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Abstract
We discuss the trend towards using quantitative metrics for evaluating research. We claim 
that, rather than promoting meaningful research, purely metric-based research evaluation 
schemes potentially lead to a dystopian academic reality, leaving no space for creativity 
and intellectual initiative. After sketching what the future could look like if quantitative 
metrics are allowed to proliferate, we provide a more detailed discussion on why research 
is so difficult to evaluate and outline approaches for avoiding such a situation. In particu-
lar, we characterize meaningful research as an essentially contested concept and argue that 
quantitative metrics should always be accompanied by operationalized instructions for 
their proper use and continuously evaluated via feedback loops. Additionally, we analyze a 
dataset containing information about computer science publications and their citation his-
tory and indicate how quantitative metrics could potentially be calibrated via alternative 
evaluation methods such as test of time awards. Finally, we argue that, instead of over-rely-
ing on indicators, research environments should primarily be based on trust and personal 
responsibility.

Keywords Research evaluation · Quantitative metrics · Essentially contested concepts

Introduction

Quantitative metrics are used for managing education, evaluating health services, and 
measuring employee performance in corporations, e.g. see Austin (1996). This trend does 
not spare academia: there is a perception among researchers that appraisal of their work 
is focusing more and more on quantitative metrics. Participants in a series of workshops 
organized by the Royal Society reported that “current measures of recognition and esteem 
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in the academic environment were disproportionately based on quantitative metrics” such 
as publication and citation count, h-index, i10-index, number of Ph.D. students graduated, 
and grant income (Royal Society 2017). These numbers are used to rank individuals in 
job applications or promotion procedures, departments in national research quality assess-
ments (e.g. the Research Excellence Framework (REF) in the United Kingdom, the Val-
utazione della Qualità della Ricerca (VQR), or Research Quality Assessment, in Italy, and 
the Excellence in Research for Australia (ERA) in Australia), or even universities in inter-
national ranking lists (e.g. the Times Higher Education (THE) or Quacquarelli Symonds 
(QS) World University Rankings). This is because research funding needs to be managed, 
often by people unfamiliar with the research itself. Metrics provide the necessary simplifi-
cation, and they promise to be impartial, deterministic, and decision-friendly.

However, there is rising recognition that these metrics do not adequately capture 
research excellence and are not effective at promoting it (Royal Society 2017). In this 
paper, we provide arguments for this view. In the “Current trends” section, we argue that 
using metrics in performance management in an area as risky and as unclearly defined 
as research has an impact: researchers adapt to the metrics used to manage them and this 
adaptation changes the research practice. For instance, the most interesting research ques-
tions often tend to be challenging and therefore involve a high risk of failure. The current 
system discourages researchers from tackling these questions, as the short- and mid-term 
rewards under a metric-based scheme are low.

Our investigation of research evaluation processes was triggered by a discussion in 
which we tried to imagine academia as a topic of a “Black Mirror” episode. “Black Mir-
ror” is a dystopian science-fiction series that originated on British television in 2011, often 
describing scenarios in the near future employing technology that is already available or 
might soon be reality. According to Singh (2014) “Black Mirror” stands in the tradition 
of the best science-fiction works, which “study life as it is now, in our time, through the 
speculative lens of changing technology”. We found this setting a fitting way to illustrate 
what being an academic could look like in a dystopian environment in the near future if 
the current development of relying increasingly on quantitative metrics continues. In such 
a scenario (depicted in the “A dystopian future” section), the process of conducting and 
publishing research would be entirely gamified. In the “Meaningful research as an essen-
tially contested concept” section, we look at the notion of research from the point of view 
of essentially contested concepts. We argue that people disagreeing on how to define high-
quality research is not due to inconsistent use of of terminology or the failure to under-
stand each other’s definitions, but is an inherent property of complex and abstract concepts, 
such as research. This implies that we cannot expect to find an all-encompassing defini-
tion, but need to engage in an ongoing discussion. We come back to quantitative metrics in 
the “Quantitative metrics as proxy indicators” section, arguing that the most widely used 
metrics for research quality are proxy indicators, i.e., indirect measures. We understand 
that it is very difficult to come up with direct measures, but it would already help if the 
people designing indicators are aware of this fact and put mechanisms in place to evaluate 
the quality of the indicators at regular intervals to see if they are fit for purpose. Addi-
tionally, we argue that using fewer performance measures and avoiding to over-regulate 
an environment can have beneficial effects. In the “An analysis of quantitative publication 
metrics” section we look at concrete numbers and analyze citation numbers for a computer 
science bibliography dataset. Although our findings are inconclusive, we think that con-
textual information, such as the test of time awards we investigate, can help in designing 
better indicators. We give an overview of several initiatives arguing for a more conscien-
tious use of indicators and show how they relate to our work in  the “Related Initiatives” 
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section. Finally, in the “Conclusions and outlook” section, we conclude by recommending 
evaluation practices based on trusting the researchers and discussing the goals of research 
explicitly to improve the management of research.

