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Introduction

Digital libraries are defined as representations of emergent 
and complex forms of digital information collection, 
organization, design, storage, retrieval, and dissemination 
at various stages of development. The definition of a digi-
tal library is a dynamic concept that is constantly evolving 
(Saracevic, 2004). The evolution of digital libraries has 
been marked by three major phases. First, during the form-
ative years of 1991–2001, visionary and experimental pro-
jects were translated into real digital library practice. 
Digital library initiatives and early digital library projects 
have played a critical role in the development of digital 
library architecture, standards, iterative design, usability 
studies, and best practices. Second, when building content 

and open access in the 2000s, massive digitization projects 
and open-access repositories represented two characteris-
tics of digital library development. While massive digitiza-
tion projects enhanced digital library technology, the 
creation of open-access repositories raised issues concern-
ing the complexity and diversity of digital library develop-
ment. Lastly, starting in 2010, large-scale digital libraries, 
such as the Digital Public Library of America, HathiTrust, 
and Europeana Collections, are signified by their large 
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collection size, diversity of formats, general and specific 
collection development policies, level of access, and inter-
operability (Xie and Matusiak, 2016).

Digital library evaluation is crucial to digital library 
development and enhancement. Without evaluation, the 
success of a digital library cannot be valued, the prob-
lems of a digital library cannot be identified, and, most 
importantly, the life cycle of digital library development 
cannot be sustained. Digital library evaluation consists of 
the following main components: evaluation dimensions, 
criteria, and measures (Xie and Matusiak, 2016). These 
components determine what to assess and how to assess 
it. The identification of these components provides 
guidelines for digital library researchers and practitioners 
to assess different types of digital libraries. Digital library 
evaluation research has focused on the development of 
digital library evaluation models and frameworks, as well 
as the assessment of actual digital libraries. On the one 
hand, researchers have tried to identify the main dimen-
sions and constructs of digital library evaluation: content; 
system, technology, and functionalities; interface; users; 
process and interaction; services; and contexts (Gonçalves 
et al., 2004; Saracevic, 2004; Xie, 2006). On the other 
hand, less research has been devoted to the measures cor-
responding to each of the digital library evaluation 
criteria.

Few studies have investigated digital library measures 
from a heuristic point of view. Most have only touched on 
measures as part of a digital library evaluation model or 
framework (Fuhr et al., 2001; Zhang, 2010). The majority 
of articles on measures are related to usability and acces-
sibility studies of digital libraries (e.g. Inal, 2018; Jeng, 
2005). The existing research and practice set a good foun-
dation for this study. Nevertheless, inadequate research 
has been conducted on digital library measures in terms of 
what are the most and least appropriate measures for the 
corresponding digital library evaluation criteria, especially 
from the perspectives of two main stakeholders: digital 
librarians and digital library scholars. In this study, digital 
librarians refer to librarians who are mainly responsible for 
the development and management of digital libraries; digi-
tal library scholars refer to researchers who conduct stud-
ies related to different aspects of digital libraries. To avoid 
repetition, the terms “librarians” and “scholars” are used to 
represent the two groups of digital library stakeholders in 
this article. This study intends to holistically examine the 
appropriateness of evaluation measures of multiple dimen-
sions of digital libraries from the viewpoints of library 
practitioners and scholars. The findings of this study con-
tribute to the field by (1) offering librarians comprehensive 
and highly appropriate measures to assess digital libraries; 
(2) identifying the gaps for more research on the measures 
that are perceived as less appropriate for different types of 
digital library evaluation dimensions/criteria; and (3) 
ensuring the validity of these measures by comparing and 

integrating the perspectives of both librarians and 
scholars.

Literature review

Digital library evaluation frameworks/models

There are several theoretical models and frameworks that 
can be used for digital library evaluation. As an early 
effort, the DELOS Digital Library Reference Model has 
served as a framework for digital library design and evalu-
ation. The model defines multiple components of the digi-
tal library, such as content, functionality, architecture, and 
users (Candela et al., 2007). Fuhr et al. (2001) developed a 
description scheme for digital library evaluation that 
defined four major components in the digital library 
domain: data/collection, system/technology, users, and 
usage. They explained the non-orthogonal relationships 
between those components and identified specific evalua-
tion criteria for each component. Based on the DELOS 
Reference Model, Fuhr et al. (2007) conducted a large-
scale survey of current digital library evaluation activities. 
The evaluation framework they suggested comprises a 
specific methodology for the classification of evaluation 
procedures.

Saracevic (2004) proposed a comprehensive digital 
library model for the purpose of evaluation. His model 
encompasses various aspects of the digital library in the 
evaluation, such as content, technology, interface, process 
and service, user, and context. Xie’s (2006) framework has 
focused on users in the evaluation of digital libraries. It 
was designed to assess a digital library comprehensively 
from the perspectives of users. It identifies multiple dimen-
sions of the criteria for digital library evaluation, consist-
ing of usability, collection quality, service quality, system 
performance efficiency, and user-feedback solicitation. Lai 
et al. (2014) adopted the fuzzy analytic hierarchical pro-
cess for assessing the interface of a digital library. Their 
evaluation framework determined the most important 
evaluation criteria as ease of use, searching, language, 
presentation, and design. Albertson (2015) developed a 
user-centered framework for visual digital libraries, which 
explored the three key components – the user, system, and 
interaction, as well as the surrounding domain and topics 
of a visual digital library, and further identified evaluation 
measures and methods for the relationships among these 
key components.

Noh (2010) proposed an array of evaluation criteria for 
digital libraries that covers various types of digital 
resources, such as databases, e-books, and e-journals. Her 
research came up with 11 evaluation criteria in 3 sectors: 
e-resource acquisition, e-resource use, and the e-resource 
environment. Noh (2011) used the data employment anal-
ysis method to measure the efficiency of digital resource 
use in academic libraries. Her evaluation model was 
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designed to assess how libraries’ budget and input would 
be associated with the actual use of digital resources and 
research outputs. Gonçalves et al. (2004) proposed a 
unique model of digital libraries, the so-called “5S” model, 
which stands for streams, structures, spaces, scenarios, and 
societies. The 5S model can be used for the building and 
interpretation of a digital library taxonomy and analysis of 
digital library cases. Gonçalves et al. (2008) further devel-
oped a formal ontology for digital libraries based on the 5S 
model to create the fundamental concepts needed for digi-
tal library design and construction. Gonçalves et al. (2007) 
discussed the meaning of quality in digital libraries and 
proposed a quality model grounded on the 5S model with 
a range of criteria, including accessibility, accuracy, and 
completeness, among others.

Chowdhury (2014) developed a conceptual model for 
the sustainability of digital libraries. The model identifies 
three key components surrounding a digital library—data/
content, users, and information and communications tech-
nology—as well as the major factors in relation to the eco-
nomic, social, and environmental sustainability of digital 
libraries. His model suggested specific criteria for examin-
ing sustainability, such as funding models, impact assess-
ment, user- and context-specific design, and sustainable 
preservation models. Kelly (2014) conducted a review of 
literature related to digital library evaluation published 
between 2004 and 2014. She identified a variety of key 
themes in digital library evaluation, ranging from usability 
testing and web statistics for data collection to altmetrics, 
the reuse of digital library materials, and cost–benefit anal-
ysis. Stiller and Petras (2018) reviewed evaluation studies 
of the Europeana Collections and explored various evalua-
tion criteria in digital libraries based on a meta-analysis. 
They found that the evaluation studies adopted different 
types of methods, such as criteria-based evaluation, log 
file analysis, usability tests, and impact assessment. The 
criteria applied in the evaluation of the Europeana 
Collections consisted of data quality, usage statistics, 
accessibility, and coverage, among others.

Assessing the impact of digital libraries and evaluating 
the use and reuse of digital objects for educational and 
personal use are growing areas of research interest. The 
case studies evaluating the reuse of digital objects involve 
analysis of user requests, tracking the use of images on the 
Web using reverse image lookup (Reilly and Thompson, 
2014, 2017), or examining the reuse of digital library 
objects in Wikipedia (Kelly, 2018). The “Measuring 
Reuse of Digital Objects” project, undertaken by mem-
bers of the Digital Library Federation’s Assessment 
Interest Group, focused on exploring the ways digital 
library materials are employed and reused (Kelly et al., 
2018; O’Gara et al., 2018). The researchers made a dis-
tinction between use and reuse, defining use as interacting 
with digital objects within a digital repository and reuse as 
the ways digital library objects are repurposed in a known 

context (Kelly et al., 2018). Furthermore, the Assessment 
Interest Group research team explored the barriers and 
solutions in assessing the reuse of digital objects outside 
of digital library systems (O’Gara et al., 2018). Matusiak 
et al. (2019) expanded the notion of use and reuse and 
found instances of creative and transformative reuse in the 
academic context. These studies identify categories of 
reuse that can be applied in further evaluation studies of 
digital libraries.

