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Abstract: This paper presents a publication activity model that calculates a 
research aggregate for the study fields of Finnish universities. The aggregate is 
expressed in terms of full-time equivalent research years conditional to the actual 
number of publications in each publication category. The key problem of the 
model is estimating the effort coefficients for each field and category. We use a 
nonparametric estimator that combines information from the KOTA dataset on 
FTE research years, the number of publications, and responses to our 
questionnaire on research effort, which was targeted to all researchers in all 
Finnish universities. Given our results, it appears that a reliable quantitative 
valuation of research work cannot be based on international journal articles alone 
or on any common subset of categories for all the fields. Some of the fields are 
rather concentrated, with only one or two publication categories, but in the fields 
of the humanities and social sciences all the categories count. In the fields of law 
and education, the humanities, theology and social sciences, national categories 
are also important. The resulting research aggregate is useful as a measure of 
research output in total productivity calculations. 

Key words: Publication activity, Research effort, Publication categories, 
Universities

Tiivistelmä: Tässä tutkimuksessa määritellään julkaisuaktiviteetin malli ja 
lasketaan tutkimusaggregaatit Suomen yliopistojen koulutusalayksiköille.
Tutkimusaggregaatti kuvaa laskennallista työmäärää, joka vastaa kunkin yksikön 
julkaisutoiminnan laajuutta. Keskeinen ongelma julkaisuaktiviteetin mallin 
estimoinnissa on työaikakertoimien määrittely kaikille työajan kannalta merkittä-
ville julkaisutyypeille. Estimoinnissa käytettävä ei-parametrinen estimaattori 
yhdistää KOTA-tietoja tutkimustyövuosista ja julkaisumääristä yliopistojen 
tutkijoille lähettämämme kyselyn tuloksiin eri julkaisutyyppien vaativuudesta 
työajan suhteen ja sen vaihtelusta. Tulosten mukaan tutkimuksen määrällinen 
arviointi ei voi perustua vain kansainvälisiin vertaisarvioituihin artikkeleihin tai 
mihinkään kaikille aloille yhteiseen joukkoon julkaisutyyppejä. Luonnontieteen 
ja lääketieteen alat ovat hyvin keskittyneitä kansainväliseen julkaisutoimintaan,
mutta esimerkiksi oikeustieteen, kasvatustieteen, humanististen alojen, teologian 
ja yhteiskuntatieteiden tutkimuksessa kotimaisella julkaisutoiminnalla on 
merkittävä rooli. Tutkimusaggregaattia voidaan käyttää yliopistojen kokonais-
tuottavuusmittareissa tutkimustuotoksen mittana. 

Asiasanat: Julkaisuaktiviteetti, Tutkimuksen vaativuus, Julkaisutyypit, 
Yliopistot
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1. Introduction1

Quantitative assessment is an important part of the overall evaluation of 
universities. Measures such as the number of students or graduates appear to be 
essential tools in strategic target-setting when deciding on resource allocation. 
Aside from teaching activities, research plays an important, if not fundamental, 
role in universities’ subsistence. This paper aims to create reasonable quantitative 
measures for research efforts in universities. Quantitative measures are needed 
alongside qualitative ones in order to fully assess universities’ research efforts. In 
this paper, we do not argue on how research and teaching support each other at 
the highest academic levels, albeit complementarities between them are evident 
(for discussion on complementarity, see e.g. Bonaccorsi et al. 2007, Koshal & 
Koshal 1999, Koshal et al. 2001, Hashimoto & Cohn 1997).  

We fully acknowledge the importance of qualitative evaluation of research 
activities, such as Research Assessment Exercises (RAE), which are executed in 
several Finnish universities (see e.g. Makarow & Haila 2006). Qualitative 
evaluation is crucial for universities when positioning themselves amongst their 
peers. Even if renowned experts are involved in the assessment, the funding of 
research activities in public universities cannot be based on the argumentation of 
excellence alone.

RAE is entirely retrospective and works with a considerable time lag. 
Quantitative data on research outcomes are more frequently easily available. 
Naturally, quantitative measures cannot be used as the only performance criterion 
of research, but in our view this information should not be discarded. Information 
on research outcomes are needed for example in annual follow up and 
productivity comparisons.

A popular alternative to output indices as a research output measure has been to 
calculate how much external funding a university attracts. The ‘market’ interest 
of research accounts for both qualitative and quantitative aspects of academic 
research. For example, G. Johnes (1997, p. 728) argues that ‘research grants are 
in general awarded to meritorious groups of researchers on the basis of the 
quality and quantity of their previous work’. Stevens (2005) has used ‘total 
research funding attracted’ as an output measure for English and Welsh 
universities. Johnes (2006) uses the research grants provided by the Higher 
Education Funding Council for England to reflect both the quality and quantity 
of research output, and Kao (2008) uses total external grants to measure outputs 
in a Taiwanese university. Grants are clearly an input measure, but they seem to 
have a high correlation with other potential ‘true’ output measures, like the 0.7 
                                             
1 We are grateful to the Chair Olli Poropudas and Maija Miettinen and all the other members of the 
TiedeKOTA workgroup (Poropudas 2008) for their support and valuable comments. The authors take all 
responsibility for the methods and results presented here.  
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found by Koshal and Koshal (1999) in faculty publications in some US 
institutions, and the 0.65 found by Stevens (2005) between attracted funding and 
the average RAE score in 1996 in the UK. However, this correlation does not 
remove the contradiction with input-output causality. As research patterns vary 
between study fields, correlations between true output measures and attracted 
funding are also likely to encounter significant variation. 

Another question is how to pay for the research. Generally, neither the financiers 
nor the researchers are economic beneficiaries in academic publishing. Actually, 
one may argue that high-level academic excellence has less economic value than 
applied research. Finnish universities have actively co-founded science parks 
since the early 80’s to promote the economic value of their research, but they 
have kept basic research within their own establishments. Also, 67% of the 
financing of VTT, the main public research unit in Finland for applied 
technology research, is from the private sector, compared to 50% in Helsinki 
University of Technology (HUT), a university with which VTT closely co-
operates. Thus, the economic value of research rarely qualifies as a research 
output measure for universities. 

An alternative approach is to measure directly actual research outputs. This can 
be done by using some kind of output index. Generally, it is a measure of the 
number of articles, books, conference papers etc. produced by a particular unit 
(see e.g. Dundar & Lewis 1995, Lewis & Dundar 1995, Kyvik 1991, de Groot et 
al. 1991). Output indices are also used in some Finnish studies (see e.g. 
Korhonen et al. 2001, Neittaanmäki et al. 2007, Kivinen & Hedman 2004) to 
approximate the research output of units. The fundamental problems in output 
indices relate to their coverage and weighting. It is unclear what should be 
counted as an academic research output and how they should be valued. 
Korhonen et al. (2001) made an ambitious attempt by using primarily 21 research 
activity indicators and the Analytic Hierarchy Process (AHP) (see e.g. Saaty 
1980) to create weights. Their process is quite demanding and barely applicable 
in a multi-field university or over the university sector. Thus, the standard 
solution appears to be to choose international peer-reviewed articles as a proxy of 
all publications and other research activities. This is clearly a partial measure. For 
example, according to Moed (2005 p. 126) the overall coverage in the commonly 
used ISI database varies from 17% to 92% depending on the discipline. Instead, 
we need data that describes a wide variety of scientific activities and an index 
formula that can be easily adjusted to account for field-specific differences.

As a rule of thumb, the results of scientific activity are first reported in working 
papers or non-peer-reviewed conference presentations. Full-fledged results are 
usually subject to a referee process in journal articles or monographs. However, 
publication patterns may vary in terms of the language used or the target group. 
This process is known only approximately, and one must acknowledge the fact 
that there is no unique pattern of scientific publication; instead, each field follows 
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its own tradition, and thus no single parameterisation of any model or index 
suffices.

Publication data alone is barely enough to create a reasonable output index for 
research. The fundamental problem is assigning weights for the publication 
categories. Again, weights can be purely qualitative statements on excellence of 
the category, as in the ‘Norwegian bibliometric model for performance-based 
budgeting of research institutions’ (UHR 2004). An alternative is to use the 
publishing effort as a weighting factor. In this paper, we make an attempt to 
measure researchers’ time budget allocations on publishing research results in 
different categories. These budgets are based on effort coefficients which 
measure the time needed for an author to publish a single paper in a category. 
Thereby, we value publications according to their workload. This kind of a 
measure can be easily used to create a research aggregate in the form of an output 
or productivity index, which projects the number of outcomes (the papers) to the 
typical workload usually needed to author them.

