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A B S T R A C T

A large body of literature exists on analysis of citation and reviews of application of efficiency frontier. However,
the reviews that assessed the determinants of citation counts did not focus on frontier applications. We contribute
to the literature by identifying the drivers of citations of frontier application publications on Ghana. We employed
two-part mixture modelling with inverse hyperbolic sine (IHS) transformation of the second part, which was
found to be more appropriate than single equation IHS transformation modelling, for our data. Use of stochastic
frontier analysis or data envelopment analysis did not drive citations counts. However, quality of journals in
which frontier application studies were published and accessibility of the journals to readers, drive citation
counts. Authors, institutions and funders of studies on frontier applications may consider these over collabora-
tions, in seeking growth in citation counts.
1. Introduction

The inefficiency of a data management unit (DMU) is determined by
measuring its distance to a frontier, indicating the potential for an effi-
ciency increase (Lampe and Hilgers, 2015). The frontier shows the
maximum outputs with different input combinations or the minimal
combination of necessary inputs for different outputs. DMUs below or
above the frontier are interpreted as inefficient and those DMUs on the
frontier as efficient (Constantin et al., 2009; Lampe and Hilgers, 2015).

The methodologies of measurement of these efficiencies have led to
two broad strands of approaches; data envelopment analysis and sto-
chastic fronter analysis (Aigner et al., 1977; Banker et al., 1984; Charnes
et al., 1978; Fare et al., 1983; Meeusen and van den Broeck, 1977). These
frontier applications have culminated in a plethora of studies necessi-
tating several reviews (Daraio et al., 2020; Lampe and Hilgers, 2015).
The reviews covered more than half of the industries in the United Na-
tions’ International Standard Industrial Classification (ISIC) (Daraio
et al., 2020; United Nations, 2008) and almost all the alphabetical cat-
egories of the Journal of Economic Literature (JEL) classification scheme
(Cherrier, 2017; Daraio et al., 2020; Kosnik, 2018).

References to these frontier applications have resulted in many cita-
tion counts. Citations are the acknowledgements that one document re-
ceives from another (Bornmann et al., 2020; Garfield et al., 1979; Kaur
and Rattan, 2018; Price, 1970). Citations of efficiency studies have varied
from as high as 34,864 (Charnes et al., 1978) through 12,361 (Aigner
jokoto).
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et al., 1977) to as low as 0 (Yenibehit et al., 2019). As citations can be the
explanandum (that to be explained) (Leydesdorff, 1998), we pose the
following question: what factors drive or constrain the citations of ref-
erences to frontier studies? Specifically, do collaborations, content,
scope, accessibility and quality of the studies explain the observed vari-
ations in citations of frontier studies?

Lampe and Hilger (2015), Ahmad et al. (2020) and Liu et al. (2013)
conducted citation-based reviews on efficiency studies globally. Using
inverse hyperbolic sine (IHS) transformation to citations, Azoulay and
Lynn (2020) studied the determinants of self-citation in the life sciences.
Staudt (2018) studied the determinants of publication access in the Na-
tional Institute of Health database. Hengel and Moon (2020) examined
the role of authorship of females on citation impact in ‘top five’ eco-
nomics journals. Whilst the citation-based reviews did not model the
determinants of the citation counts, those studies that modelled the de-
terminants of citation, did not attract the attention of studies on frontier
applications. Indeed, we are unaware of any study that examined the
drivers of citation of frontier studies. We fill these voids by identifying
the drivers of citation of frontier publications with data on Ghana.
Beyond the use of negative binomial, zero inflated Poisson regressions
and single equation inverse hyperbolic (HIS) transformation of citation
counts, we employed two-part mixture modelling with IHS trans-
formation of the second part. Although our choice is rare in sciento-
metrics, we found it to be more appropriate than single equation IHS
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transformation modelling, for our data, as shown in section three and
four.

Identifying the drivers of citations in efficiency will inform authors,
editors, funders, and policy makers as to the nature and extent of col-
laborations to forge and facilitate. These stakeholders may also desire to
know the nature and extent of accessibility and quality of journals that
would enhance visibility of published works on frontier applications. We,
therefore, hypothesise as follows: i. collaborations do not influence
citation counts of studies on frontier applications. ii. Content of frontier
application studies does not affect their citation counts. iii. The scope of
the frontier application study does not influence the citation counts. iv.
The accessibility of the frontier application studies does not determine
their citation counts. v. The quality of the destination of the publications
does not explain counts of citation of studies on frontier applications.

The next section reviews the theoretical underpinnings of citation as
well as the empirical evidence of drivers of citation counts. The literature
search, data extraction andmodelling are outlined in section 3. The result
of the analyses is presented and same is discussed, encompassing impli-
cations of policy in section 4. Section 5 concludes.

2. Literature review

2.1. Theoretical review

Scientometricians have lamented the absence of an overarching the-
ory of citing (Cozzens, 1981, 1985, 1989; Cronin, 1981, 1984; Luukko-
nen, 1991; Wouters, 1998). We therefore attempt to piece together the
various ideas that have been proposed as theory for citations although
there is still no accepted grand theory of citation (Small, 1999; Van Raan,
1998; Yue and Wilson, 2004).

Described variously as theory of citing (Mulkay, 1974), theory of
citation behaviour (Gilbert Nigel, 1977) and citation theory (Cozzens,
1981), draws much from the sociology of science. The goal of these
theories is largely to describe the citation behaviour of authors - why the
author makes citations, and how these do or do not reflect the actual
research of the citer and use of the literature (Wouters, 1998). We
bifurcate the literature on the theory of citation into those of the early
saints (60s to the end of the 70s) and of the latter saints (80s to date). The
former are rewards, property, persuasive, Prince's ‘success breeds suc-
cess’ and Small's persuasive theories. The latter include Latour's, Rous-
seau's, Leydesdorff's and Van Raan's theories.

Also known as the Mertonian theory, the rewards theory in the late
1960s and 70s, provided a sociological dimension of analyses of citation
(Luukkonen, 1997). The theory states that the originality of the previous
work of scientists is an institutional form of awarding rewards for their
efforts and citations are a means for providing such recognition and
reward (Merton, 1979). The first suggestion of a Mertonian interpreta-
tion of the meaning of citations was presented as early as 1965 by Kaplan
(1965), quite soon after, the first citation index covering all major fields
of science was published in 1964 (Luukkonen, 1997). Luukkonen (1997)
further explained that it was not until in 1979 that Robert Merton
acknowledged his authority to this understanding in print, in the fore-
word of the book by Garfield (1979).

Kaplan (1965) views citation practices largely as a social instrument
for living with problems of property rights and priority claims. Ravetz
(1971), who does not depart from this view markedly, noted that refer-
ences constitute a method of protecting individual property right. Thus,
citing the references constitutes splitting the property in the literary and
providing a return to the owner of the property used, indicating the work
was fruitful (Gilbert Nigel, 1977).

