
Analysing Learning Behaviour 

to Inform the Pedagogical Design of 

e-Learning Resources 

A Case Study Method Applied to 

Computer Programming Courses 

Campos llebrero A. M. 



IMAGING SERVICES NORTH 
Boston Spa, Wetherby 

West Yorkshire, LS23 7BQ 

www.bl,uk 

PAGE NUMBERING AS 

ORIGINAL 



3 

Acknowledgements 

Completing this doctoral dissertation has been a long and hard journey for me, not only because of the 

work that it takes to complete a Ph. D. but for certain circumstances in other aspects of life. The impulse of 

abandon my studi es was very strong sometimes since it was too hard. Maybe it is because of the difficulties that 

now I feel hi ghly sati sfied and proud of this accompli shment. Among the many lessons I have learnt in this time, 

the most valuable are about my own strength, about the value of taking things step-by-step and, more importantly, 

never give up when one pursue an important goa\. I truly believe that these are li fe lessons and hope that 1 can 

use them to help others in the way. 

I have no words to express my gratitude to those people that have been by my side alllhe way and, without 

their support, 1 couldn't have made it. Firstly, I want to thank my supervisors, Mr. David Livingstone and Mr. 

Luis Alvarez, because their help and example have gone beyond academic aspects, they have left an indelible 

mark on me and I w ill always remember them with great care. Secondly, I want to thank the moments of 

encouragement and spirit of many friends and co ll eagues, people from a ll over the world whom this Ph.D. 

brought into my life. I consider mysel f fortunate of having known you and will always remember you with great 

affection. I specially address to Jesus, Marcelo, Erick, Sergio, Gordon, Irene, Myriam and Raul , to thank you for 

your help in so many forms and believ ing in myselfwhen I did not. 

Finally - saving the best for last- I want to thank my mother, my father and my brother. I enormously 

va lue that you have always encouraged me to pursue my goals and improve in life, your help in a ll aspects and, 

most of a ll , I thank you for your fa ith in me. You are the most important blessing in my life and for that 1 dedicate 

thi s work to you. 

Thank you all, from the heart. 



5 

Abstract 

The work presented in this thesis is motivated by the need to develop practical guidelines to inform the 

pedagogical design of learning objects and the instructional contexts in which they are used. The difficulty is that 

there is no standard definition for pedagogical design or appropriate guidelines, in contrast with technical 

guidelines. Researchers and academic practitioners hold different understandings of the pedagogical values in 

the design of learning objects that determine their quality and effectiveness as educational software. Traditionally, 

empirical studies for the evaluation of learning objects gather rating data from the main consumers (i.e. 

instructional designers, teachers, and students) to assess a variety of design aspects. [n this research, it is argued 

that, in order to evaluate and improve pedagogical design, valuable information can be extracted by analysing 

existing differences between students and how they use learning objects in real instructional contexts. Given this 

scenario, investigating the pedagogical aspects of the design of learning objects and how the study of students ' 

behaviour with them can serve to infornl such design became the main research interest of this thesi s. 

The exploratory research presents a review of standard technical guidelines and seven evaluation 

frameworks for learning objects that emerged in the period from 2000 to 2013, revealing a wide spectrum of 

criteria used to assess their quality and effectiveness. The review explores the advantages and faults of well­

known methodologies and instruments for the evaluation of learning materials and presents a selection of 12 

pedagogical attributes of design, with a detailed analysis of their meanings and implications for the development 

of learning objects. The 12 pedagogical attributes of design are: Learning Objective, Integration, Con/ext, 

Multimedia Richness, Previous Know/edge, Support, Feedback, Self-direction, fnteractivity, Navigation, 

Assessment, and Alignment. 

The empirical research is based on two case studies where blended learning techniques are used as a new 

teaching approach for first-year Computer Programming courses at the Austral University of Chile. A virtual 

learning environment was customized and used in these courses to deliver different types of learning contents 

and assignments. Three studies were carried out for each course: the first study shows the relationships between 

students' interactions with different materials; the second study demonstrates the influence that learning styles 

exert upon these interactions, and the third study collects students' scores about the twelve pedagogical aspects 

of the learning resources used during the course. 

The results demonstrate that a relationship exists between the pedagogical attributes of the design of 

different learning resources and students' interactions with them. Regardless of the learning style preferences of 

individuals in both cohorts, the design attributes that have the greatest effect on students' behaviour with learning 

objects and with the whole instructional context are Interactivity, Support, Feedback, and Assessment. From the 
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three sources of data only a combination of two of them, behavioural data and students' scores, are valuable 

sources of empirical data to inform pedagogical design aspects of learning resources. However, it is necessary to 

establish a direct mapping between design attributes and expected behavioural indicators to facilitate the 

identification of improvements in the pedagogical design of learning resources. 
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CHAPTER 1 

Introduction 

1.1 Research Background and Motivation 

The growth of online and Blended Learning in educational institutions, especially 

universities, during the last decades is undeniable (Barbour, 2012; Hadjerrouit, 2008). 

