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Abstract

Research is often specialized and varies in its nature between disciplines, making it difficult to as-
sess and compare the performance of individual researchers. Specific qualitative and quantitative
indicators are usually complex and do not work equally well for different research fields.
Therefore, the aim of the present study was to develop an economical questionnaire that is valid
across disciplines. We constructed a Short Multidisciplinary Research Performance
Questionnaire (SMRPQ), with which researchers can briefly report 11 quantitative and qualitative
performance aspects from four areas (research quality, facilitation, transfer/exchange, and reputa-
tion) in relation to their peer reference groups (fellow researchers with the same status and discip-
line). To validate this questionnaire, 557 German researchers from Physics, History, and
Psychology fields (53% male, 34% post-docs, and 19% full professors) completed it, and for the
purpose of convergent and discriminant validation additionally made assessments regarding
specific quantitative and qualitative indicators of research performance as well as affective,
cognitive, and behavioural aspects of their research activities (perceptions of positive affect, help-
seeking, and procrastination). The results attested reliable measurement, endorsed the postulated
structure of the newly developed instrument, and confirmed its invariance across the three disci-
plines. The SMRPQ and the validation measure were strongly positively correlated, and both
demonstrated similar associations with affect, cognition, and behaviour at work. Therefore, it can
be considered a valid and economical approach for assessing research performance of individual
researchers across different disciplines, especially within nomothetic research (e.g. regarding
personal antecedents of successful research).
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1. Measuring research performance: research

gaps and shortcomings of current approaches

Recently, researchers and policy makers have become increasingly
interested in the quantification of research activities in higher educa-
tion and at non-university research institutes—in particular regard-
ing research and its outcomes (Molas-Gallart 2015). This general
rise in interest can, for instance, also be seen in the excellence initia-
tives in several EU countries (Wagner 2007). Next to agreements on
budgeting and intensified evaluations, these initiatives also tackle
assessments of, and knowledge of research quality (Ochsner, Hug,

and Daniel 2016a). For evaluations and funding decisions, there is
no doubt that it is necessary to analyse a broad range of research
outputs using multiple detailed indicators (see also Gogolin and
Stumm 2014). Aside from this, another important application con-
text requiring measures of research quality is research itself, more
precisely research on research quality; in particular, to facilitate
nomothetic research (i.e. the study of large groups of individuals to
derive general laws), so as to advance the understanding of personal
processes supporting high research quality (e.g. how motivations,
experience, and behaviour at work relate to research success). This



approach does not focus in an idiographic way on the individual
diagnosis of the research quality of an individual researcher or an in-
dividual research institution, but rather in a nomothetic manner on
relations between constructs. To describe them, an economical
measurement is necessary. Assessing personal research quality,
however, is considered a complex and costly endeavour and its
comparability is often not granted, particularly due to the high
specialization of researchers within their disciplines and fields
(Hicks et al. 2015).

In consequence, economic, homogenous, and comparable per-
formance indicators are needed, which are a function of the much
more complex and multifaceted research quality (Print and Hattie
1997). Such indictors of research performance are developed pri-
marily under a measuring rationale on the basis of the theoretical
concept of research quality.' This multifaceted construct contains
not only the production but also the dissemination and transfer of
knowledge (Gaston 1970). While the amount of publications is
often considered a central indicator (Carnegie Foundation for the
Advancement of Teaching 1991), this broad definition implies that
other aspects also need to be taken into account; for instance, the ac-
quisition of third-party funding or editorial activities (Creswell
2012). Taken together, the measurement of research quality requires
a set of criteria that allows an appropriate evaluation. The choice of
these criteria and the use of quantitative or qualitative standards for
their assessment often varies greatly, even within individual areas of
expertise, leading to distortions and hindering inter-individual com-
parisons, especially across different fields (Lawrence and Green
1980; Hicks et al. 2015).

Up to now, while there are several indicators and sets of criteria,
no multidisciplinary instrument for measuring research performance
on a personal level exists (Ochsner, Hug, and Daniel 2016b).
In order to derive an adequate set of criteria for the inter-individual
and multidisciplinary measurement of research performance of
scientists, we will consider different quantitative and qualitative
indicators that are typically used, and discuss their advantages and
disadvantages. The newly developed instrument is based on the
integration of multiple indicators in order to yield a comprehensive
contentual coverage of research quality, while combining the indica-
tors’ individual strengths and reciprocally compensating indicator-
specific weaknesses.

In the next sections, we will therefore review literature regarding
the measurement of research performance with quantitative and
qualitative indicators and discuss the use of self-report for their as-
sessment. Thereafter, we will describe our research aims and the
assumptions and objectives of the Short Multidisciplinary Research
Performance Questionnaire (SMRPQ), followed by a methodologic-
al section on the construction and testing of this instrument, as well
as the results and their discussion.

1.1 Quantitative indicators based on publications and
citations

Research outputs can be measured by the (weighted) number of
publications (van Raan 2005). These indicators vary depending on
the type of publication as well as the number of authors and their
position. The weighting of these aspects can be problematic, since
they often depend on particular disciplines (cf. for instance the dif-
ferent value of a monograph between Physics and History; see also
Braxton and Toombs 1982). Also, if and how co-authorship is taken
into account varies and can lead to different results (e.g. Howard,

Cole, and Maxwell 1987; Scott and Mitias 1996; Bapna and
Marsden 2002; Erkut 2002). Most critically, however, such
approaches are often uneconomical, complex, and bound to a par-
ticular discipline: due to different publication practices and the
above-mentioned characteristics, those indicators do not generally
allow for an adequate comparison of research performance of indi-
vidual researchers from different fields (Moed 2006; Abramo,
D’Angelo, and Di Costa 2008; Wilsdon 2016).

In addition to the number of publications, research performance
is often measured by citations. Citation indicators are typically
based on statistical algorithms that signal how often a researcher is
cited by others (Moed 2006). Since citations usually point to import-
ant ideas or results that are used to gain new knowledge, it is argued
that the number of citations of a scientific work can be regarded as
an indication for its reception (Schlinghoff and Backes-Gellner
2002). Apart from the discipline-induced shortcomings discussed
above, this approach can also be biased; for instance, publications
with already many citations or a methodological focus are cited
more frequently than other publications (Voeth, Gawantka, and
Chatzopoulou 2006; cf. also MacRoberts and MacRoberts 2018).

