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Abstract: A previous study conducted through a survey of academic libraries at 100 US
universities with the highest total expenditures on academic libraries according to data
presented by the National Center for Education Statistics (NCES). The results pointed out
an unexpectedly weak correlation among web variables, concluding that the complex
online structure of US academic libraries was the main driver of this effect. The present
study replicates this research applying the same web indicators but at the university level,
to check whether the weak compactness among web indicators persists. Additionally, the
percentage (in terms of web data) of academic libraries at universities is analyzed. Finally,
the correlation among web and economic indicators (research expenditures, student
population, and reputational rank position) for universities is calculated to check for a
possible relationship. Results confirm a strong correlation among university web
indicators. Otherwise, the strength of academic libraries at universities is moderate in terms
of page count, but weak in terms of visits. Finally, the correlation among university web
indicators and research expenditures depends on student population.
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1. Background and Review of the Literature

The methodology used in most global and domestic university rankings pays most attention to
research and teaching activities, and only a few methods integrate other variables such as services and
facilities such as the academic library [1]. In terms of libraries’ influence on university rankings, online
platforms (such as the Centre for Higher Education CHE ranking in Europe [2], and the McLean
personalized university ranking tool [3] in Canada) that allow users to select the indicators they want
to use to rank universities and where libraries are among the variables should be considered.

In the case of the United States, the Assessment of Research-Doctorate Programs in the United
States, performed in 1982 by the National Academy of Sciences in collaboration with the National
Research Council, should be discussed [4]. In this report, among other types of reputational indicators,
the size of the academic library is considered. In addition, the Princeton Review’s Annual
College Rankings [5] gives the participants the chance to rate academic libraries within the
“Academic/Administration” category. Except for these cases (and other domestic rankings outside the
United States), the use of academic libraries’ performance to help rank US universities is limited.

Thus, studying the influence of academic libraries on the ranking achieved by universities in this
type of educational product and a possible correlation among library and university indicators is
difficult. These correlations are otherwise difficult to obtain and measure because they rely on
economic variables, which are hard to measure directly with rankings based primarily on research and
teaching-oriented data. In any case, the dependence between these two institutions (in terms of
performance) seems clear and has been recently demonstrated both within the US system [6,7]
and outside [8,9].

Although this limitation persists, in 2004 a new university ranking that can help mitigate this
problem to some extent appeared [10]. The “Ranking of World Universities” [11] is based on
webometric methods that consider the documentation published and accessible via the Internet,
specifically the size (page count) and impact (external inlinks). In this way, all institutions at the
university level (understood as a complex online system) contribute content to the general performance
of the university (measured through its official website), and this contribution can be quantified.

Recently, Regazzi [6] pointed out the increase in electronic expenditures in academic libraries
(which is thought to be reflected in more online resources). Moreover, the large amount of electronic
content stored on library websites (scientific papers in repositories, digital collections, and so on) can
include a wide range of digital assets. Due to these reasons, the contribution of the academic library to
the web performance of the corresponding university should be elevated. However, studies that apply
webometric methods within the US academic system are scarce.

Webometric methods have been widely applied in Europe [12,13], and to a lesser extent in other
continents such as Africa [14], Asia [15], and Australia [16], although one country-focused studies are
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prone to give more accurate results due to the greater likelihood that individual nation-states will have
similar forms or contents of academic information, as previous findings have proved [17,18].

Moreover, some studies have found that web-visibility indicators could function as proxy measures
of non-web university rankings, such as Aguillo et al. [19] and Lee and Park [20], proving the
importance of web performance on reputational and research-focused university rankings.

In the United States and Canada, Ortega and Aguillo [21] analyzed interlinking patterns among
universities. Particular university units (such as departments) have been also explored by Arakaki and
Willet [22] and Chu, He, and Thelwall [23], among others.

Nonetheless, research on US academic libraries under a webometric perspective has received
limited attention. Tang and Thelwall [24] conducted an analysis of link patterns from and to the
websites of a set of 100 US academic and public libraries, finding a significant relation between
visibility (number of external links) and page count (hnumber of files), and also a little interaction
between US universities and public libraries.

Otherwise, other web units emerge within academic library websites with the purpose of storing and
making available large amounts of digital contents (mainly online catalogs, digital collections and
repositories), widely analyzed in the literature but not still treated as regards their contribution, under
webometric terms, in the overall university website performance, less in the US academic system.