Gilbert Nigel (1977) put forward the tools of persuasion view. That a
scientist who has obtained results believed to be true and important must
persuade the scientific community to share the opinions of the value of
the work (Liu, 1993). As a condition of persuasion, authors typically
show how the results of their work represent an advance on previous
research (Gilbert Nigel, 1977). This is accomplished by relating the
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findings to the current literature of the field of the study by providing
evidence and argument to convince the audience that the work has not
been vitiated by error (Gilbert Nigel, 1977). Further, that appropriate
and adequate techniques and theories have been employed, and that
alternative, contradictory hypotheses have been examined and rejected.
The step-by-step argument and deduction contained in the paper is useful
in attaining persuasion (Gilbert Nigel, 1977). This point is akin to the
claim that articles become highly cited because they are judged to be of
high quality (Cozzens, 1981). This quality is judged by a community of
scientists, not the individual, which comes to a consensus on importance
(Gilbert Nigel, 1977).

Within the general theory of cumulative advantage is “success breeds
success” (Price, 1976, p. 305). The course of future citation successes is
determined statistically by the history of the paper cited. To the econo-
metrician, this can be modelled as distributed lags. That is, previous ci-
tations explain current citations. Thus, citation can be construed as
generated by a pull mechanism from previous citations rather than from a
push mechanism of the papers that do the citing (Cozzens, 1981; Price,
1976).

Citations are symbols of the citing authors; thus, referencing is a
process of transforming published documents into symbols (Small,
1978). Small (1978) goes on to distinguish between own authors symbols
and standard symbols. The former refers to author's own private symbols
for certain ideas used, whilst the latter, having the same meaning for a
community or group of scientists. In the case of the former, this could be
references used once or twice. Since the latter has same meaning to the
community, this is used often and by extension by many in the research
community.

These theories outlined so far are not independent in their ideas,
rather interrelated, sometimes semantically, leading Cozzens (1981) to
classify them as normative interpretation, interpretive account and the
symbolic perspective.

We now turn our attention to the views of the late saints. Latour
(1987) notes that, references in articles are among the resources that are
under the authors’ command in their effort at trying to concretise the
point being made and to lend support to the knowledge claims (Luuk-
konen, 1997). Other resources include the editors of the journals which
publish the articles, the referees of the journals, and the research funds
which finance the pieces of research (Luukkonen, 1997). This view draws
on the perfunctory and rhetorical functions of citations within the sci-
entific community (Leydesdorff, 1998; MacRoberts and MacRoberts,
1987).

The theory of Rousseau (1992, 1998) states that the reasons that
authors cite are because of ethics, a matter of shorthand, persuasion,
number of authors and recently, interestingness (Liu and Rousseau,
2013). Whilst borrowing fromGilbert Nigel (1977) regarding persuasion,
Rousseau explained that persuasion arises when there is departure from
issues of right and wrong. Moreover, the larger the authors freedom to
choose from references, the more the need to persuade readers by use of
citations. Adding that, the selection of the reference is not based on
quality among other reasons. Rousseau (1992, 1998) on one hand and
Cozzens (1981) and Gilbert Nigel (1977) on the other hand, seemed to
differ on the dimension of quality driving citations.

The nature of citations is either explanandum that is, something that
needs to be explained or explanans; the explanation (Hassan and Loeb-
becke, 2017; Leydesdorff, 1998). Citation analysis is regularly used as a
tool or an indicator within an explanans (Leydesdorff, 1998). This view
provides a multidimensional analysis or use of citations. Viewed within
econometrics, citations could be caused or be the causal variable. Stated
differently, citations could be the explained variable or the explanatory
variable. Empirical examples are the use of citations of publications in
journals as indicators of the journal's quality (explanans). However,
quality of publication leads to citations as the explanandum (Lee et al.,
2010; Bornmann et al., 2012).

Van Raan (1998) criticised the constructivist style in sociology of
science concerning practices of citation. Using statistical arguments, Van
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Raan (1998) showed that the strong limitations of any citation theory is
the perspective of citer. Consequently, Van Raan (1998) emphasised that,
citations should be conceived of as inherent properties of a publication.
Keywords also have such inherent properties. There are empirically
established relations between the citation domain and the word domain,
thus, developing a model concerning citations only, may be unnecessary.
This view, bibliometric chemistry, involves conceiving of citations as
binding properties hence, these properties can be disentangled. This does
not depart from the Leydesdorff's, view of citation as the explanandum.
These thoughts notwithstanding, Scientometricians still await a grand
theory of citation.

2.2. Empirical review

We present the flip side of the theoretical review, the empirical re-
view, in order to provide a basis for the discussion section. The empirical
literature relates to the variable categories derived from the theoretical
review as well as from the existing empirical literature.

We focus on collaborations; author, institution and country levels
first. Collaborative research projects may be, on average, more creative
and important than individual papers (Nomaler et al., 2013). This is due
to recombining resources from centres or persons within different
country and traditions that is expected to generate more specific results
(Nomaler et al., 2013). Breakthrough innovations do arise from recom-
bining ideas that have earlier remained unlinked (Fleming, 2001;
Nomaler et al., 2013).

Bornmann (2017), Ronda-Pupo and Katz (2017), Struck et al. (2018)
and Thelwall and Maflahi (2019) found statistically significant positive
effects of author collaborations on citation counts in Web of Science
(WOS) and Scopus databases across disciplines over the period 1976 and
2012. The modelling included Ordinary Least Squares (OLS), negative
binomial and zero-inflated Poisson regressions. Thelwall and Maflahi
(2019) noted however, that there are significant cross-country and field
dichotomy in the level of cooperation among researchers as well as how
collaboration influences citation counts. On the contrary, Maz-Machado
and Jimenez-Fanjul (2018) and Wongkhae et al. (2017) found negative
association between number of authors and journal citation counts in
journals with Thomson Reuters impact factor (TRIF).

Card and DellaVigna (2017) studied the editorial decision-making
using anonymised submissions to four major economics journals. In
matching papers to the publication records of authors and to later Google
Scholar (GS) citations, they found among other results that the number of
authors increased with citations counts. Card and DellaVigna (2017)
transformed the citations using IHS to account for skewed citations
arising from publications with no citations and rise in publication cita-
tions with the passage of time.

Bosquet and Combes (2013), studying citation of individual scholars
in economics using Heckman 2-step procedure reported that number of
authors constitute an important explanatory variable. This finding was
explained thus. Several authors presented joint publications in confer-
ences, seminars and workshops. More diffusion is generated as academics
discuss their new findings with their peers. This is measured through
citations. As the collaborating authors are also identified with in-
stitutions, Bornmann (2017) and Struck et al. (2018) have shown that
institutional collaborations and citation counts are positively associated,
in both WOS and Scopus databases. This was found in biomedical sci-
ences and management fields with data between 16,000 and 128,000
across the globe.

