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Abstract Citation studies have become an important tool for understanding scientific
communication processes, as they enable the identification of several characteristics of
information-retrieval behavior. This study seeks to analyze citation behavior using two
popular ethnobotany articles, and our analysis is guided by the following question: when an
author references a work, is he pointing out the work’s theoretical contribution, or is bias a
factor in citing this reference? Citation analysis reveals an interesting phenomenon, as the
majority of citing texts do not consider the theoretical contributions made by the articles
cited. Two possible conclusions can be drawn from this scenario: (1) citing authors read
the original texts that they cite only superficially, and (2) the works cited are not read by
the vast majority of people who reference them. Thus, it is clear that even with sufficient
access to reference texts; ethnobotanical studies highlight elements less relevant to the
research and reproduce discussions in a non-reflective manner.
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Introduction

Now more than ever, scientists are evaluated by the quality and quantity of their publi-
cations, and these assessment criteria are often measured by the number of articles that
they have published in high-impact journals. In principle, publishing an article in this type
of journal affords greater visibility to both the research and the author (Seglen 1997), but it
is important to note that some studies show no direct relationship between publishing an
article in a high-impact journal and a high number of citations (Albuquerque 2010).
Citation of an article may be influenced by various biases, such as self-citation,
nationality, sex, and the author’s institution; in other words, this practice may be
influenced by a spectrum of psychological, sociological, political and historical factors
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(Albuquerque 2010; Alvarenga 1998; Vanz and Caregnato 2003). It is therefore unsur-
prising that the scientific community questions the use of quantitative measures based on
citations, such as the h-index, to measure an author’s performance and, by extension, the
“popularity” of his or her articles.

According to Simkin and Roychowdhury (2003), many studies that investigate the
popularity of scientific publications have been conducted; the majority, however, have
focused on analyzing citation distribution. Simkin and Roychowdhury developed a quan-
titative method based on the misprint distribution in citations and concluded that only 20%
of the citations analyzed were actually consulted by the citing authors. This result indicates
that many citations are not read but are merely copied from other works’ reference lists,
potentially leading to various problems, such as overestimation of the impact of a publi-
cation, propagation of errors of interpretation, and even incorrect and/or inappropriate
citations. Simkin and Roychowdhury (2005) also reported a cumulative effect that leads to a
greater probability of a work being cited in the future, a phenomenon alternately known as
the “Matthew effect,” “cumulative advantage,” or “preferential attachment.”

Consequently, the following fundamental question not highlighted by mathematical
models arises: when an author cites a work, even if he or she has read the original text, are
these texts cited for their intrinsic value (merit), or does bias play a role in maximizing the
citation? Using this question as a starting point, this study aims to evaluate aspects
of scientists’ citation behavior based on a qualitative and quantitative analysis of articles
that cite work of great relevance and popularity while performing a first examination of
information flow in scientific communication in the field of ethnobotany. In this sense,
ethnobotany offers a good scenario to study “citation behavior”. According to Bermudez
et al. (2005): “the interdisciplinary nature of ethnobotany allows for a wide range of
approaches and applications. Nevertheless, little interchange of theories and methods
among related disciplines has taken place to date, resulting in the predominance of
descriptive works, which are primarily limited to compilations of useful plants”.

Materials and methods

In selecting citations, we considered two main inclusion criteria in this study: (1) articles
must be among the most cited in Economic Botany, which is one of the oldest reference
journals that publishes articles on ethnobotany, and (2) articles must present a degree of
originality and novelty from a theoretical point of view. The two works that fulfilled these
criteria were Phillips and Gentry (1993) and Bennett and Prance (2000).

Following their selection, a search was conducted in November 2011 of all available
periodicals in the SCOPUS database (http://www.scopus.com) to locate all articles that
cited these works since their publication. We identified 131 articles that cited Phillips and
Gentry (1993) and 81 that cited Bennett and Prance (2000). The articles were analyzed
individually, and for each instance that they referred to the selected authors, the identified
text was classified according to the following three categories (listed in ascending order of
relevance): (1) Category 1: citation of minor relevance (i.e., the central idea of the article
cited was not considered); (2) Category 2: citation of intermediate relevance (i.e., repli-
cation of quantitative techniques suggested by the work); (3) Category 3: citation of great
relevance (i.e., novelty on the part of the authors that highlighted its theoretical point of
view, which was the intrinsic value of the research). If a work contained more than one
citation, and if these citations fit into more than one category, only the most relevant
citation was considered.
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Peritz (1992) states that a citation motivated by a theoretical connection to the topic
must be quantitatively different from a citation used to simply indicate a study’s use or
application, which emphasizes the importance of classifying bibliographical citations into
different levels. However, it should be noted that the classification established in this study
is not intended to measure the number of times a particular author is correct or incorrect in
deciding to quote particular passages of the works being accessed; that is, we do not want
to discount citations in Categories 1 or 2, given that each author is responsible for high-
lighting (i.e., citing) information that he or she considers important in a scientific work. For
the intended objectives of this research, however, it was necessary to create this classifi-
cation to understand both the behavior of citing popular texts in ethnobotany and the
possible biases associated with their citation.

