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Executive Summary 

The Genomics R&D Initiative (GRDI) was established in 1999 by the federal government to expand and maintain its 

intramural capacity in genomics with the objective to improve human health, environmental management, agriculture 
and food safety, and improved sustainability and management of natural resources for an enhanced quality of life for 
all Canadians. Under the requirements of the Treasury Board Secretariat, the six departments involved in this 

Initiative are accountable to the public for the efficient and effective use of government money spent for the purpose 
of funding genomics research. As such, they must show progress towards achievement of the immediate, long-term, 
and ultimate outcomes set forth in GRDI’s Results-based Management and Accountability Framework (RMAF).  It is 

in this context that Science-Metrix was mandated to provide performance measurements as relates to the immediate 
outputs of scientific activities (i.e., publications of peer-reviewed papers) performed under the support of the GRDI. 
Specifically, the work performed by Science-Metrix allowed to:  

 determine whether or not the GRDI supported outstanding genomics researchers, in terms of scientific impact, 
within the federal government; 

 establish how well supported researchers compare relative to their Canadian and international peers in terms of 
scientific impact in genomics; and  

 compare the scientific production and impact of GRDI-funded scientists while they were receiving funds from 
the GRDI and while they were not. 

The present study's key findings are: 

 The GRDI supported researchers stand out in terms of scientific impact (a proxy of scientific excellence) within 
the federal government in genomics research. 

 GRDI-funded scientists also have higher scientific impact than their national and international peers, publishing 
papers that are more cited than the Canadian and world averages (excluding GRDI-funded scientists) in 
genomics. 

 Overall, the funding provided through the GRDI seems to have had a positive effect on the intramural research 
capacity of the federal government in genomics, which is the core objective of the GRDI: 

The bibliometric analysis revealed that the federal government has aligned its research intensity in genomics with those 
of Canada and of the world since the creation of the GRDI in 1999. The data also suggest that this alignment might not 
have been possible in the absence of the GRDI. 

 The average number of genomics papers produced per GRDI-funded researcher increased at a greater pace 
during the period of support compared to the preceding period. The production of genomics papers increased 
for nearly 66% of the researchers with GRDI-support. Their production is statistically different when they were 
receiving financial support from the Initiative compared to when they were not funded. 

 If the GRDI had supported a number of young and promising researchers (i.e., researchers whose scientific 
production usually exhibits exponential growth early in their career), the previous pattern might have been 
observed for the same group of researchers even in the absence of the GRDI. However, the decrease observed 
in the average number of genomics papers produced per researcher once the GRDI funding ceased provides 
substantive evidence of the GRDI’s positive impact on the production of the researchers it funds.  

Care should be taken in interpreting the results for the period after support since the small sample size for this period 
resulted in important inter-annual variations in the average number of papers produced per funded researcher. 

 In terms of scientific impact, no significant difference was found between the papers authored while not 
receiving support from the GRDI and those authored with financial support from the Initiative. 

 As additional data on supported and non-supported papers (i.e., those published after the period of support) 
become available in the coming years, it will be possible to assess more precisely the effect of the GRDI on the 
scientific performance of the researchers it supported, and to confirm the preliminary evidence of its positive 
effect that was revealed by this bibliometric assessment. 
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1 Introduction 

The National Biotechnology Advisory Committee (NBAC) recommended several actions in 1998 to 
position Canada as a world leader in biotechnology by the year 2005. Among these actions was the 
provision of increased funding to Canada's genomics research and development (R&D) programs. 
Accordingly, the Cabinet approved the Genomics Research & Development Initiative (GRDI) in 1999 
to support federal research in genomics. Fifty-five million dollars of new funding for genomics 
research were distributed from April 1999 to March 2002 (Phase I) among the six departments 
involved in this interdepartmental Initiative: the National Research Council of Canada (NRC), 
Agriculture and Agri-Food Canada (AAFC), Health Canada (HC), the Public Health Agency of 
Canada (PHAC), Natural Resources Canada (NRCan), Environment Canada (EC), and Fisheries and 
Oceans Canada (DFO). This support was renewed from 2002 to 2005 (Phase II), from 2005 to 2008 
(Phase III), and from 2008 to 2011 (Phase IV).1 

The GRDI aims to develop and maintain capacity in genomics within the federal government with 
the objective to improve human health, environmental management, agriculture and food safety, 
and improved sustainability and management of natural resources for an enhanced quality of life for 
all Canadians. In compliance with the Treasury Board Secretariat’s requirements, a Results-based 
Management and Accountability Framework (RMAF) was set forth for the GRDI. The RMAF logic 
model identifies essential outcomes for the achievement of the GRDI’s overall goal; these outcomes 
relate to four important program areas: Management, Genomics R&D Capacity, R&D, and 
Outreach. The core component of this Initiative being R&D, performance measurement relating to 
R&D activities is crucial to ensuring progress towards all outcomes and, ultimately, towards the 
evaluation of the GRDI’s impacts.1 