For collaborations at country level, the works of Narin and collabo-
rators appeared to be the first that addressed country collaboration and
citation impact (Narin et al. 1991; Narin and Whitlow, 1990). Specif-
ically, that the number of citations for international papers are higher
than for one-country ones, and even twice as high as for one -country
one-institution papers. Another facet has been the comparison between
one-country collaborations and many-country collaborations (Frenken et
al., 2005, 2010; Persson et al., 2004). Bornmann (2017), Leydesdorff et
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al. (2019) and Thelwall and Maflahi (2019) reported significant positive
relationship between citations and many-country authorships. These
results are similar across models such as OLS, negative binomial and
zero-inflated Poisson, with citations measured as counts in WOS or
normalised citations. Whilst the results of Struck et al. (2018) covered all
fields excluding Arts and Humanities, Bornmann (2017) focused on
biomedical sciences. From the existing literature, collaborations gener-
ally positively drive citation counts.

Regarding scope of efficiency and productivity studies, Daraio et al.
(2020) recently showed that review studies on frontier applications cover
13 out of the 22 areas of economic activity as described by the ISIC
scheme. They also showed that, the review studies represented categories
A to I of the JEL classification scheme. Thus, although none of the studies
on determinants of drivers of citation cited, used the JEL, Bosquet and
Combes (2013) found a weak relationship between specialisation in
fields of economics and individual citation score in GS. Nevertheless, we
expect that the wider the scope of a study, the wider the spectrum of
authors that will be interested in the publication, and the more knowl-
edge diffusion that would occur, hence the more the citations will be.

For content of frontier applications; SFA or DEA, we did not find
extant literature on their effects on citation scores. However, Lampe and
Hilgers (2015) did point out that SFA is used largely in economics
research whilst DEA is used largely in operations research. The founda-
tion literature on DEA (Banker et al., 1984; Charnes et al., 1978; Fare
et al., 1983) appear to have more citations than SFA (Aigner et al., 1977;
Meeusen and van den Broeck, 1977). As the number of publications in-
fluence citations (Garfield, 1979; Kaplan, 1965; Bosquet and Combes,
2013) and it is the references that generate the citations, the effects of
SFA/DEA on citations scores may well tilt in favour of DEA.

The accessibility category includes journal indexes, free-full-text
(open access), inclusion in ResearchGate and Academica.edu sites.
Batooli et al. (2017), in analysing major Clinical Medicine articles in
Asian institutions, showed that publications deposited in ResearchGate
increased exposure of scholars leading to increased citation count. In
analysing data of 1,823 articles published by the authors from four
different universities, Sababi et al. (2017) found a significant positive
association between complete text availability and the citation count.
Further, publisher's version of the archived manuscripts and post-print
versions, received more citations than non-OA articles, and the differ-
ence in the citation counts of post-print manuscripts and publisher's
version articles was not significant. These findings were within the
domain of publications posted to ResearchGate.

There are differences in citations between articles posted to Aca-
demia.edu and other articles from similar journals (Niyazov et al., 2016).
Using matching and regression analyses and a sample size of 31,216 and
controlling for field, impact factor, and other variables, Niyazov et al.
(2016) further found that the median impact factor journal uploaded to
Academia.edu received 16% more citations after one year, 51% more
citations after three years, and 69% after five years than a similar article
not available online. Also, that articles posted to Academia.edu had 58%
more citations than articles only posted to other online venues, such as
personal and departmental home pages, after five years.

According to Staudt (2018), in 2008, the National Institutes of Health
(NIH) mandated that the full text of NIH supported articles be made
freely available on PubMed Central (PMC). Following this mandate,
Staudt (2018) used 1 million NIH articles and many matched samples to
examine how this “PMC mandate” affected access to the biomedical
literature and nature of publishing in biomedicine. Staudt (2018) found
modest effect on citations.

Struck et al. (2018) using data on the Sciences over 2008–2012 fitted
to negative binomial, OLS and zero-inflated Poisson model, found that
full-text availability of publications (open access) enhanced citation
counts. This is expected as open access publications ensure the full-text is
available without hindrance. Easy accessibility to reading the full-text
will enhance the opportunity of citation of the publication.
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Using standard mean comparisons and a negative-binomial regres-
sion model with several factors to account for the potential selection
effects and quality bias, Wohlrabe and Birkmeier (2014) showed that
articles available on the internet freely have indeed higher citation count
in WOS, Research Papers in Economics (RePEc) and GS for the discipline
of economics. Alkhawtani et al. (2020) also showed that open access
publishing is related to an increased citation and download, in the field of
radiology, based on analysis of 86 freely available and 414 paid-wall
access articles from Europe, North America and Asia. Further, open ac-
cess articles were found to be cited more often, downloaded and shared
than subscription access articles.

Razumova and Kuznetsov (2019) analysed the impact of open access
(OA) models on citation metrics. Using different research fields, they
found higher values and growth rates of the citation metrics for OA
reference groups over the paywall group. Abbasi et al. (2019) found
similar results for library and information science (LIS) hybrid journals in
Scopus for a period of ten years (2004–2013). Their conclusionwas based
on descriptive and analytical statistics. Further, Hubbard (2017) found
that most studies that examined the OA citation advantage focused on
some specific journals, areas of specialisation, countries or world output.
Since local citation patterns may differ from these bigger patterns, the
study examined the citation advantage of gold OA journal articles and
found that OA physics journals showed a definite open access citation
advantage, whereas other disciplines showed no difference or no open
access citation advantage (Hubbard, 2017). In analysing OA journals
from across all the 27 subject areas of the Scopus database in 2015,
Dorta-Gonz�alez and Santana-Jim�enez (2018) found that there were no
generalisable citation advantage of OA at the journal level.

It can be observed from the OA-paywall journal comparison that
generally, OA (full-text) availability of publications provide citation
advantage across many disciplines over time and across different citation
count measures. There are, however, rare occasions where AO publica-
tions did not differ from paywall publications. Certainly though, none of
the paywall publications had citation advantage over OA, after control-
ling for all possible confounding factors.

