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student, but labeled the x-axis with the actual expenditures per students to make 

interpretation more clear-cut. An increase in the ratio of expenditures per student predicts 

an increase in the estimated graduation rate. Inserting the lowest expenditures value of 

$139 per student in the equation resulted in an estimated graduation rate of 52.01 percent 

and inserting the highest expenditures value of $2,211 per student in the equation resulted 

in an estimated graduation rate of 58.19 percent. 

 

Figure 20: Prototypical plot for Model 6B where all variables are held at their means and 

Log10 ratio of expenditures students varies from its minimum (2.14, log base 10) to its 

maximum (3.34, log base 10). X-axis displayed as actual expenditures per student. 

Though the difference in the estimated graduation rate between the lowest value and the 

highest value in the sample was lower than the difference for the librarian ratio, the 6.18 

percentage point difference indicated that the ratio of expenditures per student also makes 

a difference in estimated graduation rates. 

In addition, I estimated graduation rates for the combined low and high values of 

librarians and expenditures while holding all non-library independent variables at their 
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means. Inserting the lowest librarian and expenditures values in the equation produced an 

estimated graduation rate of 49.22 percent and inserting the highest librarian expenditures 

values in the equation produced an estimated graduation rate of 62.46 percent. Here, the 

difference was substantial, at 13.24 percentage points, suggesting that a combination of 

librarians and library expenditures positively influences graduation rates. 

As the ratio of librarians to students and library expenditures per student 

increases, the graduate rate is predicted to be higher when holding the indicators for 

academic performance, academic integration, institutional commitment, and intent to 

persist constant. 

Another way to interpret the results is to examine the unstandardized coefficients 

for the two library indicators. The interpretation of the unstandardized coefficients (see 

Table 46) means that, controlling for all other predictors in the model, for every one unit 

change in the Log10 ratio of librarians to students, we would predict a 5.117 percentage 

point change in graduation rate, and for every one unit change in Log10 expenditures per 

student we would predict a 5.149 percentage point change in graduation. 

However, because both library variables were transformed with Log10, it is 

difficult to interpret these estimated betas. To make the estimated regression coefficient 

more meaningful and to calculate its impact, I applied the following formula: β1 * log10 

(X), where β1 is the estimated regression coefficient and X is the percentage change. For 

librarians, Inserting β1 and a 10 percent increase into the equation yields Librarians = 

5.117 * log10 (1.1) = 0.405%. In other words, in the population from which the sample 

was drawn, controlling for all the other predictors in the model, a 10 percent increase in 

the ratio of professional library staff to students predicts a 0.405 percent increase in 
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graduation rates. Note that this figure is substantially lower than the 1.55 percent increase 

calculated by Emmons and Wilkinson (2011) in a similar study that controlled for 

race/ethnicity and financial aid. This study is different, in that it includes other factors 

that contribute to graduation including measures of academic performance, academic 

integration, institutional commitment, and intent to persist. 

Using the same formula for expenditures, Inserting β2 and a 10 percent increase 

into the equation generates Expenditures = 5.149 * log10 (1.1) = 0.408%. In other words, 

in the population from which the sample was drawn, and controlling for measures of 

student engagement related to academic performance, academic integration, institutional 

commitment, and intent to persist, a 10 percent increase in the ratio of library 

expenditures per student predicts a 0.408 percent increase in graduation rates.  

For both librarians and library expenditures, the relationship is curvilinear. For 

example, while the first 10 percent increase in the ratio of professional staff to students 

predicts a .405 percent increase in graduation, an additional 10 percent increase only 

predicts an additional .178 percent increase in graduation rates. The predicted impact 

from changes in the ratio of librarians and library expenditures per student are virtually 

identical as illustrated by the overlapping curves in figure 21. 
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Figure 21: Predicted Impact of a Change in the Ratios of Librarians and Expenditures to 

Students on Graduation Rates 

Discussion 

The fitted model from a multiple linear regression analysis predicts that, 

controlling for all other variables in the model, an increase in the ratio of librarians to 

students predicts a modest increase in graduation rates. Though the numbers are not as 

large, these results echo the findings from a previous study I conducted with Wilkinson 

(Emmons & Wilkinson, 2011). New to the findings from our original study is that the 

same holds true for expenditures per student ratio.  

My interest in pursuing structural equation modeling grew out of that study. In the 

conclusion, we speculated that a likely reason that an increase in the ratio of librarians to 

students predicted an increase in retention and graduation rates was likely due to the fact 

that the ratio was collinear with other factors. Though I did not control for all possible 

factors, this study did control for factors that have been shown to impact persistence such 

as academic performance, academic integration, institutional commitment, and intent to 

persist. The result was a smaller impact by the library, but an impact nonetheless. 
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We also conjectured that the library did not have a direct impact, but that it was 

instead indirect and mediated by other factors. The structural models I hypothesized were 

designed to test potential mediating factors. Unfortunately, despite a strong theoretical 

foundation and the results from a taxonomy of multiple linear regression models 

suggesting that the library measures have predictive power, none of the structural 

equation models fit, and so I was left to explore the reasons why. 
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CHAPTER 5:  

CONCLUSIONS 

What impact does the academic library have on student persistence? 

Based on fitting a taxonomy of multiple linear regression models, I found that, 

holding a vector of institutional variables constant, a change in the ratio of librarians to 

students predicts a change in graduation rates. My finding reinforces the findings of a 

previous study I conducted with Wilkinson (Emmons & Wilkinson, 2011) and adds the 

conclusion that a change in library expenditures per student also predicts a change in 

graduation rates.  