Digital library evaluation measures

Different types of measures for various evaluation criteria 
have been devised and used for digital library evaluation. 
Researchers have developed evaluation tools with specific 
criteria/measures based on the DELOS Reference Model. 
Fuhr et al. (2001) proposed a digital library evaluation 
scheme involving four components (collection, technol-
ogy, users, and usage) and associated evaluation criteria. 
They suggested measures including binary values, a 
restricted set of values, numeric values, and distribution. 
Tsakonas et al. (2004) advanced Fuhr et al.’s (2001) 
scheme. They identified evaluation criteria/sub-criteria for 
the dimensions of usability, usefulness, and performance, 
and then devised metrics to measure each sub-criterion. 
For example, they came up with measures for the criterion 
of user preference, including the number of accomplished 
tasks, number of abandoned tasks, and number of seren-
dipitous accomplishments of tasks. Zhang (2010) adopted 
Saracevic’s (2004) digital library evaluation framework 
for an empirical study. She measured different levels of the 
six criteria of Saracevic’s framework using a Likert scale 
ranging from “Not significant at all” to “Extremely signifi-
cant.” Yan et al. (2014) examined different aspects of qual-
ity in digital libraries, such as information quality, system 
quality, and service quality. They created specific meas-
urement items to compute different constructs of digital 
library quality. For example, the information quality of a 
digital library is measured by whether the digital library’s 
items are up to date.

Researchers have generated measures to assess the 
usage of digital libraries. Noh (2010) suggested an array 
of specific quantitative indices for digital library usage, 
such as the annual number of the kinds of e-resources pur-
chased per service recipient, the annual e-resource devel-
opment cost per service recipient, and the number of 
e-book loans per service recipient, among others. Noh 
(2012) further elaborated the evaluation framework based 
on an analysis of the input and output of library resources. 
She measured the efficiency by calculating the ratio 
between the input and the output in a digital library con-
text. Yang and Dawson (2018) adopted altmetrics as a 
means of measuring the impact of digital libraries. 
Examples of altmetrics data include downloads, reads, 
mentions, likes, views, and citations.
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Digital library usability is another important area in 
digital library evaluation studies. Jeng (2005) developed a 
usability evaluation model for digital libraries to assess the 
effectiveness, efficiency, satisfaction, and learnability of a 
digital library. In her evaluation method, efficiency was 
computed by the time taken to complete a task and key-
strokes and clicks, while effectiveness was measured by 
the proportion of correct answers. Learnability was 
inferred from the correctness of the task completion and 
time spent. Satisfaction was assessed from the perspec-
tives of users’ reactions using a Likert scale. Inal (2018) 
employed a heuristics approach for digital library usability 
evaluation, and worked with 57 subjects who had suffi-
cient knowledge of the evaluation of a website with heuris-
tics. They inspected the usability of a digital library with a 
set of predefined heuristics with different levels of sever-
ity, ranging from cosmetic to minor, major, and cata-
strophic. Some examples of heuristics items include 
visibility of the system’s status, the match between the sys-
tem and the real world, user control and freedom, and error 
prevention. Similarly, Ferati and Beyene (2017) adopted a 
heuristics inspection method for the evaluation of digital 
library accessibility. The set of heuristics items they devel-
oped consisted of 16 items, such as providing text alterna-
tives for all non-text content, making it easier to see and 
hear content, and making all functionality available from a 
keyboard. Mune and Agee (2016) examined the accessibil-
ity of digital libraries for users with physical or learning 
disabilities. They identified specific measures for format 
and functionality. The measures included, for example, the 
inspection of a table of contents, a full-text search, paging 
forwards and backwards, and specifying a page number 
for the criterion of search/navigation.

Recently, researchers have paid attention to interactions 
between users and the interface in evaluating digital librar-
ies. Albertson (2015) suggested a range of measures to 
evaluate visual digital libraries such as image and video 
digital libraries. As part of his digital library evaluation 
framework, he specifically identified measures to assess 
user interactions, such as complexity measured from a 
post-search survey, time observed from a system log, steps 
from experimental observation, and topic completion from 
experimental observation. Li and Liu (2019) examined 
users’ interactions with digital libraries involving the fac-
tors of information resources, the interface, and tasks. In 
their experimental study, they assessed digital library per-
formance in different ways, such as a reasonable page lay-
out, the salience of topics, website organization, learnability, 
accessibility, and usefulness, among others. Also, they sug-
gested several user side measures, such as task completion, 
satisfaction with the digital library design, success of the 
search, and satisfaction with the search process.

Other researchers have attempted to evaluate the soft-
ware, metadata, and security of digital libraries. Gkoumas 
and Lazarinis (2015) inspected the current open-source 

software systems used for digital libraries. They adopted 
mostly binary measures to check if a certain system sup-
ported specific functions. For example, they examined 
whether certain software systems supported browsing, a 
simple search, an advanced search, and a full-text search. 
Park (2009) investigated criteria and measures for meta-
data quality evaluation, such as the degree of complete-
ness, the correctness of the content of the data elements, 
and different levels of consistency. Huang et al. (2019) 
proposed an objective methodology for identifying and 
computing the factors relevant to the assessment of infor-
mation security risks for digital libraries. They measured 
the grades of possibility of threats using a five-point scale 
ranging from very low (threat) to low, medium, high, and 
very high.

As outlined in this literature review section, researchers 
have made efforts to evaluate different aspects of digital 
libraries. They have identified specific criteria and corre-
sponding measures to bring the reportable outcomes of 
evaluation. However, as far as we are aware, little research 
has been undertaken to comprehensively investigate the 
appropriateness of measures from the perspectives of 
stakeholders. Moreover, prior studies have suggested a 
variety of evaluation measures, but most have only 
attempted to apply those measures to a certain dimension 
of digital libraries.

Research questions and hypothesis

Prior studies have identified various criteria for digital 
library evaluation (e.g. Noh, 2010; Saracevic, 2004; Xie, 
2006) and proposed different types of measures for some 
of the criteria in digital library evaluation practices (e.g. 
Jeng, 2005; Yan et al., 2014). Zhang (2010) investigated 
the importance of evaluation criteria and examined con-
sistency among multiple stakeholders. However, existing 
research on digital library measures has only focused on 
one or a limited number of dimensions or criteria, and has 
not provided a comprehensive list of evaluation measures 
corresponding to each of the evaluation criteria. More 
importantly, there has been little effort to validate evalua-
tion measures from the perspectives of scholars and prac-
titioners. In order to fill these gaps in digital library 
evaluation, this study proposes the following two research 
questions: (1) What are the levels of appropriateness of 
measures corresponding to digital library evaluation crite-
ria rated by digital library scholars and digital librarians? 
(2) What are the similarities and differences in perceptions 
of the appropriateness of measures corresponding to digi-
tal library evaluation criteria between digital library schol-
ars and digital librarians? The associated hypothesis is: 
There is no significant difference in the distributions of the 
ratings of the appropriateness for each measure associated 
with a digital library evaluation criterion between digital 
library scholars and digital librarians.
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Methodology

A thorough document analysis was conducted as the first 
step of this study to suggest an initial pool of dimensions and 
criteria with specific measures and data collection methods. 
Ten essential dimensions of digital libraries were identified: 
the collection, information organization, interface design, 
system and technology, effects on users, services, preserva-
tion, sustainability, user engagement, and context. The details 
of how the researchers came up with these dimensions from 
the document analysis can be found in a previously pub-
lished article (Joo and Xie, 2013). Following this, two rounds 
of in-depth surveys were conducted to identify the impor-
tance of the evaluation criteria and the appropriateness of the 
measures from different stakeholders in digital libraries. The 
findings of the first round of the study on evaluation criteria 
were reported in the previous article (Xie et al., 2018). The 
present article concentrates on the results of the second round 
of the in-depth survey for the proposed research questions 
and associated hypothesis.

Sampling

The second-round survey was sent to the 61 respondents 
who participated in the first-round survey. All 30 of the 
digital library scholars and 31 digital librarians who were 
sent the survey participated in the second round of the 
study. The scholars group consisted of researchers who 
conduct digital library research with high citations and 
professors who have taught digital library courses. The 
former were identified based on the search results of the 
Web of Knowledge and Google Scholar, while the latter 
were selected from the websites of library and information 
science schools. In addition, 10 of the 30 scholars were 
international. The digital librarians were randomly selected 
from the top-200 US colleges which have operating digital 
libraries according to US News Rank, as well as from the 
partner libraries of this project.1

Table 1 presents the demographic information of the 30 
digital library scholar and 31 digital librarian participants. 

For the scholars, it shows well-balanced proportions by 
professor rank. Their research areas cover different aspects 
of digital libraries, such as information retrieval, metadata, 
human–computer interaction, and preservation. On aver-
age, the digital librarians had approximately 8.48 (median 
= 8) years of experiences in digital-library-related ser-
vices. Their official titles were diverse, including Digital 
Librarian, Digital Initiative Librarian, and Digital 
Collection Librarian. After checking the surveys, 29 
scholar surveys and 27 digital librarian surveys were 
deemed valid for the appropriateness of measures ratings.

