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1 General introduction

Some parts of this chapter ardasedon:

De Smet, C., Bourgonjon, J., De Wever, B., Schellens, T., & Valcke, M. (R¥s8arching
instructional use and the technology acceptation of learning management systems by
secondary school teachers. Computers & Education, %8), 688-696.
doi:10.1016/j.compedu.2011.09.013

De Smet, C., Schellens, T., De Wever, B., Brtwthares, P.& Valcke, M. (2014). The design and
implementation of learning paths in a learning management systenmteractive Learning
Environments doi:10.1080/10494820.2014.951059,

De Smet, De Wever, Schellens, & Valcke (20IR)e differential impact of learningpath based vs
conventional instruction in science educatioManuscript submitted for publication.

De Smet, C., Valcke, M., Schellens, T., De Wever, B., & Vanderlinde, R. (AGjiglitative study
on learning and teaching with learning paths in a learngn management system
Manuscript submitted for publication.






Chapter 1

Chapter 1:
General introduction

Abstract

This chapter provides a general introduction to the studies examined in this dissertation. The
general aim of this dissertation was to increase the knowledge on how Learning Management
Systems (LMS) are used by secondary school teachers and to examine thesign and
implementation of learning paths. The structure is as follows: First, the research context of the
studies is clarified, and specifically its focus on the technologies used in the research chapters.
Second, a theoretical framework is presented #t provides the foundation for the different
studies. This is followed by the research objectives of this dissertation. It concludes with a
description of the methods and design of the studies (three quantitative and one qualitative
studies) and a structured overview of the content of the different chapters. As will be explained,
each chapter is based upon a published, accepted, or submitted-iglexed journal article.

Context of this dissertation

To fully understand the research problem tackled in this dsertation, the context of our
research must first be described. In Flanders, a twofold higher education structure had been
Ei b1 Al AT OAA xEOE DOl £ZAOGOGET T Al " AAEAI T 080 bDOI COAI
AT A -AOOAOB O DBOI COAditfcolledes ateEhlis nio® BAuse8 onHiofEstidhal
practices, in contrast to universities which have a more academic orientation. As this
dissertation has been funded by the University College Ghent, it aims at developing and
reporting on a research progam that is relevant for educational practice, in addition to
validating conceptual frameworks to contribute to theory development and validation. As such,
this dissertation lies at the nexus between educational research and educational practice.

According to perceptions about collaborative learning Broekkamp & van HoutWolters,
2007), the gap between educational research and practice has been internationally recognized
as problematic. A recent study in the Netherlands and Flanders concluded that educatibn
researchers were convinced that the outcome of their researci®hould bed relevant for
educational practice (van Braak & Vanderlinde, 2012). This view has also been supported by the
$O0O0AE Cci OAOT I AT O ET A OAEAT OEZEAMEMNODAOG G .#AOGHIEC
Nationaal Plan Toekomst Onderwijswetenschappen, 2011), in a report by the Flemish

Cl OGAOT T AT O O! AGEAO OAT CcOITAA TOAO T1AAOXxEEOIT A
A0 A TAET O AT1T EZAOAT AR OEKItAowG@AET @ OAIDL. & ¢ E 60 AjO!
conference, Vancouver, 2012). In contrast, practitioners hardly have recognized the

contribution from educational research (Burkhardt & Schoenfeld, 2003). Available research
literature highlights critical conditions that might help to reconcile the interests of both
researchers and teachers. In addition to the fact that research problems should build on actual
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problems as defined by teachers (Burkhardt & Schoenfeld, 2003; Willinsky, 2001), studies have
pointed to the adoption of a partrership approach when setting up research aiming to be valid
for practice or having implementation relevance (Furlong & Oancea, 2013; Levin, 2013;
McKenney & Reeves, 2013).

In his review paper on the relationship between research, policy and practice in edation,
Levin (2013) pointed out several difficulties in studying this relationship. He referred to Maclure
(2004) who concluded that qualitative researchers consider themselves disadvantaged as they
fear their method is regarded as less powerful, and to iler and Pasley (2012) who stated that
research evidence resulting from academic research studies is more appreciated than
professional knowledge based on experience. But even more importantly, Levin (2013) referred
to a series of studies reporting that ¢achers are more influenced by their own experience, the
relationships with their colleagues and their own teaching practices than they are influenced by
research, to which they attach less importance (Cordingley, 2008; Mitton et al., 2007). In
response tothis call for a stronger link between research and practice, and in line with recent
multimedia research by Eysink, de Jong, Berthold, Opfermann, and Wouters (2009), we chose to
study instructional approaches that were (1) as close to redlfe examples & possible and (2)
the most relevant as possible for all participants involved.

But the research problem tackled in this dissertation was also influenced by other concerns.
We share, together with many teachers, the belief about the promises of the useirdbrmation
technologies in education. But this promise has remained unfulfilled until now. Already in 1980,
Kulik, Kulik, and Cohen (1980) looked back on twenty years of computer use in education and
OOAOAAGd O4EA AOAAI 1T £ A tdathingirOi &mos Avd tlecaded Bld. T
Soon after the computer industry started using computers in personnel training in the late
1950's, farsighted educators began dreaming about a computer age in higher education. They
envisioned college classrooms inwhich computers would serve as infinitely patient tutors,
scrupulous examiners, and tireless schedulers of instruction. Teachers in these imagined
classrooms would be free to work individually with their students. Students would be free to
follow theirown PAOEO AT A OAEAAOI AO E talno# #tQive yegDsingeD 8
we started using computers in educationz we are still trying to realize that dream. Recent
research is even less positive about the pace of technology adoption and implematidn in
education (Hsu, 2011). The next section discusses the technology being examined as part of the
research context.

ET
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Chapter 1

Educational technologies being studied: LMS

Starting with the review study by Cuban (2009), researchers have pointed to critical
shortcomings in the current adoption of technologies in education (Drent & Meelissen, 2008).
4EA xAAEI U ET OACOAOAA AAIT POEIT T & OAAETTITCEAO (
(AOi AT 6h OAT " OAAEh 0O 6A1I AEAh wardsrtieCootenf@AAAAEAOOS
technologies (European Commission, 2013), lack of technological expertise and access to
technology (Bingimlas, 2009), lack of pedagogical or didactical competences to adopt the
integrated use of technologies (Balanskat, Blamire, & Kda, 2006), and professional
engagement (Riel & Becker, 2008). The present dissertation contributes to the empirical
research base regarding the integrated use of computers in education by focusing on LMS. In
addition, this dissertation aims at implementhg technologies in learning and instructional
processes by considering some shortcomings of earlier endeavors. In line with the above
discussions concerning the nexus between research and practice, our research considers
conditions that help to guarantee €chnology use will be evidencéased and successful.

LMS (also referred to as Virtual Learning Environments, Digital Learning Environments,
Course Management Systems or Electronic Learning Environments) are web based applications,
running on a server andaccessible with a web browser from any location with an Internet
connection. In earlier research, we noticed that LMS presents educators with the following
functionalities: tools for the administrative support of learning processes (recording assessment
results, agenda, document management); the facilitation of communication processes between
school board, teachers, students and parents; electronic support of learning processes
(knowledge collaboration, contact sessions, feedback module) and the design and
implementation of course material (e.g., by bundling and/or sequencing learning objects into
learning paths) (De Smet & Schellens, 2009).

Although LMS originated in the late nineties of the previous century and despite their high
adoption rate in higher education (Kember, McNaught, Chong, Lam, & Cheng, 2010) and later in
secondary education (Pynoo et al., 2011), little is known about the technology acceptance of LMS
(Sanchez & Hueros, 2010; Van Raaij & Schepers, 2008); about how LMS influence learning
(KosZAT EA Q ' AT AOGAT h ¢mmtqn AAT 6O ET x OEA OOA 1T £ |
perceptions about teaching and learning (Joo, Lim, & Kim, 2011; Lonn & Teasley, 2009); about
learning outcomes resulting from the use can LM$1 AT A A AT O QivativA dnd teakiagOd 1 1 O
for using the LMS (Keramati, AfsharMofrad, & Kamrani, 2011). Recent research by
Schoonenboom (2014) showed why some LMt®ols are used more often than others. In
addition, we (De Smet & Schellens, 2009) observed that from 376 Flemiskcondary school
teachers, 80% mainly used the LMS for administrative support of learning processes, as
compared to only 10% who actively used functionalities such a wiki, a discussion forum or a
learning path to support learning. This selective adoptiorevel suggests teachers hardly know
how to design and implement these educational tools within their teaching and learning
processes, or that teachers have little knowledge about the potential of LMS functionalities.
Given the considerable gap in the litexture, we developed our research problem within the
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context of LMS usage in secondary schools. Our first step was to understand the technology
acceptance of learning management systems by secondary school teachers and to investigate the
instructional use of the LMS. Consequently, the observed undasage of specific LMS
functionalities/tools determined our choice to concentrate on LMS learning paths.

@earning pathLare a key feature of LMS. De Smet, Schellens, De Wever, Brfuwhares and
Valcke (2014) AAOAOEAAA A O1I AAOTEIT ¢ PAOES AOg O4EA | -3
learning objects in such a way that they result in a road map for learners. Within a learning path,
learning steps are structured in a general way (as a navigation map or a tablecontents) or in a
OAOU OPAAEEZEA OANOAT AAA xAU j Ascsnh OAIT I Pl AOA KEE(
most important building blocks of a learning path are the learning objects. Kay and Knaack
jcnnmxq AAZET AA OEA I-bAaedtdolB thAt Quppdi theDldadiAgiod spérific x A A
AT TAAPOO AU AT EATAEIT Ch Ai Pl EEAUEIT Ch AT ATI O COEAEI
Learning objects have the potential to play a role in the way teachers teach and learners
learn. However, enpirical research about learning objects is scarce, particularly in secondary
education (Kay & Knaack, 2008). There is also relatively little research focusing on design
DOET AEPI AO &£ O 1 AAOTET C TAEAAOO j " Al AREHYIGEAOK - 1
Byra, 2013). Dalziel (2003) argued thatd AAOT ET ¢ O O O-developkd &ppréach@othe x A1 1
creation and sequencing of contenbased, single learner, sel AAAA 1 AAOT ET C T AEAAO
OEAO OOEAOA EO 1 EOOI A AOTOMNDAIGAN AMETICETIA EQTXETE A
Leacock and Nesbit (2007) additionally put forward that the design of learning objects is rarely
sciencebased. More recently, in their research on how the design of instructional tools affects
teaching and leaning ®asic Life Suppordin secondary education, Iserbyt and Byra (2013)

emphasized that research about the design of instructional tools is almost nagxistent.

Given the lack of empirical research focusing on the adoption and usage of LMS, on how
learning paths should be designed, presented, and implemented, and the lack of impact studies
on student performance (Cheung & Vogel, 2013; Kay & Knaack, 2005; Nurmi & Jaakkola, 2006;
Sanchez & Hueros, 2010), we concentrated in this dissertation on the adoptiotme design and
implementation of learning paths inan LMSby secondary school teachers and the impact of this
Ei b1 ATl AT OAGETT 11 OOOAAT 6O6 1 AAOTEIC 1T OOATITAOG A
both design decisions and implementation features fgup setting and group composition) can
influence learning outcomes based on gender (Harrison & Klein, 2007), and the fact that our
research takes place within the setting of STEM education (science, technology, engineering, and
mathematics), gender was cosidered as a criticaimoderator.

Given that the purpose of this dissertation was to research how LMS are used by secondary
school teachers in general and learning paths in particular, we formulated five research
objectives in order to obtain a clear pictwe. We now will discuss the theoretical framework,
followed by an extensive discussion of the research objectives.



Chapter 1

Theoretical framework

Towards an eclectictheoretical framework

A variety of conceptual frameworks has been adopted to direct the studies ithis
dissertation. Some of these frameworks built on (1) school related variables, (2) on teacher
related variables and processes, while others are related to the (3) nature of the design of the
LMS and yet others are related to (4) the way students studg the context of an LMS.

Figure 1 depicts a graphical representation of the eclectic theoretical base, adopted in the
studies of this dissertation.

E-capacity of
secondary schools

LMS

[ Learning paths ] Student

acceptance

Implementation

Perceived
Ease of Use

Perceived Behavioral Collaborative Cognitive
Usefulness Intention learning load theory

TAM

Subjective

Norm

Figure 1 Eclecticframework depicting the variables and processes considered in the theoretical
framework of this dissertation.

Teachers have been studied in many technology related studies. Their beliefs (Tondeur,
Hermans, van Braak & Valcke, 2008), attitudes (Teo, Lee, & Chai, 2008), competences (Balanskat,
Blamire, & Kefela, 2006), etc. can be relatdd the extent of and the nature of their technology
usage in classrooms. Part of this theorgriven research is reiterated in this dissertation. In
DAOOEAOI Adh xA AgAi ET AA OAAAEAO0OG8 OAAETT 1T CU
technology. h addition, we investigated the instructional use of the LMS. We built upon the

13

AR



Technology Acceptance Model (TAM) of Davis (1989) and the successoodel TAM2 by
Venkatesh and Davis (2000).

