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In this paper, we analyze the compelling issue of monetary valuation of a scientific publication. While many
academic scholars tend to overlook the topic, as being either too difficult or even meaningless, policymakers
begin to use very rough tools for evaluating publications, which have many limitations, as we will discuss in this
work. The main objective of this work is to address this open problem by stimulating further discussion on the

topic and future research developments. We provide an overview of different methods to value scientific pub-
lications. We discuss their main hypotheses, pros and cons by means of an illustration based on Sapienza
University of Rome. Although we begin to address the issue of monetary valuation of scientific publications,
presenting a range of available methods and listing the limits and benefits of each, further methodological and
empirical research is still needed to comply with policy and stakeholders' needs which we expect will increase in

the near future.

1. Introduction

Cost-benefit analysis (in short: CBA) has been used as a tool for
public policy decision making for almost a century in a variety of policy
settings (De Rus, 2010; Nyborg, 2012). While CBA has been used for the
evaluation of research and innovation projects in the past (e.g.,
Wise, 1975; Geuna and Martin, 2003), recently this approach has
gained momentum and is used actively in impact assessment studies
and policy development (e.g., DG Regio, 2014). This fits within the
growing awareness of researchers and policymakers to expand the
knowledge base on all impacts of research and research policy. This
trend is illustrated by the review of the role of metrics in research as-
sessment and management (Wilsdon et al., 2015) and by the study of
Hill (2016) which states that: “the assessment of societal impact needs
to become a more central aspect of research evaluation”.

A larger number of past studies have focused on the economic
benefits of privately and publicly funded research and have studied the
link between research and economic growth and new business oppor-
tunities (Salter and Martin, 2001; Martin and Tang, 2007;
Castelnovo et al., 2018). Other studies have examined the societal im-
pacts of research in a broader sense, going beyond economic impacts
(Bornmann, 2013; Bornmann and Marx, 2014; Hill, 2016;

Greenhalgh et al., 2016). The evaluation of the impact of science can
rely on different approaches. Bozeman and Sarewitz (2011), for in-
stance, consider a non-economic model for the social value of science
and innovation policy. Molas-Gallart and Tang (2011) and Spaapen and
Van Drooge (2011) based their analysis on information about knowl-
edge exchange interactions such as joint research papers. As another
recent example, Garcia-Romero et al. (2017) investigated the impact of
health research on length of stay in Spanish public hospitals. Invest-
ments in research and knowledge development generate benefits for
researchers, young professionals and students, but also for businesses,
the target population and the general public (DG Regio, 2014). While
some of these benefits are easy to quantify and value in monetary terms,
others are much more challenging to value. Specifically, we focus on
the monetary value of scientific publications and how these values can
be included when implementing a cost-benefit analysis in a research
setting. In order to assess the main strengths and weaknesses of several
available valuation methods, we use the Italian generalist university
Sapienza as a case to illustrate different approaches.

Scientific publications are one of the many outcomes of research
activity besides patents, doctoral research, and so on. Research activ-
ities are carried out in the context of new knowledge production pro-
cesses (Gibbons et al., 1994; Nowotny et al, 2001, 2003). The
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definition of ‘what a publication is’ represents a challenge, it is difficult
and articulated. For instance, in Sapientia, the Ontology of Multi-
dimensional Research Assessment (Daraio et al., 2016), a publication
aims at reporting empirical or theoretical work and describes the results
in some knowledge field. Publications are described in the Module
Publishing, which concerns the activity that allows people to know the
results of research. The output of a publishing activity is a publication,
which is a way to represent a content through some media. There are
three kinds of content in Sapientia: paper-like content (a content
structured as a paper); book-like content (a content structured as a
monograph or edited chapter) and patent-like content (a content
structured as a patent application). It has to be noted that a publication
of a research work is not considered as output of that work (the output
of the work is the content of the publication, see Lenzerini and
Daraio, 2019). Thus, we consider the value of publications as separate
from the value of scientific results, and in this study we specifically
focus on the authors’ perspective. Understanding authors’ attitudes to-
wards publications and how they value different publication types is
important for research institutions and policymakers to help in devel-
oping effective and relevant research programs. This focus implies that
this study mainly captures use values of publications, which refer to the
benefits an individual or organization can acquire through having di-
rect access to a particular publication. These benefits can include new
insights after reading or writing a publication, but also capacity-
building and reputational effects. Publications are only one way to
disseminate research findings (or contents). Alternatives are patents,
presentations, informal collaborations, or researchers could decide not
to share the findings at all, because the results are not interesting, not
new or because the researcher does not have the time to write every-
thing down.

In this paper, we focus on scientific publications, namely articles
which are one way of communicating the paper-like content that was
mentioned above. This type of content can be communicated through a
variety of outlets such as national and international journals, chapters
in books or conference proceedings. While publications are seen as an
important output of scientific activities, it is not straightforward to
assess their value. A quantitative evaluation of scientific publications is
affected by many challenges, including but not limited to: complexity
and articulation of the research activity with respect to the problem to
solve; uncertain and unpredictable time lag between the research ac-
tivity and the realization of the scientific publication, accounting for the
tacit knowledge embedded in human minds and codified knowledge
embedded in documentary sources as well as on their complementa-
rities and attribution of the publication to the research it refers.

We claim that it is important to assess different methods to provide
a monetary value of publications in a systematic way because it is
important to be explicit about the conditions and assumptions under-
lying the different methods. Moreover, one cannot simply ignore these
issues (i.e. CBA, monetary valuation of research and research outputs)
because doing nothing is also a choice and has implications: either the
publications are ignored and implicitly valued at zero, or the policy-
makers use the few available studies without taking the conditions
where these results can be used into account and thus with limited
understanding of the implications of that choice. Tuckman and
Leahey (1975) were the first to calculate the worth of an article by
exploiting wage differences for 973 full-time male faculty employed at
US universities in 1972-1973. The results of their hedonic wage esti-
mation suggest that the returns from the publication of the first article
are considerable, ranging from 12 340 USD for an assistant professor, to
10 256 USD for an associate professor, to 6 958 USD for a full professor,
based on a 5 % discount rate. Diamond (1985) used a similar method to
estimate the impact of a citation on earnings and found that the mar-
ginal value of a first citation varies between 50 and 1300 USD.

In the remainder of this paper, we describe several methods that are
available to estimate the value of a publication and illustrate how they
can be used for the case of Sapienza University. The paper is organized
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as follows. First, we provide some general background on the concept of
value and how it can be measured. Next, the framework of the appli-
cation to Sapienza University of Rome and the data collection process
are described. We apply a market-based method and study market
prices for some selected publications. A second approach to value
publications is the marginal production cost method which is illustrated
for publications from researchers affiliated with Sapienza University of
Rome. The third and last approach is based on a survey-based technique
called discrete choice experiments. Finally, we compare the three dif-
ferent approaches to value publications and conclude.