Data collection

Two rounds of in-depth surveys were administered. Since 
the survey in each round was quite comprehensive, it took 
each subject about 40–60 minutes to complete. In the first 
round, the importance of evaluation criteria was investi-
gated based on a seven-point Likert scale. In this way, 
importance served as a key variable to rank the evaluation 
criteria. The purpose of the first round was to determine 
the importance of the digital library evaluation criteria 
under the 10 dimensions from the perspectives of different 
stakeholders and, moreover, to compare their similarities 
and differences (Xie et al., 2018).

The results from the first-round survey on the impor-
tance of the criteria were incorporated into the second 
round of the study, reported in this article. As all of the 
criteria were rated above 4.25 on a seven-point Likert scale 
by the scholars, librarians, and users in the first-round sur-
vey, none of the evaluation criteria were excluded from the 
second-round survey. The second-round survey investi-
gated the appropriateness of measures to their correspond-
ing criterion studied in the first round of the survey. For the 
second round, 174 measures were identified, since most of 
the criteria had multiple measures. Using a seven-point 
Likert scale, this study examined the appropriateness of 
measures to assess each evaluation criterion. The partici-
pants were offered definitions for each measure generated 

Table 1. Demographic information.

Category Scholars Digital librarian

Gender Male 14 (46.7%) 13 (41.9%)
Female 15 (50%) 18 (58.1%)
No response 1 (3.3%)  

Age 31–40 6 (20%) 3 (9.7%)
41–50 12 (40%) 10 (32.3%)
51–60 7 (23.3%) 12 (38.7%)
61+ 5 (16.7%) 6 (19.4%)

Scholars’
research areas

Digital libraries, information retrieval, metadata, digital humanities, human–computer 
interaction, digital preservation, information visualization

Digital 
librarians’ title

Digital Librarian, Digital Initiatives Librarian, Digital Projects Coordinator, Digital 
Collections Librarian, Digital Projects Manager, Head of Digital Collections, Head of Special 
Collections and Digital Initiatives
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by the document analysis and the authors’ own recommen-
dations. Figure 1 presents an example question about the 
appropriateness of digital library measurement for a digital 
library evaluation criterion in the second-round survey.

The authors came up with measures for each digital 
library evaluation criterion based on the relevant literature. 

Four types of measures representing both quantitative and 
qualitative approaches were employed as operational defi-
nitions: numerical measures (ratio variables; Figure 2), 
user perception measures (Likert scale; Figure 3), identifi-
cation of types (Figure 4), and qualitative measures and 
dichotomous measures (Figure 5).

Figure 1. An example question.

Figure 2. Numerical measures.
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Data analysis
As the majority of the data collected through the second-
round survey contained numerical ratings, quantitative 
analysis was employed. Descriptive analysis was applied, 
including means and standard deviations (SDs), to identify 
the appropriateness of the digital library measures for the 
digital library evaluation criteria. Based on the ratings, the 
levels of appropriateness of the measures for the digital 
library evaluation criteria within each dimension were 
identified to validate the appropriateness of the measures 
to the corresponding criteria and to select the somewhat 
appropriate measures and inappropriate measures that 
needed to be further investigated. Moreover, the ratings of 

the evaluation measures between the scholars and librari-
ans were compared in order to better understand the differ-
ent perspectives of these two types of stakeholders. There 
was a certain portion of the measurement items that was 
not normally distributed. Thus, nonparametric Mann–
Whitney tests were performed so that the similarities and 
differences between these two groups could be examined 
and tested.

Results

This results section presents the ratings of the appropriate-
ness of the measures for each digital library evaluation 

Figure 3. User perception measures.

Figure 4. Identification of types.
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criterion in 10 dimensions, as well as the Mann–Whitney 
test results of the comparison of the patterns of the ratings 
between the scholar and librarian groups. In each table, the 
criteria are organized based on their importance rated by 
different stakeholders in the first-round survey. In the 
tables below, the statistically significant results are in bold 
type for easy recognition. Detailed information about the 
significant results is reported in Appendix 1.

Dimension 1. Collections

Eighteen measures were suggested for thirteen criteria in 
this dimension (Table 2). The Mann–Whitney test results 
fail to reject the null hypothesis that there is no significant 
difference in the distributions in the ratings of the appro-
priateness of each measure associated with a digital library 
evaluation criterion in the dimension of “collections” 
between the scholar group and the librarian group. The 
participants rated four measures as “very appropriate” (6) 
or over: “compliance with digitization standards,” “quality 
specification,” “presence of resource reference informa-
tion,” and “data type.” However, “potential user demo-
graphic data,” “presence of diverse perspectives,” and 
“currency of collections” were rated less than “somewhat 
appropriate” (5) to assess the corresponding criteria.

Dimension 2. Information organization

In the dimension of “information organization,” 17 meas-
ures were suggested for 9 criteria (Table 3). Again, the 
Mann–Whitney test results fail to reject the null hypothesis 
that there is no significant difference in the distributions in 
the ratings of the appropriateness of each measure associ-
ated with a digital library evaluation criterion in the 

dimension of “information organization” between the 
scholar group and the librarian group. All of the measures 
were rated over 5 in terms of their appropriateness. There 
were two measures that were rated over 6: “compliance to 
the metadata standards” and “compliance to interoperabil-
ity standards.” The three least appropriate measures were 
“subject analysis,” “depth of description,” and “metadata 
elements used,” with the former two measures correspond-
ing to the criterion of “depth of metadata.”

Dimension 3. Interface design

In the dimension of “interface design,” 30 measures were 
identified for 9 criteria (Table 4). The Mann–Whitney test 
results fail to reject the null hypothesis that there is no sig-
nificant difference in the ratings of the appropriateness of 
each measure associated with a digital library evaluation 
criterion in this dimension, except for “design consist-
ency,” between the scholar group and the librarian group. 
The median responses in the scholar group and librarian 
group for the measure of “design consistency” are 7 and 6, 
respectively. The distributions in the two groups differ sig-
nificantly (U = 230.5, p < .05). Five measures were rated 
over 6 for their appropriateness: “search function useful-
ness,” “types of search features,” “search function ease of 
use,” “overall ease of use,” and “design consistency.” 
However, two measures were perceived as less than 
“somewhat appropriate”: “use of personalized features” 
and “use of help features.”

Dimension 4. System/technology

In the fourth dimension, 15 measures for 10 criteria were 
identified (Table 5). The Mann–Whitney test results fail 

Figure 5. Qualitative measures and dichotomous measures.
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to reject the null hypothesis that there is no significant 
difference in the distributions in the ratings of the appro-
priateness for each measure in this dimension, except 

“recall,” between the two groups. The median responses 
in the scholar group and the librarian group for the meas-
ure of “recall” are 6 and 7, respectively. The distributions 

Table 2. Appropriateness of evaluation measures: collections.

Criterion Measure Operational definition Mean (SD)

Digitization standards Compliance with digitization 
standards

Whether a digital library adheres 
to the established digitization 
standards

Scholar: 6.38 (0.775)
Librarian: 6.26 (0.813)
Overall: 6.32 (0.789)

Authority Presence of resource reference 
information

Whether resource reference 
information for each item is 
available

Scholar: 6.11 (0.956)
Librarian: 5.89 (0.751)
Overall: 6.00 (0.861)

Cost Cost of conversion Average cost for converting a 
physical item to a digitized item

Scholar: 4.93 (1.307)
Librarian: 5.56 (1.013)
Overall: 5.23 (1.206)

Cost of metadata Average cost for creating metadata 
per record

Scholar: 5.25 (1.351)
Librarian: 5.56 (0.934)
Overall: 5.40 (1.164)

Cost for building a digital 
collection

Average cost for building a 
collection

Scholar: 5.31 (1.466)
Librarian: 5.52 (0.802)
Overall: 5.41 (1.187)

Item quality Quality specification Technical specification for creating 
digitized objects

Scholar: 6.14 (0.932)
Librarian: 6.11 (0.801)
Overall: 6.13 (0.862)

Format compatibility Types of access files Types of access files used in the 
collection

Scholar: 5.97 (1.117)
Librarian: 5.78 (0.934)
Overall: 5.88 (1.028)

Data type Types of data used in the collection Scholar: 5.36 (1.496)
Librarian: 6.00 (1.000)
Overall: 5.67 (1.306)

Audience User demographic data Whether types of user information 
data are collected

Scholar: 5.28 (1.334)
Librarian: 4.81 (1.360)
Overall: 5.05 (1.354)

Potential user demographic data Types of potential users and their 
demographic characteristics

Scholar: 5.00 (1.558)
Librarian: 4.74 (1.023)
Overall: 4.88 (1.322)

Scope/ coverage Subject coverage Number of topics in the digital 
library

Scholar: 5.50 (1.427)
Librarian: 5.59 (1.185)
Overall: 5.55 (1.303)

Time span of coverage Time period covered in the 
collections

Scholar: 5.66 (1.173)
Librarian: 5.69 (0.884)
Overall: 5.67 (1.037)

Contextual information Presence of contextual 
information for collection

Whether there are secondary 
resources for digital collections to 
provide contextual information

Scholar: 5.50 (1.106)
Librarian: 5.70 (0.775)
Overall: 5.60 (0.955)

Completeness Item size on specific topic Number of items per topic Scholar: 5.45 (1.429)
Librarian: 5.04 (1.018)
Overall: 5.25 (1.254)

Diversity Presence of diverse perspectives Whether a digital library contains 
diverse perspectives on a topic

Scholar: 4.93 (1.120)
Librarian: 4.85 (1.231)
Overall: 4.89 (1.165)

Size Collection size Number of digitized objects Scholar: 5.69 (1.072)
Librarian: 5.33 (1.441)
Overall: 5.52 (1.265)

Collection development 
policy

Presence of collection 
development policy

Whether a digital library has a 
documented policy about collection 
development

Scholar: 5.89 (0.875)
Librarian: 5.63 (1.043)
Overall: 5.76 (0.962)

Currency Currency of collections Proportions of newly added 
collections

Scholar: 4.93 (1.412)
Librarian: 5.00 (1.038)
Overall: 4.96 (1.232)
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Table 3. Appropriateness of evaluation measures: information organization.

