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Abstract: Digital library research has developed rapidly over the past decade, and millions of dollars
have been spent on building digital libraries. However, studies on the awareness of digital libraries are
still scarce. Previous research indicates that many potential users may still not use or benefit from
using digital libraries. Moreover, the studies on the awareness concept of digital libraries and for their
longer term, is only beginning. In academia, transition from physical to digital libraries has been
largely taken place in most of higher institutions in Malaysia. Owing to the Internet, Web and digital
technologies, the academic library are now inevitably digital. Past researches majorly reported the
usage of digital libraries and on recent studies focussing on the awareness. As far as academic digital
library is concerned, studies on interacting the awareness factors in the relationships among the digital
library usage constructs using formative model has not been located so far. In formative model, the
measures are treated as the cause, as opposed to reflective model (where the measures are treated as the
effect). Many social science researchers tend to have a priori assumption on the measures as reflective
which may lead to misspecification of model. In bridging this gap, this paper attempts to examine the
relationships between digital library usage and individual impact where the usage measures were
hypothesized as formative measures. The relationships are tested with the incorporation of interaction
effects of digital library awareness factors. The tests are performed in academic digital libraries of
higher institutions in Malaysia. All of the hypothesized causal paths among digital library usage
constructs and individual impact tested using partial least squares (PLS) model were supported in both
of the main effects and interaction effects models. Moreover the incorporation of digital library
awareness factors has shown a moderate effect size, addressing the need of such factors in moderating
the relationships between the digital library usage and individual impact for academic purposes.
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INTRODUCTION

Digital library research has developed rapidly over the past decade, and millions of dollars have been spent
on building digital libraries. However, previous research indicates that many potential users may still not use the
digital libraries (Thong et al. 2002). Farooq et al. (2008) admitted that (by referring to Hansen and Jérvelin,
2005), the concept of awareness of digital libraries and for their longer term, is only beginning. Through their
case study of awareness of digital resources in libraries, Asemi and Riyahiniya (2007) concluded that exist a
direct relationship between the scales of awareness and use by the user. Schmidt (2002) claimed that awareness
of digital libraries has taken up many meanings and interpretations, and highly depends on the context for which
it is being used. But in the context of awareness study of human computer interaction (HCI) and computer
supported cooperative work, they have been existed for the past 15 years (Dourish and Belloti 1992). The study
focuses on its attention to firstly examine and empirically test the relationships among the posited digital library
usage constructs by using the hypothesized paths among them with the individual usage impact proposed by
Gable et al. (2008). Secondly, the relationships were tested by incorporating interaction effects via digital
library awareness factors. Hence the objective of this paper is twofold: to examine the relationships between the
digital library usages for information provisioning and the individual usage impact, and to test the relationships
among usage latent variables by introducing digital library awareness factors as moderating variables in the
developed model.
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In IS literature, the usage of system has lead to different meanings that brought to different paradigms of
research: IS for decision-making, IS implementation, IS acceptance and IS success. The aforementioned
definition of usage is as use of a digital library specifies how and for what the digital libraries are used for
information provisioning. Moreover the usage measures are important measures in analyzing the IS success (or
the success of the digital libraries). IS success can be treated as an event in a process leading to individual
impact and organizational impact (Sedera et al. 2006; Burton-Jones and Straub 2006; Seddon 1997). The event
should be focussing on the nature of the causal relationship between the usage and the IS success. Relationships
between the six main constructs of a well-known DeLone and McLean’s IS Success model (1992) were tested
by many researchers (Gable et al. 2008; Petter et al. 2007; Seddon 1997; Hunton and Flower 1997). As a result,
the studies yielded mixed results that witnessing the evidence of causal paths. As criticized by Ballantine et al.
(1996) and Myers et al. (1998); DeLone and McLean’s model raised some questions toward the causal nature in
which Seddon (1997) believed it needs to be supported by some model paths. To the authors’ best knowledge,
as far as path modelling is concerned, no prior research has been done on the interaction effects of the awareness
of such system.

