ANALYSES

Changes in Methodology

for Assessing Performance

of Research Organisations

and Influence of Such Changes
on Researchers' Behaviour!

Lubo$ Marek? | University of Economics, Prague, Czech Republic
Stanislava Hronova® | University of Economics, Prague, Czech Republic
Richard Hindls* | University of Economics, Prague, Czech Republic

Abstract

Assessing quality of research results on an international scale is a basis for evaluating the level of scientific activities
pursued in research organisations. In the past 15 years, significant changes have occurred in the Czech Republic
in research management and, in particular, the methodology of assessing research results. The methodology of
assessment and its modifications should always be focused on increasing quality of research results; the rules
of assessment have their effects on researchers' behaviour. This paper studies a question of whether the changes applied
to the methodology of assessing research results in the Czech Republic have supported higher quality research
results, i.e., results published in high-quality international journals. The authors have developed their own statistical test
to measure significance of such changes, as well as other statistical tests of hypotheses. The main source is represented
by the results of assessing public universities in the Czech Republic according to "Methodology for assessing
results of research organisations” in 2010 and 2013. Our tests have not proven any statistically significant differences
in the numbers of papers published in the journals monitored in the Web of Science and Scopus databases.
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INTRODUCTION

Assessing research results undoubtedly has motivational effects. Emphasis on a higher quality
of basic-research results should be manifested in a higher number of results passing internationally
recognised criteria of evaluation, i.e., papers published in journals with nonzero impact factor values
monitored by the Web of Science and Scopus databases. The motivational effects of assessment in research
organisations in the Czech Republic have been widely discussed. A question arises: have qualitative changes
in this methodology really led to a focus on better publication output in recent years?

1ASSESSMENT OF R&D RESULTS IN THE CZECH REPUBLIC

Systemic evaluation of research results on the basis of strictly specified rules and procedures in the Czech
Republic dates back to 2004. The reason for introducing the evaluation system based on a methodology
approved by the government were the stagnating and, in certain fields, even decreasing numbers
of R&D results in the Czech Republic while the expenses incurred on R&D from the state budget
were increasing. The position of the Czech Republic in the international comparison was worsening.
The goal was to motivate researchers to higher quality and quantity of research results via allocating
the means provided to the research organisation from the state budget on the basis of the assessment results.
The first "Methodology of assessment of R&D results" (hereinafter the "Methodology") was approved
in 2004; the currently valid methodology is called Methodology 2017+.”

The basic general rules for the assessment (creating the database containing the information about
the R&D results, definitions of the output types — papers, books, patents, applied results, evaluation for
the five most recent years, and evaluation of R&D efficiency) were set out in the National R&D policy of
the Czech Republic in the period of 2004-2008.° As a future plan, the policy mentions a relationship
between the assessment results and allocation of financial means to research organisations. This
methodology has been a set of measures and tools to assess R&D results. The formulation was changed
every year, which fact has always been criticised by research organisations. However, the changes were
implied by the effort to rectify the most serious errors and shortcomings of the preceding version.
Problems concerning the concept of the methodology for assessing the R&D results were fully manifested
when the assessment results were applied according to Methodology 2008; it was the first time when part
of the means from the state budget was allocated according to the assessment results.

1.1 Development of assessment methodology for research organisations in the Czech Republic

The evolution of the Methodology in the Czech Republic can, from the viewpoint of principles, be divided
into four stages. The first stage (Methodology 2004 - Methodology 2009) represents the beginnings
of the assessment principles (unfortunately, sometimes by trial-and-error) and the modification
of the rules every year. The second stage came with Methodology 2010, whose validity was first
approved for two years (2010 and 2011), and later extended to 2012. Methodology 2010 brought a number
of modifications directed at respecting specific features of different fields, but it did not rectify
the fundamental shortcoming of all previous methodologies, namely, the focus on quantity. The third stage
is represented by Methodology 2013 (valid for the period of 2013-2016); it brought a fundamental change
of combining bibliometric parameters with peer-review, and a different assessment for applied research
results. The last stage, Methodology 2017+, should be a transition from evaluation of mere results to that

The official name "Methodology of assessment of R&D results" was valid in the period of 2004-2009. In 2010, the name
was changed to "Methodology of assessing results of research organisations and results of completed projects". For the
sake of brevity, we will use the simplified name Methodology, or Methodology with the year of validity, i.e., Methodology
2004, Methodology 2005, etc.