The effort coefficient is closely related to the concept of article equivalent in 
Kyvik (1991). He reviews the literature where books, reports and articles are 
weighted such that they are expressed as ‘article equivalents’. Not surprisingly, 
he concludes that “it seems obvious that both the nature of books and reports, and 
the number of pages are relevant factors to be considered in a publication index” 
(ibid. p.40). This does not give us much new information. Kyvik bases his own 
uniform article equivalents on “personal judgement and a review of 1,350 
publication lists”. Also, our effort coefficients are a kind of article equivalent. 
They express how much time is needed to compile each type of publication. We 
estimate coefficients for each field separately, based on information on the 
number of publications, Full Time Equivalent (FTE) research years and 
researchers’ own evaluations on the level of their work effort coefficients. 

A similar approach is the so-called Waring value (for references see e.g. 
Sandström & Sandström 2007). The advantage is that one can estimate the 
amount of work needed for an article from author-level publication data only, 
without knowing the actual amount of FTE working years. As a drawback, one 
can not estimate coefficients for parallel publishing in different categories.  

The model we develop relies primarily on the availability of detailed publication 
type data sorted by education fields from the Finnish university database KOTA 
(Ministry of Education 2008). The publication data is available for three 
international and four domestic publication categories. The database also reports 
total FTE research years. Basically, these data are already enough to estimate 
researchers’ time budget parameters, but previous attempts (see e.g. Pasanen 
2007) using traditional regressions methods have failed due to negative 
coefficients and problems in incorporating further information to the estimator. 
In this paper we develop a nonparametric estimator, to which further information 
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based on experts’ opinions on reasonable bounds of the parameters is easily 
applied.

We argue that researchers’ own evaluations on reasonable publication efforts are 
the best available information to improve time budget estimation. To obtain the 
necessary information, we executed a questionnaire targeted to all researchers in 
Finnish universities. The key questions concerned what a respondent considered 
to be ‘normal effort’ in authoring a paper in a specified category and what are the 
reasonable upper and lower bounds of the effort (ranges).

The main contribution of this paper is to design and build up a model that 
reasonably estimates education field-specific publication effort coefficients for 
Finnish universities. Field-wise variation of coefficients is interesting as such, 
but the most important measure is the relative size of the seven coefficients 
within each field. Coefficients are used to create research aggregates for each 
unit in a field that relates their scientific activities in terms of the typical amount 
of effort needed to produce their publication outputs. As already noted, this 
problem is already discussed in the literature, but to our knowledge the way we 
model and estimate our publication activity is unique. It is especially useful when 
data on research activity are needed for overall productivity comparisons.
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2. Data

All 20 universities, situated in 11 different Finnish cities, are state-owned. 
Around 65% of their budget is financed from the state budget. Their operations 
are built on freedom of education and research and the autonomy of universities. 
Thus, the universities negotiate their total budget annually with the Ministry of 
Education (MinEdu) but are otherwise autonomous. The role of goal- 
achievement and target-setting in state budget finance has been minimal; the 
main part of the finance consists of basic funding. In 2005, the universities 
allocated about 40% of the state budget finance to research. The highest share of 
public funding allocated to research (or artistic activity) in 2005 was found in the 
field of psychology (55%) and the lowest share in the performing and fine arts 
(around 13%). 

On average, 35% of the total budgets of the universities consists of external 
funds, the maximum (45%) being in the fields of engineering and pharmacy and 
the minimum (4%) in the fine arts. Around 2/3 of the external funding is targeted 
at research. In 2005, the aggregate total share of research in Finnish universities’ 
budgets was 52%. The share varies between 67% in the field of psychology and 
14% in the fine arts. Given this high variation, it is clear that a university is not a 
relevant level to study research activities, but we have to analyse research 
practices in each education field separately. In this study the primary source of 
data is the KOTA database, supported with a questionnaire targeted to all 
researchers in the Finnish universities.

2.1 Register data on publications and research work 

The Finnish university database, KOTA, is maintained by the MinEdu and 
Statistics Finland. It records data on FTE research years and the number of 
academic publications in seven different categories. The data are divided 
according to 20 different education fields; in each field the basic observation unit 
is a department or a group of departments in a university.  

The KOTA publication categories are presented in Table 1. There are three 
categories for both international and domestic publications and one solely for 
domestic papers, making altogether seven subcategories. The coverage is wide 
with few exceptions. Doctoral dissertations are not included in the figures. This 
is done to avoid a double counting since journal articles in dissertations are 
included as article counts. This policy leaves dissertations without journal articles 
uncounted. Textbooks are also not included in the KOTA publications.    
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Category Subcategories 
Articles published in peer-reviewed journals domestic or international 
Non-peer-reviewed published articles, for example in 
conference proceedings 

domestic or international 

Scientific, published monographs, also publications 
which have appeared in monograph series of scientific 
societies, for example. 

domestic or international 

Articles in university series (accepted by the editorial 
board), not departmental or faculty level series. 

domestic 

The data covers publications at least one of the authors of which has been 
employed in a particular research project by the university for at least six months. 
Universities collect the data independently. Only in six universities the data 
collection is centralized and checked by administration requiring bibliographic 
records from the researchers. Otherwise the routines and the level of integrity 
vary (see Pasanen 2007).

                      Year
Field 1998 2000 2002 2004 
Agricult. and Forestry 1.12 1.08 1.25 1.45 
Dentistry 1.15 1.21 1.20 1.23 
Economics 1.11 1.17 1.14 1.18 
Education 1.09 1.13 1.14 1.09 
Engineering 1.09 1.11 1.13 1.12 
Medicine 1.21 1.23 1.25 1.27 
Natural Sciences 1.12 1.13 1.14 1.17 
Psychology 1.19 1.13 1.24 1.17 
Social Sciences 1.11 1.01 1.05 1.11 
The Humanities 1.02 1.00 1.02 1.00 
Source: NCR, Academy of Finland 

Double counting within a university is not a considerable problem, but possible 
co-authoring across the universities may cause multiple records. We know from 
Miettinen & Selovuori (2007) that the numbers of KOTA peer-reviewed 
international articles and the articles in National Citation Report (NCR by 
Thomson Scientific) match rather well at the university level, with the exception 
of universities that strongly emphasise the humanities and social sciences (e.g. 

Table 1. KOTA publication categories 

Table 2. Co-authoring practices. The ratio of papers calculated by university to 
distinct papers in the field 
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UTa, JyU and JoU, see Table 3). In Table 2 we have further studied co-authoring 
practices between universities using NCR records. The cells show the relative 
quantity of double (or multiple) counted articles in each study field. Almost all 
the figures are less than 1.25, indicating that at the most every fifth journal article 
has an author from at the most two Finnish universities. Ratio 1.10 indicates that 
less than every tenth article is double counted. Differences between the fields are 
rather small and persistent, the only exception being agriculture and forestry. The 
result is in accordance with the perception that research units in the Finnish 
universities differentiate their work and do not co-operate with each other to a 
large extent.

Our target is to estimate the amount of research work needed to author a paper in 
each category. Therefore, we need data on research inputs, measured in FTE 
years. The data on researchers, including postgraduate students who have 
received a formal assignment from a national postgraduate school, are available 
from KOTA online. We have also included in the research input Academy 
Postdoctoral Trainees, Academy Research Fellowships and Academy Professors 
whose salaries are not included in the university budgets. They are positioned in 
the universities and their contribution to their local university research activities 
is generally high.