2. Methods and valuation approaches
2.1. Some general background

Before we can start to value, we must briefly consider what value is.
Economic value can typically be divided into two main categories: use
values and non-use values. Use values refer to the benefits an individual
or organization can acquire through having access to a particular good
or service. These benefits can include new insights after reading or
writing a publication, but also capacity-building (e.g. the ability to
work across the academic/non-academic boundary, expanded expertise
and skills in handling toolsets, such as visualization tools). Non-use
values refer to benefits associated with the existence of a publication
without personally having access to it. These values include the feeling
that it is important to have publications to advance science and to keep
evolving as a society (existence value). Individuals may also feel that is
important to have publications for the benefit of the next generation
(bequest value) or for other totally unrelated researchers of the current
generation (altruistic value). While use values of publications will ty-
pically be acquired by researchers and academics, non-use values can
be acquired by all individuals in a society and as such scientific
knowledge can be seen as a public good. Since values are not only at-
tained in the present but can also be expected in the future, the (quasi)
option value can be defined to reflect these future use and non-use
values. Generally, and also in this specific case where we focus on the
authors’ perspective, use values are easier to estimate than non-use
values. The methods used in the illustration will typically estimate use
values, with the exception of the discrete choice experiment that can
also capture part of the non-use value.

A large majority of past studies regarding the value of research have
focused on use values (see, e.g., Martin and Tang, 2007; Salter and
Martin, 2001; Bornmann, 2013). This is nicely illustrated by the fol-
lowing quote: ‘Society can reap the benefits of successful research
studies only if the results are converted into marketable and consum-
able products (e.g., medicaments, diagnostic tools, machines, and de-
vices) or services.” (Bornmann, 2013, p.217). Furthermore, the idea that
a publication has more value when it is cited more frequently
(Waltman et al., 2013) is also focusing on use values of research.

However, non-use values of research are explicitly mentioned in the
cost-benefit framework presented by Florio et al. (2016b) and have
been estimated in Florio et al. (2016a) for the Large Hadron Collider
(LHC) at CERN. The non-use value of the LHC was defined as ‘its value
for people who currently do not use its services, but who derive utility
by just knowing that new science is created’ (Florio et al., 2016a, p.39;
Catalano et al., 2016). The estimation of an individual's willingness-to-
pay was estimated though the survey-based contingent valuation
method and resulted in an estimated non-use value of 3.2 billion euro
for the investment at CERN (Florio et al., 2016a).

In order to measure these values and preferences, the literature
typically distinguishes three broad categories of economic valuation
methods as presented in Table 1 (Pearce et al., 2006; De Rus, 2010).
The first group of methods is based on actual markets and prices. The
second way of gaining insight into individuals’ preferences is based on
their behavior in related markets such as selecting a job, buying a house
or visiting a research facility and these methods are called revealed
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Table 1
Overview of valuation methods.
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Based on Available methods

Potential applications to publications

Existing markets
(use values)

Market prices

Cost-based methods (replacement costs...)
Production cost methods

Travel cost method

Hedonic price method (prices, wages, ...)

Related markets
(revealed preferences)
(use values)
Hypothetical markets
(stated preferences)
(use and non-use values)

Contingent valuation
Discrete choice experiments

- Prices for journals and publications paid by researchers and research institutions to publishers
- Cost of an open-access publication

- Cost of paying another (team of) researchers to write an identical paper

- Marginal production costs approach

- Impact of a publication on subsidies for universities

- Impact of a publication on the probability of funding (post)doctoral research

- Impact of a publication on getting tenure (requirements in tenure contracts)

- Survey measuring support for a specific research project

- Survey measuring the relative characteristics of publications

preference methods. The third way of estimating preferences is based
on surveys in which individuals state their preferences directly or in-
directly and these methods are called stated preference methods. While
each approach can be used to measure use values, only the last ap-
proach, based on surveys, can be used to measure non-use values. These
valuation methods are frequently used to assess the value of non-market
goods such as biodiversity improvements (e.g. Rousseau and Tejerizo
Fuertes, 2020) or health impacts (e.g. Mangham et al., 2009).

Next, we investigate how these different methods can be used to
approximate several aspects of the use value of a publication. Based on
the first approach of existing markets, we examine market prices for
journals and journal articles and we discuss the production cost ap-
proach used by Florio et al. (2016b) and Battistoni et al. (2016). The
application of the cost-based method based on replacement costs is
difficult to implement in practice as specific expertise and knowledge,
which are typically unique to individual researchers or researcher
teams, are needed to write a particular paper. Based on the second
approach of related markets, the travel cost method — which relies on
people's willingness to make certain trips or visits to derive the implicit
value of these activities — cannot directly be applied to estimate the
value of a publication. The hedonic price method can be used in this
context by looking at the impact of subsidies on university funding or
by investigating the impact of an additional publication on a re-
searcher's career and then specifically on expected wages (e.g.
Tuckman and Leahey, 1975; Diamond, 1985). Based on the third ap-
proach of hypothetical markets, we perform a discrete choice experi-
ment but do not apply the contingent valuation method. The latter
method can be used to estimate use and non-use values of research
infrastructure (e.g. Florio et al. (2016a) used this method to assess the
value of the LHC at CERN), but its focus on one large project or policy
measure makes this method less suitable to derive the value of a sci-
entific publication.

The four methods that show the highest potential in the current
context are discussed in more detail below and illustrated with survey
results for academics affiliated to Sapienza University of Rome. This
case study, as all case studies, is not meant to be exhaustive but is a tool
to start with and discuss the main strengths and weaknesses of these
approaches and, most importantly, the possible use of such estimated
values in impact assessment of research and research institutions.

2.2. Existing markets: prices for publications

In well-functioning markets, prices provide accurate information on
value and reflect stakeholders’ preferences. Conditions for the well-
functioning of markets include perfect information, a large group of
buyers and sellers (no market power), the absence of externalities as
well as well-defined property rights. Thus, while market prices can, in
theory, approximate the true value of good quite closely, this is unlikely
to happen in real markets. Real markets often exhibit market failures
(i.e. one or more of the above-mentioned conditions does not hold) and
can also be influenced by regulatory interventions such as taxes and

subsidies. In our illustration based on the case study for Sapienza
University, we focus on the price of open-access publications. First, we
generate a list of the 8432 publications of authors affiliated with
Sapienza University of Rome published in 2018 and indexed in the Web
of Science'. Next, we randomly selected 50 of these publications (full
list in Supplementary material A) and searched for the cost of pub-
lishing an open access article in the source journal®.

2.3. Existing markets: the marginal production cost approach

Inspired by Florio et al. (2016b) and DG Regio (2014), we now have
a closer look at the marginal production cost approach. This approach
was also used in Battistoni et al. (2016) to value the knowledge outputs
from the National Hadrontherapy Centre for Cancer Treatment (CNAO)
located in Pavia (Italy).

When scientists and researchers spend time working on a publica-
tion, they are foregoing the opportunity of working on an alternative
project or even in an alternative sector. If this opportunity cost is as-
sumed to equal the average scientist's hourly compensation,
Florio et al. (2016b) claim that a reasonable proxy of the value of sci-
entific output is its marginal scientific cost. According to economic
theory, the marginal production cost represents the incremental costs
incurred when producing an additional unit of a good or service (here, a
publication). In practice, it is often calculated by taking the total change
in costs of producing more goods and dividing that by the change in the
quantity of goods produced. The usual variable costs included in the
calculation are labor and materials, plus the estimated increases in fixed
costs (if any), such as administration and overhead. In the context of
academic publications, Florio et al. (2016b) define this marginal sci-
entific cost as the time spent by scientists to conduct research and
produce knowledge outputs valued at appropriate shadow wages.

