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for research to translate from bench to bedside, on reviewing the Information System for 
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patents).   
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Executive summary 

This memo describes the feasibility of using data from Alberta Innovate Health Solutions 
(AIHS) to study time lags between research expenditure and the eventual health benefits.  
Our key finding is that existing data do not form a sufficient basis for an empirical study of 
time lags. A large scale data matching and/or collection exercise would be required. 

The correct unit of analysis to examine time lags is the grant 

Because examining time lags necessarily involves looking the time delay between different 
activities and events, we need to analyse events with relatively short time spans – hence we 
need to focus on grants and not individual careers. 

The ISHTAR data set does not capture the necessary data to examine lags without 
external data sources 

We found that the ISHTAR data base is limited: 

 research publications – probably the main research output - are not captured 
 patent information is effectively absent – it is only available for 4 years out of 

the 30 years covered in the database. Even this data does not appear to be 
complete or consistently recorded. 

 medical subject headings (MeSH) in the database are linked to individuals, 
not to grants  

Identifying links between research events (grants, papers, and patents) is a vital step 
towards studying time lags, as the links allow us to trace the development of research ideas. 
Unfortunately, these links are virtually absent from the ISHTAR database – only a small 
number of grant-patent links are recorded.  

Additional data on research outputs/outcomes is available in external databases, 
but is hard to link to the grants in the ISHTAR database 

External databases such as ISI web of knowledge and the United States Patent and 
Trademark Office (USPTO)  can provide paper-to-paper, patent-to-paper and patent-to-
patent linkages. However, the ISHTAR database does not provide the information to 
easily link papers and patents identified in these databases to specific grants.  

Citation databases contain information in linking some papers to funders through ‘funding 
acknowledgements’ however in the case of AIHS these acknowledgements do not normally 
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mention specific grant numbers. Because ISHTAR database provides MeSH headings for 
researchers, and not grants, this information cannot be used to help link papers to grants. 

Recommendations for prospective data collection 

We recommend the AIHS do the following: 

 AIHS should ensure that grant recipients cite grant IDs in funding 
acknowledgements 

 AlHS should also collect information about what papers arose from each grant 
directly from grant recipients 

 AIHS should collect information on patents that arise from grants directly from 
grant recipients 

Recommendations for retrospective data improvement 

AIHS should explore methods of improving their retrospective data set linking grants to 
papers, patents and other impacts. It would also be helpful if grants could be linked to 
follow on grants. Two possible approaches are: 

 Web based survey of previous grant recipients – possibly providing a list of their 
papers/patents/grants and asking them to link them. 

 Use of text/data mining techniques to link grants, papers and patents – this would 
need to be tested against matching by researchers. 

Sources of data that might allow downstream impacts to be added to the dataset should 
also be investigated. These might include citations on clinical guidelines and information 
about patent licensing and exploitation.  

Development of visualisations was hampered by lack of data 

Because of data limitations, we were forced to carry out the proof of concept analysis on 
only one researcher, and make a number of strong assumptions to allow us to link data at 
the grant level.  Our key conclusion is that in order to effectively explore visualisation 
techniques that would be appropriate, and informative, for use with a large dataset, we 
need a large dataset to test them on. For small datasets it is possible to produce layouts by 
hand; however, this would not be feasible for large datasets. 

However by working with our small data set we concluded that we would be likely to need 
a mathematical algorithm which optimizes the graphical layout by varying the vertical 
positions of the research events while keeping the horizontal positions constrained to a 
timeline.  So far we have not been able to identify an existing software with such an 
algorithm. 
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CHAPTER 1 Introduction 

As with many research funders in the biomedical and health sector, Alberta Innovates 
Health Solutions (AIHS) wishes to optimize the time it takes for research to translate from 
bench to bedside.  This makes sense.  We know from recent work that the shorter the time 
lag, the greater the rate of return1. However there remain many unanswered questions2 
including: how do you define a time lag? How do you measure time lags? How do you 
reduce time lags? The purpose of the current project is to undertake a feasibility study to 
examine whether it is possible, using AIHS data, to address these three questions. 