As a result, the LMS was central to our eclectftamework. In addition to our focus on how
the LMS is used, we investigated the design and implementation of the technology being used:
LMS in general and learning paths in particular. The implementation of learning paths, or the
way students study in the context of an MS, adds students as a component to our model. To
direct the design and implementation of these learning paths, we built upon the Cognitive Load
Theory (CLT), the Cognitive Theory of Multimedia Learning (CTML) and on research on
Computer Supported Collaboative Learning (CSCL). CLT assumes that the processing capacity
in working memory of individual learners is limited (Baddeley, 1986; Sweller, 1999; Sweller, van
Merriénboer, & Paas, 1998; van Merriénboer, 1997). This should be considered when developing
learning materials via learning paths. The CTML includes additional design guidelines postulated
by Mayer (2001, 2003, 2005). CTML has proven to be relevant for designing multimedia learning
materials, such as the learning objects in our learning paths. Wheas CLT and CTML stress
cognitive processing at the individual level, we added collaborative learning as the key to unlock
additional learning capacities. In doing this, we built upon research and conceptions derived
from the field of CSCL.

Last, our ecletic framework z as stated earlierz can be linked to the ecapacity framework of
Vanderlinde and van Braak (2010) because we focused on (1) school related and (2) teacher
related conditions to research how they affect the use of LMS, and learning pathspiarticular.
These theoretical components are described in more detail below.

Technology Acceptance Model

Early theories, such as the Theory of Reasoned Action (TRA; Figure 2.1) of Fishbein and Ajzen
(1975), introduced descriptive models to study individuaO& AAEAOEI OAl ET OAT OEIT 1
421 h OITATTA8O0 AAEAOGETI O EO DOEI AOEI U AAOAOI ET A,
AAEAOET O8 4EEO EIT OAT OEI 1 EOh ET OO0OT h ET £ OAT AA/
performing this behavior and the perceived social pressure (or subjective norm) to engage in the
action.

Attitude

Intention

Subjective Norm

Figure 2.1Theory of Reasoned Action (Fishbein & Ajzen, 1975)



Chapter 1

Ten years later, Davis (1989) presented the TAM, adaption of the TRA, especially in view
of explaining the acceptance of new technologies. According to Davis, intended behavioral
intentions imply two primary and direct z but related z predictors: perceived usefulness (e.g.,
the idea that using a specifi©O AAET T 1T CU xEI 1 ET AOAAOA 1T1A80 EI A |
of use (e.qg., the belief one has that using a specific technology will not require much effort).

TAM2 (Venkatesh & Davis, 2000), a later version of TAM, additionally included the original
TRA-variable subjective norm as the attitude construct (Figure 2.2).

Perceived Ease

of Use
!
Perceived Behavioral
Usefulness Intention
N

Subjective Norm

Figure 2.2TAM2 (Venkatesh & Davis, 2000)

TAM (Davis, 1989) and its successor TAM2/énkatesh & Davis, 2000) received a lot of
attention in the literature (Sun & Zhang, 2006). Comparative studies confirmed the supremacy of
the TAM over other intentional behavior models and theories (Matthieson, 1991). Legris,
Ingham, and Collerette (2003)concluded that TAM has been widely adopted with different
OAAETTI1ITCEAO AT A ET OAOET OO Ai1T OA@OO AT A OOAAA
comparable TAM framework was adopted in this dissertation as in earlier studies about LMS
acceptance (Sanche & Hueros, 2010; Van Raaij & Schepers, 2008). In Chapter 2, we built on a
TAM2-model with extended variables, to construct and research a prediction model. Results are
discussed in Chapter 6.

Given the technology being studied, a specific TAM framework waadopted and extended
with more variables to increase and broaden its validity (see also Sdnchez & Hueros, 2010; Van
Raaij & Schepers, 2008). Additional variables included (1) personal innovativeness towards IT
(Agarwal & Prasad, 1998), (2) internal ICT @pport (Tondeur, Van Keer, van Braak, & Valcke,
2008) and (3) experience (Sun & Zhang, 2006). Personal innovativeness towards IT was defined
by Agarwal and Prasad (1998) as the willingness of an individual to try out any new information
technology and hasrepeatedly been proven to be an important predictor of technology
acceptance (Lewis, Agarwal, & Sambamurthy, 2003). Regarding t€dpport, Tondeur, Van Keer,
OAT " OAAER AT A 6AI AEA jcmmyq & 0T A A OECI EEEAA
perceptions of schoolbased ICT support and actual classroom use of ICT. The third variable,
experience, was defined as the number of years teachers have worked with an LMS, and was
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introduced because the level of experience is the bestudied variable in TAM (Khg & He,
2006).

A last major adaptation was the redefinition of behavioral intention in the model. We cannot
really focus on@htentions to usedan LMS, since the technology is already used on a daily basis by
many teachers. Therefore, we adapted the seléported use of the LMS as also suggested by
Schillewaert, Ahearne, Frambach, and Moenaert (2005) and van Raaij and Schepers (2008). In
Chapter 2, we elaborated on this TAM2nodel with extended variables, to construct and
research our predictive model.

Cagnitive Load Theory

CLT builds on the assumption that the processing capacity of working memory of individual
learners is limited, which is in contrast to the unlimited capacity of longerm memory (LTM)
(Baddeley, 1986). CLT also builds on the assumptidhat information within working memory is
organized as schemas (Sweller, Van Merrienboer, & Paas, 1998). According to the authors
i 3xAlT 1T A0 AO Al 8h pwwyqh OA OAEAI A AAOACI OEUAO
xEEAE OEAU x £5b)landArA eafllpstored in and®rétrieved from LTM.

Information processing can occur consciously or automatically (Schneider & Shiffrin, 1977;
Shiffrin & Schneider, 1977). Automatic processing occurs after extensive practice and results in
freeing up working memory, while conscious processing occurs in working memory itself and
requires memory resources, potentially invoking cognitive load. This is espediathe case when
new information is not well structured, too abundant, or not well represented. CLT distinguishes
between three types of cognitive load: intrinsic, extraneous, and germane cognitive load (Sweller
et al., 1998; Valcke, 2002). Intrinsic cogtive load is related to the complexity of the information
(number of elements and the interrelations between them) and can as such not be avoided;
however it can be mitigated by expertise (Van Merriénboer & Ayres, 2005). Germane cognitive
load refers to the effort required to construct schemas, and as such is critical for individuals to
tackle the new information. Extraneous cognitive load is invoked when information is not
adequately presented and should be avoided.

CLT challenges instructional designerso design learning material that results in meaningful
learning but does not put an overwhelming cognitive burden on working memory (Kirschner,
2002; Sweller, 1999; van Merriénboer, 1997). Paas, Tuovinen, Tabbers, and Van Gerven (2003)
OOAOAA OE Arfrinsi© oddA éxBafebus load, and germane load are additive, it is
important to realize that the sum of intrinsic, extraneous, and germane cognitive load, should
OOAU xEOEET xiI OEET ¢ T AiTOU 1EIEOOG6 | bsttoghe(s '
task, and germane cognitive load is required for schema construction, instructional designers
should make sure that the intrinsic load matches the knowledge and skill level of the learners
and controls for extraneous load. Different approaches hav been researched to handle
extraneous cognitive load in order to induce germane load (Van Gog, Paas, & Van Merriénboer,
2006), such as workedout examples or a stegby-step solution to a problem or task (Van Gog,
Paas, & Merriénboer, 2006), the split aéntion effect which advises against formats that require
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Chapter 1

learners to split their attention between several sources of information (Kalyuga, Chandler, &
Sweller, 1999) or the modality effect which suggests presenting multimodal informatiog e.g.,
partly visual and partly auditory z (Penney, 1989). Many of these related studies build on the
CTML (Mayer, 2001, 2003, 2005). CTL is discussed further in Chapters 3 and 4, in order to study
the design and implementation of learning paths.

Cognitive Theory of Multimedia Learning

Instructional designers recognized the need for learning materials that consider the potential
drawbacks resulting from cognitive load (Mayer & Moreno, 2003). Numerous related research
has been done building on CTML, as postulated by Maye2001, 2003, 2005). This theory
represents a framework to direct instructional design of multimedia materials by defining a
series of practical guidelines to design multimedia learning materials.

CTML, as can be seen in Figure 3, starts from three basiswsaptions (Mayer, 2003): the dual
channel assumption, the limited capacity assumption, and the active learning assumption. The
dual channel assumption is derived from the research of Paivio (1978, 1991) and Baddeley
(1992). Central to this assumption is tlat two separate information processing systems are
active to process both visual (e.g., text, images) and verbal (audio) representations. The limited
capacity assumption builds again on the work of Baddeley (1992) and Baddeley, Gathercole and
Papagno (1999. It states that the amount of processing that can take place within the visual and
auditory processing channel is limited (see above). The active learning assumption builds on
7EOQOQ00T AESO jpwywdq CAT AOAOEOA |1 AAOIictwdly@ngépgeddiin OU AT /
processing information and mentally organizes it (Figure 3). Cognitive processes involved
include selecting (visual/audio), organizing (mental representation), and integrating (visual,
audio, and prior knowledge). We referred especiallfo CTML in Chapters 3 and 4 where it is

discussed further in order to study the impact of learning path design and implementation.

MULTIMEDIA SENSORY ) i LONG-TERM
PRESENTATION MEMORY WORKING MEMORY MEMORY

Words Ears selecting Sounds organizing Verbal

words words Model
\ intergating Prior
Knowledge

E /
. < yanizine Pic 1.

Pictures yes s‘electmg fmages organizing Pictorial
images images Model

Figure 3. Cognitive Theory of Multimedia Learning (Mayer, 2005). Retrieved from
http://commons.wikimedia.org/wiki/File :Cognitive_Theory_of Multimedia_Learning_(Mayer,_2
005).png Made available under Creative Commons License.
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Collaborative learning

This theoretical component of our framework was adopted since we sought to design
alternative learning paths that require learrers to work together. @ollaborative learningrefers
to the engagement of all participants in solving a problem together (Roschelle & Teasley, 1995).
However, available empirical evidence stresses that putting learners in a group does not
guarantee spontaneous collaboration (Cohen, 1994), productive interactions (Barron, 2003), or
effective learning behavior (Soller, 2001). As a result, instructional support is needed to scaffold
or script the collaborative learning process (Kollar, Fischer, & Hesse, 2006)Vhen designing
these online collaborative learning settings, we can build on a considerable amount of research
available in the field of CSCL.

Adopting collaborative learning in the context of learning paths, cag from a theoretical
perspective z again be linked to CLT. Kirschner, Paas, and Kirschner (2009) found that groups
can be considered as informatiofprocessing systems containing multiple working memories,
and as such, create a collective working space where cognitive load can be divided amorgy th
learners. In this view, groups are favored against individuals who can only rely on their
individual working memory. Furthermore, when the group work is well structured (e.g.,
building on strongly elaborated and structured learning objects in the learmg path), it reduces
extraneous cognitive load and helps learners maximize cognitive processes that result in schema
construction (Sweller, Van Merrienboer, & Paas, 1998), and thus, higher learning outcomes.

Both Chapters 3 and 4 develop in more detail lvo collaborative learning was designed and
Ei b1 Al AT OAA ET OEA 1AAOTETC PAOEO8 )1 #EADPOAO
collaborative learning, as implemented in our LMS based learning paths.

E-capacity framework

School improvement conditions

ICT related school conditions

ICT related teacher conditions

Teachers’ actual use of ICT

ICT curriculum
implementation

ICT as a lever for
instructional
change

Figure 4.Model based on the eapacity framework of Vanderlinde and van Braak (2010, p. 254).



Chapter 1

The last theoretical component of our framework is relevant in this context to introduce
more recent conceptions about ICT in education. In particular, we utilized the-aapacity
framework of Vanderlinde and van Braak (2010). The -eapacity framework emphasizes four
mediating concentric circles that define conditions to support ICT use in education: school
improvement conditions, ICT related school conditions, ICT related teacher conditions and
teachers' actual use of ICT. School improvement conditions, such as leadership, participation,
and collegiality, are conditions that support the schoetevelopment process in order to help
realize educational change. ICT related school conditions are subided by the authors into ICT
support (technical and pedagogical support, often tasks performed by a dedicated ICT
coordinator), ICT infrastructure (comprising hardware, software, connectivity, peripherals, and
access to and availability of ICT related sources), and ICT policy plan (the schools' ICT vision
as expressed by the school team, and usually made explicit via an ICT policy plan). ICT related
OAAAEAO AT T AEOQOEIT O OAZEAO O A OAAAEAOS8O POIT EAOGO
ICT trainil C AT OOOAOQq AT A OAAAEAOOS )#4 AT i PAOAT AEAO j
OOA AT A ET OACOAOQEITT 1 &£ )#4 E1T OEA Al AOGOOIT1 Q8 4
three types of ICT use in a classroom and was based on revised scaleS bgdeur, van Braak
and Valcke (2007): the use of basic ICT skills (e.g., correct use of the keyboard and the mouse),
ICT as learning tool (using computers to practice knowledge or skills) and ICT as an information
tool (e.g., using computers to select anetrieve information).