Florio et al. (2016b) use the marginal production cost approach to
estimate the unit production cost (UPC) per knowledge output as the
ratio of the weighted gross salary of the author — which depends on his/
her function - over the number of scientific outputs produced per year:

Z gross annual salary x share of time spend on research
function

UPC =

/(number of publications)

As an example of this approach, if a researcher spends 50% of its
time on research, has a gross annual wage of 100 000 euro and pub-
lished two articles per year on average, then the value of a publication
would be estimated at 25 000 euro.

In our case study based on Sapienza University, we use an online
survey to collect information on the estimated share of time each re-
searcher dedicate to research, their function and their publications.

! We used the following query: OO = Sapienza* AND PY = 2018.
21If the random selection resulted in a conference proceeding or book, the
next journal article in the list was used.
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19a7. Which of the following three options do you prefer?
(Funding can be used for anything related to research: conferences, software, books, wages...)
(An indexed journal is assumed to be indexed in both WoS and Scopus)

Additional
Publication A Publication B funding for
research
Article in indexed
Type of outlet ) Article in non-indexed national journal /
journal
Language of , )
A Italian English /
publication
Standing amon
9 9 High Low /
peers
At least one international co-author
Co-authors Single author At least one co-author from another /
discipline
Personal time
invested in writin
9 2 months 3 months 2 weeks
nd revising (FTE,
ot waiting time)
Pudget 0 euro 0 euro 500 euro
() Publication A
() Publication B

() Additional funding
() None of the three options

Fig. 1. Example of a choice card.

Thus, we use self-reported data in this illustration. Information on the
average gross annual salary per function was obtained from the human
resources department of Sapienza.

2.4. Related markets: hedonic price method

The number of publications written by a researcher or institution
can also have an impact on other markets or financial decisions such as
the academic job market or the funding of universities. The hedonic
price method exploits this connection to derive an implicit value of a
scientific publication. As mentioned in the introduction, the studies of
Tuckman and Leahey (1975) and Diamond (1985) provide an example
of an application based on a related market, namely researchers’ wages.

As another example, we consider an application based on the impact
of publications on university funding. In 2014, the Italian Ministry of
Higher Education introduced a performance-based funding system,
which was based on research and teaching performance indicators
(Aversano et al., 2018). The system is formula-based with an annually
increasing weight of performance-based indicators. In 2018, the fund is
allocated for 20% on a performance basis and for 80% on an ex-
penditure basis based on a standard cost per regular student. The 20%
performance-based share of funding is allocated as follows
(Aversano et al., 2018): 70% based on university performance in the
national research assessment framework “Valutazione della Qualita
della Ricerca” (VQR); 10% based on the quality of recruitment (i.e., the
VOR research performance of newly hired faculty); and 20% based on
the internationalization of teaching activities (i.e., number of Erasmus
students and credits from courses attended overseas). Publications, and
especially publications indexed in the Web of Science or Scopus, play an
important role in the VQR. As more, and higher quality, publications

lead to a more better assessment of a university's performance and this
lead to a higher share of funding, this relationship can be used to derive
a monetary value of a publication. Unfortunately, these data are not
available for multiple Italian university of a sufficiently large time
period and we are thus not able to estimate the value of a publication
through this approach.

2.5. Hypothetical markets: discrete choice experiment

A discrete choice experiment (DCE) is a quantitative technique used
for eliciting individual preferences developed by Louviere and
Hensher (1982) and Louviere and Woodworth (1983). It is especially
suited to deal with multidimensional choices and is based on random
utility theory (Amaya-Amaya et al., 2008). This technique has already
been used to investigate the selection of a journal where a researcher
would submit his/her paper to (Rousseau and Rousseau, 2012;
Poelmans and Rousseau, 2015).

In the current DCE, respondents are offered eight choice sets and
each choice set C comprises four options: alternative A, alternative B,
alternative C and the opt-out option. Choosing one alternative over the
others implies that the utility of the chosen alternative exceeds the
utility associated with the other alternatives. Thus, the probability of a
respondent choosing scenario i from a particular choice set C can be
expressed as:

PrlilC] = Pr(Ui> U, Yj#i€eC]
= Pr[ASC; + BX{ + By M; + & > ASC; + BX] + By M; + ¢,
Vji#ieC]

Where U; represents the utility derived by an individual of choosing
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Table 2
Attributes and attribute levels.
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Attributes

Attribute levels

Outlet

Language

Standing/status of publication

Co-authors

Discipline co-authors

Time needed to write and revise the publication (FTE; not including waiting time)

Non-indexed national journal (reference)
Non-indexed international journal

Indexed (WoS, Scopus) journal

Chapter in national book

Chapter in international book

Contribution published in Conference proceedings
Italian (reference)

English

Low (reference)

Average

High

No co-authors - single author

Only local co-author(s) (reference)

At least one international co-author

All authors same discipline (reference)

At least one author from another discipline
1; 1.5; 2; 3; 4; 5 months

alternative i out choice set C, where X; represents a K-dimensional
vector of attribute levels for alternative i, where 3 is a K-dimensional
vector of coefficients capturing generic marginal (dis)utilities of attri-
butes, where M represents the monetary attribute, and where ASC; —
alternative specific constant — captures the mean effect of unobserved
factors for each of the alternatives.

Under the assumption that the random terms are independently and
identically distributed following a type I extreme value distribution (i.e.
a Gumbel distribution), the choice probabilities have a convenient
closed-form solution, the so-called conditional logit model. The mar-
ginal willingness to pay (WTP) for a particular change in one specific
attribute — the marginal rate of substitution — can be estimated as a ratio
of coefficients:

aU/aXl _ ﬁattn’bule

WTRribute = _3U/3M = B
M

For more information on the mathematical and statistical details of
this method, we refer the reader to Alberini et al. (2007) and Amaya-
Amaya et al. (2008).

Specifically, we asked each respondent to make eight choices be-
tween two types of publications, one funding opportunity or none of
these three. Fig. 1 illustrates one such choice card. We describe each
publication type by the following characteristics (attributes): the type
of outlet, its language, its standing with peers, the presence of co-au-
thors and their disciplinary focus, and the time needed to write and
revise the publication. Table 2 provides an overview of the attributes
and their levels. The funding opportunity presented a budget of 500,
1500, 2500, 3500 to 5000 euro that could be used for research-related
expenses and could be acquired with two weeks of work. If the two
publications options as well as the funding opportunity did not appeal
to the respondent, (s)he could select the opt-out option to indicate this.

Based on these attributes and their levels, 6 X 2 X 3 X 3 X 2=216
different publications can be constructed. Since respondents cannot
rank all these alternatives, we selected a restricted set of choice cards to
present to respondents that allow us to derive the most information
from respondents’ choices. Specifically, we created a d-efficient design
based on fixed priors using Ngene leading to a choice experiment
consisting of three blocks with each eight choice cards (see
Supplementary material B). Respondents were randomly assigned to
one of these three blocks.