These findings brought me full circle, as my original interest in developing a 

model of the library impact on student persistence that I could test with structural 

equation modeling grew out of that study. In that first study, we were also interested in 

the impact that the academic library had upon student success. When we found that 

librarians did make a difference, we were excited. But, we were left to speculate as to the 

causes. We reasoned that one likely explanation that an increase in the ratio of librarians 

to students predicted an increase in retention and graduation rates was due to the fact that 

the library input and output measures correlated with other factors. We concluded that the 

library did not have a direct impact, but that it did have an indirect impact mediated by 

other factors. I was interested in what those factors might be and began my investigation. 

I made a thorough search of the literature and discovered that several models of 

student persistence had emerged from Astin (1977, 1993), Tinto (1987, 1993), and Bean 

and Metzner (1985), and that these last two models had been merged and tested by 

Cabrera, Nora, and Castañeda (1993) using structural equation modeling. Their model 
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included three factors that the literature had shown to be correlated with library measures: 

academic performance, academic integration, which is a concept similar to academic 

engagement, and persistence. As a result, I felt comfortable hypothesizing a model that 

added the library. Because the library related only to those three factors, I decided to test 

only a subset (see figure 22) of the entire Cabrera, Nora, and Castañeda model. I have 

presented Model 2 before, but I present it again in figure 22. 

 

Figure 22: Model 2 

I chose indicators that differed from those used by Cabrera, Nora, and Castañeda 

(1993) because my study was multi-institutional and I needed to use existing data. I chose 

to conduct the analyses at the institutional level rather than the individual level. 

Unfortunately, despite a strong theoretical foundation and a taxonomy of linear 

regression models that include multiple, statistically significant predictors of graduation 

rate, none of the structural equation models fit. I was left to explore the reasons why my 

structural equation models did not describe the nature of the relationship of the library to 

persistence. 

Measurement 

There is a distinct possibility that I used measures that were imperfect. The 

indicators for the library construct, in particular, were debatable. What do the number of 

librarians, the amount spent on the budget, the number of items circulated, and the 

number of classes taught by librarians truly tell us about the library? First, these variables 
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tell us about a library’s resources. A large library on a large campus is likely to hire more 

librarians who teach more classes and buy books that will get checked out by a larger 

number of students. I adjusted for this possibility by developing ratios per student for 

each variable, but this did not change the fact that the observed measure relied on a factor 

related more to size than to quality. Second, if the campuses were not large or did not 

serve more students, but still had large ratios, it is likely that the variables tell us about 

the library’s resources in a different way. In these circumstances, it is likely that the 

library is wealthy and the institution is prestigious. Prestigious institutions matriculate 

higher achieving students who tend to graduate at higher levels. Third, the variables tell 

us just a bit about use. Circulation tells us how often our materials are checked out. 

Instruction tells us how often students come to the library to learn research. As detailed in 

Chapter 1, library use has long been used as an indirect indicator of engagement with the 

library, but the use statistics do not describe the nature of the use. 

What do these variables not tell us about the library? They do not reveal anything 

about the quality of the library. The number of librarians does not say a thing about the 

worthiness of their interactions with students. The library budget says nothing about how 

well that money is spent. The number of items circulated does not disclose how students 

made use of those materials. The number of classes taught cannot communicate what and 

if students learned and whether or not that instruction was useful to their studies.  

It is interesting to note that librarians per student (or conversely students per 

librarian) is likely the strongest of the traditional input and output measures. This was 

confirmed by the linear regression analysis as well as the modification indices in the 

structural equation model. As we cautiously suggested in our earlier research with similar 
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findings, “it is not the individual input measures such as collections and output measures 

such as use and services that make a difference. Instead, it is the complex 

interrelationships between these factors and the professional library staff and the students 

and faculty that make a difference in student persistence” (Emmons & Wilkinson, 2011, 

p. 19). 

I used these variables for the same reasons that so many other researchers use 

them: because they are so easily available – and because they matter to decision-makers. 

Libraries report input and output measures on an annual or biannual basis to the ARL or 

ACRL and NCES surveys I described in Chapter 1. These input and output measures 

have been collected for decades and a type of inertia has developed. Though some 

libraries have heeded the call made by so many librarians and library associations in the 

past several years to devise new outcome and impact measures, they tend to do so at the 

local level. This makes sense, as outcome and impact measures are by their nature 

designed to measure success against student and institutional needs and performance.  

The Association of College & Research Libraries (ACRL) realized that this was 

the case and decided to once again revise its Standards for Libraries in Higher 

Education. Those standards, released in 2004, called for focusing on “documenting the 

library’s contribution to institutional effectiveness and student learning outcomes” 

(Association of College & Research Libraries, 2004, p. 1). The newly revised Standards 

for Libraries in Higher Education, approved in October of 2011, focus on impact 

measures and “are designed to guide academic libraries in advancing and sustaining their 

role as partners in educating students, achieving their institutions’ missions, and 

positioning libraries as leaders in assessment and continuous improvement on their 
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campuses” (Association of College & Research Libraries, 2011, p. 1). The revised 

standards continue to take an outcomes-based approach, but do so explicitly in the 

context of local institutional effectiveness and impact. The Standards are a good tool for 

individual academic libraries as they assess their impact upon their students and their 

institutions. They are not, however, useful in making comparisons across multiple 

institutions and as a result they do not serve the needs of researchers conducting 

comparative research across multiple institutions. Consequently, researchers continue to 

rely on input and output measures that reveal little about the outcomes or the impact of 

the academic library. Is there an alternative? 