Current trends

Since evaluation metrics affect who will have a successful career in science, as well as 
which research gets funded, individuals and institutions adapt to these metrics, in order 
to receive a better evaluation. Parnas (2007) points out that measuring research output by 
numbers rather than peer-assessed quality has a profound impact on research itself: there 
is a tendency to produce more publications, as this will increase the measured values. 
This increase is mainly accomplished by writing shallower papers without investing a lot 
of time in carefully conducted research. Common techniques are doing small empirical 
studies based on a few observations, specifying systems and languages without actually 
implementing them, going for the “smallest publishable unit” [already mentioned in Broad 
(1981)], and working in large groups, adding the names of group members without actual 
contributions to publications. For instance, Ioannidis et al. (2018) have identified scientists 
who publish a paper every 5 days, calling them hyperprolific authors. Between 2001 and 
2014 the number of hyperprolific authors increased from 4 to 81, while the total number of 
authors increased by a factor of 2.5.1 The methods for gaming the system go even further: 
Weingart (2005) mentions that standards for PhD candidates have been lowered, and that 
there is a tendency towards unambitious but safe research proposals.

There are also cases of highly questionable behavior. Hvistendahl uncovered practices 
involving researchers buying author slots on papers written by others or buying papers 
from online brokers (Hvistendahl 2013). Another practice is researchers turning to preda-
tory publishers to get low-quality work published, i.e., by paying dubious publishers and 
bypassing the peer-review process (Beall 2012). Plagiarism and duplicate publication is 
also on the rise; Steen et al. (2013) report increasing numbers for these types of offenses. 
Gewin (2012) discusses forging experimental data, creating fake data, and similar miscon-
duct: according to the Thomson Reuters Web of Science database (formerly known as Web 
of Knowledge), 381 journal articles were retracted in 2011, up from 22 in 2001. Noorden 
(2011) reports a ten-fold rise in the number of retractions between 2001 and 2010 in Thom-
son Reuters’ Web of Science, even though the number of published papers only went up by 
44%.

A dystopian future

While attending a Re-coding Black Mirror workshop organized by Troullinou et al. (2018), 
we identified an underlying pattern of many “Black Mirror” episodes: take a scenario 
involving human interactions that is awkward, annoying, or creepy when encountered in 
a face-to-face situation and use technology to amplify the effect and/or scale it up to mil-
lions of people. Below, we sketch a few scenes extrapolating the impact of technology and 

1 Publications done by large international teams, which tend to have a large number of authors, as well as 
Chinese and Korean authors whose names could not be disambiguated were excluded.
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methods from not so far in the future on evaluating research work. Let us look at the typical 
day of a researcher, called Dr X, in the near future.

Scene 1: At the desk with a PhD student

DR X:  Morning Anna, how’s your first month?
  [Dr X doesn’t wait for Anna’s answer.]
DR X:  So, your draft ...
ANNA:  Did you like my ideas?
DR X:  Well, I ran your draft through A4 ...
ANNA:  Sorry, “A” what?
DR X:  Academia 4.0. A tool to help you polish your paper, it’s connected to a huge 

database of publications and their stats.
  [Turns towards monitor, points at a window on the screen.]
DR X:  Here you see some general stuff about the paper: probabilities of getting 

accepted at different venues, likelihood of attracting citations, just everything. 
And even better: it comes with a recommender system and uses machine learn-
ing to improve your stats.

ANNA:  Um ...
DR X:  As you can see, these numbers don’t look too great at the moment. So, let’s get 

started.
DR X:  You see, when I hover over this paragraph, it suggests a few ways to increase 

impact. Use active voice, cut down on adverbs, that sort of thing. It can also gen-
erate text passages for you.

DR X:  Here, for example, this is a pretty weak statement. “Possible to achieve a 
speedup”? Your work is better than that, so say it!

ANNA:  Well, um, I guess ...
DR X:  Well, as it stands, this section has a very low likelihood of attracting citations, 

see that gauge up there? Can you make the statement stronger?
  [Dr X highlights the section; a gauge at top of the page flutters briefly and set-

tles to a low reading.]
ANNA:  So, the speedup, it’s, in some cases, it’s as much as 8.
DR X:  Ah. So, write “we’ve observed a speedup by as much as one order of 

magnitude”!
ANNA:  Eight, not ten ...
  [Dr X gives Anna a look, Anna shuts up. Dr X changes the text, highlights the 

modified section. The gauge at the top flutters again and settles at a higher 
reading.]

