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Ranking method 

Dealing with diversity in scientific outputs:  
implications for international research  
evaluation 

M C S Bantilan, S Chandra, P K Mehta and J D H Keatinge

This paper examines the changing role and 
broadening goals of international agricultural 
research centers (IARCs), focusing on their 
evaluation mechanisms and priority setting proc-
esses. The case of the International Crops Re-
search Institute for the Semi-Arid Tropics 
(ICRISAT) is used to identify the relative impor-
tance of outputs.  It was found that, for IARCs, a 
wider range  of credit items should be used in 
evaluating the institutional and individual per-
formance. A decentralized process using nested 
institutional and project logframes would power-
fully help to identify milestones for institutional 
and individual evaluation. 
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HE LAST THREE DECADES have wit-
nessed a substantial broadening in the goals of 
international institutes engaged in agricultural 

research. These have developed from food produc-
tion alone to now include resource management, 
equity, gender and environmental concerns. Accord-
ingly, there has been an expansion of their work 
agenda across the full range of the research for de-
velopment continuum from basic/strategic research 
to applied and adaptive research with farm- and 
policy-level applications (Huffman and Evenson, 
1993). As a result, creditable products from agricul-
tural research now include a much wider variety of 
outcomes from new knowledge, ideas, concepts, 
methods, and techniques relating to strategic and 
basic research to more downstream developmental 
outputs including patents, pilot studies, farmer field 
schools, policy briefs and extension materials. This 
diversity of agricultural research outputs has resulted 
in a considerable expansion of the concerns of scien-
tists beyond their traditional academic disciplines 
and activities. 

In the face of these changes, there is a need to re-
view the ways in which the tangible outputs of agri-
cultural research institutes and their individual 
scientists are assessed. Traditionally, the tools and 
indicators of research evaluation are based on bibli-
ometric analysis (numbers of publications, citation 
indices, journal impact factors, etc.) and peer review. 
But the broadening of the research focus raises ques-
tions about the adequacy of these tools to evaluate 
institutional performance. A single-minded concen-
tration on bibliometric analysis totally ignores a 
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whole range of products that can now be seen to be 
relevant for research for development and is thus, 
used alone, an inadequate tool for assessing per-
formance. This is due to a number of factors. 

First, published papers are the result of laboratory 
and field activities; other innovative activities are 
not traditionally formally published to the same de-
gree. Second, books and journal articles cannot con-
tain all the knowledge produced in research. In 
addition, these ignore the tacit and material elements 
of research that cannot be communicated through 
publication channels (Hicks and Katz, 1997). More-
over, journal impact factors are usually adequate 
measures of comparison only within a discipline but 
are highly misleading when used to make compari-
sons between disciplines (Amin and Mabe, 2000). 
For example, even within agricultural research the 
impact factors of most agricultural economics jour-
nals are substantially lower than those of soil science 
or other environmental journals. This does not make 
the work of agricultural economists either of poorer 
quality or less intensively reviewed than those of 
soil scientists. With respect to peer review, while the 
experiences of the Consultative Group for Interna-
tional Agricultural Research (CGIAR) and the UK 
Universities Research Assessment Exercise (RAE) 
show that they can be used at higher levels of aggre-
gation (i.e. institutional, departmental or team level), 
Phelan (2000) argued that peer reviews are more 
appropriate when evaluating the work of individual 
scientists and are much less effective in evaluation 
of a collection of work such as that produced by an 
institute.  

The conduct of research is a complex activity. 
Neither a single measure nor use of only a few per-
formance indicators provides adequate assessment of 
research. Rather it is necessary to use a group of 
relevant indicators (Butler et al, 2002). Additional 
mechanisms of evaluation that recognize almost all 
important research outputs are required to evaluate 
the performance of scientists and institutes in a real-
istic and objective manner.  

Objectives 

This paper has two objectives. First, it aims to present 
additional perspectives in the assessment of research 
performance by illustrating a mechanism that realisti-
cally takes into account the broadening set of objec-
tives, and corresponding tasks and the diversity of 
outputs reflecting the changing nature of priorities in 
international agricultural research institutes. Second, 
it illustrates a method showing how a set of priorities 
among the whole range of products is processed and 
computed to measure relative importance. 