Library Engagement Measures 

When I embarked upon this study, I had hoped to use the experimental library 

engagement measures administered as part of the 2006 National Survey of Student 

Engagement (2006). In fact, their existence was the reason I targeted that year for data 

gathering. Unfortunately, only 33 institutions availed themselves of the opportunity to 

take part in the pilot study. Since the analyses I presented in this paper were conducted at 

the institutional level, I was left with a sample far too small for structural equation 

modeling or multiple linear regression. However, I imagined that the data could still be 

informative, so I examined the descriptive statistics for those items and the estimated 

correlations from those items with other measures (see Appendix B for a detailed 

discussion).  

I found that the magnitude of the estimated correlations between the library 

engagement measures and other measures to be much greater than estimated correlations 

between the more traditional library input and output measures and other variables in my 
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hypothesized model. This was particularly true for all of the academic performance 

measures as well as with all of the academic integration measures except for 

collaborative learning, which was comparable. It is feasible that with stronger estimated 

correlations, it is more likely that the model I hypothesized and tested with structural 

equation modeling would have fit. 

The stronger correlations between library engagement and academic performance 

and engagement measures mean that there is a possibility that a national measure of 

library engagement could be developed for comparison across libraries. To date, 

however, NSSE has only offered the experimental measure that one year in 2006. That 

may be about to change. A small group of librarians is working with NSSE and met at the 

June 2011 and January 2012 American Library Association meetings to begin drafting a 

new information literacy module that could be added to the regular NSSE survey. I am a 

part of that group. We are hoping to complete our initial work by the June 2012 

American Library Association meeting. If the outcome is successful, researchers and 

librarians will have a tool that might offer a more authentic means of assessment and the 

ability to compare across institutions.  

NSSE measures 

NSSE measures seemed to serve well as indicators for the constructs in my 

model. The analysis of the estimated correlation matrix showed moderate relationships 

with each other and with other non-library constructs. Based upon the magnitude of the 

unstandardized estimated regression coefficient when controlling for all other variables in 

the multiple regression model and the modification index number in the structural 

equation model, Bloom’s Taxonomy appeared to be a good indicator for academic 
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performance. Critical thinking, which is a related concept, also served as a moderately 

strong indicator. It is a little more difficult to determine which measures serve as the best 

indicators for academic integration. Correlation matrices indicate that the different 

indicators correlated well across most measures, but that they varied according to 

measure. Estimated unstandardized coefficients from the multiple regression model on 

graduation showed only collaborative learning, holding the other variables constant, had 

a large, positive effect. Relationships with faculty and with other students showed a good 

relationship with institutional commitment. And though I was worried that I would not 

find a good measure for intent to persist when I first began investigating data for use in 

my project, overall experience correlated very well (too well, in fact) with the idea that 

students would return to the same institution if they could do it all over again. 

Pike’s Scalelets 

I used five of Pike’s twelve scalelets in my model. Pike (2006a, 2006b) developed 

his scalelets for use as a more granular measure of student engagement factors. He 

deemed that all twelve of his scalelets were reliable. However, in my sample, two of the 

scalelets as he had constructed them were not reliable. I added one question from NSSE 

that Pike had used in a different scalelet and removed another to develop a more reliable 

Active Learning scalelet. I removed two questions from the Collaborative Learning 

scalelet to make it more reliable – though I worried about the face validity of the two 

remaining questions. In my sample, Pike’s scalelets for Course Challenge, Interactive 

Learning, and Support for Student Success were all reliable as he originally fashioned 

them. While Pike devised his scalelets for use as a measurement tool on campuses, they 

served as solid indicators for academic performance, academic integration, and intent to 
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persist constructs and will serve other researchers interested in utilizing indicators for 

student engagement.  

Implications 

The implications for researchers interested in exploring the relationship between 

the library and student persistence are clear. At the local level, librarians must continue to 

assess the impact that their library has upon their college or university. They must collect 

quantitative and qualitative data and work with institutional researchers to see what 

difference their library and their librarians have made upon student success.  

I plan to conduct research at the local level by exploring the relationship between 

the academic library and student success at the University of New Mexico where I work 

as the University Library’s Planning & Assessment Officer. I anticipate finding 

quantitative measures that I can use to conduct a logistic regression to see if engagement 

with the library leads to success in the university. At the same time, I will use qualitative 

critical incident methods to interview students and find out how engaging the library has 

helped them succeed.  

As I initiate these and future studies, I am interested in student success in its 

broadest terms. In this study, I used persistence as a measure of student success, but my 

interest is in all types of success. I hope to find out what aspects of library services and 

resources help students succeed in ways they define success. I hope to find out why the 

librarian makes a difference. I hope to corroborate existing studies that show the library 

impacts academic performance and integration and to move beyond to find out how the 

library impacts social engagement. I hope to find out if the library as a place matters to 

students. At the University of New Mexico, we regularly use an instrument called 
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LibQual+ to measure customer satisfaction with the library as a provider of services, a 

supplier of collections, and a proprietor of a place – in our most recent results, we found 

that undergraduates valued the library as a place and I want to find out why. I hope to 

investigate the role of place in both student academic and social engagement. I also hope 

to find out the value that individual programs have upon student success. For example, 

our library offers the Indigenous Nations Library Program (INLP) to help foster success 

among Native American students (Aguilar, 2006) and I hope to work with the program’s 

director to see what impact it has upon their success. In the long run, I hope to 

demonstrate the value of my library and its services, resources, and programs to student 

success. 

The Association of College and Research Libraries has provided help to academic 

librarians hoping to assess their libraries’ impact with its Value of Academic Libraries 

initiative and with the revised Standards for Libraries in Higher Education (Association 

of College & Research Libraries, 2011). The Values report helps librarians identify 

means of assessing impact and the Standards provide a framework that librarians can use 

at their institutions to demonstrate their value and their contributions to student success. 

At the national level, the goal is also clear, but the path is fraught with challenges. 

