
ences of scientific group leaders for seven research fields and eleven geographic locations. 
In Mathematics and “Physics, Particles & Fields”, the typical rule is for authors to be listed 
alphabetically. However, scientific group leaders from Egypt and Shanghai usually list their 
names either first or last in the byline, the same as group leaders in other research fields. 
Senior authors from Egypt often appear as the first authors, a pattern that is not observed to 
the group leaders from other locations.

Cabanac et  al. (2015) presented an analysis of the publication records of 3860 CS 
researchers with the objective of studying the evolution patterns of their co-authorships. 
Their contribution is however different from ours, since they are focused in the authorship 
collaborations (i.e., their co-authors) that those researchers have established.

Abramo et al. (2016) explored the relationships among research performance, age, and 
seniority of full professors in Italy. They analysed a 5-year period (2006–2010), using per‑
formance indicators that take into account the positions of the names of those professors 
on the papers bylines, for eleven fields (they disregarded the ones where the practice is to 
place the authors in alphabetical order).

Another interesting study, also based on data obtained from the DBLP service, but lim‑
ited to USA and Canada, is presented by Way et  al. (2017). They show evidences of a 
gradual shift toward last-authorship position, with the relative first/last proportion reaching 
stability around the 8th year. Faculty members at the top institutions have their average 
proportion of last-author papers significantly higher than those of other faculty, which con‑
firms the idea that professors at elite institutions tend to begin working with students earlier 
and have larger or more productive research groups.

The related works are summarized in Table 1, which assumes a chronological order and 
the following characterizing columns: Geogr—the researchers geographic location region; 
Fields—the analysed scientific fields; Source—the bibliographic data source; Period—the 
time period of analysis of the publications; Authors—the number of considered research‑
ers; and Pubs—the number (in thousands) of analysed publications. The last row of Table 1 
positions our research, showing that we consider a wider research geographic region (the 

Table 1   Summary of the related work

a Geography locations of the analysed researchers (11 c.—11 countries).
b Analysed research fields, in terms of number of fields or specific field (Edu.—Education; CS Computer 
Science).
c Bibliographic source (CDDB Chinese Dissertation Document Bibliography Database; CSCD Chinese Sci‑
ence Citation Database; WoS Web of Science)
d Pairs of authors (student/supervisor) n.d non disclosed

Study Geogra Fieldsb Sourcec Period Authors Pubs ( 103)

Liang et al. (2004) China 32 CDDB+CSCD 1989–1998 14,953d 13
Moore and Griffin (2006) USA Edu. n.a. n.d. 60 n.d
Costas and Bordons (2011) Spain 3 WoS 1994–2004 1064 25
Liu and Fang (2014) 11 c. 7 WoS 2002–2011 n.d. 275
Abramo et al. (2016) Italy 11 WoS 2006–2010 11,989 n.d.
Way et al. (2017) USA+Canada CS DBLP 1970–2011 2453 200
This work World CS DBLP 1953–2021 636 161

1956–2021 18,649 2432
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entire world), a larger data collection period and also a larger number of authors and publi‑
cations (in particular for the CS Others dataset, “Bibliometric data” Section).

Moreover, there is only one work that targets the specific CS domain (Way et al., 2017), 
although with a narrower geography coverage and time span. Furthermore, it should be 
noted that previous works only consider first and last author positions (e.g., Costas and 
Bordons, 2011; Way et al., 2017). Thus, our work is the only one that uses a numeric indi‑
cator (the Author Position Index) that measures how close an author name is to the begin‑
ning or to the end of a list of authors. This is an important aspect, since, contrarily to 
the widely adopted binary indicator (first or last), it provides a better measurement of the 
ordering level that was adopted by the authors.

Methodology

Research goal

The research approach we have used in our study is the Goal, Question, Metric (GQM) 
methodology (Basili, 1992). Following the GQM goal template, the goal of this research 
work is to study the authorship positions of CS researchers throughout their careers. To 
tackle this goal, the main research question (RQ) is the following:

Is there a tendency for CS researchers, as their careers advance, to move their names 
on the paper bylines from the first (leftmost) positions to the last (rightmost) ones?