Criterion Measure Operational definition Mean (SD)

Appropriateness User perceived 
appropriateness

Metadata appropriateness judged by 
users

Scholar: 5.66 (1.078)
Librarian: 5.41 (1.118)
Overall: 5.54 (1.095)

Domain appropriateness Metadata appropriateness judged by 
domain expert

Scholar: 5.86 (0.891)
Librarian: 5.52 (1.051)
Overall: 5.69 (0.979)

Accessibility to metadata Ease of access to metadata Users’ perceived accessibility to 
metadata

Scholar: 5.82 (1.020)
Librarian: 5.70 (0.869)
Overall: 5.76 (0.942)

Metadata accuracy Inaccurate data entry Percentage of inaccurate data entry Scholar: 6.03 (0.944)
Librarian: 5.70 (0.993)
Overall: 5.88 (0.974)

Incorrect data value Percentage of incorrect data value Scholar: 6.00 (1.330)
Librarian: 5.96 (0.871)
Overall: 5.98 (1.118)

Metadata standards Type of metadata standards Whether a digital library adheres to 
the selected metadata standard

Scholar: 5.93 (1.215)
Librarian: 5.78 (1.013)
Overall: 5.85 (1.113)

Compliance to the 
metadata standards

Proportion of accurately mapped 
elements compared with the selected 
metadata scheme

Scholar: 6.26 (0.712)
Librarian: 5.93 (0.917)
Overall: 6.09 (0.830)

Consistency Metadata schema 
consistency

To what extent the selected metadata 
scheme is used for data input across 
collections in a digital library

Scholar: 5.78 (1.050)
Librarian: 5.85 (0.784)
Overall: 5.81 (0.921)

Metadata element 
consistency

To what extent the selected metadata 
elements are used for data input 
across collections in a digital library

Scholar: 5.96 (0.793)
Librarian: 5.93 (0.730)
Overall: 5.95 (0.756)

Comprehensiveness Completed metadata Average number of metadata fields 
filled per record

Scholar: 5.43 (1.069)
Librarian: 4.85 (1.262)
Overall: 5.15 (1.193)

Metadata elements used Proportions of metadata elements 
used compared with the selected 
metadata scheme

Scholar: 5.11 (1.257)
Librarian: 5.07 (1.107)
Overall: 5.09 (1.175)

Depth of metadata Subject analysis Average number of subject terms per 
record

Scholar: 5.07 (1.215)
Librarian: 4.93 (0.958)
Overall: 5.00 (1.089)

Depth of description Length of item description Scholar: 5.21 (1.166)
Librarian: 4.78 (1.050)
Overall: 5.00 (1.122)

Metadata interoperability Compliance to 
interoperability standards

Whether a digital library complies 
with interoperability standards

Scholar: 6.07 (0.766)
Librarian: 6.07 (0.917)
Overall: 6.07 (0.836)

Controlled vocabulary Presence of controlled 
vocabularies

Whether a digital library uses 
controlled vocabularies in organizing 
objects

Scholar: 5.86 (0.765)
Librarian: 6.04 (0.649)
Overall: 5.95 (0.705)

Ease of access to controlled 
vocabularies

Users’ perceived accessibility Scholar: 5.54 (1.105)
Librarian: 5.62 (0.804)
Overall: 5.57 (0.964)

Presence of controlled 
vocabularies

Whether a digital library offers 
controlled vocabularies

Scholar: 5.36 (1.224)
Librarian: 5.63 (0.629)
Overall: 5.49 (0.979)

in the two groups differ significantly (U = 202, p < .05). 
While all of the measures in this dimension were rated 
above 5, five measures were perceived to be above “very 

appropriate”: “precision,” “response time to search 
results,” “system failure,” “recall,” and “system response 
time.”
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Table 4. Appropriateness of evaluation measures: interface design.

Criterion Measure Operational definition Mean (SD)

Search function Types of search features Types of search features 
available

Scholar: 6.28 (0.797)
Librarian: 6.27 (0.724)
Overall: 6.27 (0.757)

Usefulness Users’ perceived usefulness Scholar: 6.45 (0.827)
Librarian: 6.12 (0.864)
Overall: 6.29 (0.854)

Ease of use Users’ perceived ease of use Scholar: 6.30 (0.953)
Librarian: 6.15 (0.864)
Overall: 6.22 (0.904)

Use of search features Average frequency of and time 
spent on search feature uses in 
a session

Scholar: 5.28 (1.099)
Librarian: 5.59 (1.010)
Overall: 5.43 (1.059)

Browsing function Browsing access points and 
paths

Types of browsing access points 
and paths available

Scholar: 5.79 (1.048)
Librarian: 6.00 (0.734)
Overall: 5.89 (0.908)

Organization of browsing 
structure

Expert assessment of logic and 
quality of browsing structure

Scholar: 5.89 (0.956)
Librarian: 5.78 (0.751)
Overall: 5.84 (0.856)

Usefulness Users’ perceived usefulness Scholar: 6.11 (0.956)
Librarian: 5.85 (0.818)
Overall: 5.98 (0.892)

Ease of use Users’ perceived ease of use Scholar: 5.93 (1.016)
Librarian: 6.00 (0.832)
Overall: 5.96 (0.922)

Use of browsing features Average frequency of and time 
spent on browsing feature uses 
in a session

Scholar: 5.14 (1.380)
Librarian: 5.41 (0.844)
Overall: 5.27 (1.146)

Navigation Navigation features Types of navigation features 
available

Scholar: 5.62 (1.237)
Librarian: 6.00 (0.784)
Overall: 5.80 (1.052)

Usefulness Users’ perceived usefulness Scholar: 5.93 (1.328)
Librarian: 5.96 (0.759)
Overall: 5.94 (1.071)

Ease of use Users’ perceived ease of use Scholar: 5.79 (1.292)
Librarian: 6.04 (0.854)
Overall: 5.91 (1.100)

Use of navigation features Average frequency of and time 
spent on navigation feature uses 
in a session

Scholar: 5.07 (1.386)
Librarian: 5.59 (0.797)
Overall: 5.33 (1.156)

Intuitive operation Overall ease of use Users’ perceived ease of use to 
operate the interface of a digital 
library

Scholar: 6.14 (1.079)
Librarian: 6.12 (0.909)
Overall: 6.13 (0.991)

Consistency Design consistency Consistency in fonts, layout, 
menus, colors, etc.

Scholar: 6.36 (0.780)
Librarian: 5.81 (0.801)
Overall: 6.09 (0.830)

Consistency from users’ 
perspective

Users’ perceived consistency Scholar: 5.82 (1.278)
Librarian: 5.67 (0.877)
Overall: 5.75 (1.092)

Help function Types of help features Types of help features available Scholar: 5.52 (1.153)
Librarian: 5.78 (0.934)
Overall: 5.64 (1.052)

Usefulness Users’ perceived usefulness Scholar: 5.79 (0.978)
Librarian: 5.81 (0.962)
Overall: 5.80 (0.961)

Ease of use Users’ perceived ease of use Scholar: 5.78 (1.013)
Librarian: 5.77 (0.992)
Overall: 5.77 (0.993)

(Continued)
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Criterion Measure Operational definition Mean (SD)

Use of help features Average frequency of and time 
spent on help feature uses in a 
session

Scholar: 4.79 (1.346)
Librarian: 5.15 (0.989)
Overall: 4.96 (1.19)

Help use situations Under what situations users use 
help features

Scholar: 5.63 (1.079)
Librarian: 5.63 (0.926)
Overall: 5.63 (0.996)

Visual appeal Visual aesthetics Users’ perception of the 
interface aesthetics

Scholar: 5.75 (1.041)
Librarian: 5.63 (0.839)
Overall: 5.69 (0.940)

User control Types of user control features Types of user control features 
available

Scholar: 5.62 (1.147)
Librarian: 5.52 (0.849)
Overall: 5.57 (1.006)

Usefulness Users’ perceived usefulness Scholar: 5.93 (1.294)
Librarian: 5.59 (0.844)
Overall: 5.76 (1.088)

Ease of use Users’ perceived ease of use Scholar: 5.75 (1.378)
Librarian: 5.73 (0.778)
Overall: 5.74 (1.119)

Use of user control feature Average frequency of and time 
spent on using each type of user 
control feature in a session

Scholar: 4.97 (1.295)
Librarian: 5.30 (0.869)
Overall: 5.13 (1.113)

Personalization 
feature

Types of personalization features Types of personalization features Scholar: 5.34 (1.078)
Librarian: 5.07 (1.072)
Overall: 5.21 (1.074)

Usefulness Users’ perceived usefulness Scholar: 5.55 (1.242)
Librarian: 5.30 (0.993)
Overall: 5.43 (1.126)

Ease of use Users’ perceived ease of use Scholar: 5.50 (1.208)
Librarian: 5.37 (0.967)
Overall: 5.43 (1.083)

Use of personalization features Average frequency of and time 
spent on personalization feature 
uses in a session

Scholar: 4.78 (1.086)
Librarian: 5.08 (0.891)
Overall: 4.92 (0.997)

Table 4. (Continued)

Table 5. Appropriateness of evaluation measures: system/technology.

