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ABSTRACT 
Advances in both technology and publishing practices continue to 
increase the quantity of scientific literature that is available 
electronically. In this paper, we introduce the Information 
Synthesis process, a new approach that enables scientists to 
visualize, explore, and resolve contradictory findings that are 
inevitable when multiple empirical studies explore the same 
natural phenomena. Central to the Information Synthesis 
approach is a cyber-infrastructure that provides a scientist with 
both primary and secondary information from an article and 
structured information resources. To demonstrate this approach, 
we have developed the Multi-User, Information Extraction for 
Information Synthesis (METIS) System. METIS is an interactive 
system that automates critical tasks within the Information 
Synthesis process. We provide two case-studies that demonstrate 
the utility of the Information Synthesis approach.   

Categories and Subject Descriptors 
H.3.1 [Information Systems]: Linguistic processing; H.3.3 
[Information Search and Retrieval]: Information 
Filtering; H3.3.7 [Digital Libraries] Dissemination, J.3. 
[Life and Medical Sciences]: Medical information 
systems. 

General Terms 
Documentation, Experimentation 

Keywords 
Text Mining, Information Extraction, Information 
Retrieval, Document Summarization, Information 
Synthesis 

1. INTRODUCTION 
It is rare that multiple empirical studies will report exactly 
the same findings, even when they explore the same natural 
phenomena. For example in medicine, empirical studies of 
patients that explore similar treatment regimes often 
produce different results. To manage and resolve 

contradictory evidence medical scientists have formulated a 
variety of techniques, such as the systematic review 
process [1,8,13]. The Systematic Review process has 
become a pseudo-standard to integrate evidence from 
biomedical literature.  
The systematic review process requires that a user identify 
a comprehensive collection of articles, extract information 
from those articles, verify the accuracy of those extracted 
facts, and analyze the extracted facts using either 
qualitative or quantitative techniques. Although a 
systematic review accurately captures evidence, the process 
is time-consuming, taking 28 months from conception to 
publication [20] and 1139 hours [2]. With more than 12 
million citations in MEDLINE and an additional 100,000 
references added each year, the manual techniques 
currently used to retrieve, extract, verify, and analyze 
information for the systematic review process are becoming 
increasingly difficult to apply. Consider a breast cancer 
expert. It would be difficult, but necessary for her to 
consider the 12,600 articles typically published on breast 
cancer during the 28 months required to conduct a 
systematic review. Faced with the daunting task of sifting 
through currently available and recently added articles, our 
breast cancer expert may turn to other strategies to reduce 
the number of articles, such as constraining her hypothesis 
or her selection criterion. However, both of these 
constraints could introduce undesirable biases, and thus 
reduce the validity of her review. 
The systematic review process is just one example of a 
more general class of information synthesis activities that 
users conduct to manage information in an information 
intensive environment. It is my position that the cyber-
infrastructure of a digital library should support a user 
during their information synthesis activities.  In this paper, 
I provide a specific example of how to achieve that goal.  
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In addition to supporting the existing systematic review 
process, the cyber-infrastructure provided by a digital 
library can provide a scientist with a new way to detect 
publication bias. Publication bias occurs when factors 
other than the quality of the study influence the acceptance 
of an article for publication [24]. One study that explored 
publication bias submitted several fake study results to a  



variety of journals. The fake studies differed only with 
respect to the statistical significance of the result. Editors 
were three times more likely to publish the fake article with 
statistically significant results than the article that did not 
report significance [3]. One consequence of publication 
bias is that the published literature reflects an over-
sampling of significant positive findings.  Scientists in 
epidemiology go to great lengths to detect and avoid 
publication bias because such an over-sampling of 
significant findings would increase the perceived impact of 
a risk factor [4] [11]. In this paper, we describe how 
information synthesis can enable scientists to identify 
publication bias.  
This paper is organized as follows. In Section 2, I introduce 
the Information Synthesis process using a detailed scenario. 
In Section 3, I provide details of the Multi-User 
Information Extraction for Information Synthesis (METIS) 
system that automates critical tasks within the information 
synthesis process. In Section 4, I provide two case studies 
that demonstrate the utility of the Information Synthesis 
approach.  