The first step for getting strong findings about the relationship of US academic libraries and
universities (and indirectly university rankings) was provided by a previous study carried out by
Ordufa-Malea and Regazzi [25], who conducted a survey of library homepages, institutional
repositories, digital collections, and online catalogs at 100 US universities with the highest total
expenditures on academic libraries according to data from the National Center for Education Statistics
(NCEYS), including web (page count, external links, and visits) and economic (total expenditures,
expenditures on printed and electronic books, and gate count) variables.

The main results of that research confirmed the following:

(@) The compactness among web data indicators is very low. The correlation between page count
indicators and URL mentions is significant, but the link indicators do not correlate with any
other type of web indicator.

(b) No correlation was found among institutional and web data. The best results are those that
correlate a library’s “total expenditures” with URL mentions measured by Google (r = 0.57)
and visits (r = 0.57).

Among the possible explanations for the low correlations obtained, the lack of appropriate web
policies and the limitations of some webometric sources were exposed.

From these results, a new research question arises: Does the low correlation among web indicators
persist in larger units of analysis, such as the university?

A higher degree of compactness among web indicators at the university level compared to that at
the library level would enhance the conclusions regarding bad practices and limitations for academic
library websites, which are needed in the understanding of the influence of library websites on
university websites.
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Thus, the main objectives of this research are to analyze the correlation of web data (using the same
set of institutions and indicators employed in the research by Ordufa-Malea and Regazzi) at the
university level and to check if this is higher or lower than at the library level.

Gathering web information at the university level provides the opportunity to get additional insight
into the degree of influence of academic libraries on the total web performance of universities and the
relationship with university offline variables, where university size (in terms of number of students)
may play an important role as an external variable. Thus, the following are the secondary goals:

- To determine the degree to which an academic library contributes to the general web performance
of the university (and therefore, its position in web rankings).

- To understand the relationship between web data variables and university economic variables.

- To analyze the effect of university size on web data performance.

2. Methodology and Research Design

To ensure accuracy and consistency from the previous study and other webometric research efforts,
the same data sample and procedure Orduia-Malea and Regazzi previously employed was used in this
study [25]. Thus, all data for the academic libraries are taken from that research, whereas the data for
the universities is described as follows: first, the process for selecting universities for the sample is
described; second, the analysis of the sample with web and economic variables is explained, and third,
the data is analyzed statistically.

2.1. Gathering Data

A sample of 100 universities was selected in terms of the total expenditure on academic libraries in
2008 (the most recent data available). This data was extracted from the survey Documentation for the
Academic Libraries Survey: Public Use Data File. Fiscal Year 2008 [26].

For each university, the official academic website was examined. If a university had more than one
valid URL (for example, University of Illinois at Urbana—Champaign has two official URLSs: uiuc.edu
and illinois.edu), then all URLs were considered. University systems were not included. For example,
<tennessee.edu> and <universityofcalifornia.edu> are websites for all campuses that are part of a
specific system, but only the URL for each campus (treated as an independent unit) was selected.

Additionally, information of academic libraries belonging to the sample of 100 universities was
gathered. Since other services and subunits (suited to storing large amounts of online documents) are
commonly created under different domains within the academic library website, we established that
the term “academic libraries” also considers the following services/products/institutions:

Library (general, branches, or for specific schools or faculties)
OPAC or online catalog and searcher

Institutional repositories

Digital collections

The identification of each of these institutions (and their corresponding URLS) was achieved
by browsing and searching the websites of each of the previously listed 100 universities. This process
was carried out in December 2011. Only units with a sub-domain within the academic website
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(<xxx.academicdomain.edu>) were considered; this limitation was necessary in order to proceed with
an accurate link analysis.

2.2. Measuring the Sample

In this section, the indicators and sources used to measure the units obtained in the previous section
are described.

2.2.1. Institutional and Economic Data

For the 100 universities that formed the sample, the Total research expenditure in 2008 variable was
obtained, retrieved from The Top American Research Universities. 2009 Annual Report [27]. For each
university, its position in the university rankings was also obtained.

Due to the impossibility of gathering information for all 100 universities in global university
rankings (such as ARWU or THE), the rankings of only North American universities are considered, in
this case, the following (2011 edition, the most recent available):

- US News and World Report (National University Ranking) [28]
- Forbes (America’s Top Colleges) [29]

Although all university rankings have advantages and shortcomings in their methodologies, the
consideration of these two rankings is due to the following reasons:

- They provide information about all 100 universities of the sample.