Phillips and Gentry’s (1993) article, which Albuquerque (2009) considers a benchmark
work in ethnobotany, was one of the first clear responses to the criticism that ethnobotany
suffers from subjectivity. The work of these authors relies on the hypothetico-deductive
method for testing hypotheses in ethnobotany. For this purpose, these authors proposed
using the use value, which is a quantitative tool that determines the relative importance of
plants. From this tool, it is possible to test hypotheses; for example, the relative impor-
tance of a resource can be explained by its availability in nature, which is an offshoot of
the hypothesis of ecological apparency (Albuquerque and Lucena 2005; Lucena et al.
2007). Since the publication of this work, the term “quantitative ethnobotany” has been
gradually spreading and is now being used in many different approaches (Albuquerque
2009). We assume, however, that the authors’ actual proposal (i.e., intrinsic value) was to
introduce hypothesis testing in ethnobotany research rather than to propose a new quan-
titative tool.

Bennett and Prance’s (2000) research unfolds in a similar manner. Ethnobotanical
literature has long pointed to the use of exotic plants in different cultures as an accul-
turative phenomenon with no analytical effort or more detailed interpretation. Like Phillips
and Gentry (1993), the authors proposed a quantitative tool that measures the relative
importance of plants based on their versatility and hypothesized that medicinal plants are
introduced into a culture for other reasons, such as food nourishment and ornamental use.
This idea may help explain how different cultures’ pharmacopeias develop structurally
over time. Interestingly, to the best of our knowledge, this “versatility hypothesis” was
only formally tested and compared with alternative hypotheses 10 years later (see Alencar
et al. 2010).

Data analysis

All articles that cited Phillips and Gentry (1993) and Bennett and Prance (2000) were
grouped by year of publication (Fig. 1). The following two temporal categories were
identified for each work: (1) for Phillips and Gentry, works that cited the reference before
2005 and those that cited it after 2005 (Fig. 1a); (2) for Bennett and Prance, works that
cited the reference before 2006 and those citing it after 2006 (Fig. 1b). The period between
2005 and 2006 was identified as the moment when these articles became most cited in the
scientific literature.

Using BioEstat software 5.0 (Ayres et al. 2007), a Chi-square test (;(2) was applied to
ascertain if the category distribution between the two articles presented statistical differ-
ences. Meanwhile, a G test (contingency table) was used to analyze citations of Phillips
and Gentry (1993) and Bennett and Prance (2000) in the two time categories classified in
this work.
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Fig. 1 Number of articles that cited Phillips and Gentry (a) and Bennett and Prance (b)

Results and discussion
Quantitative analysis

In the literature studied, the majority of articles that cited Phillips and Gentry (1993)
and Bennett and Prance (2000) did not consider in their citations the primary theoretical
contributions made by these authors (42.3 and 56.5% of publications, respectively)
(Fig. 2); instead, these articles highlighted seemingly less relevant aspects of the refer-
enced texts (Category 1). We also found citations made exclusively to replicate the
quantitative techniques proposed by these authors (Fig. 2), which occurred in 28.7% of
the works citing Phillips and Gentry (1993) and in 38.5% of those citing Bennett and
Prance (2000). Works that used the indices proposed by the authors were allocated to this
group without consideration for the theoretical implications involved or, in many cases, the
context in which they were originally applied. Interestingly, only a small number of the
works analyzed cited references that considered the articles’ real theoretical contribution
(i.e., intrinsic value) (Fig. 2).
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Fig. 2 Classification of citations of articles Phillips and Gentry (1993) and Bennett and Prance (2000) in
the scientific literature, considering the content presented in these citations. Category I: citation of minor
relevance; (2) Category 2: citation of intermediate relevance; (3) Category 3: citation of great

The data presented here can be interpreted in the following two distinct ways: (1) the
citing authors of these articles read the original texts superficially, and (2) these works are
not read by the vast majority of people who reference them. According to Simkin and
Roychowdhury (2003), the practice of replicating bibliographical citations without reading
the original source occurs somewhat frequently in science; therefore, we cannot rule out
this possibility for the references analyzed in this study. Similarly, Carvalho (1975) reports
that we cannot expect that all authors are careful, objective, and conscientious when
referencing their sources.