Bornmann (2017), Elkins et al. (2010) and Lee et al. (2010) found
positive association between quality of journal and citation count. These
relationships were found from OLS regression and Spearman's correla-
tion analysis. The findings of Elkins et al. (2010) are consistent across
four quality indicators; Scopus, SCImago, Eigenfactor and TRIF. Using
charts, Bozzo et al. (2017) and Cartwright and Savino (2009), reported
statistically insignificant but positive relationship between quality and
citation counts, for orthopaedics and ophthalmology research publica-
tions between 1999 and 2014. For all individual articles published in
2016 and 2017 in journals in plastic surgery (9,823), Asaad et al. (2019)
studied their 2018 citations. Whilst the distribution of the citation was
skewed to the right, with most articles having not more than 1 citation, a
statistically significant but weak positive relationship was established
between the number of citations and the journal impact factor. Nuti et al.
(2015) using the Gini coefficient approach demonstrated statistically
significant correlation between journal impact factor and citation count
in cardiovascular journals. Whilst these empirical evidences concur with
the position of Gilbert Nigel (1977) and Cozzens (1981), these are at
variance with Rousseau (1992, 1998).

From the empirical review, different forms of collaborations, diverse
modes of accessibility to publications and levels of quality standards
positively influence citation counts. Whilst the studies reviewed covered
many disciplines including a blanket one for all 27 disciplines in Scopus
database, none of the studies focused on frontier applications that has
been found useful in many facets of activity in the world. Our paper fills
this void.

The methods of analyses have ranged from use of correlation co-
efficients (Spearman's and Pearson's) to single equations; OLS and
negative binomial and finally mixture models; zero-inflated Poisson
models with and/or without transformation of the citation counts and
Heckman's 2-step procedure. Regarding the transformation of the
4

dependent variable (citation), the transformations have involved natural
logarithm as well as the IHS transformations. The transformations were
necessitated by the skewness of the citations arising from many publi-
cations with no citations and the rise in publication citation counts with
the passage of time. Whilst the IHS transformation seeks to approximate
the normal distribution, it is unsurprising that such approximations
would not always pass the normality test. We move beyond the single
equation estimation to the two-part mixture model, with IHS trans-
formation of the non-zero citation counts. This is another contribution to
the scientometrics literature.

3. Method

3.1. Data

The total number of documents in the GS database, without any
language restriction, is between 160 and 165 million (Ordu~na-Malea et
al., 2015; Waltman, 2016). With 389 million records, GS is currently the
most comprehensive academic search engine (Gusenbauer, 2019).
Moreover, more than 90% of the primary literature for systematic liter-
ature review is accessible from GS (Yasin et al., 2020). Further, the use of
GS permits the presentation of a wholistic picture of knowledge
dissemination in economics and related fields (Bosquet and Combes,
2013). Thus, we searched GS as the main database. In addition, we
sought to benefit from enhanced search capability by augmenting GS
with other independent search engines as well as those embedded in
publishers’ websites (Gusenbauer and Haddaway, 2020). These include
sources such as EBSCOhost, Scopus, AgEcon search, Wileyonlinelibrary,
EmeraldInsight, among others. Following Djokoto et al. (2020), the
following words and terms were used in the title line and as keywords:
‘Efficiency’ and ‘Ghana’, ‘Data Envelopment Analysis’ and ‘Ghana’, ‘DEA’
and ‘Ghana’, ‘Stochastic Frontier Analysis’ and ‘Ghana’, ‘SFA’ and
‘Ghana’, ‘Frontier Analysis’ and ‘Ghana’, ‘inefficiency’ and ‘Ghana’ and
finally, ‘Stochastic frontier’ and ‘Ghana’. The search ended at 18:00GMT
on 31st December 2019. The reference list of literature retrieved were
further searched. To be included in the data set, efficiency must have
been measured by SFA or DEA. The exclusion criteria included 1. studies
that did not report all the data used in the study and request for same was
not received at the time of analysis of the data. 2. Duplicate studies. 3.
Conference papers, thesis and working papers for which the journal
published version was available. Applying these criteria and removal of
duplicates yielded 196 publications (Supplementary file). The citations
were the full citation counts as recorded in GS between 10:00GMT and
11:00GMT on 31st of March 2020. The inclusion of publications in
journals indexed inWOS and Scopus databases were ascertained from the
respective databases. Prior to checking by other authors, one author
coded the data. We followed the meta-analysis of economics
research-network (MAER-Net) protocol to collect the data and to
improve transparency and the quality of quantitative reviews (Stanley et
al., 2013). The details of the variables are presented in Table 1.

3.2. Modelling

Studies in citation analyses must necessarily follow rules like scien-
tific research design. A clearly defined research objective(s) (Shengbo,
2015); the ascertainment of content-related variables, similarity in ele-
ments that constitute the sample (Shengbo, 2015); the dependent vari-
able, citation frequency, may comprise more than one kind of citation
(Peritz, 1992); the use of model-based methods which could accommo-
date larger numbers of variables and acknowledging the skewness of
citation count distributions (Peritz, 1992). Having accounted for the first
three in the introduction and the data sections, the last two inform the
current section.

Beyond the citation counts is the factors that account for them. This is
borne out of the overriding goal of sociology of science and technology
and the main motive behind citation theories; to model the behaviour



Table 1. List of variables and their description.

Name Label Description

Dependent variables

W_Citation Number of citations per year Number of citations per year counting from 1 year
after publication.

CBin CBin ¼ 1, 0 otherwise Binary rendition of W_Citation such that zero values
are zero coded and values greater than zero are
coded as 1.

CGzero Citations Exact values of citations

CGtzero W_Citation>0 Exact values of W_Citation greater than 1.

Independent variables

Collaboration on publications

Authors Author counts of publication Number of authors on paper

Instit Institutional affiliation count of
authors of publication

Country Country counts of authors Number of country designation of all others

Scope of publication within economics

JEL Number of three-digit Journal of
Economic Literature classification
of paper

Number of three-digit Journal of Economic
Literature classification of publication.

Content (Dimension of efficiency)

SFA ¼ 1 and 0 otherwise Publication employed stochastic frontier analysis or
Data envelopment analysis.

Accessibility of publications

AllVersion Total number of versions of paper
available online as stated by
Google Scholar.

Total number of versions of paper available online
as stated by Google Scholar.

FT_2 FT_2 ¼ 1, and 0 otherwise Open access paper with full-text of publication
freely available on Google Scholar

RG RG ¼ 1, and 0 otherwise Publication available on ResearchGate platform

ADE ADE ¼ 1, and 0 otherwise Publication available on Academia.edu platform

Quality of publications

IF IF ¼ 1, and 0 otherwise Publication in a journal with Thomson Reuter's
impact factor

WOS WOS ¼ 1, and 0 otherwise Publication in a journal indexed in web of science

Scopus Scopus ¼ 1, and 0 otherwise Publication in a journal indexed in Scopus

Prefixes

ihs Inverse hyperbolic sine Inverse hyperbolic sine transformation

ln Natural logarithm Natural logarithm transformation
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behind citations. Leydesdorff (1998) refers to this as the explanandum.
Hence, the variable at the heart of the citation analysis is the citation
count. From the literature review, factors considered to influence the
citation counts include collaborations, scope, content, accessibility, and
quality. Consequently, we specify Eq. (1);

Citation¼ f ðcollaborations; scope; content; accessibility and qualityÞ (1)

The constituents of these categories of variables are also detailed in
Table 1.