Criterion Measure Operational definition Mean (SD)

Retrieval 
effectiveness

Recall Recall = number of relevant items retrieved / 
number of relevant items in a digital library

Scholar: 5.50 (1.552)
Librarian: 6.56 (0.577)
Overall: 6.02 (1.284)

Precision Precision = number of relevant items retrieved / 
number of retrieved items

Scholar: 6.00 (1.333)
Librarian: 6.48 (0.580)
Overall: 6.24 (1.053)

Aspectual recall Ratio of aspects of the search topic identified in the 
documents saved by the subject to the total number 
of aspects of the topic

Scholar: 5.17 (1.441)
Librarian: 5.85 (0.967)
Overall: 5.49 (1.275)

Retrieval efficiency Response time 
to search results

Response time to present search results after a 
search request submitted

Scholar: 6.14 (1.044)
Librarian: 6.19 (0.786)
Overall: 6.16 (0.918)

Reliability System failure Number of system failures in a specific period of time Scholar: 6.19 (0.879)
Librarian: 6.11 (0.698)
Overall: 6.15 (0.787)

Server performance Bandwidth Bandwidth speed Scholar: 5.75 (1.110)
Librarian: 5.96 (0.808)
Overall: 5.85 (0.970)

(Continued)
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Table 5. (Continued)

Criterion Measure Operational definition Mean (SD)

Traffic The volume of total traffic accessing a digital library 
site

Scholar: 5.59 (1.118)
Librarian: 5.93 (0.829)
Overall: 5.76 (0.989)

Response time System 
response time

End-to-end response time after a page request is 
made

Scholar: 5.96 (1.347)
Librarian: 6.04 (0.808)
Overall: 6.00 (1.106)

Fit to task Perceived as fit 
to task

To what extent a user perceives the appropriateness 
of the system to carry out their search task

Scholar: 5.56 (1.188)
Librarian: 5.96 (0.898)
Overall: 5.76 (1.063)

Speed of page 
loading

Page loading 
speed

Average downloading speed per page Scholar: 5.39 (1.548)
Librarian: 5.96 (0.759)
Overall: 5.67 (1.248)

Integrated search Search across 
collections

Whether a digital library provides an integrated 
search function across multiple collections

Scholar: 5.75 (1.175)
Librarian: 6.19 (0.879)
Overall: 5.96 (1.053)

Error rate and 
correction

Error rate Ratio of number of error occurrences over number of 
page attempts

Scholar: 5.57 (1.425)
Librarian: 6.00 (0.764)
Overall: 5.77 (1.171)

Error correction 
rate

Ratio of corrected errors compared with errors 
encountered

Scholar: 5.59 (1.366)
Librarian: 5.80 (0.957)
Overall: 5.69 (1.181)

System connectivity Compatible with 
other
types of systems

Technical ability to connect to other types of systems Scholar: 5.69 (1.258)
Librarian: 5.89 (0.974)
Overall: 5.79 (1.116)

Easiness of 
connection

Expert assessment of easiness of connection to other 
systems

Scholar: 5.64 (0.989)
Librarian: 5.59 (0.844)
Overall: 5.62 (0.913)

Dimension 5. Effects on users

In the dimension of “effects on users,” 11 measures were 
recommended for 5 evaluation criteria (Table 6). The 
Mann–Whitney test results fail to reject the null hypothesis 
in most measures except for “digital library uses for 
research” and “digital library uses for teaching.” The 
median responses for the measure of “digital library uses 
for research” are 6 for both groups. The distributions in the 
two groups differ significantly (U = 251.5, p < .05). The 
median responses in the scholar group and the librarian 
group for the measure of “digital library uses for teaching” 
are 5 and 6, respectively. The distributions in the two groups 
differ significantly (U = 235, p < .05). In this dimension, 
no measure scored over 6. The four top-ranked measures in 
terms of appropriateness are “willingness to continue use of 
the digital library,” “digital library uses for teaching,” “dig-
ital library uses for research,” and “effects of digital library 
uses on research.” At the same time, two measures were 
rated at exactly 5: “attitude change after digital library 
uses” and “perceived information literacy/skill change.”

Dimension 6. Services

In the dimension of “services,” 25 measures were pro-
posed for 9 criteria (Table 7). The Mann–Whitney test 

results fail to reject the null hypothesis that there is no sig-
nificant difference in the distributions in the ratings of the 
appropriateness of each measure associated with a digital 
library evaluation criterion in this dimension. There were 
two measures that were rated over 6: “perceived useful-
ness” and “perceived satisfaction.” These two measures 
are frequently used in service evaluation and they were 
also selected as highly appropriate measures in the context 
of digital libraries. However, the ratings for “staff acces-
sible hours,” “number of reference services provided,” and 
“types of services–uniqueness,” were lower than 5.

Dimension 7. Preservation

In the dimension of “preservation,” nine measures were 
recommended for five criteria (Table 8). The Mann–
Whitney test results fail to reject the null hypothesis that 
there is no significant difference in the distributions in the 
ratings of the appropriateness of each measure associated 
with a digital library evaluation criterion between the 
groups in this dimension. Among all the measures, “export-
ing capability,” “presence of preservation policy,” and 
“migratable data type” were rated above “very appropri-
ate.” The rest of the measures were regarded as “somewhat 
appropriate.”
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Table 6. Appropriateness of evaluation measures: effects on users.

Criterion Measure Operational definition Mean (SD)

Research 
productivity

Digital library uses for 
research

Frequency of digital library uses 
for research purposes

Scholar: 5.34 (0.936)
Librarian: 5.96 (0.759)
Overall: 5.64 (0.903)

Effects of digital library uses on 
research

In what ways a digital library enhances 
a user’s research productivity

Scholar: 5.38 (1.347)
Librarian: 5.93 (0.675)
Overall: 5.64 (1.103)

Research productivity change To what extent a digital library 
enhances a user’s research 
productivity

Scholar: 5.39 (1.449)
Librarian: 5.33 (0.961)
Overall: 5.36 (1.223)

Knowledge change Perceived domain knowledge 
change

Perceived increase of domain 
knowledge after using the digital 
library

Scholar: 5.36 (1.311)
Librarian: 5.33 (0.679)
Overall: 5.35 (1.04)

Domain knowledge change after 
digital library uses

Domain knowledge change between 
the pre-test and post-test

Scholar: 5.00 (1.074)
Librarian: 5.15 (0.662)
Overall: 5.07 (0.887)

Instructional 
effectiveness

Digital library uses for 
teaching

Frequency of digital library uses 
in teaching

Scholar: 5.36 (0.780)
Librarian: 5.96 (0.854)
Overall: 5.65 (0.865)

Effects of digital library uses on
teaching effectiveness

In what ways a digital library improves 
users’ teaching effectiveness

Scholar: 5.00 (1.387)
Librarian: 5.70 (0.823)
Overall: 5.35 (1.184)

Perception of digital 
libraries

Attitude change after digital 
library uses

To what extent users change attitude 
toward digital libraries

Scholar: 4.90 (1.543)
Librarian: 5.11 (0.892)
Overall: 5.00 (1.265)

Willingness to continue use of 
the digital library

Perceived willingness to continue use 
of a digital library

Scholar: 5.96 (0.808)
Librarian: 5.85 (0.818)
Overall: 5.91 (0.807)

Information literacy/skill 
change

Perceived information literacy/
skill change

Perceived improvement of information 
literacy/skill after using a digital library

Scholar: 4.86 (1.382)
Librarian: 5.15 (0.718)
Overall: 5.00 (1.112)

Change of information literacy/
skill

Change between the pre-test and 
post-test

Scholar: 4.93 (0.940)
Librarian: 5.15 (0.718)
Overall: 5.04 (0.838)

Table 7. Appropriateness of evaluation measures: services.