The above scenario was observed for the two works examined here, i.e., the distribution
of citations between the different categories was the same (3> = 3.762, p > 0.05), showing
consistency in how these works are cited. Despite this similarity, it is noteworthy that while
the article by Phillips and Gentry (1993) was cited predominantly in the introductions of
other works (44.87%) and subsequently in the methods and discussion sections (Fig. 3),
references made to Bennett and Prance (2000) were normally located in the discussion
section (39.8%) followed by the introduction and methods sections (Fig. 3). Regardless of
whether the citations were concentrated in a work’s introduction or discussion, the pattern
observed in the two analyzed references was the same, i.e., in the texts that cited them, the
authors do not expound on the major theoretical issues proposed by these references.

This study is not concerned with understanding the reasons that led different authors
to cite the references analyzed in this work, as the citation process is subjective, and
one cannot quantify the human element that generates subjectivity in the act of citation.
However, as outlined in the literature, a number of reasons may lead an author to cite a
specific reference, such as the significance of using a particular theory or paradigm; rec-
ognition of a renowned work to highlight or rectify the research of the individual citing
it; promotion of a publication’s own articles (i.e., self-citation); demonstration of the
evolution of an area of research; and the citing authors’ beliefs that their peers consider
what is being cited to be important (Bavelas 1978; Carvalho 1975; Vanz and Caregnato,
2003). In this case, we believe that a powerful force that may have guided the use of these
citations is the false idea that quality of scientific work equates to use of quantitative tools
(Albuquerque 2009).

In the annual distribution of works that cite Phillips and Gentry (1993) and Bennett and
Prance (2000), it was observed that these two articles were most cited in the years 2005 and
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Fig. 3 Distribution of citations of Bennett and Prance’s (2000) and Phillips and Gentry’s (1993) articles in
various parts of the publications mentioned

2006, respectively (Fig. 1). These works have since been cited frequently in ethnobotany
literature, which may reflect that these texts have now become “classics” (see Simkin and
Roychowdhury 2003). The dynamics of this process involve a chain of events initiated
each time a particular work is cited by another; therefore, after being repeatedly cited, a
scenario is created in which the possibility of the work being quoted in the future increases
exponentially. However, a major concern occurs when these works are cited without
consulting the original, as some of our findings suggest and as has been confirmed in the
literature (Simkin and Roychowdhury 2003).

Analyzing references to Phillips and Gentry (1993) in the two time categories con-
sidered here (Fig. 1a), the same pattern of citation was observed in both periods (G test:
1.38, P > 0.05). Most citations were classified as Category 1 (Fig. 4) (i.e., the group
of quotations of minor relevance) because they did not take into account the main
idea presented by the authors. This category was closely followed by Category 2 (i.e.,
replication of the quantitative techniques suggested by the authors) and by Category 3 (i.e.,
works that discuss the main theoretical contribution of the cited work) (Fig. 4). These
results show that regardless of the fact that these articles are referenced more often, the
manner in which they are cited remains similar.

Turning to Bennett and Prance (2000) and taking the year 2006 as a historical milestone
for its citation (Fig. 1b), statistical differences were not observed in the distribution of
citation categories when comparing the two periods (G test: 1.59; P > 0.05). Nevertheless,
we note that before 2006, citation of this study normally fell into Category 1 (see Fig. 4)
and became more popular after 2006 when it began to be used for replicating the quan-
titative technique proposed by the authors (Category 2). Despite being considered a
category of intermediate relevance, according to Garfield (1979), the citation of works
for their methodological contribution is as important as those citations that highlight their
theoretical contributions.