Bibliometric data

This bibliometric study aims to perform a comprehensive analysis of the evolution of the 
positions occupied by senior CS researchers throughout their careers. In this manuscript, 
the initial list of potential senior authors includes those that are ACM Fellows. The Asso‑
ciation for Computing Machinery (ACM), founded in 1947, is the world’s largest scien‑
tific and educational computing society (https://​www.​acm.​org). The ACM Fellow title, 
established in 1994, is the most prestigious member grade and recognizes the top 1% of its 
members for their outstanding accomplishments in the computing field or outstanding ser‑
vice to ACM and the computing community. A candidate for Fellow must have at least five 
years of professional membership within the last 10 years. As of September 2020, the list 
of ACM Fellows (http://​awards.​acm.​org/​fello​ws/​award-​winne​rs) contains a total of 1221 
members that received the award from 1994 until 2020. We adopt this list in this paper, 
since it provides a valuable set of researchers that obtained a world-class scientific level in 
the CS field.

Based on the list of all ACM Fellows, the next step was to obtain their list of scientific 
publications. For this purposes, we adopted the DBLP website (Ley, 2009), since it is spe‑
cifically devoted to bibliographic information on a vast list of CS journals and conference 
proceedings. Other studies (e.g., Elmacioglu and Lee, 2005; Fernandes, 2014; Fernandes 
and Monteiro, 2017; Kim, 2018) have also used DBLP to obtain bibliographic data. DBLP 
can be interfaced by automatic mechanisms, which eases the retrieval process. The bulk 
of the data for the study was obtained on November 21, 2020, by downloading from the 
DBLP database all (160,955) publication entries associated with 929 ACM Fellow profiles.

https://www.acm.org
http://awards.acm.org/fellows/award-winners
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For each exact name in the ACM Fellows list, a search query with that name was sent to 
the DBLP server through its public application programming (API) interface (https://​dblp.​
org/​search/​author/​api). Each query string was pre-processed in order to comply with the 
DBLP formats. For example, the publications of ACM Fellow Albert R. Meyer, which is 
listed in the ACM list as “Meyer, Albert R”, can be retrieved if the query uses the substring 
“Meyer$+Albert+R” for the identification of the author. The complete URL to query the 
DBLP API server for this particular example is: https://​dblp.​org/​search/​author/​api?q=​
“Meyer​$+​Albert+​R”&​format=​xml. The server responds with an XML file with a list of 
the matching DBLP authors. When the number of returned authors is either 0 or greater 
than 1, the author is ignored. During our data collection procedure, 292 ACM fellows were 
in this situation. For the remaining 929 cases, exactly one author was returned. In those 
cases, the retrieved XML content was further processed to obtain the DBLP id and the cor‑
responding URL for that author. For Albert R.  Meyer, the URL is the following: https://​
dblp.​org/​pid/m/​ARMey​er. To download the Bibtex file with all the DBLP publications of 
Albert R.  Meyer the following URL was used: https://​dblp.​org/​pid/m/​ARMey​er.​bib. This 
process was automated with an R script, allowing to fetch all ACM Fellows Bibtex/XML 
files, which were saved into a local server.

The collected Bibtex files were then manually edited to allow the parsing mechanism to 
use one unique name. We identified a few cases where an author has used throughout her/
his career two or more different name versions in the DBLP papers (e.g., John A. Stanko‑
vic and Jack A. Stankovic; Paramvir Bahl and Victor Bahl; Rodney G. Downey and Rod 
Downey; Marilyn Wolf, Marilyn Claire Wolf, Wayne H. Wolf, and Wayne Hendrix Wolf). 
Thus, we reviewed manually these cases in order to produce a unique name identifier for all 
papers of the same author.