In the context of the present dissertation we did not focus on all conditions that help to
guarantee more successful ICT usage, since it was not possiklevithin the scope of one
dissertation z to tackle all related variables and pocesses. We focused on variables and ICT
related processes that are limited to the circles at the school and the teacher level (see Figure 4,
grey colored).
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Research objectives

All research objectives in this dissertation were interlinked and didinfluence the design of
the subsequent empirical studies. Each of the objectives was discussed in a separate chapter,
except from Chapter 2 that dealt with two objectives.

TAM-based models have already been used to understand and predict LMS acceptance in
non-educational (Ong, Lai, & Wang, 2004) and educational settings (Ngai, Poon, & Chan, 2007;
Sanchez & Hueros, 2010). Legris, Ingham, and Collerette (2003) concluded as a result that TAM
successfully predicted 40% of LMS use. However, several authors (gAgarwal & Prasad, 1998;
Sanchez & Hueros, 2010; Schillewaert et al., 2005) urged including additional variables to
increase and broaden the validity of TAM models. This led to the first research objective:

Research objective 1 (RO1): Research tbehnology acceptation of LMS by secondary school
teachers, based on a conceptual acceptance model including: perceived usefulness, perceived ease
of use and subjective norm (traditional TAM2 components), personal innovativeness towards IT
(Agarwal & Prasal, 1998), internal ICT support (Tondeur, Van Keer, van Braak, & Valcke, 2008),
and experience (Sun & Zhang, 2006).

In this dissertation we examined how secondary school teachers use LMS. We scrutinized
LMS functionalities available and used by our targetrgup when adopting one of the three most
often used LMS: Dokeos, Blackboard, and Smartschool (De Smet & Schellens, 2009). The
following functionalities were included: document publishing (the teacher uploads documents
such as presentations, course documest video clips, etc.), announcements (the teachers send
AT1T1T 01 AAT AT OO TO 1 AOGOACAOh OEAO APPAAO 11 OEA
mailbox), uploading or publishing exercises (equal to document publishing, but specifically for
exercises), rec&ving student products (the student uploads documents to be downloaded by
peers and/or the teacher), assessment modules (student assignments with the possibility to get
feedback from teacher), chat (synchronous communication), learning path (road map for
learners), forum (asynchronous communication environment), wiki (type of website, mostly
powered by wiki software, that allows the creation of interlinked websites), agenda,
reservations module (material or classrooms) and student tracking module (absencesr
grading). Based on earlier research (Dabbagh & Banndtitland, 2005; Dabbagh & Kitsantas,
2005; Lonn & Teasley, 2009) several types of LM&e could be delineated. However, we mainly
built on this context according to Hamuy and Galaz (2010) who differdiated between two
types of LMS functionalities: @formational used versus ©ommunicational usé The
O)1 &l Of AGETT A1 6 1AOGAT xAO AAEET AA AU (Ai OU ATA

OEA ,-306 B8 pxpqaqn OEA O6#1 AODOOBEAODION AIAD OKR DO DIE /
AoAEAT CA 1T £ OEAOA AT 1 OAT OO AAOxAAT , -3 OOAOOO i
was:

Research objective 2 (RO2): Examiimstructional use, and more specificallthe relationship
between informational use andommunicational use, and the question of whether informational
use is required to foster the adoption of communicational use witaBmLMS



Chapter 1

Based on the empirical results obtained when answering research objectives 1 and 2 and the
observation that only 10% actively used the learning path module (De Smet & Schellens, 2009),
we focused subsequently on how learning paths are designed and implemented. Though Kay and
Knaack (2008) emphasized the potential of LMS, available empirical research is scarce,
especidly in secondary education and focusing on the design and implementation of LMS and
related student performance outcomes (Nurmi & Jaakkola, 2006). Gender was considered a
critical moderator, given our focus on science education and the clear gender gaphinit STEM
education and given the fact that both design decisions (Super & Bachrach, 1957; Wai, Lubinski,
& Camilla, 2009) and group setting can influence learning outcomes based on gender (Harrison
& Klein, 2007). We acknowledged the research gaps discugsand built on the CTML guidelines
(Mayer, 2003, 2005) and on research about collaborative learning to direct research in view of a
third research objective:

Research objective 3 (RO3): Investigate whether a particular design and implementation of
learning pathshas a beneficial impact on learning outcomes)d gender as anoderator.

The outcomes of the study related to objective 3 were used to direct the subsequent study.
The results of the previous study were less conclusive regarding the beneficialfaxt of
collaborative learning. Building on the literature, discussion of the results pointed at mediating
variables related to group composition (Resta & Laferriere, 2007), the role of gender within
group composition (Johnson & Johnson, 1996) and the teedcy for females to be less active in
certain group settings (Felder, Felder, Mauney, Hamrin, & Dietz, 1995). This inspired a new
research question, in which conventional instruction in the control condition was contrasted
with studying a variety of learning path designs in the experimental condition. This fourth
research question was:

Research objective 4 (RO4): Undertake a comparative study of learninggsatd conventional
instruction in a learning management system, considering a collaborative or ifdlial learning
approach,with variations in group composition and gender as an importamoderator.

The former research objectives and related studies hardly focused on the way teachers
perceive and use the LMS and the learning paths. Therefore, we shifteur attention back to the
teacher and interviewed sixteen secondary school teachers who also participated in Chapters 3
and 4. As a result, a qualitative study was designed for research objective 5:

Research objective 5 (RO3Report on teacher perceptio of learning paths usage within an
Learning Management System (LMS), and its relation to conditions at the school, teacher and
student level, and how this affects the adoption of learning paths.
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Overview of the consecutive studies

This dissertation was structured in six chapters, of which four chapters were based on
empirical studies. These four chapters were based on articles that have been published or
submitted for publication in ISFindexed journals.

In their literature review about the evaluation of learning objectsz which can be considered
the building blocks of learning pathsg Kay and Knaack (2009) put forward several critiques that
inspire clear design directions for research. First, they criticized that earlier research focuses too
often on single learning objects as the unit of analysis. Second, few evaluation studies adapt
formal statistical analyses of the research findings; also research samples are too small and
assessment tools poorly designed. This affects the validity and reliabilitf the research findings
and the generalizability of the conclusions. Third, most evaluative research is set up in the
context of higher education. Fourth, qualitative research is mainly based on descriptive data and
anecdotal reports. In addition, only ik OOOAEAO AT 61 A AA & 061 A
attitudes towards usage of learning objects in classrooms (Kay & Knaack, 2008).

Given the input of Kay and Knaack (2008, 2009), and considering the research objectives and
our conceptual framework, both qiantitative and qualitative methods were used to study the
adoption and implementation of learning paths inan LMSby secondary school teachers. The
dissertation was based on three quantitative and one qualitative studies. An overview of the
research objetives, methodology, research design, data collection, and research techniques is
presented in Table 1.

Table 1

OEAC

Research Objectives, Methodology, Research Design and Data Collection, and Research Technigues

for the Different Studies



Chapter 1

Chapter Research Methodology Research design  Research techniques

objective Data collection

1 General introduction (research context, purpose of study, research design, an
overview of the dissertation)

2 RO1 and Quantitative Teacher survegf  EFA, CFA (SPSS),
RO2 research 505 teachers Correlational analysis (SPS

Path analysiSAMOS)
3 RO3 Quantitative Learning path Repeated measures
research study with 8 multilevel modeling (MLwiN)

teachers and 360
students. A2 x 2
factorial design
was adopted.

4 RO4 Quantitative Learning path Repeated measures
research study with 15 multilevel modeling (MLwiN)
teachers and 496
students
5 RO5 Qualitative  Interviews with 16 NVivo matrices
research secondary school
teachers
6 General conclusion and discuss{onerview and discussion of main results,

limitations and suggestions for future research, and implications of the
dissertation)

Chapter 1 is the present introductory chapter in which the research context for this dissertation
was explained, andz in addition to an introduction to the particular technology being studiedz

the focus was on the theoretical and conceptudiase. The latter integrated literature about
technology acceptation, the CLT, the CTML, research on collaborative learning and treapacity
framework. Research objectives were derived and the research design of the consecutive studies
was specified.

The first and second research objectives were tackled in the research reported in Chapter 2:

O02A0AAOAEET C ET OOOOAOQEIT A

OO0A AT A OEA OAAETI

[

AU OAATTAAOU OAEIT1T OAAAEAOO83 4Eé&gPacdepah@OAO AEI

LMS by secondary school teachers and investigated the instructional use of LMS, distinguishing
between informational use and communicational use. The study was based on a teacher survey
administered to a sample of 505 Flemish secondary Bool teachers from 72 schools and
stratified by province and educational network. The chapter built on the TAM framework that
was extended with additional variables. Exploratory and confirmatory factor analyses,
correlational analysis and path analysis wex conducted. Several implications and practical
recommendations for secondary school managers and LMS coordinators were formulated. This
chapter was published in Computers & Education (2012).

#EADPOAO o O4EA AAOECT AT A Elablv®i Adi GAOAIA T1TA AKX

about the third research objective and presented the results of empirical research about using
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learning paths in a secondary education setting. The quaskperimental study took place in the
context of a biology course. Twentnine different classes, involving 360 secondary school
students, were selected at random to participate in particular research conditions of the study.
All biology teachers N = 8; 3 males, 5 females) teaching in the third grade of the six participating
schools were willing to take part in the study. A 2 x 2 factorial research design was adopted.
Learning activities (1) differed in design and (2) were either undertaken individually or
collaboratively. Gender was considered as a criticahoderator given the facus on science
learning. Multilevel analyses were applied to study the impact on learning outcomes according
to the design of learning paths, the individual/collaborative setting, and gender. The results
were helpful to direct research about the design andmplementation of learning paths in a
secondary school setting. This chapter was published in Interactive Learning Environments
(2014).

#EADOAO 1 O4EA AEEZEAOAT OEAI EI PAAOG 1T &£ 1 AAOTEI]
OAEAT AA 1 AAO€® inbigs of ihédfublyGepdrted inGitie previous chapter. A second
empirical piece of research on learning paths in a biology course was conducted. Fifteen
teachers (N = 15; 5 males, 10 females), working in 13 different secondary education schools
participated in the study. Six of them had prior experience with learning paths (De Smet et al.,
2014). Thirty-two classes were involved in the study, and 496 third grade students were
assigned to either learning path based or conventional instruction. In additignvariations in
group setting and group composition were considered. Given the focus on science learning,
gender was considered again as a critical variable. Multilevel analysis was applied to analyze the
impact of the instructional formats, the group seting, the group composition and gender on
learning outcomes. The findings resulted in guidelines for teachers who wish to implement
learning paths within a learning environment design and showed evidence for the added value
of learning paths as an instructhnal method. This chapter wasz after a first review z
resubmitted to Computers & Education (2015).

In order to pursue the fifth research objective, a qualitative study was designed as described
ET #EADPOAO uvgqg O! NOAI EOAOEOA OOOAU 11 1AAOTETC
i ATACAI AT O OUOOAI 8 DOAOAT OET ¢ GauAthemBdptAEdnC O 1T £
implementation of learning paths inan LM8 4 EA OOOAU ET OAOOECAOAA OAA
perceptions when using an LMS enhanced with learning paths. Sixteen secondary school
teachers who participated in Chapters 3 and 4 were intefewed using indepth semistructured
interviews. These interviews were analyzed using NVivo (Coniam, 2011). Several barriers were
identified at the school and teacher level preventing the successful implementation of learning
paths in secondary educationThe article documented in this chapter was submitted to the

British Journal of Educational Technology (2015).

Chapter 6 synthesized the findings of the previous chapters and offered a general conclusion
and discussion, related to the research objectivekimitations of the dissertation and directions
for future research were discussed. Finallytheoretical and practical implications were
presented.
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Chapter 2:
Researching instructio nal use and the technology acceptation
of learning management systems
by secondary school teachers

Abstract

The aim of this largescale study was to understand the technology acceptation of learning
management systems (LMS) by secondary school teachers aadinvestigate the instructional
use of LMS, distinguishing between informational use and communicational use. The predictive
model further includes: perceived usefulness, perceived ease of use, subjective norm, personal
innovativeness in the domain of ifiormation technology, experience and internal ICT support at
school level. Data were collected from 505 Flemish secondary school teachers. After performing
satisfactory reliability and validity checks, he study was able to supportalmost all of the
relationships among the 9 variablesBoth perceived ease of use and perceived usefulness were
found to be strongl related to informational use,which in turn was found positively associated
with communicational use.Internal ICT support does not significantly affect the informational
use of the LMS but is positively associated with subjective norm. Implications stress that
OAATT AAOU OAETTI1T 1 AT ACAOO ET AAOAAOQOEIT OET OI A O/
efforts and performance perceptions and thempact of internal ICT support on LM%doption.