Data obtained from a choice experiment are often estimated by
conditional logit (CL) models. However, the CL model suffers from the
independence of irrelevant alternatives (IIA). The CL model also as-
sumes preference homogeneity across respondents, which implies that
only one fixed vector of parameters is estimated for the choice attri-
butes, and hence all respondents are assumed to have the same

preference for the attributes (Hensher et al. 1999; Train, 2003). Con-
ditional logit models can tackle heterogeneity by including socio-eco-
nomic variables as interactions with attributes and alternative-specific
constants, or by estimating different models for different subsets of
data. An alternative approach that relaxes the IIA assumption and al-
lows for heterogeneous preferences is to estimate a latent class (LC)
model (Boxall and Adamowics, 2002). Latent class methods aim to
distinguish consumer segments based on discrete observed measures
such as reported attitudes. A LC model estimates consumers choices
jointly with class membership based on the assumption that utility
functions are different between classes, but identical within classes. We
estimate both a standard conditional logit model and a latent class
model to analyze the data.

3. Survey design and data collection

Sapienza University of Rome is the largest generalist European
university by enrollments and one of the oldest in history, founded in
1303. The University is one of the most prestigious Italian universities
commonly ranking first in national rankings and in Southern Europe.
Sapienza University of Rome was founded in 1303 with the Papal bull:
In Supremae Praeminentia Dignitatis, issued on 20 April 1303 by Pope
Boniface VIII. In the 1650s the university became known as Sapienza,
meaning wisdom, a title it retains. Sapienza University, with its over
700 years of history, has 112,557 students, 3411 academics, and 2306
employees, technicians and librarians, in addition to 1812 adminis-
trative staff in university hospitals in 2018>.

To illustrate the methods discussed above, an online survey was
developed in Qualtrics to gather data on the publication preferences of
professors affiliated with Sapienza University of Rome. The survey in-
cluded questions in English on socio-demographic characteristics of the
respondents, function and research discipline as well as past publication
behavior, attitudes towards and knowledge of bibliometric indicators
and a DCE designed to learn about publication preferences.

After several tests of the formulation of the survey questions, a call
to participate was launched on November 22, 2018 through email. We
contacted all faculty members from Sapienza (N=3306) through a
general mailing list. No reminders were sent. Data collection was closed
on January 31, 2019.

Overall, 502 respondents started the survey of which 43 stopped
after reading the introduction, another 33 stopped after filling their
field of expertise (7 question) and another 94 stopped when they were

3 https://www.uniromal.it/sites/default/files/field_file_allegati/retro_2018_
mod5bis_ridotta-abbondanze.pdf
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Table 3
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Description of the dataset. For the 11 faculties of Sapienza plus the School of Aerospace Engineering, grouped in 5 macro-area's groups, we report the number of
respondents (N. resp.) and % of respondents (% of resp). The last two columns show the total number of academics in place at the 31 December 2018 (“Total N.

(2018)”) and their % (“% N.”) distributed by faculty.

Faculty Group N. of resp. % of resp. Total N. (2018) % N.

Scienze matematiche, fisiche e naturali Exact sciences 59 18.85 417 12.61
(Mathematics, Physics and Natural Sciences)

Lettere e filosofia Humanities 38 12.14 376 11.37
(Arts and Humanities)

Architettura Engineering & Technology 9 2.88 168 5.08
(Architecture)

Ingegneria civile e industrial 37 11.82 289 8.74
(Civil and Industrial Engineering)

Ingegneria dell'informazione, informatica e statistica (Information Engineering, Informatics and 38 12.14 222 6.72
Statistics)

Scuola di Ingegneria aerospaziale (School of Aerospace Engineering) 2 0.64 10 0.30

Farmacia e medicina Medical sciences 36 11.50 461 13.94
(Pharmacy and Medicine)

Medicina e odontoiatria (Medicine and Dentistry) 32 10.22 584 17.66

Medicina e psicologia (Medicine and Psychology 29 9.27 331 10.01

Economia (Economics) Social sciences 11 3.51 179 5.41

Giurisprudenza (Law) 4 1.28 86 2.60

Scienze politiche sociologia comunicazione (Political Science, Sociology and Communication 18 5.75 183 5.54

Science)

asked to describe their publications in the past three years (11" ques-
tion). After some additional limited drop-out, we ended with 313
useful, though not fully complete, responses. Thus, the response rate is
low: 502/3306 = 15%, or based on useful data, 313/3306 = 9.5%.
Such a low response rate is not unusual for online surveys (Fan and Yan,
2010) and may be further affected by our choice not to send reminders
and to use English as a working language. We use the sample of 313
useful responses in the remainder of the text. As the main aim of the
case study was to illustrate several valuation methods, the lack of ex-
ternal validity is not crucial.

The sample consisted of 64% male and 36% female respondents. All
respondents, with the exception of three, had the Italian nationality.
The average age of the respondents was 52.7 with a minimum of 29 and
a maximum of 76. Respondents are affiliated with eleven different fa-
culties plus the School of Aerospace Engineering, with the largest
proportion (19%) from the Faculty of mathematics, physics and natural
sciences, followed by the Faculty of arts and philosophy (12%) and the
Faculty of information engineering, computer science and statistics
(12%) (Table 3). Table 3 reports in bold the percentages of respondents
(“% resp.” second column of Table 3) of the faculties that are higher
than the respective percentage in the population of Sapienza's scholars
(“% N.” sixth column of Table 3). The respondents had different func-
tions, but the largest group (39%) is associate professor, followed clo-
sely by the group (35%) of assistant professors (see Table 4 that reports
also the relative distribution in the Sapienza's population). Based on

Table 4

chi-squared goodness-of-fit tests, we reject the null-hypothesis that the
distribution of our sample over faculties is equal to the population
distribution (chi* = 46.11, p=0.0000) and do not reject the null-hy-
pothesis for the distribution of functions (chi®> = 13.77, p=0.0554),
and the distribution of gender in our sample (chi*=1.86, p=0.3952).

4. Results
4.1. Existing markets: prices for publications

Looking at our challenge to find the value of a publication, the
publishing market certainly seems relevant. Readers and institutions
pay to have access to journals, books and articles. For the fifty randomly
selected journals in which at least one researcher from Sapienza pub-
lished in 2018, we collected the cost of making one's article open access
(see Fig. 2 and Supplementary material A). Arguably, the price to make
one's article open access could be interpreted as a proxy for the ex-
pected total discounted future value of publishing this study. For our
illustration, this value ranges from 0 to 4786 euro with an average
value of 2250 euro. All articles of a particular journal would then have
the same expected value, while this value can change between journals.
However, as we note in the discussion section, the academic publishing
market can hardly be labeled as a perfectly competitive market.

Description of the dataset. Distribution of respondents by function and gender compared with the distribution of the population of Sapienza university at 31

December 2018 (“Total N. (2018)” and “% N.”).

Function N. of resp. % of resp. Total N. (2018) % N.
Professore ordinario (Full professor) 60 19.17 674 20.39
Professore associato (Associate Professor) 121 38.66 1161 35.12
Ricercatore (full-time assistant professor) 69 22.04 1102 33.33
Professori incaricati (contract professor) 2.56 NA NA
Ricercatori a tempo determinato L. 230/05 (temporary assistant professor) 1 0.32 NA NA
Ricercatori a tempo determinato L 240/10 Tipo A (temporary assistant professor) 23 7.35 212 6.41
Ricercatori a tempo determinato L 240/10 Tipo B (temporary assistant professor) 16 5.11 157 4.75
Other (retired): 15 4.79 NA NA
Gender

Male 199 63.58 1982 59.95
Female 113 36.10 1324 40.05
X 1 0.32 NA NA

NA =not available.
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Fig. 2. Open-access fees for 50 journals (data collected May 2020).