2.2 Questionnaire

Comprehensive studies on publishing activity are relatively rare. Kyvik (1991) 
carried out a questionnaire to academic personnel and examined in an accessible 
way matters related to research activities. Miettinen & Pasanen (2008) recently 
executed a field-specific case study on publishing profiles and research resources 
in Finland. Their focus is basically the same as ours, but our methodologies 
differ. They collected a comprehensive publication record from the three 
relatively large universities in Finland from 1998 to 2005 and analysed it 
statistically. As a qualitative study, they executed a semi-structured interview on 
44 professors representing 24 study fields. With this data they describe what the 
typical publication profile in these units is, and what is considered important in 
each field of study. However, their study is a case study, and as we already saw 
from the Table 2, research groups in universities may well have different profiles. 
The results are barely general enough to draw conclusions from the university 
sector as a whole. Our target is to analyse all the universities in Finland. The 
sources of the publication data are primarily the same as in Miettinen & Pasanen 
(2008), but they cover all the universities and exclude non-scientific publications. 
To be able to describe researchers’ time budget distributions, we need more 
information on researchers’ own views on their relative time allocations between 
research tasks. Our questionnaire for researchers in the Finnish universities was 
targeted for this purpose.   
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We did not have a mailing list including all the scientific personnel in the 
universities, and therefore an invitation letter was first sent by email to the deans 
and vice-deans, or corresponding managers, who were asked to answer the 
questionnaire. They were also asked to forward our request to all scientific staff 
in their faculty. The request contained a link to a web page, where detailed 
information on the questionnaire targets, variable definitions and applied 
methods was available. In particular, we prepared field-specific spreadsheets of 
our publication activity model (see section 3), and respondents were encouraged 
to simulate their answers with respect to the KOTA data. 

The questionnaire began with questions on the respondent’s background, such as 
gender, age, current university, study field, highest obtained academic degree, 
year the degree was granted, and current position. Then, the questionnaire moved 
on to key questions concerning the total working time for each publication 
category separately. 

The given definition of total working time was:

“The total working time for a publication amounts to the full time 
equivalent (FTE) time in weeks required from all the participating 
researchers in the project, from the research plan to the published 
text.”

The respondents were further informed that:

“A normal amount of work is a flexible concept. Therefore, we ask 
you to give:  

1) an estimate of the normal total working time in weeks  
2) and how much it varies.  

You may define the upper and lower limits of a normal effort also as 
easy or difficult levels, so that with an easy amount of work (the lower 
limit) it would be still possible to publish on a standard level of the 
field. With the difficult level (the upper limit) it should still be 
possible to publish on the highest rank of the publication type. In other 
words, the amount of work that exceeds the upper limit is big also on 
the most demanding forums.”

The actual three questions addressed to each of the seven publication categories 
separately were: 

The normal FTE working time, in weeks? 

The normal FTE working time is usually more than, in weeks? 

The normal FTE working time is usually less than, in weeks? 
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Finally, we wanted to find out if a publication lag should be taken into account 
when the number of publications and the amount of research work are compared 
to each others. Thus, the last question was set as: 

Publication lag of the last published article of your own, in weeks 
(from the manuscript to printed issue)? 

Responses to this question are naturally interesting as such, but also because we 
wanted to control the respondents’ publication activity in each category.

The questionnaire was open for three weeks, from August 20 to September 7, 
2007. After receiving approximately 350 responses in two weeks, a reminder 
letter, including the current response statistics, was sent out to deans and vice-
deans. This doubled the final number of responses. Only 29 respondents chose 
the English version of the questionnaire. 

The responses to our first question (normal FTE working time) and the fourth 
question (publication lag) are tabulated in sections 4.1 and 4.2. Comprehensive 
graphics on the responses to the three first questions, and an illustration and 
mathematical derivation of the Respondent Range, RR, can be found in Appendix 
1.

2.2.1 Respondent profiles 

The server registered 2,120 visitors to the web page. 714 of them filed their 
answers. The fact that the number of visitors was triple compared to the answers 
shows a great interest in the study, but also how complicated the questions were. 
Difficulty was also the most frequent of the submitted free comments. We fully 
agree with the respondents on this, but unfortunately answers to easy questions in 
this subject have little value. We value uncertain answers to relevant questions 
more.

There were only five completely blank answers, and some responses contained 
only comments. In total, 681 answers contained useful information on at least 
one of the publication categories. Only 20 respondents downloaded the 
publication activity spreadsheet model from the instruction pages.  

Table 3 gives a general idea of the respondents’ education field and current 
university. In some cases, the respondent indicated an education field that does 
not exist in the university’s syllabus. However, those answers are present in the 
analysed data because individual researchers in those fields may exist.
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Agricult. and Forestry           1  34        35 16 %
Art and Design              9  1     10 23 %
Dentistry             5    5    10 36 %
Economics  6 9 4 7 5 1  6  6   1  3 1  1 50 12 %
Education      10 1      11     1 4  27 16 %
Engineering  3   39   6   53  1  1  5 1 3 3 115 4 %
Health Sciences       5        1      6 7 %
The Humanities  9    5 9      34 1     13 7 78 20 %
Law  1    5       7   3   5  21 28 %
Medicine     1        65  1  13    80 11 %
Music   1     3            4 36 %
Natural Sciences  1    5 2 1   1  27  8  15 3 30  93 5 %
Pharmacy          1   14  4    2  21 16 %
Psychology  2    2 7      11      2  24 20 %
Social Sciences  6 2  5 9     4 20 1 7 7  11 9 2 83 16 %
Sport Sciences       1              1 4 %
Theatre and Dance           1   1       2 33 %
Theology       6       13        19 46 %
Veterinary Medicine                      2               2 4 %
Total 28 12 44 45 39 8 3 7 56 10 244 12 23 11 41 17 68 13 681 
Key: ÅA = Åbo Academy, HelEc = Helsinki School of Economics, HelTech = Helsinki 
University of Technology, JoU = University of Joensuu, JyU = University of Jyväskylä, 
LaTech = Lappenranta University of Technology, SibA = Sibelius Academy, SwedEc = 
Swedish School of Economics, TaTech = Tampere University of Technology, TheA = 
Theater Academy, TuEc = Turku School of Economics, Uhelsinki = University of 
Helsinki, UIAH = University of Art and Design Helsinki, UKu = University of Kuopio, 
ULapland = University of Lapland, UOulu = University of Oulu, UTa = University of 
Tampere. UTu = University of Turku, UWasa = University of Wasa. 

We do not know to how many researchers the deans actually sent our request. 
Thus, the exact sample and population sizes of our query are unknown. The 
response rates in the last column are calculated with respect to the number of 
FTE researchers in the field in 2007. This is likely to be related to the population. 
No researchers from the field of fine arts responded. The response rates in the 
fields of music and theatre and dance were high, but the corresponding number of 
FTE researchers reported in KOTA is quite low. We leave these three fields out 
of further analysis. In sport sciences and veterinary medicine, we faced some 
difficulties with the questionnaire. These fields were unintentionally not listed as 
an option in a particular question. Understandably, the response rate in these 

Table 3.  Respondents according to education field and university 
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categories remained low. Therefore, we treat veterinary medicine as medicine 
and leave sport sciences unanalyzed.  

The highest response rate 46%, was in theology. In dentistry, the humanities, law 
and psychology, the rate exceeds 20%. The lowest rates occurred in the fields of 
engineering (4%), health (7%) and natural sciences (5%). However, we obtained 
around 100 responses from engineering and natural sciences, which in our 
opinion gives a rather reliable view on the probable upper and lower bounds of 
efforts. From other key education fields, except from dentistry, we have tens of 
observations and/or more than every tenth researcher filed their view on the 
questions. This probably does not always reach the tightest statistical criteria for 
drawing conclusions on population parameters, but we consider those responses a 
reasonable starting point for further analysis. We also point out that in this study 
the responses to the questionnaire are used alongside the KOTA data to support 
the final conclusions.

The basic information related to the respondents’ gender, age, occupation and 
academic degree is presented in Table 4. Nearly 60% of the respondents were 
men. Almost 60% of the respondents were from 30 to 49 years old, and 27% had 
already passed the 50-year benchmark. 12% of the respondents were under 30 
years old. The largest occupational groups were professors (32%) and researchers 
(25%). Almost 70 per cent of the respondents had a doctoral degree, which on 
average had been granted in 1995. From this perspective, our questionnaire 
reached well its primary target group: professors and researchers, preferably with 
good academic merits. For example, in our data the number of professors is 5-
fold compared to the interviews in Miettinen & Pasanen (2008). 