Introduction

Technologyacceptance

Learning Management Systems (LMS; also referred to as Virtual Learning Environments,
Digital Learning Environments, Course Management Systems or Electronic Learning
Environments) are web based applications, running on a server and accessible with a web
browser from any place with an Internet connection. LMS give educators tools to create online
course websites, and provide access to learning materials (Cole & Fost2008). LMS find their
origins in the late nineties. The current commercial market leader Blackboard was founded in
1997. Their open source opponent Moodle was established in 1999 (Delta Initiative, 2009). At
the start, indE OEAOAT AAOAAOInd AABb@iionsAcdnibiifpfeAumbdt bf basic
tools such as navigation, text forums, roles, etc. By 2004, most universities felt a need to
centralize their elearning systems and moved to a single, centrally hosted and supported
environment (Weller, 2010). Today, most LMS provide a number of basic features and a set of
specific tools and functionalities to support learning.

35



Recent research shows that there has been a permanent market rise in the use of LMS in
higher (Kember, McNaught, Chong, Lam & Cher2010) and secondary education (De Smet &
Schellens, 2009; Pynoo, Devolder, Tondeur, van Braak, Duyck & Duy2@11). The last
Educause Report confirms that almost 90% of all responding American universities and colleges
reported the availability of an LMS and related support for faculty and students (Arroway,
Davenport, Xu & Updegrove, 2010).

Despite this high adoption rate, little is known how LMS benefit learning (Koszalka &
Ganesan, 2004), how the use of these systems is related with teacher and studeerceptions
about teaching and learning (Lonn & Teasley, 2009), or about the technology acceptance of LMS
(Van Raaij & Schepers, 2008; Sanchez & Hueros, 2010). In the current article, the objective is to
research the reasons behind the technology accegiton of learning management systems (LMS)
by secondary school teachers, and to investigate the instructional use of the L& within this
group of teachers.

Early social theories, like the Theory of Reasoned Action (TRA) by Fishbein and Ajzen (1975),
in0OT AOAAA AAOAOEDOEOA 11 AAIT O OI OOOAU ET AEOGEAOAI
O1T T ATTA8O0 AAEAOET O EO DOEI AOEI U AAOGAOI ET AA AU E

This intention is, in turn, influenced by two factors, namely the peOT 1 6 0 AOOEOOAA
performing this behavior and the perceived social pressure to engage in action.

In line with the Technology Acceptance Model (TAM) of Davis (1989), intended behavior
involves two primary and direct related predictors: perceived usefiness (e.g., using a specific
technology will increase their job performance) and perceived ease of use (e.g., using a specific
technology will not require much effort).

To predict the acceptance of new technologies, TAM and its successor TAM2 (Venkat&sh
Davis, 2000) received a lot of attention (Sun & Zhang, 2006). Comparative studies confirm the
supremacy of the TAM over other intentional behavior models and theories (Matthieson, 1991).
Legris, Ingham, and Collerette (2003) concluded that TAM has beenidely adopted with

AE£AEAOAT O OAAETTITTGCEAO AT A ET OAOEI OO Ai1 OA@OO A

LMS acceptance

TAM-based models have already been used in a number of studies to understand and predict
LMS acceptance in nofducational (Ohg et al, 2006) and educational settings (Ngai et al., 2007;
Sanchez & Hueros, 2010). Ngai, Poon, and Chan (2007), for example, studied the adoption of
WebCT (a LMS equired by Blackboard Incin 2006) by university students with a TAMbased
model, which was enriched with the variables technical support and attitude. As explained by
Davis (1989), attitude isthe degree to which the user is interested in specific systemJhey
found that perceived ease of use and usefulness were the dominant factors to praditS usage.

Van Raaij and Schepers (2010), who studied the acceptance of the LMS by 45 Chinese managers
enrolled in an executive MBA program, added that TAM does hold across cultures.
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In the present study, a comparableTAM framework wasadopted as in ealier studies about
LMS acceptance (Van Radj Schepers, 2008; Sanchez Bueros, 2010), butthe framework was
extended with additional variables to increase and broaden the validity. We focus this
extended modelon the selfreported use of the LMS and ot on the intentions for future use, as
done inthe majority of TAM-studies. Schillewaert, Ahearne, Frambach, and Moenaert (2005) and
van Raaij and Schepers (2008) argued that there is no further need to focus @rentions to used
the LMS because the tehnology is already used on a daily base.

Theoretical development

Research model

The current research model is based on TAM2, an extended version of TAM enriched with the
variables perceived usefulness of LMS, perceived ease of use of LMS and subjectiva.nin the
DAOOh OEAOA 41 -¢ OAOEAAI A0 xAOA 110 AAIT A O1 £OI
additional factors was required (Ong et al., 2003). Sun and Zhang (2006) state in this context
OEAO 4! - OOOAEAO AAIl 1 abi#Eto® thdd Feffect Eedl wdrldsetingd and £ A A A
AT TAEOETI 106 P8 vuvg AT A O&I O i1 OA OAOAAOAE AOOAI
Tondeur, Valcke & van Braak (2008) reasoned that in this brand of research, teacher and school
characteristics should be considered.

In this study we examine how secondary school teachers use their LMS. We scrutinized the
functionalities available in the three most often used LMS in our target group, i.e. Dokeos,
Blackboard and Smartschool (De Smet & Schellen)®). The following functionalities were
included: document publishing (the teacher uploads documents such as presentations, course
documents, videoclips, etc.), announcements (the teachers send announcements or messages,
that appear on the platform andlorAOA OAT O O1 OEA OOOAAT 680 1 AEI Al
exercises (equal to document publishing, but specifically for exercises), receiving student
products (the student uploads documents to be downloaded by peers and/or the teacher),
assessment moduwgs (student assignments with possibility to get feedback from teacher), chat
(synchronous communication), learning path (road map for learners), forum (asynchronous
communication environment), wiki (type of website, mostly powered by wiki software, that
allows the creation of interlinked websites), agenda, reservations module (material or
classrooms) and student tracking module (absences or grading).

In earlier research, LMSuse has been characterized in alternative ways. Dabbagh and
Kitsantas (2005) and abbagh and BannasRitland (2004) distinguished between the following
functionalities and tools: collaborative and communication tools (amail, discussion forums, and
chat tools), content creation and delivery tools (upload course content and tools to acsethem),
administrative tools (course information, functions, interactions, and contributions) and
assessment tools (assessment, tracking, posting grades etc.). Lonn and Teasley (2009) made a
distinction between: materials management (organize course conie, such as syllabuses, lecture
slides, and exercises), interactive teaching (communication between the teachers and their
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students via announcements or assignments) and peer learning (peer review, group projects,

and student wikis). Hamuy and Galaz (2010yifferentiate between two broad types of LMS
functionalities. These two categories build further on the five levels of LMS interactions as

DOl piT OAA AT A APDPI EAA Elnatichal Bsed £Silvib )etvaB, 2004).Eéch A 0T 0O
consecutive LMS levedllows for a deeper level of interactionTable 1).

The @hformational 8level is defined by Hamuy & Galaz (2010) as contents published by users
in the LMS (p. 171), the@ommunicationaBlevel is defined asthe processes thatfoster the
exchang ofthese contents betweerLMSusers (p. 171). With this categorization Hamuy & Galaz
(2010) could track down different LMS usage by students and teachers. They observed an
emphasis on Informational LMS use (89%)Similar results were reported by Nijhuis and @llis
(2003), De Smet and Schellens (2009), Guthrie and Pra@fanaguma (2010) and by Malikowski,
Thompson and Theis (2007), whose research will be briefly described in section 2.2 below.

Table 1
Adaptation of the five levels of LMS interaction by Hanand Galaz (2010)

Informational Level

Delivery of data or information that is limited to the

Presence

syllabus of the course

Offering some additional data on the operative anc
Informative interaction practical processes of a course, such as calendand

announcements

Accessing information without feedback possibilities,
Consultative interaction such as downloading or linking readings, presentation:
and statistics

Communicational Level

Communicational Allowing the user to accessspaces of synchronous ot
interactivity asynchronous communication

Making complex interactions that support social
Transactional Interaction construction of knowledge, such as forums
assessments or chats
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The primacy of Informational LMS use
West, Waddoupss AT A ' OAEAI jc¢cnneq A 01T A OEAO OAAAEAOC
right from the start. They rather experiment with individual features that directly address
particular instructional goals or an organizational need. When LMS features meet theseatgor
needs, some teachers start experimenting with other LMS functionalities. This is congruent with
early technology innovation research. Nambisan, Agarwal and Tanniru (1999) found e.g., that
users need to acquire a basic factual knowledge level abowchnology before they are able to
move on. This critical need for an initialz basic knowledge - phase, has been extensively
researched within the innovation diffusion literature to better understand emergent IT use
(Ahuja and Thatcher, 2005). In this corgxt, Robinson, Marshall, and Stamps (2005) argue that
innovative individuals focus on news about the technology of their interest. Having worked with
a variety of similar technologies, they become able to draw parallels and become capable to
adapt quickly to otherz more advanced- systems. In educational contexts, Tondeur et al. (2008)
Al 01T A OEAO OAAAEAOEO AAIT POEIT 1T A& )#4 MEEOOO A AOC
OEAU 1T AGAOOAA OEAO OAOAEI AAEI E OUash cticdl préciolOA 00 EI
of later adoption of ICT as a learning tool.
Malikowski, Thompson and Theis (2007) distinguish three levels of adoption with respect to
CMS features: Level 1, consisting of the most commonly used CMS features such as transmitting
course content; Level 2, comprising features with moderate adoption such as evaluating
students, courses and instructors; and Level 3, including the least adopted features like creating
class discussions and computebased instruction. Level 1 features can & seen as features
focusing on what Hamuy and Galaz (2010) refer to as the informational level, while level 2 and 3
correspond with the communicational level (Hamuy & Galaz, 2010). Between these levels,
Malikowski, Thompson and Theis (2007) found a sequeroof adoption decisions with Level 1 on
top, Level 2 in the middle and Level 3 at the bottom. They concluded that Level 1 or
ET &£ Oi AGET T Al OOA OxAO DI AAAA AO OEA Oib 1T &£ OEA
content when they first use a CMSCMS features for evaluating students or creating discussions
are adopted much less often than transmitting content, so the flowchart suggests categories
containing these features are adopted after instructors have transmitted content in a CMS. The
lowest categories on the flowchart contain CMS features that instructors infrequently use, which
are student surveys and computer based instruction. The flowchart suggests most instructors
will use these features only after they have used features in the Level ategories. The lowest
level in the flowchart suggests new features will be adopted when instructors identify learning
TAAAO OEAO AAT AA T AO xEOE AAAEOEITAl #-3 AEAAOOC
All these observations and arguments have in common that a basic usage levkspecific
technologies, is required to foster the adoption of more advanced types of technology use.
Therefore, within the context of the present study about LMS usage, we expect informational use
of the LMS to baise positively associated withcommunicational use.

H1: Informational usepositively affectscommunicational use
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Perceived usefulness, perceived ease of use and subjective norm

OAOARAEOAA OOCAAEOITAOO EO AAEET AA AU S$AOEO jpwyu
that using a particular 4 OOAT xEI 1 AT EAT AA ET A DPAOMudds, AT AAG
perceived usefulness has been the strongest predictor for behavioral intention. King and He
(2006) therefore conclude their metaAT AT UOEO xEOE OEA OOAOAI A1 69 OF
oneET AADAT AAT O OAOEAAIT Ah DPAOAAEOGAA OOAAEDOITAOO x10
even if users think their performance will benefit from technology usage, they do not necessarily
actively engage with the technology. Davis (1989) explains thisca &£ 11 1 x0d OOEAU 1| .
same time, believe that the system is too hard to use and that the performance benefits of usage
AOA 1T OOxAECEAA AU OEA AxEZAEI 0O 1T £# OOEI ¢ OEA ADPDI
perceived ease of use plays arol. 0 OAEAOO O1 A1 ETAEOEAOAI 60 AA
technology is free of effort. The third variable in our study, subjective norm, refers to the social
influence of important others (Ma et al.,, 2005). Though Davis (1989) did not include social
influence as a direct determinant of behavioral intention, Venkatesh and Davis (2000)
reconsidered this variable in the TAM2 model, especially in settings where a particular
technology usage is mandatory. Van Raaij and Schepers (2008) refer in this contextltMS
environments when they have to be used in order to complete the course. This reconfirms the
position of subjective norm in the present studyThe traditional TAM components in our model
lead to four hypotheses.