Saracevic and Kantor (1997a, 1997b) claimed that it is nearly impossible to show the 

benefit of the academic library at the institutional level and argued that study should be 

left at the individual level in the context of the larger institution. I must respectfully 

disagree. It is difficult, but my own research has shown that it can be done. The goal is to 

develop and maintain a set of measures and techniques that can be used by researchers to 

demonstrate the academic library’s impact and by administrators to make decisions when 
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allocating resources. The challenges on the path are many. First, despite calls to begin 

collecting more meaningful statistics, national library associations and the federal 

government continue to collect input and output statistics that tell us more about a 

library’s size than its quality. Researchers need to determine which of these input and 

output measures, if any, serve as indicators of quality. The models described in Chapter 1 

such as Urquhart’s Library Measurement Model (see figure 23) imply that input and 

output measures influence outcomes measures, but that was not necessarily true for my 

study. Researchers need to find specific links. 

Figure 23: Urquhart’s (2004) Library Measurement Model 

More importantly, researchers need to develop new measures of quality. The new 

measures need to be as simple and straightforward to collect as are input and output 

measures. The librarians working with NSSE to develop a new set of library engagement 

indicators are on the right path. At the very least, we should ask that NSSE separate the 

library out as a service separate from the larger administrative support category so that 

statistical analysis can be conducted against their tried and true engagement measures. 

Ideally, we should ask that NSSE incorporate separate questions about library 

engagement into their survey. But, if history serves, it is likely that NSSE will pilot the 

indicators in a single study and will adopt few if any of the individual questions into their 

larger survey. And even if NSSE administrators do add individual library engagement 

questions to their survey or decide to adopt the information literacy module whole cloth, 

NSSE remains a proprietary instrument, thereby limiting its wider use in research.  

Inputs Library Outputs User Outcomes 
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Academic librarians need valid and reliable measures that relate the library to 

student success. We need instruments that are simple to administer and analyze. We need 

questions that are routinely collected every year. And we need results that are widely 

disseminated. In order for this to happen, library associations or the federal government 

must take leadership. 

In the United States, the Association of Research Libraries (ARL) and the 

Association of College and Research Librarians (ACRL), along with the U.S. Department 

of Education, are the groups that currently gather statistics and are therefore the most 

likely organizations to foster change as to which statistics are gathered. Earlier attempts 

to make changes with new measures have met with limited success due to the challenges 

of finding and collecting measures that work. But also, in some cases, individual colleges 

and universities who fare well with the current input and output measures due to their 

size have resisted change. And also, possibly, bureaucratic inertia has kept the traditional 

measures in place – especially with no alternate measures readily available. 

The ongoing push for accountability in times of financial stress is an opportunity 

to push through this inertia. Government officials want to know how the monies they 

spend help bolster the workforce. Accrediting agencies want to know how institutions 

help their students learn. Campus administrators want to be sure that they are spending 

their budget wisely in the face of pressures for efficiency and accountability. Librarians 

and the associations that represent them can step in and help to answer these questions. 

As a member of the ACRL Board who is actively involved with the Value of Academic 

Libraries initiative, I intend to use my position to influence the conversation and to push 

for measures of quality and impact that will answer questions of accountability. 
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I will once again quote the SPEC Kit on impact measures: “despite the urgency 

the library community has felt in recent years to justify its value, the responding libraries 

reported shockingly little work that focuses on investigating whether use of library 

resources correlate with measures of success for library users” with only 34% of 

respondents having conducted research on their library’s impact (Koltay & Li, 2010, p. 

9). While the survey that accompanied the SPEC Kit did not ask librarians why that 

might be the case, the obvious answer is that it is difficult to demonstrate value. 

Associations are perfectly primed to intercede and provide the help academic librarians 

need and I intend to use my position on the ACRL Board to encourage and facilitate the 

development of measures that will make it easier to demonstrate value.  

Research Questions 

Unfortunately, my model did not bring me much closer to answering the question 

of why the academic library has an impact on student persistence. I was able to 

corroborate that the relationship demonstrated in other studies does exist. I was able to 

find some positive relationships between library indicators and measures of student 

academic performance and student engagement. I was able to confirm that librarians do 

make a difference. But I was not able to answer the fundamental questions of why and 

how. 

In future research, I plan to continue exploring the relationship between the 

academic library and student success. As I mentioned earlier, I will use both quantitative 

and qualitative methods to explore how my own library has helped students succeed. But 

I remain interested in asking the same questions at the national level. Fortunately, I am 

currently situated in a position where I can influence the national research agenda. In 
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addition to serving as an ACRL Board member and a member of the group formulating 

NSSE library engagement questions, I have been asked to join a formal national 

conversation designed to shape the research agenda around library values.  

My study can contribute to that research agenda, as it raised more questions than 

it answered. We know that the library has a positive impact on student persistence, but 

we do not know why or how. The literature on student persistence is vast. Pascarella and 

Terenzini (1991, 2005) compiled two book length literature reviews in which they cited 

thousands of items on the influence of college upon students; in each book they devoted 

an entire chapter to educational attainment, a category that included hundreds of pieces of 

research on persistence. Astin (1977, 2001) identified “135 college environmental 

measures and “57 student involvement” measures” (p. xii) that impact student success. 

Prime among these measures in both reviews is student involvement, which Cabrera, 

Nora, and Castañeda (1993) termed integration and has now widely become known as 

engagement. What role does the library play in student engagement? What little is written 

is more aspirational than empirical. What empirical evidence can we find for the library’s 

influence on student engagement? 

Astin (1977, 2001) developed the widely used I-E-O model – written out as Inputs 

 Environment  Outcome – as a conceptual framework for studying student success. 