Cf. <http://www.vyzkum.cz/FrontClanek.aspx?idsekce=5580>.
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of each research organisation as a whole (not only on the basis of the results). Ideological theses of this
Methodology have been published, and its full implementation is expected in the years 2019 and 2020.

The principles of the first Methodology of assessment of R&D results’ (the so-called Methodology
2004) were very simple® and completely insufficient for assessing the quality of scientific results (all types
of results were valued identically, by one point). The results of this assessment should lead to classifying
all research organisations into three categories according to efficiency of the means incurred on R&D
(above-average, average, and below-average). Consequently, the allocation of financial means in future
years should have been related to that classification. However, this stage was not implemented due to
the lack of a criterion of efficiency and the disputed assignment of the same values to all types of output.

Methodology 2005° (for assessing the results achieved in the period of 2000-2004) was just a more
accurate update of Methodology 2004. It newly distinguished between different types of results — a paper
in a journal with nonzero impact factor, a paper in another type of professional journal, a professional
book, a chapter in a book, a contribution to conference proceedings, a patent, and an applied research
result — and a higher number of points is always assigned to a publication in a world language. An index
was set up for comparing the number of points assigned for the results achieved with the R&D means
allocated to the given organisation from the state budget. On the basis of this index, all organisations were
classified into four colour-coded categories. Such classification according to the efficiency level should
have a positive/negative impact on the amount of means allocated from the state budget in future years.
However, the results of this assessment turned out to be very disputable and a system for future allocation
of financial means was not implemented.

In the introduction to Methodology 2006 (for assessing the results achieved in the period of 2001-2005),
it is said on page 2 that "applications of principles given in Methodologies 2004 and 2005 did not bring
the expected effects and, despite the ever-increasing R&D expenses from the state budget, many fields
of science in the Czech Republic lag behind even more". Hence "SR index" (a ratio between the number
of points obtained for results and the amount of the R&D means allocated to the given organisation
from the state budget)'! was defined as an indicator of efficiency. Similar to Methodology 2005, research
organisations were again classified into four colour-coded categories according to their efficiency levels.
Another modification in this Methodology was concerned with increasing the number of types of applied
research results and increase of their point valuation compared to basic research results. This approach
was criticised and later led to an "inflation" of these types of results.

Methodology 2007'% (for assessing the results achieved in the period of 2002-2006) was an update
of Methodology 2006 and emphasis was again — even if disputably — put on the efficiency level expressed
by the SR index. For the first time, this Methodology admitted verbal descriptions of the results and points
to social sciences and humanities were assigned differently from other sciences.

Methodology 2008'* (for assessing the results achieved in the period of 2003-2007) brought many
more changes. The SR index was abandoned with respect to results of research organisations (but
remained for assessing results of completed programmes); and only humanities were set aside for assessment
and social sciences were returned back to the other sciences. A group of Czech journals was defined
so that only papers in those selected journals would pass for the assessment, and contributions

7 Cf. <http://www.vyzkum.cz/FrontClanek.aspx?idsekce=18750>.

8 Just for comparison: Methodology 2004 was a six-page text; Methodology 2013 was 59 pages.
° Cf. <http://www.vyzkum.cz/FrontClanek.aspx?idsekce=18751>.

¢y <http://www.vyzkum.cz/FrontClanek.aspx?idsekce=21846>.

" SR index = index of the state budget; state budget = "Statni Rozpocet” in the Czech language.
2¢r. <http://www.vyzkum.cz/FrontClanek.aspx?idsekce=31543>.

Bcr <http://www.vyzkum.cz/FrontClanek.aspx?idsekce=503762>.
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to proceedings were restricted to ISI Proceedings (today CPCI). This Methodology was for the first time
used to allocate the financial means for 2010 pursuant to the amended Act No. 130/2002 Coll. The intention
to do so had already been announced in Methodology 2004; nevertheless, the direct calculations
of financial R&D allocations from the state budget on the basis of obtained numbers of points a surge
of disagreement came from research institutions.