Within the context of this RMAF, Science-Metrix was mandated to provide performance 
measurements of the research projects supported by the GRDI across the six departments. 
Specifically, the work performed by Science-Metrix will be instrumental in:  

 determining whether or not the GRDI supported outstanding researchers pursuing genomics 
research within the federal government by comparing the scientific performance of successful 
applicants to that of other federal government researchers in genomics (Section 2.1); 

 establishing how well supported researchers compare relative to their Canadian and 
international peers in terms of scientific impact in genomics (Section 2.1); and  

 comparing the scientific production (Section 2.2) and impact (Section 2.3) of GRDI-funded 
scientists while they were receiving funds from the GRDI and while they were not. 

It should be noted that this bibliometric assessment fulfills the requirements, in terms of 
performance measurements, of a small number of the intermediate outcomes identified for the R&D 
component within the RMAF. Moreover, this study was not designed to provide performance 
indicators for the Management, Genomics R&D Capacity, and Outreach components of GRDI. 

                                                            
1 See: http://ghi-igs.nrc-cnrc.gc.ca/grdi_index_e.html. 
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2 Results & Discussion 

As a first step, the current study aimed to assess the GRDI’s success in selecting outstanding 
researchers within the federal government to pursue genomics research and to establish how well 
GRDI-funded scientists perform relative to their Canadian and international peers in terms of 
scientific impact in genomics (Section 2.1). Subsequently, it examined the effect of GRDI funding on 
the performance of supported researchers by comparing their output and scientific impact while 
they were receiving funds from this Initiative and while they were not (performance measurement of 
funded research; Sections 2.2 and 2.3). In the following sections, the term “supported papers” refers 
to scientific articles published by researchers during the period while they were receiving funds from 
the GRDI. These “supported papers” may therefore include, in addition to articles published as a 
result of projects funded by the GRDI, papers authored during the period of GRDI support but 
which received other sources of financial support (see Section 4.2.2 for more details on how papers 
by GRDI-funded scientists were classified as being “supported” or “non-supported”). 

2.1 GRDI-supported researchers compared to federal government, Canadian 
and World Researchers 

Within the natural sciences, new knowledge is mainly disseminated through publication of research 
findings in peer-reviewed papers, which is one of the immediate outcomes identified in the R&D 
component of the GRDI’s RMAF.2 As it is broadly recognized that citation to refereed papers 
generally mirrors a wide adoption of the new knowledge,3 research is considered to have maximum 
impact when scientific articles are widely cited.4 Therefore, an analysis of citation counts to refereed 
papers was performed to assess whether the GRDI supported outstanding genomics researchers 
within the federal government and to establish how GRDI-funded scientists compare relative to 
their Canadian and international peers in the field. 

If the GRDI supported leading researchers among those performing genomics research within the 
federal government, GRDI-funded scientists should have greater scientific impact than other federal 
government researchers, as measured using the Average of Relative Citations (ARC, see Section 4.3). 
Results based on this indicator show that this is indeed the case, as the papers produced by 
GRDI-funded researchers (including supported and non-supported papers) had significantly higher 
scientific impact (ARC of 1.40) than other genomics papers by federal government researchers (ARC 
of 1.05) (Table I). This finding remains true even if only non-supported papers (i.e., papers produced 
by GRDI-supported researchers while they were not receiving funds from the GRDI) are considered 

                                                            
2 See: http://ghi-igs.nrc-cnrc.gc.ca/grdi_index_e.html. 

3 King, J. 1987. A review of bibliometric and other science indicators and their role in research evaluation. 
Journal of Information Science. 13: 261-276. 

4 Archambault, É. & Côté, G. 2008. Better bibliometrics needed for greater accountability of research 
expenditures. Research Money, 22: 8. 
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(data not shown). Thus, the GRDI can be said to have supported researchers who excel within the 
federal government. 

Analysis of the ARC also revealed that the papers produced by GRDI-funded scientists had 
significantly greater scientific impact than the average Canadian or world papers (excluding papers 
produced by GRDI-supported researchers; Table I). In fact, GRDI-funded scientists were cited, 
respectively, 9% and 22% more often than Canadian and world researchers (both categories exclude 
GRDI scientists). The GRDI is therefore supporting researchers who compare favourably, in terms of 
scientific excellence, with the Canadian and world average in genomics. 