On an institutional level, rankings (e.g. World University
Ranking THES; Times Higher Education 2015) are often used to
compare different universities and non-university research institu-
tions. Although their methodology and their overall quality vary
greatly and are controversially discussed, they are still worth consid-
ering since they often encompass indicators that could be used or
adapted to measure the research quality of individual researchers
(Federkeil 2002; European Commission 2009). Apart from the
above-mentioned amount of publications and their quality, rankings
often contain data on third-party funding, amount of supervised
PhD students, and research reputation. The German Council of
Science and Humanities (2004, 2013) suggested that research qual-
ity indicators can systematically be distinguished in regard to differ-
ent facets that can be grouped in four superordinate areas: (1)
impact/quality, (2) reputation, (3) activities that facilitate research,
and (4) transfer to the public. In a series of studies, they also pre-
sented first evidence that these areas, and the quantitative aspects
that they encompass, can be distinguished across different fields.
This is important as research practices and conventions differ con-
siderably between natural sciences, social sciences, and the human-
ities (Kagan 2009). While their overview was suggested for the
overall faculty level, it stands to reason that these aspects also
characterize the research quality of individual researchers.

In summary, while quantitative indicators of research quality are
considered to be objective, they often require complex algorithms,
are limited in their comparability across disciplines, and often
strongly depend on the methodology used (e.g. Adler and Harzing
2009). As described above, they often include (weighted) data on
publications, third-party funding, citations, talks, conference
organization, supervised PhD students, and reputation.

1.2 Qualitative indicators

While bibliometric indicators are established and generally more
accepted in the natural sciences, the use of such strictly quantitative
methods seems to only be possible to a limited extent in the social
sciences and humanities and is discussed controversially (Hicks
2004; Guillory 2005; Nederhof 2011). For example, in the social
sciences and humanities it is often argued that quantitative indica-
tors based on publications and citations are not transferable due to



discipline-specific publication characteristics (Nederhof 2006).
Furthermore, considering only quantitative indicators is regarded as
problematic because other, often crucial aspects of research quality,
such as originality, are neglected, and dysfunctional effects (e.g. loss
of diversity; Fench 2009) may occur (Fisher et al. 2000). Therefore,
especially in the social sciences and humanities, there have recently
been extensive efforts to develop qualitative indicators for assessing
research quality (Ochsner, Hug, and Daniel 2016a).

The results of several studies conducted by Ochsner, Hug, and
Daniel (2012, 2014, 2016b) also emphasized that an evaluation of
research quality based on quantitative indicators is limited in the so-
cial sciences and humanities. The authors argue, however, that an
evaluation of research quality by means of qualitative criteria is
promising within those disciplines, ‘if a broad range of quality crite-
ria are applied’ (Ochsner, Hug, and Daniel 2016b: 64). Throughout
a series of studies, the following criteria were agreed on by experts
in German literature studies, English literature studies, as well as art
history: (1) scholarly exchange, (2) innovation/originality, (3) rig-
our, (4) fostering cultural memory, (5) impact on research commu-
nity, (6) connection to other research, (7) openness, (8) erudition,
(9) enthusiasm, (10) vision, and (11) connection between research
and teaching. The authors also developed a first version of a ques-
tionnaire to assess these aspects of research quality within the
humanities (Ochsner, Hug, and Daniel 2016b). Since such qualita-
tive indicators are considered to be particularly important in the
humanities but also appear to be central to research quality in nat-
ural sciences, it consequently seems suitable to include them to as-
sess research quality across different disciplines. To this end, it
should, however, be noted that some of these criteria from Ochsner,
Hug, and Daniel (2016b) do not seem suitable in this respect.
Fostering cultural memory is presumably an aspect that matters in
literature and art studies but does not appear to be a relevant aspect
of research quality in harder sciences. Also, while the connection be-
tween research and teaching is probably an important determinant
for a scholar’s work experiences (cf. Daumiller and Dresel 2018),
not all researchers are also teachers. Finally, we consider enthusiasm
(like the experience of positive affect) as an important correlate of
research quality, but not a central indicator of it.

1.3 Use of self-reports for assessing research
performance

In this work, we propose the use of self-reports to economically
measure research quality indicators of individual researchers from
different disciplines. A viable alternative to this could be the use of
peer reviews. In these procedures, scientists belonging to the same
discipline use their expertise to evaluate the research of fellow
researchers (Royal Netherlands Academy of Arts and Sciences 2011;
van den Akker 2016). However, while such procedures often allow
for an adequate understanding of the specificity of the field at hand,
peer reviews also come with disadvantages: depending on the re-
viewer and his or her relationship to the researcher being reviewed,
the evaluation may be biased (Tomkins, Zhang, and Heavlin 2017).
Furthermore, due to the lack of transparency regarding the choice of
reviewers and the review processes, intersubjective understanding,
i.e. a shared evaluation amongst two or more reviewers is often not
provided, making their use in large-scale studies problematic as reli-
ability and validity are not granted (Demetriou, Ozer, and Essau
2014). Additionally, peer reviews are rather time-consuming and

costly, and thus not an economical method for assessing research
quality (Bornmann 2011; Guthrie, Ghiga, and Wooding 2018).

In the social sciences, self-report questionnaires are a common
data source and are used for assessing performance at work (Garcia
and Gustavson 1997). For instance, self-reported job performance
was reported to be a strong predictor for the development of actual
job performance (Abele and Spurk 2009). However, there are dis-
cussions about the accuracy and reliability of self-reports and
whether they should be replaced by objective measures (e.g.
Retelsdorf et al. 2010). Self-reports suffer from specific disadvan-
tages: researchers using self-report questionnaires are dependent on
the honesty of their participants.

For self-reports, it is very important to ensure anonymity and af-
firm potential respondents of this in order to increase their probabil-
ity of participation and to obtain honest answers. Especially in
studies with a small sample size, this can be a delicate issue and
must be reflected carefully within the study design and data manage-
ment. Apart from phenomena such as social desirability or impres-
that the
participants are capable of providing an accurate response, that is,

sion management, researchers must also assume
that they are able to understand the questions, introspectively re-
trieve the requested information, and evaluate it adequately (Rosen,
Porter, and Rogers 2017).