Students bring inputs with them to campus and the library is unlikely to be able to 

influence them. But what environmental factors can the library influence to produce 

positive outcomes? What programs, policies, faculties, peers, and educational experiences 

make a difference in persistence and how can the library assist? What are the mediating 

factors that the library can shape? What can researchers learn from successful local 
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outcomes assessment projects? How can local projects be gathered and analyzed and 

synthesized and generalized to serve as cross institutional studies? How can library 

associations facilitate this process? 

What qualitative evidence can we find for the library’s influence on student 

engagement? What can students tell us about the library’s influence upon their success? 

How does interacting with librarians make them more likely to stay in school? What 

types of interactions best serve student success? What does quality mean when a student 

interacts with a library? 

Measurement is an issue ripe with possibilities for research. What traditional input 

and output measures are related to student persistence? What qualities inherent in these 

measures lead to student persistence? What new measures can we develop? How can we 

tie library measures to widely accepted influences that lead students to persist such as 

student engagement and academic performance? How can the library influence areas 

outside its traditional purview that influence persistence such as social engagement?  

Social engagement is a major part of persistence models, yet is little studied in the 

academic library. What does social engagement look like in a library? Does it make a 

difference in student success? If so, how can we design libraries to foster social 

engagement as well as academic engagement? How can we create programs that socially 

engage students? What role does the library as a place play in student social engagement? 

How can we demonstrate that social engagement in the library leads to student 

persistence? 

How can administrators use the results of studies to make their case for more 

resources? How can they operationalize the research findings? If librarians do indeed 
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make a difference, how many librarians are optimal? Which librarians make a difference? 

What programs will make the most difference? What type of engagement nurtures 

students the most? 

How can leaders in academic library associations leverage positive results? How 

can they foster the research that will lead to new measurement models? Which measures 

should they adopt and use to supplement or replace the more traditional input and output 

measures they already collect? 

The possibilities for research are endless and limited only by the imagination of 

the researcher.  

Conclusion 

I opened with a quote by Timothy Dwight claiming that the “library is in a most 

important sense, the center of the University life" (quoted in Katz, et al., 1989, p. 42). 

While this once overworked cliché has been expressed about the academic library since 

time immemorial, it is no longer accepted as a truism. In these times of accountability, 

tight budgets, and competition, library leaders need to make a strong case that the library 

matters, that librarians make a difference in the lives of students. My goal when I set out 

was to make a case to library and campus administrators for the library’s role in student 

success by investigating its impact on persistence. While I was not altogether successful, 

I would like to think that my study contributed in some small part to the ongoing 

exploration of the library’s impact on student success. 
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APPENDIX A: 

CODEBOOK 

Table A1: 

Codebook 

Name Variable Name Label 

ID ID ID = key variable  

Library Construct Indicators 

Name Variable Name Label 

Librarians STLIBPRO_coll Total librarians and other professional staff 

- collapsed  

Expenditures EXTOT_coll Total library expenditures - collapsed 

Serials 

expenditures 

EXCUSER_coll Expenditures for Current serial 

subscriptions (ongoing commitments) - 

collapsed 

Circulation CRGEN_coll General circulation transactions - collapsed  

Instruction ATTEND_coll Total attendance at all presentations - 

collapsed  

Librarians 

(Log10) 

STLIBPRO_coll_Log10 Total librarians and other professional staff 

- collapsed - transformed with Log10  

Expenditures 

(Log10) 

EXTOT_colll_Log10 Total library expenditures - collapsed - 

transformed with Log10  

Circulation 

(Log10) 

CRGEN_coll_Log10 General circulation transactions - collapsed 

- transformed with Log10  

Instruction (Log 

10) 

ATTEND_coll_Log10 Total attendance at all presentations - 

collapsed - transformed with Log10 

Librarians ratio LIBRAT_coll Ratio of library professional staff to FTE 

students - collapsed  

Librarians ratio 

inverted 

LIBRAT_inverse Ratio of library professional staff to FTE 

students - collapsed  

Expenditures 

ratio 

EXPRAT_coll Ratio of total library expenditures to FTE 

students - collapsed  

Serials ratio SUBRAT_coll Ratio of serial subscriptions to FTE 

students - collapsed  

Circulation 

ratio 

CIRCRAT_coll Ratio of total circulation to FTE students  

Instruction ratio ATTRAT_coll Ratio of attendance in library instruction to 

FTE students - collapsed  

Librarians ratio 

(Log10) 

LIBRAT_coll_Log10 Ratio of library professional staff to FTE 

students - collapsed - transformed with 

Log10  

Librarians ratio 

inverted 

(Log10) 

LIBRAT_inverse_Log10 Ratio of library professional staff to FTE 

students - collapsed - transformed with 

Log10  
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Expenditures 

ratio (log10) 

EXPRAT_coll_Log10 Ratio of total library expenditures to FTE 

students - collapsed - transformed with 

Log10  

Circulation 

ratio (Log10) 

CIRCRAT_coll_Log10 Ratio of total circulation to FTE students - 

collapsed - transformed with Log10  

Instruction ratio 

(Log10) 

ATTRAT_coll_Log10 Ratio of attendance in library instruction to 

FTE students - collapsed - transformed 

with Log10  

Academic Performance Construct Indicators 

Name Variable Name Label 

Memorized memorize_Mean Memorizing facts, ideas, or methods from 

your courses and readings so you can 

repeat them in pretty much the same form - 

Mean  

Applied applying_Mean Applying theories or concepts to practical 

problems or in new situations - Mean  

Analyzed analyze_Mean Analyzing the basic elements of an idea, 

experience, or theory, such as examining a 

particular case or situation in depth and 

considering its components - Mean  

Synthesized synthesz_Mean Synthesizing and organizing ideas, 

information, or experiences into new, more 

complex interpretations and relationships - 

Mean  

Evaluated evaluate_Mean Making judgments about the value of 

information, arguments, or methods, such 

as examining how others gathered and 

interpreted data and assessing the 

soundness of their conclusions - Mean  

Bloom Bloom Bloom's Taxonomy scale: Calculated as 

mean of memorize, applying, synthesz, 

evaluate. 