- They provide data not only regarding research activity but other university missions.

- Forbes also provides data about university population, which were gathered for all 100 universities.

- Finally, two rankings (instead of only one) are considered in order to reinforce the ranking
positions achieved by institutions.

2.2.2. Web Data

Table 1 shows the various web indicators (grouped into categories) used, the sources used to obtain
the indicators, and the commands employed in each source.

Table 1. Summary of categories, indicators, sources, and commands used for web measures.

Category Size Mention Impact Usage
Indicator Total PDF URL Mention Inlinks DmR Visits
Source Yahoo! Google Yahoo! Google Yahoo! MAJESTIC OSE OSE Compete
. . site:domain.edu “domain.edu”— . . . .
Command site:domain.edu . . . Direct Direct Direct Direct
filetype:pdf site:domain.edu

The web indicators used are explained below:
Size

Size refers to the number of files in the web domain studied. In this case, we considered two
specific indicators:
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- Total: total number of files within a web domain.

Google, despite currently being the search engine with the highest coverage in the world, has flaws
in retrieving total page count, due to the elimination of pseudo-duplicates (files that seem the same, but
are different), and it has a deficiency in working with non-friendly dynamic URLs [30]. For this
reason, only Yahoo! was used.

- PDF: total number of PDF files.

Employed because this format is the main vehicle for publishing final intellectual works, such as
books, papers, and so on [31]. In this case, both Google and Yahoo! were used. Google provides more
results and it is more reliable. Yahoo! was taken into account in order to have comparative data.

Mention

This category refers to the number of times that the object of analysis (in this case, each web unit) is
mentioned in any other online file. In this case, we considered the two main mention indicators:
external inlinks and URL mentions.

- External inlinks: the number of links that come from external websites.

At the moment of research, only Majestic [32] and Open Site Explorer [33] provide this metric
(Ahrefs Site Explorer [34] still has low coverage). In the past, Yahoo Site Explorer was the main tool,
but it was disabled in 2011.

- URL mentions: the number of times that the URL is mentioned in any online content.

At present, some research is being pursued on the validity of this indicator as a predictor of external
links [35]. Although there are some problems, Google and Yahoo! provide the best and most
reliable results.

Impact

This category refers to the power of each website through a metric which takes into account not
only the quantity but also the quality of the external inlinks received. For example, PageRank (PR) is
such an impact indicator. In this case, only Domain MozRank (DmR) was used, because it is free, the
tool has coverage for all institutions analyzed, and the power of discrimination is better than PR (only
from 0 to 10).

- DmR (Domain MozRank)

Offered by Open Site Explorer tool, it reflects the importance (from 1 to 100 points) of any given
web domain on the Internet. This metric quantifies the popularity of a given domain compared to all
other domains on the web in a similar fashion as PageRank does, evaluating the links that point from
one unique web domain to another.

Usage
This category counts the number of visits to a website.

- Unique visitors: total number of different users who visited the webpage in a period of time.
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In this case, data was extracted from Compete6, due to its good coverage of US institutions, and
because it is free. Neither Alexa [36] nor other services provided more accurate data.

Webometrics analysis was carried out manually in December 2011, jointly with the library-level
analysis, to avoid differences in the sample due to the web exploration period. The URL mentions
were gathered following Thelwall and Sud’s findings [35].

2.3. Analyzing the Sample

All data gathered were exported to an Excel spreadsheet for analysis. Additionally, XLStat was
used to perform the correlation analysis among the variables. The Spearman coefficient was also used
because the web data was distributed non-linearly; thus, Pearson is not recommended.

3. Results

First, the institutional data for the universities is provided (ranking position, student population and
research expenditures), describing the main figures obtained and showing the correlation between the
indicators used. Second, the same procedure is followed to display the web data from the universities
(page count, mention, impact, and usage indicators). Finally, a correlation between the institutional and
web data is provided.

3.1. University Institutional Data

The John Hopkins University has the highest expenditures by far on Research ($1,680,927,000;
shown in Annex A) in the period analyzed, followed by the University of Wisconsin-Madison
($881,777,000) and the University of Michigan-Ann Arbor ($876,390,000). However, eight
universities did not provide this indicator. For the corresponding position in university rankings, all
100 universities are ranked in the Forbes college rankings, but five universities (Wayne State
University, University of Houston, University of Nevada-Las Vegas, Nova Southeastern University,
and University of North Texas) are not positioned in the US News and World Report ranking.