Table I Comparison of the scientific impact of genomics papers produced by 
GRDI-funded researchers (including papers authored while receiving and not 
receiving funds from the GRDI) with those of other genomics papers from the 
federal government, Canada and the world, 1996–2005 

Group ARC ARC of GRDI Scientists p -value

Federal government without GRDI scientists 1.05 1.40 <0.01

Canada without GRDI scientists 1.28 1.40 <0.01

World without GRDI scientists 1.15 1.40 <0.01  
Note: Relative citation counts are unreliable at this analytical level for the most recent years (2006 and 2007); 

therefore, papers published in those years were not included in computation of the ARC indicator (see 
Section 4.3). 

Source: Calculated by Science-Metrix using the WoS 

Figure 1 shows that the proportion of the federal government’s scientific output in the field of 
genomics increased from about 6% in 1996 to 9% in 2007 (an increase of three percentage points).  
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Figure 1 Trend in the share of genomics research within the federal government, 
1996–2007 

Source: Calculated by Science-Metrix using the WoS 
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From 2001 (the year when GRDI-supported papers were first counted, see Section 4.2.2) to 2006, the 
proportion of the federal government’s scientific output in the field of genomics was somewhat 
stable, at around 8%. At the Canadian and world levels, the share of genomics research within the 
total scientific output was even more stable from 1996 to 2007, at nearly 8% in both cases (data not 
shown). The federal government has therefore aligned its research intensity in genomics with that of 
Canada and the world. However, this might not have been possible had the GRDI not been created. 
Indeed, when the output of GRDI-funded scientists is removed from the federal government 
scientific production, the increase in the proportion of the federal government’s scientific output in 
the field of genomics is less pronounced (only one percentage point increase from 1996 to 2007). 
Overall, GRDI-funded scientists contributed to 42% of the federal government’s scientific 
production in genomics. 

2.2 Production of GRDI-supported researchers while they were receiving funds 
from GRDI and while they were not 

To assess the effect of the financial support provided trough the GRDI on the scientific production 
of the researchers it supported, the average number of papers produced per funded researcher was 
examined up to eight years prior to receiving support, up to seven years during which support was 
received, and up to three years after support (Figure 2; see Section 4.2.2 for more details). 

For papers classified in genomics, the increase in the average number of papers produced per funded 
researcher appears to be greater for supported than for non-supported papers (Figure 2, green 
triangles). This pattern suggests that GRDI funding has had a positive effect on the production 
volume of the researchers it funded. In fact, for nearly 66% of the researchers, the average number of 
genomics papers per year was greater when they were receiving funds from the GRDI compared to 
when they were not funded by the Initiative. In addition, the difference between the production of 
supported researchers while they were funded by the GRDI and while they were not is significant 
(two-sample paired [Wilcoxon] signed rank test; data not shown). 

If the GRDI supported a number of young and promising researchers (i.e., researchers whose 
scientific production usually exhibits exponential growth early in their career), this pattern might 
have been observed for the same group of researchers even in the absence of GRDI support. In order 
to examine this possibility, non-supported papers were tagged as being published before or after the 
period of support. A decrease in GRDI-funded researchers’ production following the period of 
support would provide substantive evidence of the GRDI’s positive impact on the production of the 
researchers it funded. This is exactly what is observed in Figure 2. 

Given the relatively long period during which researchers could receive GRDI support, classifying 
papers as being published before or after the period of support was only possible up to two years 
after the period of support for 25 researchers and up to three years after the period of support for 9 
researchers (see Section 4.2.2). Data for the period after support (A1 to A3) should be interpreted 
cautiously since the small sample size for this period resulted in important inter-annual variations in 
the average number of papers produced per funded researcher; these variations are masked by the 
use of a two-year moving average in Figure 2. As more data on the period after support become 
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available in the years to come, it will be possible to confirm the apparent decline in the production of 
funded researchers following the period of support and thus strengthen the conclusion that the 
GRDI had a positive impact on the production of the researchers it supported. 
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Figure 2 Trends in the number of published papers per GRDI-funded scientist, up to 8 
years prior to receiving support, up to 7 years with support and up to 3 years 
after support, 1996–2007 

Note: Letters on the x-axis refer to one of three period (P = prior to receiving support, S = with support, A = 
after support). In the legend, ns = papers authored while not receiving support from the GRDI and s = 
papers authored while receiving support from the GRDI (these papers might include papers authored 
with other sources of financing). 