Critical gnanaly_Mean Critical thinking: To what extent has your 

experience at this institution contributed to 

your knowledge, skills, and personal 

development in thinking critically and 

analytically - Mean  

Lifelong gninq_Mean Lifelong learning: To what extent has your 

experience at this institution contributed to 

your knowledge, skills, and personal 

development in learning effectively on 

your own - Mean 

Grades grades04_Mean What have most of your grades been up to 

now at this institution? - Mean  
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Academic Integration Construct Indicators 

Name Variable Name Label 

Challenge 

Index (NSSE) 

ACa_Mean NSSE Level of Academic Challenge Index 

(adjusted) - Mean  

Asked 

questions 

clquest_Mean Asked questions in class or contributed to 

class discussions - Mean  

Made 

presentation 

clpresen_Mean Made a class presentation - Mean  

Service learning commproj_Mean Participated in a community-based project 

(e.g., service learning) as part of a regular 

course - Mean  

Integrated ideas integrat_Mean Worked on a paper or project that required 

integrating ideas or information from 

various sources - Mean 

Active (Pike) Active_Pike Pike’s Active Learning scalelet: Calculated 

as mean of asked questions, made 

presentation 

Active (Pike) 

adjusted 

Active2_Pike Pike’s Active Learning scalelet adjusted: 

Calculated as mean of asked questions, 

made presentation, wrote a paper 

Active and 

Collaborative 

Index (NSSE) 

ACL_Mean NSSE Active and Collaborative Learning 

Index - Mean 

Group project 

in class 

classgrp_Mean Worked with other students on projects 

during class - Mean  

Group project 

outside class 

occgrp_Mean Worked with classmates outside of class to 

prepare class assignments - Mean  

Tutored tutor_Mean Tutored or taught other students (paid or 

voluntary) - Mean  

Discussed ideas oocideas_Mean Discussed ideas from your readings or 

classes with others outside of class 

(students, family members, co-workers, 

etc.) - Mean  

Collaborate 

(Pike) 

Collabor_Pike Pike’s Collaborative Learning scalelet 

Collaborate 

(Pike) adjusted 

Collabor2_Pike Pike’s Collaborative Learning scalelet: 

Calculated as mean of group project 

outside of class, tutored 

Came 

unprepared 

clunprep_Mean Come to class without completing readings 

or assignments - Mean  

Worked hard workhard_Mean Worked harder than you thought you could 

to meet an instructor's standards or 

expectations - Mean  

Exams 

challenged 

exams_Mean Examinations during the current school 

year challenged you to do your best work - 

Mean  
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Hours studying acadpr01_Mean About how many hours do you spend in a 

typical 7-day week preparing for class 

(studying, reading, writing, doing 

homework or lab work, analyzing data, 

rehearsing, and other academic activities) - 

Mean  

Institutional 

emphasis on 

studying 

envschol_Mean To what extent does your institution 

emphasize spending significant amounts of 

time studying and on academic work - 

Mean  

Challenge 

(Pike) 

Challeng_Pike Pike’s Course Challenge scalelet 

Challenge 

(Pike) adjusted 

Challeng2_Pike Pike’s Course Challenge scalelet adjusted: 

Calculated as mean of worked hard, exams 

challenged, institutional emphasis on 

studying 

Discussed 

grades 

facgrade_Mean Discussed grades or assignments with an 

instructor - Mean  

Discussed ideas 

with faculty 

facideas_Mean Discussed ideas from your readings or 

classes with faculty members outside of 

class -  

Received 

feedback 

facfeed_Mean Received prompt written or oral feedback 

from faculty on your academic 

performance - Mean  

Institutional Support Construct Indicators 

Name Variable Name Label 

Interaction 

(Pike) 

Interact_Pike Pike’s Course Interaction scalelet 

Students envstu_Mean The quality of your relationships with other 

students at your institution - Mean  

Faculty envfac_Mean The quality of your relationships with 

faculty members at your institution - Mean  

 

Administration envadm_Mean The quality of your relationships with 

administrative personnel and offices at 

your institution - Mean  

Support envsuprt_Mean To what extent does your institution 

emphasize providing the support you need 

to help you succeed academically - Mean  

Institutional 

work and 

family support 

envnacad_Mean To what extent does your institution 

emphasize helping you cope with your 

non-academic responsibilities (work, 

family, etc.) - Mean  

Institutional 

social support 

envsocal_Mean To what extent does your institution 

emphasize providing the support you need 

to thrive socially - Mean  
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Support (Pike) Support_Pike Pike’s Support for Student Success scalelet 

Supportive 

Campus 

Environment 

Index (NSSE) 

SCE_Mean NSSE Supportive Campus Environment 

Index - Mean  

Student-Faculty 

Interaction 

Index (NSSE) 

SFI_Mean NSSE Student-Faculty Interaction Index - 

Mean  

Intent to Persist Construct Indicators 

Name Variable Name Label 

Experience entirexp_Mean How would you evaluate your entire 

educational experience at this institution? - 

Mean  

Return samecoll_Mean If you could start over again, would you go 

to the same institution you are now 

attending? - Mean  

Satisfaction satisfaction Satisfaction: calculated as mean of 

experience and return. 