The broadening of the research continuum 

This section expounds on the broadening research 
continuum, using the case of one of the international 
agricultural research centers of CGIAR, namely  
International Crops Research Institute for the Semi-
Arid Tropics (ICRISAT), as a basis for illustration. 

In the three decades of ICRISAT’s history, its sci-
entific and training portfolio has continuously 
evolved in response to various factors, including the 
Institute’s learning process, changing regional and 
global priorities and opportunities in the Semi-Arid 
Tropics (SAT), redefinition of research targets in the 
light of research findings and the changing research 
requirements of development investors. In the last 
10 years, this evolutionary change has not only been 
rapid but also has had far-reaching consequences as 
emphasis was refocused from the principal target of 
improving crop productivity and food security to 
that of achieving impact on sustainable livelihoods, 
poverty eradication and the protection of the envi-
ronment. These changes have considerably ex-
panded the work agenda of ICRISAT, as it was 
required to engage itself across the research-for-
development continuum according to the capacity of 
its partners. 

For example (as shown in Figure 1), when the In-
stitute was established with a mandate focused on 

Ceiling level 
40

30

20

10

Level of adoption (%) 

Time (yrs) 

0                         5                         7                         10   16 

Basic/ 
strategic
research

Applied 
research 

Adaptive 
research

Seed 
multi-

plication

Adoption of technology 

Figure 1.  Broadening of research for development continuum 
Source:  ICRISAT (1992), ICRISAT Medium Term Plan 1994–1998 
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the SAT in the early 1970s, it set priorities oin stra-
tegic and basic research in partnership with many 
institutes including advanced research institutes 
(ARIs). Figure 1 illustrates the whole research con-
tinuum ranging from initial research efforts to im-
pact on the ground. Initial stages involve basic 
research, such as development of breeding popula-
tions and germplasm characterization. Subsequently, 
scientists are also engaged in both applied (the de-
velopment of seed-based technology with testing 
leading to an identifiable product) and adaptive re-
search (the stages of testing leading to release by the 
national agricultural research systems [NARSs]). 
Figure 1 depicts development of optimal seed multi-
plication strategies and adoption of the technology 
as the final stages to achieve impact. Based on  
ICRISAT Medium Term Plan data (ICRISAT, 1992), 
on an average, it takes around five years to undertake 
basic and strategic research, four or five more years to 
produce an improved variety, and another five or six 
years to reach the ceiling level of adoption. 

Changing demands encouraged the production of 
a whole range of research outputs. With an increas-
ing demand for impact and resource mobilization, 
scientists have been required to be involved in ac-
tivities including writing project proposals and con-
cept notes, organizing stakeholder workshops, 
producing public awareness flyers, assisting in 
farmer field schools and providing policy briefs. The 
participatory approach has also become an integral 
part of the working system of the Institute. This 
means there are many new aspects of research and 
development excellence, other than books and jour-
nal articles, which also need to be recognized when 
assessing the research performance of the Institute. 
Thus, the full range of such outputs produced by 
scientists must be identified and then ranked in im-
portance for the Institute to help in the evaluation of 
research performance. This ranked output list should 
also help in getting individual researchers to strike a 
proper balance of diverse activities along the re-
search for development continuum. 

It is important to mention here that our analysis is 
restricted to the evaluation of the research efforts 
irrespective of their outcomes. This is mainly be-
cause the outcome of the research or its impact is 
dependent not only on quantifiable variables but also 
on other variables or factors that are difficult to 
quantify. It is an exercise to understand the evalua-
tion system irrespective of the outcome of research. 
Such analysis provides the basis for a retrospective 
analysis for evaluation. 