The main objective was to examine the AIHS dataset to identify fields that are either time-
tagged, or could be time-tagged by either ‘data mashing’ from other sources (such as 
bibliometric or patent databases) or collected through simple survey instruments.  
Depending on the outcome of this stage we will be able to apply an empirical basis to our 
ongoing work to conceptualise time lags (funded by the UK Department of Health) and 
make recommendations to AIHS on future data capture. If appropriate data exists, we will 
be able to measure some time lags and, most importantly, capture the variation in those 
time lags.  The ultimate outcome would be to create a data set that defines and measures 
various time lags, to compare scientific advances that were in the lower and upper quartile 
in terms of the time lag and to examine whether there are factors associated with 
accelerated translation.   

This is an ambitious undertaking and we therefore agreed with AIHS to take a modular 
approach, hence we undertook this feasibility study.   

The following chapter summarises the findings from this feasibility study.  It will cover (i) 
our review of the ISHTAR database, and (ii) the development of an approach to capture 
the time-lagged relationships. This will be followed by a conclusion chapter discussing our 
recommendations on further research. 

                                                      
1 Health Economics Research Group, Office of Health Economics, RAND Europe. (2008) Medical Research: 
What’s it worth? Estimating the economic benefits from medical research in the UK. London: UK Evaluation 
Forum.  

2 Morris, Z., Wooding, S., Grant, J. (forthcoming) If 17 is the answer, what is the question? Understanding 
time lags in translational research and why it matters. 
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CHAPTER 2 Developing an approach to understand 
time lags 

2.1 A review of the Information System for Health, Technology And Research 
(ISHTAR) database 

The Information System for Health, Technology And Research (ISHTAR) database, 
maintained by the AIHS, is a large repository of information about grants, grant 
applications and researchers, with data going back as far as 1979.  It contains information 
about 26,000+ researchers and approximately 14,000+ successful grant applications. 
Following an initial review of the ISHTAR database, it became apparent that the database 
lacks information on research impacts, so we focussed our review on key research events, 
i.e. patents, publications and grants. Our main observations are: 

 Patent information is available but sparse, as it was only collected during the brief 
period of 97/98 – 00/01. This means it will be necessary to pull in additional 
patent information from external sources. 

 Research publications are not captured. The publications recorded in the database 
are only annual reports, newsletters, media work, or other corporate documents. 
This means it will be necessary to pull in additional publication information from 
external sources. 

 Medical Subject Headings (MeSH) in the database are linked to individuals, but 
not directly linked to grants. This means they cannot be directly used to establish 
linkages between patents, publications and grants (at least not very easily without 
employing “text mining” techniques).   

 The ISHTAR database provides information on the direct link between patents 
and grants. This piece of information will be used in subsequent analysis. 

With regard to the lack of impact variables, in a telephone call between AIHS and RAND 
Europe on 25 Jan 2011, we learned that additional data specifically related to the Payback 
Framework3 4 have been collected for around 200 researchers. AIHS will supply the 

                                                      
3 Buxton M. and S. Hanney. “How can payback from health services search be assessed?” Journal of Health 
Services Research and Policy, 1 (1996): 35-43. 

4 Wooding, S., S. Hanney, A. Pollitt, M. Buxton and J. Grant. “Project Retrosight: Understanding the returns 
from cardiovascular and stroke research: The Policy Report”. Santa Monica, CA: RAND Corporation, 2011. 
Available at: http://www.rand.org/pubs/monographs/MG1079. [Accessed on: 14 March 2011] 

http://www.rand.org/pubs/monographs/MG1079
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Payback data to RAND Europe for review, provided that permission from the privacy 
office can be obtained. 

2.2 An approach to understand time-lagged research events 

In order to gain an appreciation of the complex, time-lagged linkages between grants, 
papers and patents, the following analysis was undertaken at the level of an individual 
researcher. Our approach involved tracing an individual’s progression through the 
ISHTAR system, as well as adding information from external sources with the aim of 
populating a three dimensional matrix of grants, papers and patents. 