Current instructional strategies combine face-to-face lectures with the usage of some 

virtual learning environment, which aims to provide students with tools and resources 

necessary for them to work in a much more autonomous manner. However, many 

criticisms are raised and a certain scepticism is observed within the academic and research 

community, concerning the pedagogical quality and effectiveness of e-Iearning platforms 

and their associated resources. 

The need to create pedagogically informed learning objects for Computer 

Programming courses has inspired this investigation. From the academic community's 

perspective, technical-based approaches towards the design of learning objects are far 

from being pedagogically acceptable. Pedagogical trends in the design and evaluation of 

learning objects claim that learning systems, as well as learning objects, must support the 

desired learning objectives, students' learning processes, and their learning needs and 

interests. 

Tn Computer Programming, as in most disciplines, tutors are responsible for 

creating an important part of the overall instructional context of these courses. They 

author learning materials, find additional resources, design activities and assessments, 

and assemble these elements into a comprehensive structure of learning units, according 

to established learning objectives and a particular teaching strategy. Existing pedagogical 

guidelines on the design of learning objects are strongly supported by both theoretical 

bases and empirical evidence; however, they also suggest that the effectiveness of these 

materials is not isolated from the instructional context in which they are meant to be used. 

There is a need for research-validated criteria that help to inform the design of learning 



22 

objects in specific educational settings and, simultaneously, comply with desired 

pedagogical requirements. The following questions thus arise: 

- How can the design of learning objects be improved from the experience and 

practice of using them? 

- Which empirical data sources can be used and for what purpose? 

- Is there a way of assessing and informing pedagogical design from empirical data 

sources such as students' behaviour with learning objects? 

The following sections introduce the reader to this scenario, explaining the 

principles and purposes that ground the design and evaluation of learning objects from 

both technical and pedagogical perspectives. Methodological issues and research work 

proposed by pedagogical studies are presented to form the basis of this investigation's 

research objective and the way in which it has been undertaken. 

1.1.1. Learning Resources 

The design of educational resources for e-Iearning solutions, commonly referred to 

in the literature as learning objects, has been constrained by the different understand ings 

that authors possess of the concept of 'Iearning object'. This term was first described by 

Gerard in the late 1960s although it is associated with Hodgins (Pol ani, 2006). Since its 

appearance, researchers across the global academic community have focused their efforts 

on reaching a common understanding of this term, giving rise to a wide variety of 

definitions. The following is a small sample: 

"[ ... ] any entity, digital or non-digital, which can be used, re-used or referenced 

during technology-supported learning" (IEEE LOM, 2002) 

"[ ... J any digital resource that can be reused to support learning" (Wiley, 2002) 

"One or more digital assets combined and sequenced to create or support a 

learning experience addressing a curricular outcome(s) for an identified 

audience( ). A learning object can be identified, tracked, referenced, used and 

reused for a variety of I arning experiences." (Alberta Learning, 2002, as cited in 

McGreal, 2004) 

"A Learning Object is a relatively small, reusable digital entity that can b 

selectively applied - alone or in combination - by computer software, learning 
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facilitators or learners themselves, to meet individual needs for learn ing or 

performance support." (Shepard, 2000, as cited in Ashley et aI., 2008) 

"A Learning Object is, as the name implies, the smallest reasonable unit of 

learning material.[ . .. ] Learning material can include such th ings as [ . .. ]. 

Regardless of the type, each individual learn ing material has its own user 

interface, the usability of which can be evaluated, as we ll as a definable learning 

goa l." (Nokelainen, 2006) 

Because of the vari ations in definitions, many terms have emerged to refer to 

educational content (McGreal, 2004) : Asset, Learning Resource, Content Object, 

Knowledge Object, Media Object, Learning Object, Assessment Learn ing Object, 

Reusable Learning Object, Un it of Learning, etc. The purpose of this chapter, or this 

thesis, is not to join the debate about which is the most appropriate term or to propose a 

formal definition. However, these definitions usually reveal what the author considers the 

characteristics and functional requirements of a lea rning object shou ld be. A vo iding 

confusio n with previous definitions, the title of this thesis uses the term e- Iearning 

resource to refer to any digital content material that can be used for learning. The reader 

will find that expressions like learn ing object or learning resources are effectively 

synonymous and are used to refer to the same concept. 

1.1.2. Technically-oriented Design of Learning 

Resources 

Authors who have inves ti gated and reflected deeply on the purpose of learning 

objects in technology-based education suggest that the concept of reusability is 

responsible, to a large extent, for the definiti on and design of learn ing objects (Boyle & 

Cook, 2001 ; Polsani , 2006; Wiley, 2002). In fact, some of the most commonly used 

definitions in the literature include words like "reused" or "reusable", for example, 

definitions provided by Alberta Learning (2002), IEEE LaM (2002-2005), McGrea l 

(2004), Polsani (2006), and Wiley (2002) . 