Statistical methodology 

A survey at ICRISAT in December 2002, based on 
an earlier basic list compiled by scientists at the In-
ternational Institute of Tropical Agriculture (IITA), 
produced a comprehensive list of 97 relevant scien-
tific outputs in consultation with scientists situated 

in all its locations in Africa and Asia. These outputs 
were placed into four broad categories: Products, 
Writing, Editing and Training. As listed in the first 
column of Table 1, Products contains 25, Writing 
38, Editing 10 and Training 24 outputs. ICRISAT 
has identified these as output indicators against 
which the research performance of each staff mem-
ber is planned to be regularly monitored. All scien-
tists across the Institute were individually asked to 
rate each output on a 1 to 10 scale in terms of its 
perceived benefit/significance to the Institute rather 
than to individual scientists, with 1 being the least 
important and 10 being the most important. Table 1 
provides a comprehensive coverage of all important 
research outputs, both traditional and non-
traditional. While most outputs lend themselves to 
measurement, it is recognized that not all outputs 
can be readily quantifiable and there is indeed a need 
for further work on their measurement or more rigid 
definition. 

The survey was undertaken as part of the Insti-
tute’s process of developing a new appraisal system 
and was initiated from the office of the Deputy Di-
rector General of Research. The bottom-up partici-
patory group exercise that was conducted enables 
the development of an evaluation system informed 
by researcher views. At the time of the survey, there 
were six global themes (GTs)1 at ICRISAT, which 
represented its research structure delivery mecha-
nisms. The rating data were analyzed separately for 
each GT in view of the likely inherent heterogeneity 
in the way the different GTs might perceive the 
benefit of an output to the Institute. With a response 

Table 1. Relative ranking of outputs in different output 
categories across global themes at ICRISAT, 2002  

Table 1a. Products 
 

Outputs Weighted median

New techniques for scaling out and up 8.58 
New varieties 8.51 
Introgression lines for fundamental research 8.31 
Biotech products 8.08 
New techniques 8.06 
Integrated pest management (IPM) strategies 7.95 
Integrated natural resource management 

(INRM) strategies 
7.93 

Watershed management plans 7.91 
Seed system design 7.82 
Biotech constructs 7.67 
Crop/livestock integration strategies 7.66 
Databases/catalogues 7.63 
Improved germplasm 7.62 
Videos/CDs/audio tapes 7.51 
Geographical information system (GIS) maps 7.40 
Protocols/tools 7.39 
Diagnostic kits/tools 7.38 
New food products 7.20 
Biosafety protocols 7.08 
Pre-breeding derivatives 7.08 
Biocontrol agents  7.05 
Post harvest machinery and storage design 6.16 
Other GIS products 6.06 
Computer software 5.88 
Chemical products 5.78 



Diversity in scientific outputs 

90  Research Evaluation August 2004 

rate of more than 95%, we have data from nearly the 
whole population of each GT. Sampling error in our 
inferences can therefore be considered to be effect-
tively absent. On this basis, as also due to the re-
sponding scientists not being a random sample, 
formal statistical tests of significance were not used 
in drawing inferences. 

To get comparable results, we chose two non-
parametric measures, the median and the median 
absolute deviation (MAD), to describe respectively 
the location (central tendency) and the scale (disper-
sion) characteristics of each GT population. The 
median and the MAD were computed for responses 
on each output for each GT separately.  

In order to obtain an Institute-wide picture of per-
ceived significance of an output in a given category 
(Products, Writing, Editing and Training), the aver-
age response for the output across the GTs was 
computed as a weighted median 

µ=∑jwjµj, 

where wj=(1/σj
2)/∑j(1/σj

2) is the weight given to the 
median µj, and σj is the MAD for jth GT (j=1,…,6). 

This weighting scheme duly accounted for the vari-
ability in the responses within the GTs in order to 
obtain an objectively derived Institute-wide average 
response. These average responses were ranked in 
each category and across the categories to identify 
the most important Institute-wide outputs. 

In general, the essential steps of the method are: 

1. Obtain a list of outputs considered relevant by 
scientists of the institution. 

2. Group the outputs into a few broad categories as 
relevant to an organization. 

3. Let the scientists rate the outputs as perceived by 
them to be important to the institute, using an 
appropriate rating scale 

4. Apply the statistical tool suggested above to ob-
jectively identify important outputs from the 
whole range. 

Table 1b. Writing  

Outputs Weighted median

Books (in your discipline) 9.31 
Journal articles (hard copy) 8.92 
Edited books (peer-reviewed conference 

proceedings, etc.) 
8.68 

Book chapters (peer-reviewed in your area of 
specialization) 