4.2. Existing markets: marginal production cost approach

Next, we use the survey answers to illustrate how the value of a
publication can be calculated according to this method. We asked re-
spondents how many publications they produced in the last three years
(2015, 2016 and 2017) using a categorical scale with six categories
ranging from ‘no publications’ to ‘more than 15 publications’. A con-
tinuous variable is created based on mid-points (see line 3 in Table 5)
and the reported number of publications is divided by three to create an
annual value.

We also distinguished thirteen different types of publications
(Table 5). 85% of the respondents published at least one article in an
indexed (in Web of Science or Scopus) international journal, 60%
published at least one paper in a conference proceeding and 58%
published at least one chapter in an international book in the period

Table 5
Number of publications of the sample (2015-2017).

Number of respondents Number of publications

Publication type zero one 2-5 6-10 11-15 > 15
mid-point 0 1 35 8 13 18
Article in indexed international journal 47 24 74 68 33 67
Conference proceeding 124 33 69 48 16 23
Article in 'Class A' journal” 133 33 85 34 9 19
Chapter in international book 177 59 63 11 3 0
Chapter in national book 202 40 51 14 5 1
Article in indexed national journal 220 33 43 11 3 3
Article in non-indexed national journal 231 23 41 15 1 2
Article in non-indexed international 243 40 24 5 0 1
journal
Popular media (newspaper, blog, 244 17 33 8 1 10
newsletter...)
National book 257 33 18 4 1 0
National edited book 258 31 20 4 0 0
International edited book 263 32 18 0 0 0
International book 279 23 9 1 1 0

" A class A journal is defined by ANVUR as being comparable to indexed
journals of higher quartile (Q1) for disciplines where bibliometric indices are
less useful.

2015 till 2017. Books are published least frequently, as could be ex-
pected based on the amount of time needed to write, or edit, a book.

In the survey, we also asked respondents to provide an estimate of
their time allocation in one year (i.e. 100%) over the following activ-
ities: teaching, research, administration, third mission (service, con-
sultancy...), and other. We found a large variety in the time allocation
of our sample (Table 6). As a next step, we need an estimate of the gross
annual salary paid by the university (Table 7). Based on the time al-
location and the gross annual wage per function, a weighted gross an-
nual wage is calculated to reflect that only part of a professor's time is
used for research. As we do not have information on individual wages
but we do know respondents’ function, we use the average gross annual
wage per function (Table 7).

Based on these data, a value of a publication could be derived as a
unit production cost (UPC) of gross annual salary times the share of
time spent on research divided by the number of publications. Note that
no UPC can be calculated for researchers with zero publications in a
particular category. We create four different groups of publications to
check the robustness of our approach (see columns 1 and 2 in Table 8).
Firstly, we only include journal articles and obtain a median value of
approximately 5500 euro per publication. Secondly, chapters in books
and conference proceedings are added to the journal articles to create a
new group called ‘Publication 1’. The median value of a publication in
this group amounts to 3440 euro. Thirdly, we add published books to
the group ‘Publication 2’ and obtain a median value of slightly below
3400 euro. Finally, including also edited books (‘Publication 3), leads to
a median value of slightly above 3300 euro per publication.

As not all types of publications are directly comparable, weights can

Table 6
Time allocation (% of a year) of respondents.
Mean Median Minimum Maximum Std Dev

Teaching 36.60 35 0 920 14.11
Research 36.59 35 0 80 15.88
Administration 15.06 10 0 70 11.71
Third mission 7.85 0 50 9.37
Other 3.90 0 0 95 10.36
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Table 7
Estimated gross annual salary paid by Sapienza University.

Estimated gross annual salary

(in euro)*
Full professor 87 500
Associate professor 59 000
Assistant professor full time (Ricercatore) 44 200
Assistant professor temporary (Ricercatori a 35 000
tempo determinate)

Contract professor (Professori incaricati) 10 000
Other (retired) 0

* Amount without the gross expenses of the University. Average of the years
2015, 2016 and 2017.

" No information about the gross salary was available for this group of pro-
fessors. As they typically work part-time, we arbitrarily put their estimated
annual salary at 10000 euro per year.

Table 8
Value in euro of a publication expressed as Unit Production Cost - UPC
(weighted values between brackets).

Mean Median Min. Max. # Obs

Articles
« Article in indexed international 9282 5446 0
journal (5) (1478) (875)
« Article in indexed national
journal (5)
« Article in non-indexed national
journal (25)
« Article in non-indexed
international journal (25)
Publication 1
- Articles 5862 3442 0 78750 307

105000 296
(18375)
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be used to assign a relative value to each publication type. At the level
of an individual researcher, citations or altmetric scores can be used.
Such a weighing approach would then lead to higher values for pub-
lications that receive higher citations or altmetric scores over a certain
period. This immediately points to a downside of this approach as the
biases present in the distribution of citations (Rousseau et al. 2018)
would transfer to the distribution of values of publications. For ex-
ample, publications presenting a critical literature review would be
valued more as they tend to be cited more frequently. Furthermore, it
could also be desirable to take the number of co-authors into account in
this weighing process. This may, for instance, lead to higher values for
multi-author publications than for single-author publications when
collaboration leads to more time spend on the publication (e.g. each
author carefully reads to the text and revises where necessary) than the
time spend on the publication by a researcher working alone.

As we do not have information on each publication at the individual
level, we illustrate this by assigning a general value for each publication
type. Bourke and Butler (1996) study a database containing 30 000
publications by Australian research institutions published between
1980-1994. Even though this study is clearly outdated and does not
capture recent trends such as digitalization and internationalization, we
could find no other source with average citation rates for different
publication types across all disciplines. Bourke and Butler (1996) report
the following citation rates: books received 64.3 citations on average,
edited books 3.5, book chapters 7.2, SCI articles 13.7, non-SCI articles
2.4, conference papers 1.1 and other publications 0.7 citations. From
this we derive the following rule of thumb: books are 5 times more
likely to be cited than indexed articles, 25 times more likely to cited
than non-indexed articles, 10 times more likely to be cited than book
chapters, 20 times more likely than edited books and 60 times more
likely to be cited than conference proceedings. Using these weights,

+ Conference proceeding (60)  (680)  (190) (15750) leads to the values between brackets in Table 8. As expected, this

« Chapter in international book s 1. o

10) weighing leads to lower values for all publications types.

« Chapter in national book (10)

Publication 2 . . . .
. Publication 1 5630 3397 0 78750 308 4.3. Hypothetical markets: discrete choice experiment

« National book (1) (685) (189) (15750)

+ International book (1) Considering all choice cards presented to the respondents, one of the
Publication 3 publication options was selected in 59% of the cases, the funding op-
* Publication 2 5383 3315 0 78750 308 ortunity was selected in 26% of the cases and the opt-out was selected

- National edited book (20) (632) (184) (15750) p Y € pt- :

« International edited book (20) in 15% of the cases. We used Stata to estimate a conditional logit model
based on dummy coding for the categorical attributes (reference cate-
gories are indicated in Table 2). Table 9 presents the estimation results
including WTP (willingness to pay) estimates. The estimated coeffi-
cients have the expected signs, however several were not statistically

Table 9

Conditional logit results.