Criterion Measure Operational definition Mean (SD)

Usefulness Perceived usefulness Users’ perceived usefulness of 
overall services provided in a 
digital library

Scholar: 6.28 (0.702)
Librarian: 6.00 (0.877)
Overall: 6.14 (0.796)

Ways of usefulness In what ways digital library 
services help users

Scholar: 5.57 (1.034)
Librarian: 5.59 (0.888)
Overall: 5.58 (0.956)

Satisfaction Perceived satisfaction Users’ perceived satisfaction with 
overall services provided in the 
digital library

Scholar: 6.04 (1.232)
Librarian: 6.07 (0.781)
Overall: 6.05 (1.026)

Services for users with 
disabilities

Types of services Types of services for people with 
disabilities

Scholar: 5.96 (0.793)
Librarian: 5.93 (0.958)
Overall: 5.95 (0.870)

Usefulness Disabled users’ perceived 
usefulness

Scholar: 5.86 (0.848)
Librarian: 5.96 (0.854)
Overall: 5.91 (0.845)

Ease of use Disabled users’ perceived ease of 
use for the services

Scholar: 5.93 (0.842)
Librarian: 5.96 (0.854)
Overall: 5.95 (0.840)

(Continued)
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Criterion Measure Operational definition Mean (SD)

Frequency of service uses by 
people with disabilities

Frequency of each type of services 
used by people with disabilities in 
a specific time period

Scholar: 4.74 (1.347)
Librarian: 5.41 (1.047)
Overall: 5.07 (1.242)

Reliability Reliability of services Users’ perceived reliability Scholar: 5.90 (1.263)
Librarian: 5.96 (0.854)
Overall: 5.93 (1.076)

Responsiveness Perceived responsiveness Service responsiveness rated by 
users

Scholar: 5.67 (1.301)
Librarian: 5.89 (0.698)
Overall: 5.78 (1.04)

Types of services Types of user services Types of user services offered in a 
digital library

Scholar: 5.45 (1.021)
Librarian: 5.59 (0.844)
Overall: 5.52 (0.934)

Usefulness Users’ perceived usefulness for 
each type of service

Scholar: 5.89 (0.956)
Librarian: 5.63 (0.839)
Overall: 5.76 (0.902)

Ease of use Users’ perceived ease of use for 
each type of service

Scholar: 5.85 (0.949)
Librarian: 5.67 (0.877)
Overall: 5.76 (0.91)

Uniqueness Number of unique services 
offered in a digital library

Scholar: 4.71 (1.630)
Librarian: 5.07 (1.357)
Overall: 4.89 (1.499)

Frequency of service uses Frequency of each type of service 
used in a specific time period

Scholar: 4.89 (1.281)
Librarian: 5.15 (0.881)
Overall: 5.02 (1.101)

Accessibility to 
managerial staff

Perceived availability of staff Users’ perceived staff availability Scholar: 5.00 (1.363)
Librarian: 5.48 (0.753)
Overall: 5.23 (1.128)

Staff accessible hours Number of hours users can access 
digital library staff

Scholar: 4.71 (1.329)
Librarian: 4.93 (0.917)
Overall: 4.82 (1.140)

Reference services Types of reference services Types of reference services 
offered in a digital library

Scholar: 5.36 (0.989)
Librarian: 5.22 (1.219)
Overall: 5.29 (1.100)

Usefulness Users’ perceived usefulness of 
reference services offered in a 
digital library

Scholar: 5.50 (1.000)
Librarian: 5.33 (1.240)
Overall: 5.42 (1.117)

Ease of use Users’ perceived ease of use of 
using reference services

Scholar: 5.59 (1.010)
Librarian: 5.37 (1.245)
Overall: 5.48 (1.128)

Number of reference services 
provided

Number of reference services 
provided in a specific period of 
time

Scholar: 4.79 (1.166)
Librarian: 4.96 (1.400)
Overall: 4.87 (1.277)

Response time to digital library 
reference requests

Average response time to a 
reference request for digital 
library resources

Scholar: 5.50 (1.139)
Librarian: 5.35 (1.198)
Overall: 5.43 (1.159)

Customized services Types of customized services Types of customized services 
offered by a digital library

Scholar: 5.29 (1.013)
Librarian: 5.48 (0.935)
Overall: 5.38 (0.972)

Usefulness Users’ perceived usefulness of 
customized services

Scholar: 5.50 (0.923)
Librarian: 5.37 (0.839)
Overall: 5.44 (0.877)

Ease of use Users’ perceived easiness of 
customized services

Scholar: 5.43 (1.034)
Librarian: 5.30 (0.869)
Overall: 5.36 (0.95)

Use of customized services Frequency of each type of 
customized service used in a 
specific period of time

Scholar: 4.86 (1.113)
Librarian: 5.15 (1.027)
Overall: 5.00 (1.072)

Table 7. (Continued)
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Dimension 8. Administration

In the “administration” dimension, 22 measures were identi-
fied for 10 evaluation criteria (Table 9). The Mann–Whitney 
test results fail to reject the null hypothesis that there is no 
significant difference in the ratings of the appropriateness of 
each measure associated with a digital library evaluation 
criterion in the dimension of “administration” between the 
two groups, except for “staff hours on digital libraries” and 
“student hours on digital libraries.” The median responses in 
the scholar group and the librarian group for the measure 
“staff hours on digital libraries” are 5 and 6, respectively. 
The distributions in the two groups differ significantly (U = 
239.5, p < .05). The median responses in the scholar group 
and the librarian group for the measure “student hours on 
digital libraries” are 4 and 5, respectively. The distributions 
in the two groups differ significantly (U = 196, p < .05). 
“Presence of copyright policy” and “presence of sustainabil-
ity plans” turned out to be the two “very appropriate” meas-
ures for their associated criteria. Conversely, five measures 
were rated below “somewhat appropriate,” including “pro-
portion of DL budget,” “student hours on digital libraries,” 
“number/amount of grant/fundraising,” “number/amount of 
grant/fundraising received,” and “frequency of marketing/
promotion activities.”

Dimension 9. User engagement

In the dimension of “user engagement,” 13 measures were 
recommended for 5 criteria (Table 10). The Mann–Whitney 
test results fail to reject the null hypothesis that there is no 
significant difference in the ratings of the appropriateness 
of each measure associated with a digital library evalua-
tion criterion in this dimension between the groups, except 
for “unique page visits.” The median responses for the 
measure of “unique page visits” are 6 for both groups. The 
distributions in the two groups differ significantly (U = 
245, p < .05). In particular, five measures were suggested 
for the criterion of “site visits”: “frequency of site visits,” 
“session length,” “frequency of page visits,” “unique site 
visits,” and “unique page visits.” In this dimension, most 
of the measures were related to measuring resource usage 
in digital libraries. All of the measures were rated as 
“somewhat important.”

Dimension 10. Context

Finally, 14 measures were suggested for 7 criteria in the 
dimension of “context” (Table 11). The Mann–Whitney 
test results fail to reject the null hypothesis that there is no 
significant difference in the ratings of the appropriateness 

Table 8. Appropriateness of evaluation measures: preservation.

Criterion Measure Operational definition Mean (SD)

Ability to migrate Migratable data type Types of data that can be migrated to 
digital library

Scholar: 5.79 (1.449)
Librarian: 6.33 (0.734)
Overall: 6.05 (1.182)

Exporting capability Whether a digital library has a 
function to export data in different 
formats for preservation

Scholar: 6.21 (0.902)
Librarian: 6.44 (0.847)
Overall: 6.32 (0.876)

Preservation policy Presence of preservation policy Whether a digital library has a 
documented policy regarding 
preservation practices

Scholar: 6.03 (0.865)
Librarian: 6.33 (0.832)
Overall: 6.18 (0.855)

Components of preservation 
policy

Types of components in the 
preservation policy

Scholar: 5.32 (1.389)
Librarian: 5.85 (0.818)
Overall: 5.58 (1.166)

Strategies of preservation Types of strategies presented in the 
preservation policy

Scholar: 5.38 (1.347)
Librarian: 5.96 (0.854)
Overall: 5.66 (1.164)

Preservation 
infrastructure

Types of preservations tools Types of preservation tools offered Scholar: 5.50 (1.427)
Librarian: 6.00 (0.784)
Overall: 5.75 (1.174)

Institutional support Types of support Types of support offered by the 
institution

Scholar: 5.79 (1.292)
Librarian: 5.96 (1.091)
Overall: 5.88 (1.192)

Level of support The extent of support offered by the 
institution

Scholar: 5.71 (1.049)
Librarian: 6.07 (0.829)
Overall: 5.89 (0.956)

Cost per record Preservation cost per record Average cost for preserving a record Scholar: 5.26 (1.130)
Librarian: 5.31 (1.320)
Overall: 5.28 (1.215)
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Table 9. Appropriateness of evaluation measures: administration.