The limitations stated above (e.g. difficulties in understanding
the items) can be solved or reduced through careful design of the in-
strument, and by explicitly validating it. Self-reports also have a ser-
ies of advantages: first, they can equally comprise qualitative and
quantitative aspects and allow participants to refer to their specific
contexts. Second, they can be regarded as efficient and economical
methods as they can easily be implemented for large samples and
often constitute the only practicable possibility for assessing certain
data. Third, self-report studies can be self-administered and con-
ducted anonymously which may lead to honest responses (Garcia
and Gustavson 1997) and enable researchers to reach a broad range
of participants, including, for instance, those that might opt out of
peer ratings. Finally, since scientists are usually experts in the field
of research, it is plausible to assume that they can—to a substantial
extent—validly assess their own research performance, and in such
situations self-reports are commonly used (e.g. Retelsdorf et al.
2010). Since academic peers are the strongest reference group in aca-
demia (Minssen and Wilkesmann 2003), self-reports are expected to
work especially well when participants are asked to compare them-
selves to a peer group. For the research question at hand, this implies
that self-reports can be expected to work well when asking the par-
ticipants to assess their research in relation to researchers from the
same field with the same status (Ringelhan et al. 2013). All in all, it
thus seems that self-reports, when applied properly, can be useful to
economically measure the research quality of individual researchers
from different disciplines.

2. Research aims and construction of the SMRPQ

Building on the importance of understanding personal research qual-
ity, and the absence of a multidisciplinary measure, we strived to de-
velop and validate an instrument that measures research performance
efficiently on the level of researchers and equally well across different
disciplines.

To this end, we gave an overview of different aspects of the the-
oretical construct of research quality and the research performance
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Figure 1. Overview of the distinguished aspects of research quality.

indicators used for its assessment. While specific qualitative and
quantitative indicators exist, it is often unclear which of them should
be used, especially since they do not work equally well for different
disciplines. Moving forward from the above presented criteria and
assessment methods, it should be noted that no methodology domi-
nates all alternatives in all properties and therefore their results and
interpretations are limited to the method-induced limitations.
Consequently, to adequately evaluate research quality across various
disciplines, a broad range of qualitative and quantitative criteria
should be considered (Ochsner, Hug, and Daniel 2012; Hicks et al.
2015). To this end, based on the definition of what research quality
entails, we combined the qualitative criteria of Ochsner, Hug, and
Daniel (2013) that also appeared central in natural sciences, with
the rather quantitative aspects and their differentiation into four
areas proposed by the German Council of Science and Humanities
(2010). We summarize these aspects below and propose their assess-
ment through self-reports as an efficient and economical method
suitable for (particularly nomothetic) purposes of research on sci-
ence. For adequately measuring impact/quality, the amount of publi-
cations as well as their quality are taken into consideration (German
Council of Science and Humanities 2010). Further indicators of this
aspect encompass the innovation of one’s research, as well as the rig-
our and erudition behind one’s work (Ochsner, Hug, and Daniel
2016b). Research facilitation encompasses the amount of third-
party funding as a rather quantitative aspect, as well as openness as
a qualitative aspect (German Council of Science and Humanities
2010; Ochsner, Hug, and Daniel 2016b). In regard to transfer and
exchange, we followed the suggestions from the German Council of
Science and Humanities (2010) and included transfer of knowledge
from the scientific to the public sphere (however, we excluded trans-
fer of staff since this aspect is typically only relevant for full profes-
sors). In addition, and in line with Ochsner, Hug, and Daniel
(2016b), we propose that scholarly exchange (i.e. within the aca-
demic community) should also be considered and therefore it was
included as a separate aspect next to knowledge transfer. Finally,
regarding research reputation, we included engagement in profes-
sional activities as well as one’s recognition in the scientific field
(German Council of Science and Humanities 2010; Hug, Ochsner,
and Daniel 2013). Figure 1 provides an overview of these aspects.

*Amount of publications
*Quality of publications
*Innovation

*Rigour

*Erudition

*Funding
*Openness

Research quality is consequently considered a theoretical con-
struct that encompasses a multitude of different facets, which is also
in line with an emerging consensus in the fields of bibliometrics and
research evaluation (e.g. Moed 2017: v). Only by acknowledging
and including the various aspects mentioned above as indicators, a
content-valid operationalization seems possible. Constructing a
measurement instrument that is well suited for nomothetic studies
on researchers puts restrictions on the sources and the amount of
indicators to be used. As delineated above, we propose self-report
relative to a peer reference group in order to economically measure
the research performance of individual researchers from different
disciplines. Here, also the duration of data collection also matters as
it can be positively associated with expenses and costs and negative-
ly associated with the commitment of participants. Consequently,
we operationalized each of the aspects of research quality described
above with a single item each in which we asked the participants to
rate themselves relative to fellow researchers with the same status
and discipline. To ensure high validity, we propose that all of these
aspects of the underlying construct (see Figure 1) should be consid-
ered equally in a discipline-unspecific way (e.g. speaking generally
of ‘publication outputs’ instead of specific aspects that only apply to
some disciplines, such as the number of publications in peer-
reviewed journals [with a high impact factor]) in order to allow an
adequate conceptualization and an assessment that is not limited to
a specific field, but valid across different disciplines, such as the nat-
ural sciences (e.g. Physics), humanities (e.g. History), and social sci-
ences (e.g. Psychology). Consequently, the multiple facets of
research quality are conflated in one single dimension reflecting a
broad and overall estimate of research performance.

It is important to note that we are not measuring research quality
directly, but rather research performance dependent on the reference
group and the researchers’ self-assessments on the employed indica-
tors. This has important consequences regarding the interpretations
of our findings and the inferences that could be derived from using
the instrument. Specifically, while we expect the tasks that research-
ers have to fulfil in order to get the most out of research to be multi-
dimensional, the research performance measured by our short scale
should empirically portray a one-dimensional structure. As such,
our findings need to be interpreted in light of the short assessment of
research performance that can provide a useful instrument to



analyse the determinants, correlates and consequences of research
quality, but do not serve conclusions regarding the internal structure
of the more encompassing construct of research quality itself and do
not allow for a valid evaluation of a single researcher’s performance
in an idiographic sense (which would be needed, e.g. in the context
of funding decisions). On a general note, this illustrates the import-
ance of being very clear and explicitly addressing different
conceptualizations and their meanings—especially in empirical
investigations of research quality.! Since research quality is a very
broad and multifaceted construct, strivings to measure it typically
have to curtail (e.g. by limiting the range of assessed facets and the
indicators used). Consequently, there are often different concepts of
research quality underlying a measure of research performance that
frequently stay implicit. This is presumably an important reason as
to why measuring research quality has often created problems and
controversies (cf. Sonnentag and Frese 2005; Bazeley 2010).