Coeff. robust se p-value WTP (in €) 95% CI

Conference proceeding 0.885%** 0.178 0.000 3591 1876 5306
Chapter international book 1.097%** 0.150 0.000 4452 2795 6110
Article non-indexed national journal 0.215 0.188 0.253 874 -648 2396
Article non-indexed international journal 0.300* 0.181 0.097 1220 -280 2719
Article in indexed journal 2.036%** 0.155 0.000 8267 5751 10782
English 0.121 0.000 3945 2566 5323
Average standing 0.088 0.000 1598 811 2385
High standing 0.088 0.000 3193 2178 4209
Single authored 0.110 0.446 339 -541 1218
International co-authors 0.084 0.261 383 -287 1053
Interdisciplinary research 0.065 0.345 -249 -759 260
Time (in months) 0.025 0.698
Budget (in 100€) 0.025%** 0.003 0.000
ASC - funding option 1.467%** 0.258 0.000
ASC - opt out 1.558%** 0.254 0.000

Obs. = 8600 (273 respondents)
Pseudo R* = 0.1372
Pseudo log lik = -2571

Note: * / ** / *** indicates 10% / 5% / 1% statistical significance
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significant.

Looking at the type of publication, we find that respondents seem
indifferent between a chapter in a national book (reference category)
and an article in a non-indexed national journal. An article in a non-
indexed international journal is valued slightly more (at 10% sig-
nificance level), keeping all else constant. A contribution to a con-
ference proceeding or a chapter in an international book is both valued
more, and, unsurprisingly, an article in an indexed journal is valued
highest. This allows us to calculate WTP values of around 8300 euro for
an article in an indexed journal, around 4500 euro for a chapter in an
international book, and around 3600 euro for a contribution in a con-
ference proceeding (Table 9).

The respondents also greatly valued an English publication over an
Italian publication and had a clear preference for publications with a
higher standing among peers. Furthermore, they seemed indifferent to
the presence or type of co-authors and also to interdisciplinary colla-
boration. While respondents preferred more funding over less, they
seemed indifferent to the amount of time needed to finish a publication.
Based on the positive, significant value of the ASC, it seems that not any
publication is perceived as valuable, but only specific types. This led
respondents to frequently select additional funding (i.e. the opt-out).

Since it is likely that respondents have heterogeneous rather than
homogeneous preferences, a latent class model is estimated to identify
different groups of respondents. Based on similarities between answer
patterns and membership variables, respondents are grouped in dif-
ferent classes. Based on the BIC (Bayesian Information Criterion) and
CAIC (Consistent Akaike Information Criterion) values, the optimal
number of classes is determined. For our sample, three different classes
could be identified (Table 10).

The first, and smallest, class (15% of the sample) does not seem to
value publications highly nor do they seem to be interested in obtaining
research funding. On the contrary, more funding is valued negatively.
This implies that it is not possible to calculate WTP values for this class.
Time seems to be an issue: the more time that is needed to publish, the
less likely they are to opt for a publication. They prefer articles in in-
dexed journals and conference proceedings. They like to write in
English rather than in Italian and they like publications with high
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standing. Note that this class of respondents is the only group that
positively values interdisciplinary research. Respondents in the first
class are significantly older than those in the other classes, with an
average age of 58 (Table 11). This group also reported feeling the
lowest amount of ‘publish or perish’ pressure (Table 11).

The second class (45% of the sample) values articles in an indexed
journal most, followed by a chapter in an international book and thirdly
conference proceedings. They like publishing in English and appreciate
a publication in an outlet of average or high standing. Overall, they
revealed a high probability of selecting one of two publication options
over funding or the opt-out. Yet, they also positively value the oppor-
tunity of receiving a higher research budget. The descriptive statistics in
Table 11 reveal that this second class contains the highest percentage of
respondents from social sciences and humanities.

The third respondent class (40% of the sample) values articles in an
indexed journal significantly more than publishing a chapter in an in-
ternational book or a conference proceeding. In contrast to class 2, this
group of respondents values the other publication types negatively, as is
revealed by the negative coefficient for ‘ASC — publication’. These re-
spondents strongly prefer to publish in English and in outlets with
average or high standing among peers. Overall, this class has the
highest WTP values and thus values certain types of publications, and
especially, articles in indexed journals most. This class contains the
highest percentage of respondents from engineering & technology and
from the exact sciences (Table 11). The respondents have the lowest
average age and are most open to collaborating with other disciplines,
departments or nationalities (Table 11).

The results reported in Tables 10 and 11 shows that the first class is
a “residual class” composed by senior researchers close to retirement
and medicine scholars that work mostly in the university hospital. This
class has the highest percentage of ordinary professors that are used to
collaborate with people from other disciplines. This is a marginal class
(with only 44 scholars). The third class is composed by scholars that
show an orientation towards “bibliometric indicators” such as indexed
articles and conference proceedings, typical of scholars coming from
engineering and natural sciences but also medicine, mostly associate
professors, with the highest % of male, the highest scientific

Table 10
Latent class results.
class 1
Choice coeff se p-value coeff se

class 2 class 3
p-value WTP  95%CI coeff se p-value WTP 95% CI

Conference proceeding 1.434%* 0.574 0.013

0.507**  0.216

Chapter international book 0.705 0.585 0.228  0.965*** 0.200
Article non-indexed national journal -0.240 0.740 0.746  0.003 0.234
Article non-indexed international 0.159 0.531 0.765  0.241 0.202
journal

Article in indexed journal 2.064*** 0.579 0.000  1.477*** 0.191
English 2.156*** 0.485 0.000 0.110
Average standing 0.323 0.368 0.380 0.117
High standing 1.190***  0.335  0.000 0.121
Single authored -0.263 0.401 0.511 0.145
International co-authors -0.370 0.314 0.239 0.104
Interdisciplinary research 0.606%* 0.279  0.030 0.100
Time (in months) 0.093 0.075 0.032
Budget (in 100€) 0.023  0.000 0.007
ASC - publication 0.803  0.000 0.315
Class share (%) 0.152

membership

Medical sciences 0.027 0.465 0.954 0.365
Social sciences 1.115 0.963 0.247 0.659
Humanities 1.910*% 1.059 0.071 0.943
Age of respondents (in years) 0.094***  0.025 0.000 0.018
constant -6.240*** 1.411  0.000 1.016

0.019 1579 49 3110 1.797** 0.905 0.047 3163 46 6280

0.000 3005 1213 4797 2.120** 0.850 0.013 3732 826 6637
0990 9 -1417 1434 0.803 0.965 0.405 1413 -1882 4708
0.234 749 -561 2059 0.278 0.842 0.742 489 -2406 3383

0.000 4601 2343 6858 4.398%** 0.944 0.000 7741 4470 11011
0.000 1664 744 2585 2.875%** 0.430 0.000 5061 3504 6618

0.003 1094 255 1933 1.146%** 0.269 0.000 2017 1074 2961
0.000 2323 1210 3436 1.763*** 0.291 0.000 3104 2078 4129
0.100 741 -207 1689 0.039 0.253 0.878 68 -806 943
0.123 501 -174 1175 0.062 0.216 0.773 110 -636 856
0.219  -384 -1001 233 -0.219 0.216 0.311 -385 -1110 340
0.628 0.077 0.082 0.351