Source: Calculated by Science-Metrix using the WoS 

When the portion of papers by GRDI-funded scientists that is not classified within Science-Metrix’s 
genomics dataset is examined, there is still a trend shift between non-supported and supported 
papers (i.e., the slope for the period during which support was received appears stronger than for the 
period preceding support) but it is less pronounced (Figure 2, blue squares). Since the portion of 
their scientific production that is not classified in genomics contains some false negatives (i.e., 
genomics papers that were not classified in genomics using keyword searches limited to the titles of 
papers), this pattern does not necessarily indicate that the GRDI has increased the production of the 
researchers it supported in areas other than genomics; i.e., the pattern might be explained by those 
false negatives. 
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The results of the bibliometric analysis also provide evidence that GRDI-supported researchers are 
increasingly involved in genomics research, with the percentage of their production classified in this 
field (based on Science-Metrix’ genomics dataset) having increased from 30% eight years prior to 
receiving support from the GRDI to 55% after seven years with support (Figure 3). There also seems 
to be a shift in the trendline between non-supported and supported papers, suggesting that the 
concentration of researchers’ output in genomics might have increased at a higher pace with support 
from the GRDI. Moreover, there is a significantly greater proportion of genomics papers among 
supported papers (43%) than among non-supported papers (34%) and the concentration of output in 
genomics decreased in the period following support (Figure 3).  
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Figure 3 Trend in the percentage of papers classified in genomics for GRDI-funded 
researchers, up to 8 years prior to receiving support, up to 7 years with 
support and up to 3 years after support, 1996–2007 

Note: Letters on the x-axis refer to one of three period (P = prior to receiving support, S = with support, A = 
after support). 

Source: Calculated by Science-Metrix using the WoS 

However, the shift in the trendline between supported and non-supported papers is not as 
pronounced when inter-annual variations are not masked by the use of a two-year moving average. 
Moreover, as stated previously, the sample size in the period after support is quite small, leading to 
important yearly fluctuations (data not shown). As such, this pattern should be considered as 
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preliminary evidence that the concentration of researchers’ output in genomics increased at a higher 
pace as a result of GRDI funding. As more data on the period after support become available in the 
future, it will be possible to conclude more strongly what role GRDI funding might have played in 
increasing the proportion of genomics papers in the scientific output in genomics of the researchers 
it supported. 

2.3 Scientific impact of GRDI-supported researchers while they were receiving 
funds from GRDI and while they were not 

To assess the effect of the financial support provided trough the GRDI on the scientific impact (a 
common proxy of scientific excellence) of the researchers it supported, the ARC of papers authored 
while not receiving support from the GRDI (i.e., non-supported papers) was compared with that of 
papers authored while receiving support (i.e., supported papers; these might include papers authored 
with other sources of financing, see Section 4.2.2); no significant difference was found between the 
ARC of supported and non-supported papers (Table II). 

Table II Scientific impact of GRDI-funded researchers' genomics papers, 1996–2005 

Genomics papers ARC

Authored while not receiving support from GRDI 1.36
Authored while receiving support from GRDI 1.41

p -value NS  
Note: Relative citation counts are unreliable at this analytical level for the most recent years (2006 and 2007); 

therefore, papers published in those years were not included in computation of the ARC indicator (see 
Section 4.3). 

Source: Calculated by Science-Metrix using the WoS 

In fact, the proportion of supported and non-supported papers within quartiles of the citation 
distribution of world genomics papers and within the 5% most cited genomics papers in the world 
are not statistically different (Table III). This means that landmark papers (i.e., highly cited papers) 
do not occur more frequently among supported papers than among non-supported papers.  

Table III Proportion of GRDI-funded researchers' genomics papers within quartiles of 
the citation distribution of world genomics papers and within the 5% most 
cited genomics papers in the world, 1996–2005 

Percentile interval Non-supported Supported Non-supported Supported Z-test for two proportions

0-25 69 67 14% 13% NS
25-50 130 129 26% 25% NS
50-75 147 146 29% 29% NS
75-100 156 164 31% 32% NS
5% most cited 34 32 7% 6% NS

0-100 502 506 100% 100% NA

No. of papers % of papers

 
Note: Papers published in 2006 and 2007 were not included in calculating relative citation counts (see 

Section 4.3). 
Source: Calculated by Science-Metrix using the WoS 
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3 Conclusion 

This study aimed to provide quantitative data in support of the collection of performance 
measurements for the R&D component of the Genomics R&D Initiative (GRDI) as identified in its 
Results-based Management and Accountability Framework (RMAF).5 More specifically, performance 
measurements regarding the production and sharing of new scientific knowledge in genomics, 
identified as an immediate outcome in the RMAF and measured in terms of the number of refereed 
papers in journals and conference proceedings, are presented and discussed. In addition, 
performance measurements regarding the scientific impact of the knowledge produced, although 
not considered in the RMAF, are also examined using bibliometric methods. 