Apart from investigating the measured relative research perform-
ance construct itself and its invariance across different disciplines,
the validation of a measurement instrument like the SMRPQ should
also include an examination of convergent and discriminant validity.
Specifically, the newly developed measure should be strongly associ-
ated with a validation measure based on established instruments
that are, in total, measuring research performance, while both meas-
ures should be similarly related to other constructs. To encompass a
broad array of aspects, affective, cognitive, and behavioural aspects
of research activities should be included. To this end, researchers’
experiences of positive affect, attitudes towards help-seeking, and
procrastination appear worthwhile, since they are likely associated
with researchers’ individual performance at work (e.g.
Lyubomirsky, King, and Diener 2005; Kim and Seo 2015).

Taken together, the aims of the present study were to validate
the newly constructed SMRPQ. For this purpose, we focused on
four main points:

a. We expected that the SMRPQ portrays good descriptive psycho-
metric features and can be well answered by researchers (i.e. par-
ticipants feel confident when making their assessments).

b. We assumed that the latent construct measured with the
SMRPQ can best be described with a one-dimensional structure
(i.e. alternative models with 2 or 4 factors do not fit the data
better).

c. Further, we wanted to test that this structure is invariant across
the three different disciplines of Physics, History, and
Psychology.

d. Finally, we expected that the SMRPQ is strongly positively cor-
related with a validation measure encompassing specific aspects
of research performance measured with established instruments,
and that both measures are similarly related to positive affect
and considerations of help-seeking as useful (positive associa-
tions) as well as considerations of help-seeking as threatening

and procrastination (negative associations).

3. Method

3.1 Procedure and sample

To pursue these research aims, we conducted an online study in
which researchers made assessments concerning (1) the novel
research performance questionnaire and how confident they felt
when giving these answers, (2) a validation measure encompassing
a variety of established instruments to assess specific research

performance aspects, and (3) affective, cognitive, and behavioural
aspects of their research activity (positive affect, attitudes towards
help-seeking, and procrastination). The researchers received a small
incentive after participating in the study (a 5 € voucher). Regarding
Physics, History, and Psychology—disciplines that are considered
typical for the natural sciences, humanities, and social sciences
(Kagan 2009)—we identified all public universities in Germany
where these fields were taught, and randomly selected researchers
from each university who were subsequently contacted by email (re-
sponse rate: 14.7%). The study was conducted in full accordance
with the Ethical Guidelines of the
Psychologists and anonymity was assured. It was not plausible that

German Association of

completing our survey would have any negative effects on the
participants.

Altogether, 557 German university researchers (297 male, 260
female; mean age 36.4years, SD=10.1; 185 without PhD, 189
post-docs, and 106 full professors, disciplines: 184 Physics, 177
History, and 196 Psychology)® from 72 public German universities
participated.

3.2 Measures

3.2.1 Short Multidisciplinary Research Performance Questionnaire
As described above, we developed one item for the distinguished
aspects of research performance proposed by the German Council of
Science and Humanities (2010) and Hug, Ochsner, and Daniel
(2013). Therefore, the SMRPQ encompasses 11 items in total that
serve as distinct indicators. Several researchers (including two psy-
chologists, one historian, and one physicist) were consulted in the
formulation, and iterative development, of item pools that subse-
quently led to the final items. Each item was formulated by system-
atically considering the delineated theoretical basis and
operationalization of related constructs (e.g. German Council of
Science and Humanities 2010; Hug, Ochsner, and Daniel 2013).

To answer them, participants were instructed to refer their
answers to their research community, containing fellow researchers
with the same status and discipline (cf. Ringelhan et al. 2013).
Additionally, they were asked to focus their answers on the last 5
years using the item stem ‘Over the last 5 years...’. Afterwards,
participants were asked to evaluate the 11 indicators of relative re-
search performance (e.g. regarding the quality of their publications:
¢...I published publications of higher quality than __ % of my fel-
low researchers with the same status and discipline’). The complete
instrument is presented in Table 1.

Immediately after having completed this measure, we asked
the participants to rate how confident they felt when making
these assessments on a scale from 1 (not confident at all) to 8 (very

confident).

3.2.2 Specific aspects of research performance used as validation
measure

To validate the SMRPQ, we gathered assessments regarding specific
quantitative and qualitative indicators of research performance
using established measures focused on specific aspects of impact/
quality, facilitation, transfer/exchange, and reputation that were dir-
ectly derived from the conceptualization of research performance
underlying the present work (cf. section 2). To this end, a wide range
of (quantitative and more qualitative) measures has been taken into
account. As in the SMRPQ, participants were asked to refer their
answers to the last 5 years.



Table 1. Iltem statistics of the SMRPQ

Items (item stem: over the last 5 years. . .) M SD Min Max Missing (%) Skew Tie

1. ...Ipublished more... 46.5 24.5 1 98 16 -0.01 0.63
2. ...Ipublished publications of higher quality. . . 46.1 23.0 1 96 18 -0.07 0.67
3. ...Iresearched more innovatively and more originally. .. 50.0 22.5 2 99 10 —0.04 0.67
4. .. Iworked methodically more reflectively. .. 53.1 20.9 2 99 9 —0.33 0.60
5. ...Ihad richer professional knowledge. .. 45.9 22.0 2 99 11 —0.05 0.66
6. ..Jraised more third-party funding (including Ph.D. 47.2 27.3 1 99 31 -0.10 0.49

scholarships). . .

7. ...Iwas more open to new things. .. 53.8 19.9 1 99 10 —0.22 0.52
8. ...Icommitted myself to more scholarly exchange. . . 45.6 22.3 1 99 10 -0.09 0.70
9. ...Icommunicated my research results to the public better. .. 45.4 23.1 1 95 12 —0.04 0.63
10. ...I was recognized more. .. 41.7 22.6 1 95 18 —0.05 0.79
11. .. .I pursued more professional activities (e.g. editorships, reviews, 41.8 23.8 1 99 27 -0.16 0.58

and positions in professional associations). . .