DR X:  See, now that’s much better. Ok, ...
  [Dr X scrolls through the text, stopping at parts that the tool is highlighting.]
DR X:  ...ah, right, definitely need to be citing Prof. W’s group here. Make a note of 

that.
ANNA:  I read their work, it’s not really relevant for our work.
DR X:  Well, we owe them.
  [Anna makes a note on her tablet. Dr X notes a red warning on the screen.]
DR X:  I almost missed that. Need to improve your RGE factor.
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ANNA:  RGE ...?
DR X:  Respectable graphs and equations, throw a few more fancy mathematical formu-

las into the text.
ANNA:  I tried to keep the paper accessible...
DR X:  You do want an A* paper, don’t you? So, think of something.
  [Anna hesitates for a moment.]
ANNA:  Um, one more thing ...I know it isn’t really related to my PhD, but I had a look at 

this new algorithm ...
DR X:  Not now, first you have to hit your targets. Look:
  [Dr X brings up another screen.]
DR X:  This is your current likelihood of continued funding.
DR X:  And besides, not hitting your target will make me and the department look bad 

in the next evaluation.
  [Dr X’s smartphone chimes.]
DR X:  Got to go, see you later!

Scene 2: Hiring committee meeting

PROF Y:  Thanks for joining me to discuss the application of Dr M. What are your 
opinions?

  [A group of academics sits around a table in a meeting room to discuss a job 
applicant. A pan around the room shows everyone using a tablet or a laptop (or 
both), usually with some form of dashboard showing some metrics.]

PROF Z:  I had a look at her work, seems very interesting. I also liked her presentation 
and she has 3  years of industry experience. Our students could really profit 
from someone like this.

DR X:  That’s all well and good, but A4 tells me that her h-index is rather low.
  [Dr X clicks on a button.]
DR X:  And the amount of funding she has attracted so far, let’s not even go there.
PROF Z:  Still, the topics she is working on...
  [Prof Y, who has been typing on his laptop, interrupts.]
PROF Y:  I just ran the numbers through A4. If we hire her, our average quality level 

will drop by a few points, meaning our department will lose two ranks in the 
national ranking.

PROF S:  I double-checked our planned application to the new excellence framework 
with A4 yesterday. Department-wide we’re short four A* publications ...Not 
pointing any fingers here, but I guess everyone knows their own numbers...
Anyway, Dr M does not have enough of those. So this will jeopardize our 
application.

DR X:  How come the target was 20, though? Wasn’t it 15 last year?
PROF S:  We opened two new researcher positions, they do come with obligations.
  [Prof Y looks at his colleagues.]
PROF Y:  So, I think you’ll all agree that hiring Dr M will not work out.
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Scene 3: Back at home

SPOUSE:  How was your day, honey?
  [Dr X is seen at the dinner table with their partner. Dr X sighs.]
DR X:  Nothing special really ...
SPOUSE:  Oh, ok, ...do you think we could ...
  [The smartphone of Dr X makes a sound.]
DR X:  Sorry, got to take this.
  [Dr X unlocks phone and selects the Academia 4.0 app. Suddenly a fanfare 

sounds and Dr X punches the air in triumph.]
DR X:  Yes, A4 tells me that I’ve been promoted to researcher level 2.4.1!
SPOUSE:  Congratulations, I guess ...
DR X:  I can finally apply for positions of category C3.

  [A window pops open in the app stating the targets for the next level: must 
have published at least ten more papers, must have published at least three 
more papers in A* venues, must have submitted grant applications for a total of 
$2,000,000, must have secured grants for a total of $500,000.]

Meaningful research as an essentially contested concept

As exemplified in the story about Dr X, one striking feature of purely metric-based research 
evaluation practices is that both researchers and evaluators have less and less autonomy and 
personal responsibility. On the one hand, researchers are institutionally mistrusted in that 
they are denied the capacity to decide autonomously whether a research project is worth 
pursuing. On the other hand, evaluators tend to assess research by blindly checking if it 
fulfills a set of predefined criteria, and hence abdicate their own authority to actually judge 
the content of research.

We do not propose to abolish all forms of research evaluation and to let researchers 
pursue whichever paths they wish to follow without any accountability. The resources for 
funding research are limited after all, so someone has to decide which research is worth 
financing (Armstrong 2012). However, we believe that before developing evaluation tools 
for decision-makers, we have to think about what we value. What should be the role of uni-
versities and academic research? In “The Guardian”, Swain (2011) quotes Stephen Ander-
son, director of the Campaign for Social Science, saying that while the government has 
created a market economy in higher education it is not yet clear how that constantly moder-
ated market will work. He suggests that potentially far-reaching changes are being made for 
reasons of financial expediency, without any thought of what their wider effect will be and 
goes on to state “what we are looking for is a greater vision for what the end product might 
look like” and asking “what is it we are all trying to do?”

Essentially contested concepts

We believe that the goal of managing research should be to make sure that meaning-
ful research is done. However, it can be argued (Ferretti et al. 2018) that the concept of 
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meaningful research is essentially contested in the sense introduced by Gallie (1955). 
According to Gallie, a concept is essentially contested if its “proper use [...] inevitably 
involves endless disputes about [its] proper uses on the part of their users” (Gallie 1955), 
and he mentions the concepts of art, democracy, and social justice as typical examples. It 
is important to note that the root cause of the disputes does not lie in an inconsistent use of 
terminology or the failure of people to understand someone else’s definitions, but is intrin-
sic to the concept. In the following, we also refer to an extensive discussion of Gallie’s 
work by Collier et al. (2006). According to Collier et al. the goal of Gallie was “to provide 
a rigorous, systematic framework for analyzing contested concepts”; although this frame-
work is sometimes discussed controversially, it offers important tools for making sense of 
complex concepts.