0.000 0.005 0.000

0.028 1.166 0.000

0.401

0.613

0.001

0.002

0.041

0.021

Obs. = 8600 (273 respondents)

Log lik = -2202

Note: * / ** / *** indicates 10% / 5% / 1% statistical significance
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Table 11
Descriptive statistics of the three classes.
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Class 1 (Residual class) class 2 Class 3 t-test one-sided
(Non-Bibliometric oriented class) (Bibliometric oriented class)

% (N=40) (N=122) (N=111) 1v2 1v3 2v3
Age (in years) 58.10 52.50 50.20 ke e ok
Male 0.58 0.62 0.66 ns ns ns
Engineering & technology 0.23 0.20 0.38 ns i ok
Medical sciences 0.35 0.26 0.34 ns ns *
Exact sciences 0.23 0.15 0.23 ns ns *
Social sciences 0.08 0.17 0.04 * ns i
Humanities 0.13 0.22 0.02 * ok ok
Full professor 0.23 0.20 0.14 ns * *
Associate professor 0.40 0.30 0.49 ns ns il
Assistant professor (full time) 0.25 0.30 0.16 ns ns o
Assistant professor (part time) 0.08 0.11 0.19 ns o ok
Contract professor 0.00 0.03 0.00 ns ns ok
Other 0.05 0.06 0.03 ns ns ns
Published at least...
2 indexed articles ° 0.55 0.59 0.74 ns i ek
6 indexed articles ° 0.50 0.45 0.73 ns ok el
2 conference proceedings ° 0.40 0.43 0.59 ns i
1 book ° 0.33 0.48 0.25 i ns
2 book chapters ° 0.28 0.48 0.29 e ns i
1 item in popular media ° 0.13 0.23 0.21 ns ns
Feel ‘publish or perish’ pressure 0.35 0.59 0.64 il ke ns
Collaborate frequently with...
other department Sapienza 0.30 0.25 0.44 ns * el
other disciplines 0.28 0.20 0.28 ns ns *
other nationalities 0.38 0.31 0.59 ns hid
Collaborate never with...
other department Sapienza 0.18 0.26 0.14 ns ns il
other disciplines 0.13 0.17 0.14 ns ns ns
other nationalities 0.00 0.00 0.00 ns ns ns

Note: * / ** / *** indicates 10% / 5% / 1% statistical significance; ns = not significant; maximum indicated in bold; ° =

productivity and the highest collaborations. We name this class “bib-
liometric oriented class”. It is interesting to note that there is also a
small presence of social science and humanities in this class. Class 2
represents scholars coming mostly from the Humanities and Social
Sciences, oriented to publish also books, book chapters and active on
social media, together with indexed articles. This class has a high
percentage of assistant professors, and is named “non-bibliometric or-
iented class”. It is interesting to note that there is also a significant
presence in this class of scholars belonging to engineering, medicine
and natural sciences, which show the typical features of the non-bib-
liometric class.

5. Discussion and critical assessment of the valuation approaches
5.1. Existing markets: prices for publications

Even though the APC values in this study are based on a relatively
small sample, they are in line with the values reported by Solomon and
Bjork (2012). Based on the APC values for 1 370 journals that published
100 697 articles in 2010, they find an average APC of 906 USD and a
price range between 8 and 3 900 USD.

The academic publishing market is clearly not a well-functioning
market in an economic sense. It can be categorized as an oligopoly with
a limited number of big players such as Reed-Elsevier, Wiley Blackwell,
Springer, and Taylor & Francis (Lariviere et al., 2015). Academic pub-
lishers have a substantial amount of market power which gives them
the opportunity for price discrimination between, for example, in-
dividual and institutional subscribers (Chressantis and
Chressantis, 1993; McGuigan, 2004). Moreover, the fierce competition
to get published means that academic authors are forced to carry most
of the costs of writing and evaluating publications themselves and this
leads to low production costs for the publishers. Even the presence of
online journals and open access initiatives does not lead to a big shift in
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in 2015, 2016 and 2017

this market (McGuigan, 2004; Lariviere et al., 2015). Lariviere et al.
(2015, p9) show that “on the whole, the top commercial publishers have
benefited from the digital era, as it led to a dramatic increase in the share of
scientific literature they published. It has also led to a greater dependence by
the scientific community on these publishers”. Besides, there are also ex-
ternalities present in this market: publications can have substantial
external benefits through sharing knowledge and advancing science
(spillover effects). In conclusion, while a market for publications exists,
its prices do not reflect the true value of publications due to the many
market imperfections and distortions that are present. This method is
thus too simplistic and its results should be treated with caution.

5.2. Existing markets: marginal production cost approach

This method has some clear advantages. It is easy to calculate and
the required data are easily available. This makes it a quick and cheap
method to apply. Moreover, the reasoning and motivation are quite
easy to explain and to understand for the general public and policy-
makers.

Unfortunately, several criticisms can be formulated related to this
approach. While the marginal cost can be a good proxy for the value of
a publication, this requires well-functioning competitive labor markets
for academics. As academia is a heavily subsidized and regulated sector
and transaction costs limit international mobility, this assumption of a
well-functioning market is unlikely to hold. As private markets can be
argued to be more efficient, gross wages on private markets may be a
better proxy for the opportunity cost of time used by researchers.

Besides labor costs, also other costs can be relevant such as software
needed to run additional simulations or regressions or to generate il-
lustrations or paying for editing and translation services.

The method proposed by Florio et al. (2016b) also has some ques-
tionable implications. Publications from countries where wages are
higher would be worth more. This implies that a joint publication by a
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Swiss and an Italian researcher would be valued higher for the Swiss co-
author than for the Italian one. An approach leading to two values for
the same paper clearly has some flaws. A Purchasing Power Parity
(PPP)-like correction may be helpful. Publications from researchers
with a low teaching load would be worth less than those from re-
searchers with a high teaching load. Publications from researchers who
publish less items per unit of time spent in research would be worth
more than those from researchers who publish more items per unit time
spent in research. Publications from retired staff would seem worthless
(reflecting their zero wage cost for the university).

A correction for the quality and type of publication can be ad-
visable. For instance, the value of an article in an international, indexed
journal can be different from the value of chapter in a national book.
The number of co-authors should also be taken into account. As a proxy
for the quality of the publication, Florio et al. (2016b) used the ex-
pected number of citations to a publication as well as the number of
references to other publications. We used weights based on expected
citations per publication type to calculate an alternative value in
Table 8. Assigning weights is a challenge as it is well-known how dif-
ficult it is to develop an objective and comparable quality measure for
publications that can be used across disciplines (e.g., Wilsdon et al.,
2015).

5.3. Hypothetical markets: discrete choice experiments

Since DCEs are a survey-based valuation technique, they are very
flexible and can be adapted to different settings. Moreover, they allow
interested stakeholders to estimate use as well as non-use values and to
calculate different values for different types of publications (e.g. article
vs book chapter). In addition, the value of publication characteristics
such as type of co-author, language and standing can be assessed.

However, since survey responses represent stated behavior rather
than actual behavior, they can suffer from a hypothetical bias
(Hensher, 2010). Especially the extent to which individuals might be-
have inconsistently, when they do not have to back up their choices
with real commitments, is becoming a major question. Thus, DCE are
said to suffer from non-consequentialism, which may lead to over-es-
timation of WTP values and market shares and may undermine the
external validity of DCEs (Johnston et al., 2017).