In order to include a minimum research career time span and amount of publications, 
the collected DBLP data was further filtered by considering all papers for each ACM Fel‑
low that: (1) has at least 20 years of publication (when comparing his first and last DBLP 
publications); and (2) has an average of two or more papers per year when considering only 
papers that have at least two authors. The resulting dataset includes a total of 131,041 pub‑
lications (authored by two or more researchers), for a total of 636 ACM Fellows. Table 2 
presents the bibliometric data attributes that were considered and grouped in terms of two 
main items: publications and authors.

Our approach to identify senior researchers has some similar aspects to the one followed 
by Cabanac et  al. (2015). They also obtained their data from the DBLP service, which 
contains 3860 researchers who published at least 15 papers in CS conferences and journals, 

Table 2   Adopted bibliometric data attributes for the ACM Fellows dataset

Context Attribute Description

Publication A ACM Fellow unique identification (e.g., “A0001”, “A0009”)
Y Publication year (1953 to 2021)
R Research experience of A (in years, from 1 to 60)
N The total number of publication authors ( N ∈ {2, 3, ..., 124})
P Position of A in the publication: from 1 (first author) to N

Author F Year in which the ACM Fellow title was granted (1994 to 2019)
G Generation of the ACM Fellow ({1950,1960,...,2000})

https://dblp.org/search/author/api
https://dblp.org/search/author/api
https://dblp.org/search/author/api?q=%e2%80%9cMeyer%24+Albert+R%e2%80%9d&format=xml
https://dblp.org/search/author/api?q=%e2%80%9cMeyer%24+Albert+R%e2%80%9d&format=xml
https://dblp.org/pid/m/ARMeyer
https://dblp.org/pid/m/ARMeyer
https://dblp.org/pid/m/ARMeyer.bib
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provided that they started publishing in the period 1980–1985, and were still active from 
2005 onward. So, they also considered CS authors with at least 20 years of publication.

We highlight that the ACM Fellows dataset bibliometric dataset includes only publica‑
tions that have two or more authors, since these are the ones where the analysis of author‑
ship position makes sense. Nevertheless, the research experience attribute is computed as 
R = Y − Yf + 1 , where Yf  denotes the year in which the first DBLP paper was published 
(regardless of how many authors appear in such paper). We further note that in this paper, 
the research experience (R, in years) is used as a reasonable measure of seniority (the 
higher the value, the longer is the research career). Regarding the authors (total of 636 
unique A values), the year in which the ACM Fellow title was granted was retrieved from 
the ACM Fellows webpage. As for the generation attribute (G), it corresponds to the dec‑
ade in which the first DBLP paper is inserted ( Yf  ). The dataset includes the following gen‑
eration distribution of the 636 ACM Fellows: 1950—1; 1960—5; 1970—29; 1980—120; 
1990—179; 2000—302.

For comparison purposes, a second bibliometric dataset was retrieved from DBLP, 
termed here CS Others. It includes a random selection of 18,649 CS researchers that match 
the selection criteria (minimum of 20 years of publication record and average of two or 
more papers per year) and that are not ACM Fellows. The obtained dataset includes a 
total of 2,432,307 papers that were published from 1956 to 2021. For each publication, we 
stored the same publication context attributes shown in Table 2 (e.g., the research experi‑
ence R varies from 1 to 62). The contents of both datasets are available at http://​www.​
gcom.​di.​uminho.​pt/​pubs/​scim21.

Bibliometric statistics

In this study, we define the author position index (API), within the range [−1.0.. + 1.0] , and 
that expresses the position of an author’s name on the byline:

P denotes the position of author A in a publication p that has a total of N authors. The 
extreme values −1.0 and +1.0 indicate that the author name is in the first and last posi‑
tions of the byline, respectively. If the author is in a position closer to the first position than 
to the last one (in the leftmost part of the list), the resulting APIp value is negative (e.g., 
−0.5). Similarly, positions closer to the last position than to the first one (in the rightmost 
side of the list) are assigned with positive APIp values (e.g., +0,25). It should be noted that 
the APIp index is only computed for papers with two or more authors, which corresponds 
to our ACM Fellow DBLP dataset. For exemplification purposes, Table 3 presents all pos‑
sible APIp values for papers with N = 2 to N = 8 authors.