8.63 

Project proposal documents 8.42 
Policy briefs for decision-makers 8.03 
Concept notes 7.88 
Technical bulletins 7.84 
Ex post impact reports 7.55 
Varietal or chemical product descriptors or 

germplasm registration notes 
7.54 

Training manuals 7.50 
Electronic papers  7.47 
Conference papers 7.44 
Monographs 7.29 
Extension materials (printed) 7.25 
Extension materials (audio visuals) 7.22 
Websites or pages 7.11 
Patent documents 7.10 
Invention disclosures 7.02 
Extension posters 7.02 
Ex ante impact reports and impact pathway 

studies 
6.99 

Consultancy reports 6.98 
Network reports 6.81 
Public relation (PR) material 6.81 
Newsletters 6.56 
Conference posters 6.54 
Press releases and new items 6.31 
Newsletter articles 6.23 
Biosafety policy briefs 6.15 
Institutional internal policy documents 6.07 
Institutional change documents 5.91 
Abstracts 5.73 
Trademark establishment documents 5.72 
Internal reports and research notes 5.70 
Institutionally generic power point 

presentations (PPTs) 
5.67 

Activity profiles 5.10 
Bibliographies 4.83 
Engineering and other blueprints 2.77 

 

Table 1c. Editing  

Outputs Weighted median

Books (your discipline) 8.81 
Journal special issue editions (your discipline) 8.80 
Conference proceedings (your discipline) 8.34 
Paper for external journals (assume you are 

doing five per year) 
7.86 

Papers peer-reviewed internally for colleagues 
(assume you are doing five per year) 

7.46 

Project reports (for donors) 7.30 
Institutional public awareness material 7.10 
Global theme reports (for ICRISAT) 6.98 
Newsletters 6.69 
Intellectual property right (IPR) and patent 

documents 
6.25 

Table 1d. Training

Outputs Weighted median

Partnership building  8.36 
Visitors (donors) 8.36 
Stake holder workshops 8.28 
Higher degree students 7.96 
Training workshops 7.81 
Young scientist-in-house mentoring 7.69 
Field days 7.65 
Policy briefings 7.64 
Farmer field schools 7.64 
Training courses 7.58 
Extension/non-government organization 
(NGO) demonstration days 

7.58 

Visitors (scientists) 7.56 
Inter-center team-building activities  7.48 
Seminars 7.38 
Visiting scientist mentoring 7.19 
Monitoring and evaluation efforts 7.17 
Industry dialogues 7.05 
Electronic teaching distance learning modules 6.93 
Lectures 6.82 
Project study tours and retreats 6.72 
Non-degree training 6.68 
PR collaborations 6.65 
Other students 6.46 
Visitors (general public for education) 5.94 
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Results 

The four sections of  Table 1 depict the Institute-wide 

average response across the six GTs for the four cate-
gories of outputs. Column 2 of the table indicates ranks 

in a category in their decreasing importance. The rank-
ing of the whole range of outputs across the Institute 

(broadly classified into Products, Writing, Editing and 

Training) is obtained by using a weighted median. 
The results show a set of outputs belonging to all 

the four categories that are important from the point 
of view of the scientists. In the category of Writing, 
books, journal articles, book chapters, project pro-
posal documents, policy briefs for decision-making 
and concept notes are viewed as important by the 
scientists. In the case of Editing, journal special is-
sue editions, conference proceedings and papers for 
external journals are highly rated. For the Products 
category, new techniques for scaling up and out, 
new varieties, introgression lines for fundamental 
research, biotechnological products and new meth-
ods are considered most important. In the category 
of Training, partnership building, visitors (donors), 
stakeholder workshops, higher degree students and 
training workshops are given higher importance. 

A discipline-wise (GT) analysis captured the in-
herent heterogeneity in responses from scientists 
grouped according to related disciplines in the sur-
vey. It was observed that scientists’ responses re-
flected their respective different roles within the 
Institute and even within a single project. For exam-
ple, the group of agro-ecosystem scientists have  
ascribed higher importance to the outputs such as 

integrated natural resource management (INRM) 
strategies, new techniques for scaling out and water-
shed management plans, and lower weights to bio-
safety protocols and biotech products, whereas the 
group of breeders and biotechnologists have as-
signed higher weights to improved germplasm and 
biotech products. This means that the same suite of 
evaluation indicators may not be appropriate at all 
levels of aggregation: individual, group or institution. 