Many factors contribute to the increasing/decreasing popularity of scientific papers, and
as noted here, they are not always related to a work’s theoretical contribution. Wren (2005)
argues that the advent of the internet has caused a paradigm shift, as the Internet has
allowed access to a wide variety of sources of content and knowledge dissemination.
Eysenbach (2006) reinforces this argument when he assumes that articles immediately
published in Open Access format are cited more often, comparatively, than those published
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Fig. 4 Classification of citations of Phillips and Gentry (1993) and Bennett and Prance (2000) in the
scientific literature, considering the content presented in these quotations (categories) and the different
periods in which these quotations have become more popular. Category I: citation of minor relevance; (2)
Category 2: citation of intermediate relevance; (3) Category 3: citation of great

in traditional format, although we did not find support for this notion in the articles
analyzed here.

Qualitative analysis

One of the most serious concerns encountered in the evaluated work was “incorrect
attribution,” which refers to attributing information to the wrong author. This problem
occurs with widely disseminated scientific writing and may cause the dissemination of
erroneous information, among other problems. We found several inconsistent pieces of
information on Phillips and Gentry’s (1993) and Bennett and Prance’s (2000) findings. One
example we identified was Phillips and Gentry’s (1993) work, which was conducted in
Peru, being cited to support information related to North America, as if the study had been
conducted in that region. The study was also cited to support the need to identify the
economic value of plant species, when in fact these authors did not deal with this issue, nor
does their species’ use value quantitative index consider economic issues related to plant
usage.

In addition to attribution errors, the underuse of a citation also contributes to its
dissemination. As mentioned earlier, in terms of the theoretical contributions of the
studies analyzed, their scientific importance is unquestionable, but the factors responsible
for the promotion of their popularity are curious. Bennett and Prance (2000), for
example, have been widely cited to support well-known claims in ethnobotany, such as
the cultural importance of the families Asteraceae, Lamiaceae, and Leguminosae or the
importance of exotic plants in the pharmacopoeia. In addition to being commonly cited
to support the classification of the uses of plants in utility categories (e.g., medicinal,
fuel, etc.), Phillips and Gentry (1993) are also mentioned in methods sections to justify
conducting one-on-one interviews with informants to avoid interference from others in
the process.

Vanz and Caregnato (2003) point out that citations reflect the influence of the author
cited on the citing author’s work, but this hypothesis does not seem to correspond to the
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findings described here, as the true importance of the evaluated studies was not highlighted
in the research presented by the citing author.

Plagiarism was also found in the works evaluated in this study, which was not sur-
prising, given that this practice is recognized as a common phenomenon in scientific
circles, often due to faults in the publishing process (Long et al. 2009).

Given the reproduction of identical sentences and repeated misspellings in how an
author is cited, plagiarism was not difficult to identify in this study, even without the use of
commercial tools used to detect this practice. Repeated misspellings are especially
alarming because a spelling error being perpetuated in more than one work may mean that
the original sources were never consulted, which may then lead to the reproduction of
original misinterpretations. This finding reinforces our interpretation that the works may
have been cited without having been read.

The issues raised throughout this study show that the forces that maximize the citation
of a reference, as noted here for Phillips and Gentry (1993) and Bennett and Prance (2000)
in ethnobotany, are not always related to the works’ theoretical contributions. The current
pressures in academia to “publish or perish” may lead some researchers to adopt strategies
to maximize their output and to include citations from a greater number of articles.
Consequently, time becomes a limiting factor, which, when combined with the ease of
accessing information via the Internet, contributes to plagiarism and reproduction of
citations that, in most cases, have not been read by the author but merely copied from other
sources. This practice must change to ensure that information is truly validated and ref-
erenced without replication of erroneous or less important data and that the true contri-
bution of a work is highlighted, for as Vanz and Caregnato (2003) point out, the obligation
of every researcher is to coherently disseminate scientific knowledge through the publi-
cation of their own investigations.

This need is intensified in ethnobotany, as this field must advance theoretically through
work that seeks to test hypotheses, thereby reinforcing the need for researchers to con-
textualize their research from a theoretical point of view (see Albuquerque and Hanazaki
2009; Albuquerque 2011). Therefore, the situation identified in this work demonstrates that
even with sufficient access to reference texts, ethnobotanical studies continue to highlight
less relevant elements of the research and reproduce arguments in a non-reflective way.

Citation studies have become an important tool for better understanding the processes
of scientific communication, thereby allowing the identification of a series of behavioral
characteristics in the use of retrieved information. Such studies have also become indi-
cators of scientific activity, as they help to elucidate the structure and development of
science and identify the way in which it functions (Vanz and Caregnato 2003).
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