With a few exceptions, the share of professors is the largest also at the education 
field level. A more detailed occupational tabulation and methods for treating 
imperfect or missing observations can be found in Bondas (2008). 
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Table 4.  Respondent distributions  

Variable  Observations Share  
Gender    
Male  408 59.9  
Female  246 36.1  
Not responded  27 4.0  
Age   
20 –29 yr 83 12.2  
30 –39 yr 217 31.9  
40 –49 yr 192 28.2  
50 –64 yr 178 26.1  
65+  6 0.9  
Not responded 5 0.7  
Occupation
Assistant or comparable 21 0.031  
Senior lecturer or Senior 
assistant  115 0.169  
Professor  218 0.320  
Part-time teacher  1 0.001  
Researcher  168 0.247  
Research student 77 0.113  
Other 35 0.051  
Not responded  46 0.068  

Academic degree  
Average
graduation year 

Master of Arts or 
comparable  161 0.236 2001 
Licentiate  37 0.054 2000 
Doctorate 471 0.692 1995 
Other  11 0.016 1997 
Not responded  1 0.001  
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3. The publication activity model 

In order to gain all the available information of publications in the KOTA 
database, we consider a linear model that represents researchers’ time budget 
allocation within research. Given that we have annual observations from the 
number of publications in each category and FTE research years, we can 
calculate the average number of publications by category and researcher. 
Multiplying these averages by the appropriately scaled effort coefficients 
describing the time needed to compile a paper in the category, the model results 
in a distribution of a working year for a representative researcher.

Let us denote the number of publications of type k in a unit j by ,
,

t f
k jZ . To simplify 

the notation, superscripts denoting the period (t) and the study field (f) are 
suppressed from here onwards if not necessary for understanding. The number of 
full-time researchers is jR . A representative researcher in a unit j allocates her 
working time, one year, to author , ,k j k j jz Z R publications of type k. Thus, we 
write her time allocation as

7

0
1

1k k
k

b b z , (1) 

where kb  is the effort coefficient, i.e. the time needed to author a (whole) paper 
in category k. It is expressed as a share of the year or weeks. We usually set 

0 0b , thus k kb z  is the total allocation of research time in that category, but in 
some fields, we allow strictly positive intercept to measure other publication 
activities. There is also another interpretation of the model (1). kz  is a partial 
research productivity measure, the number of publications divided by the total 
amount of research. Thus, the time allocation model is also a weighted average of 
productivity or publications.

The absolute levels of effort coefficients are interesting as such, but we are more 
interested in the relative levels of the coefficients. The ratio of two effort 
coefficients is called a Publication Equivalent (PE),

, , 1, ,7i

j

bPE i j
b

. (2) 

Basically it expresses the same information as the Article Equivalent in Kyvik 
(1991), the main difference being that it is based on the relative research efforts 
between the categories instead of the number of pages or a professional guess. 
The PE is especially useful when we analyse publication structures within a field.
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Our primary target is to find estimates for the effort coefficients. The question on 
the normal working effort in our questionnaire was formulated so that an answer 
is a respondent’s opinion on the particular effort coefficient in her field. Ideally, 
using the medians or means of answers and the average numbers of publications 
in the model (1), on the right hand side we should get something close to unity. 
When this is not the case, we have to rely on some estimator of coefficients that 
also takes into account the variation in effort.

To make the time share model (1) more accessible, we can write it in absolute 
terms by multiplying it with the number of researchers, jR . The resulting model 
explains the number of FTE researchers by the number of publications they have 
produced. The causality of the model is reversed compared to the production 
function, but as in (1) the only target of the model is to find a reasonable 
researchers’ time allocation. Adding an error term into the model, we write

7

0 ,
1

,   j 1, ,j k k j j
k

R b b Z J , (3) 

where J is the number of units in a field. Estimation of this kind of a model is 
technically easy, but we have to pay attention to the degrees of freedom and the 
proper sign of the effort coefficients. Given that we have seven different 
publications and at the most nine annual observations in a field (see Table 1), 
even a panel data regression model would be reasonable just for a few fields. The 
more serious problem is the proper signs of coefficients, or their proper levels. In 
Pasanen (2007) the key coefficients turned negative and the authors found the 
stochastic regression model insufficient. In this paper we apply a nonparametric 
regression model that is not sensitive to degrees of freedom. It is also easy to add 
supporting information on coefficient levels to the estimator. This does not come 
without a price. The nonparametric regression minimises the sum of squares as in 
OLS, but we cannot rely on the stochastic inference on parameters. The 
evaluation of the model is based on coefficients of determination and subjective 
judgement of the coefficients.

The nonparametric estimator of (3) is to solve a mathematical programming 
problem 

0

2

,
1, ,

7
0 1

0

min

. . 1

1, ,7
, 1, ,7

, 0 1, ,7

k
jb b j J

k kk

k k

k k

k

s e b b z

b u k
b l k

b l k

 (4) 
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The constraint values kl and ku  are based on the questionnaire, either as 
independent medians or Respondent Ranges. In the first constraint kz is the 
average number of publications in the field, and the equality guarantees that the 
researcher’s time budget is met exactly at sample means.  The intuition behind 
the estimator is basically the same as in the OLS estimator; the model is fit on 
observations, and the coefficients are defined according to the minimum sum of 
squared errors alone. However, in the nonparametric regression the optimal 
coefficients yield the minimum sum of squares in the restricted coefficient space. 

3.1 A publication aggregate 

When scientific activity is measured by publications, we have to take into 
account all relevant publications. As publication channels vary according to the 
purpose of research and the field of study, it is not enough to count just peer-
reviewed articles as in Neittaanmäki et al. (2007) or Kivinen & Hedman (2004).  

One way to create a publication aggregate is the publication channel model used 
in (UHR 2004). The problem of different publication patterns in research fields is 
at least partially solved by assigning each publication a quality level group. Level 
2 consists of specific publication channels nominated by the national councils in 
each field of research. These publication channels may not publish more than 20 
per cent of the publications in the field. Publishing in these channels gives higher 
points than in the rest of the channels (level 1). An ISSN article at level 2 gives 3 
points instead of 1 at level 1, and an ISBN article at level 2 gives 1 point and 0.7 
points at level 1. A level 2 book is ranked as 8 points, compared to 5 points at 
level 1. These points are quality weights; if the differences between the levels are 
large enough, they give a strong incentive for researchers to publish in the most 
valued channels. A rational researcher compares the effort needed, the 
professional merits and the possible financial rewards when choosing a 
publication channel.

Even if the required effort in the publication channel model is not taken into 
account explicitly, it is an important factor behind a researcher’s choice. Our data 
does not allow for the Norwegian type of quality levels, but we have to content 
ourselves with the “structural” publication categories.  The publication activity 
model issues effort coefficients (i.e. weights) for each category, and these 
weights can then be used to construct a research aggregate for each unit.

Our research aggregate is a prediction of the publication activity model. It is 
expressed in terms of FTE research years if calculated using (3), or as a 
productivity index if predicted using (1). It gives us an estimate of the regular 
value of work that may be assigned on the number of publications a unit has 
delivered. If this aggregate exceeds the actual number of FTE research years, the 
unit may be considered more efficient that an average unit in its field. This is a 
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partial productivity measure, which can be used as a research output index in 
total productivity calculations.
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4. Publication Efforts 

4.1 Data adjustments 

Due to using the KOTA database in our analysis, we encounter two further 
problems. First, in order to match the amount of research work carried out with 
the number of publications, we have to take into account publication lags. The 
second problem is the excess annual variation in the number of publications that 
is due to other reasons than research efforts.

Our fourth question in the questionnaire concerned the publication lag. In 
particular, we asked for the length of the publication lag of the respondent’s latest 
work from a manuscript to a printed issue. The results are reported in Table 5. In 
the last column, publication categories are weighted by rough approximations of 
the time shares from Räty (2007), based solely on the KOTA data on 
publications and FTE research years. 