Note: N=557. All items ended with “...than __ % of my fellow researchers with the same status and discipline’. Theoretical range: 1-99. r;; denotes item-

total correlation. Presented are English translations of the original German items, which have not yet been validated in the English-speaking context.

Regarding the amount of publications as an aspect of impact/
quality, we followed the distinction of the German Council of
Science and Humanities (2010) and asked the participants to pro-
vide information about the overall quantity, and amount as first au-
thor, of (1) monographs/edited books, (2) book chapters, (3) peer-
reviewed journal articles, (4) conference contributions (talks/post-
ers), (5) invited talks, and (6) other publications. Alternatively, par-
ticipants were given the option to upload their current publication
list (which was then counted manually and inserted by means of an
anonymous ID into the data set; 8% of the participants chose to do
this). The answers were then aggregated using discipline-specific
weights for the different types of publications. In order to assess fur-
ther aspects of impact/quality we used the item stem ‘Over the last
S years, to what extent have you ...", and then presented scales from
Hug, Ochsner, and Daniel (2013) to assess innovation (2 items, e.g.
‘.. .created new findings or interpretations’, ® = 0.64), rigour (2 items,
‘...reflected your methods or your choice of methods carefully’,
®=0.94), and erudition (2 items,
and insights’, ® = 0.84). These items were answered on a Likert-type

<

...gained professional expertise

scale ranging from 1 (very little) to 8 (very much). For reasons of con-
sistency, unless otherwise stated, the same item stem and scale was
used for the following aspects of research performance.

As a quantitative aspect of research facilitation, participants
were asked to estimate the total sum of third-party funding received
during the last Syears (including doctoral scholarships) using a for-
mulation suggested by the German Council of Science and
Humanities (2010). As a qualitative aspect, we asked the researchers
to make assessments in regard to their research vision, using the cor-
responding subscale from Ochsner, Hug, and Daniel (2012; 2 items,
e.g. ‘...stimulated new research perspectives in your community?’,
®»=0.74). In addition, participants’ openness to ideas and persons
was assessed using a qualitative subscale from Ochsner, Hug, and
Daniel (2012; 3 items, e.g. “...recognized other, competing ideas,
approaches, theories, and methods’, ®=0.88).

Regarding transfer and exchange, we used two subscales from
Ochsner, Hug, and Daniel (2012) assessing scholarly exchange (2
items, e.g. ©...contributed to scientific discourses that are related to
your field of research?’, @=0.71) as well as the #ransfer of findings
beyond the scientific community (2 items, e.g. ‘.. .have you engaged
yourself in media and public relations work?’; ®=0.69).

With regard to research reputation, we used a quantitative meas-
ure of participants’ professional activities that was based on the sug-
gestions of the German Council of Science and Humanities (2010).
The respondents were asked to provide information on the number
of their (1) activities as editors, (2) activities as reviewers, and (3)
positions in professional associations. In regard to their recognition,
participants were asked to state the total number of scientific awards
and awards received over the last 5 years and to evaluate the reputa-
tion of these rewards on a Likert-type scale from 1 (very low) to 5
(very high). For the subsequent analyses, these two assessments were
weighted (by multiplying them).

Prior to the analyses, all aforementioned single aspects of the val-
idation measure were z-standardized within the three status groups
and fields, and subsequently averaged (w=0.86) to obtain a single
validation measure comparable to the SMRPQ. This measure was
then used to examine the convergent validity of the SMRPQ.

3.2.3 Affective, cognitive, and behavioural aspects

To measure positive affect when conducting research, we adapted
an instrument developed by Keller et al. (2014) to the context of
researching. Responding to three items (e.g. ‘I very much enjoy
doing research’; ®=0.95) a Likert-type scale ranging from 1 (do not
agree at all) to 5 (agree completely) was used.

In order to assess the researchers’ attitudes towards help-seeking,
we used two scales of an instrument published by Dickhiuser,
Butler, and Tonjes (2007) that we adapted slightly to the research
context. With four items each, we assessed perceptions of help-seek-
ing as threatening to the self (e.g. ‘Asking for help as a researcher
only shows your weaknesses’; ®=0.79) and perceptions of help-
seeking as beneficial for learning (e.g. ‘Asking others for help helps
me to become a better researcher’; =0.85). The items were
answered on Likert-type scales ranging from 1 (not true at all) to 5
(completely true).

With regard to procrastination, a scale by Klingsieck and Fries
(2012) was used. Following the item stem ‘In my research. . ., partic-
ipants were asked to evaluate to what extent typical statements (e.g.
‘.. I often find myself doing tasks I actually wanted to do days ago’,
5 items, ®=0.89) applied to them. To this end, a Likert-type scale
from 1 (very untypical) to 8 (very typical) was used.



3.2.4 Missing data

Over all items and participants, there was 12.9% missing data,
which was dealt with model-based, using the full information max-
imum likelihood estimator and the expectation-maximization algo-
rithm for all analyses with Mplus (Peugh and Enders 2004).
Acknowledging that there could be certain groups of researchers for
which specific items of the SMRPQ, e.g. in regard to acquired fund-
ing, might not matter much, we included auxiliary variables for
these analyses (field, status, and job position). In regard to the quan-
titative validation measures focused on specific aspects of the re-
search activity, the participants often did not provide answers to a
few of the items used, possibly because the questions were difficult
to answer (e.g. amount of conference submissions as first author:
38.4% missing answers) or inapplicable to some of the respondents
(e.g. activity as editor; 67.8%). For the manifest analyses with this
validation measure, we therefore used a similar procedure as before;
by multiply imputing the data using a chained-equation model with
predictive mean matching and 100 imputations. Imputed values
compared reasonably to observed values and results ignoring the
missing data (or setting them to O for variables that deemed in-
applicable for some of the respondents) were similar, so imputed
results are presented (Enders 2010).

