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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 the design 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 that 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 ISI-indexed journal article.  

Context of this dissertation 

To fully understand the research problem tackled in this dissertation, the context of our 

research must first be described. In Flanders, a twofold higher education structure had been 

ÉÍÐÌÅÍÅÎÔÅÄ ×ÉÔÈ ÐÒÏÆÅÓÓÉÏÎÁÌ "ÁÃÈÅÌÏÒȭÓ ÐÒÏÇÒÁÍÓ ÏÎ ÔÈÅ ÏÎÅ ÈÁÎÄ ÁÎÄ ÁÃÁÄÅÍÉÃ "ÁÃÈÅÌÏÒȭÓ 

ÁÎÄ -ÁÓÔÅÒȭÓ ÐÒÏÇÒÁÍÓ ÏÎ ÔÈÅ ÏÔÈÅÒȢ 5ÎÉÖÅrsity colleges are thus more focused on professional 

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 program 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 Hout-Wolters, 

2007), the gap between educational research and practice has been internationally recognized 

as problematic. A recent study in the Netherlands and Flanders concluded that educational 

researchers were convinced that the outcome of their research Ȭshould beȭ relevant for 

educational practice (van Braak & Vanderlinde, 2012). This view has also been supported by the 

$ÕÔÃÈ ÇÏÖÅÒÎÍÅÎÔ ÉÎ Á ÓÃÉÅÎÔÉÆÉÃ ÒÅÐÏÒÔ Ȭ.ÁÔÉÏÎÁÁÌ 0ÌÁÎ /ÎÄÅÒ×ÉÊÓ×ÅÔÅÎÓÃÈÁÐÐÅÎȭ ɉ#ÏÍÍÉÓÓÉÅ 

Nationaal Plan Toekomst Onderwijswetenschappen, 2011), in a report by the Flemish 

ÇÏÖÅÒÎÍÅÎÔ Ȭ!ÄÖÉÅÓ ÔÅÎ ÇÒÏÎÄÅ ÏÖÅÒ ÏÎÄÅÒ×ÉÊÓÏÎÄÅÒÚÏÅËȭ ɉ6ÌÁÁÍÓÅ ÏÎÄÅÒ×ÉÊÓÒÁÁÄȟ ςππχɊ ÁÎÄ 

ÁÓ Á ÍÁÊÏÒ ÃÏÎÆÅÒÅÎÃÅ ÔÈÅÍÅȟ ÓÕÃÈ ÁÓ Ȭ.ÏÎ ÓÁÔÉÓ ÓÃÉÒÅ ɀ to know iÓ ÎÏÔ ÅÎÏÕÇÈȭ ɉ!%2!-

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 



 

 

 

problems as defined by teachers (Burkhardt & Schoenfeld, 2003; Willinsky, 2001), studies have 

pointed to the adoption of a partnership 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 education, 

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 Miller 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 teachers 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 to this 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 real-life examples as 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 use of information 

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 

ÓÔÁÔÅÄȡ Ȱ4ÈÅ ÄÒÅÁÍ ÏÆ Á ÃÏÍÐÕÔÅÒ ÒÅÖÏÌÕÔÉÏÎ ÉÎ ÃÏÌÌÅÇÅ teaching is now almost two decades old. 

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 in which 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 their own  ÐÁÔÈÓ ÁÎÄ ÓÃÈÅÄÕÌÅÓ ÉÎ ÌÅÁÒÎÉÎÇȱ ɉÐȢ υςυɊȢ 4ÏÄÁÙ ɀ almost fifty-five years since 

we started using computers in education ɀ we are still trying to realize that dream. Recent 

research is even less positive about the pace of technology adoption and implementation in 

education (Hsu, 2011). The next section discusses the technology being examined as part of the 

research context.  
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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). 

4ÈÅ ×ÅÁËÌÙ ÉÎÔÅÇÒÁÔÅÄ ÁÄÏÐÔÉÏÎ ÏÆ ÔÅÃÈÎÏÌÏÇÉÅÓ ÓÅÅÍÓ ÔÏ ÂÅ ÌÉÎËÅÄ ÔÏ ÔÅÁÃÈÅÒÓȭ ÂÅÌÉÅÆÓ ɉ4ÏÎÄÅÕÒȟ 

(ÅÒÍÁÎÓȟ ÖÁÎ "ÒÁÁËȟ Ǫ 6ÁÌÃËÅȟ ςππψɊȟ ÔÅÁÃÈÅÒÓȭ ÃÏÎÆÉÄÅÎÃÅ ÌÅÖÅÌ ÔÏwards the potential of 

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, & Kefela, 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 implementing 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 technology use will be evidence-based 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 and accessible 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 

(Sánchez & Hueros, 2010; Van Raaij & Schepers, 2008); about how LMS influence learning 

(KoszÁÌËÁ Ǫ 'ÁÎÅÓÁÎȟ ςππτɊȠ ÁÂÏÕÔ ÈÏ× ÔÈÅ ÕÓÅ ÏÆ ,-3 ÉÓ ÒÅÌÁÔÅÄ ×ÉÔÈ ÔÅÁÃÈÅÒÓȭ ÁÎÄ ÓÔÕÄÅÎÔÓȭ 

perceptions about teaching and learning (Joo, Lim, & Kim, 2011; Lonn & Teasley, 2009); about 

learning outcomes resulting from the use of an LMSȟ ÁÎÄ ÁÂÏÕÔ ÔÅÁÃÈÅÒÓȭ ÍÏÔivation and training 

for using the LMS (Keramati, Afshari-Mofrad, & Kamrani, 2011). Recent research by 

Schoonenboom (2014) showed why some LMS-tools are used more often than others. In 

addition, we (De Smet & Schellens, 2009) observed that from 376 Flemish secondary 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 adoption level 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 literature, we developed our research problem within the 



 

 

 

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 under-usage of specific LMS 

functionalities/tools determined our choice to concentrate on LMS learning paths.  

ȬLearning pathsȭ are a key feature of LMS. De Smet, Schellens, De Wever, Brandt-Pomares and 

Valcke (2014) ÄÅÓÃÒÉÂÅÄ Á ȬÌÅÁÒÎÉÎÇ ÐÁÔÈȭ ÁÓȡ Ȱ4ÈÅ ,-3 ÆÕÎÃÔÉÏÎÁÌÉÔÙ ÔÏ ÏÒÄÅÒ Á ÎÕÍÂÅÒ ÏÆ 

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 table of contents) or in a 

ÖÅÒÙ ÓÐÅÃÉÆÉÃ ÓÅÑÕÅÎÃÅÄ ×ÁÙ ɉÅȢÇȢȟ ȬÃÏÍÐÌÅÔÅ ÆÉÒÓÔ ÓÔÅÐ ρ ÂÅÆÏÒÅ ÍÏÖÉÎÇ ÏÎ ÔÏ ÓÔÅÐ ςȭɊȱ ɉÐȢ ςɊȢ 4ÈÅ 

most important building blocks of a learning path are the learning objects. Kay and Knaack 

ɉςππχɊ ÄÅÆÉÎÅÄ ÔÈÅ ÌÁÔÔÅÒ ÁÓ ȰÉÎÔÅÒÁÃÔÉÖÅ ×ÅÂ-based tools that support the learning of specific 

ÃÏÎÃÅÐÔÓ ÂÙ ÅÎÈÁÎÃÉÎÇȟ ÁÍÐÌÉÆÙÉÎÇȟ ÁÎÄȾÏÒ ÇÕÉÄÉÎÇ ÔÈÅ ÃÏÇÎÉÔÉÖÅ ÐÒÏÃÅÓÓÅÓ ÏÆ ÌÅÁÒÎÅÒÓȱ ɉÐȢ φɊȢ   

Learning objects have the potential to play a role in the way teachers teach and learners 

learn. However, empirical research about learning objects is scarce, particularly in secondary 

education (Kay & Knaack, 2008). There is also relatively little research focusing on design 

ÐÒÉÎÃÉÐÌÅÓ ÆÏÒ ÌÅÁÒÎÉÎÇ ÏÂÊÅÃÔÓ ɉ"ÁÌÁÔÓÏÕËÁÓȟ -ÏÒÒÉÓȟ Ǫ /ȭ"ÒÉÅÎȟ ςππψȠ #ÏÃÈÒÁÎÅȟ ςππυȠ Iserbyt & 

Byra, 2013). Dalziel (2003) argued that e-ÌÅÁÒÎÉÎÇ ÕÓÕÁÌÌÙ ÈÁÓ ȰÁ ×ÅÌÌ-developed approach to the 

creation and sequencing of content-based, single learner, self-ÐÁÃÅÄ ÌÅÁÒÎÉÎÇ ÏÂÊÅÃÔÓȟȱ ÂÕÔ ÁÄÄÅÄ 

ÔÈÁÔ ȰÔÈÅÒÅ ÉÓ ÌÉÔÔÌÅ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ ÈÏ× ÔÏ ÃÒÅÁÔÅ ÓÅÑÕÅÎÃÅÓ ÏÆ ÌÅÁÒÎÉÎÇ ÁÃÔÉÖÉÔÉÅÓȱ ɉÐȢ υωσɊȢ 

Leacock and Nesbit (2007) additionally put forward that the design of learning objects is rarely 

science-based. More recently, in their research on how the design of instructional tools affects 

teaching and learning ȬBasic Life Supportȭ in secondary education, Iserbyt and Byra (2013) 

emphasized that research about the design of instructional tools is almost non-existent. 

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; 

Sánchez & Hueros, 2010), we concentrated in this dissertation on the adoption, the design and 

implementation of learning paths in an LMS by secondary school teachers and the impact of this 

ÉÍÐÌÅÍÅÎÔÁÔÉÏÎ ÏÎ ÓÔÕÄÅÎÔÓȭ ÌÅÁÒÎÉÎÇ ÏÕÔÃÏÍÅÓ ÁÎÄ ÔÅÁÃÈÅÒÓȭ ÐÅÒÃÅÐÔÉÏÎÓȢ !Ó ×Å ÂÅÌÉÅÖÅ ÔÈÁÔ 

both design decisions and implementation features (group 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 considered as a critical moderator. 