By comparing the scientific impact of GRDI-supported researchers to that of the average federal 
government researcher (excluding GRDI-funded scientists) in genomics, Science-Metrix established 
strong evidence that the GRDI supported researchers who stand out in terms of scientific excellence 
within the federal government. The bibliometric analysis also showed that the GRDI is supporting 
researchers who compare favourably relative to their national and international peers: these 
researchers published papers that are more cited than the Canadian and world averages (excluding 
GRDI-funded scientists) in genomics. 

Overall, the funding provided through the GRDI seems to have had a positive effect on the 
intramural research capacity of the federal government in genomics, which is the core objective of 
the GRDI:5  

[…] the intended goal of the Initiative is to build capacity inside government laboratories to do 
research related to genome sciences in order to support the achievement of departmental mandates, 
strengthen the regulatory system and bring the benefits of revolutionary advances in research and 
technology to a variety of Canadian industry sectors and regions. 

The bibliometric analysis of the scientific production in genomics revealed that the federal 
government has aligned its research intensity in the field with those of Canada and the world since 
the creation of the GRDI in 1999. The data also suggest that this alignment might not have been 
possible in the absence of the GRDI. Indeed, when the output of GRDI-funded scientists is removed 
from the federal government scientific production, the increase in the proportion of the federal 
government’s scientific output in the field of genomics is less pronounced than when their output is 
retained. 

Furthermore, the average number of genomics papers produced per GRDI-funded researcher 
increased at a greater pace during the period of support compared to the preceding period. The 
production of genomics papers actually increased for nearly 66% of the researchers with GRDI-
support; their production while they were not funded by the Initiative is statistically different from 
when they were receiving financial support from it. If the GRDI supported a number of young and 
promising researchers (whose scientific production usually exhibits exponential growth early in their 

                                                            
5 See: http://ghi-igs.nrc-cnrc.gc.ca/grdi_index_e.html. 
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career), this pattern might have been observed for the same group of researchers even if the GRDI 
had not been established. However, the decrease observed in the average number of genomics papers 
produced per researcher once GRDI funding ceased provides substantive evidence of the GRDI’s 
positive impact on the production of the researchers it funded. Care should be taken in interpreting 
the results for the period after support since the small sample size for this period resulted in 
important inter-annual variations in the average number of papers produced per funded researcher. 

In terms of scientific impact, as measured using citation counts to genomics papers (a common 
proxy of scientific excellence), no significant difference was found between the papers authored by 
GRDI-funded researchers while they were not receiving support from the GRDI and those authored 
with financial support from the Initiative. Nevertheless, the GRDI funds outstanding researchers 
within the federal government whose scientific impact is above both the Canadian and world 
averages. It should also be noted that increasing the scientific excellence of genomics research is not 
a stated objective of the Initiative. 

As additional data on supported papers and non-supported papers published after the period of 
support become available in the coming years, it will be possible to assess more precisely the effect of 
the GRDI on the scientific performance of the researchers it supported and to confirm the 
preliminary evidence of its positive effect that was revealed by this bibliometric assessment. For 
example, confirming the decline in the production of funded researchers after the period of support 
and/or detecting a decrease in the scientific impact of their papers after their period of 
GRDI-funding would provide strong evidence in support of the Initiative’s positive effect towards 
achieving its ultimate goal—which is to increase the government’s capacity to perform genomics 
research to enhance the quality of life in terms of health, safety, environment, and social and 
economic development of Canadians. 
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4 Methods 

The selection of the bibliographic database for the constitution of the datasets is discussed in 
Section 4.1. These datasets were used to produce reliable indicators of scientific production for 
GRDI-funded researchers; Section 4.2 addresses the construction of these datasets. Finally, Section 
4.3 presents the bibliometric indicators used to quantify scientific outputs and  Section 4.4 describes 
the statistical analysis performed on bibliometric indicators. 

4.1 Database 

Access to a database containing the most complete bibliographic information on scientific serials 
published worldwide is essential for the gathering of bibliometric data. In this study, Thomson 
Reuters’ Web of Science (WoS), which includes three databases (the Science Citation Index Expanded™ 
[SCI Expanded], the Social Sciences Citation Index™, and the Arts & Humanities Citation Index™) covering 
the complete spectrum of scientific fields (e.g., natural sciences and engineering [NSE], social 
sciences and humanities [SSH]), was used to produce statistics on the scientific production of 
GRDI-supported researchers. 