2. INFORMATION SYNTHESIS 
The Information Synthesis process uses the cyber-
infrastructure provided by a digital library to extend the 
existing systematic review process in two ways. First, the 
information synthesis process uses a more relaxed 
inclusion criterion, than in a traditional analysis. Although 
combining studies with different study designs has been 
described as ‘highly controversial’ [22], and ‘not generally 
appropriate’ [16], we posit that such constraints are applied 
to manage information and that differences between 
findings based on study design should be explored 
empirically.  
Our second extension requires a new characterization of 
scientific articles. We characterize information in a 
scientific article as either primary or secondary. Primary 
information reflects the main finding of an empirical 
study. For example, that Tamoxifen can be used to treat 
breast cancer. Our pragmatic definition of primary 
information is information that appears in the title, abstract, 
or keywords of an article. In contrast, secondary 
information provides the context of an empirical study. 
For example, the demographic characteristics of the breast 
cancer study, or the specific treatment regime followed. We 
define secondary information as information that appears 
only in the full-text of an article. Our second extension 
enables a scientist to incorporate secondary information 
into their analysis.  
Consider a collection of scientific articles that report the 
results of studies with breast cancer patients. If a scientist 
were to conduct a traditional meta-analysis of breast cancer 
and alcohol consumption, they would start the process by 
collecting all of the articles that report both breast cancer 

and alcohol consumption. Using that traditional approach it 
is unlikely that our scientist would consider an article that 
reports a study on residential magnetic fields because the 
primary information contains neither alcohol nor a 
synonym of alcohol [9]. Yet that magnetic field article 
reports information that is relevant to her study of alcohol 
and breast cancer. It reports that 163 subjects with breast 
cancer never consume alcohol, that 636 subjects consume 
more than one drink per day, and that 14 subjects have 
unknown alcohol consumption behaviors.  
On the remote chance that our scientist did find the article 
on magnetic fields during their traditional analysis, she 
would be unable to include the alcohol consumption 
information because the magnetic field article provides 
only the rate of alcohol consumption for breast cancer 
cases (the case rate). The article does not report the rate of 
alcohol consumption for the subjects who are cancer free 
(the control rate). Thus, in a traditional analysis, our 
scientist would be unable to incorporate the alcohol 
consumption details reported in the magnetic fields study. 
Although the magnetic field study does not report a control 
rate, our scientist could combine information in the study 
with other information in the digital library to estimate the 
missing information. A digital library contains a variety of 
survey results from the Center for Disease Control, such as 
the Behavioral Risk Factors Surveillance system 
(BRFSS). The BRFSS is a state-based telephone 
questionnaire that captures risk behaviors and preventive 
health practices in the United States [6]. Even though our 
scientist could not identify the exact person from the 
magnetic field study who participated in the BRFSS, she 
could use context information reported in the magnetic 
article to identify a similar population from the BRFSS 
respondents. Context information are factoids provided 
by an author that describe the study participants, the study 
design, and factors that the author knows could influence 
the study outcome. In addition to the alcohol consumption 
rate of breast cancer subjects, the magnetic field article 
reports the following context information:  

(1) the number subjects with breast cancer;  
(2) the number of subjects with breast cancer at 
each level of exposure to the candidate risk factor;  
(3) the minimum and maximum age of subjects; 
(4) the gender of the breast cancer group;  
(5) the location of the study; and  
(6) the time frame of the study.  

The magnetic field study provides enough context 
information for our scientist to estimate a control group. 
She searches for BRFSS respondents who are between 20 
and 74 women, living in Washington State between 1992 
and 1995. One-hundred and eighteen BRFSS respondents 
satisfy these criteria. Of that sample, 50.1% consumed 
more than one drink per day. Thus, the scientist can 



estimate the missing information from other resources in 
the digital library. The estimate may not be as good as a 
deliberately collected control rate. For example, some of 
the BRFSS respondents would have breast cancer; 
however, this methodology would enable our scientist to 
explore risk factors that were not the main point of an 
article.  
Enabling a scientist to include information from an article 
that was not the main finding may also help them to detect 
publication bias. The underlying premise is that primary 
information is subject to publication bias, whereas 
secondary information is not.  
 

The methodology described above (and shown in Figure 1) 
was used to quantify the association between smoking and 
impotence [23]. It took approximately six weeks to conduct 
the manual analysis on the 1008 impotence articles 
[Personal communication T.Tengs, 2002]. A similar 
analysis of the more than 100,000 breast cancer articles 
would take more than thirteen years to complete. Further, 
our scientist would need to consider the thousands of 
articles that were published as she conducted the review. 
Clearly, an alternative is required. In the following section, 
we show how the infrastructure of a digital library could 
enable such analyses.  