Internet usage for Information Provisioning:

Internet usage for Information Provisioning (IUIP) is a theoretical framework developed by Ambrose et al.
(2006), is shown in Figure 1. The framework aims at developing theoretically grounded measure of IUIP for
provisioning of information needed by clinical decision-makers where its conceptualization is based upon on the
use of the system for the context of diagnostic decision-making. They view the IUIP construct as an evolution of
the concept of IS usage where the conceptualization of usage is for the use of a system. In Digital Library
perspectives, the use may reflect the usability of the system. In literature the term usability has been used
broadly and means different things to different people added with different types of evaluation to tailor with the
nature of digital library used (Razilan et al. 2011). This research focuses on the use of digital libraries where the
system is treated as a mean or medium to provision individual users with information at all levels that they need.

IS nsage for information
provizioning (TUIP)

IS usage for content breadth IS usage for content depth

IS usage for interaction
dynamism

Fig. 1: The properties of TUIP.

In Figure 1 three properties of IUIP is shown (without the directions of arrow showing the causal
relationship); usage of content breadth (CB), usage of content depth (CD) and usage for interaction dynamism
(ID) that were tested using a formative test. The development of this framework was basically grounded by
Technology-to-Performance Chain (TPC) theory. The usage constructs included how the system was used to
obtain or provide different types of information to satisfy the information processing needs. Each indicator
measured for each dimension was selected based on TPC theory and the construct development was validated in
accordance with the formative measurement model procedure.

Academic Digital Libraries:

The term for academic libraries represents the traditional or physical libraries of universities in Malaysia.
Due to the advanced of the information and communication technology, these libraries adopt the technology to
migrate from physical to digital. According to Butdisuwan (2005), the transition has made the library to be
inevitably digital where in his study the Thailand academic libraries started preparing for the in-house digital
collections like theses, archives and research papers serve for this purpose. In addition, the digital library
concept has introduced digital resources such as e-journals, e-books and online databases. Academic libraries in
Malaysia are also heading in the same direction. In recent years, besides maintaining the physical libraries, the
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academic libraries are also equipped with such digital resources. Owing to the Internet and Web technologies
that has brought a myriad of advances to academic libraries, Campbell (2006) once said; “The reason that the
(physical academic) library is losing its supremacy in carrying out this fundamental role is due, of course, to the
impact of digital technology”. Using his premises, as quoted, the authors emphasize the use of the term online
library resources in this paper as an initiative to academic digital libraries at higher institutions in Malaysia.

Digital library Awareness:

Asemi and Riyahiniya (2007) pointed out that scholars, students, teachers, and researchers actively seek
current information through the various media available in the libraries. They emphasized that if a user was
aware of one helpful resource, it would usually lead to greater use of that resource. Atilgan and Bayram (2006)
examined the level of awareness of digital libraries by academic staff at Ankara University, Turkey and found
that the majority of their respondents knew digital library resources existed in the university. Among the
academic staff selected in their study, level of awareness distribution showed associate professors were the
highest ranking group followed by assistant professors, but instructors were the last. Their study has shown that
awareness of digital libraries were more prominent among senior staff. Findings from a case study conducted by
Tammaro (2008) in Italy on users perceptions of digital library services indicated that users have different
perceptions with regard to digital libraries and that they tend to use the services of more than one cultural
institution. Her study also reveals that users often do not know how to use the libraries and are unaware of all of
the services offered. Nevertheless, in overall there is a positive attitude towards digital libraries. A previous
study by Brown (1994) indicated that high awareness of an information system may lead to high internet usage.
In similar direction but with different settings, the researcher investigated such relationship between awareness
of the digital library and the usage of the digital library system. Schmidt (2002) highlighted that awareness has
taken up many meanings and interpretations, and it is highly depending on the context for which it is used. This
study however focused on the level of awareness on the digital library while the usage awareness is how
respondents aware of the services and functionalities that digital library can provide in terms of provisioning
them with academic information to support their learning/teaching needs.