The WoS was chosen because it indexes some 9,000 of the world’s most cited refereed journals (i.e. 
about 1,500,000 peer-reviewed scientific documents each year), which are generally regarded by the 
scientific community as the most renowned and reliable journals available in their respective fields. 
Furthermore, unlike Medline, the WoS lists the cited references of each document it includes (e.g., 
articles, chapters published in journals or book series). This permits the analysis of the scientific 
impact of publications based on citation counts.6 

Although the WoS lists several types of documents, only articles, research notes, and review articles 
were retained in the production of the bibliometric indicators, as these are considered to be the main 
types of documents through which new knowledge is disseminated in the NSE. In addition, these 
documents have been subject to peer review prior to being accepted for publication, ensuring that 
the research is of good quality and constitutes an original and robust contribution to scientific 
knowledge. In this report, articles, notes, and reviews are collectively referred to as “papers”. 

4.2 Constitution of datasets 

This section details how the genomics dataset (Section 4.2.1) and the dataset of GRDI-funded 
scientists (Section 4.2.2) were produced. 

4.2.1 Constitution of the genomics dataset 

The genomics dataset was constructed by querying genome-specific keywords in the titles of papers 
indexed in the WoS. The keyword set for the query was originally defined in 1999 by experts 

                                                            
6 See: http://scientific.thomsonreuters.com/free/essays/journalcitationreports/impactfactor. 
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appointed by Genome Canada and by Science-Metrix analysts. This keyword set was extensively 
revised (in 2000 and again in 2003) to remove as many false positives as possible and to achieve 
maximum coverage. The resulting datasets comprise papers in core and peripheral genomics (such as 
papers in molecular biology that touch upon genome research). Some keywords were used only 
within the boundary of genomics (e.g., the term “sequenc*” can apply, for instance, to mathematics; 
therefore, these papers were excluded). The resulting keyword set is listed below (the * represents a 
wildcard character, which means that any word starting with the letters preceding the * were 
included). 

 

4.2.2 Constitution of the dataset of GRDI-funded scientists 

A bibliometric dataset for an institution is usually built by retrieving papers in which the name of 
the institution is found in the authors’ address. Because the GRDI is an initiative of the NRC that 
supports federal research in genomics as opposed to a research institute per se, its name is not 
expected to be found in the address field of papers published by the researchers it supports. This 
makes it virtually impossible to precisely identify those papers that were produced with financial 
support from the GRDI. As a result, to build a dataset of papers supported by the GRDI, a 
publication portfolio was built for each of the researchers who received funding from the GRDI. 

To build the dataset, Science-Metrix first obtained a listing, provided by the NRC, of 229 researchers 
who were awarded grants to pursue genomics projects in Phase I (1999–2002), Phase II (2002–2005), 
Phase III (2005–2008) and/or Phase IV (2008–2011) of the GRDI. 

The names of these researchers were then used in an automatic query that retrieved their 
WoS-indexed scientific output. Before executing the automatic retrieval of the researchers’ papers, 
the names as they appear in NRC’s list were transformed to match the format of author names in the 
WoS. Author names in the WoS do not include authors’ first names, only their initials. For example, 
“John W. Smith” is transformed into “Smith-JW”, as well as “Smith-J”. The latter form ensures that 
publications for which the middle name (or its initial) is omitted are retrieved. Subsequently, the 
formatted names are queried against the database to retrieve, for each researcher, all of the papers 
bearing his/her name as an author between 1996 and 2007.  

The search was first limited to papers bearing a Canadian address to minimize the occurrence of 
false positives (i.e., papers belonging to another researcher with the same surname and initials) 
resulting from homographs in researchers’ names. However, to ensure that all papers by an author 

2-hybrid Genom* Mutation Proteom*
Allel* Genot* Nucleic acid QTL
Antisense Haplotyp* Nucleosid Radiation hybrid map
Autosom* Intron Nucleotid* Recombinant
Biochip Linkage map PCR Restriction map
Candidate region Loci Physical map RNA (mRNA, RNAi, etc.)
Chromoso* Locus Plasmid* Sequenc*
Cloning Meiosis Ploidy SNP
DNA (cDNA, anti-DNA, etc.) Meiotic PNA Transcript*
Exon Microsatellite Polymerase Transgen*
Expressed Minisatellite Post-translation YAC
Genetic* Molecular characterization
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were retrieved, additional searches were performed against the database focusing on the institutions 
and countries visited by the researchers, as revealed by their educational and professional 
backgrounds. Nevertheless, these queries inevitably overestimated the number of publications in 
many paper portfolios, especially for researchers with a common surname (e.g., Smith). Since there is 
no a priori regarding which researchers will be overestimated and which will not, the papers that are 
retrieved automatically must be validated manually for each researcher to remove false positives. 