Let us now have a closer look at the framework. Gallie defines seven conditions that 
a concept has to satisfy to be considered essentially contested. First, it has to “accredit 
some kind of valued achievement”. In the words of Collier et  al. this means that a 
concept “generally implies a positive normative valence”. In the case of meaningful 
research, we claim that it has value in itself, by being intellectually stimulating, and/or 
that it has a positive impact on society in the form of practically useful research, so this 
clearly meets the first criterion. Second, the concept has to be internally complex, i.e., 
it is made up of multiple components. This is also fulfilled by (meaningful) research, 
as it is not a simple and straightforward task, but made up of many interrelated activi-
ties. Third, the concept has to be describable in various ways, which is closely related 
to the second criterion: if a concept comprises many different components, it is likely 
that users put different emphases on these components. This also holds for research: the 
methodologies used in physics differ from the ones used in social sciences or literary 
research. Even in a single field, the approaches taken by different researchers vary, as 
research is made up of many different interrelated activities. Fourth, the meaning of a 
contested concept is open and may evolve. Gallie states that “accredited achievement 
must be of a kind that admits of considerable modification in the light of changing cir-
cumstances” or as Collier et  al. formulate it: they are “subject to periodic revision in 
new situations” and that this “revision cannot be predicted in advance”. Many of the 
ground-breaking results in research have triggered a paradigm shift, changing the way 
that other researchers conduct their work. Gallie states that the first four conditions are 
the most important and necessary ones for a concept to be called essentially contested, 
but that they do not provide a sufficient definition yet. He goes on to describe three 
additional conditions. The fifth condition asserts that different persons or groups not 
only have their own opinions about the correct use of a concept, but that they are aware 
of other uses and defend their way of doing things against these alternatives. This is 
true for meaningful research as well: researchers have their reasons for applying cer-
tain methodologies, or for pursuing certain theories, and will justify their choices. Gal-
lie introduces the final two characteristics to distinguish essentially contested concepts 
from situations in which a dispute is caused by confusion about terminology. The sixth 
characteristic assumes that the concept originates from an authority, or exemplar, that is 
acknowledged by all the users of a concept, even by groups that disagree on its proper 
use. According to Collier et al. (2006), “the role of exemplars in Gallie’s framework has 
generated much confusion. This is due, in part, to his own terminology and to incon-
sistencies in his presentation”. In its narrow interpretation, this refers to a single, origi-
nal exemplar. In its wider interpretation, Gallie asserts that it can include “a number of 
historically independent but sufficiently similar traditions”. The important point here is 
that the concept under question has one underlying idea as a common core and is not 
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rooted in multiple different ideas. We believe that this point is covered by a long list of 
well-known researchers and role models in history, who have employed a wide range 
of methodologies, some of them outdated by now, and who may have also propagated 
some erroneous views, but there is consensus about those researchers having conducted 
meaningful research that has profoundly advanced their field or even society as a whole. 
Finally, the seventh characteristic maintains that different uses of a concept competing 
against and acknowledging each other can advance and improve the use of a concept 
as a whole. Collier et al. also call this progressive cooperation and allege that this may 
(but does not have to) lead to an eventual decontestation by initiating more meaningful 
discussions. We believe that this is true of the concept of meaningful research: in order 
to properly understand what meaningful research is, we continuously have to engage in 
discussion with others and adapt our current understanding to a changing sociocultural 
environment.

As we can see, the notion of meaningful research satisfies all the conditions formu-
lated by Gallie. Next, we discuss some of the implications [Gallie states them as out-
standing questions in Gallie (1955)]. The most obvious consequence is that once we 
have identified an essentially contested concept, we know that it may not be possible to 
find a single general principle or best use of it. However, that does not mean that it is 
impossible to do meaningful research on an individual level. Gallie asserts that for an 
individual there can very well be rational arguments to use a certain variant of a con-
cept and even switch to another variant when the circumstances change. In an optimis-
tic setting, a participant recognizing a concept as essentially contested allows them to 
respect a rival use rather than discrediting it. In turn, this could help raise a discussion 
about different aspects of such a concept to a higher level, acknowledging that different 
strands may actually help in advancing the whole concept. In a pessimistic setting, this 
may lead towards more aggressive behavior of a participant who may try to sideline 
other approaches after realizing that they cannot convince their adversaries by reason-
ing. This may result in a situation in which different parties revert to political campaign-
ing to gain influence.