MATERIALS AND METHODS

Data and Measures:

A survey design approach was adopted and accomplished at higher institutions in Malaysia, namely
University of Malaya (UM), National University of Malaysia (UKM), Putra University of Malaysia (UPM) and
Science University of Malaysia (USM). These four universities had been designated as Research Universities
(RUs) under the 9th Malaysia Plan (Ng 2006). Self-administered structured questionnaires were distributed to
1000 academic users (including students, lecturers and researchers). The item instruments were composed with
mix type of questions where majority of them were close-ended ones. Four demographic variables were
included in Section A: age, gender, race and university. The coding of each variable was as follows. Dichotomy
variable was coded for gender (1=male, 2=female); age categories were ranging from 25 to 45 where the ordinal
variable was assigned to 1 < 25, 2 =25-29, 3 =30-34, 4 = 35-39, 5 = 4044 and 6 > 45 years. The minimum
age of 24 was selected according to the regular age of undergraduates in this country were usually students are
graduating from their bachelor degree at the age of 23 or 24. While respondents’ ethnicity was categorized
according to four nominal variable to reflect the main ethnic in Malaysia i.e. 1=Malay, 2=Chinese, 3=Indian and
4=0thers (open-ended). Lastly the university was coded with the four universities participated in the survey i.e.
1=UM, 2=UKM, 3=USM and 4=UPM.

Section B contains the measurement items related the three main constructs of DLIUP were as postulated
by Ambrose et al. (2006). Each of the measurement items in this section was measured using a five-point scale
items, ranging from “l=strongly disagree” to “S5=strongly agree”. Individual Impact (II) dimension was
measured with four formative measures, as posited by Gable et al. (2008) with similar rating scales. A total of
11 items measuring the digital library awareness was proposed using five-point scales from “l=strongly
unaware” to “5=strongly aware”.

Data Analysis:

smartPLS version 2.0 M3 (Ringle et al. 2005) is used to perform the analysis of the PLS path model (Wold
1982; Chin 1998; Chin et al. 2003) as well as for producing comprehensive statistical tests. It includes assessing
the indicators validity, checking for collinearity problem and estimation of the path modeling relationships.
smartPLS is Java-based, an independent-platform and a free software that capable of graphically analyzing PLS
model by performing its related statistical analysis including bootstrapping (resampling method), a method to
handle missing values and choice of analyzing reflective and formative indicators. The software is selected
based on review made by Temme et al. (2006).
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Research Model and Hypothesis:

Using the framework by Ambrose et al. (2006), the three DLUIP constructs are defined as follows. The
breadth of content (CB) construct is the extent of usage to which the academic users use the digital library to
meet their information needs across different disciplines related to their learning or teaching tasks. Whilst for the
depth of content (CD) construct, it is defined as the extent of usage to which the academic users use the
academic digital library for their different needs related to the level of detail information required. The
information required is either in the form of detailed information or crude information, depending on the users’
interest. The last construct, interaction dynamism (ID) is defined as follows. The extents of usage to which the
academic users use the digital library to retrieve, receive, solicit, and contribute information. The following
figure shows the conceptual model of moderating effect.

Independent .| Dependent
variables A "|  variable

Moderating
variables

Fig. 2: Conceptual model of moderating effect.
The moderating effect on the relationships between independent and dependent variables is as shown in

Figure 3. The hypothesized causal paths model of the tested relationships between the DLUIP and Individual
Impact is as presented in Figure 4.

——~» Individual Impact ¢

Hl H3

Ha

Fig. 3: The theoretical relationships among DLUIP properties and the individual impact dimension.

Based on the theoretical relationships in Figure 4, three hypotheses formulated for the main effects model,
as follows:

The first hypothesis states the relationships (the direct effects) between the Breadth of Content (BC)
construct and Individual Impact is positive.
H;: There is a positive relationship between the Breadth of Content construct and Individual Impact.

The second hypothesis states the relationships (the direct effects) between the Depth of Content (DC)
construct and Individual Impact is positive.
H,: There is a positive relationship between the Depth of Content construct and Individual Impact.

The third hypothesis states the relationships (the direct effects) between the Interaction Dynamism (ID)
construct and Individual Impact is positive.
Hs: There is a positive relationship between the Interaction Dynamism construct and Individual Impact.