There is a wide statistical range in student population between the smallest-ranked university (Rice
University, with 5,576 students) and the largest-ranked university (Arizona State University at the Tempe
Campus, with 68,064). Apart from the latter, only four other universities—within the sample—surpass
50,000 students (very big universities): Ohio State University-Main Campus (55,014), University of
Minnesota-Twin Cities (51,659), the University of Texas at Austin (50,995), and the University of
Florida (50,691). After eliminating universities without data in any of the four institutional parameters,
a correlation matrix is obtained (Table 2).

Table 2 clearly shows a high correlation between rankings (r = 0.92) and a lower correlation
between rankings and the remaining variables (research expenditures and student population). This
effect could be easily explained because the two rankings used employ many indicators (not only
research-oriented), so that ranking is determined by not only research performance but also influence.
Negative correlations showed are due to the fact that top positions in ranking are the best.
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Table 2. Correlation between institutional data.

Rank (US News and Rank Research Student
World Report) (Forbes) Expenditures Population
Rank (USN) 1
Rank (FORBES) 0.923 * 1
R. Expenditures —0.467 * -0.332 * 1
Student population 0.368 * 0.380 * 0.314 * 1

* Significant values (except diagonal) at the level of significance alpha = 0.050 (two-tailed test).

In any case, the high correlation between the US News and World Report and Forbes rankings
should be examined carefully. If the rankings are compared, important differences are found: within
the top 50 universities in the US News and World Report ranking, up to 11 universities have a difference
of more than 100 positions in the Forbes ranking, such as the University of Southern California (23rd
on US News and World Report and 165th on Forbes), the University of Wisconsin-Madison (42nd on
US News and World Report and 165th on Forbes), and the University of Texas-Austin (45th on US
News and World Report and 185th on Forbes). Going down the table, the differences increase even
more. An explanation of these discrepancies can be found in the methodological differences in the
rankings. Moreover, in the US News and World Report rankings, there are ties (for example, first place
is shared by Harvard University and Princeton University, and no university is ranked second). This
procedure affects the statistical calculation of the correlations. Otherwise, the total student population
is weakly correlated with the remaining indicators, especially with research expenditures (r = 0.31).
The sample analyzed is composed of the top 100 universities with higher expenditures on academic
libraries, not the top total research expenditures or the top total student population.

3.2. University Web Data

A total of 104 URLs were gathered from the sample because four universities maintain two
active web domains: University of Illinois at Urbana-Champaign (uiuc.edu; illinois.edu), Ohio State
University-Main Campus (osu.edu, ohio-state.edu), Southern Illinois University Carbondale (siuc.edu,
siu.edu), and Stony Brook University (stonybrook.edu, sunysb.edu). All URLs with all values gathered
for each indicator are available in Annex B. The web domains with the highest page counts are
the following: psu.edu (Pennsylvania State University, 1,400,000 pages), stanford.edu (Stanford
University, 1,290,000 pages), umich.edu University of Michigan-Ann Arbor, 1,050,000 pages), and
harvard.edu (Harvard University, 1,000,000 pages). No other university surpass 1,000,000 pages in the
period analyzed.

If the number of URL mentions (Yahoo!) is considered, there are slight differences in the
universities’ rankings. For example, psu.edu moves from first place on the page count list (YYahoo!) to
21st position in URL mentions; and umich.edu moves from second place to 11th. However, Stanford
University (6,030,000 mentions) and MIT (5,810,000 mentions) become the two universities with
more URL mentions.

External links provide other interesting results. The web domain that has the most links is
purdue.edu (Purdue University-Main Campus, 16,584,698 links), followed by psu.edu (11,797,997
links) and cornell.edu (Cornell University, 11,195,178 links). Regarding total visits, the data shows
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that only 11 websites received more than 10,000,000 total visits during the month considered in the
study. The most visited website, by far, was umn.edu (University of Minnesota-Twin Cities, 3,826,259
visits), followed by Purdue University (2,103,405 visits) and Harvard University (1,639,311 visits).

Despite some differences in the top rankings (due to statistical noise, especially in the low
positions), a high similarity is obtained between the results of the different indicators, as the correlation
analysis shows (Table 3). The fact that university web indicators may be strongly related to size (and
other organizational characteristics) may account for their compactness. For that reason, all web data
indicators were divided by student population (marked as “p”) in order to additionally calculate
correlations using this ratio instead of the raw values.