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 picture. We now will discuss the theoretical framework, 

followed by an extensive discussion of the research objectives. 
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Theoretical framework  

Towards an eclectic theoretical framework 

A variety of conceptual frameworks has been adopted to direct the studies in this 

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 study in the context of an LMS.  

Figure 1 depicts a graphical representation of the eclectic theoretical base, adopted in the 

studies of this dissertation. 

 

 

Figure 1. Eclectic framework 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 related to the extent of and the nature of their technology 

usage in classrooms. Part of this theory-driven research is reiterated in this dissertation. In 

ÐÁÒÔÉÃÕÌÁÒȟ ×Å ÅØÁÍÉÎÅÄ ÔÅÁÃÈÅÒÓȭ ÔÅÃÈÎÏÌÏÇÙ ÁÃÃÅÐÔÁÎÃÅȟ ×ÉÔÈ Á ÆÏÃÕÓ ÏÎ ,-3 ÁÓ ÔÈÅ ÐÁÒÔÉÃÕÌÁÒ 

technology. In addition, we investigated the instructional use of the LMS. We built upon the 



 

 

 

Technology Acceptance Model (TAM) of Davis (1989) and the successor-model TAM2 by 

Venkatesh and Davis (2000).   

As a result, the LMS was central to our eclectic framework. 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 LMS, 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 Collaborative Learning (CSCL). CLT assumes that the processing capacity 

in working memory of individual learners is limited (Baddeley, 1986; Sweller, 1999; Sweller, van 

Merriënboer, & Paas, 1998; van Merriënboer, 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. Whereas 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 eclectic framework ɀ as stated earlier ɀ can be linked to the e-capacity 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 paths in particular. 

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 individualÓȭ ÂÅÈÁÖÉÏÒÁÌ ÉÎÔÅÎÔÉÏÎÓȢ !ÃÃÏÒÄÉÎÇ ÔÏ 

42!ȟ ÓÏÍÅÏÎÅȭÓ ÂÅÈÁÖÉÏÒ ÉÓ ÐÒÉÍÁÒÉÌÙ ÄÅÔÅÒÍÉÎÅÄ ÂÙ ÈÉÓ ÏÒ ÈÅÒ ÉÎÔÅÎÔÉÏÎ ÔÏ ÐÅÒÆÏÒÍ ÔÈÁÔ 

ÂÅÈÁÖÉÏÒȢ 4ÈÉÓ ÉÎÔÅÎÔÉÏÎ ÉÓȟ ÉÎ ÔÕÒÎȟ ÉÎÆÌÕÅÎÃÅÄ ÂÙ Ô×Ï ÆÁÃÔÏÒÓȟ ÎÁÍÅÌÙ Á ÐÅÒÓÏÎȭÓ ÁÔÔÉÔÕÄÅ ÔÏ×ÁÒÄ 

performing this behavior and the perceived social pressure (or subjective norm) to engage in the 

action. 

 

 

 

 

 

   

 

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

Subjective Norm 

Attitude 

Behavioral 

Intention  
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Ten years later, Davis (1989) presented the TAM, an 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 ɀ but related ɀ predictors: perceived usefulness (e.g., 

the idea that using a specific ÔÅÃÈÎÏÌÏÇÙ ×ÉÌÌ ÉÎÃÒÅÁÓÅ ÏÎÅȭÓ ÊÏÂ ÐÅÒÆÏÒÍÁÎÃÅɊ ÁÎÄ ÐÅÒÃÅÉÖÅÄ ÅÁÓÅ 

of use (e.g., 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).  

 

 

 

 

 

 

 

 

 

Figure 2.2 TAM2 (Venkatesh & Davis, 2000) 

TAM (Davis, 1989) and its successor TAM2 (Venkatesh & 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 

ÔÅÃÈÎÏÌÏÇÉÅÓ ÁÎÄ ÉÎ ÖÁÒÉÏÕÓ ÃÏÎÔÅØÔÓ ÁÎÄ ÓÕÃÃÅÓÓÆÕÌÌÙ ÐÒÅÄÉÃÔÅÄ τπϷ ÏÆ Á ÓÙÓÔÅÍȭÓ ÕÓÅȢ ! 

comparable TAM framework was adopted in this dissertation as in earlier studies about LMS 

acceptance (Sánchez & 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 was adopted and extended 

with more variables to increase and broaden its validity (see also Sánchez & Hueros, 2010; Van 

Raaij & Schepers, 2008). Additional variables included (1) personal innovativeness towards IT 

(Agarwal & Prasad, 1998), (2) internal ICT support (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 has repeatedly been proven to be an important predictor of technology 

acceptance (Lewis, Agarwal, & Sambamurthy, 2003). Regarding ICT-support, Tondeur, Van Keer, 

ÖÁÎ "ÒÁÁËȟ ÁÎÄ 6ÁÌÃËÅ ɉςππψɊ ÆÏÕÎÄ Á ÓÉÇÎÉÆÉÃÁÎÔ ÁÎÄ ÓÔÒÏÎÇ ÁÓÓÏÃÉÁÔÉÏÎ ÂÅÔ×ÅÅÎ ÔÅÁÃÈÅÒÓȭ 

perceptions of school-based 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 

Subjective Norm 

Perceived Ease 

of Use 

Behavioral 

Intention  

Perceived 

Usefulness 



 

 

 

introduced because the level of experience is the best-studied variable in TAM (King & He, 

2006). 

A last major adaptation was the redefinition of behavioral intention in the model. We cannot 

really focus on Ȭintentions to useȭ an LMS, since the technology is already used on a daily basis by 

many teachers. Therefore, we adapted the self-reported 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 TAM2-model with extended variables, to construct and 

research our predictive model.  

Cognitive 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 long-term memory (LTM) 

(Baddeley, 1986). CLT also builds on the assumption that information within working memory is 

organized as schemas (Sweller, Van Merrienboer, & Paas, 1998). According to the authors 

ɉ3×ÅÌÌÅÒ ÅÔ ÁÌȢȟ ρωωψɊȟ ȰÁ ÓÃÈÅÍÁ ÃÁÔÅÇÏÒÉÚÅÓ ÅÌÅÍÅÎÔÓ ÏÆ ÉÎÆÏÒÍÁÔÉÏÎ ÁÃÃÏÒÄÉÎÇ ÔÏ ÔÈÅ ÍÁÎÎÅÒ ÉÎ 

×ÈÉÃÈ ÔÈÅÙ ×ÉÌÌ ÂÅ ÕÓÅÄȱ ɉÐȢ 255) and are easily stored in and retrieved 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 especially the 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 cognitive 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 Merriënboer & 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 designers to design learning material that results in meaningful 

learning but does not put an overwhelming cognitive burden on working memory (Kirschner, 

2002; Sweller, 1999; van Merriënboer, 1997). Paas, Tuovinen, Tabbers, and Van Gerven (2003) 

ÓÔÁÔÅÄ ÔÈÁÔ ȰÂÅÃÁÕÓÅ intrinsic load, extraneous load, and germane load are additive, it is 

important to realize that the sum of intrinsic, extraneous, and germane cognitive load, should 

ÓÔÁÙ ×ÉÔÈÉÎ ×ÏÒËÉÎÇ ÍÅÍÏÒÙ ÌÉÍÉÔÓȱ ɉÐȢ φυɊȢ  'ÉÖÅÎ ÔÈÅ ÆÁÃÔ ÔÈÁÔ ÉÎÔÒÉÎÓÉÃ ÌÏÁÄ ÉÓ ÉÎÈÅÒÅÎt to the 

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 have been researched to handle 

extraneous cognitive load in order to induce germane load (Van Gog, Paas,  & Van Merriënboer, 

2006), such as worked-out examples or a step-by-step solution to a problem or task (Van Gog, 

Paas, & Merriënboer, 2006), the split attention effect which advises against formats that require 



Chapter 1 

17 

 

learners to split their attention between several sources of information (Kalyuga, Chandler, & 

Sweller, 1999) or the modality effect which suggests presenting multimodal information ɀ e.g., 

partly vi sual and partly auditory ɀ (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 Mayer (2001, 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 basic assumptions (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 that 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 (1998). 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 

7ÉÔÔÒÏÃËȭÓ ɉρωψωɊ ÇÅÎÅÒÁÔÉÖÅ ÌÅÁÒÎÉÎÇ ÔÈÅÏÒÙ ÁÎÄ ÉÍÐÌÉÅÓ ÔÈÁÔ ÔÈÅ ÌÅÁÒÎÅÒ ÉÓ Áctively engaged in 

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 especially to CTML in Chapters 3 and 4 where it is 

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

 

 

 

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. 



 

 

 

Collaborative learning 

This theoretical component of our framework was adopted since we sought to design 

alternative learning paths that require learners to work together. ȬCollaborative learningȭ refers 

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). When 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, can ɀ from a theoretical 

perspective ɀ again be linked to CLT. Kirschner, Paas, and Kirschner (2009) found that groups 

can be considered as information-processing 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 working 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.  

Both Chapters 3 and 4 develop in more detail how collaborative learning was designed and 

ÉÍÐÌÅÍÅÎÔÅÄ ÉÎ ÔÈÅ ÌÅÁÒÎÉÎÇ ÐÁÔÈÓȢ )Î #ÈÁÐÔÅÒ υ ×Å ÄÉÓÃÕÓÓ ÔÅÁÃÈÅÒÓȭ ÐÅÒÃÅÐÔÉÏÎÓ ÁÂÏÕÔ 

collaborative learning, as implemented in our LMS based learning paths. 