Prior to approval of Methodology 20091 (for assessing the results achieved in the period of 2004-2008),
there was a very sharp debate in the academic sphere about "what now" - the gradual improvements
of the Methodology had not removed its basic shortcomings (motivation to quantity, not quality of results; no
differentiation by fields; no peer-review; etc.). The resulting changes were, however, minor; e.g., a category of
prestigious journals was introduced (Nature, Science) with a high assignment of points for results published in them.

Methodology 2010 and 20112 (for assessing the results achieved in the period of 2005-2009, or rather
2006-2010) under a new name of "Methodology of assessing results of research organisations and results
of competed projects” tried to cope with the most glaring problems in the assessment process. That
is why a chapter on allocation of financial means was, for the first time, included into the Methodology;
in that chapter, an idea occurred that the means should be divided by fields and the points should be corrected
with respect to the numbers of results. Results published in the journals monitored in the Scopus
and ERIH databases were newly added to the results to be assessed.

Methodology 2012 (for assessing the results achieved in the period of 2007-2011) was, in principle,
an extension of Methodology 2010-2011. Only the chapter on the allocation of financial means
on the basis of the assigned numbers of points was modified (made more specific).

Preparations of Methodology 2013'” had taken a lot of time; this Methodology introduced fundamentally
different methods for result evaluation. In addition to bibliometric evaluation, exclusively applied
to that date, peer-review evaluation of papers and books was to be applied, as well as evaluation of selected
excellent results. Panels of reviewers were set up, in which experts from abroad also participated.
The methods for assessing applied research results were also modified, but this concept was criticised.
This evaluation process was originally planned to take place every year, which was too demanding;
this fact led to delays and degradation of the originally good idea. This Methodology should have been
valid for the period of 2013-2015, but it was later extended to 2016 (that is, results were evaluated for
the periods 2008-2012, 2009-2013, 2010-2014, and 2011-2015).

Despite many year-to-year modifications, each Methodology was just a tool for calculating money
from obtained points."® A comprehensive system for assessing research had been and still is missing,
which would view a research organisation regarding not only the results achieved, but also other aspects
of activities pursued in R&D. This approach should be implemented in the new “Methodology for
assessing research organisations and targeted-support programmes in research, development
and innovations”'? (Methodology 2017+), whose roles are to be introduced in the period of 2017-2019;
beginning 2020, the comprehensive assessment should be carried out in five-year cycles, not every year
(the annual assessments turned out to be impossible to implement).

1.2 Motivational effects of Methodology

All the year-to-year modifications of the Methodology were motivated by the effort to improve the assessment
of results and respond to criticism from research organisations. This criticism was mainly aimed

“cf. <http://www.vyzkum.cz/FrontClanek.aspx?idsekce=532412>.
5t <http://www.vyzkum.cz/FrontClanek.aspx?idsekce=566918>.
6cf. <http://www.vyzkum.cz/FrontClanek.aspx?idsekce=650022>.
. <http://www.vyzkum.cz/FrontClanek.aspx?idsekce=685899>.
'8 For this reason, this methodology is often called the "coffee grinder” in the Czech academic environment.
Yt <http://www.vyzkum.cz/FrontClanek.aspx?idsekce=799796>.
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at the lack of concept in creation of the Methodology (this lack was namely proved by the year-to-year
changes), no regard to specific aspects of each field, subjective and erratic character of the point values
assigned to individual results, and preferring quantity to quality. The last-mentioned aspect was the reason
for the inflation of low-quality results and non-ethical behaviour of certain research organisations, which led
to the necessity of sanctions for wrongly reported results.”® The direct relationship between the assessment
results and allocation of financial means was also criticised, because this relationship had negative
impacts on management of some research organisations.

On the other hand, there was a positive effect of the mere fact that a methodology was created
to implement the outcome of the discussion about possibilities in assessment of results achieved by
research organisations. The awareness that research activities must be assessed was important. However,
it is disputable whether the Methodology modifications always brought the expected impacts on increasing
not only quantity, but also quality of research activities.