3. METIS 
To demonstrate the information synthesis approach we 
have developed the Multi-User Extraction for Information 

Synthesis (METIS) system. METIS automates critical 
components of the information synthesis process. In this 
section, we describe each of those tasks. The METIS 
Information Retriever identifies articles, the METIS 
Information Extractor identifies context information, the 
METIS Verifier enables a user to verify each extracted fact 
and the METIS Analyzer estimates the missing information 
and generates the visual summary.  

3.1 METIS Information Retriever 
To ensure a comprehensive collection, a two-phased 
retrieval strategy is required. In the first phase, the METIS 
Information Retriever identifies all articles that report the 
medical condition as primary information (in the preceding 
example the medical condition breast cancer). In the 
second phase, the METIS information retriever identifies 
all the articles that report the risk factor as secondary 
information (in the preceding example alcohol 
consumption). Searching primary information for both the 
medical condition and the risk factor would be insufficient 
because risk factor information could be reported either as 
primary or secondary information.  

Primary 

The digital library that enabled a user to search the full text 
would be invaluable during the Information Synthesis 
process. Unfortunately, such a digital library was not 
available, so the METIS Information Retriever 
automatically downloads full-text articles with a keyword 
Breast Neoplasm’s using tools provided by the National 
Library of Medicine (nih.nlm.gov). To maximize the 
number of empirical studies the system excludes articles 
with a publication type of Comment, Editorial, Letter, 
Review, Meta-Analysis, News, or Evaluation Studies. We 
considered constraining publication types to include a 
collection of study designs, such as the Randomized 
Clinical Trial, and Clinical Trial; however, our preliminary 
analyses revealed that the publication type field was often 
empty. Thus, the system employs an exclusion rather than 
inclusion criteria. 
A domain expert helped to focus our retrieval strategy by 
providing her pre-existing subscription to 29 breast cancer 
journals. Of the journals on her list, she classified ten as 
critical (nine were available electronically at our 
institution) and nineteen journals as non-critical (twelve 
were available electronically). Of the 3354 articles in 
MEDLINE that satisfied both the search and journal 
criterion, the system downloaded 1345 (40.1%) 
automatically. We then manually downloaded 596 (17.8%) 
that failed to download automatically. The full-text of the 
remaining 1413 (42.1%) articles was not electronically 
available at our institution. Thus, our breast cancer corpus 
comprises 1968 full text articles.  
During the second retrieval phase, articles that contain the 
required context information are identified. The most 
selective context information for our breast cancer 
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Figure 1 – Context information from each article 
to used to estimate missing information 



scenarios were the risk factors. Thus the METIS 
information retriever identifies the breast cancer articles 
that contain one or more of the following alcohol terms: 
wine, beer, liquor (including hard liquor), ethanol, 
drinking, and alcohol. The second analysis used the terms 
tobacco, cigarette, smoke, smoker or smoking/ Of the 1968 
articles in our corpus, 568 articles contained one of these 
alcohol terms. We then manually identified the articles that 
reported alcohol consumption and tobacco consumption, 
and loaded them into a mysql database.  
Other required context information are: (1) the number 
subjects with breast cancer; (2) the number of subjects with 
breast cancer at each level of exposure to the candidate risk 
factor (for our example alcohol consumption); (3) the 
minimum and maximum age or the mean age of subjects; 
(4) the gender of the breast cancer group; (5) the location; 
and (6) the time frame of the study. Articles that do not 
contain this context information are excluded from the 
analysis.  

3.2 METIS Information Extractor 
Our analysis of meta-analytic methodologies [15,18] and of 
users as they conducted meta-analyses [5] revealed that 
researchers required similar factoids, despite conducting

analyses in very different research areas. Thus, our 
approach has been to identify context information that 
generalizes, rather than information extraction techniques 
that generalize.  
The METIS Information Extractor uses shallow natural 
language processing to identify context information from 
each full-text article. We developed the semantic grammar 
using a small collection of 30 breast cancer articles. For 
example the semantic grammar to identify 1359 as the 
number of subjects from the sentence fragment ‘In total, 
1,359 breast cancer cases were included…’ is: pre-filler 
{}, slot filler {numeric value}, post-filler {semantic 
type=(’Neoplastic process’, or ‘Disease or Syndrome’), 
immediately preceding the term=(‘case’ or ’cases’)}.  
Our grammar employs semantic types from the Unified 
Medical Language System (UMLS) [19], a knowledge 
base developed and maintained by the National Library of 
Medicine. In the previous example, semantic types include 
‘Neoplastic process’ and ‘Disease or Syndrome’. We 
anticipate that these semantic types will enable the 
grammar to generalize to articles with different medical 
conditions. 