Figure 2 illustrates the relative ranking reflecting 
high-priority versus low-priority outputs at the Insti-
tute-level. It depicts the ranking of all (97) outputs 
across the four output categories based on the Insti-
tute-level average responses. It is clear that products 
related to Writing activity (books, journal articles, 
edited books, journal special issue editions, book 
chapters, etc.) are highly valued by the scientists. 
High importance is also ascribed to project proposal 
documents, partnership building and visitors (espe-
cially donors), reflecting the increasing amount of 
time that scientists spend on these activities. They 
clearly recognize that these have become critical  

 
A discipline-wise (global theme) 
analysis captured the inherent 
heterogeneity in responses from 
scientists grouped according to related 
disciplines in the survey 

Figure 2. Relative ranking of outputs across output categories 
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activities for the continuing existence of the Institute 
and its service to its mandate region. High importance 
is also placed on the development of an appropriate 
strategy for the SAT region through its strategic as-
sessments and policy briefs; likewise in INRM and 
integrated pest management (IPM), which underlies 
the importance of the quality of international public 
goods (IPGs). Conference proceedings, stakeholder 
workshops and interactions with the private sector are 
ranked important for the Institute in its pursuit of 
broadened strategic partnerships as required by its 
external reviews. Traditional partnerships of value, 
such as higher degree students, remain highly rated. 

ICRISAT scientists have thus retained traditional 
priorities on improved varieties and hybrids and 
taken on board new priorities of impact generation 
with new varieties and novel approaches as well as 
new techniques for scaling out and up. New types of 
activities, such as policy briefs and biotech products, 
are also on the priority list. The least preferred items 
across the Institute include engineering and other 
blueprints, bibliographies, activity profiles, press 
releases and news items, along with chemical prod-
ucts, trademark establishment documents, computer 
software and post harvest machinery. Lower impor-
tance is also attributed to institutional internal policy 
documents, internal reports, research notes and insti-
tutional change documents. This indicates that there 
are institutional outputs that are important to the In-
stitute and remain part of high-priority core activity 
but are viewed as less important by scientists. 

The Institute-level picture drawn above tends to be 

different, if we further disaggregate and look at the 

discipline or scientist level. Since each discipline 

within an institution differs in nature, it is quite obvi-
ous that the importance of outputs also varies accord-
ing to the disciplines. Furthermore, the picture at the 

scientist level also tends to differ as each scientist 

within the same discipline has a different suite of work 

and projects, which results in a different set of research 

for development outputs. Therefore, the measures that 

are applied at the aggregate level may not necessarily 

be the most appropriate at the individual level. 
For instance, each scientist is engaged in different 

kinds of projects and their outputs depend mostly on 
the objectives and corresponding expected outputs 
of the project(s). This implies that achievements of 
the scientists are more closely related to their pro-
jects. Since there are several scientists and the  
duration and outputs of each project differs signifi-
cantly, a logframe — consisting of the description of 
the project, expected outputs, progress and achieve-
ments — is a more powerful tool to identify suitable 
criteria for evaluation. In cases such as where the 
expected output of the project includes journal arti-
cles or books, then the evaluation may be based on 
bibliometric analysis or peer review. But, where the 
expected output of the project includes production of 
varieties or improved germplasm, the evaluation 
criteria must focus on indicators appropriate to those 
specific categories of output. 

Implications 

This paper uses the case study of ICRISAT, which is 
one of the CGIAR centers, and the application of 
this method could also be appropriate for replication 
in other sister CGIAR centers and in other institutes, 
such as ARIs, NARSs, etc. The information given in 
the paper serves as a firm basis for assessing and 
prioritizing outputs, according to the differential na-
ture of the specific institute. 

The results of this analysis have shown that for an 
agricultural institute like ICRISAT, evaluation of 
research performance should include a wide range of 
outputs across various categories instead of relying 
only on a few, narrowly based indicators. The main 
findings of the study demonstrate the need for more 
comprehensive measures that could be used to 
evaluate research performance by taking into ac-
count the broadened and diverse nature of research 
objectives today. 