E-capacity framework 

 

 

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

framework of Vanderlinde and van Braak (2010). The e-capacity 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 school-development process in order to help 

realize educational change. ICT related school conditions are subdivided 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 resources), 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 

ÔÅÁÃÈÅÒ ÃÏÎÄÉÔÉÏÎÓ ÒÅÆÅÒ ÔÏ Á ÔÅÁÃÈÅÒȭÓ ÐÒÏÆÅÓÓÉÏÎÁÌ ÄÅÖÅÌÏÐÍÅÎÔ ÏÎ )#4 ɉÉÎÔÅÒÎÁÌ ÁÎÄ ÅØÔÅÒÎÁÌ 

ICT trainiÎÇ ÃÏÕÒÓÅÓɊ ÁÎÄ ÔÅÁÃÈÅÒÓȭ )#4 ÃÏÍÐÅÔÅÎÃÉÅÓ ɉËÎÏ×ÌÅÄÇÅȟ ÓËÉÌÌÓ ÁÎÄ ÁÔÔÉÔÕÄÅÓ ÁÂÏÕÔ ÔÈÅ 

ÕÓÅ ÁÎÄ ÉÎÔÅÇÒÁÔÉÏÎ ÏÆ )#4 ÉÎ ÔÈÅ ÃÌÁÓÓÒÏÏÍɊȢ 4ÈÅ ÔÅÁÃÈÅÒÓȭ ÁÃÔÕÁÌ ÕÓÅ ÏÆ )#4 ÔÁËÅÓ ÉÎÔÏ ÁÃÃÏÕÎÔ 

three types of ICT use in a classroom and was based on revised scales by Tondeur, 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 and retrieve 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 possible ɀ within the scope of one 

dissertation ɀ to tackle all related variables and processes. 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).  

  



 

 

 

Research objectives 

All research objectives in this dissertation were interlinked and did influence 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 (e.g., Agarwal & 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 the technology 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 & Prasad, 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 target group 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 documents, video clips, etc.), announcements (the teachers send 

ÁÎÎÏÕÎÃÅÍÅÎÔÓ ÏÒ ÍÅÓÓÁÇÅÓȟ ÔÈÁÔ ÁÐÐÅÁÒ ÏÎ ÔÈÅ ÐÌÁÔÆÏÒÍ ÁÎÄȾÏÒ ÁÒÅ ÓÅÎÔ ÔÏ ÔÈÅ ÓÔÕÄÅÎÔȭÓ 

mailbox), uploading or publishing 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 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 (absences or 

grading). Based on earlier research (Dabbagh & Bannan-Ritland, 2005; Dabbagh & Kitsantas, 

2005; Lonn & Teasley, 2009) several types of LMS-use could be delineated. However, we mainly 

built on this context according to Hamuy and Galaz (2010) who differentiated between two 

types of LMS functionalities: Ȭinformational useȭ versus Ȭcommunicational useȭ. The 

Ȭ)ÎÆÏÒÍÁÔÉÏÎÁÌȭ ÌÅÖÅÌ ×ÁÓ ÄÅÆÉÎÅÄ ÂÙ (ÁÍÕÙ ÁÎÄ 'ÁÌÁÚ ɉςπρπɊ ÁÓ ȰÃÏÎÔÅÎÔÓ ÐÕÂÌÉÓÈÅÄ ÂÙ ÕÓÅÒÓ ÉÎ 

ÔÈÅ ,-3ȱ ɉÐȢ ρχρɊȠ ÔÈÅ Ȭ#ÏÍÍÕÎÉÃÁÔÉÏÎÁÌȭ ÌÅÖÅÌ ×ÁÓ ÄÅÆÉÎÅÄ ÁÓ ȰÔÈÅ ÐÒÏÃÅÓÓÅÓ ÔÈÁÔ ÆÏÓÔÅÒ ÔÈÅ 

ÅØÃÈÁÎÇÅ ÏÆ ÔÈÅÓÅ ÃÏÎÔÅÎÔÓ ÂÅÔ×ÅÅÎ ,-3 ÕÓÅÒÓȱ ɉÐȢ ρχρɊȢ (ÅÎÃÅȟ ÔÈÅ ÓÅÃÏÎÄ ÒÅÓÅÁÒÃÈ ÏÂÊÅÃÔÉÖÅ 

was: 

Research objective 2 (RO2): Examine instructional use, and more specifically the relationship 

between informational use and communicational use, and the question of whether informational 

use is required to foster the adoption of communicational use within an LMS.  
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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, 

especially 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 gap within 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 discussed, and 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 paths has a beneficial impact on learning outcomes, and gender as a moderator.  

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 beneficial effect of 

collaborative learning. Building on the literature, discussion of the results pointed at mediating 

variables related to group composition (Resta & Laferrière, 2007), the role of gender within 

group composition (Johnson & Johnson, 1996) and the tendency 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 learning paths and conventional 

instruction in a learning management system, considering a collaborative or individual learning 

approach, with variations in group composition and gender as an important moderator.  

The former research objectives and related studies hardly focused on the way teachers 

perceive and use the LMS and the learning paths. Therefore, we shifted our 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 (RO5): Report on teacher perception 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. 

  



 

 

 

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 ISI-indexed journals.  

In their literature review about the evaluation of learning objects ɀ which can be considered 

the building blocks of learning paths ɀ 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 reliability of 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 twÏ ÓÔÕÄÉÅÓ ÃÏÕÌÄ ÂÅ ÆÏÕÎÄ ÔÈÁÔ ÆÏÃÕÓÅÄ ÏÎ ÔÅÁÃÈÅÒÓȭ 

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 quantitative and qualitative methods were used to study the 

adoption and implementation of learning paths in an LMS by secondary school teachers. The 

dissertation was based on three quantitative and one qualitative studies. An overview of the 

research objectives, methodology, research design, data collection, and research techniques is 

presented in Table 1. 

Table 1. 

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

for the Different Studies 
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Chapter Research 
objective 

Methodology Research design 
Data collection 

Research techniques 

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

2 RO1 and 
RO2 

Quantitative 
research 

Teacher survey of 
505 teachers 

EFA, CFA (SPSS), 
Correlational analysis (SPSS) 
Path analysis (AMOS) 
 

3 RO3 Quantitative 
research 

Learning path 
study with 8 
teachers and 360 
students. A 2 x 2 
factorial design 
was adopted. 

Repeated measures 
multilevel modeling (MLwiN) 

4 RO4 Quantitative 
research 

Learning path 
study with 15 
teachers and 496 
students 

Repeated measures 
multilevel modeling (MLwiN) 

5 RO5 Qualitative 
research 

Interviews with 16 
secondary school 
teachers 

NVivo matrices 

6 General conclusion and discussion (overview 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, and ɀ in addition to an introduction to the particular technology being studied ɀ 

the focus was on the theoretical and conceptual base. The latter integrated literature about 

technology acceptation, the CLT, the CTML, research on collaborative learning and the e-capacity 

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: 

Ȭ2ÅÓÅÁÒÃÈÉÎÇ ÉÎÓÔÒÕÃÔÉÏÎÁÌ ÕÓÅ ÁÎÄ ÔÈÅ ÔÅÃÈÎÏÌÏÇÙ ÁÃÃÅÐÔÁÔÉÏÎ ÏÆ ÌÅÁÒÎÉÎÇ ÍÁÎÁÇÅÍÅÎÔ ÓÙÓÔÅÍÓ 

ÂÙ ÓÅÃÏÎÄÁÒÙ ÓÃÈÏÏÌ ÔÅÁÃÈÅÒÓȢȭ 4ÈÉÓ ÃÈÁÐÔÅÒ ÁÉÍÅÄ ÁÔ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÔÅÃÈÎÏÌogy acceptance of 

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 school 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 were conducted. Several implications and practical 

recommendations for secondary school managers and LMS coordinators were formulated. This 

chapter was published in Computers & Education (2012). 

#ÈÁÐÔÅÒ σ Ȭ4ÈÅ ÄÅÓÉÇÎ ÁÎÄ ÉÍÐÌÅÍÅÎÔÁÔÉÏÎ ÏÆ ÌÅÁÒÎÉÎÇ ÐÁÔÈÓ ÉÎ an LMSȭ ÆÏÃÕÓÅÄ ÏÎ ÒÅÓÅÁÒÃÈ 

about the third research objective and presented the results of empirical research about using 



 

 

 

learning paths in a secondary education setting. The quasi-experimental study took place in the 

context of a biology course.  Twenty-nine 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 critical moderator given the focus 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 and implementation of learning paths in a 

secondary school setting. This chapter was published in Interactive Learning Environments 

(2014). 

#ÈÁÐÔÅÒ τ Ȭ4ÈÅ ÄÉÆÆÅÒÅÎÔÉÁÌ ÉÍÐÁÃÔ ÏÆ ÌÅÁÒÎÉÎÇ ÐÁÔÈ ÂÁÓÅÄ ÖÓȢ ÃÏÎÖÅÎÔÉÏÎÁÌ ÉÎÓÔÒÕÃÔÉÏÎ ÉÎ 

ÓÃÉÅÎÃÅ ÌÅÁÒÎÉÎÇȭ ÂÕÉÌÔ ÏÎ ÔÈe findings of the study reported in the 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 addition, variations 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 setting, 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 instructional method. This chapter was ɀ after a first review ɀ 

resubmitted to Computers & Education (2015). 

In order to pursue the fifth research objective, a qualitative study was designed as described 

ÉÎ #ÈÁÐÔÅÒ υȡ Ȭ! ÑÕÁÌÉÔÁÔÉÖÅ ÓÔÕÄÙ ÏÎ ÌÅÁÒÎÉÎÇ ÁÎÄ ÔÅÁÃÈÉÎÇ ×ÉÔÈ ÌÅÁÒÎÉÎÇ ÐÁÔÈÓ ÉÎ Á ÌÅÁÒÎÉÎÇ 

ÍÁÎÁÇÅÍÅÎÔ ÓÙÓÔÅÍȭ ÐÒÅÓÅÎÔÉÎÇ ÔÈÅ ÆÉÎÄÉÎÇÓ ÏÆ Á ÑÕÁÌÉÔÁÔÉÖÅ ÓÔÕÄÙ Ábout the adoption and 

implementation of learning paths in an LMSȢ 4ÈÅ ÓÔÕÄÙ ÉÎÖÅÓÔÉÇÁÔÅÄ ÔÅÁÃÈÅÒÓȭ ÅØÐÅÒÉÅÎÃÅÓ ÁÎÄ 

perceptions when using an LMS enhanced with learning paths. Sixteen secondary school 

teachers who participated in Chapters 3 and 4 were interviewed using in-depth semi-structured 

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 education. The 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 objectives. Limitations of the dissertation and directions 

for future research were discussed. Finally, theoretical 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 large-scale study was to understand the technology acceptation of learning 

management systems (LMS) by secondary school teachers and to investigate 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 information 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, the study was able to support almost all of the  

relationships among the 9 variables. Both perceived ease of use and perceived usefulness were 

found to be strongly 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 

ÓÅÃÏÎÄÁÒÙ ÓÃÈÏÏÌ ÍÁÎÁÇÅÒÓ ÉÎ ÅÄÕÃÁÔÉÏÎ ÓÈÏÕÌÄ ÔÁËÅ ÉÎÔÏ ÁÃÃÏÕÎÔ ÔÈÅ ÉÍÐÏÒÔÁÎÃÅ ÏÆ Á ÔÅÁÃÈÅÒÓȭ 

efforts and performance perceptions and the impact of internal ICT support on LMS adoption. 