Concepts and conceptions

There is also a different school of thought postulating that the dispute identified by Gal-
lie is actually caused by superimposing two different meanings in the term concept. On 
the one hand, there is the concept itself, which is an abstract and idealized notion of 
something, while, on the other hand, there are different conceptions, or instantiations, of 
this concept. Dworkin (1972, 1978) uses “fairness” as an example and goes on to explain 
the important distinction between concept and conception: “members of [a] community 
who give instructions or set standards in the name of fairness may be doing two differ-
ent things”. If they ask people to treat others fairly and do not give specific and detailed 
instructions, they use the idealized concept and it is up to each person to decide how to 
actually act fairly. On the other hand, they could formulate specific instructions on how 
to behave fairly; Dworkin mentions the application of the utilitarian ethics of Jeremy 
Bentham here. In this case a particular conception of fairness is used to instruct people. 
Dworkin emphasizes that this is a difference “not just in the detail” of the instructions 
given but in the kind of instructions given. In the case of invoking the concept of fair-
ness, the instructor does not attach particular value to their own views, i.e., they do not 
deem their views to be superior. When specifying a particular conception of fairness, 
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this sends out the signal that the instructor believes that their views have a higher stand-
ing. Dworkin argues that “when I appeal to fairness I pose a moral issue; when I lay 
down my conception of fairness I try to answer it”.

Criley (2007) proposes that “a concept F simply is a cluster of norms providing 
standards for the correct employment of the corresponding linguistic term F”. This 
raises the question which norms belong to or are part of a concept? For an essentially 
contested concept, this question can of course never be answered conclusively; other-
wise, the concept would not be essentially contested. On the contrary, it is crucial for 
the understanding of essentially contested concepts that they always involve a normative 
dimension which cannot be laid down into fixed principles and guidelines. According 
to Criley, a conception is also a cluster of norms. However, in contrast to a concept the 
provided norms are much more concrete, resolving some of the vagueness or conflicts 
found in concept clusters, even up to the point of stating explicit rules. Criley (2007) 
goes on to discuss the relationship between concepts and conceptions: “Notice, how-
ever, that the point of having a distinction between concepts and conceptions becomes 
much clearer once we turn our attention to the possibility of distinct rival candidate 
conceptions of a concept. If we focus exclusively on those concepts that have a single, 
uncontroversial, determinate conception that is implicit in any thinker who is competent 
with respect to that concept, then it becomes hard to see the importance of a distinction 
between concepts and conceptions”.

We find this observation particularly useful when trying to understand the concept 
of meaningful research. As we have already seen in the last section, the concept of 
meaningful research is multi-faceted and highly complex. In their work, researchers are 
striving for something that cannot be defined conclusively, as meaningful research is 
an essentially contested concept. In essence, researchers follow different conceptions 
of meaningful research, depending on their research area and their personal experience. 
We would even expect a certain degree of rivalry between groups using different con-
ceptions. Also, individual researchers might switch from one conception to another dur-
ing their careers. Following the interpretation of Dworkin, encouraging researchers to 
do meaningful research by invoking the abstract concept hands the responsibility on 
how to achieve this to the individual researchers. If a certain conception of meaningful 
is laid down, though, to describe what high-quality research looks like, then this par-
ticular conception is enforced as a standard, pushing researchers into a certain direction.

Multidimensionality of meaningful research

In a series of studies, meaningful, high-quality, or excellent research is characterized as a 
multidimensional concept. In particular, various empirical studies (Aksnes and Rip 2009; 
Bazeley 2010; Hug et al. 2013; Mårtensson et al. 2016) have revealed that “researchers’ 
conceptions of research quality [include] a multitude of notions [which] span from cor-
rectness, rigor, clarity, productivity, recognition, novelty, beauty, significance, autonomy, 
difficulty, and relevance to ethical/sustainable research” (Aksnes et  al. 2019). Which of 
these dimensions of quality or meaningfulness is predominant in a specific assessment of 
research quality depends of the context of the assessment. Moreover, characterizing the 
concept of meaningful research as multidimensional implies that it has no abstract meaning 
detached of the specific dimensions. Rather, it should be viewed as a “boundary object that 
[...] offers some ground for constructive discussion via a shared framework” (Hellström 
2011).
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This characterizing of meaningful research as multidimensional nicely fits within the 
conceptual framework developed in the previous sections: since meaningful research is 
essentially contested, researchers in practice adhere to different conceptions of meaning-
ful research, which, in turn, emphasize and deemphasize different dimensions of research 
quality. The concept of meaningful research hence becomes meaningless if we abstract 
from these dimensions. However, characterizing meaningful research as essentially con-
tested also implies that it is more than an umbrella term for the various, often pairwise 
incompatible dimensions of research quality. Rather, it entails that researchers following 
a specific conception of meaningful research must in principle be willing to defend their 
conception in discussion with others. Or put differently: a researcher who states that they 
simply follow their conception of meaningful research and does not care about what the 
community says or thinks about it is no longer involved in the progressive cooperation of 
doing research.