3.3 Analyses

To confirm the postulated structure of the underlying research
performance construct, confirmatory factor analyses were con-
ducted with Mplus (Muthén and Muthén 2014) using the MLR esti-
mator. y* and SRMR were reported as absolute fit indices, TLI as a
relative fit index that also adjusts for parsimony, and RMSEA and
CFI as non-centrality-based indices. Due to the construction of the
instrument, following the recommendations by Brown (2015), we a
priori decided to model correlated errors between the similarly
worded items 1 and 2 (focusing on the amount and quality of publi-
cations). Latent variables were standardized by setting their means
to 0 and variances to 1. We compared more and less parsimonious
models. Specifically, we compared (1) a model with one factor
against, (2) two-factor models distinguishing between quantitative
and qualitative aspects of relative research performance, and (3) a
model with the four factors impact/quality, facilitation, transfer/ex-
change, and reputation. Taking the heterogeneity and breadth of the
different items into consideration, it should be noted that a certain
amount of model misspecification is automatically induced so that
very good model fit indices seem unlikely. Consequently, lenient

Table 2. Descriptive statistics and bivariate correlations

cut-off values should be used to assess satisfactory model fit (Fan
and Sivo 2007). Thus, we used CFI >0.90, TLI >0.90, RMSEA
<0.10, and SRMR <0.08 as cut-off values in the present work (cf.
Schermelleh-Engel, Moosbrugger, and Miiller 2003).

To confirm that the questionnaire works equally well for the
investigated disciplines (measurement invariance), multi-group con-
firmatory factor analyses were conducted. We compared hierarchic-
al models with imposing restrictions between the measurement
models for the three groups (cf. Gregorich 2007): (1) a model in
which the item-factor clusters were set as equivalent for all three
groups (configural invariance), (2) a model in which we additionally
restricted the factor loadings between the three groups (metric in-
variance), (3) a model with additionally restricted item intercepts
(scalar invariance), and (4) a model with additionally restricted re-
sidual variances (strict invariance). The corresponding form of in-
variance can be assumed when a more restricted model does not
describe the data worse than the previous, less restricted model.
Differences in model fit were evaluated using —2ALL rescaled differ-
ences in the model log-likelihood values, as well as the differences
between CFI and RMSEA (using the commonly suggested cut-off
values of ACFI=0.01 and ARMSEA=0.015; Chen 2007).

Finally, we used bivariate correlations as well as regression anal-
yses to assess the relationships between the SMRPQ and the valid-
ation measure, as well as the associations between both measures
with the affective, cognitive, and behavioural aspects of research.

4. Results

4.1 Descriptive results

Descriptive statistics (Table 1, see also Table2 for results of the
overall scale) revealed means close to the theoretical mean of 50
(i.e. rating that one is average in regard to the indicator in question,
with half of the other researchers with the same status and discipline
being considered as better, and the other half as worse). At the same
time there were substantial inter-individual differences (large varian-
ces), while most of the theoretical range was attained. Similarly,
the analyses of the skew indicated only slight deviations from nil.
Some participants seemed to have trouble answering two of the
items (items 6 and 8, as seen in the rather large amount of missing
data). These items expressed aspects that might not be applicable for
all researchers (e.g. researchers who have not raised funding). All
items yielded good item-total correlations that were clearly above
the commonly suggested cut-off criterion of 0.30. Also, the internal

M SD Min Max Skew 1 2 Ar
[1] SMRPQ 46.26 16.74 4.50 93.50 —0.20
[2] Validation measure —0.67 0.65 -2.82 1.67 0.09 0.75
Positive affect 7.04 1.21 1.00 8.00 —1.94 0.32 0.39 0.07%
Help-seeking: Beneficial 7.05 0.94 2.00 8.00 -1.29 0.11 0.12 0.01
Help-seeking: Threat 2.34 1.19 1.00 7.00 1.06 -0.11 -0.17 0.05
Procrastination 4.70 1.59 1.00 8.00 —-0.07 -0.15 -0.17 0.02
Age 36.35 10.13 23.00 78.00 1.31 0.28 0.37 0.09%*
Gender (0 =male, 1=female) 0.55 0.50 0.00 1.00 0.13 -0.27 -0.23 0.04
Hours per week researching 29.52 13.43 3.00 80.00 0.20 0.19 0.16 0.03

Note: N=557. All correlations are significant at P < 0.01. Differences between correlations were tested using the Meng, Rosenthall, and Rubin’s (1992)
t-test. Columns headed 1 and 2 represent the correlations with the SMRPQ and with the validation measure., *P <0.05., **P <0.01.



Table 3. Results of measurement invariance testing

Model df > df  CFI TLI RMSEA  SRMR  ACFI  ARMSEA TRd Adf P
Configural invariance 131 291.50 2.22 0.92 0.90 0.08 0.06
Metric invariance 151 31793 210 091  0.91 0.08 0.07 0.004 0.004 22.11 20 0.33
Scalar invariance 171 34139 199 091  0.92 0.08 0.07 0.001 0.004 20.97 20 0.40
Strict invariance 191 365.09 191 091  0.92 0.07 0.08 0.002 0.003 2229 20 0.34

Note: n(Physics) =184, n(History) =177, and n(Psychology) =196.

consistency of the overall scale was very good (#=0.90) and an
analysis of the split-half reliability yielded good results (Spearman—
Brown =0.88; Guttman = 0.87).

Finally, an analysis of the subsequent question of their confi-
dence in their assessments showed that the participants felt, on aver-
age, rather confident with their answers (M =35.70, SD=1.90,
skew = —0.10, attained range: 2-8, on a scale from 1 to 8) indicating
that the SMRPQ can be well answered by researchers (cf. first re-
search aim).

4.2 Structure of relative research performance

Regarding the structure of the measured relative research per-
formance construct (cf. second research aim), confirmatory factor
analyses indicated that a one-factor model described the data well
(df=43, 7*=196.90, CFI=0.92, TLI=0.90, RMSEA =0.08,
SRMR =0.05). A two-factor model that distinguished between
quantitative and qualitative aspects of research performance did
not describe the data significantly better (df=42, y>=187.37,
CFI=0.92, TLI=0.90, RMSEA=0.08, SRMR=0.05,
ACFI=0.005, ARMSEA=0.001; Chen 2007). Estimation of a
four-factor model that distinguished between the four main areas of
relative research performance terminated unsuccessfully due to a
non-positive latent variable covariance matrix that could be traced
back to high correlations among the specified factors (as did a model
in which we additionally included one second order factor).
Therefore, we additionally conducted an Exploratory Factor
Analysis. A parallel analysis as well as an investigation of the scree
plot clearly pointed to a one-factorial solution (explaining 51.42%
of the overall variance).