The findings of this study have implications for 
institutional-level policy formulation. First, it 
brought out the fact that there are research outputs 
that are important for the institution (e.g. internal 
strategic documents), but these may be viewed or 
perceived by scientists as relatively unimportant. 
This calls for the provision of an appropriate incen-
tive or disincentive system for researchers or sub-
stantial team ethos if they are to be fully involved in 
activities that are critical for the institution rather 
than for themselves as individuals. Also the impor-
tance attributed to project proposals, concept notes, 
donor visits, partnership building and stakeholder 
workshops does clearly reflect the increasing 
amount of time that researchers and scientists have 
to spend on these activities.  

Allocation of time resources for such efforts in 
annual work planning documents therefore needs to 
be realistic rather than done in a token fashion, as is 
often the case at present. With respect to activities 
related to project proposal development, this result 
also implies a need for having improved information 
regarding objectives, priorities and targets of devel-
opment investors to facilitate the effectiveness of 
researchers’ efforts in project proposal development 
and to improve success rates. 

This analysis can also be used to assess the com-
parative performance of staff within a discipline/GT, 
given an appropriate quantitative indicator deter-
mined for the discipline/GT. A differential weight-
ing scale may serve as a basis for assessing 
scientists’ performance in a refined evaluation sys-
tem. Finally, a properly scaled aggregate measure 
for the institution, as proposed here, may be used as 
a standard to compare performance across disci-
plines/GT and evaluation periods. 

The data collected through the survey provides 
important information about the wide range of out-
puts produced by the Institute. Assigning ranking to 
the outputs gives a useful picture of the critical or 
vital outputs for the Institute as a whole. In addition, 
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the toolbox, which represents all sets of outputs of 
the Institute, also may be used as a guideline to 
monitor or evaluate the performance of the scientists 
and to keep the balance across the whole range of 
outputs by prioritizing them according to the objec-
tives. For example, each scientist is usually engaged 
in different set of projects and accordingly their pri-
orities, objectives and hence outputs differ from 
their colleagues within the same discipline. Thus, the 
ranking system is useful for the head of the disci-
pline to determine or identify the set of important 
outputs at the discipline and scientist levels. This 
information can be used to formulate a strategy to 
keep the balance of the activities by proper alloca-
tion of time and resources. This kind of system also 
encourages more openness, flexibility and transpar-
ency in the system. 
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Note 

1. ICRISAT had six global themes (GTs) in 2002–03: 
GT 1 — Harnessing biotechnology for the poor, 
GT 2 — Crop management and utilization for food security and 
health, 
GT 3 — Water, soil and agro-biodiversity management for 
ecosystem sustainability, 
GT 4 — Sustainable seed supply systems for productivity, 
GT 5 — Enhancing livestock productivity for wealth creation, and 
GT 6 — SAT futures and development pathways. 

References 

M Amin and M Mabe (2000), ‘Impact factors: use and abuse’, 
Perspectives in Publishing, 1, pages 1–6. 

L Butler, G Laudel, F Jackson, D Siddle and I Lucas (2002), ‘Stra-
tegic assessment of research performance indicators’, ARC 
Linkage project, <http://repp.anu.edu.au/Linkage%20grant. 
htm> 

D Hicks and J S Katz (1997), ‘The changing shape of British in-
dustrial research’, STEEP Special Report No. 6, Science Pol-
icy Research Unit (SPRU), Brighton. 

W E Huffman and R E Evenson (1993), Science for Agriculture: A 
Long-term Perspective (Iowa State University Press). 

International Crops Research Institute for the Semi-Arid Tropics 
(1992), ICRISAT Medium Term Plan, 1994–1998.  

T J Phelan (2000), ‘Evaluation of Scientific Productivity’, Scientist 
14[19], page 39, 2 October. 

Royal Academy of Engineering, (2000), ‘Measuring excellence in 
engineering research’ (RAE, London) <http://www.raeng.org. 
uk/news/publications/reports/pdfs/Measuring_Excellence.pdf> 

 