This three dimensional matrix can be broken down into six two-dimensional tables, three 
of which capture inter-connectedness (the grant-patent space, the patent-paper space, and 
paper-grant space), and three of which capture intra-connectedness (the grant-grant space, 
the paper-paper space, and the patent-patent space). These are illustrated in Figure 1. An 
“X” is used to indicate where a connection (e.g. where a paper is cited in a patent or a 
funding agency is acknowledged in a paper as the funding source) is found. 

Figure 1. Three dimensional matrix of grants, papers and patents 

Grant-patent space Patent-paper space Paper-grant space 

Grant1 Grant2 ... 

Patent1 

Patent2 

Patent3 

Patent4 X 
... 

 

Patent1 Patent2 ... 

Paper1 

Paper2 X 

Paper3 X X 

Paper4 

... 

Grant1 Grant2 ... 

Paper1 X 

Paper2 

Paper3 

Paper4 X 

... 

 

Grant-grant space Patent-patent space Paper-paper space 

Grant1 Grant2 ... 

Patent1 

Patent2 

Patent3 

Patent4 X 

... 

 

Patent1 Patent2 ... 

Paper1 

Paper2 X 

Paper3 X X 

Paper4 

... 

Grant1 Grant2 ... 

Paper1 X 

Paper2 

Paper3 

Paper4 X 

... 

 

2.2.1 External sources 

Some of the information about connectivity was extracted from the ISHTAR database, 
while some was collected from external sources. These sources are listed in Table 1. There 
are, of course, limitations to the data collected. A key piece of missing information is grant-
to-paper links. Although citation databases contain helpful information in linking papers 
to funders, the connections to specific grants are not always available. Other limitations are 
explained in the rightmost column in the same table.     
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Table 1: Sources of information about linkages 

 Sources of information about 
linkages 

Remarks/caveats 

Grant-patent space Available from ISHTAR Only collected during the 
brief period of 97/98 – 
00/01. 

Paper-grant space Information about funding 
agencies is available from 
the ISI web of knowledge 
and/or PubMed. We used 
information from ISI web of 
knowledge in this work. 

This information does not link 
papers to grants directly, only 
paper-to-funders. As a rule, 
we assigned papers to grant 
with the most recent date. 

Only available from 1998 in 
the citation database 
(although information for 
earlier papers can be 
obtained through searching 
within the actual papers). 

Patent-paper space Papers cited can be found in 
patent documents, from 
Google patent and/or United 
States Patent and Trademark 
Office (USPTO). Since 
Google patent only have 
information about US patents 
at the present time, we drew 
on USPTO directly in this 
work. 

This relationship goes the 
other way as well, as patents 
are sometimes also cited in 
papers. Information about 
citation is available from the 
ISI web of knowledge (the 
same source is used to 
populate the paper-paper 
space). 

In the future, if Google patent 
is extended to cover more 
countries, it would be the 
preferred source. 

There are also subscription 
databases, e.g. Derwent, if 
we have any reason to 
believe that the coverage of 
Google patent is not 
comprehensive enough. 

Grant-grant space Grants held by the same 
individuals can be observed 
in the ISHTAR database. 

The same individual 
sometimes can have multiple 
areas of research. Therefore, 
a semantic search of grant 
titles or abstracts needs to be 
performed to confirm the 
linkage. 

 

Because this feasibility study 
considers a single researcher 
only, by examining all her 
grant titles we could see that 
they are all on the same 
subject. Thus, all her grants 
are considered related.  
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 Sources of information about 
linkages 

Remarks/caveats 

Paper-paper space Information about citation is 
available from the ISI web of 
knowledge and/or PubMed. 
We used information from ISI 
web of knowledge in this 
work. 

Data available from 19805. 

 

Without downloading the full 
paper, we can observe a self-
citation only if the paper 
cited is first-authored by the 
researcher. 

Patent-patent space Same source as the patent-
paper space, i.e. USPTO. 