H2a: Perceived usefulness positivelyfeects informational use
H2b: Perceived ease of use positively affects informational use
H2c: Perceived ease of use positively affects perceived usefulness

H2d: Subjective norm positively affects perceived usefulness

Personalinnovativeness towards IT

Personal innovativenesstowards IT is defined as the willingness of an individual to try out
any new information technology (Agarwal & Prasad, 1998)Van Raaij and Schepers (2008)
OACAOA DPAOOITAI ETTIT OAGEOAT AGO AO OA A Oi T E 1D
SAEEI T AxAAOO AO Al 8 j¢mmuq OEAO OAAET ¢ OOAA OI
reveal the usefulness and ease of use more quickly to an innovative pemsthan to a non
ETT71 OAOEOA DPAOOI 16 jP8 wroqsd ,AxEOR | CAOxAI R A
research consistently points at personalnnovativenesstowards IT as an important predictor of
technology acceptance.

As reported by Schillewaert et al(2005), it is not only possible to distinguish a direct relation
between personal innovativeness and technology adoption, but also an indirect relation through
DAOAAEOGAA OOCAAEOITAOO AT A PAOAAEOAA AAOA 1T &£ OOAsS8
towards technology plays an important role. They also stress that some people have a prejudice
against technology. This is also observed in educational contexts, where this variable can help to



Chapter 2

explain the nonadoption of LMS by 19% of teachers, despite drMS being available at school
(De Smet & Schellens, 2009). In this respect, we expect that a teacher with a higher level of
technological innovativeness will more readily use an LMS, and this up to the communicational
level.

H3a: Personainnovativenesstowards IT positively affects communicational use
H3b: Personalinnovativenesstowards IT positively affects perceived ease of use

H3c: Personalnnovativenesstowards IT positively affects perceived usefulness

Internal ICT support

Sanchezand Hueros (2010) indicate that technical support is one of the most important
factors in the acceptance ofducationaltechnology. Also Ngai, Poon, and Chan (2007) reported a
strong - indirect - effect of technical support on attitude, thus underscoring the importance of
user support and training on the perceptions of users and eventually their use of the system.
This is confirmed by the significant and strong association between teacher perceptions of
schooltbased ICT support and actual classroom use of ICT in the studyTohdeur, Van Keer, van
Braak, and Valcke(2008). We can therefore assume that internal ICT support will influence the
perceptions of the teachers and the use of the LMS.

H4a: Internal support towards ICTpositively affects informational use

H4b: Internal support towards ICT positively affects subjective norm

Experience

Though experience is often mentioned as a mediating factdsun and Zhang (2006stressed
that there is a need for an operational definition of experience that fits particular professional
knowledge domains. Building on their work we conceptualize experience in this study as the
number of years teachers have worked with an LMS.

According to Kingand He (2006), thelevel of experienceis the beststudied variable in TAM,
consistently reiterating the difference between inexperienced and experienced useras a result,
we assume that experienced teachers will use the LMS more for informational use than
inexperienced teachers.

Malikowski et al. (2007) argued that instructors use an LMSo transmit information to
students, but hardly use features that allow them to create interactive learning activities. They
OOAOA OEAO OOEEO OA&EI AAOO AT EI1T AOAI AT OA1 ADPDPOT A
familiar with transmitting informat ion? from experience in distributing syllabi, writing
manuscripts, using PowerPoint presentations, or attaching files to-mail messages (p.152).
Venkatesh et al. (2000) reasoned thatsadirect experience with technology increases overtime,
individuals have a better assessment of the benefits and costs associated witihe use of
technology. Applying the latter to the present research context, we expect that the level of
experience will influence perceived ease of use and the informational use of an LMS.
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H5a: Experiencepositively affects perceived ease of use

H5b: Experiencepositively affects informational use

Burnham and Anderson (2002)argued,OA DAOOEI 1 T ET 60 1 1 AdeleddedOAD OA O,
scientific hypothesis, AEAO ET 1 00 O1 AAOOOAT AET ¢ 1T &£ OEA 0OUO«
OO0OOAOOOAT ANOAOGEIT 1T AATETC EO APDPI EAAR #EAT C i
of EEO ET AEAAO AT A 1T AOGAET OEA OAAOGO EEOOEGR@G@S 11 AA

different variables or between indicator and a norOT AAOI UET ¢ OAOEAAIT A EAOA
(p. 651). Bringing together the available empirical and theoretical base irelation to the use of
LMS, we can draw the following conceptual and parsimonigumodel.

Method

Participants

Teachers were recruited as participants in the study via their schools. Aboukegenty-two
schoolswere willing to participate, counting for data from 505 teachers (4% response rate).
This teacher sample wasclosely studied armd found to be representative for the population,
considering the variables@aching levels in Flemish secondary educatidifage level 12 to 18
years) and the type of secondary education (general, technical, and vocational). Respondents
were given the opton to fill out a paper and pencil version or an online version of the research
instruments. Of the 505 questionnaires129 questionnaires were completed online, 376 were
collected on paper.Post hoc, independent sample-tests were used to check difference in
answer patterns. No significant differences were found in response patterns between the two
presentation formats.

All participating schools are situated in an urban area. Belgium, and the region of Flanders in
DAOOEAOI AOh EO 11 Abanizedconiids inxtie World fUGitedi Natds World
populations prospects, 2011) The sample consisted 057.3% female respondents which is close
to the percentage (615%) in the population (Flemish Ministry of Education and Training, 2008).
Teacher agerange varied from 22 to 61 years, with an average age of 48Q= 10.5), teacher
experience ranged from 1 to 42 years, with an average of 15[ = 10.8). We grouped
participants based on the courses they teach and found out that 24% of them are language
teachers (Dutch, French, English, German, Spanish, Latin, Greek etc.), 24% science teachers
(math, biology, geography etc.), 18% reported teaching technical or vocational courses

(electricity, haircut, hotel etc.) and 34% general courses (history, economycj.
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Research instruments

A survey instrument was developed, consisting of two main sections. The first section focused
on demographic (age and gender, coded 0 = female and 1 = male) and teacher relatadiables
(such asnumber of years working as a teaher, grade and teaching subject). The second section
focused onthe constructs as represented in theeonceptual researchmodel (Figure 1). Twelve
items helped to determine the level of informational use and communicational LMS use. ltems
about document publishing, sending announcements, uploading or publishing exercises,
receiving assignments, the agenda, student tracking, and the reservatiamodule are linked to
informational LMS-use. Items about the use of the assessment module, the chat environment,
learning paths, a discussion forum and the wiki environment are linked to communicational
LMSuse.Respondents vere asked to indicate on a fivgoint Likert scale towhat extent they did
actively use the particular LMS tool or functionality.

We adaptedthe four-item effort expectancy scale for @rceived ease of use and the fotitem
performance expectancy for prceived usefulnessof Venkatesh etal. (2003). For subjective
norm, the original two-item scale basedon Azjen and Fishbein (1980) $ used. Personal
innovativenesstowards IT is assessedavith the four-item scalefrom Agarwal and Prasad (1998).
Internal ICT supportis based on the fousitem scale by Tondeur et al. (2008)All of these items
are measuredon a five-point Likert-scale, ranging from@btally disagreed1) to @tally agreed(5).
For all constructs,meanscores were calculated to evaluate the research model in figure 1.

Experience

lHSa HSb

Perceived

H3b ease of use
Personal He%
innovativeness Informational use
towards IT H2c
H3c H2a
Perceived
usefulness H4a H1
H3a THZd Internal ICT
/ support
Subjective norm H4b
A 4
| Communicational

- use

Figure 1. Theoretical model

43



Results

Psychometric quality of the research instruments

To check the psychometric quality of the instrument section focusing on the identification of
types of instructional usage of an LMS, a twstep validation procedure wasadopted. The sample
(N = 505) was divided randomly into two sub-samplesto evaluate the construct validty. IBM
SPS$ Statistics 18 was used to conductn exploratory factor analysis (EFA)on the data of the
first sub-sample (n = 253), using Maximum Likelihood estimation with oblique rotation. The
KaiserzMeyerzOlkin (KMO) measureof sampling adequacy was .84, exceeding the suggested
threshold for factor analysis of .6 Tabachnik& Fidell, 2007). TEA " AOOI AOO8 O OAOGO
Z as requiredz OE C1 EaEA@lllevel. The number of factors was determined by parallel
analysisj / 8 # 1 1 1 1) &t ancexamination of the screglot. On the basis of a firsEFA a
two-factor solution was found, but threeitems (student follow-up, the reservation module and
the agenda) were deleted due tcommunality valuesexceeding the hreshold. A second EFA was
performed on the 9 remaining items A two-factor solution emerged accounting for 60.5% of the
common variance among the items, with eigenvalues of 4.01 and 1.43.

Asillustrated in Table 2, two substantially different constructs can be distinguished and are
in line with the findings of Hamuy & Galaz (2010). Document publishing, sending
announcements, upload or publish exercises and receive assignments can therefobe
considered as indicators of an informational level in LMS usage. Assessment modules, chat,
learning path, forum and wiki can be labeled as indicators of the communicational level in LMS
usage.

Table 2

Exploratory factor analysis of the dependenariable (9 remaining items)

Factor

Informational use Communicational use

Document publishing 0.931 -.0107
Sending announcements 0.719 -0.032
Upload or publish 0.582 0.183
excercises

Receive assignments 0.485 0.250
Assessment modules -0.080 0.800
Chat -0.110 0.718
Learning path 0.162 0.635
Forum 0.141 0.565
Wiki 0.093 0.535

Next, AMOSL8 was used toperform a confirmatory factor analysis (CFA)on the data of the
secondsub-sample (n = 252) and building on the twofactor structure resulting from the EFA

| A
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Error terms were not allowed to correlate. The following indices werecalculated, taking into
account criteria for the evaluation ofgoodnessof-fit indices (Byrne, 2001; Garson, 2009: Chi
square / degrees of freedomis less than 3 (2.11), the root meancuare error of approximation
(RMSEA) is higher than .05 (.07), but lower than .08flecting a reasonabl€fit. The comparative

fit index or CFI (.97), the normed fit index or NFI (.94) and the Tuckerewis index or TLI (.94)
reflect good fit values sincethey are close t0.95. To conclude, on the base of the EFA and CFA,
we can state that the instrument to determineinstructional LMS use reflects good construct
validity .

Construct validity was evaluated for the other variables measured with the instrument
Exploratory factor analysis fi = 253) using Maximum Likelihood estimation with oblique
rotation was performed. The KaisegMeyerzOlkin (KMO) measureof sampling adequacy is .86,
exceeding the suggested threshold for factor analysis of .@dbachnik & Fidell, 2007). The
"AOOI AODOBG O OADSDB refuired OBEQIOEALLOIUO Ehedumber of gesultidgO A1 8
factors is in line with the specific variables that was intended to be measured

Table 3 summarizes the results of a reliability studyGronbad 6 O )AAllDd#uUAS are close
to .80, exceeding the threshold valu€Nunnally, 1978). In addition, correlations between all
variables are reported.A correlation matrix approach was applied és illustrated in Table 3);
most values are low among the diffrent constructs. All mentioned values still suggest adequate
validity of measurements.

Table 3

¢
I+
O
—_
>
>\
p2
ml
Qu
O
>
V)
m
>\

- AAT Oh OOAT AAOA AAOEAOQEIT O j1C

Mean S.D a 1 2 3 4 5 6 7
1.PU 3.44 0.85 0.90 1
2. PEOU 3.39 0.91 0.88 0.39" 1
3.SN 3.10 0.99 0.93 0.41" 0.18" 1
4. PIIT 3.03 0.99 0.90 0.26™ 0.40" 0.05 1
5.ICTs 3.01 0.77 0.89 0.15" 0.15" 0.20" 0.12" 1
6. Informational use 3.00 0.26 0.83 0.42" 0.46™ 0.20" 0.23" 021" 1
7. Communicational use 1.69 0.76 0.78 0.30™ 0.24" 0.15" 0.23" 0.23" 0.52" 1

Note.PU (perceived usefulness), PEOU (perceived ease of use), SN (subjective norm), PIIT
(personal innovativeness towards IT) and ICTs (internal ICT support).
** Correlation is significant at the .01 level
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Path analysisresearch model

As stated earlier, thehypothetical relationships between the variables were testedn AMOS
18. A correlation matrix (pairwise deletion) was used as input to account for missing value¥he
following fit indices were obtained. Chisquare /degree of freedom is 37, the root mean square
error of approximation (RMSEA) is.078, suggesting aeasonablefit. The comparative fit index
or CFl (94), the normed fit index or NFI (92) and the TuckerLewis index or TLI (.89) have
values close to .9 or approach the benchmark of .95. Allmmon goodnessof-fit indexes,
exceeded or approached their respective common acceptance levels, suggesting that the
research model exhibited an acceptable fit with the data. Properties of the causal paths,
including standardized path coefficients and pralues are presented in Figure 2.