A close inspection of the data revealed that 29% of the observations of
the dependent variable were true zeros (zero from the data generation
process unlike zero from censoring). This proportion of true zeros is such
that there are justifications for special treatment (Aïhounton and Hen-
ningsen, 2019; Belotti et al., 2015; Peritz, 1992; Shengbo, 2015).
Handling such data using linear regression without taking cognisance of
the many zeros could pose challenges regarding the difficulties in
deriving error terms that are normal (Belotti et al., 2015; Carboni, 2012).
We used two approaches in the literature to address the problem: inverse
hyperbolic sine transformation of the dependent variable (Bellemare and
Wichman, 2019; Burbidge et al., 1988; Lavin et al., 2017; MacKinnon and
Magee, 1990; Pence, 2006) and two-part mixture models (Cragg, 1971;
Ciminata et al., 2020; Duan et al., 1984; Lee et al., 2019; Mihaylova et al.,
2011).
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Inverse hyperbolic sine transformations have been suggested by
Anscombe (1948; 1950) to normalise the t-distribution. The trans-
formation has been used in citation studies (Azoulay and Lynn, 2020;
Card and DellaVigna, 2017; Card et al., 2020; Hengel and Moon, 2020;
Staudt, 2018). The IHS transformation (or archsinh) involves applying
equation (2) to a variable y to get an outcome, say ~y:

~y¼ arcsinhðyÞ¼ ln
�
yþ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðy2 þ 1Þ

p �
(2)

This transformation can relate to both dependent and independent
variables in the following combinations; (i) linear–arcsinh, (ii) arc-
sinh–linear, (iii) arcsinh–linear with a dummy independent variable, and
(iv) arcsinh–arcsinh specifications (Bellemare and Wichman, 2019).
Following the transformation(s), the model can be estimated by OLS. We
chose (iii) as our concern has to do with the dependent variable and some
dummy variables as independent variables.

Recently, Bellemare and Wichman (2019) proposed elasticities for
the explanatory variables when either the dependent or the independent
variables are transformed. For our chosen option (iii), consider the esti-
mable equation of the form

~y¼∝þ βxþ ε (3)
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where x is a continuous variable. Following Bellemare and Wichman
(2019), to recover y from the left-hand side of the equation of interest
after estimating 3, one must apply the IHS transformation –the inverse of
the IHS, or sinh – on both sides,

~y¼ sinhðb∝þ bβxþbεÞ (4)

To recover ϑyx ¼ b∂y
∂x � xy, that is the product of

b∂y
∂x ¼ bβcoshðb∝þbβxþbεÞ

and x
y;

ϑyx ¼ bβcoshðb∝þ bβxþbεÞ � x
y

(5)

The above can be restated as

ϑyx ¼ bβcoshðarcsinhðyÞÞ � xy¼ bβx �
ffiffiffiffiffiffiffiffiffiffiffiffiffi
y2 þ 1

p
y

(6)

In the limit lim
y→∞

ffiffiffiffiffiffiffiffi
y2þ1

p
y ¼ 1; for large values of y, so that ϑyx � bβx:

For dummy independent variables, Eq. (6) will not suffice. We fol-
lowed Bellemare and Wichman (2019) to obtain the elasticities for the
dummy variables. Consider the estimable equation

~y¼∝þ βd þ ε (7)

where d is a binary variable taking on only values of 0 or 1. The quantity
∂~y=∂d

is undefined because of the discrete changes in the binary variables.
According to Bellemare andWichman (2019), P as the percentage change
in y associated with a change from d ¼ 0 to d ¼ 1 can be found as

bP
100

¼byðd¼1Þ�byðd¼0Þbyðd¼0Þ ¼sinhðb∝þbβþbεÞ�sinhðb∝þbεÞ
sinhðb∝þbεÞ ¼sinhðb∝þbβþbεÞ

sinhðb∝þbεÞ �1

(8)

Following Halvorsen and Palmquist (1980), Eq. (8) yields

bP
100

� expðbβÞ � 1 (9)

The two-part model has been employed in fields such as health (Dean
et al., 2020; Lartey et al., 2020) and agriculture (Dehghan et al., 2020;
Ruhinduka et al., 2020). Guti�errez et al. (2020), Ramalho and da Silva
(2009) and Wulff (2019) used two-part models to model DEA scores in
aquaculture and dairy respectively. The two-part model requires fitting a
binary choice model for the probability of observing a
positive-versus-zero outcome. Subsequently, based on a positive
outcome, a regression model is estimated for the positive outcome
(Belotti et al., 2015; Ciminata et al., 2020; Zhao et al., 2020). Following
Lee et al. (2019), let

Ci ¼
�
0 if Yi ¼ 0
1 if Yi > 0

�
(10)

ProbitfPrð∁i ¼ 1jXi;UiÞg¼ θXi þ Ui (11)

gðYiÞjYi > 0;Xi ¼ βXi þVi þ εi (12)

�
Ui

Vi

�
� N

 �
0
0

�
;

"
σ2
u ρσuσv

ρσuσv σ2v

#!
(13)

In equation (10), Y represents the value of the explained variable
observed for citation of the publication and whether the response was
nonzero or not is indicated by ∁. Eq. (11) shows ∁ modelled with probit
regression with a random intercept Ui that accounts for systematic dif-
ferences between publications (Belotti et al., 2015). The influence of
driver and constraint variables, Xi, is estimated by θ (Belotti et al., 2015).
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Eq. (12) shows how the magnitude of Yi, conditional on it being greater
than zero, depends on the driver variables Xj (Belotti et al., 2015). g(⋅) is a
transformation function that produces a normal distribution of the
outcome Yj (Belotti et al., 2015). We modelled this as an IHS trans-
formation variable. The influence of the variables, Xj, are obtained as β
and a random intercept Vj, which captures the systematic differences
between publications (Farewell et al., 2017). It is worth noting that i
derives from the total sample whilst j is the number of observations for
which Y > 0. Therefore, logically, i - j > 0. The variables, Z, Y and X are
detailed in Table 1.

4. Result and discussions

4.1. Background of the data

For the binary variable CBin, 71% of the publications recorded cita-
tions greater than zero (Table 2). Thus, 29% (196 - 140 ¼ 56) of the 196
publications recorded true zero citations. This informed the consider-
ation of the IHS transformation. An examination of the citations over
time showed that half (28) of the 56 zeros occurred for the years
2017–2019. Also, 20 were for the period 2013 to 2016. This suggest that
the shorter the publication is in circulation, the less likely it will be cited
(Bornmann and Daniel, 2006). Thus, we weighted the citation counts by
the length of years in circulation, hence W_Citation. The mean of
W_Citation is 2.60 lower than that of CGtzero (3.64) because the latter is
purged of publications with zero valued weighted citations.