2.2.2 Profile of the study subject 
Person 182 is chosen to be our subject. This researcher was randomly selected from the list 
of people who hold at least one patent in the ISHTAR database. A brief profile of Person 
182 is given in Box 1. From Box 1, we can see that this researcher’s work has a high 
citation impact, therefore, we believe studying her in detail will allow us to look at many of 
the convoluted linkages between key research events. Person 182 will remain anonymous 
in this report, but for brevity in reporting, we refer to Person 182 as she. 

Among her 5 grants, 64 papers and 5 patents, we were able to identify 230 links from the 
various sources listed previously. These observable links are predominately paper-to-paper 
(over 80%), identified in ISI Web of Knowledge. 

                                                      
5 The ISI Web of Knowledge draws on the following sources: 

 Science Citation Index Expanded (SCI-EXPANDED) --1980-present  
 Social Sciences Citation Index (SSCI) --1980-present  
 Arts & Humanities Citation Index (A&HCI) --1980-present  
 Conference Proceedings Citation Index- Science (CPCI-S) --1990-present  
 Conference Proceedings Citation Index- Social Science & Humanities (CPCI-SSH) --1990-present  

 



 

5 

Box 1: Profile of study subject, Person 182 

Received Bachelor’s in 1971 and PhD in 1975 

Number of AIHS grants: 5  

Number of papers: 63 in ISI Web of Knowledge (26 of which are first-authored by her) + a 1977 
paper first-authored by her found in Science Direct 

Number of patents: 5 in the USPTO, while ISHTAR recorded only 36 in the US 

Number of links identified: 230 (see below for the number of links by type) 

Type of linkages Count Percentage 

Grant-to-Patent 3 1% 

Grant-to-Paper 29 13% 

Patent-to-Patent 1 0% 

Patent-to-Paper 3 1% 

Paper-to-Paper 187 81% 

Paper-to-Patent 7 3% 

Total 230 100% 

Note: Information was collected on 03 March 2011, covering a 29-year period of 1981 to 2010 

Insight into the citation impacts of Person 182 is gained through a brief analysis of her 
papers. In Figure 2, we aggregate the number of citations by year. The number of times 
cited by her and the number of times cited by others are shown separately. The proportion 
of self-citation is shown as a percentage on top of the bar. Person 182’s most cited papers 
were published in 1993, although half of the citations were self-citation.  Her most 
influential period actually spans between 1988 and 1998. 

                                                      
6 In ISHTAR, a fourth patent, an Australian patent, was also recorded. However, we found on IP Australia’s 
website that this patent application is ceased. 
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Figure 2: Time cited and self-citation ratio 
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Note: Because we do not have perfect information on paper-to-paper linkages from the ISI Web of 
Knowledge database, we limit the analysis in Figure 3 to papers that are first-
authored by her 

2.3 Visualising the time-lagged relationships 

As a next step, we explore ways to visualise the time-lagged relationships in a graphical 
format.  First, we conceptualise the grants, papers, and patents as tasks or events with time 
dependencies between them, so the data lend itself to a Gantt-chart-style representation. As 
illustrated in Figure 4, we have the timeline across the top and the events as colour coded 
bars appearing in the corresponding time. Dependencies between events are illustrated by 
the arrows. However, because the arrows are constrained to a rectilinear arrangement, they 
do not communicate the dependencies clearly. 
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Figure 4: A Gantt-chart-style representation 

 
Note: Blue bars represent papers, green bar represent patents and brown bars represent AIHS 
grants  

Second, we tested an alternative representation using network diagrams, the kind of 
diagram which is often used in the analysis of social networks. We used the social network 
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software, Pajek, for this analysis7. In Figure 5, we arranged the research events in the same 
order as the Gantt-style diagram. The straight line connectors made the dependencies 
easier to read, although they were still not entirely clear. 