In so doing, careful attention was paid to the disciplines and specific topics of papers belonging to a 
publication portfolio. Several questions arise when analysing whether or not a set of papers belong 
to a given researcher (e.g., Are those papers consistent with respect to the discipline of the researcher 
as revealed by his/her departmental affiliation? Is the scope of those papers broader than the 
products of only one individual researcher?). For example, the attribution of an engineering paper to 
a biologist or a physics paper to an historian would be seriously questioned. However, given the 
commonness of multidisciplinarity in science, it is not sufficient to rely mechanistically on 
departmental affiliations of researchers to validate the publications of their portfolio; a philosopher 
may publish articles dealing with medical ethics in clinical medicine journals, and an engineer may 
collaborate on papers dealing with environmental problems published in biology or earth sciences 
journals. The institutional addresses may provide additional clues, since they often include the 
authors’ departments (although these are not harmonized in the WoS). 

In cases where the previous actions failed to determine whether a paper is part of a researcher’s 
portfolio, the publication was downloaded when it was electronically available through libraries or 
open access. The signatures on the originating paper often provide a link between each author’s 
name and his or her institutional address (including departmental affiliation), which normally 
allows one to unambiguously identify false positives. Altogether, manual cleaning of publication 
portfolios is a time- and resource-consuming process requiring careful attention. Nonetheless, it is 
currently the only way to guarantee that results are sufficiently robust to evaluate important 
questions, such as the impact of funding on specific groups of researchers.  

In addition to false positives, false negatives, or papers authored by a researcher that were not 
retrieved by the automatic query, are a concern. These “absent papers” reflect the fact that the WoS 
only covers a fraction of all work published worldwide by researchers. For example, journals of 
national interest, books, and various official publications that are generally referred to as “grey 
literature” (including minutes from conferences and symposiums, research reports, and in-house 
journals) are not indexed in Thomson Reuters’s scientific databases. Therefore, the publications in 
the WoS do not encompass the entire CV of researchers supported by the GRDI. Nevertheless, the 
WoS indexes the portion of their publications that is the most visible and the most frequently cited 
by the scientific community. 

For the comparison of GRDI-funded scientists with other researchers from the federal government, 
Canada and the world, all 229 researchers were considered. For the comparison of GRDI-funded 
scientists’ papers authored while not receiving GRDI support with those authored while receiving 
support, 141 of the 229 researchers (62%) were selected based on the period during which they 
received financial support to allow for the occurrence of supported papers. The following researchers 
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were excluded for this analysis: 19 researchers had no papers in the WoS for the 1996–2007 period, 
25 (funded in Phase IV) had not yet received support in 2007 and 47 (funded in Phase III) only had a 
one-year period (2007) during which supported papers could have been counted (see the description 
of supported papers, below).  

As the focus of the current study is on genomics, most of the analyses were performed only on the 
portion of papers by GRDI-funded researchers that intersect with the genomics dataset, thereby 
removing about 60% of the production of these researchers. Within the portion of their scientific 
production not classified in genomics are papers not related to the field and false negatives (i.e., 
genomics papers that were not classified in genomics using keyword searches limited to the titles of 
papers). These false negatives do not create biases in the analysis, as they occur at the same frequency 
within supported and non-supported papers (estimated based on a random sampling of 30 
supported and 30 non-supported papers outside of the genomics dataset; Z-test for two proportions; 
data not shown). 

Supported and non-supported papers 

Papers were considered to be “supported” if they were published in the period starting two years after 
the first year of financial support and ending two years after the last year of financial support. As 
such, researchers funded in Phase IV (2008–2011) would not be included, as only papers published 
between 2010 and 2013 would be considered supported, and the study covers only papers published 
between 1996 and 2007. Papers published between 1996 and 2007 but which fall outside the period 
during which papers are considered as being supported constitute the “non-supported papers” 
subset. Given the method used to classify papers, “supported papers” may include, in addition to 
articles published with support from the GRDI, papers authored during the period of GRDI support 
but with other financial resources. 

To maximize the sensitivity of the analysis, non-supported papers were tagged as being published 
before or after the period of support. Given the relatively long period during which researchers could 
receive GRDI support, tagging papers as being published after the period of support was only 
possible up to two years after the period of support for 25 researchers and up to three years after the 
period of support for 9 researchers. As such, data for the period after support should be interpreted 
cautiously since inter-annual variations might be important given the small sample size in this 
period. In the future, more data will be available on this period. Non-supported papers before the 
period of support were found and tagged as such for all 141 researchers. 