The number of authors per publication varied from 1 (66 publica-
tions) to 9 (Asante et al., 2013). That for affiliations peaked at 8 and
country collaborations peaked at 11. The differences in the peaks arose
from some authors having more than one institutional affiliation and
consequently country affiliation. There were as many as 11 publications
with two-digit JEL classifications. Publications that used SFA were 75%
of the sample. This is because most of the publications were in agricul-
tural production, which is inherently stochastic hence the use of SFA.

There were as many as 23 different versions of a publication in GS. As
many as 88% of the 196 publications possessed full-text in GS. Whilst
68% of the publications can be found in ResearchGate, a lower propor-
tion, 28% have been posted in Academia.edu. Thus, ResearchGate
appeared to have been more attractive with frontier researchers than
Academia.edu.

Regarding the quality indicators, 16% of the publications were in
journals indexed in Scopus. A lower percentage of 11 is indexed in WOS
and less than 10% of the publications have found a home in journals with
TRIF.

4.2. Estimations

In model 1, the W_Citation was transformed using IHS, as is the
practice with citation data (Table 3). However, the Shapiro_Wilk W test
has p value of 0.05 suggesting non-normality of the errors, a violation of
the normality assumption of OLS estimation procedure. This necessitated
the use of the two-part mixture model. The F-test of the binary model,
model 2, is significant at p value less than zero. However, WOS and TRIF
were dropped due to perfect fit. Since the zeros in the W_Citation are no
longer part of the CGzero, model 3, the other part of the two-part model,
was estimated using OLS. All OLS assumptions were not violated except
that of normality as the Shapiro_Wilk W test for normality with p value of
less than 0%. We performed IHS transformation on the CGzero to become
CGtzero and estimated model 4.

The sign for WOS is negative and the coefficient is significant (model
4). This is unexpected as the literature suggests that the sign should be
positive. Moreover, the other counterpart quality covariates are posi-
tively signed, appropriately. We sought to find the reason for this unex-
pected outcome, with a suspicion that collinearity could be the culprit.
This was influenced by the literature that collinearity could result in
estimates of the “incorrect sign” among other problems (Belsley et al.,



Table 2. Descriptive statistics.

Variables Observations Mean Standard deviation Minimum Maximum

Dependent variables

W_Citation 196 2.5988 3.4069 0 16

CBin 196 0.7143 0.4529 0 1

CGtzero 140 3.6381 3.5315 0.08 16

Independent variables

Collaboration

Authors 196 2.3367 1.2886 1 9

Instit 196 1.4745 0.8619 1 8

Country 196 1.2806 0.9102 1 11

Scope

JEL 196 4.5102 2.4062 1 11

Content

SFA1 196 0.7551 0.4311 0 1

Access to the content

AllVersion 196 5.2704 3.9695 1 23

FT_2 196 0.8776 0.3286 0 1

RG 196 0.6786 0.4682 0 1

ADE 196 0.2755 0.4479 0 1

Quality

IF 196 0.0867 0.2822 0 1

WOS 196 0.1122 0.3165 0 1

Scopus 196 0.1634 0.3706 0 1

Table 3. Estimations of elasticities.

VARIABLES (1) (2) (3) (4) (5) Equality

ihs_W_Citation Cbin CGtzero ihs_CGtzero ihs_CGtzero (2)–(5)

Collaboration

Authors 0.2430 (0.1549) 0.0248 (0.0348) 0.1282 (0.2106) 0.2272 (0.1523) 0.2339 (0.1545) -1.3203

Instit 0.1340 (0.1623) 0.0562 (0.0754) 0.3204 (0.4888) 0.0609 (0.2011) 0.0828 (0.2037) -0.1225

Country -0.1486 (0.1124) -0.2679** (0.1099) 0.8566 (0.6784) 0.1470 (0.2455) 0.1028 (0.2482) -1.3657*

Scope

JEL -0.0019 (0.1343) 0.0026 (0.0138) 0.0845 (0.1458) -0.0301 (0.1452) -0.0140 (0.1471) 0.1124

Content

SFA1 0.9808*** (0.1518) 0.0488 (0.0779) -1.2838 (0.8443) -0.8869*** (0.1567) -0.8895 (0.1594) -4.7386***

Accessibility

AllVersion 0.4022*** (0.1074) 0.0329*** (0.0112) 0.1350 (0.0865) 0.2421 (0.1056) 0.2227** (0.1068) -1.7675**

FT_2 1.0964*** (0.2193) 0.0250 (0.1024) 0.1596 (0.7984) 1.1370*** (0.2507) 1.1032*** (0.2463) -4.0422***

RG 1.6387*** (0.2427) 0.1366** (0.0685) 1.4566** (0.6153) 1.6411*** (0.2773) 1.6601*** (0.2484) -5.9126***

ADE 1.1953*** (0.1836) 0.1090 (0.0832) -0.1521 (0.5328) 1.0277*** (0.1582) 1.0641*** (0.1653) -5.1611***

Quality

IF 1.3585*** (0.4495) - 3.6194** (1.4956) 2.1744** (0.9289) 1.1734*** (0.3807) -

WOS - - -3.4753** (1.4980) -0.3623** (0.1688) - -

Scopus 1.5984*** (0.4111) 0.1183 (0.5208) 1.2848 (1.1685) 1.9012*** (0.5917) 1.3023*** (0.3409) -1.9022**

Model properties

Observations 196 174 140 140 140 -

R-squared 0.3672 - 0.2963 0.3226 0.2973 -

F test 9.70*** 37.86*** 9.25*** 5.04*** 4.92*** -

Bruesch-Pagan/Cook-Weisberg 2.34 - - 0.26 0.09 -

Ovtest 1.39 - 0.28 1.62 1.16 -

Shapiro_Wilk W test 1.798** - 5.814*** 1.261 -0.735 -

Highest vif 2.27 - 6.20 6.20 3.26 -
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1980; Greene, 1993; O’ Brien, 2007; Wooldridge, 2009). First, the
highest VIF for the second part of the two-part model was recorded by
WOS as 6.20. Second, from the correlation matrix of the covariates, the
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coefficient (rho) of WOS/TRIF is 0.8610 whilst that for WOS/Scopus is
0.8268. Incidentally, for TRIF/Scopus, the rho is lower at 0.7119. The
highest rho value for WOS/TRIF is because inclusion in Web of Science
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database is a primary condition for a journal to obtain an TRIF. Thus,
every TRIF journal is included in WOS. In our data, majority of the
Scopus indexed journals are also in WOS. The computed levels of rho
values are due to the similarity of the variables; all three variables
measure quality of the journal. We do not seek to commit partialling
fallacy (Gordon, 1968), rather we included these because they measure
quality at different levels. Therefore, combining the VIF for WOS and the
rho values of WOS with the others; TRIF and Scopus, we conclude that
WOS is problematic hence, should be dropped from the covariates.
Consequently, we estimated model 5. We consider the loss of the
explanatory power of the model (Adjusted R squared) of 2.17% points to
be negligible. Moreover, the p values of the coefficients that were below
0.05 remained below 0.05 with some moving to below 0.01. Thus, the
second part of the model has one more covariate than the first. This is to
be expected because there may be legitimate theoretical or statistical
reasons for using different covariates in the two parts of the modelling
(Belotti et al., 2015). It is worth noting that the model properties fulfil all
the tested assumptions of the OLS.