Several of the APIp analyses of  “Results” section assume their global evolution in terms 
of the research experience attribute (R) from Table  2. To simplify these analyses, this 
attribute assumes a total of 21 bins, corresponding to the first 20 years plus all other years 
(summed into the “ > 20 ” bin). To define a global APIp value (for a particular R bin), we 
adopt the common average and median statistics. In some graphical plots, the average point 
is complemented by its Student’s t-distribution 95% confidence interval. We also consider 
two main APIp aggregation methods: by publication (BP) and by author (BA). The BP 
method assumes all publications associated with a particular R bin. As for BA, it assumes 
a first computation of the average (or median) APIp value for all papers of author A for the 

(1)APIp =
2(P − 1)

N − 1
− 1

http://www.gcom.di.uminho.pt/pubs/scim21
http://www.gcom.di.uminho.pt/pubs/scim21
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particular R bin. Then, the computed values are aggregated by computing their average (or 
median) values for all A authors associated with the R bin.

Results

Using the R tool, we first computed the APIp scores for all 131,041 papers available in the 
ACM Fellows dataset. Then, we performed several aggregated analyses, which are shown 
here in terms of graphs.

Figure 1 shows the main statistical analysis, plotting in the y-axis the aggregated APIp 
scores (average and respective 95% confidence intervals; median) versus the years of 
research experience (in x-axis, R bin). It displays the result of two aggregation methods: BP 
(publication based, top graph) and BA (author based, bottom graph). The most important 
result is that both graphs and aggregation statistics (average and median) show the same 
growing trend evolution of the APIp scores as the research career proceeds. In effect, the 
more junior researchers ( R ≤ 5 ) present negative aggregated APIp scores, thus confirming 
that they tend to be positioned on the leftmost side of the author paper bylines. Then, there 
is mid-career phase ( 5 < R < 10 ), where authors obtain mostly zero APIp scores, denoting 
either a mid-paper byline position or an equal mixture of first and last paper authorships. 
Finally, there is a senior-career phase ( R ≥ 10 ) where both average and median curves 
move into more positive APIp values (the rightmost side of the bylines). In particular, the 
95% confidence interval whiskers confirms that the differences are significant (visible 
when two confidence intervals do not overlap) for the evolution of the average APIp values.

To compare how representative are ACM Fellows for the CS field, we have also com‑
puted the APIp scores for all 2,432,307 papers from the CS Others dataset. Figure  2 
presents the respective aggregated results, when considering the BP (top graph) and BA 
(bottom plot) methods. It should be noted that the CS Others dataset includes a larger 
number of researchers and papers when compared with the ACM Fellow data, thus the 
confidence intervals in Fig. 2 are naturally smaller when compared with Fig. 1. More 
importantly, the CS Others results exhibit the same generic pattern previously identi‑
fied for the ACM Fellows data. Indeed, for both BP and BA graphs, there is a consistent 
increase of the APIp scores when the years of research experience evolve. For instance, 
when using the BP aggregation method, the average APIp when R = 1 is − 0.21 for the 
ACM Fellows data and − 0.27 for the CS Others records. The same average increases to 
0.46 when R > 21 for the ACM Fellows and to 0.38 for the CS Others researchers. The 
dataset differences are rather small when considering the extreme R points: 0.06 points 

Table 3   Example of the Author 
Position Index ( API

p
 ) values

N P = 1 P = 2 P = 3 P = 4 P = 5 P = 6 P = 7 P = 8

2 −1 +1 – – – – – –
3 –1 0 +1 – – – – –
4 –1 −

1

3
+

1

3

+1 – – – –

5 –1 −
1

2

0 +
1

2

+1 – – –

6 –1 −
3

5
−

1

5
+

1

5
+

3

5

+1 – –

7 –1 −
2

3
−

1

3

0 +
1

3
+

2

3

+1 –

8 –1 −
5

7
−

3

7
−

1

7
+

1

7
+

3

7
+

5

7

+1
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when R = 1 and 0.08 points when R > 21 . Thus, these results confirm that both ACM 
Fellows and generic CS authors tend to move their names in the paper bylines through 
their careers in a similar way.