 National International   

Field
Peer-
reviewed Other

Mono-
graph

Univ.
series

Peer-
reviewed Other

Mono-
graph

Aggregate
lag

 weeks years 
Agricult. and 
Forestry  40 22 45 11 63 27 68 0.99
Art and Design  25.5 20.5 35 23.5 15 24 183.5 0.43
Dentistry  22 8 22 11 65 18.5 30 0.76
Economics  27 14 44 18 78 26 57.5 0.96
Education  36.5 30.5 48 24.5 63.5 33 78.5 0.91
Engineering  17.5 14 44 10 51 24 101 0.53
Health Sciences  28 17.5 62 44.5 68 22 35 0.91
Law  15 12 64 13 31 17.5 124 0.31
Medicine  16 10 16 12.5 75 16 33 1.37
Music  51 39.5 70 14.5 24 10 76 0.5
Natural Sciences  21 10 28 7 53 20 57 0.91
Pharmacy  13 12.5 130 9 56 14.5 71.5 0.96
Psychology  60 22.5 24 13 75 42 76 1.38
Social Sciences  33 20 71 20 70 36 152 1.04
The Humanities  30 24 82 19.5 64 37 144.5 0.86
Theatre and Dance  18 25 44  0.54
Theology   30.5 34.5 126 19 40 60 211 0.98
Veterinary 
Medicine  21 12 103 9.5 32 1.79

Table 5.  Medians of publication lag responses by publication category   
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The maximum mismatch between the KOTA figures on FTE research and the 
number of publications accounts for the publication lag and the time needed for 
research. The last column in Table 5 suggests that for a majority of the fields a 
one-year data lag could be an appropriate selection. For theology, where 
laborious monographies are more frequent, a mismatch of two or even three 
years can take place. Only in the case of law studies the lag is clearly less than a 
year. Thus, to simplify data processing we use a one-year data lag between the 
number of publications and FTE working years for each field.

The nonparametric estimator of the research activity model is sensitive to 
possible outliers. Problems seem to arise with small units in particular. 
Regardless of the risk of irregularities, we have included all the units in the data 
set if they were active over the whole period 1998-20062.

An appropriate grouping of observed years is likely to reduce the impact of 
variation, consequently producing more reliable estimates on researchers’ typical 
time budgets. Instead of using annual observations from 1998 to 2006, we have 
tested the models separately with two- to four-year groupings. Decision-making 
rules between grouping options in a nonparametric estimation are rough. In cases 
where the constant term is strictly nonzero, we have used the coefficient of 
determination alongside the number of nonbinding parameters as the grouping 
criterions. However, the grouping of the data appeared to have a much smaller 
impact on the results than we expected. 

4.2 Effort Coefficient Estimates 

The responses to required publication effort produce three alternative estimates 
for the publication effort. They are the median on normal effort (1. question), the 
medians of upper and lower bounds, and the Respondent Ranges (RR). They are 
all useful in the publication activity model, but the quality and the usage of these 
measures clearly differ. In the following, we use all these measures in connection 
with the model. Our decision rule is as follows: 

1. The medians of the normal efforts are reliable estimates of the effort 
coefficients of a field if the publication activity model at the mean of the 
observed number publications gives a reasonable prediction. 

                                             
2 The units like Åbo Academy Psychology, which has no recorded researchers over 2000 and 2001, but 6 
to 14 international refereed articles in the following years were used in the estimation. The dropped units 
are Åbo Academy Pharmacy and Law, KY Dentistry and HY Health Sciences with no recorded research 
input or output. As TY Engineering recorded first researches in 2006, it was not used in the estimation. 
However, if these units had a positive level of publications in some year, a publication aggregate was 
calculated using the estimated model.   
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2. As RR implies the widest bounds for the coefficients, the publication 
activity models are first estimated using RR. This is to put the biggest 
emphasis on the observed number of publications and research efforts, as 
the bounds set in the estimator are not necessarily binding in the solution. 

3. If the solution in the second step gives very low or high effort coefficients, 
i.e. usually the lower bound is binding for an important publication 
category, we use median bounds in the nonparametric estimator.

Accordingly, our first set of results is reported in Table 6. The field-specific 
medians of the answers to the first question for each publication category serve 
as the first hand estimates of the effort coefficients. The predicted length of the 
working year using the number of publications in KOTA is calculated in the last 
column.

Median of normal effort  
National International  

 Peer-
reviewed Other 

Monogr
aph

Univ.
series

Peer-
reviewed Other 

Mono
graph

Predic
tion

weeks years 
Agricult. & Forestry  20 10 25 8 30 15 30 1.0 
Art and Design  10 7 20 5.5 15 8 120 0.3 
Dentistry  8 3 17 5 45 5 17.5 5.1 
Economics  9 4 24 10 26 8 30 1.1 
Education  6.5 3.5 28 6 16 5 27.5 0.8 
Engineering  5.5 4 24 6 15 8 50 0.4 
Health Sciences  4 1.5 12 12 20 2 7 1.5 
Law  6 4 52 5 8 4 110 1.1 
Medicine  4 2 4 5 50 4 7 5.4 
Music  26 3.5 30 14.5 24 5 76 1.9 
Natural Sciences  5.5 2 12 3 25 4 31 1.2 
Pharmacy  5 4.5 90 5 36 6 22.5 0.9 
Psychology  12 4.5 4 9 25 12 41 1.4 
Social Sciences  7 4 49 12 20 10 100 0.9 
The Humanities  6 4 52 4 12 6 100 1.1 
Theatre and Dance  6 1   4   0.1 
Theology   6.5 4.5 102 11 10 10 160 1.6 
Veterinary Medicine  5 4   54 5.5 4 3.2 

The information on the first seven columns in Table 6 is the same as in Figure 2 
and Appendix 1. Respondents’ views on the time needed to author a paper varies 
remarkably between fields and publication categories. Monographs are clearly 

Table 6. Length of a working year by education fields, calculated using the 
median of the normal effort and the average number of publications 
over 1998–2006 
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the most demanding, but, as we will see later, they have minor importance when 
the total time allocation of a researcher is concerned. The respondents typically 
estimate that it takes about half a year to author a paper for an international 
journal. The figures are clearly higher in all sciences related to medicine, but 
somewhat lower, about 3 to 4 months, in education, engineering, the humanities 
and theology. A lawyer authors an article in roughly 2 months. 

The reliability of the figures above can be easily evaluated by comparing them 
with the reported number of publications and the number of researchers in each 
field. The last column in Table 6 shows how many years it takes to author the 
annual average number of publications using the reported figures. Education 
fields, where the model prediction falls within the 15% marginal to one year, are 
bolded. For these six fields we actually reached our goal, and thus the search for 
better estimates of the effort coefficients is completed. For the rest of the fields 
we have to run a nonparametric estimator with RR and/or independent bounds. 

Five more fields are within half a year, which already should be considered a bad 
fit. For medicine, dentistry and veterinary medicine, the model predicted a three- 
to five-fold workload per researcher per year. This is alarming, especially in 
medicine, where the number of respondents is relatively high. The result is not 
due to co-authoring practices between universities. In Table 2, we already saw 
that less than every 5th international journal article has co-authors from more than 
one university. The problem is most likely in the collection of publication data; 
research executed mainly outside universities is erroneously reported according 
to an author’s position in a university.

We turn next to the nonparametric estimates of the publication activity model for 
the rest of the fields, excluding music, theatre and dance and the named six fields 
that already got well behaving estimates. We have to admit that there is no single 
receipt for all study fields, but we have to choose which one of the bound 
estimates is the most appropriate for each field independently.  

The lower bound of RR is frequently set to one or two weeks. This is usually less 
than the median of lower bounds. The respondents were asked to allocate the 
main body of the research effort to the most important publication category. 
From this point of view, the lower bound of a couple of weeks is a reasonable 
estimate at least for the category “other”. But for monographs and peer-reviewed 
articles, higher lower bounds are more likely. As too tight bounds in (4) do not 
allow the model to adjust to the observed data, we first apply RR bounds. The 
results are reported in Table 7. Results using the independent median bounds are 
reported in Table 8. In both tables, the coefficient of determination is reported in 
the last column.
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Respondent Range bounds 
  National International  

Const
ant

Peer-
reviewed Other

Monog
raph

Univ.
series

Peer-
reviewed Other 

Monog
raph R2

Art and Design 33 10 7 52  30 12  0.39 
Dentistry   1  25  8.5 5  0.16 
Education  2 6 40  20 8  0.67 
Engineering* 32  4* 24*  15* 8*  0.75 
Health Sciences 8 7  18  8 8  0.46 
Medicine 2  1.7   8.8   0.92 
Natural Sciences  10 4.1   29.3 1  0.90 
Psychology  15.4  8  18.8   0.88 
Theology  15.7 2 40  4 1 150 0.90 
Veterinary Medicine 6.6 5   16.3 1  0.99 
Single underlined cells are bounded by the upper bound 
Double underlined values are bounded by the lower bound
* Median of the normal effort instead of minimum range bounds 

The six fields that already got their effort coefficients are not reported in Tables 7 
and 8.3 Of the remaining 10 fields, four need some special treatment, namely 
medicine, veterinary medicine, dentistry and engineering.  In a few cases, we 
have allowed a nonzero constant in the model. This was especially necessary in 
engineering and art and design. Positive constants in these fields describe some 
missing important publication categories; peer-reviewed conference publications 
in engineering and artistic work in art and design. We do not find a negative time 
constant reasonable, but it is allowed in Table 8 to imply infeasibility of the 
constant free model due to too high boundary values for psychology.  