 

Introduction  

Technology acceptance 

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 & Foster, 2008). 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, indÉÖÉÄÕÁÌ ÅÄÕÃÁÔÏÒÓ ÁÌÓÏ ÁÄÏÐÔÅÄ ȬÈÏme-ÍÁÄÅȭ solutions, combining a number of 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.  

  



 

 

 

Recent research shows that there has been a permanent market rise in the use of LMS in 

higher (Kember, McNaught, Chong, Lam & Cheng, 2010) and secondary education (De Smet & 

Schellens, 2009; Pynoo, Devolder, Tondeur, van Braak, Duyck  & Duyck, 2011). 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 student perceptions 

about teaching and learning (Lonn & Teasley, 2009), or about the technology acceptance of LMS 

(Van Raaij & Schepers, 2008; Sánchez & Hueros, 2010). In the current article, the objective is to 

research the reasons behind the technology acceptation of learning management systems (LMS) 

by secondary school teachers, and to investigate the instructional use of the LMS-use within this 

group of teachers. 

Early social theories, like the Theory of Reasoned Action (TRA) by Fishbein and Ajzen (1975), 

inÔÒÏÄÕÃÅÄ ÄÅÓÃÒÉÐÔÉÖÅ ÍÏÄÅÌÓ ÔÏ ÓÔÕÄÙ ÉÎÄÉÖÉÄÕÁÌÓȭ ÉÎÔÅÎÄÅÄ ÂÅÈÁÖÉÏÒȢ !ÃÃÏÒÄÉÎÇ ÔÏ ÔÈÉÓ ÔÈÅÏÒÙȟ 

ÓÏÍÅÏÎÅȭÓ ÂÅÈÁÖÉÏÒ ÉÓ ÐÒÉÍÁÒÉÌÙ ÄÅÔÅÒÍÉÎÅÄ ÂÙ ÈÉÓ ÏÒ ÈÅÒ ÉÎÔÅÎÔÉÏÎ ÔÏ ÐÅÒÆÏÒÍ ÔÈÁÔ ÂÅÈÁÖÉÏÒȢ 

This intention is, in turn, influenced by two factors, namely the peÒÓÏÎȭÓ ÁÔÔÉÔÕÄÅ ÔÏ×ÁÒÄ 

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 usefulness (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 (Venkatesh & 

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 been widely adopted with 

ÄÉÆÆÅÒÅÎÔ ÔÅÃÈÎÏÌÏÇÉÅÓ ÁÎÄ ÉÎ ÖÁÒÉÏÕÓ ÃÏÎÔÅØÔÓ ÁÎÄ ÓÕÃÃÅÓÓÆÕÌÌÙ ÐÒÅÄÉÃÔÅÄ τπϷ ÏÆ Á ÓÙÓÔÅÍȭÓ ÕÓÅȢ 

LMS acceptance 

TAM-based models have already been used in a number of studies to understand and predict 

LMS acceptance in non-educational (Ong 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 acquired by Blackboard Inc in 2006) by university students with a TAM-based 

model, which was enriched with the variables technical support and attitude. As explained by 

Davis (1989), attitude is the degree to which the user is interested in specific systems. They 

found that perceived ease of use and usefulness were the dominant factors to predict LMS 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 comparable TAM framework was adopted as in earlier studies about 

LMS acceptance (Van Raaij & Schepers, 2008; Sánchez & Hueros, 2010), but the framework was 

extended with additional variables to increase and broaden the validity. We focus in this 

extended model on the self-reported use of the LMS and not on the intentions for future use, as 

done in the 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 on Ȭintentions to useȭ 

the LMS, because the technology 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 subjective norm. In the 

ÐÁÓÔȟ ÔÈÅÓÅ 4!-ς ÖÁÒÉÁÂÌÅÓ ×ÅÒÅ ÎÏÔ ÁÂÌÅ ÔÏ ÆÕÌÌÙ ÐÒÅÄÉÃÔ Á ÓÙÓÔÅÍȭÓ ÕÓÅȠ ÔÈÅÒÅÆÏÒÅ Á ÓÅÁÒÃÈ ÆÏÒ 

additional factors was required (Ong et al., 2003). Sun and Zhang (2006) state in this context 

ÔÈÁÔ 4!- ÓÔÕÄÉÅÓ ÃÁÌÌ ȰÆÏÒ ÔÈÅ ÉÎÃÌÕÓÉÏÎ ÏÆ ÁÄÄÉÔÉÏÎal factors that reflect real world settings and 

ÃÏÎÄÉÔÉÏÎÓȱ ɉÐȢ υυɊ ÁÎÄ ȰÆÏÒ ÍÏÒÅ ÒÅÓÅÁÒÃÈ ÁÔÔÅÎÔÉÏÎ ÔÏ ÉÎÄÉÖÉÄÕÁÌ ÁÎÄ ÃÏÎÔÅØÔÕÁÌ ÆÁÃÔÏÒÓȱ ɉÐȢυτɊȢ 

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 & Schellens, 2009). 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 and/or ÁÒÅ ÓÅÎÔ ÔÏ ÔÈÅ ÓÔÕÄÅÎÔȭÓ ÍÁÉÌÂÏØɊȟ ÕÐÌÏÁÄÉÎÇ ÏÒ ÐÕÂÌÉÓÈÉÎÇ 

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 modules (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, LMS-use has been characterized in alternative ways. Dabbagh and 

Kitsantas (2005) and Dabbagh and Bannan-Ritland (2004) distinguished between the following 

functionalities and tools: collaborative and communication tools (e-mail, discussion forums, and 

chat tools), content creation and delivery tools (upload course content and tools to access them), 

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 content, such as syllabuses, lecture 

slides, and exercises), interactive teaching (communication between the teachers and their 



 

 

 

students via announcements or assignments) and peer learning (peer review, group projects, 

and student wikis). Hamuy and Galaz (2010) differentiate between two broad types of LMS 

functionalities. These two categories build further on the five levels of LMS interactions as 

ÐÒÏÐÏÓÅÄ ÁÎÄ ÁÐÐÌÉÅÄ ÉÎ Á 5.%3#/Ⱦ)%3!,#ȭÓ ÃÒÏÓÓ-national research (Silvio et al., 2004). Each 

consecutive LMS level allows for a deeper level of interaction (Table 1). 

The ȬInformationalȭ level is defined by Hamuy & Galaz (2010) as contents published by users 

in the LMS (p. 171), the ȬCommunicationalȭ level is defined as the processes that foster the 

exchange of these contents between LMS users (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 Collis 

(2003), De Smet and Schellens (2009), Guthrie and Prats-Planagumà (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 Hamuy and Galaz (2010) 

 

 Informational Level 

Presence 
Delivery of data or information that is limited to the 

syllabus of the course 

Informative interaction  

Offering some additional data on the operative and 

practical processes of a course, such as calendar and 

announcements 

Consultative interaction 

Accessing information without feedback possibilities, 

such as downloading or linking readings, presentations 

and statistics 

 Communicational Level 

Communicational 

interactivity  

Allowing the user to access spaces of synchronous or 

asynchronous communication 

Transactional Interaction 

Making complex interactions that support social 

construction of knowledge, such as forums, 

assessments or chats 
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The primacy of Informational LMS use 

West, Waddoupsȟ ÁÎÄ 'ÒÁÈÁÍ ɉςππφɊ ÆÏÕÎÄ ÔÈÁÔ ÔÅÁÃÈÅÒÓ ÕÓÕÁÌÌÙ ÄÏÎȭÔ ÕÓÅ ÁÌÌ ,-3 ÆÅÁÔÕÒÅÓ 

right from the start. They rather experiment with individual features that directly address 

particular instructional goals or an organizational need. When LMS features meet these goals or 

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 about technology before they are able to 

move on. This critical need for an initial ɀ basic knowledge - phase, has been extensively 

researched within the innovation diffusion literature to better understand emergent IT use 

(Ahuja and Thatcher, 2005). In this context, 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 otherɀ more advanced - systems. In educational contexts, Tondeur et al. (2008) 

ÆÏÕÎÄ ÔÈÁÔ ÔÅÁÃÈÅÒȭÓ ÁÄÏÐÔÉÏÎ ÏÆ )#4 ÆÉÒÓÔ ÆÏÃÕÓÅÄ ÏÎ ȰÂÁÓÉÃ ÃÏÍÐÕÔÅÒ ÓËÉÌÌÓȱ ɉÐȢ τωψɊȢ )Î ÁÄÄÉÔÉÏÎ 

ÔÈÅÙ ÏÂÓÅÒÖÅÄ ÔÈÁÔ ȰÁÖÁÉÌÁÂÉÌÉÔÙ ÏÆ ÃÏÍÐÕÔÅÒÓ ÉÎ ÔÈÅ ÃÌÁÓÓÒÏÏÍȱ ɉÐȢ τωψɊ ×as a critical precursor 

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 computer-based instruction. Level 1 features can be 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 sequence of adoption decisions with Level 1 on 

top, Level 2 in the middle and Level 3 at the bottom. They concluded that Level 1 or 

ÉÎÆÏÒÍÁÔÉÏÎÁÌ ÕÓÅ Ȱ×ÁÓ ÐÌÁÃÅÄ ÁÔ ÔÈÅ ÔÏÐ ÏÆ ÔÈÅ ÆÌÏ×ÃÈÁÒÔȟ ÓÕÇÇÅÓÔÉÎÇ ÔÈÁÔ ÉÎÓÔÒÕÃÔÏÒÓ ÔÒÁÎÓÍÉÔ 

content when they first use a CMS. CMS 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 2 categories. The lowest 

level in the flowchart suggests new features will be adopted when instructors identify learning 

ÎÅÅÄÓ ÔÈÁÔ ÃÁÎ ÂÅ ÍÅÔ ×ÉÔÈ ÁÄÄÉÔÉÏÎÁÌ #-3 ÆÅÁÔÕÒÅÓȱ ɉÐȢ ρφωɊȢ 

 All these observations and arguments have in common that a basic usage level of specific 

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 be use positively associated with communicational use.  