The statistical significance of the F-tests (model 2 and 5) means the
explanatory variables jointly explain the variability in the citation counts;
whether measured as binary or as linear (Table 3). This confirms the
underlying idea about theories of citation; explaining the behaviour of
authors regarding citation. Leydesdorff (1998) specifically notes that the
citation is the explanandum (that to be explained). The statistical sig-
nificance of the F-tests thus, paves way for discussion of the coefficients
of model 2 and 5.

A test for the equality of parameters for the first and second part of the
two-part model shows that all parameters differ between the two models
except for Authors, Instit, and JEL. The coefficients of Authors, Instit are
positively signed. This agrees with existing studies (Bornmann, 2017;
Card and DellaVigna, 2017; Ronda-Pupo and Katz, 2017; Struck et al.,
2018; Thelwall and Maflahi, 2019). The sign, however, diverges with the
findings of others (Maz-Machado and Jimenez-Fanjul, 2018; Wongkhae
et al., 2017). On the other hand, the magnitude of the marginal effects
and elasticities are not statistically significant. This means that although
there is much to be gained through collaborations such as skills, ideas,
new knowledge and reinforcement of existing knowledge and capabil-
ities (Fleming, 2001; Nomaler et al., 2013), in the case of our data, these
are inadequate to significantly induce increases in citation counts. This
departs from the existing literature (Bornmann, 2017; Card and Della-
Vigna, 2017; Ronda-Pupo and Katz, 2017; Struck et al., 2018; Thelwall
and Maflahi, 2019). The findings suggest authors of frontier studies
should seek other avenues of driving citations other than collaboration
among authors, in the same institutions or other institutions.

Whilst the elasticity of Country for model 5 is positive and statistically
insignificant, model 2 reports negative and statistically insignificant
magnitude of the marginal effect. The differences in magnitudes of the
accelerations have a p value of more than 0.10, higher than the cut-off of
0.05. Thus, not only are the accelerations statistically insignificant, the
differences are also statistically insignificant. These findings diverge with
those of existing studies (Frenken et al., 2010; Narin et al., 1991; Persson
et al., 2004). As in the case of the earlier forms of collaboration, team-
work at the country level could generate benefits, but not enough to
increase citation within the context of this study. Funders and authors
may pursue collaborations for reasons other than to increase citations for
publications relating to frontier applications.

The scope of frontier application within economics and content of the
frontier application vis-�a-vis SFA and DEA did not significantly influence
citations counts. Wide scope of frontier application studies did not
necessarily induce higher citations than those with narrow scope. This
finding goes contrary to expectation. In the case of SFA whilst the ac-
celerations of the variables are statistically insignificant the difference is
statistically significant. The results imply that the choice between SFA
and DEA in frontier studies would not increase citations.

DEA methods accommodate multiple outputs and inputs and they are
also flexible with no requirement for imposing a functional form. DEA
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uses linear programming. Whilst it is non-parametric, the model is
deterministic (noise is included in the efficiency score rather than
accounted for directly). On the other hand, SFA is a stochastic model and
requires specification of a functional form. It is a parametric model.
Although SFA requires imposition of functional forms, there is a wide
range of functional forms to choose from including the linear one. In the
received literature, SFA accommodates single input (output) and multi-
ple output (input). The estimation procedure is regression and mostly by
maximum likelihood (Aigner et al., 1977; Banker et al., 1984; Charnes
et al., 1978; Fare et al., 1983; Lampe and Hilger, 2015; Meeusen and van
den Broeck, 1977). Frontier researchers may well continue to be moti-
vated by the above properties of SFA and DEA in the choice of either SFA
or DEA, as there are no significant gains to be made in citation counts for
choosing between the two.

Two popular academic social media platforms are ResearchGate and
Academia.edu. Full-texts of both open access and non-open access doc-
uments can be posted on them. However, the latter can only be shared
privately between the poster and the requester. In this way, members of
the community can share in both types of documents.

The marginal effect for Academia.edu (ADE) is statistically insignifi-
cant (model 2) whilst the elasticity of ADE is statistically significant in
model 5. The statistical significance of the difference between two co-
efficients imply that, whilst posting documents in ADE does not signifi-
cantly increase the probability of obtaining a citation, once cited, a
document posted on ADE can increase citation counts by 1.1%. This
finding is consistent with Niyazov et al. (2016). The inclusion of frontier
study in RG would increase citation by 1.7%. The accelerations for both
models for RG are statistically significant at p value less than 0.00, just as
the difference between the estimates. Whilst the statistically significant
magnitude and sign, are in accordance with existing literature (Batooli
et al., 2017; Sababi et al., 2017), the significant difference in the pa-
rameters imply that the propensity to increase citation linearly is higher
than the propensity to move citation from 0 to 1 and beyond. There
appears to be some inertia to cite frontier papers in ADE.

The differences in the parameters of the variables can be explained by
the higher patronage of ResearchGate (68%) than Academia.edu (28%)
in our data. This explanation is buttressed by Bosquet and Combes
(2013), that is the number of publications is positively associated with
the citation counts. Also, recently, the latter has gone commercial whilst
the former still has all its services for which payment is required in ADE,
accessible at no cost to the user. Despite providing some services
not-for-free, posting publications and downloading which are essential
for citation are still offered at no cost to the users of ADE. Although the
effects of the RG variable on the explained variable seemed stronger than
that of the ADE, frontier researchers who are not currently in the two
communities should register and post their publications. Others who are
registered but do not have all their documents uploaded should do so.
Patronising the two will yield benefits from both worlds as this could
yield up to 2.8% rise in citations. Both platforms do rank institutions and
countries by citations within them. Thus, by encouraging authors to build
profiles and upload publications, institutions and funders can increase
their exposure.

The statistical insignificance of FT_2 (model 2) implies that although
availability of full-text of publication in GS could increase the probability
of being cited, the 2.5% likelihood is inadequate statistically. In the case
of the FT_2 (model 5), inclusion of full-text publication in GS will increase
citation by 1.1% once the document obtains a citation. The positive and
statistically significant result for frontier applications in Ghana, is
consistent with that for diverse disciplines, countries and databases
(Abbasi et al., 2019; Alkhawtani et al., 2020; Hubbard, 2017; Razumova
and Kuznetsov, 2019; Staudt, 2018; Struck et al., 2018; Wohlrabe and
Birkmeier, 2014). This finding underscores the actions of the open access
movement.