Criterion Measure Operational definition Mean (SD)

Copyright Presence of copyright 
policy

Whether a digital library has a documented 
policy regarding copyright management

Scholar: 6.32 (0.772)
Librarian: 6.22 (0.847)
Overall: 6.27 (0.804)

Components of 
copyright policy

Types of components in the copyright policy Scholar: 5.39 (1.370)
Librarian: 5.63 (1.006)
Overall: 5.51 (1.200)

Budget Budget amount Total amount of budget for a digital library Scholar: 5.26 (1.583)
Librarian: 5.41 (1.421)
Overall: 5.33 (1.492)

Proportion of digital 
library budget

Proportion of digital library budget over total 
library budget

Scholar: 4.58 (1.748)
Librarian: 5.37 (1.214)
Overall: 4.98 (1.538)

Distribution of digital 
library budget

Distribution of budget for different 
components of a digital library

Scholar: 4.81 (1.545)
Librarian: 5.30 (1.103)
Overall: 5.06 (1.352)

Planning Presence of strategic 
plans

Whether there are documented strategic 
plans on a digital library

Scholar: 5.78 (0.974)
Librarian: 5.67 (1.074)
Overall: 5.72 (1.017)

Components of plans Components of strategic plans Scholar: 5.22 (1.188)
Librarian: 5.63 (0.926)
Overall: 5.43 (1.075)

Staffing Number of staff Number of staff dedicated to a digital library Scholar: 5.11 (1.188)
Librarian: 5.63 (1.149)
Overall: 5.37 (1.186)

Staff hours on digital 
libraries

Number of professional staff hours 
dedicated to a digital library

Scholar: 4.77 (1.306)
Librarian: 5.52 (1.156)
Overall: 5.15 (1.277)

Student hours on 
digital libraries

Number of student worker hours 
dedicated to a digital library

Scholar: 4.25 (1.236)
Librarian: 5.30 (1.031)
Overall: 4.76 (1.247)

Staff training Types of training for 
digital library staff

Types of training offered to digital library 
staff for a specific period of time

Scholar: 4.96 (1.372)
Librarian: 5.44 (0.847)
Overall: 5.20 (1.155)

Resources Amount of resources for training allocated 
to a digital library

Scholar: 5.00 (1.177)
Librarian: 5.30 (0.993)
Overall: 5.15 (1.089)

Marketing/ 
promotion

Marketing/promotion 
methods

Types of marketing methods used for 
promoting a digital library

Scholar: 4.73 (1.614)
Librarian: 5.41 (0.971)
Overall: 5.08 (1.357)

Frequency of marketing/
promotion activities

Frequency of each type of marketing activity 
taking place for a digital library in a specific 
period of time

Scholar: 4.67 (1.387)
Librarian: 5.07 (0.958)
Overall: 4.87 (1.198)

Recognition of digital 
libraries

Number of people aware of a digital library Scholar: 4.96 (1.483)
Librarian: 5.33 (0.784)
Overall: 5.15 (1.183)

Assessment Frequency of assessment Frequency of digital library assessment in a 
specific period of time

Scholar: 5.54 (1.067)
Librarian: 5.41 (0.931)
Overall: 5.47 (0.992)

Dimensions of 
assessment

Dimensions of a digital library included in the 
assessment

Scholar: 5.65 (1.263)
Librarian: 5.52 (1.189)
Overall: 5.58 (1.216)

Management policy Presence of management 
policy

Whether there is a documented 
management policy on a digital library

Scholar: 5.73 (0.874)
Librarian: 5.41 (0.844)
Overall: 5.57 (0.866)

Components of 
management policy

Types of components in the management 
policy related to the digital library

Scholar: 5.23 (1.210)
Librarian: 5.19 (1.111)
Overall: 5.21 (1.15)

(Continued)
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Table 10. Appropriateness of evaluation measures: user engagement.

Criterion Measure Operational definition Mean (SD)

Digital object use Items viewed Number of items viewed Scholar: 5.78 (1.121)
Librarian: 6.11 (1.050)
Overall: 5.94 (1.089)

Time spent on an item Average time spent on viewing an item Scholar: 5.44 (1.155)
Librarian: 5.59 (1.338)
Overall: 5.52 (1.240)

Item downloading Number of items downloaded Scholar: 6.00 (1.095)
Librarian: 5.78 (1.050)
Overall: 5.89 (1.068)

User feedback User feedback channels Types of user feedback channels 
offered in a digital library

Scholar: 5.81 (0.736)
Librarian: 5.85 (0.718)
Overall: 5.83 (0.720)

Quantity of user feedback Number of user feedback submitted Scholar: 5.30 (1.203)
Librarian: 5.48 (1.014)
Overall: 5.39 (1.106)

Site visit Frequency of site visits Number of site visits within a specific 
period of time

Scholar: 5.85 (1.027)
Librarian: 5.93 (1.035)
Overall: 5.89 (1.022)

Session length Average time spent on a digital library 
in a session

Scholar: 5.22 (1.502)
Librarian: 5.78 (1.219)
Overall: 5.50 (1.384)

Frequency of page visits Number of page visits within a specific 
period of time

Scholar: 5.52 (1.282)
Librarian: 5.93 (0.997)
Overall: 5.72 (1.156)

Unique site visits Number of unique visits (site) within a 
specific period of time

Scholar: 5.64 (1.283)
Librarian: 6.07 (0.958)
Overall: 5.85 (1.145)

Unique page visits Number of unique visits (page) 
within a specific period of time

Scholar: 5.48 (1.252)
Librarian: 6.15 (0.907)
Overall: 5.81 (1.134)

Integration with 
external applications

Compatibility with external 
applications

Types of external applications that are 
compatible with the digital library

Scholar: 5.50 (1.393)
Librarian: 5.59 (0.931)
Overall: 5.55 (1.170)

Ease of integration Degree of easiness to integrate a 
digital library to external application 
assessed by experts

Scholar: 5.44 (1.086)
Librarian: 5.48 (0.802)
Overall: 5.46 (0.946)

User/community 
knowledge contribution

Types of user/community 
knowledge contribution

Types of user/community knowledge 
contribution channels available in a 
digital library

Scholar: 5.52 (0.935)
Librarian: 5.30 (0.953)
Overall: 5.41 (0.942)

Criterion Measure Operational definition Mean (SD)

Grant/ fundraising Number/amount of 
grant/fundraising

Total number/amount of grant/fundraising 
for digital libraries in a specific period of time

Scholar: 4.62 (1.472)
Librarian: 5.07 (0.874)
Overall: 4.85 (1.215)

Number/amount 
of grant/fundraising 
received

Number/amount of grant/fundraising 
received in a specific period of time

Scholar: 4.73 (1.458)
Librarian: 5.04 (0.940)
Overall: 4.89 (1.219)

Sustainability plan Presence of sustainability 
plans

Whether there are documented 
sustainability plans on a digital library

Scholar: 6.15 (0.770)
Librarian: 5.93 (0.874)
Overall: 6.04 (0.823)

Table 9. (Continued)

of each measure associated with a digital library evalua-
tion criterion in the dimension of “context” between the 
two groups, except for “presence of ethics guidelines” and 

“level of social impact.” The median responses in the 
scholar group and the librarian group for the measure of 
“presence of ethics guidelines” are 6 and 5, respectively. 
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The distributions in the two groups differ significantly (U 
= 262.5, p < .05). The median responses in the scholar 
group and the librarian group for the measure of “level of 
social impact” are 6 and 5, respectively. The distributions 
in the two groups differ significantly (U = 165, p < .05). 
Overall, the ratings in this dimension were relatively lower 
than the ratings in the other dimensions. There was no 
measure that was rated over 6 on average. Most of the 
measures in this dimension are qualitative, which involves 
a more subjective assessment. It turned out that “number 
of collaborations” and “components of guidelines for 

ethics” were considered lower than “somewhat appropri-
ate” by the participants.

Discussion

This study extends the research on digital library evalua-
tion by presenting a comprehensive set of measures and 
ranking of their appropriateness for the associated criteria 
by digital library scholars and librarians. The two groups 
were asked to rank 174 measures for 82 criteria within 10 
dimensions. Prior research on digital library evaluation 

Table 11. Appropriateness of evaluation measures: context.

Criterion Measure Operational definition Mean (SD)

Information ethics Presence of ethics 
guidelines

Whether a digital library has 
guidelines for ethical issues

Scholar: 5.64 (1.062)
Librarian: 5.00 (1.177)
Overall: 5.33 (1.156)

Components of guidelines for 
ethics

Types of components in the 
guidelines for ethics

Scholar: 5.11 (1.370)
Librarian: 4.85 (1.120)
Overall: 4.98 (1.251)

Organizational mission Conformity to organizational 
mission

To what extent a digital library 
conforms to organizational mission

Scholar: 5.52 (1.014)
Librarian: 5.56 (1.050)
Overall: 5.54 (1.023)

Ways of support In what ways a digital library 
supports organizational mission

Scholar: 5.56 (0.934)
Librarian: 5.67 (1.000)
Overall: 5.61 (0.960)

Targeted user 
community

User community engagement Types of user community 
engagements

Scholar: 5.74 (0.903)
Librarian: 5.56 (1.050)
Overall: 5.65 (0.974)

Level of user community 
engagement

To what extent a digital library 
engages in user communities

Scholar: 5.63 (0.926)
Librarian: 5.59 (0.931)
Overall: 5.61 (0.920)

Content sharing Types of content sharing Types of digital library content-
sharing partners

Scholar: 5.00 (1.265)
Librarian: 5.41 (0.747)
Overall: 5.21 (1.044)

Types of resources shared Types of digital library items shared 
with partners

Scholar: 4.93 (1.299)
Librarian: 5.35 (0.797)
Overall: 5.13 (1.093)