Table 3. Correlation among web data at university level (raw data and normalized
by population).

Count(Y) PDF(G) PDF(Y) URL(G) URL(Y) Links(M) Links(O) DmR Visits (C)

Count (Y) 1
PDF (G) 0.847 * 1
PDF (Y) 0.917 * 0.908 * 1
URL (G) 0.840 * 0.778 * 0.854 * 1
URL (Y) 0.753 * 0.727 * 0.759 * 0.759 * 1
Links (M) 0.856 * 0.752 * 0.832* 0.788 * 0.765 * 1
Links (O) 0.767 * 0.673* 0.781* 0.698 * 0.659 * 0.816 * 1
DmR 0.914 * 0.819 * 0.900 * 0.893 * 0.777 * 0.883 * 0.769 * 1
Visits (C) 0.903 * 0.844 * 0.896 * 0.783 * 0.734 * 0.836 * 0.751*  0.871* 1
Count (Y)/p PDF (G)/p PDF (Y)/p URL (G)/[p URL(Y)/p Links(M)/p Links(O))p DmR Visits (C)/p
Count (Y)/p 1
PDF (G)/p 0.767 * 1
PDF (Y)/p 0.895* 0.848 * 1
URL (G)/p 0.869 * 0.759 * 0.853 * 1
URL (Y)/p 0.742 * 0.706 * 0.765 * 0.742 * 1
Links (M)/p 0.836 * 0.687 * 0.804 * 0.758 * 0.711 * 1
Links (O)/p 0.675* 0.519 * 0.688 * 0.628 * 0.621 * 0.813 * 1
DmR 0.729 * 0.636 * 0.733 * 0.693 * 0.621 * 0.715 * 0.602 * 1
Visits (C)/p 0.866 * 0.774 * 0.851 * 0.823 * 0.730 * 0.821~* 0.622*  0.692* 1

* Significant values (except) at the level of significance alpha = 0.050 (two-tailed test). p: Student population. Source: Forbes.

The elevated correlation values obtained show coherence among web-oriented indicators in the
analyzed sample, regardless the type of indicator or the source, both for non-normalized values and
normalized by student population.

As regards raw data, the lowest results values were detected for links measured with Open Site
Explorer (with a lower coverage than Majestic), specifically when compared with the URL mentions
for Google (r = 0.698) and Yahoo! (r = 0.659). This coherence among web indicators also shows that
some could be used as substitutes for the others. For example, PDF Count by Google can be used
instead of PDF Count by Yahoo! (less coverage) or Global Count by Yahoo! (less accurate). Likewise,
links measured by Majestic can substitute links from Open Site Explorer (less coverage) and URL
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mentions (less accurate). Finally, unexpectedly, a high correlation was found between Count (Y) and
DmR (0.914) and Visits (0.903).

If web data weighted by student population is considered, the correlation values are slightly
lower but still statistically significant, showing similar patterns, specifically the great correlation of
Count (Y) and Visits (C) with the remaining indicators, and the lower correlation achieved by
Links (O). These results reinforce the high coherence among different university web indicators with
independence of size.

Figure 1 shows the performance distribution for count-like indicators, whereas Figure 2 focuses on
impact indicators (mentions and links). In general, the correlation among the indicators is well
reflected, except for some URLSs that show unexpected high or low values. For example, for the Count
(Google) indicator, psu.edu, mit.edu, uiowa.edu, and uoregon.edu show elevated values if compared
with the remaining count-like indicators.

Figure 1. Distribution of page count indicators for URLS.
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Regarding impact (shown in logarithmic scale to facilitate the display), a high value for buffalo.edu
and a low value for manoa.hawai.edu are identified for Links (Open Site Explorer). Likewise, a low
value for URL mentions (Yahoo!) is detected for bc.edu, for links (Open Site Explorer), among other
inconsistencies. In addition, there are generally low values for audience in terms of mentions and links
indicators (Figure 2).

3.3. Correlation among Institutional and Web Data for Universities

After the descriptive analysis of the universities was conducted, a correlation among the institutional
and web indicators was calculated and is shown in Table 4.

Table 4. Correlation among institutional and web data (university level).