H1:  Informational use positively affects communicational use 



 

 

 

Perceived usefulness, perceived ease of use and subjective norm 

0ÅÒÃÅÉÖÅÄ ÕÓÅÆÕÌÎÅÓÓ ÉÓ ÄÅÆÉÎÅÄ ÂÙ $ÁÖÉÓ ɉρωψωɊ ÁÓ ȰÔÈÅ ÄÅÇÒÅÅ ÔÏ ×ÈÉÃÈ Á ÐÅÒÓÏÎ ÂÅÌÉÅÖÅÓ 

that using a particular sÙÓÔÅÍ ×ÉÌÌ ÅÎÈÁÎÃÅ ÊÏÂ ÐÅÒÆÏÒÍÁÎÃÅȱ ɉÐȢ σςπɊȢ )Î ÍÏÓÔ 4!--studies, 

perceived usefulness has been the strongest predictor for behavioral intention. King and He 

(2006) therefore conclude their meta-ÁÎÁÌÙÓÉÓ ×ÉÔÈ ÔÈÅ ÓÔÁÔÅÍÅÎÔȡ ȰÉÆ ÏÎÅ ÃÏÕÌÄ ÍÅÁÓÕÒÅ ÏÎÌÙ 

one ÉÎÄÅÐÅÎÄÅÎÔ ÖÁÒÉÁÂÌÅȟ ÐÅÒÃÅÉÖÅÄ ÕÓÅÆÕÌÎÅÓÓ ×ÏÕÌÄ ÃÌÅÁÒÌÙ ÂÅ ÔÈÅ ÏÎÅ ÔÏ ÃÈÏÏÓÅȱ ɉÐȢ χτφɊȢ "ÕÔ 

even if users think their performance will benefit from technology usage, they do not necessarily 

actively engage with the technology. Davis (1989) explains this aÓ ÆÏÌÌÏ×Óȡ ȰÔÈÅÙ ÍÁÙȟ ÁÔ ÔÈÅ 

same time, believe that the system is too hard to use and that the performance benefits of usage 

ÁÒÅ ÏÕÔ×ÅÉÇÈÅÄ ÂÙ ÔÈÅ ÅÆÆÏÒÔ ÏÆ ÕÓÉÎÇ ÔÈÅ ÁÐÐÌÉÃÁÔÉÏÎȱ ɉÐȢ σςπɊȢ )Î ÔÈÉÓ ÒÅÓÐÅÃÔȟ ÔÈÅ ÖÁÒÉÁÂÌÅ 

perceived ease of use plays a role. )Ô ÒÅÆÅÒÓ ÔÏ ÁÎ ÉÎÄÉÖÉÄÕÁÌȭÓ ÂÅÌÉÅÖÅ ÔÈÁÔ ÕÓÉÎÇ Á ÓÙÓÔÅÍ ÏÒ 

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 context to LMS 

environments when they have to be used in order to complete the course. This reconfirms the 

position of subjective norm in the present study. The traditional TAM components in our model 

lead to four hypotheses.  

H2a: Perceived usefulness positively affects 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 

Personal innovativeness towards IT 

Personal innovativeness towards IT is defined as the willingness of an individual to try out 

any new information technology (Agarwal & Prasad, 1998). Van Raaij and Schepers (2008) 

ÒÅÇÁÒÄ ÐÅÒÓÏÎÁÌ ÉÎÎÏÖÁÔÉÖÅÎÅÓÓ ÁÓ ȰÁ ÆÏÒÍ ÏÆ ÏÐÅÎÎÅÓÓ ÔÏ ÃÈÁÎÇÅȱ ɉÐȢ ψτρɊȢ 4ÈÅÙ ÃÏÎÃÕÒ ×ÉÔÈ 

3ÃÈÉÌÌÅ×ÁÅÒÔ ÅÔ ÁÌȢ ɉςππυɊ ÔÈÁÔ ȰÂÅÉÎÇ ÕÓÅÄ ÔÏ ÁÄÁÐÔÉÎÇ ÔÏ ÎÅ× ÓÙÓÔÅÍÓ ÁÎÄ ÐÒÏÃÅÓÓÅÓ ÍÉÇÈÔ 

reveal the usefulness and ease of use more quickly to an innovative person than to a non-

ÉÎÎÏÖÁÔÉÖÅ ÐÅÒÓÏÎȱ ɉÐȢ ψτσɊȢ ,Å×ÉÓȟ !ÇÁÒ×ÁÌȟ ÁÎÄ 3ÁÍÂÁÍÕÒÔÈÙ ɉςππσɊ ÁÄÄ ÔÈÁÔ ÁÖÁÉÌÁÂÌÅ 

research consistently points at personal innovativeness towards 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 

ÐÅÒÃÅÉÖÅÄ ÕÓÅÆÕÌÎÅÓÓ ÁÎÄ ÐÅÒÃÅÉÖÅÄ ÅÁÓÅ ÏÆ ÕÓÅȢ 4ÈÅÙ ÃÏÎÃÌÕÄÅÄ ÔÈÁÔ Á ÐÅÒÓÏÎȭÓ ÐÒÅÄÉÓÐÏÓÉÔÉÏÎ 

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 
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explain the non-adoption of LMS by 19% of teachers, despite an LMS 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: Personal innovativeness towards IT positively affects communicational use 

H3b: Personal innovativeness towards IT positively affects perceived ease of use 

H3c: Personal innovativeness towards IT positively affects perceived usefulness 

Internal ICT support 

Sánchez and Hueros (2010) indicate that technical support is one of the most important 

factors in the acceptance of educational technology. 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 

school-based ICT support and actual classroom use of ICT in the study of Tondeur, 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 ICT positively affects informational use 

H4b: Internal support towards ICT positively affects subjective norm 

Experience 

Though experience is often mentioned as a mediating factor, Sun and Zhang (2006) stressed 

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 King and He (2006), the level of experience is the best-studied variable in TAM, 

consistently reiterating the difference between inexperienced and experienced users. As 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 LMS to transmit information to 

students, but hardly use features that allow them to create interactive learning activities. They 

ÓÔÁÔÅ ÔÈÁÔ ȰÔÈÉÓ ÒÅÆÌÅÃÔÓ ÁÎ ÉÎÃÒÅÍÅÎÔÁÌ ÁÐÐÒÏÁÃÈ ÉÎ ÕÓÉÎÇ #-3 ÆÅÁÔÕÒÅÓ ÂÅÃÁÕÓÅ ÉÎÓÔÒÕÃÔÏÒÓ ÁÒÅ 

familiar with transmitting informat ionɂfrom experience in distributing syllabi, writing 

manuscripts, using PowerPoint presentations, or attaching files to e-mail messagesȱ (p.152). 

Venkatesh et al. (2000) reasoned that as direct experience with technology increases overtime, 

individuals have a better assessment of the benefits and costs associated with the 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. 



 

 

 

H5a: Experience positively affects perceived ease of use 

H5b: Experience positively affects informational use 

Burnham and Anderson (2002) argued, ȰÁ ÐÁÒÓÉÍÏÎÉÏÕÓ ÍÏÄÅÌȟ ÒÅÐÒÅÓÅÎÔÉÎÇ Á ×ÅÌÌ-defended 

scientific hypothesis, ÁÉÄÓ ÉÎ ÏÕÒ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ ÔÈÅ ÓÙÓÔÅÍ ÏÆ ÉÎÔÅÒÅÓÔȱ ɉÐȢ τσψɊȢ 7ÈÅÎ 

ÓÔÒÕÃÔÕÒÁÌ ÅÑÕÁÔÉÏÎ ÍÏÄÅÌÉÎÇ ÉÓ ÁÐÐÌÉÅÄȟ #ÈÅÎÇ ɉςππρɊ ÁÄÄÅÄȟ ȰÉÎ ÏÒÄÅÒ ÔÏ ÁÃÈÉÅÖÅ ÔÈÅ ÇÏÏÄÎÅÓÓ-

of-ÆÉÔ ÉÎÄÉÃÅÓ ÁÎÄ ÏÂÔÁÉÎ ÔÈÅ ȬÂÅÓÔ ÆÉÔÔÉÎÇȭ ÍÏÄÅÌȟ ÕÎÅØÐÅÃÔÅÄ ÒÅÌÁÔÉÏÎÓÈÉÐÓ ÂÅÔ×ÅÅÎ ÉÎÄÉÃÁÔÏrs of 

different variables or between indicator and a non-ÕÎÄÅÒÌÙÉÎÇ ÖÁÒÉÁÂÌÅ ÈÁÖÅ ÔÏ ÂÅ ÍÉÎÉÍÉÚÅÄȱ  

(p. 651). Bringing together the available empirical and theoretical base in relation to the use of 

LMS, we can draw the following conceptual and parsimonious model. 

 

Method 

Participants 

Teachers were recruited as participants in the study via their schools. About seventy-two 

schools were willing to participate, counting for data from 505 teachers (41% response rate). 

This teacher sample was closely studied and found to be representative for the population, 

considering the variables Ȭteaching levels in Flemish secondary educationȭ (age level 12 to 18 

years) and the type of secondary education (general, technical, and vocational). Respondents 

were given the option to fill out a paper and pencil version or an online version of the research 

instruments. Of the 505 questionnaires, 129 questionnaires were completed online, 376 were 

collected on paper. Post hoc, independent sample t-tests were used to check differences 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 

ÐÁÒÔÉÃÕÌÁÒȟ ÉÓ ÏÎÅ ÏÆ ÔÈÅ ×ÏÒÌÄȭÓ ÍÏÓÔ ÕÒbanized countries in the world (United Nations World 

populations prospects, 2011). The sample consisted of 57.3% female respondents, which is close 

to the percentage (61.5%) in the population (Flemish Ministry of Education and Training, 2008). 