To measure trends in the average production of GRDI-funded researchers (i.e., average number of 
papers per researcher per year) before, during and after the period of support, the papers were 
reclassified based on the number of years before support, during support and after support; year S1 
corresponds to the first year for which papers are considered to be supported. This allowed data 
from researchers supported in different phases of the Initiative (i.e., covering different years) to be 
pooled. For example, a 2003 paper was tagged as supported for a researcher funded between 1999 
and 2002 but was tagged as non-supported for a researcher funded between 2002 and 2005. In the 
first case, the paper is reclassified as year S3 (third year with support) whereas in the second case it is 
reclassified as year P1 (one year prior to support). Given the period covered by the study (1996–2007) 
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and the time covered by the GRDI phases, the trends were examined for up to 8 years prior to 
receiving support (P8), up to 7 years with support (S7), and up to 3 years after support (A3). For each 
researcher, the range of reclassified years (i.e., between P8 and A3) during which they could have 
published papers, based on the years of their GRDI awards, was determined. This was used to 
calculate the average number of papers per researcher per reclassified year. 

4.3 Bibliometric Indicators 

Using researcher portfolios built using the aforementioned methods as well as papers examined at 
the world, country, and federal government levels, the following indicators were calculated: 

Number of publications: A count of the number of scientific papers written by authors associated 
with a funding initiative or an organization (i.e., GRDI, federal government) based on author names, 
or those associated with a country based on author addresses. 

Average of Relative Citations (ARC): This is an indicator of the observed scientific impact of papers 
produced by a given entity (e.g., a country, a specific set of papers, a researcher) that considers 
citations in papers published in peer-reviewed journals. The total number of citations received for 
each paper was counted such that the citation window differs for papers published in different years 
(i.e., a 1996 paper accumulated citations over 12 years, whereas a 2005 paper accumulated citations 
over 3 years). Moreover, citation patterns vary across fields and subfields of science (e.g., there are 
more citations in biomedical research than mathematics); the classification of papers by subfield is 
based on the journal classification of the US National Science Foundation.7 To account for the 
variation in the citation windows of papers and for the variation in citation patterns between 
subfields, the citation count of a paper in a given subfield is divided by the average count of all 
papers (within the WoS) published the same year in its subfield, to obtain a relative citation count 
(RC). The ARC of a given entity is the average of the RC of papers belonging to it. 

In general, health research papers reach their citation peak (the year in which they receive the most 
citations) about two to three years after publication.8 Therefore, many articles published in 2006 and 
2007 will not yet have reached their citation peak, leading to misleading citation scores by subfield 
and year (i.e., their ARC for articles published in 2006 or 2007 might be biased downward). Because 
of this, their inclusion can render the ARC indicator unreliable when used at a ‘micro’ level (i.e., for 
small groups of researchers). As such, only papers published between 1996 and 2005 were included 
when computing the ARC indicator. 

Number of most cited papers: The number of papers that are in the 5% of papers with the highest 
RC (see above definition in the ARC’s description), for a given an entity. 

                                                            
7 See: http://www.nsf.gov/statistics/seind06/. 

8 See: http://www.in-cites.com/ESI_Product_Info/1-HotPapers.htm. 
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4.4 Statistical Analyses 

To establish whether there were significant differences between various entities in terms of scientific 
production and scientific impact, a series of statistical tests were performed in SPSS. For each 
statistical test, the difference was considered to be significant at p < 0.05. 

Because data on scientific production and scientific impact are not normally distributed, 
non-parametric tests were used. Here is a list of null hypotheses that were tested for significance. 
Except when specified otherwise (in brackets), the Mann-Whitney U test was used: 

 Ho = The ARC of genomics papers authored by researchers who were supported by the GRDI 
(including supported and non-supported papers) is not significantly different from the ARC of 
the federal government’s genomics papers (excluding papers by GRDI researchers); 

 Ho = The ARC of genomics papers authored by researchers who were supported by the GRDI 
(including supported and non-supported papers) is not significantly different from the ARC of 
Canada’s genomics papers (excluding papers by GRDI researchers); 

 Ho = The ARC of genomics papers authored by researchers who were supported by the GRDI 
(including supported and non-supported papers) is not significantly different from the ARC of 
world genomics papers (excluding papers by GRDI researchers); 

 Ho = The yearly production of genomics papers produced by GRDI-supported researchers while 
they were receiving funds from the agency is not significantly different from when they were not 
funded [Wilcoxon signed rank test for two related samples]; 

 Ho = The ARC of GRDI-supported papers is not significantly different from the ARC of 
non-supported papers in genomics; 

 Ho = The proportion of genomics papers that are in the 5% most cited genomics papers in the 
WoS is not significantly different between supported and non-supported papers [Z-test for two 
proportions]. The same hypothesis was tested for each quartile of the citation distribution of 
world genomics papers. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  