Figure 5: Network diagram, with research events arranged in the same order as the Gantt chart 

 
Note: 

Colour coding of research events: 
Grants – Light brown balls 
Papers – Blue balls 
Patents – Green balls 

Colour coding of linkages: 
Grant-to-Patent (3 count) – Red 
Grant-to-Paper (29 count) – Orange 
Patent-to-Patent (1 count) – Tan 
Patent-to-Paper (3 count) – Brown 
Paper-to-Paper (187 count) – Navy Blue 
Paper-to-Patent (7 count) – Yellow  

                                                      
7 For information about the software, see:  W. de Nooy, A. Mrvar, V. Batagelj: Exploratory Social Network 
Analysis with Pajek, CUP, 2005. http://uk.cambridge.org/catalogue/catalogue.asp?isbn=0521602629 

http://uk.cambridge.org/catalogue/catalogue.asp?isbn=0521602629
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While the horizontal positions (conventionally known as x coordinates) indicate time and 
are analytically useful in this time lags study, the vertical positions (conventionally known 
as the y coordinates) are arbitrary. Therefore, we rearranged the vertical positions of the 
research events in Figure 6 to make the linkages more visible, while keeping the horizontal 
positions unchanged. The vertical positions of the research events were determined 
manually in this case. If this data visualisation option is to be pursued, we should look for a 
computerised optimization algorithm to determine these. 

Most network software currently available include mathematical algorithms to layout the 
research events. For example, the network diagram in Figure 7 is generated using the 
Fruchterman-Reingold algorithm8. This algorithm seeks to distribute the research events 
evenly, minimise line crossings and create lines with uniform lengths. The resulting 
diagram is visually balanced; however, the horizontal positions no longer represent the 
time dimension. Thus, this is not a desirable layout. For visualising time lags data, we need 
an algorithm which optimizes the layout by changing the vertical positions of the research 
events while keeping the horizontal positions constrained to values (years) input by users.  
However, as far as we are aware, available software do not have the functionality of 
allowing one of the coordinates to be constrained.  

Figure 6 Network diagram, with y coordinates of the research events rearranged  

 

                                                      
8 Chen, C. (2006) Information Visualization. Springer eBook, DOI: 10.1007/1-84628-579-8_3 
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Figure 7 Network diagram generated using the Fruchterman-Reingold algorithm 

 
As an alternative visualisation, we used the social network software to generate 3D objects. 
We layout the grants, papers, and patents in a circular arrangement on the x-y plane 
(Figure 8) and the timeline in the z dimension (Figure 9). With the software, users can 
spin the 3D object around and examine the linkages in detail. 

Figure 8: Network diagram showing all observed linkages 
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Figure 9: View of the network diagram on the Y-Z plane, showing the time dimension 

 
 

2.3.1 An illustration 
In order to illustrate the concepts relating the network diagrams and time lags, we focus on 
Patent 312, seeking to trace the earliest starting point of this observed innovation. This 
analysis can be considered as a combination of the “patent tree analysis” (except that a 
wider range of research events are included) and the “historical tracing method”, both 
methods were described in Ruegg and Jordan (2007)9. 

We simplify the highly complex diagram shown previously in Figure 8 by showing only 
the linkages that are directly or indirectly linked to Patent 312 and move the relevant 
events inside the circle (Figure 10). Patent 312, granted in 1999, has observable direct 
linkages to three other key researcher markers: Grant 151 (1999), Paper 16 (1993) and 
Paper 20 (1993). The latter two have direct linkages to six and four papers respectively. 
These papers are further connected to four older papers. The oldest paper goes back to 
1977 (Paper 0). Therefore, we would conclude that there was a time lag of 22 years, 
between Paper 0 and Patent 312.  

                                                      
9 Ruegg, R. and G. Jordan (2009) Overview of Evaluation Methods for R&D Programs. Report prepared for 
the U.S. Department for Energy. Available at: 
http://www1.eere.energy.gov/ba/pba/pdfs/evaluation_methods_r_and_d.pdf. Accessed on: 14 March 2011.   

http://www1.eere.energy.gov/ba/pba/pdfs/evaluation_methods_r_and_d.pdf
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Figure 10: Network diagram focussing on Patent 312 

 
Because Paper 0 is linked only indirectly to Patent 312 through Paper 20 and then Paper 
1, we say that it takes “three generations” to identify the beginning of Person 182 
involvement in Patent 312. Following through the process of identifying the beginning of 
her involvement, we obtain a number of measurements (in the table below, ΔT denotes 
time lags, ΔT1 denotes time lags for the first generation, the subscripts denotes the 
research events). This concept of “generations” has been previously applied to the 
evaluation of Payback in Grant et al. (2000)10. 