Number of items shared Number of items shared with 
partners

Scholar: 5.12 (1.107)
Librarian: 4.96 (0.898)
Overall: 5.04 (0.999)

Collaboration Types of collaboration Types of digital library collaboration 
partners or stakeholders

Scholar: 4.81 (1.241)
Librarian: 5.33 (0.832)
Overall: 5.07 (1.079)

Number of collaborations Number of digital library 
collaborations in a specific period 
of time

Scholar: 4.76 (1.200)
Librarian: 5.04 (0.898)
Overall: 4.90 (1.053)

Social impact Types of social impact Types of social impact of a digital 
library on the society

Scholar: 5.44 (1.188)
Librarian: 5.11 (0.801)
Overall: 5.28 (1.017)

Level of social impact To what extent a digital library 
influences society

Scholar: 5.69 (0.736)
Librarian: 4.78 (0.892)
Overall: 5.23 (0.933)

Multilingual access Types of languages Types of languages supported by a 
digital library

Scholar: 5.37 (1.006)
Librarian: 5.22 (1.050)
Overall: 5.30 (1.021)
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dimensions and criteria has found a significant divergence 
in how different stakeholders perceive the importance of 
criteria (Xie et al., 2018; Zhang, 2010). The findings from 
the first-round survey conducted by this research team 
indicated some consensus between scholars and academic 
librarians, but also noticeable differences in ranking the 
importance of criteria in dimensions such as “user engage-
ment” and “preservation” (Xie et al., 2018).

However, the findings from the second-round survey, 
reported in this article, demonstrate a remarkable consen-
sus between digital library scholars and practitioners on 
the appropriateness of measures associated with digital 
library evaluation criteria. Overall, the results support the 
hypothesis posed for this study that there is no significant 
difference in rating the appropriateness of each measure 
associated with a digital library evaluation criterion 
between the two groups. The Mann–Whitney test results 
fail to reject the null hypothesis for all measures in the 
dimensions of “collections,” “information organization,” 
“services,” and “preservation,” and the rejection in the 
other dimensions is from one or two measures. In the pool 
of 174 measures, this study found a lack of consensus for 
only 9 measures. Digital library scholars and librarians 
tended to agree more than disagree in their assessments of 
whether the proposed measures were appropriate for the 
evaluation criteria.

The two groups agree on a high rating (over 6) of the 
appropriateness of two or more measures in 7 out of the 10 
dimensions: “collections,” “information organization,” 
“user interface,” “systems/technology,” “services,” “pres-
ervation,” and “administration.” The similarities are par-
ticularly notable in the “collections” dimension for 
measures such as “compliance with digitization standards” 
and “quality specifications.” In the “information organiza-
tion” dimension, the high ranking of “compliance to the 
metadata standards” and “compliance to interoperability 
standards” indicates that measuring the quality of digital 
objects and their potential for resource discovery in a 
large-scale digital library environment is critical in digital 
library evaluation. The findings confirm the importance of 
measuring the quality of content and metadata reported in 
other studies (Park, 2009; Yan et al., 2014). Moreover, 
digital library scholars and librarians agree on several 
measures in the “interface design” dimension, where five 
measures were rated over 6 for their appropriateness. The 
high ranking of measures for the user interface criteria is 
reflective of the significant prior research in this area and 
well-established measures (Jeng, 2005; Kelly, 2014; 
Zhang, 2010).

The differences, although minor, are indicative of dif-
ferent perceptions and priorities among digital library 
scholars and library practitioners. The Mann–Whitney test 
results reject at least one null hypothesis for the rating of 
the appropriateness of measures associated with digital 

library evaluation criteria in multiple dimensions, includ-
ing “interface design,” “system and technology,” “effects 
on users,” “user engagement,” “administration,” and “con-
text.” In the “interface design” dimension, this study found 
a significant difference in rating the appropriateness of the 
measure of “design consistency,” with librarians assigning 
a lower rating. While “design consistency” is an important 
criterion for digital library evaluation, librarians are aware 
that measuring it is difficult, especially for out-of-the-box 
solutions that have limited capabilities for the customiza-
tion and control of design consistency.

Additionally, there are significant differences in the 
ranking of measures in the dimensions of “effects on users” 
and “context” that focus on evaluating the impact of digital 
libraries on research and teaching. These are important but 
challenging areas in digital library evaluation. Interestingly, 
the librarians ranked three measures higher in the “effects 
on users” dimension: “research productivity,” “digital 
library uses for research,” and “effects of digital library 
uses on teaching effectiveness.” The scholars’ lower rank-
ing of these measures is somewhat surprising but perhaps 
reveals that faculty are more aware of the challenges in 
measuring the impact of digital libraries on research pro-
ductivity and teaching. On the other hand, the scholars 
ranked the appropriateness of the “level of social impact” 
measure higher in the “context” dimension. This measure is 
intended to assess to what extent a digital library influences 
society, which can also be challenging to apply.

This study has practical implications for digital library 
evaluation by providing an extensive list of measures and 
ranking of their appropriateness by scholars and practi-
tioners. The number of proposed criteria and measures can 
be overwhelming for researchers and librarians who want 
to conduct an evaluation study. In practice, it is not feasible 
or even advisable to conduct an evaluation study using 82 
criteria and 174 measures. The value of this study for the 
field of practice is in assessing the appropriateness of the 
proposed measures. The data gathered in this study on the 
dimensions and most appropriate measures from the per-
spectives of librarians and scholars provides a foundation 
for planning effective evaluation of digital libraries using a 
list of agreed-on measures. Using data from this study, 
digital library evaluators can choose a smaller set of crite-
ria and the measures ranked as the most appropriate to 
focus on selected aspects of digital libraries. On the other 
hand, the measures in three dimensions—“effects of 
users,” “user engagement,” and “context”—were not 
ranked highly for their appropriateness, which may be an 
indication of the challenges involved in evaluating using 
dimensions, and point to a need for more research in this 
area. Despite the comprehensiveness of the criteria and 
measures, this study has some limitations, especially in the 
measurement of use and reuse. As the field of digital 
library evaluation evolves, new approaches to evaluating 
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the reuse of digital objects are emerging, including altmet-
rics, reverse image lookup, and other reuse measures 
(Kelly, 2014; O’Gara et al., 2018; Reilly and Thompson, 
2017; Yang and Dawson, 2018).

Conclusion

This study contributes to research and practice in digital 
library evaluation by presenting a set of measures for con-
ducting evaluation studies and examining if the proposed 
measures are appropriate. Furthermore, this study strength-
ens the assessment of the measures by integrating the per-
spectives of digital library scholars and librarians. The list 
is comprehensive and goes beyond the measures com-
monly used for evaluating user interfaces and usability. In 
fact, the measures related to the quality of digital objects 
and metadata were ranked quite highly in this study. In 
contrast to research on evaluation criteria that demon-
strates the divergence in the perceptions of multiple stake-
holders, this study found significant agreement in 
identifying relevant measures and their ranking by schol-
ars and librarians. The high ranking of measures related to 
interface design and the consensus between librarians and 
scholars demonstrate the strengths of digital library evalu-
ation research in this area. The differences in ranking of 
some measures, although not major, tend to be in newer 
areas and reveal the different priorities and experiences of 
library practitioners and scholars. This study has practical 
implications for digital library evaluation and develop-
ment, as it provides a list of criteria and measures to guide 
the practical evaluation of digital libraries in an academic 
setting. It may advance the field of digital library evalua-
tion by assisting evaluators in selecting relevant and con-
sistent measures, and enabling evaluation studies across 
different digital library platforms and organizations. 
Further research needs to apply relevant measures associ-
ated with selected evaluation criteria to assess specific 
digital libraries. The digital library measures can be further 
enhanced through actual digital library evaluation.
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Appendix 1. Mann–Whitney U tests: sum of scores, ranks, and statistics for the significant variables

Criterion: measure Group Mean rank Sum of ranks Test statistics

Consistency: design consistency Scholars 32.27 903.50 U = 230.50
p < .05Librarians 22.37 581.50

Retrieval effectiveness: recall Scholars 21.71 608.00 U = 202.00
p < .05Librarians 34.52 932.00

Research productivity: digital library 
uses for research

Scholars 23.67 686.50 U = 251.50
p < .05Librarians 33.69 909.50
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Criterion: measure Group Mean rank Sum of ranks Test statistics

Instructional effectiveness: digital library 
uses in teaching

Scholars 22.89 641.00 U = 235.50
p < .05Librarians 33.30 899.00

Staffing: staff hours on digital libraries Scholars 22.71 590.50 U = 239.50
p < .05Librarians 31.13 840.50

Staffing: student hours on digital libraries Scholars 21.50 602.00 U = 196.00
p < .05Librarians 34.74 938.00

Site visit: unique page visits Scholars 23.07 623.00 U = 245.00
p < .05Librarians 31.93 862.00

Information ethics: presence of ethics 
guidelines

Scholars 32.13 899.50 U = 262.00
p < .05Librarians 23.72 640.50

Social impact: level of social impact Scholars 34.15 888.00 U = 165.00
p < .05Librarians 20.11 543.00