It is well established, in the stated preference literature, that the
provision of information influences the responses given by survey re-
spondents (Ajzen et al., 1996; Teisl et al., 2002; Johnston et al., 2017).
In essence, the appropriate amount of information should be provided
such that respondents have a clear definition of the public good that
they are valuing. However, providing information about a public or
private good can be viewed as persuasive communication and is likely
to change these attitudes and intentions. Even though we may make
every effort to produce an accurate and balanced description of the
proposed transaction, the information provided will almost inevitably
alter the respondents’ beliefs and attitudes. The impact of information
on choices is referred to as information bias, but also priming and
framing effects are closely linked concepts.

Finally, it is important to note that the sampling technique and the
quality of the sample are important determinants of the quality of the
results from discrete choice experiments.

5.4. Limitations

The illustration based on Sapienza is subject to several limitations.
Firstly, we are only looking at one specific university in Italy.
Researchers at other universities in other countries may value pub-
lications differently. Secondly, our dataset contains approximately 10%
of the academic staff at Sapienza and provides a biased representation
of the different faculties, although not of the different functions and
gender. The response was likely affected by the use of English as survey
language and by the lack of reminders. To get an idea of acceptable
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sample sizes, power calculations show that a sample of 313 respondents
out of a population of 3306 individuals leads to a margin of error of
5.27% with a 95% confidence level (Daniel and Cross, 2018). As this
calculation method is based on the assumption that the randomly se-
lected sample has on average the same characteristics as the population
and thus that no systematic biases are present, this type of power cal-
culations is purely indicative. While explorative, the application to
Sapienza still had practical relevance as indicated by the following
quotes from the Deputy Rector for Research, Innovation and Tech-
nology Transfer of Sapienza * ‘The results illustrated in the study
highlight some issues of which we are already aware and that we have
tried to take into account in the research policy assessment during re-
cent years, e.g. the imperfections and distortions of prices for publica-
tions’ and ‘The framework proposed will be integrated into monitoring
activities already implemented in Sapienza’.

Thirdly, as with all survey data, our dataset contains self-reported
information and may thus be susceptible to social desirability bias and
as well as hypothetical bias. The overrepresentation of researchers from
the exact sciences and engineering & technology and under-
representation of researchers from the medical sciences may influence
the results although it is not a prior clear which form this influence
would take. The biases related to self-reporting may lead to respondents
to misrepresent their past publications or to make an unrealistic choice
in the DCE. While we would all like to publish only in the top journals
of our fields, this is not a realistic option and in practice, we may
happily settle for a subtop journal.

Finally, it is important to note that we mainly measure the use value
of publications since all respondents were users. Still, in the DCE, some
part of the non-use value may have been captured. To determine the
full value of a publication, other stakeholders should also be involved.

6. Conclusion

The main contribution of our study lays in making the challenge of
measuring the value of publications in research policy assessment and
funding strategies visible. In a world of scarce resources it is important
to carefully consider funding of researchers, research institutions and
research infrastructure. Thus, the call for high-quality impact assess-
ment of research policies is increasing over time. In this paper, we
analyze the little-treated issue of how the value of scientific publica-
tions can be included in such impact assessments. Although this issue is
largely neglected by the existing literature, we believe its development
and treatment is of considerable, almost urgent, importance for re-
search evaluation policies. Ignoring this compelling topic does not solve
the existing needs of stakeholders to attribute a value to scientific
publications. As we have seen, on the contrary, simplistic and very ad
hoc approaches are being used by policymakers. Thus, the main aim of
this study is to inspire increased attention to this issue and to provide a
critical overview of possible methods that can be used to value pub-
lications. The main characteristics of applicable methods to value sci-
entific publications are discussed in general and illustrated for Sapienza
University of Rome based on an explorative survey. Thus, we launch a
call to study this critical issue in more depth, focusing on underlying
methodological issues as well as the challenge of estimating values in
practice.

Florio et al. (2016a) provide a first valuable study on this issue,
including use and non-use value of research and using a market-based
as well as a survey-based approach. We extend this framework adding a
critical discussion of their approach and complementing it with two
alternative methods. As such, the different approaches illustrated and
compared in this study provide a next step in this search for ways to
include publications and research output into evaluation projects and
cost-benefit analysis. Each one has its strengths and weaknesses, which

4 Personal communication.
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should be acknowledged. In addition, the objective and context
(budget, timing) of the evaluation are relevant factors to take into ac-
count. The different approaches lead to a range of values that are fairly
similar; with the market-based approach leading to an average estimate
of 2250 euro (with a range between 0 and 4786 euro) per article, the
production cost approach to an estimate of 3300 — 5000 euro per
publication, and the discrete choice experiment to an estimate of 3600 —
8300 euro per international publication. That the highest values were
obtained by the DCE approach can be related to several reasons. Open
access fees are real prices available on the market, while the DCE values
are based on hypothetical choices. The production costs approach was
based on familiar questions which could easily be answered, while the
DCE approach was unfamiliar to the majority of the respondents.
Moreover, the DCE values can include not only use values but also part
of the non-values, while the other approaches only capture use values.

When using these kinds of monetary values for scientific publica-
tions, sensitivity analysis and possibly simulations are required to assess
the impact of this valuation on the policy decision. CBA is a decision-
support tool and is meant to help organize a debate over an issue. The
systematic categorization of all impacts (i.e. costs and benefits) and a
clearly motivated comparison of these impacts expressed in the same
utility units (i.e. money) provide a rich source of inputs for public and
private decision-makers. Yet some caveats need to be made. The im-
plementation of a CBA also presents challenges. It is not always easy to
obtain the necessary data to estimate the size of the effects. The
achievement of useful results depends to a large extent on the use of
correct valuation methods. Moreover, a CBA does not provide insight
into the optimal timing of projects and the distribution of social welfare
impacts must be considered separately (Nyborg, 2012).

Different points of view can also be implemented. Besides the per-
spective of the researchers, considered in this paper, other perspectives
including policymakers and the general public may be considered.
While the survey-based approach is very flexible and adaptable to dif-
ferent contexts, it is time-consuming.

Having said that, there is still a need to address the open, but very
relevant, issue of monetary evaluation of scientific publication with
further methodological and empirical works, keeping aside ideological
oppositions, to accomplish policy and stakeholders needs, as witnessed
for instance by DG Regio (2014), that are going to increase in the near
future and require an in-depth investigation of these issues. Future re-
search could further explore the heterogeneity of preference among
researchers (e.g., different career phases, different disciplines or cul-
tural differences) or among universities (e.g., student-oriented versus
research-oriented or generalist versus specialist institutions). In order to
better assess the possible biases of the different valuation approaches, a
comparison between self-reported with official data on publication
behavior would be valuable. Moreover, it would be interesting to obtain
detailed information regarding the publication profiles of individual
researchers to study how publication characteristics such number of co-
authors influence the estimation of the value of publications. In this
paper, we offer a critical contribution to highlight the limits of current
approaches and to stress the need for further research on this topic.

Finally, the most important point that we need to understand is
what the value of publications is for researchers, institutions, other
stakeholders and society before coming back to the measurement of
these different aspects of value. This would require starting from fun-
damentals to provide useful input for policy making and impact as-
sessments.
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