ΔT for the 1st generation 

(Grant 151) 

ΔT for the 2nd generation

(Paper 20) 

ΔT for the 2nd generation  

(Paper 16) 

ΔT1Grant151-Patent312 = 0 years 

ΔT1Paper16-Patent312 = 6 years 

ΔT1Paper20-Patent312 = 6 years 

ΔT2Paper1-Paper20 = 12 years 

ΔT2Paper10-Paper20 = 5 years  

ΔT2Paper12-Paper20 = 4 years  

ΔT2Paper14-Paper20 = 2 years 

ΔT2Paper3-Paper16 = 9 years  

ΔT2Paper7-Paper16 = 7 years  

ΔT2Paper10-Paper16 = 5 years  

ΔT2Paper12-Paper16 = 4 years  

ΔT2Paper14-Paper16 = 2 years  

ΔT2Paper20-Paper16 = 0 years  

ΔT1avg = 4.0 years ΔT2avg = 5.0 years

 

                                                      
10 Grant J., R. Cottrell, F. Cluzeau, and G. Fawcett (2000) Evaluating “payback” on biomedical research from 
papers cited in clinical guidelines: applied bibliometric study. BMJ, 320, pp.1107-1111. 
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ΔT for the 3rd generation  

(Paper 1) 

ΔT for the 3rd generation

(Paper 3) 

ΔT for the 3rd generation  

(Paper 7) 

ΔT3Paper0-Paper1 = 4 years 

 

ΔT3Paper1-Paper3 = 3 years 

ΔT3Paper4-Paper3 =  0 years  

 

ΔT3Paper0-Paper7 = 9 years  

ΔT3Paper1-Paper7 = 5 years  

ΔT3Paper4-Paper16 = 2 years  

ΔT3Paper5-Paper16 = 1 years  

 

ΔT for the 3rd generation  

(Paper 10) 

ΔT for the 3rd generation

(Paper 12) 

ΔT for the 3rd generation  

(Paper 14) 

ΔT3Paper0-Paper10 = 11 years 

ΔT3Paper1-Paper10 = 7 years 

ΔT3Paper5-Paper10 = 3 years 

ΔT3Paper7-Paper10 = 2 years 

ΔT3Paper9-Paper10 = 1 years 

ΔT3Paper5-Paper12 = 4 years 

ΔT3Paper10-Paper12 = 1 years  

 

ΔT3Paper0-Paper14 = 14 years  

ΔT3Paper5-Paper14 = 6 years  

ΔT3Paper7-Paper14 = 5 years  

ΔT3Paper10-Paper14 = 3 years  

ΔT3Paper12-Paper14 = 2 years  

ΔT3avg = 4.4 years

We find that the average time lag for is 4.0 years for the first generation, 5.0 years for the 
second generation, and 4.4 years for the third generation. The total development time for 
Patent 312, involving Person 182, is 22 years. 

For comparison, an equivalent representation in the Gantt-chart-style is shown below 
(Figure 11). Relevant research events are shown as solid bars. 
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Figure 11: Gantt-chart-style diagram, with events related to Patent 312 highlighted 
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2.3.2 Pros and cons of the two proposed visualisations 

Each of the proposed representations, Gantt-style or network diagram, has its advantages 
and disadvantages. They are summarised in Table 2 below. 

Table 2: 2.4.1 Pros and cons of the two proposed visualisations 

 Gantt-chart-style diagrams Network diagrams 

Advantages  Shows the timeline clearly 
so the timing of the different 
events are easy to read 

Also shows the duration of 
the grants clearly 

Able to illustrate the density of 
connectivity, which is important 
for identifying key papers (from 
the researcher’s own lens) and 
the researchers’ most influential 
period 

Disadvantages The dependencies arrows 
are shown rectilinearly, 
making it very difficult 
(almost impossible) to 
understand the 
dependencies between 
events 

Different arrangements of the 
research events could provide 
quite different impression 

3D objects can be difficult to 
understand 

To get the full benefit of the 3D 
representation, one would need 
to examine it with the software, 
as 3D is difficult to capture on 
paper 
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CHAPTER 3 Conclusions 

In this Chapter, we will provide comments on future data collection and suggest ways to 
scale up the method.  