An overview of Tables 7 and 8 reveals how independent medians allow fewer 
adjustments to KOTA data; the number of free parameters is 11 in Table 7, 
compared to nine in Table 8. In both cases, we have forced all the coefficients 
that produce a time share of less than 0.015 years (less than a week) into zeros. 
The higher lower bounds produce larger time shares of the category in Table 8, 
and, thus, more nonzero coefficients. However, the differences in free parameters 
are small, except in national peer-reviewed articles in theology, where the effort 
is halved. 

                                             
3 Since their fit in Table 6 is rather good, the nonparametric estimator has only a minor impact on those 
coefficients. For the full set of estimates, see Bondas (2008). 

Table 7. Research effort in weeks, nonparametric regression estimates bounded 
by Respondent Ranges 
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Independent median bounds 
National International

Const
ant

Peer-
reviewed Other 

Mono-
graph

Univ.
series

Peer-
reviewed Other

Mono
graph R2

Art and Design 30 17 7 61 13 24 12  0.40 
Dentistry   3.5  25  7.8 7.5  0.12 
Education   4 6 23 8 20 8 25 0.64
Engineering* 32  4* 24*  15* 8*  0.75
Health Sc. 3 7.5 1 18  9 8  0.45 
Medicine 2  1.7   8.8   0.92 
Natural Sc.  10    29.5 2  0.90 
Psychology -11 20 7  20 20.5 8  0.90
Theology  7.4 2.5 55 23 6 5 115 0.87
Veterinary 
Medicine   4.5   15.8 4  0.99 
Single underlined cells are bounded by the upper bound 
Double underlined values are bounded by the lower bound 
* Median of the normal effort instead of independent median bounds 
**Negative constant term allowed due to infeasibility problems 

The fields of dentistry and education have very low RR effort coefficients for 
national peer-reviewed articles. Their respective coefficients using median 
bounds are 3.5 and 4 weeks. In education the effort is redistributed from the 
relatively high coefficient of the national monographies, but in dentistry we see 
only moderate changes. Thus, we prefer median bounds for these two fields. 
Very low RR lower bounds are also found in national and international “other” 
columns, but their time shares appear low in all cases, and we conclude by using 
effort coefficients with RR bounds for the rest of the fields.  

In Table 6, the implied workload for the fields of medicine, dentistry and 
veterinary medicine were far longer than a year. In medicine the responses on the 
lower bound question generally implied a lengthy working year. Thus, the 
questionnaire bounds are not useful as such in our model. However, the 
discussions with professors in the field of medicine and the comments posted on 
the questionnaire confirmed that international peer-reviewed articles are 
practically the only publications that matter in medical sciences. Thus, no matter 
how effort coefficients for other categories are defined, they have a minor role in 
a researcher’s time budget. For medicine, we ended up calibrating the model by 
proportionally decreasing the bound for international peer-reviewed articles until 
some effort above the lower bound was allocated also to other publication 
categories. The same calibration was done with veterinary medicine and with 
independent medians of dentistry. This kind of model calibration does not fix the 
obvious error in data collection discussed earlier, but it defines the lower bound 

Table 8. Research effort in weeks, bounded by independent medians of upper 
and lower bounds 
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for the Publication Equivalent between the two most important publication 
categories of the fields.

Summa summarum, henceforth we use the following effort coefficient bounds in 
the publication activity model: 

1. Medians of normal effort responses for seven fields: Agriculture and 
forestry, economics, engineering, the humanities, law, pharmacy and 
social sciences. In Engineering we have also allowed a positive constant 
to cover publishing in peer-reviewed conference publications. 

2. RR bounds for seven fields: health sciences, art and design, medicine, 
natural sciences, psychology, theology and veterinary medicine. A 
positive constant was allowed in art and design due to artistic publishing. 
A small positive constant was allowed also in health sciences and 
medicine.   

3. Independent medians of upper and lower bounds for two fields: dentistry 
and education.  
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Effort coefficients can be used to visualise the allocation of a researcher’s time 
budget. In Figure 1, we have calculated the predicted budget shares at sample 
means, k̂ kb z  and 0̂b  from (1), for each field.

Figure 1. Researchers’ time allocation by publication category and education 
field
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The time budgets for dentistry, medicine and veterinary medicine are calibrated 
so that most of the working year is spent on international peer-reviewed articles. 
In the fields of natural sciences, pharmacy and psychology, their share is freely 
estimated to be 90%. In the fields of economics and health sciences, the share 
reaches the 50% benchmark. In the rest of the fields, other publication categories 
have a considerable impact. National peer-reviewed articles take about 20% of 
research time in theology, but in other fields their share is usually less than 10%.

While most of the fields are rather concentrated on one or two publication 
categories, the humanities and social sciences make a clear distinction. All 
categories, except university series, count in their time budgets. 

Law studies are clearly targeted to national forums. Only 20% of the time is 
allocated to international categories. National monographs take up about 40% of 
a lawyer’s research time. Other fields in which national categories play a 
significant role are education, the humanities, theology and social sciences.  

 National International 
 Peer-

reviewed Other 
Monog
raph

Univ.
series

Peer-
reviewed Other 

Monogr
aph

Ag&Forest 0.7 0.3 0.8  1 0.5  
Art & Design 0.3 0.2 1.7  1 0.4  
Dentistry 0.4  3.2  1 1.0  
Economics 0.3 0.2 0.9 0.4 1 0.3  
Education 0.2 0.3 1.1 0.4 1 0.4 1.3 
Engineering  0.3 1.6  1 0.5  
Health Sciences 0.9  2.3  1 1.0  
Law 0.8 0.5 6.5  1 0.5 13.8 
Medicine  0.2   1   
Natural Science 0.3 0.1   1 0.03  
Pharmacy 0.1  2.5  1 0.2  
Psychology 0.8  0.4  1   
Social Sciences 0.4 0.2 2.5 0.6 1 0.5 5.0 
the Humanities 0.5 0.3 4.3  1 0.5 8.3 
Theology 3.9 0.5 10.0  1 0.3 37.5 
Veterinary 
Medicine 0.4 0.3   1 0.1  
Note: Publication Equivalents are not comparable between the fields 

The time budget share figures are dependent on the Publication Equivalents (2). 
In Table 9, we have calculated PEs for all the fields with respect to international 
peer-reviewed article. Thus, the figures show how much time is needed to 

Table 9. Publication Equivalents with respect to international peer-reviewed 
articles
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compile a whole paper in a category with respect to international peer-reviewed 
articles.

Monographs are generally the most demanding publications; international 
monographs are at least twice as demanding as national ones. In theology, they 
also take up the largest share of the total time budget. The high time budget share 
of international monographs in theology (Fig. 1) is explained by the relatively 
high effort coefficient implied by the data.

In journal articles, we should consider national peer-reviewed articles to be 
almost as demanding as international ones in agriculture and forestry, law, 
psychology and health sciences. A national article in theology is four times as 
demanding as an international one. In other fields, national articles require less 
than half of the effort of international articles.

Other non-peer-reviewed publications have low PEs, but they still reach 
considerable time budget shares in Fig. 1, even 20% in economics, indicating a 
relatively high publication frequency in this category. PEs in the fields of 
education and law are almost the same both in national and international 
categories, but the time budget shares are higher in the national category, 
indicating lively national-level discussion between the researchers. This is also 
true for the humanities, where relatively low PE produces large time share of 
national non-peer-reviewed publications. The contrast is sharp with for example 
psychology, where national informal publication is practically non-existent.

Given our results, it appears that reliable quantitative valuation of research work 
cannot be based on international journal articles alone or on any common subset 
of categories for all fields, as is generally done in productivity comparisons. It is 
also misleading to add up different publication categories without taking into 
account the effort needed in each category.

4.3 A research aggregate 

Our final target is to create a research aggregate (RA) for all the units in Finnish 
universities. We can formulate it either as an index number on research 
productivity or as a prediction of the publication effort model on FTE working 
years.