Experience

0.34™

0.16"
v

Perceived
0.38"™ ease of use

Personal
innovativeness
towards IT 0.27""

Informational use

- 36%
0.14 4

Perceived
usefulness

0.48"

0.12* T0'37 e Internal ICT

y support
Subjective norm

26%

A 4

Communicational
use

v

Figure 2 Model testing results

Note.n.s.=not significant,* p< .05,*p < .01, **p < .001

Hypothesis testing

Figure 2 alsoprovides an overview of the path coefficients. As to the assumption that
informational use is positively associated withcommunicational use (H1), this hypothesis was
supported ( = 48,p<.001).
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The traditional TAM components appeared in four hypotheses. Perceived usefulness has a
positive significant association with informational use (H2,r = 26, p <.001). Perceived ease of
use affects in a significant and positive way informational use (H3, = 29, p <.001) and
perceived usefulness (H4f = 27, p <.001). Subjective norm is found to be a significant factor in
determining perceived usefulress (H5,1 = 37, p <.001). In line with other TAM studies, all
hypotheses constituting the TAN-framework (H2, H3, H4 and H5) are confirmed.

The findings show that personal innovativeness in the domain of ICT has a direct positive
association with perceived ease of use (H%, = 38, p <.001) andwith perceived usefulness (H8,
[ = 14,p<.01). Therelationship with communicational use is significant but rather weak (H6;
=12,p<.01).

Hypotheses H9 and H10 postulated the impact of internal ICT suppooh informational use
and subjective norm. The analysis results show that internal ICT support has a positive
significant association with subjective norm (H10,r = 20, p <.001), but also that it does not
significantly affectinformational use (H9,r = 07,p=.068).

Experience has a significantelationship with perceived ease of use (H1l, = 16, p <.001)
and with informational use (H12,r = 34,p<.001).

The entire model is able to explairB6% of the variance in informational use and26% of the
variance in communicational use.

The modification indices further indicated that an additional relation - from internal ICT
support to communicational use- could further improve the model. Additional path analysis
showed that the standardized regression wight was .12 p < .01). The new model explained
27% of the variance in communicational use.

a7



Discussion and implications

The present study aimed at identifying a number of significanfactors of types of LMS usage
in secondary school teachers. The studgontributes to the literature in a number of ways. First,
the instructional use of LMS by secondary school teachers has been further explored and refined.
Second, the study focused on the acceptance of the LMS by secondary school teachers, an
understudied group. Further, the operationalisation of instructional use of an LMS into
informational use and communicational use appeared to be valid. The research model is able to
explain 36% of the variance in informational use and26% of the variance in communicabnal
use. As hypothesized, informational use seems to pesitively associated withcommunicational
use.

Furthermore we could successfully build on perceived usefulness, perceived ease of use and
subjective norm asimportant factors in the TAM2-framework. Both perceived ease of use and
perceived usefulness were found tde strongly related toinformational use. This means that in
order for a secondary school teacher to use his LMS in an informational way, the usefulness and
the ease of use of the LMS wille both taken into consideration. However, since perceived ease
of use and subjective normsignificantly affect perceived usefulness, we can additionally
postulate that the ease of use of the LMS should be a critical initial variable, followed next by
teaAEAOOS6 DAOAADPOEITT 1T &£ OEA OUOOAI 60 PAOAI Oi AT AAs
Another interesting result is the statistical insignificance of the relationfrom internal ICT
support to informational use, and the significant association from internal ICT support with
subjective norm. Ths finding implies that supporting teachers at the school level will not
directly influence personal use, but especially impact the opinion of important others. More
important, as also indicated by Tondeur et al. (2008), the impact of internal (school) IGlpport
suggests that school level variables are important to understand technology acceptation. The
adoption of the variable internal ICT support makes the TAM model congruent with the real
school - world setting and conditions as requested by Sun andhang (2006) and Ong et al.
(2003). Also important is the significant relationship between personal innovativenessand
perceived ease of use. This suggests that innovative teachers are more easily convinced about
the ease of use of the LMS. On the other lthrthe impact of innovativeness on usefulness was
lower, meaning that being innovative does not automatically result in a positive belief about a
OUOOAI 60 PAOAEI Oi ATAA8 4EEO EO Al O1 AIT1 E£ZEOI AA AU
IT on communicatonal use. Being innovative is clearly not enough to start using an LMS for
communicational use.
"AOAA 11 OEA Ei bl OOAT AA T &£ OEA OAAAEAOGO DPAOAA
availability of support, school managers or LMS coordinators can wsider the following
practical recommendations. Introduction sessions can be considered and manuals provided. If
applicable, a decent translation of the LMS to the native language of the teacher and clarification
on specific design characteristics should A &£ OAOAAT 8 3711 A OAAAEAOQOO A
functionalities like the wiki or the learning path module. Best practices, continuous training and
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easy access to support will definitely be valuable for the teacher and might be that extra little
thing to getthem inspired.

Conclusion and limitations

The purpose of this paper was twofold: 1) developing a better understanding of secondary
school teacher acceptation of a LMS and 2) studying the way this group of teachers actually uses
an LMS in their instructioral setting. Though the resuls discussed above have clearly helped to
attain our research goals, a number of limitations are to be considered.

First, instead of reported use of an LMS, we expect that using log files could lead to more
accurate LMS relateddata. However this was not feasible practically in the current study, given
the number of respondents and the difficulties in getting access to log files. Second, our research
validates the categorization of LM$nteractions as defined by Hamuy & Galaz (2®). However,
additional LMS functionalities, such as student tracking, the reservation module and the agenda
had to be removed during the factor analysis procedure. Future research should continue to
focus on the refining of LMS usage categori€bhird, our analysis was baed on a crosssectional
design, whereas a longitudinal study would haveprovided more support to generalize the
findings. Fourth, the path analysis indicated an acceptable yet not perfect fit between the data
and the hypothesized modelindicating there is potential to improve the model with additional
relations and variables Especially the role of internal ICT support deserves further attention, as
the modification indices indicated a positive association with communicational userurther
research could also focus on identifying additional variables to explain the adoption and
implementation of communicational use. The latter could be for instance linked to beliefs of
teachers about the types of learning strategies that are linked to thadoption of these LMS
functionalities. Tondeur et al. (2008) could link specific teacher beliefs to specific types of ICT
usage. The same could be done in the case of LMS adoptkifth, to determine the particular
relation between informational use of an LMS and communicational us€as suggested in our
model), an alternative approach could build on distinguishing subgroups of teachers; teacher
with a low versus a high level of informational use and apply a pathnalysis by contrasting both
groups.

Nevertheless, the present study resulted in an acceptable structural model about the
relationships between critical variables describing LMS adoption and usage. Moreover, this
large-scale - study involving secondary school teachers, focused on an understudigploup of
LMS users within educational research.
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Chapter 3:
The design and implementation of learning paths in a
learning management system

Abstract

Learning paths have the potential to play an important role in the way educators serve their
learners. Empirical research about learning paths is scarce, particularly in a secondary education
setting. The present quasexperimental study took place in thecontext of a biology course
involving 360 secondary school students. A 2 x 2 factorial research design was adopted.
Learners were engaged in learning activities in a learning path. These learning activities (1)
differed in design and (2) were either undetaken individually or collaboratively. Gender was
considered as a criticaimoderator given the focus on science learning. All learning paths were
developed on the basis of visual representations, but in the experimental design conditions,
learners worked WE OE 1 AAOT ET ¢ DPAOEO AAOECT AA AAAT OAET C
(2003). Multilevel analyses were applied to study the impact on learning outcomes according to
the design of learning paths, the individual/collaborative setting, and gender. The study
provides empirical evidence that both the design and the group setting (collaborative versus
individual) have an impact on learning outcomes. Although there was no main effect, several
significant interaction effects with gender were found. The results aréelpful to direct research
about the design and implementation of learning paths in a secondary school setting and
underpin the relevance of representation modes in science learning.

Introduction

Earlier research by De Smet, Bourgonjon, De Wever, Schefieand Valcke (2012) studied the
rationale behind the technology acceptance of learning management systems (LMS) by
secondary school teachers and also investigated the particular instructional use of LMS within
this group of teachers. They found théhfor mational use of the LM$or content published by the
users (as defined by Hamuy & Galaz, 201@)as positively associated with@ommunicational
usepor all processes that foster the exchange of these contents, between LMS users. In other
words, a basic usge level (e.g., document publishing or sending announcements) seems to be
required before more advanced LMS functionalities can be adopted, such as a wiki (collaborative
writing), a forum (moderated discussions) or learning paths (technologyenhanced roadmap).

De Smet and Schellens (2009) observed that from 376 Flemish secondary school teachers,
only 10% actively used the learning path module. This low adoption level suggests that teachers
do not know how to design and implement these learning paths. Asresult, this study will focus
on how learning paths could be appropriately designed and implemented.
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Most literature on learning paths can be found within research for technologgnabled
learning that studies algorithms for computeradaptive systems (Capano et al., 2009; Wong &
Looi, 2012). Within this article, a@arning path8refers to the LMS functionality to order a
number of learning objects in such a way that they result in a road map for learners. Within a
learning path, learning steps are prestructured in a general way (as a navigation map or a table
of contents) or in a very specific sequenced way (e.@pmplete first step 1 before moving on to
step 2§. Learning paths can be created with authoring tools (e.g., eXe, Xerte, Udutu) or
programmed by software developers. Central to the design of a learning path are the building
blocks: the learning objects. Although the concept ofearning objectsis widely used, its
definition is not always clear. According to Wiley (2000), the most cited defition of learning
objects comes from the Learning Technology Standards Committee (also known as IEEE, 2005):
OAT U A1 OE OU KdigithlFwhiERCCAN be Uiséd, riuded or referenced durirg technology
supported learningd (p.4). In his review of definitions of learning objects, Kim (2009) concluded
that most definitions include terms such as @arning,6 @hstructional,§ Pedagogicald or
@ducationaldIn this article, we put forward the definition by Kay and Knaack (2007), who
defined learning objectsA O OE 1 O A QbasedtasAhat support the learning of specific
AT TAAPOO AU AT EATAEIT Ch Ai Pl EEAUET Ch AT ATI O COEAEI

Learning objects have the potential to play an important role in the way teachers teach and
learners learn. However, empirical research about learning objects is scarce, particularly in
secondary education (Kay & Knaack, 2008). Cochrane (2005) found relatively little research
reporting design principles for learning objects. Dalziel (2003) argué that e-learning usually
EAO Odevelogell dpproach to the creation and sequencing of contebised, single learner,
selkDAAAA 1 AAOTET C T AEAAOOhS AOO AAAAA OOEAOA EO |
I £ 1 AAOT ET ¢ AA OEadditionE AeOemphasked theranis Ga¥dly )ahy research
addressing how to support learners with learning objects in a structured, collaborative
environment. Given the lack of empirical research focusing on how learning paths should be
designed, presented andmplemented, and the lack of impact studies on student performance
(Kay & Knaack, 2005; Nurmi & Jaakkola, 2006), we concentrated in this study on the impact of
learning with learning paths that vary (1) in their design and (2) in the way they are studied,
individually or collaboratively. In the next sections, we first present the theoretical basis
underpinning design decisions for learning paths and the rationale in relation to collaborative
versus individual study of the learning paths. Since our studyiset up in the domain of science
learning, we also focus on gender, a key variable in science education research.
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Theoretical and empirical framework

Visual representations

Learning paths can differ in the way they are visually represented. The value wisual
representations in the design of learning paths can theoretically be linked to Cognitive Load
Theory (Sweller, 1988, 1994; Sweller, van Merriénboer & Paas, 1998; van Merriénboer &
Sweller, 2005) and the Cognitive Theory of Multimedia Learning (Maye2001, 2003, 2005).
Cognitive Load Theory (CLT) is an instructional theory that focuses on the human cognitive
architecture and its consequences for the design of instruction and learning materials. The
Cognitive Theory of Multimedia Learning (CTML) reA OAOA O #, 480 A1 C1 EQEOA
looks even more explicitly at design principles for multimedia learning.