A conception of meaningful research

As a basis for discussion, let us briefly give a, necessarily inconclusive, description of our 
conception of meaningful research. For a start, we would like researchers to work on ques-
tions the answers to which would help solve major problems faced by society. Also, we 
would like researchers to attempt to solve the really challenging problems and not get side-
tracked by minor details that have no or very low impact. We call such research practically 
useful. Identifying meaningful with practically useful research would be too narrow, though. 
It would rule out a lot of fundamental research that helps us gain a deeper understanding 
of a field. Someone reading about fundamental research of this kind should be intellectu-
ally stimulated or conceptually enriched by it. We call this research stimulating. Ideally, we 
would like research to be stimulating also for readers from a different research community, 
otherwise we could end up with closed research communities who develop very esoteric 
questions that thrill their members but are irrelevant or even unintelligible to the rest of the 
world. So, from our point of view, a promising starting point for characterizing meaningful 
research could be to require that it should be stimulating or practically useful.

Note that this description leaves out important dimensions such as ethics (according to 
our characterization, the Manhattan Project or a project on drone warfare would be classi-
fied as meaningful), as well as methodology (we assume that researchers adhere to sound 
and scientific methods). Moreover, recall again that our characterization of meaningful 
research as practically useful or stimulating should not be misread as an attempt at defining 
meaningful research. Rather, it should be understood as a starting point for a discussion in 
which stakeholders should engage continuously.

After discussing meaningful research from a theoretical point of view, we now turn to 
practical aspects of evaluating research, namely the use of metrics, which we view as proxy 
indicators, and the issues associated with them.

Quantitative metrics as proxy indicators

Metrics are quantitative measures used for evaluating work artifacts such as academic 
publications. We focus on publication- and citation-based metrics, which are very com-
mon, see Aagaard et al. (2015). We argue that these metrics are proxy indicators—indirect 
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measures—which need to be applied and interpreted carefully, and propose a feedback loop 
approach.

If we are right in characterizing meaningful research as essentially contested, then there 
cannot be a metric that captures it. A set of reasonably good proxy indicators is the best 
we can get. Moreover, proxy indicators target a particular conception instead of measuring 
the general concept. Trying to explicitly formulate the conception that forms the basis of 
an indicator adds context and helps in understanding what we are actually measuring. This 
also brings hidden conflicts between different conceptions into the open, and can be used 
as a starting point for discussions.

Publication- and citation-based metrics can be weighted based on the type of pub-
lication (journal article, book chapter, monograph, etc.), a quality rating of the publica-
tion venue (which can be decided by committee or taken from a trusted source such as the 
ISI Web of Science by Thomson Reuters), and the number of authors. Different weight-
ing schemes are in use, and a lot has been written about how to implement them fairly, 
for instance by Aagaard et al. (2015) and Piro et al. (2013). It is plausible for publication 
and citation-based metrics to be positively correlated with other metrics targeting research 
quality, and indeed this correlation has been shown to exist, e.g. by Jarwal et al. (2009). 
However, that study also showed that while there is a correlation, the bibliometric values 
they studied did not account for the full variance of the quality ratings assigned by inde-
pendent peers. Michels and Schmoch (2014) have shown that citation counts are generally 
lower for journals published in non-English languages. In certain areas, such as linguis-
tics and cultural studies, it makes perfect sense to publish in another language, but this 
does not say anything about the quality of a publication. Additionally, as Nygaard and Bel-
lanova (2017) point out, publication metrics crucially depend on the criteria for deciding 
what counts as a scientific publication and its value. For example, among computer science 
researchers conference papers, especially those published in top-tier conferences, are con-
sidered to be on par with journal papers, whereas designers and artists are often evaluated 
by their portfolios and not their publications. Numerous other studies have complained that 
bibliometrics do not capture research quality fully or fairly [see Aksnes et al. (2019) as well 
as Grimson (2014) and papers cited there], and moreover, that bibliometric processes influ-
ence the object of their measurements. In the “Current Trends” section we come back to 
this and Michels and Schmoch (2014) also discuss that effect.

The considerations above underline that metrics should be chosen and applied carefully. 
But what does this mean? First, we need to specify what we want to measure. It is very 
hard to define a metric if the goals we want to achieve are vague and unclear. For instance, 
in their report about the development of indicators for research excellence by the European 
Commission, Ferretti et al. (2018) highlight that, when asked to define research excellence, 
many stakeholders were not able to give an answer. This is not an ideal starting point for 
choosing or defining metrics. We also have to be aware that often metrics are applied by 
administrators or scientists rather than bibliometricists. This is sometimes called citizen 
bibliometrics (Leydesdorff et al. 2016). According to Hammarfelt and Rushforth (2017), a 
considerable number of citizen bibliometricists are aware of the shortcomings, and apply 
metrics thoughtfully. However, we believe that they could get better operational support, 
e.g. in the form of training, frameworks, and documented best practices. We agree with 
Wang and Schneider (2020), who, in the context of interdisciplinary measures, argue that 
“the operationalization of interdisciplinary measures in scientometric studies is relatively 
chaotic”.