For the interaction effects model, an additional hypothesis is formulated that deals with the moderating
effects between the digital libraries awareness and Individual Impact.
H,: Digital libraries awareness positively moderates the DLUIP-Individual Impact relationship.
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Noted that the theoretical relationships the moderating effects of this study (Figure 4) highlights the
moderating effect of the digital libraries awareness (moderator variables) on the marginal effect of DLIUP
properties (the latent variables) based on a model that includes the product indicator approach (similar with the
study by Chin et al. (1996)).

»

» Individual Impact

BC DC ID

B, B, o | By Dy D, | Da L L [k

DL Awareness

Interaction effects ]

Fig. 4: Hypothesized relationships of the formative constructs for DLIUP properties and Individual impact
dimension with moderating variables, as defined in smartPLS.

In Figure 4, BC; (i=1,...,p), DC; = (j=1....,) and IDy (k=1,...,r) represent the DLUIP constructs with their
respective indicators. The moderating variable of A; (I=1,...,m) represents the indicators of DL Awareness.
Recent modelling research in economics has shown growing interest in modelling the marginal effects of the
dependent variables rather than the point estimates of the interaction effects (Elhorst 2011). The aim is to
comply with the PLS estimation procedure to estimate the underlying interaction constructs. Moreover
according to Jaccard et al. (1990), the standard linear model estimates the coefficient of the interaction variables
which are derived from the product of the moderator variables and the independent variables (in this study they
refer to the latent variables). The estimates can be used in testing for the significance and the sign (the nature of
the relationship) that the independent variable varies with the moderator variables (based on the underlying
hypothesis of the population). The theoretical relationships as in Figure 4 transform into smartPLS software.

Digital library usage relationship with the success of IS, posited as formative measures is discussed to draw
attention to the types of error that frequently occur in such research, notably the Type I error. Thus the type of
error will lead to a false positive when declaring a path significant when it is really non-significant. A type II
error occurs when a false negative is obtained (a path non-significant when it is really significant). Latent
constructs (or latent variables) cannot be observed directly and it must be assessed by their manifest variables
(Diamantopoulos et al. 2008). In addition, latent constructs can be measured using reflective of formative
indicators (Ambrose et al. 2006). Given the two types of measurement model, issues related to validation the
model and the structural aspect may not gain much debate for the former but more on the latter model.
Nevertheless, due to more extensive works that have been published in the social science literature like
Diamantopolous et al. (2008), Henseler et al. (2009), Ringle (2006b), Ringle et al. (2009) and Hulland (1999);
guidelines in validating both types of model is by far accepted by many IS researchers.

Partial Least Squares Path Model:

The relationship between indicators and latent constructs, and relationship between different constructs
have long been discussed in many areas in social sciences including IS and marketing. Bollen's (1989, p. 65)
once reminded that “...researchers in the social sciences assume that indicators are effect indicators (reflective).
Cause indicators (formative) are neglected despite their appropriateness in many instances”. His statement
implies the nature of model paths that exist in the relationship between constructs and indicators, and between
constructs that have been overlooked by many researchers. It could lead them to false findings due to
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misspecification of the model. The PLS path model has become increasingly popular in marketing (Albers
2010). It is a methodology that allows estimating complex cause-effect relationships using empirical data
(Ringle 2006a). PLS was said to be the more appropriate statistical approach especially it precludes conditions
as required by LISREL (covariance-based technique) i.e. non-normality and small sample size. This means PLS
is capable of modelling the latent constructs under the conditions of non-normality and small sample size.

Results:

From a total of 1000 questionnaires distributed in the survey, 959 responded which resulting in a response
rate of 94%. Of the 959 participants, about 78% of them are students (undergraduates and postgraduates), and
22% are university’s staff (lecturers/researchers). It is composed by 43.9% male and 56.1% female. The highest
portion of the study subjects is below 25 years of age (60.8%), 25-26 years (13%) and 35-39 years (9%).
University undergraduates’ age are commonly between 19-23 years and the majority of respondents are
undergraduates thus this category of age is the dominant subjects of this study.