Teacher age range varied from 22 to 61 years, with an average age of 40 (SD = 10.5), teacher 

experience ranged from 1 to 42 years, with an average of 15 (SD = 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, economy etc.). 
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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 related variables 

(such as number of years working as a teacher, grade, and teaching subject). The second section 

focused on the constructs as represented in the conceptual research model (Figure 1). Twelve 

items helped to determine the level of informational use and communicational LMS use. Items 

about document publishing, sending announcements, uploading or publishing exercises, 

receiving assignments, the agenda, student tracking, and the reservation module 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 

LMS-use. Respondents were asked to indicate on a five point Likert scale to what extent they did 

actively use the particular LMS tool or functionality.  

We adapted the four-item effort expectancy scale for perceived ease of use and the four-item 

performance expectancy for perceived usefulness of Venkatesh et al. (2003). For subjective 

norm, the original two-item scale based on Azjen and Fishbein (1980) is used. Personal 

innovativeness towards IT is assessed with the four-item scale from Agarwal and Prasad (1998). 

Internal  ICT support is based on the four-item scale by Tondeur et al. (2008). All of these items 

are measured on a five-point Likert -scale, ranging from Ȭtotally disagreeȭ (1) to Ȭtotally agreeȭ (5). 

For all constructs, mean scores were calculated to evaluate the research model in figure 1. 

 

Figure 1. Theoretical model. 



 

 

 

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 two-step validation procedure was adopted. The sample 

(N = 505) was divided randomly into two sub-samples to evaluate the construct validity. IBM 

SPSS Statistics 18 was used to conduct an exploratory factor analysis (EFA) on the data of the 

first sub-sample (n = 253), using Maximum Likelihood estimation with oblique rotation. The 

KaiserɀMeyerɀOlkin (KMO) measure of sampling adequacy was .84, exceeding the suggested 

threshold for factor analysis of .6 (Tabachnik & Fidell, 2007). TÈÅ "ÁÒÔÌÅÔÔȭÓ ÔÅÓÔ ÏÆ ÓÐÈÅÒÉÃÉÔÙ ×ÁÓ 

ɀ as required ɀ ÓÉÇÎÉǢÃÁÎt at .001 level. The number of factors was determined by a parallel 

analysis ɉ/ȭ#ÏÎÎÏÒȟ ςπππ) and an examination of the scree-plot. On the basis of a first EFA, a 

two-factor solution was found, but three items (student follow-up, the reservation module and 

the agenda) were deleted due to communality values exceeding the threshold. 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.  

As illustrated 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 therefore be 

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 dependent variable (9 remaining items) 

 

Next, AMOS 18 was used to perform a confirmatory factor analysis (CFA) on the data of the 

second sub-sample (n = 252) and building on the two-factor structure resulting from the EFA. 
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Error terms were not allowed to correlate. The following indices were calculated, taking into 

account criteria for the evaluation of goodness-of-fit indices (Byrne, 2001; Garson, 2009): Chi-

square / degrees of freedom is less than 3 (2.11), the root mean square error of approximation 

(RMSEA) is higher than .05 (.07), but lower than .08, reflecting a reasonable fit. The comparative 

fit index or CFI (.97), the normed fit index or NFI (.94) and the Tucker-Lewis index or TLI (.94) 

reflect good fit values since they are close to .95. To conclude, on the base of the EFA and CFA, 

we can state that the instrument to determine instructional LMS use reflects good construct 

validity . 

Construct validity was evaluated for the other variables measured with the instrument. 

Exploratory factor analysis (n = 253) using Maximum Likelihood estimation with oblique 

rotation was performed. The KaiserɀMeyerɀOlkin (KMO) measure of sampling adequacy is .86, 

exceeding the suggested threshold for factor analysis of .6 (Tabachnik & Fidell, 2007). The 

"ÁÒÔÌÅÔÔȭÓ ÔÅÓÔ ÏÆ ÓÐÈÅÒÉÃÉÔÙ És ɀ as required ɀ ÓÉÇÎÉǢÃÁÎÔ ÁÔ Ȣππρ ÌÅÖÅÌȢThe number of resulting 

factors is in line with the specific variables that was intended to be measured.  

Table 3 summarizes the results of a reliability study (CronbacÈȭÓ ÁÌÐÈÁ). All values are close 

to .80, exceeding the threshold value (Nunnally, 1978). In addition, correlations between all 

variables are reported. A correlation matrix approach was applied (as illustrated in Table 3); 

most values are low among the different constructs. All mentioned values still suggest adequate 

validity of measurements.  

 

Table 3. 

-ÅÁÎÓȟ ÓÔÁÎÄÁÒÄ ÄÅÖÉÁÔÉÏÎÓȟ #ÒÏÎÂÁÃÈȭÓ ÁÌÐÈÁ ɉɻɊ ÏÆ ÁÌÌ ÖÁÒÉÁÂÌÅÓ ÁÎÄ ÔÈÅÉÒ ÃÏÒÒÅÌÁÔÉÏÎÓ 

 

 

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 

   



 

 

 

Path analysis research model 

As stated earlier, the hypothetical relationships between the variables were tested in AMOS 

18. A correlation matrix (pairwise deletion) was used as input to account for missing values. The 

following fit indices were obtained. Chi-square /degree of freedom is 3.97, the root mean square 

error of approximation (RMSEA) is .078, suggesting a reasonable fit. The comparative fit index 

or CFI (.94), the normed fit index or NFI (.92) and the Tucker-Lewis index or TLI (.89) have 

values close to .9 or approach the benchmark of .95. All common goodness-of-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 p-values are presented in Figure 2. 

 

 

Figure 2. Model testing results 

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

 

Hypothesis testing 

Figure 2 also provides an overview of the path coefficients. As to the assumption that 

informational use is positively associated with communicational use (H1), this hypothesis was 

supported (ɼ = .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, ɼ = .26, p <.001). Perceived ease of 

use affects in a significant and positive way informational use (H3, ɼ = .29, p <.001) and 

perceived usefulness (H4, ɼ = .27, p <.001). Subjective norm is found to be a significant factor in 

determining perceived usefulness (H5, ɼ = .37, p <.001). In line with other TAM studies, all 

hypotheses constituting the TAM2-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 (H7, ɼ = .38, p <.001) and with  perceived usefulness (H8, 

ɼ = .14, p <.01). The relationship with  communicational use is significant but rather weak (H6, ɼ 

= .12, p <.01).  

Hypotheses H9 and H10 postulated the impact of internal ICT support on informational use 

and subjective norm. The analysis results show that internal ICT support has a positive 

significant association with subjective norm (H10, ɼ = .20, p <.001), but also that it does not 

significantly affect informational use (H9, ɼ = .07,p = .068).  

Experience has a significant relationship with  perceived ease of use (H11, ɼ = .16, p <.001) 

and with  informational use (H12, ɼ = .34, p <.001).  

The entire model is able to explain 36% of the variance in informational use and 26% 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 weight was .12 (p < .01). The new model explained 

27% of the variance in communicational use. 

 

  



 

 

 

Discussion and implications 

The present study aimed at identifying a number of significant factors of types of LMS usage 

in secondary school teachers. The study contributes 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 and 26% of the variance in communicational 

use. As hypothesized, informational use seems to be positively associated with communicational 

use.  

Furthermore we could successfully build on perceived usefulness, perceived ease of use and 

subjective norm as important factors in the TAM2-framework. Both perceived ease of use and 

perceived usefulness were found to be strongly related to informational 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 will be both taken into consideration. However, since perceived ease 

of use and subjective norm significantly affect perceived usefulness, we can additionally 

postulate that the ease of use of the LMS should be a critical initial variable, followed next by 

teaÃÈÅÒÓȭ ÐÅÒÃÅÐÔÉÏÎ ÏÆ ÔÈÅ ÓÙÓÔÅÍȭÓ ÐÅÒÆÏÒÍÁÎÃÅȢ  

Another interesting result is the statistical insignificance of the relation from internal ICT 

support to informational use, and the significant association from internal ICT support with 

subjective norm. This 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) ICT support 

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 ɀ 

school - world setting and conditions as requested by Sun and Zhang (2006) and Ong et al. 

(2003). Also important is the significant relationship between personal innovativeness and 

perceived ease of use. This suggests that innovative teachers are more easily convinced about 

the ease of use of the LMS. On the other hand, the impact of innovativeness on usefulness was 

lower, meaning that being innovative does not automatically result in a positive belief about a 

ÓÙÓÔÅÍȭÓ ÐÅÒÆÏÒÍÁÎÃÅȢ 4ÈÉÓ ÉÓ ÁÌÓÏ ÃÏÎÆÉÒÍÅÄ ÂÙ ÔÈÅ ÉÍÐÁÃÔ ÏÆ ÐÅÒÓÏÎÁÌ ÉÎÎÏÖÁÔÉÖÅÎÅÓÓ ÔÏ×ÁÒÄÓ 

IT on communicational use. Being innovative is clearly not enough to start using an LMS for 

communicational use. 

"ÁÓÅÄ ÏÎ ÔÈÅ ÉÍÐÏÒÔÁÎÃÅ ÏÆ ÔÈÅ ÔÅÁÃÈÅÒȭÓ ÐÅÒÃÅÐÔÉÏÎ ÏÆ ÔÈÅ ÅÁÓÅ ÏÆ ÕÓÅ ÏÆ ÔÈÅÉÒ ,-3 ÁÎÄ ÔÈÅ 

availability of support, school managers or LMS coordinators can consider 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 bÅ ÆÏÒÅÓÅÅÎȢ 3ÏÍÅ ÔÅÁÃÈÅÒÓ ÁÒÅÎȭÔ ÆÁÍÉÌÉÁÒ ×ÉÔÈ 

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 get them 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 instructional setting. Though the results 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 related data. 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 LMS interactions as defined by Hamuy & Galaz (2010). 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 categories. Third, our analysis was based on a cross-sectional 

design, whereas a longitudinal study would have provided more support to generalize the 

findings. Fourth, the path analysis indicated an acceptable yet not perfect fit between the data 

and the hypothesized model, indicating 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 use. Further 

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 the adoption 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 adoption. Fifth, to determine the particular 

relation between informational use of an LMS and communicational use (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 path-analysis 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 understudied group 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 quasi-experimental study took place in the context 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 undertaken individually or collaboratively. Gender was 

considered as a critical moderator 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 wÉÔÈ ÌÅÁÒÎÉÎÇ ÐÁÔÈÓ ÄÅÓÉÇÎÅÄ ÁÃÃÏÒÄÉÎÇ ÔÏ -ÁÙÅÒȭÓ ÍÕÌÔÉÍÅÄÉÁ ÇÕÉÄÅÌÉÎÅÓ 

(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 are helpful 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, Schellens, and 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 the Ȭinfor mational use of the LMSȭ or content published by the 

users (as defined by Hamuy & Galaz, 2010) was positively associated with Ȭcommunicational 

use,ȭ or all processes that foster the exchange of these contents, between LMS users. In other 

words, a basic usage 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 (technology-enhanced road map).  