 

 
Figure 2 – The METIS Verifier Interface. The right pane provides the original document, the left pane shows generated text,
and lower pane shows the verification progress of the user. 



In addition to the pre, slot and post fillers, our extraction 
rules refer to the relative location of the factoids within 
the full-text document. The rule in the preceding section 
only identifies the number of subjects when the extraction 
rule conditions are satisfied, and the sentence appears on 
page 1 or 2. In addition to identifying information from 
prose, our extraction rules also operate on factoids that 
appear in tables using a combination of shallow natural 
language and two features that are specific to tables - row 
and column. 
The current METIS information extractor comprises rules 
to identify 14 predefined factoids from each full-text 
article. Factoids related to the study include the number of 
subjects with breast cancer, the number of subjects 
without breast cancer, the start and end month, the start 
and end year of data collection, and the geographical 
location of the study. Factoids related to the population 
include the minimum, maximum, and mean age of 
participants, and their gender. Factoids related to the risk 
factor are the level exposure and the number of cases at 
each level. We also identify alcohol consumption, which 
we found was typically reported in a table. 

3.3 METIS Verifier 
The METIS Verifier enables a user to establish the 
accuracy of facts proposed by the METIS Information 
Extractor. The interface that supports verification is 
comprised of the panes (see Figure 2). The left pane 
comprises HTML that has been generated from METIS 
Information Extractor. The METIS Verifier shows each 
factoid in a different color. The right pane shows the 
document in the original PDF format. We show both 
because of conversion errors between the PDF and 
HTML versions. The bottom pane enables a user to 
accept or replace each proposed value. The last step of the 
verification process is to remove articles that refer to the 

same population group. In this prototype, we conducted 
this step manually; however, we are exploring the use of 
context information to automate the removal of 
duplicates.  
A digital library could ease the Information Synthesis 
process by providing the full text of all breast cancer 
articles using a representation, such as ASCII, that avoids 
conversion errors. 

3.4 METIS Analyzer 
The METIS Analyzer is comprised of two components. 
The first uses verified context information from the 
METIS Verifier to estimate a control rate. The current 
implementation uses the Behavioral Risk Factors 
Surveillance system. The estimate considers the age and 
gender of the breast cancer subjects, and the time-frame 
and geographical location of the study.  
The second component of the METIS Analyzer generates 
both an effect-size and the graphical representation of the 
available evidence Meta-analysis is “a statistical 
technique for assembling the results of several studies in a 
review into a single numerical estimate” [7]. Such 
techniques require that each study included in the analysis 
report a quantitative outcome. The result of a meta-
analysis is an effect size, which is a unitless measure (see 
Figure 3). The METIS Analyzer uses a standardized mean 
difference as the effect size statistic because the facts 
from each study conform to this measure. Our variable 
names are consistent with the convention that a positive 
effect size indicates subjects who are receiving treatment 
(the case population) are more likely to have a positive 
outcome than subjects who are not receiving treatments 
(the control population). Thus, the effect size captures the 
difference between cases are controls. 

 
1. RateCasei  rate of exposure in article i 
2. RateControli  estimated control rate for article i 
3. SubjectsCasei  number of subjects in the article i 
4. SubjectsControli  number of database respondents for article i 
5. VarCasei  (RateCase

i * (1-RateCase
i))/ SubjectsCase

i 
6. VarControli  (RateControl

i * (1-RateControl
i))/ SubjectsControl

i 
7. for each article {  VarTotal += [1/(VarCasei+VarControli)]} 
8. for each article { 
9.          newRateCasei = ((1.0/(VarCasei+VarControli))/VarTotal)* RateCasei 
10.         newRateControl

i = (1.0/(VarCase
i+VarCase

i))/VarTotal)* RateControl
i 

11.} 
12.for each article { 
13.         TotalRateCase += newRateCase

i 
14.         TotalRateControl += newRateControl

i 
15.} 
16.EffectSize = TotalRateCase - TotalRateControl 

Figure 3 – Algorithm to Calculate Effect Size Based on a Random-Effect Assumption (Adapted from [10]) 



In contrast to a traditional meta-analysis, where a 
researcher would establish heterogeneity by using the Q-
statistic, the METIS Verifier always assumes a random-
effects model because we are deliberately using 
information from studies that report different primary 
information. 