In Table 2, the values of internal consistency reliability for all of the dimensions shown are all above 0.80.
Nunnally (1978) once noted that usually the value of 0.70 and above was preferable. But, the results obtained
may not serve the essence of the internal consistency of the measurement items. This is due to reason that the
study applied formative measurement model where the model assessment is not like as it is employed in the
reflective mode. Previous studies (Edwards and Bagozzi 2000; Bollen and Lennox 1991; Fornell 1982) had
demonstrated that reflective indicators used in measuring latent constructs by positively correlated items.
However, for formative indicators there is no pattern of intercorrelation expected (or required). Thus this
section merely serves as part of the preliminary analysis report of constructs which are measured by
questionnaire measurement items administered to the study sample.

Table 1: Reliability of instrument measures.

Dimension Number of items Cronbach Alpha
Content breadth 7 0.910
Content depth 5 0.903
Interaction dynamism 4 0.854
Individual impact 4 0.815
Awareness factors 11 0911

PLS assessment of pure formative measures and constructs comprises of assessing the measurement model
(outer) and the structural model (inner). Figure 6 and 7 show the results of the PLS path model of the tested
formative measurement model of the relationships between digital library usage indicators and constructs, and
individual usage impact for main effects and interaction effects models, respectively.

The formative construct validation of the study is performed by the guidelines given by Urbach and
Ahlemann (2010), Henseler et al. (2009), Diamantopoulos et al. (2008) and Diamantopoulos and Winklhofer
(2001). Bollen (1989) and Bagozzi (1994), as cited in Henseler et al. (2009), stressed that the concepts of
reliability (i.e. internal consistency) and construct validity (i.e. convergent validity) are both not meaningful
when measures are employed in a formative mode. However, two main assessments for the outer model are
indicator validity and construct validity (Urbach and Ahlemann 2010). In smartPLS the significance of
indicators is obtained using re-sampling method, i.e. bootstrapping (Efron 1979; Efron and Thibshirani 1993).
Bootstrapping results of 200 samples produced by the PLS path model indicated the all of the weights of the
formative indicators were significant in both models; the main effects and the interaction effects model.

The following results present the main effects model of the path model without taking into consideration the
moderating variable, the DL Awareness, as discussed in Razilan & Diljit (2012).

The Main Effects Model:

In the main effects model, all of the path coefficients were significant at 95% level except CB (at 80%). All
of the three hypotheses are supported resulting that the three properties of DLUIP have a positive influence on
the individual. The coefficients of CB (f3;) and CD (f3;) showed significant and strong positive relationships
with 1T with 0.344 and 0.315, respectively (see Figure 6). The ID coefficient posed a significant but only a
moderate positive relationship with B, = 0.146. Furthermore, the PLS model of the tested paths showed the
evidence of predictive relevance with Q2 = 0.4367. In smartPLS, the predictive relevance is calculated using
Stone-Geisser’s nonparametric test (Geisser 1975; Stone 1974) and employed using blindfolding approach
(Chin 1998). The Q? value suggests an index of the goodness of reconstruction by model and parameter
estimations (Andreev et al. 2009) which measures to extent the model’s prediction is successful (Urbach and
Ahlemann 2010). The Q* > 0 confirms the presence of predictive relevance. Overall, the three constructs
account for more than half (about 53%) of the variation in the II.
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Fig. 5: Results of the main effects model.
Note: *p-value < 0.05, **p-value < 0.20

With the extension of the previous work of Razilan & Diljit (2012), the following elaborates the results of
using interaction effects.

The Interaction Effects Model:

Awareness factors are used as the interaction effects in moderating the relationships between the three
properties of DLUIP and Individual Impact dimension. All of the four hypotheses formulated are supported in
this study. The results are as shown the following figure.