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. As a result, this study will focus 

on how learning paths could be appropriately designed and implemented.  



 

 

 

Most literature on learning paths can be found within research for technology-enabled 

learning that studies algorithms for computer-adaptive systems (Capuano et al., 2009; Wong & 

Looi, 2012). Within this article, a Ȭlearning pathȭ refers 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 pre-structured in a general way (as a navigation map or a table 

of contents) or in a very specific sequenced way (e.g., Ȭcomplete first step 1 before moving on to 

step 2ȭ). 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 of Ȭlearning objectsȭ is widely used, its 

definition is not always clear. According to Wiley (2000), the most cited definition of learning 

objects comes from the Learning Technology Standards Committee (also known as IEEE, 2005): 

ȰÁÎÙ ÅÎÔÉÔÙȟ ÄÉÇÉÔÁÌ ÏÒ ÎÏÎ-digital, which can be used, re-used or referenced during technology 

supported learningȱ (p.4). In his review of definitions of learning objects, Kim (2009) concluded 

that most definitions include terms such as Ȭlearning,ȭ Ȭinstructional,ȭ Ȭpedagogical,ȭ or 

Ȭeducational.ȭ In this article, we put forward the definition by Kay and Knaack (2007), who 

defined learning objects ÁÓ ȰÉÎÔÅÒÁÃÔÉÖÅ ×ÅÂ-based tools that support the learning of specific 

ÃÏÎÃÅÐÔÓ ÂÙ ÅÎÈÁÎÃÉÎÇȟ ÁÍÐÌÉÆÙÉÎÇȟ ÁÎÄȾÏÒ ÇÕÉÄÉÎÇ ÔÈÅ ÃÏÇÎÉÔÉÖÅ ÐÒÏÃÅÓÓÅÓ ÏÆ ÌÅÁÒÎÅÒÓȱ ɉÐȢ φɊȢ 

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) argued that e-learning usually 

ÈÁÓ ȰÁ ×ÅÌÌ-developed approach to the creation and sequencing of content-based, single learner, 

self-ÐÁÃÅÄ ÌÅÁÒÎÉÎÇ ÏÂÊÅÃÔÓȟȱ ÂÕÔ ÁÄÄÅÄ ȰÔÈÅÒÅ ÉÓ ÌÉÔÔÌÅ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ ÈÏ× ÔÏ ÃÒÅÁÔÅ ÓÅÑÕÅÎÃÅÓ 

ÏÆ ÌÅÁÒÎÉÎÇ ÁÃÔÉÖÉÔÉÅÓȱ ɉÐȢ υωσɊȢ )Î addition, he emphasizes there is hardly any 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 and implemented, 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 study is set 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 of visual 

representations in the design of learning paths can theoretically be linked to Cognitive Load 

Theory (Sweller, 1988, 1994; Sweller, van Merriënboer & Paas, 1998; van Merriënboer & 

Sweller, 2005) and the Cognitive Theory of Multimedia Learning (Mayer, 2001, 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) reitÅÒÁÔÅÓ #,4ȭÓ ÃÏÇÎÉÔÉÖÅ ÁÒÃÈÉÔÅÃÔÕÒÅ ÂÕÔ 

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 long-term 

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/from LTM (Sweller, van Merriënboer & Paas, 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 long-term memory. One frequently 

used example is that of a chess grand master who uses schemas to categorize 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 up working 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 than 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 germane cognitive 

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 that results in 

meaningful learning but does not put too heavy a burden on working memory (Sweller, 1999; 



 

 

 

ÖÁÎ -ÅÒÒÉòÎÂÏÅÒȟ ρωωχɊȢ 0ÁÁÓȟ 4ÕÏÖÉÎÅÎȟ 4ÁÂÂÅÒÓȟ ÁÎÄ 6ÁÎ 'ÅÒÖÅÎ ɉςππσɊ ÓÔÁÔÅȟ ȰÂÅÃÁÕÓÅ 

intrinsic load, extraneous load, and germane load are additive, it is important to realize that the 

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

ÌÉÍÉÔÓȱ ɉÐȢφυɊȢ  'ÉÖÅÎ ÔÈÅ ÆÁÃÔ ÔÈÁÔ ÉÎÔÒÉÎÓÉÃ ÌÏÁÄ ÉÓ ÉÎÔÒÉÎÓÉÃ ÔÏ ÔÈÅ ÔÁÓËȟ ÁÎÄ ÇÅÒÍÁÎÅ ÃÏÇÎÉÔÉÖÅ 

load is required for schema construction, 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 Mayer (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, 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 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 processing that can take place within the visual and auditory processing channel 

ÉÓ ÌÉÍÉÔÅÄȢ 4ÈÅ ÁÃÔÉÖÅ ÌÅÁÒÎÉÎÇ ÁÓÓÕÍÐÔÉÏÎ ÉÓ ÂÕÉÌÔ ÏÎ 7ÉÔÔÒÏÃËȭÓ ɉρωψωɊ ÇÅÎÅÒÁÔÉÖÅ ÌÅÁÒÎÉÎÇ 

theory and implies the learner is actively engaged in processing information and mentally 

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 study on CTML to differentiate between 

two learning paths, differing in the degree of elaboration and structure.  

Collaborative learning 

In this article, the term Ȭcollaborative learningȭ refers to the engagement of all participants in 

solving a problem together (Roschelle & Teasley, 1995). Akkerman et al. (2007), building on the 

work of Valsiner and Van der Veer (2000), present both a cognitive and a socio-cultural view 

when focusing on group cognition. Within the cognitive perspective, the subject of learning is the 

individual who constructs knowledge about the surrounding world. Following the socio-cultural 

perspective, the learner is seen as a participant of a social entity where knowledge results from 

interaction and social activity. Akkerman et al. (2007) add that, within the cognitive view, the 

ÓÏÃÉÁÌ ÁÓÐÅÃÔ ÉÓ ÎÏÔ ÄÅÎÉÅÄ ÂÕÔ ÒÁÔÈÅÒ ȰÕÎÄÅÒÓÔÏÏÄ ÔÈÒÏÕÇÈ ÉÔÓ ÒÅÓÉÄÅÎÃÅ ÉÎ ÔÈÅ ÍÉÎÄ ÏÆ ÔÈÅ 

ÉÎÄÉÖÉÄÕÁÌȱ ɉÐȢτςɊȢ  
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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 of collaborative 

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 objective, 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) that were based on scripts. 

Adopting collaborative learning in the context of learning paths, can ɀ from a theoretical 

perspective ɀ also be linked to cognitive load theory. Kirschner, Paas, and Kirschner (2009a) 

found that groups can be considered information-processing 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 

ÓÔÁÎÄÁÒÄ ÏÆ ÌÉÖÉÎÇȟ ÔÏÄÁÙȭÓ ÙÏÕÔÈ ÓÅÅÍ ÔÏ ÈÁÖÅ ÌÉÔÔÌÅ ÉÎÔÅÒÅÓÔ ÉÎ ÓÃÉÅÎÃÅ ÁÓ Á ÐÏÓÓÉÂÌÅ ÃÁÒÅÅÒ ÐÁÔÈ 

(European Commission, 2004, 2006; Organisation for Economic Co-operation and Development 

[OECD], 2007, 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 careers. This 

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) presented the following 

ÒÅÁÓÏÎÓ ÆÏÒ ÔÈÉÓ ÇÅÎÄÅÒ ÇÁÐȡ ÓÔÅÒÅÏÔÙÐÅÓ ÆÏÕÎÄ ÉÎ ÃÈÉÌÄÒÅÎȭÓ ÂÏÏËÓ ÁÎÄ ÓÃÈÏÏÌ ÍÁÎÕÁÌÓȟ ÇÅÎÄÅÒÅÄ 

attitudes of teachers, gendered advice and guidance on courses to be followed, and different 

parental expectations regarding the future of girls 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 significantly larger 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 



 

 

 

under-represented among the highest 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 values 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 decisions and 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 follow-up research by Wai, Lubinski, and 

Camilla (2009), which focused on the critical role of spatial ability within STEM-education. The 

ÃÏÎÓÔÒÕÃÔ ÓÐÁÔÉÁÌ ÁÂÉÌÉÔÙ ×ÁÓ ÄÅÆÉÎÅÄ ÂÙ ,ÏÈÍÁÎ ɉρωωτɊ ÁÓ ȰÔÈÅ ÁÂÉÌÉÔÙ ÔÏ ÇÅÎÅÒÁÔÅȟ ÒÅÔÁÉÎȟ 

retrieve, and transform well-ÓÔÒÕÃÔÕÒÅÄ ÖÉÓÕÁÌ ÉÍÁÇÅÓȱ ɉÐȢ ρπππɊȢ -ÁÙÅÒ ÁÎÄ 3ÉÍÓ ɉρωωτɊ ÆÏÕÎÄ 

evidence that high-spatial 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 meta-analyses, the effect size for spatial ability is substantial: 

.50 to .75 for male superiority. As the second version of our learning path is optimized with 

-ÁÙÅÒȭÓ ÇÕÉÄÅÌÉÎÅÓ ɉςππσɊȟ ÌÅÁÄÉÎÇ ÔÏ Á ÂÅÔÔÅÒ ÅÌÁÂÏÒÁÔÅÄ ÁÎÄ ÓÔÒÕÃÔÕÒÅÄ ÃÏÕÒÓÅȟ ×Å ÃÁÎ 

postulate that this optimized version will offer better spatial visualization.  