4. DISCUSSION 
We evaluated the semantic grammar by comparing the 
METIS Information Extractor’s proposed factoids with 
factoids identified by three independent reviewers. The 
highest ranked METIS proposed value achieved an 
average precision of 0.62, and an average recall of 0.59. 
To verify the accuracy of the estimated control group we 
compared the estimated value from the METIS 
Comparison Estimator with articles in the breast cancer  

corpus that reported control rates for alcohol and tobacco 
consumption. For each example, the METIS was similar 
to the control rates reported in each article. To verify the 
meta-analytic effect size, we compared the quantitative 
summary generated by the METIS Analyzer with 
textbook examples, and published meta-analyses. The 
effect size was the same. Details of those analyses are 
reported elsewhere[5]. In this paper, we emphasize the 
visual representation produced from the METIS 
Analyzer. 
Figure 4 shows the visual representation generated by 
METIS to explore contradictions between studies that 
report alcohol consumption of breast cancer subjects. The 
representation extends existing meta-analytic results by 
providing both primary and secondary information 
sources.  

 

Figure 4 – The METIS Quantitative and Visual Summary for Articles in the Breast Cancer Corpus that Report Ever 
Alcohol Consumption as either Primary (black) or Secondary (grey) Information. The positive effect size suggests a 

correlation between ever alcohol consumption and breast cancer risk. Only the circled articles contain the information that is 
required to be included in a traditional meta-analysis. 



Figure 4 summarizes the 28 articles that report the 
number or rate of ever drinkers from the subjects who 
have breast cancer. Each bar depicts an individual article, 
and you can use the identifier shown on the left to 
identify the citation within MEDLINE. An ever drinker is 
someone who consumes one or more drinks per month 
(one glass of wine, one short of hard liquor, etc). The 
effect size (which we call the quantitative summary), is 
shown at the top of the image and reveals that subjects 
with breast cancer were more likely to be ever drinkers 
than their corresponding control population (0.517 versus 
0.451). 
A black bar indicates that the article reported tobacco 
consumption as primary information i.e. the title, 
abstract, or keywords contained of the article contain an 
alcohol consumption term. A gray bar indicates that the 
article reported alcohol as secondary information. Thus, 
Figure 4 shows that fewer articles in the breast cancer 
corpus reported ever alcohol as primary information (11 
articles) than as secondary information (17 articles). 
Users are more likely to include the articles shown in 
black than those show in gray because titles, keywords 
and abstracts are more likely to be used to index articles 
than the text within the article. 
The mid-point of each bar in Figure 4 indicates the 
difference between ever alcohol consumption reported for 
subjects with breast cancer, and the corresponding 
METIS estimate. The length of the bar indicates the 
confidence interval at the 95 percentile. For example, the 
tight confidence interval of article 10561339 indicates the 
result of this study could dominate the meta-analytic 
result. Of the 47,158 subjects included in this meta-
analysis, 11,064 participated in the study reported in 
article 10561339. 
Figure 4 shows that five articles found a lower rate of 
ever drinkers for subjects with breast cancer than subjects 
who do not have breast cancer. These are articles are 
shown as black bars with midpoints on the left of the zero 
line. These five articles refute the hypothesis that ever 
drinking increases breast cancer risk. Figure 4 also 
identifies studies that support the hypothesis that ever 
drinking increases breast cancer risk. These are depicted 
as six articles black bars that lie to the right of the zero 
line. 
Figure 4 shows examples contradictory and redundant 
evidence. For example, articles 9328193 and 9032046 
(the first two articles) contradict the evidence in article 
11867358 and 11920551 (the last two articles) because 
their mid-points lie on opposite sides of the zero line. The 
first two articles are redundant because they both found 
that the rate of ever drinking in subjects with breast 
cancer was more than the METIS estimate. For some 
tasks, such as filtering, users consider redundancy 