In Fig. 3, we detail the evolution of the average APIp scores for different generations 
of ACM Fellows (G). The decades of 1950 and 1960 were omitted in this analysis, since 
they correspond to a very small number of ACM Fellows (N = 6), thus with lack of statisti‑
cal robustness. Figure 3 shows that the previously identified global APIp score career pat‑
tern was followed by different generations of researchers, with all generation curves being 
aligned with a negative (e.g., R ≤ 5 ) to positive (e.g., R ≥ 10 ) average APIp career shift. 
An interesting pattern is related to the most recent generation ( G =2000), which contains 
more researchers ( N =302). For these researchers, while the general average APIp career 
increase is still visible, there is a higher variability for small R differences (e.g., there is 
a strong decrease from R =  1 to R = 2 and strong increase from R = 7 to R = 8), when 
compared with the previous generations. The identification of the correct explanation for 
this higher variability for the 2000 generation researchers authorship pattern would require 
data that we do not consider (e.g., analysis of the full researcher CVs) and thus is left for 
future work. Nevertheless, we hypothesise that it might be due to two factors. Firstly, sev‑
eral recent CS researchers work in companies, thus their contributions might be focused 
towards being more directly involved with research (when compared with academic schol‑
ars). Secondly, there is currently more collaboration among researchers, which might trans‑
late into a wider range of author paper roles. For instance, one researcher could act as the 
principal investigator of a given R&D project, while collaborating in another project man‑
aged by a colleague.

The aggregated ACM Fellows BP method results from Fig.  1 (top graph) are further 
inspected by performing a more fine-grained Beeswarm plot analysis (Fig. 4). When com‑
pared with other summarisation graphs, Beeswarm plots (also termed as violin scatter 
plots) have the advantage of providing an easily visualisation of the density of the data 
distributions in a single axis value (Kabacoff, 2020). In Fig. 4, a gray and black colour‑
ing is used to denote papers published before (gray, Fellow = “no”) and after (black, Fel‑
low = “yes”) receiving the ACM Fellow title. The graph shows a clear point density and 
darker color increase when moving from the bottom left (young researchers, more negative 
APIp scores) to the top right (senior researchers, more positive APIp scores). Thus, the fine-
grained results confirm our CS career authorship placement hypothesis.

The last two graphs in Fig. 5 complement Fig. 4 by better characterizing the first data‑
set in terms of the year when the ACM Fellow awards were granted. The left of Fig.  5 
presents the temporal (in years) of the time required for a CS researcher to become an 
ACM Fellow (measured from the year when R = 1 ). The right of Fig.  5 plots the total 
number of papers published within our dataset range (x-axis, from 1960 to 2020). This 
graph includes the evolution of two curves, papers published before (Fellow = “no”) and 
after (Fellow = “yes”) becoming ACM Fellow. The left plot shows that there is a general 
decrease, with more recent CS researchers requiring less time to obtain the ACM Fellow‑
ship. As for the right graph, it is a natural consequence of our data collection method, all 
researchers are ACM Fellows and thus the number of papers published after receiving the 
award title becomes the majority at the end of our collection period (specifically, after the 
year of 2006). Finally, to better characterize the ACM Fellows dataset, Fig. 6 shows the 
evolution (the publication year, x-axis) of the distribution of the papers in terms of the 
total number of authors (N, y-axis). Similarly to what has been shown in Fernandes and 
Monteiro (2017), the plot confirms that there is a growth in the total number of CS paper 
authors through time.
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Limitations

While interesting results were achieved, some study limitations are here discussed. We 
only considered bibliometric data related with the DBLP publication database. While 
the DBLP database provides a strong coverage of CS publications, there might be inter‑
disciplinary papers, co-authored by CS authors, that are not listed there. Moreover, we 
only consider author placement data. As already discussed, a richer analysis could be 
achieved if other data sources were included, such as public researcher curriculum pro‑
files. Nevertheless, retrieving such data gives rise to additional challenges that are out of 
the scope of this research (e.g., handling unstructured texts or lack of standardisation of 
the research curricula).