Our recommendation is to evaluate quantitative metrics periodically to ensure they are 
well chosen to meet requirements, and that they are being applied correctly. This is the 
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feedback loop idea formulated by O’Neil (2016), who argues that we need to evaluate an 
algorithmic evaluation process itself from time to time to check if it is (still) fit for purpose 
by comparing metric outcomes with other assessment techniques. This allows us to notice 
when metric results are wrong and to take corrective action. The idea of a feedback loop 
also appears in the context of concepts and conceptions: Criley (2007) calls this reflec-
tive equilibrium, which is “a method for inducing or restoring coherence between general 
principles and particular judgments through a process of mutual adjustment of the conflict-
ing principles and particular judgments”. Proposing a feedback loop raises the question: 
how do we evaluate proxy indicators against a notion of quality? This implies we need 
an alternative way of assessing how well given research work matches our conception of 
research quality. This is difficult; some authors use independent peer review (e.g. Jarwal 
et  al. (2009)) but of course peer review itself is a fraught metric (see Brezis and Biru-
kou 2020; Krummel et al. 2019). We investigate test of time awards in  the “An analysis 
of quantitative publication metrics” section; in some fields, retractions may also provide a 
useful signal. Rafols et al. (2012) speak out for indicators that do not reduce the quality of 
research to a single number, but provide contrasting perspectives. They call this opening up 
the decision-making process and argue that these indicators should be embedded into an 
assessment or policy context, so they can be used to interpret the data and not as a substi-
tute for judgment. We believe that such indicators could also be helpful in implementing a 
feedback loop.

Moreover, we advocate more personal responsibility for researchers, creating space for 
them to apply their own intellectual judgment. Luhmann (2017) states that the two most 
important concepts making complex social systems feasible are trust and power. It follows 
that the alternative to putting faith in researchers is to have an authority deciding unilater-
ally and controlling the researchers’ actions. However, Pollitt (1993) points out that treating 
staff as “work units to be incentivized and measured” instead of as “people to be encour-
aged and developed” will lead to demoralized and demotivated employees by taking away 
their intrinsic motivation (cf. also Shore and Wright 2000). In their review on the evolu-
tion of performance management, Pulakos et al. (2019) come to the conclusion that “for-
mal performance management processes disengage employees, cost millions, and have no 
impact on performance”. In the context of taxpayer honesty, Kucher and Götte (1998) have 
shown that observing tax laws and regulations is not just a matter of how strictly taxpayers 
are controlled. When taxpayers have trust in a government and in return are trusted by the 
government, taxpayers feel more obliged to follow the rules. Additionally, when people 
have the possibility to participate in a decision process and have some control over the 
outcomes, they are more willing to accept these decisions and outcomes. We believe that 
leveraging intrinsic motivation and allowing researchers to act more independently is the 
way to go, since demotivating staff will hardly result in meaningful research. Dance (2017) 
reports that a number of academics have already taken matters into their own hands by not 
joining traditional academia at all or leaving and working as independent researchers.

An analysis of quantitative publication metrics

We want to round off our work by taking a closer look at some concrete numbers, i.e., ana-
lyze citation numbers and investigate alternative evaluation methods. As two authors belong 
to the computer science research community, we decided to use the data set provided by the 
dblp computer science bibliography originally created by Ley (2009), which tracks all major 
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computer science publications. At the time of writing, dblp indexed over 4.7 million publi-
cations. For our analysis, we used a version with citation numbers created for ArnetMiner 
by Tang et al. (2008) containing more than 3 million publications.2 In a first step, we did 
some exploratory data analysis to get a better feel for the data and to check its consistency. 
Figure 1 shows the average and maximum citation counts for papers arranged by year since 
their publication. The older papers have a higher average citation count, but there is some 
bias here. First, they have been around longer, which means they had more opportunities 
to be cited and, second, there are fewer older papers, so outliers have more influence. The 
different number of papers is also illustrated in the graph for average citation counts: it is 
very smooth on the left-hand side and gets more and more ragged towards the right, as the 
number of papers in the denominator used for computing the average decreases with the 
years. Additionally, dblp did not collect old papers as systematically as newer ones, so it is 
likely that only influential old papers made it into the collection. While many papers reach 
their maximum citation count in the first 10  years after publication,3 there is a consider-
able number of papers that do not. Most evaluation schemes, such as REF and VQR, only 
look at papers published in the last 5–7 years, though, which means that they may overlook 
important publications. What we do not show in a graph here is the (unsurprising) fact that 
the citations are not uniformly distributed: a small number of papers get the most citations.

For the next step, we asked ourselves how we could analyze the suitability of citations 
for determining the quality of publications and look at an alternative. The validation of 
metrics performed in Jarwal et al. (2009) uses independent peer reviews for this purpose. 
This is useful but labor intensive; Tennant (2018) estimates that more than 2.5 million Eng-
lish language research papers are published annually and that the rate is still increasing. 
Considering that usually two to three reviewers are needed for each review and that the 
number above reflects the number of accepted publications, i.e., the number of submis-
sions going through the process is even higher, this puts an increasing burden on review-
ers [sometimes referred to as reviewer fatigue; see Breuning et al. (2015) and Fox et al. 
(2017)]. Not only is there a lack of time: Tennant (2018) goes on to state that there is no 
proper incentivization for reviewers to do a good job. Moreover, even if a peer review is 

Fig. 1  Average versus maximum 
citations

2 DBLP-Citation-network V10 is at https ://amine r.org/citat ion, the Jupyter notebooks used for the analysis 
can be found at https ://githu b.com/kpasc hen/spark /tree/maste r/dblp/jupyt er.
3 Please note that the average and maximum citation counts use different scales. Clearly, the maximum 
count, which reaches ten for 80 years since publication, is always greater than the average count.

https://aminer.org/citation
https://github.com/kpaschen/spark/tree/master/dblp/jupyter
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done to a high standard, some research needs time to be appreciated; a peer review per-
formed now may come to different conclusions than one performed 5 or 10 years later.