Persistence Construct Indicators 

Name Variable Name Label 

Retention 2006 RET2006_coll Retention 2006: Full-time retention rate 

(EF2006D) – collapsed (ALS) 

Retention 2007 RET2007_coll Retention 2007: Full-time retention rate 

(EF2007D) – collapsed (ALS) 

Graduation 

2006 

GRAD2006_coll Graduation 2006: Graduation rate total 

cohort (DRVGR2006) – collapsed (ALS) 

Graduation 

2007 

GRAD2007_coll Graduation 2007: Graduation rate total 

cohort (DRVGR2007) – collapsed (ALS) 
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APPENDIX B: 

LIBRARY ENGAGEMENT 

Library engagement measures consist of an experimental questionnaire that NSSE 

included in their 2006 administration called the Information Literacy Test (ILT) (Gratch-

Lindauer, 2008). I had originally planned to fit a second model using the ILT questions as 

indicators for the library construct, but only 33 institutions participated, a sample size far 

too small for structural equation modeling or a multiple linear regression analysis. 

Instead, I took a cautious look at correlations to see if they could tell me anything about 

the library’s impact upon academic performance and academic integration. The indicators 

for the library engagement construct included: 

1. In your experience at your institution during the current school year, about 

how often have you done each of the following? [Response options included 

very often, often, sometimes, and never.] 

A. Asked a librarian for help (in person, e-mail, chat, etc.)? 

B. Went to a campus library to do academic research? 

C. Used your institution’s Web-based library resources in completing 

class assignments? 

2. Which of the following have you done or do you plan to do before you 

graduate from your institution? [Response options included done, plan to do, 

do not plan to do, and have not decided.] 

A. Participated in an instructional session led by a librarian or other 

library staff member? 

B. Participated in an online library tutorial? 
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3. To what extent does your institution emphasize each of the following? 

[Response options included very much, quite a bit, some, and very little.] 

A. Developing critical, analytical abilities? 

B. Developing the ability to obtain and effectively use information for 

problem solving? 

C. Developing the ability to evaluate the quality of information 

available from various media sources (TV, radio, newspapers, 

magazines, etc.)? 

4. To what extent has your experience at this institution contributed to your 

knowledge, skills, and personal development in the following areas? 

[Response options included very much, quite a bit, some, and very little.] 

A. Evaluating the quality of information? 

B. Understanding how to ethically use information in academic work 

(proper citation use, not plagiarizing, etc.)? 

Library engagement measures 

Library engagement measured how students engage the library by visiting the 

library, asking questions of a librarian, and using library web resources. Library 

engagement also asked students about issues of critical thinking, problem solving, and the 

ethical use of information resources. Table 50 presents the descriptive statistics for these 

items. 
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Table B1:  

Descriptive Statistics for Library Engagement 

 N Mean SD Minimum Maximum 

Asked a librarian 30 2.03 .433 1.64 4.00 

Visited library 30 2.61 .373 2.21 4.00 

Used library web resources 29 2.72 .305 2.00 3.38 

Critical thinking and library 30 3.15 .196 2.80 3.67 

Problem solving and library 30 3.08 .266 2.00 3.53 

Media literacy 30 2.85 .241 2.00 3.30 

Evaluate and library 30 2.97 .147 2.64 3.32 

Ethical information use 30 3.16 .299 2.00 3.65 

Valid N (listwise) 29     

 

The NSSE experimental information literacy test asked students, on a scale of 1= Never, 

2= Sometimes, 3= Often, 4= Very Often, how often they did each of the following: 

Asked a librarian for help (in person, e-mail, chat, etc.). On average, students 

sometimes (2.03) asked a librarian for help, with a minimum approaching sometimes 

(1.64) and a maximum of very often (4.00).  

Gone to a campus library to do research for a course assignment. On average, 

students went to the library for research somewhat closer to often than sometimes (2.61). 

The minimum was below sometimes (2.21) while the maximum was very often (4.00).  

Used your institution's Web-based library resources when completing class 

assignments. On average, students used the library’s web-based resources approaching 

often (2.72). The minimum was sometimes (2.00) and the maximum a bit more than often 

(3.38). 

The NSSE experimental information literacy test asked students, on a scale of 1= Very 

little, 2= Some, 3= Quite a bit, 4= Very much, how often they did each of the following: 

Developing critical thinking and analytical abilities. Note that this question is 

virtually identical to a question already on the NSSE survey. For the sample of 33 
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libraries, students on average claimed that their institutions emphasized critical thinking 

quite a bit (3.15). The minimum approached quite a bit (2.80) and the maximum fell 

slightly closer to very much than to quite a bit (3.67).  

Developing the ability to obtain and effectively use information for problem-

solving.  

On average, students felt that their institutions emphasized problem solving quite a bit 

(3.08). The minimum was some (2.00) and the maximum fell halfway between very much 

than to quite a bit (3.53).  

Developing the ability to evaluate the quality of information available from 

various media sources (TV, radio, newspapers, magazines, etc.). On average, students 

felt that their institutions emphasized media literacy a bit less than quite a bit (2.85). The 

minimum was some (2.00) and the maximum was just over quite a bit (3.30). 

Evaluating the quality of information. On average, students were asked to 

evaluate the quality of information quite a bit (2.97). The minimum and the maximum 

were just under (2.64) and just over (3.32) quite a bit. 

Ethical use of information sources in academic work (proper citation use, not 

plagiarizing, etc.). On average, students were asked to use information ethically quite a 

bit (3.16). Minimum was some (2.00) and maximum approached very much (3.65). 

Summary of Library Engagement Indicators. Overall, students were most likely 

to engage in critical thinking and problem solving, and to use information ethically. They 

were least likely to ask a librarian for help or to visit a library. 