B=0.16 R?=0.71

$,=0.08" > Individual Impact (1)
i O

$5=0.315"

Moderating effects
1. CB * Awareness Factors
2. CD * Awareness Factors
3. ID * Awareness Factors

566

Fig. 6: Results of the moderating effects model.
Note: * p-value < 0.05, ** p-value < 0.10

The results (see Figure 7) show a total R? of 0.71 for the model with moderating effects as compared to 0.53
in the main effects model (see Figure 6). The results also indicate an interaction effect of 0.59, giving the effect
size, 2 = 0.254 that represents the effects between moderate and large (Cohen 1988). Chen et al. (2011) also
reported that a study by Galletta et al. (2006) on a web design variables (site breadth and content familiarity)
have shown interaction effects on usability. The Q* of the model is 0.3275 which indicates the evidence of
predictive relevance when incorporating the moderating factors. The coefficient for CB decreases from 0.344
(see Figure 6) to 0.16 (Figure 7). The main effects model shows a higher standardized beta (for the three
dimensions) with a smaller R? (0.53); which is inline with Chin et al. (1996).

Discussion:

The conceptualization of usage in the field of information system has received much debate in the last three
decades. However, this study conceptualized individual usage of digital libraries as usage for information
requirements. This concept is grounded in the work Ambrose et al. (2006) where they proposed usage as an
evolution of IS Usage.

From the PLS model, Individual Impact for information provisioning construct was found to explain about
50% of the variance from the three hypothesized dimensions viz. breadth of content, depth of content and
interaction dynamism. The R? = 53% might show only a moderate predictive strength of the DLUIP. However,
the three dimensions of DLUIP showed positive relationships with the DLUIP construct, as identified in the
theoretical frame of IUIP. Developed as a formative construct, the DLUIP measures were significant in
explaining the individual usage of academic digital library. The awareness factor (moderator factor) was
introduced in the model to investigate the direct and indirect relationships of a certain endogenous latent
variable, as suggested by Helm et al. (2009) and Henseler et al. (2009). The awareness concept of digital library
perhaps is only the beginning, as claimed by Hansen and Jérvelin (2005). Nonetheless, after using awareness
factors as moderator variables, the coefficient of determination, R? of the DLUIP construct increased to 71%.
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This shows that the model fits the study data well with meaningful path coefficients (weights) with greater
predictive strength as compared to the initial model. After incorporating the moderating variables, all the three
path coefficients, breadth of content, depth of content and dynamism of interaction constructs yielded positive
relationships with the individual usage impact construct. The results also indicated that all indicators used in
measuring the individual usage impact construct were of a confidence level of 95% and 90%. There were no
indicators dropped in the model due to two reasons. First, no major concerns which related to multicollinearity
were aroused because all of the Variance Inflation Factor (VIF) values was found to be less than 3.0. Second, all
of the indicators were of a confidence level of 95% and they were all maintained. Additionally, the indicators in
the measurement model were conceptually justified (refer to Ambrose et al. 2006). Due to confidence
considerations, none of the indicators were removed.

Awareness factor is seen to play a significant role in determining individual usage as it showed a high path
coefficient (0.590). Pedhazur (1997) stressed that the acceptable lower limit of the path coefficient value was
0.05 but reinstated that the preferable one was above 0.10. In contrast, Chin (1998) recommended it to be at
least 0.20. However, since there is no rigid consensus with regards to this issue, this study adhered to the former.
The study found that the inclusion of interaction effects to moderate the effects of relationships between the
postulated independent and dependent variables increased the model’s coefficients of determination (the R?).
The findings provide useful information in regards on under the observed circumstances (the impact on
individual usage on digital library) an awareness intervention has a greater effect on the individual impact.

Conclusion:

This paper contributes to a growing research of using formative measurements in evaluating the
performance of the digital library. The test on incorporating the moderating factors in the relationships between
digital library usage and individual impact is presented in this paper. The digital library usage measures are
conceptualized as formative based on the IUIP theory. The hypothesized relationships of the moderating effects,
as postulated in Figure 7 only focus on the digital libraries awareness factors effect on the marginal effect of the
defined latent variables. All of the variables in the model are posited as formative (Ambrose et al. 2006; Gable
et al. 2008). Future study may include exploring of more than one moderating effects that may have a greatest
effect on the observed phenomenon, in specific in the digital library domain. Since research on awareness in the
context of the digital library is just a beginning (Razilan et al. 2011) and it may reveal a motivating aspect in the
tested formative measures relationships.
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