First, we turn to the measure of aggregate research productivity. Taking into 
account a one-year lag due to actual research and publishing procedures, we have 
the productivity with respect to category k, i.e. the number of publications per 
researcher,
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where the number of full-time researchers a year before is 1t
jR . For simplicity, 

we suppress any notation of education field, but note that all the parameter values 
and observations are field-specific.  Given the estimates of the effort coefficients, 

k̂b and 0̂b  from Appendix 2, we can write the unit’s aggregate as

7

0 ,
1

ˆ ˆˆt t
j k k j

k

z b b z . (5) 

Clearly it is an effort weighted average of publication category productivities. In 
addition, ˆt

jz  describes the amount of work it takes an average researcher in the 
field to compile her annual number of publications. If ˆt

jz  exceeds unity, the unit’s 
researchers are more productive than their peers on average, whereas a value less 
than unity indicates the opposite. A formulation of RA, as in (5), is useful when 
units in a study field are compared with each others in their publication or 
research activities. However, we can replace  ,

t
k jz  by the total number of 

publications, ,
t
k jZ , as in (3), and suppress the nonzero constant term in order to 

compare publication activity levels by unit:

7

,
1

ˆˆ t t
j k k j

k

R b Z . (6) 

RA in (6) is expressed as the number of working years conditional to the number 
of publications in each category. It is not necessary to take into account the 
constant, as it describes a fixed amount of research time allocated to other 
publication categories. This aggregate is useful for example in total productivity 
calculations, as in Räty & Kangasharju (2008). 

In Table 10, we have RA averages over a period of 1999-2006 for all the units in 
the 16 study fields where the publication activity model is complete. The units 
are sometimes rather small, with only a couple of professors, which means that 
annual variation either in the number of publications or in the number of 
researchers can be considerable. We find a number of exceptionally large 
outliers, but no average ˆt

jz  falls below 0.6. However, the outliers are 
concentrated on a few universities and education fields.
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Table 10.  Research aggregates, ˆt
jz , the average over 1999–2006 
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 1.0  Veterinary 
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In particular, the figures for the University of Wasa (UWa) raise some questions. 
Economics constitutes the main body of this university of 5,500 students, and its 
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aggregate is at reasonable level of 1.8, with a standard deviation of 0.6. The units 
are small and relatively young, and therefore their research aggregates appear 
unstable. The high levels of ˆt

jz  arise from high variation in the reported FTE 
researchers as denominator. In the humanities, for example, the annual variation 
is between 1 and 6. Also two units of Åbo Academy (ÅA), education and 
psychology, have an aggregate productivity of above 3. These fields seem to 
have higher variation between their units also on a national level, but the high 
score in ÅA is partly due to its special position as a Swedish speaking university. 

One can expect a certain level of variation in research productivity. The mean of 
the variation coefficient is 0.3, which means that the annual variation is less than 
one third of the mean. Without the outlier units (the average productivity above 
3), the average variation coefficient falls to 0.24. To see whether the high 
variation is due to variation in FTE research years, we have also calculated the 
research aggregate (6). It is a prediction of the FTE workload according to the 
number of publications alone. The actual levels of this aggregate are not of much 
interest here, but we have calculated their variation coefficients. The differences 
between the variation coefficients of ˆt

jz  and ˆ t
jR  are reported in Appendix 3. The 

positive value indicates relatively less variation in ˆ t
jR . In the last column, we 

have calculated the share of units where variation is relatively less in predicted 
FTE research years. The variation is less than half only in Natural Sciences, 
indicating that the source of variation is most likely in the number of 
publications. In any other field, and especially in veterinary medicine, dentistry, 
agriculture and forestry and law, the source of high variation is mainly due to the 
reported number of researchers. We also denote that the main outlier problems 
and high variation in UWa and ÅA appear fixed in ˆ t

jR .
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5. Summary and Conclusions 

In the productivity literature, academic research outcomes have been typically 
measured as numbers of publications or citations in some main publication 
category, usually ISI articles, or as market interest in research using the amount 
of external funds as an output measure. Bibliometric records in particular have 
appeared problematic in a university-wide analysis, as the coverage of 
international bibliometric databases varies between study fields. The literature 
has also lacked a reasonable model for creating a bibliometric aggregate. In this 
paper, we have developed and estimated a model that calculates a publication 
aggregate on seven publication categories for 16 study fields reported in the 
Finnish KOTA university database. The weighting factor between the categories 
is based on the recorded number of total FTE research years and our 
questionnaire, which was addressed to all the researchers in Finnish universities.

In our questionnaire, we asked about the normal amount of research and writing 
needed to publish a paper in each publication category. As this effort usually 
varies a lot, we also asked respondents to give their opinions on the minimum 
and the maximum effort still considered normal. Not surprisingly, we found that 
the normal effort varies a lot between fields and publication categories. For 
example, in the international peer-reviewed articles the median of normal is 
usually between 10 and 20 weeks, but the upper bound is generally between 40 
and 60 weeks while the lower bound is only a couple of weeks. The figures are 
clearly lower in national peer-reviewed articles.

Previous attempts to estimate weights for the publication categories using 
regression models have failed due to high variation in FTE research years and the 
number of publications in the KOTA data. Our publication activity model is 
based on a nonparametric regression approach, by which it is easy to set bounds 
for the publication weights, called effort coefficients. An effort coefficient is the 
amount of work needed to compile a paper in a specified category. Our questions 
on effort measured these effort coefficients directly. Therefore, we have paid 
quite a lot of attention to measuring their upper and lower bounds. We have 
developed an algorithm that finds upper and lower bounds so that at least 50% of 
the respondents agree simultaneously; this is called the minimum Respondent 
Range. Compared to its alternative, medians of the upper and lower bounds, 
Respondent Ranges, are somewhat wider, giving more weight to the KOTA data 
to adjust effort coefficients.

Each of the education fields has its own publication practices, and therefore the 
ways of treating data are field-specific. We had three choices; the first was to see 
if the KOTA data and the median of the “normal” questions fit the model as well 
as estimates of effort coefficients. In this case, we did not find it necessary to use 
the nonparametric estimator. For the six education fields, namely agriculture and 
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forestry, economics, the humanities, law, pharmacy and social sciences, the 
model did not predict more than a 15% error rate in FTE research years. For the 
rest of the fields, we estimated the publication activity model using either 
Respondent Ranges or medians of the upper and lower bounds. The results are 
most expressed as field-specific Publication Equivalents (PE), which relate the 
effort coefficients in each category to a nominal category or as research time 
budget allocations that depend on the PEs and the frequency of the publications 
in the category.

Given our results, it appears that reliable quantitative valuation of research work 
cannot be based on international journal articles alone or any common subset of 
categories for all the fields, as is done in efficiency comparisons in Finland.  

Some of the fields are rather concentrated on one or two publication categories, 
but in the humanities and social sciences all categories count. National categories 
are important in law studies; only 20% of the time is allocated to international 
categories. Other fields where national categories play a significant role are 
education, the humanities, theology and social sciences.

As regards journal articles, we should consider national peer-reviewed articles to 
be almost as demanding as international ones in agriculture and forestry, law, 
psychology and health sciences. A national article in theology is four times as 
demanding as an international one. In any other field, national articles require 
less than half of the effort of international articles. Monographs are generally the 
most demanding publications; international monographs are at least twice as 
demanding as national ones. 

Other non-peer-reviewed publications have low PEs, but they still reach 
considerable time budget shares. In economics, education and law, the low PEs 
but high time budget shares indicate lively national discussion between 
researchers. To some extent, this is also true for the humanities. The contrast is 
sharp compared to for example psychology, where national informal publishing 
is practically non-existent.

The final target of our publication activity model was to formulate a research 
aggregate for the education fields. We can express it as an aggregate research 
productivity ratio, which is the predicted length of the working year of a unit’s 
researchers. With this measure it is easy to compare units with each other, but 
dividing the measure by the actual number of FTE year makes it unstable in 
some fields, particularly in small units. A more practical measure is the predicted 
number of FTE research years for each unit; it is solely conditional on the 
number of publications in each category. As the predicted research years are 
expressed as levels, the units are not easily comparable. However, we can use the 
predicted number of FTE research years in total productivity calculations using 
the Budget Constrained Productivity (BCP) measure presented in Räty & 
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Kangasharju (2008), in which a unit’s outputs (e.g. study points, research years) 
are divided by the respective operation costs, and the total value of the unit’s 
outputs is optimized for an efficiency ratio.
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Appendix 1: Respondent ranges and median bounds 

If the quantitative data on the number of publications and the aggregate research 
effort is reliable, we can use the publication activity model (section 3) and the 
answers to the first question on working time (effort) in order to draw 
conclusions on the effort needed to publish in different categories. However, if 
any anomalies appear it is necessary to set constraints to the upper and lower 
bounds of the efforts according to the second and the third questions on working 
time.