3.1 Recommendations on data collection 

Identifying links between research events is an important part of studying time lags, as the 
links indicate continual research efforts. If we rely solely on the data currently available in 
ISHTAR, the only type of links that can be identified are those between grants and 
patents. These represent three out of 230 observed links  (see Figure 12). 

Figure 12: Network diagram showing linkages identified from ISHTAR 

 
Despite the large number of missing links, it does not mean that AIHS needs to collect all 
the required data almost from scratch, as this study found that many of the links can be 
identified from other sources. These include the paper-to-paper linkages from citation 
databases, as well as patent-to-patent and patent-to-paper linkages from patent databases. 
Table 3 provides a summary of what is existing in ISHTAR, which external sources are 
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considered reliable and what are our suggestions on future data collection. Following Table 
3, our main recommendations are: 

 We found that ISHTAR has only collected the grant-to-patent linkages in the 
brief period of 97/98 – 00/01. We recommend this practice to be resumed.  

 We also found that currently the ISHTAR database lacks informaton on grant-to-
paper linkages. Although this information is available in citation databases for 
papers since 1998, it is only helpful in connecting papers to funders but not 
specific grants. In collecting this data for Person 182, we note that she sometimes 
cited grant numbers when acknowleging other funders, while she simply had 
“[Name of Person 182] is a Scientist of the AHFMR” when acknowleging  Alberta 
Heritage Foundation for Medical Research. This observation suggests that there is 
a need to ensure grant recipients citing grant numbers in papers. Additionally, we 
recommend AIHS to capture the direct link between grant and paper in their 
database. 

Table 3: Summary on existing data sources and suggestions on new data collection 

 Existing in 
ISHTAR 

Reliable 
external 
sources 
available 

Suggested 
future data 
to be 
collected  
by AIHS 

Remarks 

Grant-patent linkages 
   ISHTAR only collected 

during the brief period 
of 97/98 – 00/01. 

Paper-grant linkages   This information is 
available in ISI Web 
of Knowledge starting 
from 1998 only. 

Patent-paper linkages    

Grant-grant linkages   

Paper-paper linkages   

Patent-patent linkages   

3.2 Recommendations on further research 

Finally, we provide comments on how to scale up the method. This will include applying 
the method to a larger number of researchers, as well as extending the method to capture 
other research events in addition to grants, papers and patents. 

Applying the methods to more researchers would provide a deeper understanding of the 
complex time-lagged linkages between research events, and more importantly, a test of the 
generalisability of the approach. Additionally, further research should seek to verify and 
refine the data collected through interviews with the researchers studied. These interviews 
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would provide insights into the reliability and comprehensiveness of the data collected, as 
well as the more qualitative factors related to time lags. 

This next stage would still be exploratory. We therefore recommend examination of a 
small sample of 4 to 5 additional researchers. The researchers to be studied would ideally 
be selected not from ISHTAR, but AIHS’s other database, in which impact variables that 
are in line with the Payback Framework are available. 

Extending the method to capture more research impacts is also a key next step. This 
development will largely depend on what is available in AIHS’s alternative database. 
Nonetheless, it is also worth considering what other key research events can be captured 
from external sources. For example, in collecting data for this study we found that,  
through citations in papers, it would be possible to identify research outputs that are co-
funded with other funding agencies. 

A longer term goal would be to develop a piece of software to automate the process of data 
collection, visualisation and the computation of time lags. This effort is likely to require a 
multidisciplinary team, including people with expertise in software development, semantic 
analysis and network analysis. Once AIHS has developed a full specification of what is 
required, there will be further questions related to which form of research incentives to use 
in order to support the development of such a tool. For example, AIHS may want to 
consider the merits of contractual research vs. open prizes. 