Conclusions

This paper provides a systematic bibliometric study on the evolution of the positions of 
the names of computer science (CS) researchers throughout their publication careers. 
The researchers considered in this manuscript are 636 ACM Fellows, with publica‑
tion records that span for 20 years and with an average of two or more papers per year. 
The publication details were collected from the DBLP database, producing a total of 
131,041 author paper placement records. Using these records, we have held several sta‑
tistical analyses, based on a proposed author position index (API) and distinct aggrega‑
tion measures. For comparison purposes, we retrieved another dataset (CS Others) from 
the DBLP database and that includes 2,432,307 publications from 18,649 randomly 
selected researchers. The results confirm our hypothesis that CS authors tend to have 
their names more often placed at the leftmost positions on the bylines during the begin‑
ning of their careers and at the rightmost part at the end. Indeed, similar author place‑
ment results were obtained for both ACM Fellows and CS Others datasets.

The CS field as many specific bibliometric patterns, like for example, conferences 
being often the preferred venues for publication (Kim, 2019; Franceschet, 2011). Thus, 
it worth to analyse authorship placement specifically for this field, as conducted in this 
research. The particular proposed metric (API) allowed to confirm the initial hypothesis 
that junior CS authors tend to place their names in the first positions of the bylines, 
while senior ones normally assume the last positions. Thus, the API metric and associ‑
ated aggregation measures can be used as a reliable proxy for determining the level of 
seniority of CS researchers based on their publication record. These metrics could be 
potentially used to define specific research policies for junior or senior scholars. For 
instance, funding agencies or governmental bodies could discriminate positively junior 
researchers, when analysing research proposals.

In future work, we intend to approach bibliometric data related with researchers 
from other scientific fields, to check if similar findings can be found. It would also be 

Fig. 1   Evolution of the author position API
p
 index (y-axis) according to the number of years of research 

experience (R, in the x-axis) for the ACM Fellows dataset. Top graph shows aggregated values for all pub‑
lications (BP method), while bottom graph plots aggregated values for each researcher (BA method). The 
black line and circle points denote the average value and respective 95% confidence intervals. The gray line 
and diamond points represent the median values.)

▸



Scientometrics	

1 3



	 Scientometrics

1 3

interesting to analyse more career details, such as curricula or citations, to further clar‑
ify and explain some API evolution patterns, such as the generation differences.

Fig. 2   Evolution of the author position API
p
 index (y-axis) according to the number of years of research 

experience (R, in the x-axis) for the CS Others dataset. Top graph shows aggregated values for all publica‑
tions (BP method), while bottom graph plots aggregated values for each researcher (BA method). The black 
line and circle points denote the average value and respective 95% confidence intervals. The gray line and 
diamond points represent the median values.)

▸
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Fig. 3   Evolution of the ACM Fellows average author position API
p
 index (y-axis) for all papers (BP 

method) and different generation researchers (G) according to the number of years of research experience 
(R, in the x-axis)
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Fig. 4   Evolution of the ACM Fellows beeswarm plots of the author position API
p
 index (y-axis) for all 

researchers according to the number of years of research experience (x-axis)

Fig. 5   Temporal evolution (x-axis, in years) of the number of years to Fellow (y-axis, left plot) and total 
number of ACM Fellows publications (y-axis, right plot)



	 Scientometrics

1 3

Fig. 6   Temporal evolution (x-axis, in years) of the boxplots for the total number of paper authors ( N ≥ 2 , in 
y-axis) and ACM Fellows data
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