Two alternative strategies may be used to exploit responses on the upper and 
lower bounds. The first option is to treat responses on the normal effort and its 
upper and lower bounds as independent answers. Simple means, medians or 
modes of the bounds would suffice in this case. The independence of the bounds 
sounds like a strong assumption. Alternatively, the respondents may be 
considered to view the whole publication process as a whole, and therefore the 
upper and lower bounds and the normal effort should be considered a conjoint 
opinion of each respondent. The Respondent Range (RR) gives the upper and 
lover bounds that cover a desired quantile of all the respondents with the 
minimum number of weeks.  

We have illustrated the search of the RR in the figure above using seven artificial 
observations. The answers of each respondent are located on their own dotted 
vertical line. The median of normal effort is illustrated by a bolded horizontal 
line. Independent medians of the upper and lower bounds are given by the first 

An illustration of the Respondent Range that covers 50% of the responses 

Respondents

W
eeks

Upper bound Lower bound Normal 

Respondent Range 
(RR)
that covers 50% 
of the responses 

Median
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observation from the left. With these estimates only two respondents, the first 
and the second on the right, would completely agree with the bounds of normal 
effort. The 50% RR bounds are depicted as solid horizontal lines.

Note that in the figure the question-specific independent medians are given for 
both the upper and lower bounds by the first respondent from the left. The RR 
extends both bounds by one respondent.  

Finding the RR is not always that easy. Enumerating the boundary responses for 
the RR is easy for a single field and publication, but we cannot use the method in 
Figure 1 manually for all seven publication categories in the 18 study fields. 
Therefore, we have formulated a mixed binary linear programming model that 
results in the RR. For clarity, in the following we skip the notations for study 
fields and publication categories, as the problem is to be solved for each case 
separately.  Let ix  and iy  be the given upper and lower bounds respectively for 
respondent 1, ,i N . The RR is defined as the minimum of x y , and it can 
be found by solving the mixed binary problem 

, ,

1, ,

. . 0 1, ,
(1 ) 0 1, ,

0,1
0

ix y b

i i

i i i

i
i N

i

Min x y

s t b x x i N
b M b y y i N

b b

x a
y a
b
y

where a is the median of normal efforts, M is the so-called “big M”, in this case a 
scalar required to be strictly greater than a. b is the desired number of responses 
that belong within the RR. Inclusion of a response within the RR is indicated by 
choosing 1ib ; the first and second constraints give the condition that the 
response is between the upper and the lower bound of the RR. Choosing 

0ib implies that the response can violate the RR bounds; the first constraint 
reduces the condition for the positive upper bound, and the second constraint 
implies that the lower bound should be less than a. The third constraint forces at 
least a desired number of responses to be within the RR, such that 1ib  is 
assigned according to the optimality criterion. The fourth and fifth constraint 
keep a within the RR. Note that x and y are not restricted as integers, but the 
minimization of the range forces the upper and lower bounds to response values 
that are typically integers. 
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RR as specified above is dependent on the chosen central point, in this case the 
median a and the selected quantile (i.e. b). It is robust concerning the possible 
outliers in each response4.

The solution for RR is not necessarily unique since the number of non-zero 
binary variables is not directly connected to the span of RR. Even if the 
necessary number of binaries is identified, some unit may still enter the RR 
without having an impact on the objective function. This is obviously the case 
when multiple responses enter the RR with the same upper or lower bound; not 
all of them are necessarily identified by algorithm. However, in this case, the 
same pair of upper and lower bounds remains optimal. A problem of multiple, 
but a finite number of, optima may also arise in the exceptional cases where more 
than one subset of respondents yield the same distance in the objective, but with 
different boundary values. These multiple solutions are easily ruled out by 
resolving the revisited program that rules out the previous solution.

The critical question is: which one of the bound estimates should be preferred in 
the analysis? A wider range indicates more uncertainty, while a narrower range is 
a strong statement about the true value. We will test the both ranges and use the 
one that looks the most appropriate in each field. 

The independent medians, the RR and the medians of normal effort for peer-
reviewed articles are presented in the next figure. Comparing the independent 
medians and the RRs we observe that their upper bounds usually coincide, the 
main difference being in the lower bound, which is usually lower in the RR. This 
is because the lower bound responses are concentrated; the algorithm usually 
finds a lot of respondents entering the RR with a small change in the objective.

The effort ranges are wide, no matter how they are measured. In international 
peer-reviewed articles the median of normal is usually between 10–20 weeks, but 
the upper bound is generally between 40–60 weeks, and the lower bound is only 
a couple of weeks. Usually, the huge variation does not appear as an informative 
result, but it is exactly what we expected in advance and, in particular, for what 
the publication activity model is designed. The model relies on KOTA data, and 
the bounds are used to rule out anomalies that may appear in model estimation. 
The bounds we use give a feasible range of effort values, justified by the 
questionnaire. They are not necessarily binding.  

                                             
4 We are grateful to Professor Ahti Salo for pointing out this property for us. 
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The other publication categories are presented in the next figure. We report all 
the responses, also ones where the number of respondents is very low. Especially 
in these cases, the median of normal effort is not necessarily within the upper and 
lower bounds, because the number of respondents varies in each question. 

Ranges between median upper and lower bounds, 50% respondent ranges and
median of the normal effort for peer-reviewed articles
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Ranges between median upper and lower bounds, 50% respondent ranges and 
median of the normal effort 

From the collage of the publication categories, it is clear that publication efforts 
vary between study fields. This is true particularly in the case of international 
peer-reviewed articles. In the fields of education and the humanities, less than 20 
weeks seems to be a reasonable estimate, whereas in medicine and natural 
sciences and psychology the lower bound of the effort estimate is likely to be 
above 20 weeks. Domestic peer-reviewed articles are generally less demanding, 
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even by a factor of 2 or 3, but again field-specific variation is high. This is true 
for all the publication categories. Obviously, it is necessary to analyse 
publication activities by each field separately.  

Appendix 2: Effort Coefficients

A combination of coefficients from Tables 6, 7 and 8 are used in calculating the 
Publication Equivalents in Table 9, the time budget shares in Fig.1, and the 
research aggregates in Table 10. 

The number in the table indicates the share of a FTE working year needed to 
compile a publication in a category, including all required research and writing 
work. In a case of multiple categories, research work is included in the category 
where the final report is published. 

  National International 
Cons-
tant

Peer-
reviewed Other

Mono-
graph

Univ. 
series

Peer-
reviewed Other 

Mono-
graph

Table

Ag & Forest 0.38 0.19 0.48 0.58 0.29 6
Art & Design 0.64 0.19 0.13 1.00 0.58 0.23 6*
Dentistry 0.07 0.48 0.15 0.14 8
Economics 0.17 0.08 0.46 0.19 0.50 0.15 6
Education 0.08 0.12 0.44 0.15 0.38 0.15 0.48 8
Engineering 0.62 0.08 0.46 0.29 0.15 6*
Health Sciences 0.16 0.13 0.35 0.15 0.15 7
Law 0.12 0.08 1.00 0.15 0.08 2.12 6
Medicine 0.03 0.03 0.17 7
Natural 
Sciences 0.19 0.09 0.57 0.02

7

Pharmacy 0.10 1.73 0.69 0.12 6
Psychology 0.30 0.15 0.36 7
Social Sciences 0.13 0.08 0.94 0.23 0.38 0.19 1.92 6
the Humanities 0.12 0.08 1.00 0.23 0.12 1.92 6
Theology 0.30 0.04 0.77 0.08 0.02 2.88 7
Veterinary 
Medicine 0.13 0.10 0.31 0.02

7

* constant term calculated using the regression model 
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Appendix 3: Variation coefficients 

Differences in variation coefficients of aggregated research productivity and 
predicted research years. 
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