4.3 Measurement invariance across disciplines

The analyses of measurement invariance for discipline (cf. third re-
search aim) showed that the more restrictive models assuming in-
variance across disciplines did not fit the data worse than the models
allowing for variations between the three disciplines (Table 3). The
—2ALL difference tests were not statistically significant and
ACFIand ARMSEA were under the commonly suggested cut-off val-
ues of ACFI=0.02 and ARMSEA=0.015 (Chen 2007), indicating
strict measurement invariance across the three fields.

4.4 Relationship with validation measure and affect,
cognition, and behaviour

The SMRPQ was strongly correlated with the validation measure
(corrected for attenuation: » = 0.86), indicating that the economical,
self-reported answers in the SMRPQ yield similar results as the
aggregated, specific indicators from the validation measure (cf.
fourth research aim). At the same time, both measures had small
associations with the other investigated aspects of research practise.
Here, the correlations were similar for both measures, and portrayed

only minor (and mostly statistically insignificant) differences, with
the correlations for the SMRPQ being smaller than for the valid-
ation measure (Table 2).

5. Discussion

The overall aim of the present work was to develop and validate an
economical, multidisciplinary questionnaire for assessing research
performance relative to fellow researchers. To this end, we proposed
an 11-item self-report instrument, the SMRPQ and tested its
answerability, psychometric properties, structure, measurement in-
variance, and associations with a validation instrument and external
criteria. Strengths of the study include its innovative focus on mul-
tiple disciplines, the broad sample, the analyses on the latent level,
and the inclusion of extensive validation measures. Taken together,
our results point to the objectivity, reliability, and validity of the
newly developed measure and its usefulness with regard to its econ-
omy and multidisciplinary applicability and comparability, which
may serve well for analysing the link with personal aspects at work.
All in all, our results attested that the newly developed question-
naire has good descriptive psychometric features, while the partici-
pants’ confidence in their ratings indicated that the instrument can
be answered as intended—and that the (unusual) response format
(i.e. percentages in relation to other researchers) did not pose great
difficulties for the participants (first research aim). However, our
results also suggested that some of the assessed aspects may not be
applicable for all respondents (e.g. those who have not raised
funding) and need scrutiny within the further validation of the scale.
In addition, it might be possible that inexperienced researchers gen-
erally could have difficulties answering some items, particularly if
they have not yet attended conferences or conducted exchanges with
their scientific community. In this regard, the scale format used in
the SMRPQ might benefit from the inclusion of a ‘not applicable’ or
a ‘not sure’-category so that reasons for missing answers could be
further quantified (Krosnick et al. 2002). Despite this, such missing
values can be handled well within nomothetically oriented research,
since they can imputed (including background variables such as
subject and academic status) and the answers regarding the other
indicators can still be used. Overall, however, the high degree of
standardization of the questionnaire (instructions, examples, and
items) can be taken as an indication for its objectivity of application,
while the detailed description of the used instrument, the normed
reference values, and the clearly defined meaning of the answers
(percentage in regard to other researchers) indicates high objectivity
in regard to its analysis and interpretation (Ary et al. 2018). Apart
from that, the means of all assessed aspects were close to the theoret-
ical mean of 50, which is to be expected if the surveyed researchers
are representative concerning their research performance, and com-
pare their research performance to others, i.e. they answer the
scale format as intended (albeit some of them might have different



reference groups in mind when answering the items—with the ran-
dom effects thereof being evened out throughout the sample). This
indicates that systematic distortions seem unlikely. Also, taking the
broadness of the investigated sample (in which the share of academic
status, gender, and fields was very similar to the overall population)
into consideration, this speaks for the validity of the scale format
used. Especially the rather large variances observed and the use of
nearly the complete range of the scale can be interpreted in a similar
light, attesting that the measurement instrument is capable of
describing inter-individual differences between researchers. Finally,
we observed good item-total correlations for all of the assessed
aspects, indicating homogeneity of the items, which was also seen in
the split-half reliability and the internal consistency. Since we pre-
sented the participants with a self-report measure that primarily
consists of evaluative questions, these aspects are decisive for the re-
liability of the scale (DeVellis 2016). Nevertheless, future research
might additionally investigate other aspects of reliability using longi-
tudinal designs (e.g. test-retest reliability). Taken together, the psy-
chometric features and the design of the SMRPQ support its
objectivity and reliability as well as the validity of the scale format.

Regarding the construct validity, our results confirmed the
assumed one-dimensional structure of the research performance
measure (second research aim). Discussing these results, it should be
kept in mind that we strived for the development of an economical
instrument. We did not construct the SMRPQ for diagnostic investi-
gations of particular cases, but as a short scale to enable a fast meas-
urement, specifically for purposes of research on science. In doing
so, research performance measure was constructed as a one-
dimensional broad and overall measurement. This does not neces-
sarily contradict the assumed multifaceted nature of research qual-
ity, encompassing all tasks that researchers have to fulfil for high
research outputs—which should not and cannot be investigated
with the SMRPQ (however, we expect that using more items, e.g.
three items per research performance aspect, would have supported
models with multiple factors). Also the homogeneity of the items
and their strong associations support the assumed one-dimensional
structure of the measure, encompassing impact/quality, facilitation,
transfer/exchange, and reputation (German Council of Science and
Humanities 2013). Since the instruments’ final items were selected
systematically along these four areas based on previous literature
(e.g. German Council of Science and Humanities 2010; Hug,
Ochsner, and Daniel 2013) and their format (evaluation in percent
relative to the relevant comparison group) was clearly defined (Borg
and Shye 1995), this also speaks for the content validity of the in-
strument (Ary et al. 2018). The critical discussion with experts and
their evaluation of the instrument as suitable (face validity) addition-
ally reaffirms this.

Since the results indicated complete measurement invariance, it
can be concluded that for different disciplines, the identical structure
holds, and the identical construct is measured (third research aim).
Even though the standards and research practises in Physics,
History, and Psychology are quite different, these findings imply
that the SMRPQ works equally well in these fields, expressing an as-
pect of external validity of the instrument. Since the three investi-
gated fields are typical for natural sciences, humanities, and social
sciences, we consider the stability of our findings across them as an
indication that our results can also be transferred to other research
fields. Taken together, these results strongly emphasize that the

newly developed instrument can be used well in different disciplines
and that the measured research performance can be compared ad-
equately across them. Apart from its economy, this multidisciplinary
applicability and comparability constitutes a main strength of the
newly developed questionnaire.