Count(Y) PDF(G) PDF(Y) URL(G) URL(Y) Links(M) Links(O) Visits (C)

Rank (US News) —0.51* -0.27 * —0.34 * —0.50 * —0.46 * -0.59 * -0.38 * —0.35*
Rank (Forbes) —0.46 * —-0.20 -0.3* —0.45* -0.39 * —0.54 * —0.28 * -0.30 *
R. Expenditures 0.75 * 0.66 * 0.73* 0.72* 0.61* 0.62 * 0.60 * 0.75*
Student population 0.34* 0.42* 0.47* 0.34 * 0.24* 0.21* 0.31* 0.47 *
Count (Y)/)p PDF(G)lp PDF(Y))jp URL(G))p URL(Y)/p Links(M)/p Links(O)/p Visits(C)
Rank (US News) —-0.79 * -0.59 * -0.71 * -0.81 * —0.64 * —0.78 * -0.61 * -0.71 *
Rank (Forbes) —0.74 * —0.52 * —0.66 * —0.76 * —0.59 * -0.72 * -0.51* —0.66 *
R. Expenditures 0.58 * 0.53* 0.60 * 0.57 * 0.50 * 0.50 * 0.45* 0.57 *
Student population -0.22 * —0.13 -0.15 -0.20 —-0.15 -0.17 -0.13 -0.17

* Significant values at the level of significance alpha = 0.050 (two-tailed test).

Considering raw data, a high-moderate correlation was detected between research expenditures and
web performance, especially with Global Count (r = 0.75), and total visits (r = 0.75), and a lower
correlation for URL mentions and external links. Up to three separate zones are identified: the first is
university reputation, the second is student population, and the third is web data.

If weighting by student population is applied, the correlations show unexpectedly results. On one
hand, ranking positions (US News and Forbes) improve notably their correlation with web data; on the
other hand both university research expenditures and student population achieve lower correlation
values. These results could imply that financial data (expenditures) and size (number of students) have
a direct effect in the creation of more web pages, the generation of links and the increasing of online
visits to university websites whereas universities in the first ranking positions are those with more ratio
of web contents, with independence of size.

3.4. Universities versus Academic Libraries

A total of 374 URLs related with academic libraries were retrieved from the 100 selected
universities, using the gathering process described in the method section. All web data for all these
URLs are available online [37]. Next is provided the correlation analysis among web indicators
corresponding with universities and academic libraries, and after this, the proportion of the latter
respect to the former is calculated.
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3.4.1. Correlation among University Web Indicators

The correlation values at the web level for universities and academic libraries are available, both for
non-normalized and normalized by student population data, in Table 5.

Table 5. Correlation among university web data.

University Library Level
Level Count (Y) PDF (G) PDF (Y) URL (G) URL (Y) Link (M) Link (O)  Visits (C)
Count (Y) 0.57 * 0.49 * 0.50 * 0.69 * 0.53 * 0.34 * 0.43 * 0.64 *
PDF (G) 0.51~* 0.56 * 0.56 * 0.65* 0.50 * 032* 0.35* 0.58 *
PDF (Y) 0.54 * 0.51* 0.54 * 0.68 * 0.50 * 0.32* 0.38 * 0.59 *
URL (G) 0.50 * 047 * 0.45* 0.62* 0.46 * 0.33* 0.40 * 0.55*
URL (Y) 0.44 * 0.50 * 0.39* 0.55 * 0.47 * 0.40 * 0.43 * 0.53 *
Link (M) 0.48 * 0.39 * 0.40 * 0.62* 0.48 * 0.38 * 0.45* 0.52 *
Link (O) 0.43 * 0.33* 0.43* 0.54 * 0.44 * 0.24 * 0.36 * 0.44 *
Visits (C) 0.55 * 0.49 * 0.51* 0.67 * 0.52 * 0.34 * 0.43 * 0.68 *
Count (Y)/)p PDF(G)l[p PDF(Y)lp URL(G))p URL(Y)p Link(M)/p Link(O)/p Visits(C)
Count (Y)/p 0.61 * 0.38 * 0.38 * 0.68 * 0.58 * 0.39 * 0.45 * 0.68 *
PDF (G)/p 0.55* 0.48 * 0.43* 0.61* 0.50 * 0.39* 0.39* 0.61~*
PDF (Y)/p 0.58 * 0.42* 0.41* 0.68 * 0.56 * 0.44 * 0.45 * 0.63 *
URL (G)/p 0.58 * 0.35* 0.32* 0.61* 0.51* 0.45* 0.49 * 0.61~*
URL (Y)/p 0.47 * 0.41* 0.28 * 0.52 * 0.49 * 0.45 * 0.45 * 0.55 *
Link (M)/p 0.51* 0.27* 0.29 * 0.61* 0.57* 0.40 * 0.46 * 0.57*
Link (O)/p 0.44 * 0.22* 0.34* 0.49 * 0.45 * 0.26 * 0.36 * 0.43 *
Visits (C)/p 0.62 * 0.39 * 0.40 * 0.65* 0.57* 0.44 * 0.47 * 0.75*

* Significant values at the level of significance alpha = 0.050 (two-tailed test).