An analysis of the estimated correlation matrix revealed substantially higher 

correlations between the library engagement measures and all of the academic 
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performance measures as well as with all of the academic integration measures except for 

collaborative learning, which is comparable. 
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Table B2: 

Estimated Correlation Matrix with Library Engagement Variables (N =33) 
 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

1. Asked librarian  1                       

2. Visited library .865** 1                      

3. Web resources .446* .716** 1                     

4. Critical library .124 .312 .492** 1                    

5. Problem solving -.488** -.318 .358 .702** 1                   

6. Media Literacy  -.331 -.179 .478** .614** .863** 1                  

7. Evaluate info  .338 .457* .502** .816** .547** .594** 1                 

8. Ethical info -.450* -.288 .496** .554** .887** .808** .550** 1                

9. Bloom .374* .504** .413* .810** .481** .479** .855** .428* 1               

10. Critical .506** .620** .460* .831** .267 .248 .794** .196 .825** 1              

11. Lifelong .519** .589** .377* .712** .212 .229 .775** .161 .682** .749** 1             

12. Active .647** .558** .173 .395* .035 .217 .664** .082 .614** .442** .449** 1            

13. Collaborative -.178 .078 .389* .480** .513** .365* .377* .421* .345** .391** .255** .062 1           

14. Challenge .598** .643** .349 .693** .237 .259 .778** .182 .589** .674** .596** .347** .295** 1          

15. Interaction .400* .423* .291 .483** .299 .354 .602** .390* .684** .617** .630** .673** .313** .454** 1         

16. Students .260 .321 .152 .561** .327 .287 .688** .304 .173** .322** .371** .235** .337** .399** .266** 1        

17. Faculty .353 .368* .142 .438* .258 .338 .645** .313 .494** .576** .513** .550** .195** .403** .742** .548** 1       

18. Administration .461* .361* .078 .352 .113 .255 .557** .056 .212** .357** .375** .353** .115* .374** .397** .605** .690** 1      

19. Support .383* .485** .453* .645** .336 .493** .738** .290 .367** .506** .502** .268** .392** .390** .529** .642** .728** .642** 1     

20. Experience .124 .316 .339 .832** .507** .457* .776** .400* .580** .751** .596** .244** .367** .543** .481** .506** .686** .525** .685** 1    

21. Return .167 .289 .178 .651** .319 .291 .622** .168 .352** .547** .507** .098* .232** .347** .253** .499** .499** .496** .542** .854** 1   

22. Retention  -.256 .023 .359 .506** .419* .301 .286 .299 .378** .352** .181** -.109* .307** .189** .025 .034 .012 -.132** .170** .471** .357** 1  

23. Graduation -.166 .069 .343 .430* .309 .205 .322 .284 .434** .426** .229** .024 .383** .225** .178** .152** .209** -.024 .304** .557** .367** .821** 1 

** Correlation is significant at the 0.01 level. 
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APPENDIX C: 

INFLUENTIAL CASES IN MODEL 6A 

I tested Model 6A for any unusual or influential cases. I calculated PRESS 

residuals, HAT statistics, Cook’s Distance, and the covariance ratio to find cases 

that fall well outside the model. I examined the scatterplots of unstandardized 

predicted value against standardized residual (see figure C1) and case number 

against studentized deleted residual, centered leverage value, Cook’s Distance, and 

covariance ratio (see figure C2).  

 
Figure C1: Scatterplot of unstandardized predicted value against standardized residual 

indicating that cases 204 and 463 may be influential
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Studentized Deleted Residual

 

Cook’s Distance

 

Centered Leveraged Value 

 

Covariance Ratio

 

Figure C2: Scatterplots of case number against studentized deleted residual, centered 

leverage value, Cook’s Distance, and covariance ratio indicating that cases 204 and 463 

and 492 may be influential 

I found three cases that were extreme on Y with case 204 showing extreme in 

every scatterplot. I refit each model by excluding each institution in turn and by 

combining case 204 with cases 463 and 492 both individually and together. I found that 

the most significant change in effects on GRAD occurred when two institutions were 

excluded. See Table C1. 
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Table C1:  

A comparison of models fitted before and after the removal of atypical data points using 

a series of fitted multiple regression models in which graduation is predicted by 

Librarians, Expenditures, Bloom, Critical, Lifelong, Collaborative, Interactive, 

Administration, Support, and Experience 

 Model 

 6A 6A1 6A2 6A3 6A4 6A5 6A6 

Cases removed None 204 463 492 204  

463 

204  

492 

204 

463 

492 

(Constant) 
-

112.897 

-

120.527 

-

116.145 

-

113.783 

-

123.759 

-

121.342 

-

121.342 

Librarians 6.760 4.993 6.881 6.723 5.117 4.970 4.970 

Expenditures 6.629 5.093 6.683 6.413 5.149 4.892 4.892 

Bloom 58.582 62.121 59.708 58.845 63.240 62.352 62.352 

Critical -26.294 -27.884 -24.775 -27.436 -26.364 -28.997 -28.997 

Lifelong -20.126 -20.018 -22.173 -19.577 -22.062 -19.477 -19.477 

Collaborative 15.215 15.539 14.498 15.121 14.823 15.444 15.444 

Interactive -25.678 -25.701 -27.100 -25.703 -27.122 -25.726 -25.726 

Administration -15.097 -16.466 -14.720 -15.146 -16.088 -16.504 -16.504 

Support 11.630 9.809 12.018 12.857 10.200 11.033 11.033 

Experience 64.456 68.022 65.486 64.528 69.046 68.066 68.066 

R
2
 .545 .563 .565 .552 .583 .570 .570 

 

Model 6A4, removing cases 204 and 463, demonstrates the largest effect (R
2
 = 

.583). For the sake of simplicity and continuity, I named this model 6B in the body of the 

study. 