Gilbert Nigel (1977) theorised that as a condition of persuasion, au-
thors tend to show how their results represent progress on previous
research. This is accomplished by relating the findings to the literature of
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the field of the study by providing tangible outcomes and argument to
convince the audience that the publication is not impaired by error.
Gilbert Nigel (1977) further noted that the author will seek to show that
“appropriate and adequate techniques and theories have been employed,
and that alternative, contradictory hypotheses have been examined and
rejected” (Pg., 116). Persuasion is attained by systematic argument and
deduction detailed within the paper. The audience of the author can
certainly not ascertain all these as noted by Gilbert Nigel (1977) using an
abstract. Rather, a full-text would afford the reader the opportunity to
effectively do so. Whilst the author will have opportunity to be cited with
the complete information available in the full-text, the reader has ample
opportunity to make that decision.

Whether gold or green, open access offers full-text availability to
readers immediately after publication and opportunity for authors, in-
stitutions and funders to make the publications freely available to
readers. The open access thus increases the exposure of the publication
thereby increasing the opportunity to persuade readers to cite it (Gilbert
Nigel, 1977). Following from this finding, authors of frontier studies who
seek to gain citation of their works should look out for publication out-
lets/destinations that offer open access. As the difference between gold or
green open access has to do with authors making payments prior to
publication, authors should explore opportunities for full or partial
waivers on article processing charges (APC). Some publishers also form
partnerships with institutions with minimal or no fee payment such as
Research4Life to make full-text publication freely available. Institutions
that fund journals should continue to do so to ensure wider circulation
and consequent citation.

As GS crawls the web to search for documents requested by the surfer,
the codes can capture all available documents on the web. GS states one
version with the full-text, freely and downloadable version on the right-
side of the page with a hyperlink if there is one. Below the abstract, all
versions of the publication found including that which is exhibited are
stated as ‘All…versions’. These include whether the publication is full-
text, freely available or behind a paywall. The versions offer alternative
opportunities to the surfer as well as increased exposure to the publica-
tion, which is beneficial to the author, institutional affiliation and fun-
ders. The AllVersion captures publications posted in ResearchGate and
Academia.edu and others. These principally are derived from the
indexing of the journals in which the publications find home. Increasing
number of versions of publication in GS by 1% will increase the proba-
bility of citation by 3.2%. On the other hand, increasing all versions by
1% will increase citations greater than zero by 0.22%. This finding
suggests databases and locations including ResearchGate and Academ-
ia.edu do provide exposure to publications and consequently citations.
Authors seeking citation for their work could consider journals that have
many indexing avenues. Additional exposures can be derived from
archiving full-text at other locations accessible to GS.

Since the TRIF predicted success perfectly in the binary model, it was
dropped. Thus, we have estimates for only the citations greater than zero.
The elasticity shows that publication of a frontier application paper in a
journal with TRIF would increase citations beyond zero by 1.17% above
the reference, that is, those that are not published in journals with TRIF.
This estimate is statistically significant at less than 0.00%, consistent
with the existing literature (Asaad et al., 2019; Bornmann, 2017; Bozzo et
al., 2017; Cartwright and Savino, 2009; Elkins et al., 2010; Lee et al.,
2010).

The other quality variable, Scopus, also resulted in a positive and
statistically significant elasticity of 1.3023. This implies publishing in a
journal indexed in Scopus will increase citation of frontier application
paper by 1.30 above those journals that are not indexed in Scopus. Whilst
our results disagree with the theoretical position of Rousseau (1992,
1998), that selection of references does not depend on quality of the
publication, it agrees with the persuasion theory of Gilbert Nigel (1977)
and the position of Cozzens (1981) that articles become highly cited
because they are judged to be of high quality. Our finding is also in line
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with the existing empirics (Asaad et al., 2019; Elkins et al., 2010; Nuti
et al., 2015). The concordance of the quality variables shows that pub-
lishing in quality journals begets citations in GS. Indeed, journals of high
quality may have been maintaining a more stringent gate-keeping role
than others. In the most recent citation theory, Liu and Rousseau (2013)
noted that interestingness could be another reason for citation. This may
well be a characteristic of publications that find a home in journals of
high quality. From the foregoing, authors seeking to maximise citations
should consider publishing in journals of high quality, as a criterion.
Aside of a personal decision for seeking citations, and where number of
publications count towards promotion, institutions could consider pub-
lishing in journals with TRIF, a condition for tenure. Authors that
currently do not publish in journals indexed in Scopus, WOS or with
TRIF, should consider publishing in Scopus indexed journals as a first
step towards publishing in journals traditionally regarded as being of a
quality status. For those who currently publish in journals indexed in
Scopus, moving up to journals with TRIF could provide additional in-
crease in citation to their publications in GS.

It can be observed that the results of our study confirm most of the
theoretical positions on citations. Also, the results are consistent with
existing literature across countries, disciplines, time and other sources of
citations. This consistency enhances the applicability of our findings
beyond the frontier studies to other disciplines and from the national
scope to regional and the global level.

5. Concluding remarks

Extant reviews did not assess the determinants of the citation counts,
those studies that focused on determinants of citation, did not employ
data on frontier applications. Indeed, we are unaware of any study that
examined the drivers of citation of frontier application studies. We
contribute to the literature by identifying the drivers of citations of
frontier application publications. Specifically, for the country Ghana, this
study provides another perspective of citation analysis to the existing
bibliometric studies on Ghana. Beyond the use of single equation IHS
transformation of citation counts, which appears to be a standard
approach, we employed two-part mixture modelling with IHS trans-
formation of the second part, which we found to be more appropriate
than single equation IHS transformation modelling, for our data.

Author, institutional affiliations and country collaborations did not
have discernible effect on citation counts for studies on frontier appli-
cation. Coverage of study in terms of JEL classification as well as whether
SFA or DEA, did not drive citation counts. All proxies for accessibility of
publication (versions in GS, open access-full-text, posting in Research-
Gate and Academia.edu) drive citations of frontier application studies.
Finally, publishing in journals with TRIF and journals indexed in Scopus
influenced citation counts of frontier publications.

Authors, funders and institutions seeking to increase citations to their
publications on frontier applications should consider journals with the
widest possible indexing, journals with open access for publications and
journals of high quality. Notwithstanding the consistency of our findings
with studies that cover other geographic areas and the globe, citation
analysis of frontier applications’ data at the regional and global levels
will be worth exploring. The outcome would provide perhaps, a double
assurance.
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