Important results include the relatively good correlation achieved by URL mentions at the academic
library level with almost all university-level indicators, and the low values achieved among link
indicators. For example, for Link (Majestic) for libraries, r = 0.376 with Link (Majestic) for universities.

Figure 3. Distribution of page counts for universities (U) and academic libraries (L).
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In the case of data normalized by student population, the results are obviously quite similar, because
both levels (university and library) are equally normalized, and size effect is softened. In any cases, the
results for PDF (G) and PDF (Y) are lower whereas for Count (YY), URL (Y), Link (O) and Visits (C)
the correlations are higher. In all cases correlations are moderate.

In any case, the existence of outliers in the distribution may affect the correlations calculated.
Figure 3 shows -only for illustrative purpose- the performance for universities and academic libraries
for page count indicator, were some specific outliers can be visualized.

3.4.2. Correlation among Library Web Indicators

Table 6 shows for the Top 20 universities with higher page counts the percentage of the global page
count that academic libraries represent for universities. The proportion of total visits is also shown. For
universities and libraries, the values are obtained by adding the various URLSs for each unit. In the case
of libraries, as mentioned in Ordufa-Malea and Regazzi [25], these values correspond to library
homepages, repositories, OPACSs, and digital collections. The data shows that for page count, four
universities account for more than 20% of the content, a high figure, taking into account the size and
diversity of the universities. Among these universities should be highlighted Pennsylvania State
University (24.20%), due to the CiteseerX repository mainly, and the University of Pennsylvania
(20.72%), MIT (22.54%), and the University of Minnesota (36.88%), due to their library homepage.

Table 6. Percentage of library web data of total university web data.

Pennsylvania State University-Main Campus 1,400,000 33,8801  24.20 1,329,323 108,745 8.18

Stanford University 1,290,000 57,182 443 1,552,733 51,146 3.29
University of Michigan-Ann Arbor 1,050,000 134,893  12.85 1,371,841 176,872  12.89
Harvard University 1,000,000 56,279 5.63 1,639,311 70,400 4.29

University of Washington-Seattle Campus 891,000 42,300 4.75 1,132,891 83,545 7.37
Columbia University in the City of New York 852,000 14,362 1.69 1,072,023 17,482 1.63
University of Pennsylvania 842,000 174,430 20.72 902,811 235,809 26.12
Massachusetts Institute of Technology 840,000 189,328 2254 1,247,431 25,596 2.05
University of Illinois at Urbana-Champaign 801,000 146,008 18.23 1,339,044 78,887 5.89
Cornell University 764,000 74,098 9.70 1,585,049 207,867  13.11

University of California-Berkeley 759,000 18,364 2.42 1,456,088 89,542 6.15
University of North Carolina at Chapel Hill 673,000 117,793  17.50 721,504 98,621 13.67
University of California-Los Angeles 659,000 14,961 2.27 707,462 24,591 3.48
University of Minnesota-Twin Cities 565,000 208,370  36.88 3,826,259 101,393 2.65
Michigan State University 555,000 40,600 7.32 909,898 52,115 5.73

North Carolina State University at Raleigh 552,000 68,940 12.49 642,619 70,012 10.89
Ohio State University—Main Campus 528,000 80,600 15.27 1,064,752 35,262 3.31
University of Virginia—Main Campus 523,000 77,601 14.84 895,392 76,171 8.51
Johns Hopkins University 509,000 12,419 2.44 489514 19,880 4.06

University of Arizona 473,000 17,727 3.75 843,683 41,654 4,94
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In the case of total visits, the percentages are lower, and only five universities have more than 10%
of the visits in the same month. Again, the University of Pennsylvania (26.12%) achieves a remarkable
percentage. In contrast, several important universities, such as the University of California-Los
Angeles (3.48%), Stanford University (3.29%), MIT (2.05%), and Columbia University (1.63%) had
low percentages.