Cognitive Load Theory

Cognitive Load Theory is based on the assumption that the processing capacity of working
memory (WM) of individual learners is limited, which is in contrast to an unlimited longterm
memory (LTM). When new information is not well structured, too abundant, or not well
represented, it will invoke extraneous cognitive load (see below) that will hinder the processing
of new information, resulting in less successful storage in LTM (Baddeley, 1986). CLT also builds
on the assumption that information is organized into schemas within WM, and are subsequently
stored and retrieved more easily in/ffrom LTM (Sweller, van Merriénboer & Pas, 1998). A
schema is a cognitive structure that connects a large amount of information that can be
processed as a single unit in working memory and stored in loagrm memory. One frequently
used example is that of a chess grand master who uses schenmasategorize board pieces and
board moves into patterns. Information processing can occur automatically or consciously
(Schneider & Shiffrin, 1977; Shiffrin & Schneider, 1977). Automatic processing occurs after
extensive practice and results in freeing upvorking memory, while conscious processing occurs
in working memory itself and requires memory resources, thus invoking cognitive load.
Therefore, a novice chess player who has few such schema available in LTM will need more time
to execute a chess move #n a professional player. In order to foster learning, schema
construction is important, as it leaves working memory open for other tasks and stores
information in LTM.

CLT distinguishes three types of cognitive load: intrinsic, extraneous, and germaocegnitive
load (Sweller et al., 1998). Intrinsic cognitive load is dependent on the intrinsic complexity of the
information (number of elements and the interrelations between them). Germane cognitive load
refers to the effort required to construct schemas Extraneous cognitive load is the effort
required to process information in view of schema construction. The latter is strongly dependent
on the way information is represented.

CLT theory challenges instructional designers to design learning material thatsults in
meaningful learning but does not put too heavy a burden on working memory (Sweller, 1999;
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intrinsic load, extraneous load, and germane load are additive, & important to realize that the

sum of intrinsic, extraneous, and germane cognitive load, should stay within working memory

1 Ei EOO6 j P8ou(Q8 " EOAT OEA ZAAO OEAO EIT OOET OEA
load is required for schema conguction, instructional designers should control extraneous load.

Different techniques have been researched to handle extraneous cognitive load, among others,

the Cognitive Theory of Multimedia Learning (Mayer, 2001, 2003, 2005).

Cognitive Theory of Multimedia Learning

Instructional designers recognized the need for learning materials that are sensitive to
cognitive load (Mayer & Moreno, 2003). A lot of research has been done based on the Cognitive
Theory of Multimedia Learning (CTML), as postulated by May (2001, 2003, 2005). This theory
represents a framework to direct instructional design of multimedia materials and results in the
definition of practical guidelines to design multimedia learning materials.

CTML is based on three assumptions (Mayer, 20p3he dual channel assumption, the limited
capacity assumption, and the active learning assumption. The dual channel assumption is
derived from the research of Paivio (1978, 1991) and Baddeley (1992). Central to this
assumption is that two separate information processing systems are active to process visual
(e.g., text, images) and verbal (audio) representations. The limited capacity assumption also
builds on the work of Baddeley (1992) and Baddeley, Gathercole and Papagno (1998). It states
the amount of pocessing that can take place within the visual and auditory processing channel
EO 1 EIi EOAA8 4EA AAOEOA 1 AAOTEIC AOGOOI BPOEIT EO
theory and implies the learner is actively engaged in processing information and mlly
organizes it. Cognitive processes involved include selecting (visual/audio), organizing (mental
representation), and integrating (visual, audio, and prior knowledge). In order to study the
impact of learning path design, we build in the present studon CTML to differentiate between
two learning paths, differing in the degree of elaboration and structure.

Collaborative learning

In this article, the term @ollaborative learningbrefers to the engagement of all participants in
solving a problem togetter (Roschelle & Teasley, 1995). Akkerman et al. (2007), building on the
work of Valsiner and Van der Veer (2000), present both a cognitive and a so@oltural view
when focusing on group cognition. Within the cognitive perspective, the subject of learniigthe
individual who constructs knowledge about the surrounding world. Following the sociecultural
perspective, the learner is seen as a participant of a social entity where knowledge results from
interaction and social activity. Akkerman et al. (2007)dd that, within the cognitive view, the
Ol AEAT AOPAAO EO 110 AATEAA AOO OAOEAO OO1T AAOO
ET AEOEAOAI 6 j P81 ¢(Qs8
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Putting learners in a group does not guarantee spontaneous collaboration (Cohen, 1994) or
effective learning behavior (Soller, 2001). As a result, instructional support is provided to
scaffold or script the collaborative learning process (Kollar, Fischer & Hesse, 2006). Given the
focus on learning management systems in the present article, the design ofllaborative
learning can strongly build on research in the field of Computer Supported Collaborative
Learning (CSCL). Kollar, Fischer & Hesse (2006) put forward five minimum characteristics of
scripting in a CSCL setting: scripts must 1) contain an objee#i, 2) engage learning activities, 3)
sequence all required actions, 4) specify and distribute roles, and 5) contain a type of
representation in which instructions are presented to the learners. In this research, we used
teacher scenarios (see below) thatvere based on scripts.

Adopting collaborative learning in the context of learning paths, cag from a theoretical
perspective z also be linked to cognitive load theory. Kirschner, Paas, and Kirschner (2009a)
found that groups can be considered informatiorprocessing systems containing multiple
working memories, and as such, create a collective working space where cognitive load can be
divided among the learners. In this view, groups are favored against individuals who can only
rely on their individual worki ng memory. Furthermore, when the group work is well structured
(e.g., building on strongly elaborated and structured learning objects in the learning path), it
reduces extraneous cognitive load and helps learners maximize cognitive processes that result
in schema construction (Sweller, Van Merrienboer, & Paas, 1998), and thus, higher learning
outcomes.

Science education and gender

The present study takes place within the setting of STEM education (science, technology,
engineering, and mathematics).Although STEM education leads to good jobs and a higher
OOAT AAOA 1T &£/ 1 EOGET Cch O1T AAUus O Ui OOE OAAI O EAOA
(European Commission, 2004, 2006; Organisation for Economic ©peration and Development
[OECD], 200, 2008; U.S. Department of Education, 2007; National Governors Association,
2007). In addition, there is a clear gender gap in the STEM field. Several studies (European
Commission, 2004, 2012) reveal that females are underrepresented in science careersisT
comes in sharp contrast to the observation that girls are more successful at school, as they
obtain higher grades and are less likely than boys to repeat a year (European Commission,
2006). In a recent publication, the European Commission (2012) prestsd the following
OAAOT T O &£ O OEEO CAT AAO CAbd OOAOAT OUPAOG &I O1 A E
attitudes of teachers, gendered advice and guidance on courses to be followed, and different
parental expectations regarding the future of gils and boys.

Research about gender differences does not always present a consistent picture. PISA 2012
(OECD, 2013) showed different levels of performance in science, reading, and mathematics
between males and females, although differences were significdytlarger within, rather than
between, genders. Nevertheless, significant gender differences were observed for reading (in
favor of girls) and mathematics (in favor of boys). They also found that for mathematics, girls are
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under-represented among the highet achievers in most countries and economies, and males
have higher perceptions about their science abilities as compared to females. This is in line with
research from Eclles (1994) and Lubinski and Benbow (2006), which stated that women are less
likely to enter occupations linked to mathematics and physical sciences because they have less
confidence in their abilities and place less subjective values on these fields compared to other
occupations. Furthermore, Eccles (1994) argued that girls rate social s high and prefer to
study academic subjects that have social implications, which, in the long term, enable them to do
something worthwhile for society.

Learning outcomes based on gender

We believe the main conditions under study (i.e., design decisisrand the group setting)
influence learning outcomes based on gender. When studying design conditions, we refer to
Super and Bachrach (1957), as well as more recent folleup research by Wai, Lubinski, and
Camilla (2009), which focused on the critical roleof spatial ability within STEM-education. The
AT TOOOOA0 OPAOEAIT AAEIEOU xAO AAEET AA AU ,TEIA
retrieve, and transform wellFOOOOAOOOAA OEOOAI Ei ACAOS6 j P8 pnmnnQ
evidence that highspatial learners had to dedicate fewer cognitive resources to build a
representational connection between visual and verbal material, thus leaving more room for
other processes. From their longitudinal findings, Wai, Lubinski and Benbow (2009) concluded
that high levels of spatial visualization have a robust and highly relevant influence in
approaching STEM domains. Ceci and Williams (2010) added that males excel in spatial ability
and underline the fact that in large metaanalyses, the effect size for spatiability is substantial:
.50 to .75 for male superiority. As the second version of our learning path is optimized with
-AUAOBO COEAATETAO jg¢mmoqh 1AAAETC O A AAOOAC
postulate that this optimized version will offer better spatial visualization.

When researching group setting, we can build on group diversity literature. Harrison and
+1 AET j¢nnxq AAOAOEAA CcOi 0P 10 OTEO AEOAOOEOU
members of a unit with respect to a common @®OEAOOA 86 | P8 pgnmQqs8 4EAU
as: separation (differences in opinion among members), variety (differences in knowledge
and/or experience) and disparity (differences in status and/or power), and concluded that only
variety has a positive impact on group effectiveness. As a result, gender diversity can be

conceptualized as gender separation, gender variety, or gender disparity. Extending the work of

(AOOEOT T AT A +1AET jcenmxqh #0ORAOR 33AEOBEEAOD Al
found gender variety indeed has a positive outcome on group cognitive complexity, and mixed
CAT AAO ¢cOT OPO AAEEAOA AAOOAO OAOGOI 6OO8 -1 OATI GAON

argument in this line of research is that gender variety increases theopl of cognitive resources
of groups because men and women have qualitatively different life experiences, therefore likely

to have differenttaskOAT AOAA ET 1T xi AACA OOOOAOOOAO | #O0OhADAK
QO 20i AOUh pwweQqd j P8 pQs8
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Slotta and Linn (2009) found web-based collaborative inquiry seems to be helpful in
developing and maintaining positive attitudes towards science and science instruction. In a
recent study, Raes, Schellens & De Wev@0(4) found that low achievers, and more specifily,
low-achieving girls, benefited from this type of intervention, especially with respect to the ability
to participate in small group discussions.

On the basis of the group diversity literature and the positive impact that webased
collaborative inquiry has on girls, we expect that girls will benefit from working collaboratively.

Research design

Research question and research hypotheses

The main research question directing this study is whether additional investment in the
design and implementation oflearning paths will have a beneficial impact on learning outcomes.
Gender is considered as a criticahoderator given the focus on science learning.

Building on the theoretical framework of CTL and CTML, we put forward the first hypothesis
(H1): StudentsOOOAUET ¢ A 1 AAOTET ¢ PAOEh 1 POEI EUAA xEOE
attain significantly higher learning outcomes as compared to students studying a basic learning
path with multimedia learning objects.

Building on the CSCL framework, we puforward the second hypothesis (H2): Learners
studying the learning path collaboratively will attain significantly higher learning outcomes as
compared to students studying the learning path individually.

Considering the empirical data in relation to genderand STEM, we put forward a third,
twofold hypothesis. Given the critical role of spatial ability, we expect (H3a) a significant
interaction effect with respect to gender, in favor of males, when studying the learning path
I DPOEI EUAA xEOE -(2003A 0 &iéw o€ theEghodd diverditliterature and the
positive impact web-based collaborative inquiry has on girls, we expect (H3b) a significant
interaction effect with respect to gender, in favor of females, when studying the learning path
collaboratively.

Participants

Secondary education in Flanders comprises six consecutive years of study, starting at the age
of 12. We selected six secondary education schools in collaboration with a GO! staff member.
GO! is one of the three dominant governing boes that sets up schools in Flanders, the Dutch
speaking area of Belgium. GO! schools comprise 15,27% of secondary school education in
Flanders. Governing bodies have considerable autonomy to, among other things, develop school
curriculum, recruit staff, choice of teaching methods, etc. As a consequence, the curriculum in
the selected schools and classes is largely comparable. All participating schools are situated in
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countries (United Nations World Populations Prospects, 2011).
All biology teachers (N = 8; 3 males, 5 females) teaching in the third grade of each of the six
schools were willing to participate in the study. Twentynine different classes were selected at
random to participate in the study. All students enrolled in these 9th grade classes (N= 360; 167

males and 193 females) participated in all consecutive activities during the study. Students
were, on average, 15 years old (89,4%). Figure 1 shows the paitiant flow chart.

Prior to the study, informed consent to use the data for research purposes was obtained
through the different school teachers.

Six schools were selected

8 teachers participated

29 classes were involved

Complete classes were assigned to
4 conditions

1 1 [

360 students took part

167 males 193 females

Figure 1. Participant flow chart.
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The biology learning materials: Wwo versions of
the @acteriadlearning path

In the present study, learning paths were developed usin@Xe learningdan opensource
authoring tool. Resources authored in eXe can be exported as a website or imported in any
SCORM (Sharable Content Object Reference Model) compliant Learning Managensystem.
This gives teachers the opportunity to open learning paths via a browser (online or offline) or to
integrate these learning paths within their school LMS.