When researching group setting, we can build on group diversity literature. Harrison and 

+ÌÅÉÎ ɉςππχɊ ÄÅÓÃÒÉÂÅ ÇÒÏÕÐ ÏÒ ÕÎÉÔ ÄÉÖÅÒÓÉÔÙ ÁÓ ȰÔÈÅ ÄÉÓÔÒÉÂÕÔÉÏÎ ÏÆ ÄÉÆÆÅÒÅÎÃÅÓ ÁÍÏÎÇ ÔÈÅ 

members of a unit with respect to a common atÔÒÉÂÕÔÅ 8ȱ ɉÐȢ ρςππɊȢ 4ÈÅÙ ÄÉÆÆÅÒÅÎÔÉÁÔÅ ÄÉÖÅÒÓÉÔÙ 

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 

(ÁÒÒÉÓÏÎ ÁÎÄ +ÌÅÉÎ ɉςππχɊȟ #ÕÒĥÅÕȟ 3ÃÈÒÕÉÊÅÒ ÁÎÄ "ÏÒÏĥ ɉςππχɊ ÁÎÄ #ÕÒĥÅÕ ÁÎÄ 3ÁÒÉ ɉςπρσɊ 

found gender variety indeed has a positive outcome on group cognitive complexity, and mixed-

ÇÅÎÄÅÒ ÇÒÏÕÐÓ ÁÃÈÉÅÖÅ ÂÅÔÔÅÒ ÒÅÓÕÌÔÓȢ -ÏÒÅÏÖÅÒȟ #ÕÒĥÅÕ ÁÎÄ 3ÁÒÉ ɉςπρσɊ ÓÔÒÅÓÓ ÔÈÁÔ ȰÔÈÅ ÃÏÒÅ 

argument in this line of research is that gender variety increases the pool of cognitive resources 

of groups because men and women have qualitatively different life experiences, therefore likely 

to have different task-ÒÅÌÁÔÅÄ ËÎÏ×ÌÅÄÇÅ ÓÔÒÕÃÔÕÒÅÓ ɉ#ÕÒĥÅÕȟ 3ÃÈÒÕÉÊÅÒȟ Ǫ "ÏÒÏÓȟ ςππχȠ 2ÏÇÅÌÂÅÒÇ 

Ǫ 2ÕÍÅÒÙȟ ρωωφɊȱ ɉÐȢ ρɊȢ 
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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 Wever (2014) found that low achievers, and more specifically, 

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 web-based 

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 of learning paths will have a beneficial impact on learning outcomes. 

Gender is considered as a critical moderator given the focus on science learning.  

Building on the theoretical framework of CTL and CTML, we put forward the first hypothesis 

(H1): Students ÓÔÕÄÙÉÎÇ Á ÌÅÁÒÎÉÎÇ ÐÁÔÈȟ ÏÐÔÉÍÉÚÅÄ ×ÉÔÈ -ÁÙÅÒȭÓ ɉςππσɊ ÇÕÉÄÅÌÉÎÅÓ ÉÎ ÍÉÎÄȟ ×ÉÌÌ 

attain significantly higher learning outcomes as compared to students studying a basic learning 

path with multimedia learning objects. 

Building on the CSCL framework, we put forward 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 gender and 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 

ÏÐÔÉÍÉÚÅÄ ×ÉÔÈ -ÁÙÅÒȭÓ ÇÕÉÄÅÌÉÎÅÓ (2003). In view of the group diversity literature 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 bodies 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 



 

 

 

ÕÒÂÁÎ ÁÒÅÁÓȟ ÁÓ "ÅÌÇÉÕÍȟ ÁÎÄ &ÌÁÎÄÅÒÓ ÉÎ ÐÁÒÔÉÃÕÌÁÒȟ ÉÓ ÏÎÅ ÏÆ ÔÈÅ ×ÏÒÌÄȭÓ ÍÏÓÔ ÕÒÂÁÎÉÚÅÄ 

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. Twenty-nine 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 participant flow chart. 

Prior to the study, informed consent to use the data for research purposes was obtained 

through the different school teachers. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Participant flow chart. 
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The biology learning materials: Two versions of  

the ȬBacteriaȭ learning path 

In the present study, learning paths were developed using ȬeXe learning,ȭ an open-source 

authoring tool. Resources authored in eXe can be exported as a website or imported in any 

SCORM (Sharable Content Object Reference Model) compliant Learning Management System. 

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 Ȭbacteria collection and growthȭ was 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 under the 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 web-based exercises (see Figure 2). A second version 

of the same learning path was devÅÌÏÐÅÄ ÂÙ ÁÐÐÌÙÉÎÇ -ÁÙÅÒȭÓ ÍÕÌÔÉÍÅÄÉÁ ÇÕÉÄÅÌÉÎÅÓ ɉςππσɊȢ 

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 were 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 included in the 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 the ȬTSPW 

learning pathȭ (Text, Schemes, Pictures and Web-based exercises) and to the second version as 

the ȬMGL learning pathȭ (Mayer GuideLines). 



 

 

 

 

 

Figure 2. The uppermost image depicts an advanced organizer (Ausubel) on bacteria 

classification that was offered to all students following 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 Hesse (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 all required actions.  

We chose to implement scripts into teacher scenarios (see 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 in-service teachers use lesson preparation 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 conditions. 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 students ɀ in whatever research condition ɀ 

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 three separate moments: a pre-test, a post-test 

(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 

questions. 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 post-test 

and the retention test, we decided to focus on pre-/post -test differences in our study. Retention 

test scores are mentioned in Table 4; however, readers should keep 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 tested all items within their classes. Based on the 

ÁÎÁÌÙÓÉÓ ÏÆ ÔÈÅÓÅ ÔÅÓÔÓ ÁÎÄ ÔÈÅ ÔÅÁÃÈÅÒÓȭ ÉÔÅÍ ÅÖÁÌÕÁÔÉÏÎȟ ÓÏÍÅ ÉÔÅÍÓ ×ÅÒÅ ÄÉÓÃÁÒÄÅÄ ÁÎÄ ÔÈÅ 

remaining items were divided into three balanced tests (one test for each moment). Figure 3 

shows how knowledge tests were 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 Point-Biserial 

correlation) was taken into account. Items with P-values above .90 and PBS-values 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.  

  

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



 

 

 

Procedure 

The researcher visited all teachers and gave a one-hour introduction. We briefed teachers on 

all the aspects of the research process. Other topics discussed included, amongst others, the 

proposed time schedule and technical information concerning learning paths within the 

Learning Management System. Complete classes (N = 29) were assigned to the four different 

conditions (see Table 1). It was mandatory that all lessons took place in computer 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 last-minute 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 digital (USB-stick) 

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 versions of all the knowledge tests. We 

also sent teachers an e-mail 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.  

 IndTSPW 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 Web-based 

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 three separate moments). This leads to the conclusion that 

individual observations are not completely independent given the selection 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 school-level and class-level inferences and focus only on 

individual learning outcomes. In this respect, Multilevel Modeling is suggested as an alternative 

and adequate statistical approach (Diez-Roux, 2000, Nezlek, 2008), and most certainly in the 
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case of repeated measures (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 than a traditional 

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 the third level, 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 two-step procedure to analyze 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 (in appendix). First, we 

created a four-level conceptual null model (Table 4, Model 0) to serve as a baseline model. This 

unconditional null model (without any predictor variables) provides the overall pre-test, post-

test, and retention scores across all students, classes, and schools. The second step concerned 

the input of the three main explanatory variables (visual representation, group setting, and 

gender) in the fixed part of the model and allowed cross-level interactions between student, 

class, and school characteristics. This resulted in Model 1 (Table 4). 

Results 

Model building 

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

Given our repeated measures approach, the conceptual unconditional null model (Table 4, 

Model 0) predicts the overall pre-test (M = the intercept, or 57.18 out of 100), post-test  

(M = 64.49 = 57.18 + 7.31), and retention test scores (M = 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 on the post- and retention test as compared to the pre-test. 

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 occasion. 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 the p <.001 level. 

As a result, we can state that 1.15 % of the total knowledge score variance lies at school 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 explanatory variables. All predictors were 

included in the models as fixed effects. Adding these variables to the null model resulted in a 



 

 

 

better model fit (X² = 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 the p <.001 level, 

except for school level. 

Student scores 

Table 2.  

Knowledge scores on pre- and post-test and significant differences between groups (left) and 

differences between knowledge tests (right).  

 
Knowledge scores 

Significant 
differences 

 

  Pre Post PrePost  

Male, Indiv., TSPW 59.90 57.25 d >.05   

Male, Indiv., MGL 61.29 76.52 ad <.05   

Male, Collabor., TSPW 58.30 63.23 a <.05   

Male, Collabor., MGL 57.30 66.00c >.05   

Female, Indiv., TSPW 55.06 63.85 b <.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 test (p <.05). 

No significant differences were found between the conditions on the pre-test. 

Figure 4 shows the drilled-down details of student scores, while Table 2 displays the 

knowledge scores on the pre- and the post-ÔÅÓÔȢ &ÉÒÓÔȟ ×Å ÎÏÔÉÃÅ ÓÔÕÄÅÎÔÓȭ ÓÃÏÒÅÓ ÁÒÅ ÃÌÏÓÅ 

together (between 55.05 and 61.29) at the pre-test 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 females and males within the 

individual MGL learning path condition. These students received the highest post-test scores: 

76.52 for males and 72.22 for females. On the other hand, the lowest scores on the post-test can 

be found for males working individually on a 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).  
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Figure 4. Knowledge scores in the pre-test and post-test for males and females. 

Note: M = male; F = female; Ind = individual; Col = collaborative; TSPW = Text, Schemes, Pictures 

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

Hypothesis testing 

Given our first hypothesis (H1), we expected students following 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 post-test are attained by males and females 

following a MGL learning path within an individual setting (MIndMGL and FIndMGL), and by 

males in a collaborative setting (MColMGL). These findings suggest that optimizing a learning 

ÐÁÔÈ ×ÉÔÈ -ÁÙÅÒȭÓ 'ÕÉÄÅÌÉÎÅÓ ɉςππσɊ ÌÅÁÄÓ ÔÏ ÂÅÔÔÅÒ ËÎÏ×ÌÅÄÇÅ ÓÃÏÒÅÓȢ (Ï×ÅÖÅÒȟ ×ÈÅÎ 

calculating the differences between the knowledge scores on the post-test (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 was not significantly lower than MColMGL 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. 

 

 










































































































































































