4. Discussion

The economic variables considered for universities shared a generally weak correlation. The two
university rankings used (US News and World Report and Forbes) have high correlation (r = 0.923)
but low correlation with all other indicators. Neither research expenditures nor total student population
has a strong correlation with rankings, which can be explained by the methodological procedures used
for each ranking. The weak correlation between research expenditures and population (r = 0.314) also
follows this pattern, and may be a result of the sample corresponding with only the 100 academic
libraries with the highest total expenditures.

In contrast, the web data shows a great compactness among indicators, suggesting that universities
with higher page counts are those with more mentions, visits, and external links (with some
exceptions). A lower value is obtained among URL mentions and links (measured with Open Site
Explorer). Although not all URL mentions become hyperlinks, this correlation if it would have been
higher as expected, then such an effect could be attributed partially to the relatively low coverage and
accuracy of Open Site Explorer as a source for gathering links.

If institutional and web data are compared, the results are show an important correlation among web
data and research expenditures, specifically with page count (r = 0.752) and visits (r = 0.749). A
possible explanation of these values is that the more students who attend a university, the more users
likely to visit the corresponding website, and indirectly, the more pages that are created, and more
times the pages are linked, although clearly not all page visits can be attributed to students and not all
university pages are created for academic programs.

The influence of academic libraries on universities was also studied in terms of web data variables.
The web indicators used at the university level show a moderate, but not significant, correlation with
the web indicators at the library level. The data shows a specific relation among these two groups of
indicators, where URL mentions can act as a gateway. Page counts and visits have an interesting
relation, but link indicators present an absence of correlation among all other indicators.

Finally, the influence of university size (in terms of student population) on web data has been also
studied, which constitutes a novelty in web analysis under webometric methods. The size parameter
seems to be more evident among institutional and web data (especially university research expenditures)
than among web indicators. In any case, the effect is detected and should be taken into account in
future research.

5. Conclusions

Finally, the main conclusions of this research, with particular reference to its key objectives, are as
follows:
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Offline versus Online

Research expenditures have a strong correlation with web variables for the sample when university
size component is not considered. This finding opens up a way of illustrating how research and the
promotion of research efforts can affect the reputation brand attributes, web behaviors, and economics
of a university website, especially in small universities. This is important as otherwise, overall position
in the reputation rankings correlates with web variables if student population is considered to
normalize web data.

Influence

The percentage of the academic libraries’ page count of the universities’ total page count is
moderately and potentially important, especially for some universities. This effect is assumed is
associated with the existence of big platforms and institutional repositories, such as CiteseerX, so that
their influence on university web rankings seems a logical result. The low percentages detected on
other universities with big online platforms is attributed to inconsistent naming and other bad practices
in web structure and URL syntaxes, corroborating the effects of these web policies on web impact,
found previously by Orduia-Malea and Regazzi [25].

Regarding online visits, the relationship is low to moderate, except for some universities. This issue
seems to be logical, because the access to library websites are more delimited to students and
researchers of each university whereas the university websites are focused to a wider target. Moreover,
library holdings use to be closed to external users by means of private intranets. For that reason, it is
necessary the usage of webmaster tools (such as Google or Bing webmaster tools, among other
applications) in order to get more reliable data about this indicator. Unfortunately, both university and
library website usage data is not usually public, and the tools employed are those available for external
users of all websites under study. Notwithstanding, this issue should be further analyzed due to the
importance in ensuring reliable data for academic website access.

Compactness of Web Variables

The high compactness among web variables found for universities contrasts with the weak
compactness found previously by Orduia-Malea and Regazzi for academic libraries. This reinforces
the hypothesis that the complexity of the online structure of academic libraries underrepresents their
performance on the web (leading to a weak correlation among web indicators) and their influence on
the universities’ global figures.

One explanation of this difference might be that universities are publishing original content related
to their activities whereas libraries are not, and this original content attracts more web activity
and reputational brand awareness. In any case, this systemic web behavior should be pursued in
future research.

Influence of University Student Population

The effect of size among web data indicators (both for university and library level) is detected, but
its effect is small, so that the compactness among web indicators is elevated independently of size.
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Otherwise, the correlation among ranking position and web data improves when size is controlled.
Taking into account that the rankings considered (US News and Forbes) do not apply any web
indicator in their rankings, this result reinforces the previous findings about the good correlation of
web indicators with non-web university rankings, independently of university size.

Finally, the correlation among university research expenditures and web data decreases when size is
controlled. This result implies that research expenditures correlate with web data only in big universities
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