From the biology curriculum, the topic®acteria collection and growtiBwas selected in view
of developing new learning materials. Two recently graduated biology teachers created learning
materials following the official GO! biology curriculum. Next, these materials were reviewed and
modified by 18 pre-service teachers majoring in biology underhie supervision of their lecturer.

A first version of a learning path was elaborated, consisting of multimedia learning objects
that build on text, schemes, pictures, and webased exercises (see Figure 2). A second version
of the same learning path was dé&i T PAA AU APDPI UET C - AUAOGO 1 O1 OF
Based on the handbook by Clark and Mayer (2007), learning objects in the second version of the
learning path were optimized by applying, for example, the multimedia principle (adoption of
both audio and graphs), the contiguity principle (alignment of the text and the corresponding
graphics), the redundancy principle (explanations next to visuals were either with audio or text,
not both), and the coherence principle (no extra interesting materials wer@added). The active
learning assumption (Wittrock, 1989, Mayer, 2003) stresses the learning material should have a
coherent structure and provide guidance to the learner on how to build knowledge structures.
As a result, advanced organizers were includeadh ithe optimized learning path in order to help
organize unfamiliar content (Ausubel, 1960, 1968).

For reading purposes, we will refer to the first version of the learning path as th@SPW
learning path6(Text, Schemes, Pictures and Webased exercises) and to the second version as
the MGL learning patt®Mayer GuideLines).
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Indeling van verschillende
bacterien

[Waar leven de bacterien?
Hoe planten bacterién zich voort?

In de 17e eeuw werd door Antonie van Leeuwenhoek een eerste microscoop
gebouwd. Daarmee zag hij kleine (bewegende) organismen in regenwater en
in tandplak, die organismen noemen we nu bacterién.

Bacterién zijn net zoals ons levende wezens.

In de eerste graad leerde je al wat levende wezens zijn en hoe ze ingedeeld

worden in 5 rijken.

[2 Activiteit

Hoe bescherm je voedsel tegen
bacterién? Ken je nog de kenmerken van levende
Functies van bacterién wezens?

Je lichaam en bacterien
Meer informatie

Weet je nog hoe de levende wezens
ingedeeld worden?

Maak de oefeningen

o wat zijn bacterién 1
o wat zijn bacterién 2
« wat zijn bacterién 3

in de oefeningen module.
Figure 2. The uppermost image depicts an advanced organizer (Ausubel) on bacteria
classification that was offered to all studentdollowing a MGL learning path before navigating to
the rehearsal bacteria classification exercises (the image at the bottom). Students following a
TSPW learning path were only exposed to the rehearsal bacteria classification exercises. No
other informatio n on the subject was given to these learners.

Individual versus collaborative study of the learning paths

Along with a better multimedia elaboration of the learning path, we also studied the impact of
the group setting. As defined by Kollar, Fischer and dge (2006), and as applied within this
research, scripts contain several components, including a learning objective and a type of
representation, in which instructions are presented to the learners. Scripts also engage learning
activities and sequence altequired actions.

We chose to implement scripts into teacher scenarioésee Figure 5 in Appendix)for two
reasons. First, Flemish teachers are used to working with these scenarios on a daily basis- Pre
service teachers and irservice teachers use lesson rpparation scenarios as part of their
(sometimes obligatory) daily work routine. We used existing lesson preparation templates to
create our teacher scenarios. Second, we wanted to guarantee the comparable nature of the
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activities under all research conditons. The collaboration scenarios did not result in differences
in the content of what was studied about bacteria; they differed in the way students organized,
shared, and carried out their work to guarantee that studentg in whatever research conditionz
received the same learning opportunities and to monitor the way students followed the
particular learning path.

Research instruments: Learning performance

Students were offered knowledge tests at threeseparate moments: a pretest, a posttest
(immediately after completion of the learning path), and a retention test (one month after
completion of the learning path). Each test consisted of 20 multiple choice and true/false
guestions. The study took, on average, between seven and nine weeks to be completed.
However, since teachers were not able to refrain from monthly evaluation between the petst
and the retention test, we decided to focus on prépost -test differences in our study. Retention
test scores are mentioned in Table 4; however, readers shoukgep in mind that these could be
influenced by intermediate tests not taken into account in the present study.

All test items were created by two recently graduated biology teachers based on the official
GO! biology curriculum. Six biology teachers testeall items within their classes. Based on the
AT AT UOEO T &£ OEAOGA OAOOO AT A OEA OAAAEAOOGE EOAI
remaining items were divided into three balanced tests (one test for each moment). Figure 3
shows how knowledge testsvere created.

Item analysis was conducted to improve the quality and accuracy of the true/false items. A
combination of item difficulty (p-value) and item discrimination (PBS or PoinBiserial
correlation) was taken into account. Items with Pvalues above.90 and PBSralues near or less
than zero were removed from the tests (Division of Instructional Innovation and Assessment,
University of Texas at Austin, 2007). As a result, eight items were omitted from each test.

2 currently graduated biology teachers

e N

Create learning objects on ‘bacteria Create test items on ‘bacteria collection
collection and growth’ and growth’
Reviewed by 18 pre-service teachers and Reviewed by 6 in-service biology
their lecturer teachers
Creation of a TSPW learning path Create 3 parallel tests
Creation of a MGL learning path by Pretest Posttest Retention-
modifying a TSPW learning path test

Figure 3.Creation process of the learning paths and the knowledge tests.
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Procedure

The researcher visited all teachers and gave a ot®ur introduction. We briefed teachers on
all the aspects of the research process. Other topics discussed included, amongst othére
proposed time schedule and technical information concerning learning paths within the
Learning Management System. Complete classds £ 29) were assigned to the four different
conditions (see Table 1). It was mandatory that all lessons took placedomputer classes.

As can be observed in Table 1, we did not reach a balanced number of students across all
conditions. Two teachers assigned to the collaborative condition of the MGL learning path had to
cancel their participation. Given the lasiminute character of these events and the unfortunate
timing in the middle of a semester, we were not able to recruit new teachers nor to redistribute
the teachers over conditions.

Depending on the condition they were assigned to, all teachers received a digitblSBstick)
and/or a paper version of the following material: a research guideline, a comprehensive teacher
scenario, the proposed time schedule, and two versions of the learning path (HTML and SCORM).
At the same time, we provided a box containing paper v&ons of all the knowledge tests. We
also sent teachers an-enail address and telephone number by which they could contact three
researchers. Only a few minor technical questions emerged.

Table 1.
Number of participants across conditions.

INndTSPW ColTSPW IndMGL ColMGL
Males 59 63 37 8
Females 54 71 50 18
Total 113 134 87 26

Note: Ind = individual, Col = collaborative, TSPW = Text, Schemes, Pictures and Wased
exercises learning path, and MGL = Mayer GuideLines learning path.

Statistical analysis

Our data have a clearly hierarchical structure (i.e., students in classes from different schools
were offered knowledge tests at threeseparate moments). This leads to the conclusion that
individual observations are not completely independent given the dection processes, common
history, and experiences students share (Hox, 1994). Knowledge scores from students in the
same classes might be dependent, and thus break the assumptions of a simple regression
analysis. By doing so, we would ignore schod¢gvel and classlevel inferences and focus only on
individual learning outcomes. In this respect, Multilevel Modeling is suggested as an alternative
and adequate statistical approach (DieRoux, 2000, Nezlek, 2008), and most certainly in the
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case of repeated mesures (Goldstein, 2003). Within multilevel analysis, the hierarchical nesting,
dependency, unit of analysis, standard errors, confidence intervals, and significance tests are
handled correctly (Goldstein, 1995) and, in general, even more conservative thantraditional
regression analysis where the presence of clustering is ignored (Goldstein, 2003).

Following Van Der Leeden (1998), we consider repeated measures as a hierarchical structure
where measurements are nested within individuals. Consequently, our knowledge tests are
defined as the first level, students as the second level, classes as thedhevel, and schools as
the fourth level. We used MLwiN software (Centre for Multilevel Modelling, University of Bristol)
to analyze the hierarchical data (Nezlek, 2008, Rasbash, Steele, Browne, & Goldstein, 2009).

We followed a twostep procedure to anayze the effects of three independent variables
(design decisions, group setting and gender) on the dependent variables (learning outcomes).
The models built following this procedure are presented in Table 4 (irappendix). First, we
created a fourlevel corceptual null model (Table 4, Model 0) to serve as a baseline model. This
unconditional null model (without any predictor variables) provides the overall pretest, post
test, and retention scores across all students, classes, and schools. The second stepecoed
the input of the three main explanatory variables (visual representation, group setting, and
gender) in the fixed part of the model and allowed crostevel interactions between student,
class, and school characteristics. This resulted in Model 1gBle 4).

Results

Model building

The models built following the two-step procedure are presented in Table 4n appendix).

Given our repeated measures approach, the conceptual unconditional null model (Table 4,
Model 0) predicts the overall pretest (M = the intercept, or 57.18 out of 100), postest
(M =64.49 = 57.18 + 7.31), and retention test scoredM(= 71.93 = 57.18 + 14.75) across all
students, classes, and schools. Thus, in general, without taking into account visual
representation, collaboration mode, and gender but controlling for the nested data structure,
students score significantly higher onte post and retention test as compared to the prdest.

This null model also results in four variance estimates, as shown in the random part of the
model: one for school level, one for class level, one for student level, and one for the
measurement occasin. The variance in scores within this null model on the four levels are,
except for the school level, significantly different from zero and significant at thp <.001 level.
As a result, we can state that 1.15 % of the total knowledge score variance lasschool level,
9.42% at class level, 14.26 % at student level, and finally, 75.17% at the measurement occasion.

Subsequently, based on the theoretical framework, visual representation, group setting, and
gender were entered into the model as potential xlanatory variables. All predictors were
included in the models as fixed effects. Adding these variables to the null model resulted in a
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better model fit ()¢ = 55.59,df = 21, p < .001). Model 1 (Table 4) shows the results of this
factorial model with main and interaction effects added to the model. The reference category is a
male working individually and following a TSPW learning path. In the random part of Model 1,
all variance in scores are significantly different from zero and significant at thp <.001 level,
except for school level.

Student scores

Table 2.
Knowledge scores on prand posttest and significant differences between groups (left) and
differences between knowledge tests (right).

Knowledge scores g:gg;g?}igts

Pre Post PrePost
Male, Indiv., TSPW 59.90 57.25d >.05
Male, Indiv.,MGL 61.29 76.52« <.05
Male,Collabor., TSPW 58.30 63.232 <.05
Male,Collabor., MGL 57.30 66.00¢ >.05
Female, Indiv., TSPW 55.06 63.85° <.05
Female Indiv.,MGL 55.92 72.22bc <.05
Female Collabor,, TSPW 58.41 64.51 <.05
Female Collabor., MGL 46.57 54.16 >.05

Note. Indiv = individual; Collabor = collaborative; TSPW = Text, Schemes, Pictures and Web

based exercises learning path; and MGL = Mayer GuideLines learning path.

Same superscripts denote significant differences between conditions within a tesp (<.05).
No significant differences were found between the conditions on the préest.

Figure 4 shows the drilleddown details of student scores, while Table 2 displays the
knowledge scores on the preand the postOA 008 &EOOOh xA 11 OEAA
together (between 55.05 and 61.29) at the prdest measurement, except for females working

collaboratively on a MGL learning path (46.57). Second, we observe that the two steepest slopes

(i.e., students who learned the most from the intervention) are the femaseand males within the
individual MGL learning path condition. These students received the highest petgst scores:
76.52 for males and 72.22 for females. On the other hand, the lowest scores on the gest can
be found for males working individually ona TSPW learning path and for females working
collaboratively on a MGL learning path. The remaining four scores are closely bundled together
(between 63.22 and 66.00).



Chapter 3

Figure 4 Knowledge scores in the preest and posttest for males and females.

Note: M = male; F = female; Ind = individual; Col = collaborative; TSPW = Text, Schemes, Pictures
and Webbased exercises learning path; and MGL = Mayer GuideLines learning path.

Hypothesis testing

Given our first hypothesis (H1), we expected students falving a MGL learning path to
outperform students studying a TSPW learning path in their knowledge scores. As illustrated in
Figure 4, the three highest knowledge scores on the pesst are attained by males and females
following a MGL learning path withinan individual setting (MIndMGL and FIndMGL), and by
males in a collaborative setting (MColIMGL). These findings suggest that optimizing a learning
PAOE xEOE -AUAOBO ' OEAAIETAO j¢nnmoq 1 AAAO Ol
calculating the differenes between the knowledge scores on the pos¢st (Table 2), this
observation is only confirmed for students within the individual setting. MIndTSPW was
significantly lower than MIndMGL and FIndTSPW was significantly lower than FIndMGL.
However, MColTSPW wanot significantly lower than MColIMGL and FColTSPW was lower than
FColMGL. Therefore, Hypothesis 1 can only be accepted for both males and females following the
MGL learning path in an individual setting.
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