We asked whether qualitative changes in Methodology 2013 as compared with Methodology 2010
were reflected in a better quality of research results. For the purposes of this study, we deem high-quality
results papers published in the Web-of-Science-monitored journals (denoted by Jwos) and the
Scopus-monitored journals (denoted by Jsc). Papers published in such journals undergo an independent
review process according to international standards and can, therefore, be viewed as a certain indicator
of good quality of research activities.”! If Methodology 2013 was to bring a new approach to result
evaluation and motivate researchers to focus on high-quality results, numbers of the Jwos and Jsc papers
should be higher within assessment according to Methodology 2013 (for the period of 2008-2012) than
those according to Methodology 2010 (for the period of 2005-2009).? Even though it is clear that there
is a two-year overlap, newer data could not be used due to the requirements for comparability of results
- the assessments in 2014 and 2015 follow the principles of Methodology 2013, but only numbers of
points assigned to the so-called assessment pillars are public, not the numbers of results by the type
(papers, books, etc.). The results of the assessment which should have been made in 2016 are yet not
available. Due to the incomparability of the assessment reports, neither older data (assessment according
to Methodology 2009 and older) could be used.

2 METHODS OF ANALYSIS AND THE DATA USED

In order to verify the hypothesis that the changes in Methodology 2013 brought a fundamental change
in quality, manifested by increased numbers of Jwos and Jsc results, we will apply our originally developed
statistical test of significance of the changes, as well as standard hypothesis testing. The variables
of interest are the numbers of papers published by twenty Czech public universities in the Web-of-Science-
monitored (Jwos) and Scopus-monitored (Jsc) journals in two different periods of time and according
to different methodologies for assessing research organisations' results — namely, M2010 (Methodology
2010, period of 2005-2009) and M2013 (Methodology 2013, period of 2008-2012). The source
of the data was the R&D Information System of the Czech Republic.

To form a basic idea of the character of the data to be processed, we reviewed descriptive statistics,
which may indicate some differences. The values of the descriptive statistics are shown in Table 1.
The input data (numbers of articles Jwos and Jsc by universities) related to the partial calculations
in the significance test are given in Table 1A in the Appendix.

20 Nevertheless, this effort did not have the desired effect; the sanctions for incorrectly claimed results were only applied
once.

21 We are aware that this assumption is not exactly true: it is clear that not all fields have papers in professional journals
as their main output, and not all journals monitored by these databases are particular about the high professional quality.

22 Therefore our analysis takes in account only bibliometric data.
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Table 1 Values of selected descriptive characteristics for Jwos and Jsc

Jwos Jsc
M2010 M2013 M2010 M2013
Average 982.3 10525 4459 5293
Standard deviation 1705.1 1556.4 881.1 716.4
Coefficient of variation (%) 173.6 147.9 197.6 1354
Minimum 30.0 60.0 48.0 58.0
Maximum 7751.0 7117.0 3936.0 3182.0

Source: <www.rvi.cz>, authors' own results

This preview is confirmed by box-and-whisker plots. Regarding numbers of papers published
in the Web-of-Science-monitored journals, no substantial differences are observed between the 2005-2009
and 2008-2012 periods (cf. Figure 1).

Figure 1 Box-and-whisker plot for Jwos

Box-and-Whisker Plot
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Source: <www.rvvi.cz>, authors' own results

On the other hand, changes in both levels and variability values are clearly seen for the numbers
of papers published in the Scopus-monitored journals (cf. Figure 2).
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Figure 2 Box-and-whisker plot for Jsc

Box-and-Whisker Plot
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Source: <www.rvvi.cz>, authors' own results

Selected statistical hypothesis tests will clarify whether the changes in the numbers of papers published
in the Scopus-monitored journals (Jsc) outbalance the lack of such changes in the numbers of papers
published in the Web-of-Science-monitored journals (Jwos), and whether, consequently, the overall changes
in the numbers of papers published in internationally renowned journals (according to Methodology
2013 as compared with Methodology 2010) can be considered statistically significant.

2.1Test for significance of changes

A test for measuring the significance of changes from one situation to another was proposed by two
of the authors of the present paper (cf. Hindls and Hronova, 2007). It has turned out that this test
is very well capable of identifying significance of changes from one situation in time to another.
Here we try to establish a change in two variables (Jwos and Jsc publication numbers) for several
units (public universities in the Czech Republic except for universities of arts) in two periods
of time (according to M2010 and M2013). The hypothesis to be tested states that the numbers
of the Jwos and Jsc publications were the same in both time periods of interest, while the alternative
hypothesis denies the tested one in the sense that the numbers of the Jwos and Jsc publications
in the period of 2008-2012 (i.e., according to M2013) was statistically significantly higher than
in the period of 2005-2009 (i.e., according to M2010). An advantage of this test is the fact that,
unlike the standard tests (cf. Section 2.2) it measures the overall significance of the changes
in both variables at the same time.