In this context, an interesting aspect pertains to the statistical
specification of the research performance construct. It should be
noted that, following Bollen and Diamtopoulos (2017), changes in
the latent research performance variable may not necessarily entail a
simultaneous change in the value of its indicators. Indeed, it is plaus-
ible that researchers might have a very rich professional knowledge
but not necessarily publish more or better than others.* This issue
should be borne in mind for analyses on the latent level. In the pre-
sent manuscript our latent analyses focused on group (or model)
comparisons; however, future research focused on (statistical) effects
of research performance on a latent level might consider specifying
it in a formative way (Bollen and Diamtopoulos 2017). Especially
when being interested in the outcome of scientific activities, it stands
to reason that researchers who are doing well in the aspects of re-
search performance summarized in Figure 1 (i.e. publishing a lot,
working methodically very reflectively, researching innovatively and
originally, etc.) should, as a consequence, also have a higher re-
search outcome. Modelling the direction of this causality in statistic-
al procedures by specifying it in a formative way therefore appears
to be a useful research direction for such works.

Generally, our investigations also emphasize the need to make
the theoretical conceptualizations (here: research quality) and their
empirical measurements (here: research performance) of the con-
structs in question and what they entail explicit. In order to move
the field forward and to resolve controversies, this should rigorously
be taken up in investigations of research quality. It is obvious, that
only by clear definitions and labels, can the assessed constructs be
adequately understood and put in relation to one another.

Furthermore, we tested the instrument’s convergent validity
(fourth research aim). There was a remarkably strong correlation—
documenting that similar constructs were measured—between the
SMRPQ and the validation measure that was based on various
established instruments encompassing specific aspects of research
quality. Additionally, both measures had similar associations with
the experience of positive affect, attitudes towards help-seeking, as
well as procrastination, which can be considered as evidence for the
convergent validity. These associations were in line with our expect-
ations, and allow first results as to which affect, cognition, and be-
haviour accompanies good research quality. While there is an
increasing interest in understanding the drivers behind research
quality, most research to this end was conducted on an institutional
and not a personal level (Ito and Brotheridge 2007). Using an ap-
proach on the individual level contributes to the little research that
considers personal factors behind research quality. Here, our results
especially pointed to meaningful associations with the experience of
positive affect. These findings are in line with positive relations
found between the experience of positive affect and job performance
in general (Lyubomirsky, King, and Diener 2005), and are specifical-
ly in line with first results found for researchers: for instance, Dilger,
Liitkenhoner, and Miiller (2015) reported associations between the
self-reported happiness of 49 German researchers attending a con-
ference, and the amount and quality of their publications. Our
results expand this line of research by indicating that the experience
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of positive affect might be associated with the other aspects of re-
search quality as well. We also found statistically significant associa-
tions with procrastination and researchers’ attitudes towards help-
seeking that were in line with our expectations and in a comparable
small magnitude as results typically found in regard to these varia-
bles and job performance (e.g. Kim and Seo 2015). An interesting
direction for future research on personal antecedents of research
quality might therefore be the analysis of the underling motivation
of researchers. In analogy to the importance of motivation (e.g. in
the form of their personal goals or their self-efficacy beliefs) of uni-
versity instructors for their teaching quality as rated by students
(e.g. Daumiller et al. 2016) or themselves (e.g. Daumiller,
Dickhiuser, and Dresel 2019), it seems likely that the motivation of
researchers could be a crucial personal aspect behind differences in
their research quality.

Although the SMRPQ, as well as the study at hand, has many
strengths, there are also limitations that need to be borne in mind.
First, we only investigated German researchers. Since the measure-
ment invariance analyses indicated the robustness of our results, and
the selected aspects of research quality are based on an international
literature review, we are confident that our results can also be
generalized to other countries. However, future research should spe-
cifically test this, since we cannot rule out that translations of the
items used could be understood differently in other languages.
Second, the SMRPQ does not allow for a status and discipline-un-
specific ranking of research performance, because its respondents
are asked to narrow their answers down to relevant reference
groups. Since the purpose of the SMRPQ is to facilitate research on
a nomothetic level by explaining inter-individual variance, and not
to render global rankings (which might not be very informative any-
way, e.g. since professors typically have higher research quality than
graduate students), we do not consider this problematic; however,
this limitation should be kept in mind when interpreting the results.
As a last limitation, the self-report nature of the SMRPQ should to
be mentioned. We specifically chose a self-report approach, since it
enables to equally comprise qualitative and quantitative aspects of
relative research quality, while allowing for discipline and status
group specific assessments in an economical and efficient way; how-
ever, this also comes with a series of disadvantages since it can, in
principle, be biased. While we consider our results as first evidence
that researchers nevertheless make accurate and reliable assessments
in the SMRPQ, we cannot rule out such distortions (e.g. answers
being affected by participants’ self-concept and social desirability).
Since we did not construct the SMRPQ for diagnostic purposes with
regard to particular cases, it should not be used in evaluative settings
with high stakes (e.g. promotion of tenure). While the SMRPQ
might be a valuable asset in formative settings, we see its main use
for investigating the individual processes associated with conducting
research. To this end, future research might benefit from additional-
ly including social-desirability scales while ensuring full anonymity
to participants.

Although we suggest further validation studies for the SMRPQ,
the newly developed instrument can, in summary, be considered as a
viable and economical, objective, reliable, and valid approach for
assessing relative research performance of individual researchers
across different disciplines, and seems well suited to facilitate future
research, e.g. on personal antecedents.

Notes

1. We thank an anonymous reviewer for pointing us to the im-
portant distinction between the theoretical, more encompassing
research quality and the practical, empirically measured re-
search performance.

2. Specifically, the present study was conducted in the scope of a
larger study conducted by authors (Daumiller 2018). Having
completed the questionnaire of this larger study, the partici-
pants were asked if they were willing to take part in another
short questionnaire regarding their research performance.

3. Twenty-four participants did not provide answers about their
academic status.

4. We also investigated the prevalence of possible profiles in the
present study. Latent profile analyses indicated three profiles
that only differed in the overall level of the means and differen-
ces between Cronbach’s Alpha (0.89) and McDonald’s Omega
(0.92) were negligible, indicating that for our data, hidden
structures in the research performance construct seem unlikely.

Conflict of interest statement. None declared.
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