A number of publication venues have introduced test of time awards, which retrospec-
tively identify important and influential work done ten or even 20 years ago. We found this 
an interesting approach by the scientific community to acknowledge quality in hindsight.4 
For our study, we selected the Test of Time Award of the International Conference on Very 
Large Data Bases (VLDB), which is a prestigious publication venue in the area of database 
research. Figure 2 shows the citation counts for the award winners compared to the average 
citation count of all VLDB papers.

While award winners tend to be cited more often than the average VLDB paper, there 
are also award winners whose citation numbers are below the average. This shows that cita-
tion numbers are not the only criterion used by the committee for selecting the winners, 
otherwise the papers with the lower citation counts would not have received the award. 
This is also reflected by the number of times that the award winners were cited after receiv-
ing the award; for VLDB the award is usually given 10–12  years after publication and 
many papers still have a considerable number of citations after this period.

While not conclusive, we believe this data supports the hypothesis that citation counts 
are not a complete measure of research quality on their own. We think that other indica-
tors, such as test of time awards, should be investigated and that this would be a promising 
area for future research. However, since these awards provide recognition for research with 
a time delay, there are many contexts where they cannot be applied directly. They can be 
used for calibrating other proxy indicators, though.

Related initiatives

We are by far not the only ones criticizing the effects of quantitative metrics on research 
and calling for improvements in the area of research evaluation. For instance, there are the 
San Francisco Declaration on Research Assessment (DORA) (DORA 2012), the Leiden 

Fig. 2  VLDB test of time award 
winners versus all VLDB papers. 
One paper has so many citations 
that including its peak would 
make the bottom third of the 
graph unreadable

4 Note that we are still using publications as a proxy for scientific accomplishment here.
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Manifesto for research metrics (Hicks et  al. 2015), and the Metric Tide report (Wilsdon 
et al. 2015).

While we agree with the sentiments expressed in DORA, we want to focus on the opera-
tionalization of research metrics and we believe this to align with arguments made in the 
Leiden Manifesto and the Metric Tide report. The authors of the Leiden Manifesto call 
for open and transparent high-quality processes in the context of decision-making, part of 
which are the regular scrutinization of indicators and their improvement if they are found 
lacking. This is in line with the feedback loop we are proposing. Other important points 
are that quantitative assessment should go hand-in-hand with qualitative evaluation and 
that it should consist of a suite of indicators to reflect different aspects of research. Simi-
lar points were made in the Metric Tide report and its notion of responsible metrics. The 
report noted, that “there is potential for the scientometrics community to play a more stra-
tegic role in informing how quantitative indicators are used across the research system and 
by policymakers”. We think that a useful next step toward operationalizing bibliographic 
metrics is to propose and evaluate feedback loop mechanisms. These mechanisms should 
not only consist of quantitative evaluation methods, but also include qualitative ones.

Conclusions and outlook

Applying purely metric-based indicators for evaluating research has the potential to lead to 
a dystopian research environment in the style of a “Black Mirror” episode. There is a hid-
den danger in just accepting certain indicators, such as citation numbers in Google Scholar 
or Scopus, because they are convenient. Many researchers are left with the impression that 
important decisions are taken over their heads and that they have no say in what is happen-
ing. This situation is at risk of devolving into a low-trust environment, which cannot be 
in anyone’s interest. In our view, over-reliance on indicators also hands too much power 
to the institutions managing these indicators and makes it difficult to introduce changes, 
locking in a particular conception of research. Stilgoe (2014) expressed this provocatively: 
“[research] excellence tells us nothing about how important the science is and everything 
about who decides”.

Given the diversity of academic disciplines, it is difficult to come up with a set of uni-
versally applicable methods for assessing research. Nevertheless, the question of what we 
want research to achieve has to be asked and discussed explicitly. Over the course of his-
tory, the roles that universities played have already changed before: for example, in the 
nineteenth century they were transformed from educational institutions to organizations 
that also pursued research (Willetts 2017). It seems that at the moment universities are 
undergoing another transformation, but it is far from clear where they are heading (Swain 
2011).

Moreover, the discussion we are asking for is not a one-off event: because research is an 
essentially contested concept and the environment is constantly changing, this needs to be 
an ongoing public debate. As we expect quantitative metrics to stay with us as an evalua-
tion tool for some time to come, we at least need more transparency in how they are created 
and which policies drive them.
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