10
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Starting points and notation
Let us denote the first surveyed characteristic of two-criterion evaluation as x (number of articles
Jwos), and the second one as y (number of articles Jsc). Further, we introduce the symbols 1 and 2 for
the corresponding evaluation methodologies. We thus employ the following symbols:
x; for the number of Jwos articles of i-th public university, i = 1, 2, ..., n, (in this case n = 20)
in the first period (according to M2010);
X for the number of Jwos articles of i-th public university, i = 1, 2, ..., n, (in this case n = 20)
in the second period (according to M2013);
yu for the number of Jsc articles of i-th public university, i
in the first period (according to M2010);
y»i for the number of Jsc articles of i-th public university, i
in the second period (according to M2013).

1, 2, ..., n, (in this case n = 20)

1, 2, ..., n, (in this case n = 20)

The formulation for the test of significance of the changes in researchers’ attitude over time using
two-criterion evaluation
Let us denote:
by K, the mean value of the aggregate two-criterion evaluation in the first period (the so-called
mean space localisation); and
by K; the mean value of the aggregate two-criterion evaluation in the second period (the so-called
mean space localisation).
We test the null hypothesis H, about equality of the mean localisation in the space coordinate system, i.e.,
Ho: K =K,
against an alternative hypothesis:
Hi: Ki <K
We will use the following statistic as the test criterion:

n(n—1)

where:
k; = sign{ }’221 + ng - )’121 - Xlzi}\/(Xzi - Xu‘)z +(y = )’11)2 >

k;
iz:l— is the point estimator of the statistic K; - k.
n

It can be proved that this T statistic has Student's distribution ¢ [n — 1] under the validity of the tested
hypothesis H,.

Comment: Using the sign {...} operator, the orientation of the aggregate "space"” change ("'+") is determined
for the level of the two-criterion value in the second (later) period in comparison with the first one.
This operator thus expresses whether the i-th space localisation (i.e., the localisation of the i-th

university) in the ond period (i.e., M2013) has moved nearer to ("-“) or farther from ("+") the origin
of coordinates [0; 0], in comparison with the 1st period (i.e., M2010). For example, when the i-th space

11
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localisation has moved farther from the centre, then the sign "+" expresses that the aggregate number
(i.e., for both surveyed characteristics together) of the i-th university has been improved (it is a kind
of a "geometric" summary of the surveyed characteristics "number of Jwos" and "number of Jsc").
The power of the test is sharply increased when not using the sign operator. The probability of the type
IT error 3 would be lower and the risk of the type I error a would be higher.

The critical region of the test W is defined by the following inequalities:

W= { T 2t [n —1] for left-sided alternative},
where: t;_[n - 1] is the quantile of Student's ¢-distribution.

According to the result and using the significance level a = 0.05, we draw a conclusion about
the statistical significance of the time change in researchers' attitudes on the basis of results of the two-
criterion evaluation.

The value of the test criterion, T = 1.555, does not exceed the critical level tyos [19] = 2.093. We
can therefore observe that, at the 5% level of significance, the changes in the assessment methodology
did not cause a statistically significant change in researchers' behaviour in the sense of their stronger
focus on the results published in the Web-of-Science- and Scopus-monitored databases. The input data
and partial calculations are shown in Table 1A%

2.2 Tests for equality of expectation values

We have applied additional tests to verify (or reject) hypotheses formulated in compliance with
this particular problem. Namely, a parametric test for equality of averages, and the Mann-Whitney
(Wilcoxon) median test have been carried out. Unlike our own test mentioned above, these standard
tests only deal with equality of expectation values for each of the variables of interest, i.e., separately
for Jwos and Jsc. All tests were carried out at the 5% significance level.

Let us first review the outcome of the ¢-test concerning the equality of averages.?* Hypothesis H,
states that the values of the average numbers of papers were the same in both time periods of interest;
the alternative hypothesis, H;, denies H, in the sense that the average number of papers in the period
of 2005-2009 (Methodology 2010) is smaller than that in the period of 2008-2012 (Methodology 2013).