undesirable. In the medical domain, redundancy can 
increase a user’s confidence in the result.  
Figure 4 suggests that ever alcohol consumption has a 
positive association with increased breast cancer risk. We 
generated additional METIS summaries that compared 
the rates of never, light, moderate or heavy drinking of 
subjects with breast cancer to our estimated population. 
Our results showed a positive effect size for light, 
moderate or heavy, and ever alcohol consumption and a 
negative effect size for never alcohol consumption. These 
statistically significant results (P<0.05) indicate that the 
rate of subjects who consume alcohol is greater than the 
rate of cancer free subjects who consume alcohol. Thus, 
the METIS summaries suggest a positive association 
between alcohol consumption and increased breast cancer 
risk. 
If successful, the METIS generated summary should be 
consistent with analyses that consider the entire 
biomedical literature, rather than our small breast cancer 
corpus. To determine if the METIS summary was 
consistent with findings from the entire literature, we 
searched MEDLINE for published analysis that explored 
the relationship between breast cancer and alcohol 
consumption. We identified three articles that explored a 
possible association between alcohol consumption and 
breast cancer risk [12, 17, 21]. All three studies reported a 
positive association between alcohol consumption and 
increased breast cancer risk. Thus, the METIS summaries 
generated from our small collection of breast cancer are 
consistent with studies that consider the entire medical 
literature. 
Figure 5 is the summary generated by METIS to explore a 
possible association between tobacco consumption and 
breast cancer risk. Figure 5 shows a positive effect-size 
between ever, former tobacco consumption, and a 
negative effect-size between current tobacco consumption 
and breast cancer. This result demonstrates that 
quantitative METIS summary captures both positive and 
negative associations. This property is useful to reduce 
false associations. 
As with the alcohol analysis, we needed to see if the 
direction of the METIS summary was consistent with 
published analyses that considered the entire medical 
literature. Our MEDLINE search revealed only one meta-
analysis that explored breast cancer and tobacco 
consumption [14]. The result of this published traditional 
meta-analysis was consistent with the METIS summary. 
We also conducted a traditional analysis using our breast 
cancer corpus. Similar to the alcohol analysis, only four 
articles satisfied the inclusion criterion of a traditional 
meta-analysis and the effect-size was not statistically 
significant. 



 
Figure 5 – The METIS Quantitative and Visual Summary for Articles in the Breast Cancer Corpus that Report Ever 
Smoking Consumption as either Primary (black) or Secondary (grey) Information. The positive effect size suggests a 

slight correlation between ever-tobacco consumption and breast cancer. Only the circled articles contain the information 
required to be included in a traditional meta-analysis. 

The circled in Figures 4 and 5 identify articles that report 
exposure rates for both the subjects with breast cancer 
and a control population. The remaining 24 studies 
included in Figure 4, and the remaining 33 studies shown 
in figure 5 could not be included in a traditional analysis 
because they do not provide the rate of exposure for the 
control group.  
In the ever-drinking example, three of the four studies 
that could be included in a traditional study show a 
positive association. In the tobacco consumption example, 
all four articles that could be included in a traditional 
analysis show a positive association. Although further 
analysis is required to rule out other factors that explain 
this finding, one possibility is publication bias. As 
mentioned in section 1, publication bias occurs when 
factors other than the quality of the study contribute to its 

publication. Our future work will explore the presence of 
systematic quality differences between studies that report 
risk factor details as primary and secondary information.  

5. CONCLUSION 
We have introduced the Information Synthesis process, 
which provides a user with a visual representation of 
findings reported in a collection of articles. In that visual 
representation, articles that contradict each other fall on 
opposite sides of the zero line. Thus, this representation 
enables a scientist to identify easily articles that have 
different findings. 
In addition to the visual representation, the Information 
Synthesis process provides a scientist with a quantitative 
summary, called the effect size. The effect size captures 
the overall findings from a collection of articles; thus, 
enabling a user to resolve contradictory evidence. 



The Information Synthesis process is just the first step 
towards realizing the potential of the digital library cyber-
infrastructure. We have shown that the combination of 
information extracted from a full text article and 
structured data in a digital library can extend the existing 
model of meta-analysis. Such an extension is not feasible 
without automated techniques.  
As the quantity of information available to scientists 
continues to soar, their need for tools and methodologies 
that support information synthesis behaviors will continue 
to grow. The cyber-infrastructure provided by a digital 
library is critical to enabling the shift from retrieval to 
synthesis.  
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