Concerning the equality of averages for Jwos, the value of the test criterion is t = -0.136,
and P-value = 0.446. Hence, the difference between the numbers of Jwos papers in the 2008-2012
and 2005-2009 periods cannot be viewed as statistically significant at the selected significance level. We
have applied the test without knowing the variance values for the samples, but assuming that they are
equal to each other. We have further tested this equality of variance values by F-test® (the value of the
test criterion F = 1.200, and P-value = 0.695; the hypothesis that the variance values are equal to each
other cannot be rejected at the selected significance level).

Similar conclusions has been made for Jsc, for which the value of the test criterion is t = -0.328,
and P-value = 0.372. Hence, the difference between the numbers of Jsc papers in the 2008-2012
and 2005-2009 periods again cannot be taken for statistically significant at the selected significance
level. We have applied the test without knowing the variance values for the samples, but assuming that
they are equal to each other. We have again further tested this equality of variance values by F-test with
the value of the test criterion F = 1.512, and P-value = 0.375; the hypothesis that the variance values are equal
to each other cannot be rejected at the selected significance level).

23 The results of this test for significance of changes are usually easy to display in graphical form; however, for the data
processed here the graphical presentation would be unclear due to the necessity to display outlying observations. That
is why we only present this tabular form of the results.

24 Cf. e.g., Hindls et al. (2007).

2 cf. e.g., Hindls et al. (2007).

% Cf. Blatna (1996).

12
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We have also applied a nonparametric test, namely, the Mann-Whitney (Wilcoxon) median test.*®
Hypothesis H, states that the medians of the numbers of papers were the same in both time periods
of interest; the alternative hypothesis, H;, denies Hy in the sense that the median of the number
of papers in the period of 2005-2009 (Methodology 2010) is smaller than that in the period of 2008-2012
(Methodology 2013).

Concerning the equality of medians for Jwos, the value of the test criterion is W = 224.0,
and P-value = 0.262. Hence, the difference between the numbers of Jsc papers in the 2008-2012
and 2005-2009 periods cannot be taken for statistically significant at the selected significance level.

The same test for Jsc comes to the same conclusions. The value of the test criterion is W = 259.5,
and P-value = 0.055. The difference between the numbers of Jsc papers in the 2008-2012 and 2005-2009
periods again cannot be taken for statistically significant at the selected significance level.

CONCLUSION

Changes in the methodology for assessing results of research organisations have been present
in the academic environment in the Czech Republic since 2004. The original effort to simply keep records
of research results has been replaced with different forms of and rules for assessing the results. Importance
of year-to-year changes in such rules was regarded just marginally in the beginning, but later such changes
were viewed negatively by research organisations (in particular, public universities). Since 2009, financial
means from the state budget for long-term conceptual development of research organisations have been
allocated according to the assessment results. Never-ending changes in the methodology were motivated
by an effort to respond to the quickly changing environment in research organisations (which very quickly
adapted themselves to the methodology rules), certain negative phenomena occurring in applying
the methodology to management of research organisations, and - of course - to justified criticism.
Methodology 2013 was the latest version of the methodology according to which assessment of research
organisations' results was actually carried out and completed. This version of methodology brought
qualitatively new aspects in assessment of results achieved by both basic and applied research. It was
the last version of the methodology which took that approach; the currently valid Methodology 2017+
views assessment of results (i.e., bibliometric assessment) as one of five modules to be applied within
assessing activities of research organisations.

A question arose whether the important qualitative changes in Methodology 2013 as compared with
Methodology 2010 were positively reflected in the behaviour of public universities, namely, whether
they caused an increase in the numbers of papers published in internationally renowned journals,
i.e., monitored by the Web of Science and Scopus databases. Our own test for significance of changes
and other tests regarding the equality of levels were applied to verification of that assumption. None
of the tests have proved that the changes in the assessment methodology would lead to statistically signif-
icant changes in researchers' behaviour in the sense of a stronger focus on results published in Web-of-
Science- and Scopus-monitored journals in the period of 2008-2012 (Methodology 2013) as compared
with 2005-2009 (Methodology 2010).
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