Lifelong learning requires a vast amount of resources to be widely accessib le. The 

development of such resources may require a considerable investment of time and 
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resources for academic institutions, however, especially those including interactive 

multimedia (Cochrane, 2005; Haughey & Muirhead, 2005; Kay & Knaack 2005; Krauss 

& Ally 2005). Therefore, practitioners and institutions are encouraged to reuse learning 

materials to obtain economic - and pedagogical- advantages (Koper, 2003; Littlejohn & 

Buckingham, 2003). The power of this idea is such that some researchers and content 

designers defend a design that is oriented to foster the reusability ofleaming objects (e.g. 

Cochrane, 2005; Windle, Wharrad, Leeder, & Morales, 2007). The general design 

recommendation to improve reusability is to develop small learning objects with a single 

concept in common. This way, learning objects can be re-purposed and sequenced with 

other resources to meet the needs of different learning contexts (Downes, 2001; Griffiths 

& Garcia, 2003). Another important technical aspect of design is the description of the 

learning object in compliance with metadata specifications (e.g. RELOAD or Aqurate), 

this, apart from supporting their reusability, allows interoperability between learning tools 

and platforms (i.e., VLEs, repositories, authoring tools, etc.) 

Parallel to these design recommendations, their inherently software-based nature 

requires that learning resources satisfy the basic usability attributes derived from the 

principles of software engineering and human-computer interaction (HCI) (Albion, 1999; 

Cooper, Colwell, & Jelfs, 2007; Hadjerrouit, 2010; Nokelainen, 2006). The guidelines 

proposed by software usability experts (e.g., Nielsen, 1994; Preece, 1996) and HCI (e.g., 

Schneiderman, 1987, or Mandel, 1997, as cited in Pressman, 2005, pp. 270-271), have 

provided a solid base for designers and researchers to improve the design of learning 

resources. Meeting these requirements is essential for educational technology - either in 

the form of platforms or contents - to become an enabler for learning instead of a barrier 

(Jeffels, 2011). One of the major challenges of usability in e-Ieaming is making resources 

accessible to all learners, especially those with physical or psychological disabilities 

(Cooper et aI., 2007; Haughey & Muirhead, 2005; Jeffels, 2011). 

Nevertheless, these benefits in the context of e-learning are not enough: learning 

systems and resources may be technically usable but not pedagogically usable and vice 

versa (Silius, Tervakari & Pohjolainen, 2003; Zaharias & Poulymenakou, 2006). The 

following section introduces an overview of the implications of pedagogical approaches 

towards e-learning solutions for their design process. 
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1.1.3. Pedagogically-oriented Design of Learning 

Resources 

The pedagogical vision held by the academic community towards the design of e­

learning resources can be clearly observed by studying related evaluation frameworks and 

criteria available in the literature. Learning objects have been evaluated in pursuance of 

a wide variety of purposes (Kay & Knaack, 2008) and all of these evaluations define, to 

a greater or lesser extent, the pedagogical aspects to consider in designing e-Iearning 

so lutions. Such aspects have been identified by researchers who have focused on the 

following: 

• "What key features of a learning object support and enhance learning?" (Sosteric 

& Hesemeirer, 2002, as cited in Kay & Knaack, 2008); 

• The design attributes that suPPOtt instruction and learning objectives and, foster 

the reusability of pedagogical practices among teachers (Cochrane, 2005; Krauss 

& Ally, 2005; Windle et aI., 2007). 

• Identify the factors that influence the learning processes of an individual and 

design the learning objects accordingly. These factors include: individuals ' prior 

learning experiences, background knowledge, preferred learning styles, 

metacognitive skills, learning independence, emotional aspects towards learning, 

motivation to learn, and constructivist and socio-constructivist learning tenets 

(Reeves, 1994; Quinn, 1996; Squires & Preece, 1996, 1999; Albion, 1999; 

Nokelainen, 2006; Garcfa-Quismondo, Prado, & Osti, 2008; Hadjerrouit, 2010; 

Alharbi, Paul , Henskens, & Hannaford, 2011; Campos, Alvarez-Gonzalez, & 

Araya, 2013). 

The challenges that these aspects create for instructional des igners are complex to 

overcome. Zaharias and Panagiotis (2006) presented a case study to inform the specific 

tasks required to apply learner-centred design (LCD) (8rna & Cox, 1998) to an e-Iearning 

course prototype. For their study, during the stage of analysis of needs, special emphasis 

was put on considering individuals' differences. The authors claim that, by applying HCI 

and usability methodologies, it is not clear how to address users as learners with their 

respective learning differences and needs, given the necessity to provide an effective 

integration between HCr methods and instructional design concepts, models, and 

techniques. They also claim that " more research-validated pedagogical heuristics are 
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needed" to inform the design process in both e-Ieaming projects and contents (Zaharias 

& Panagiotis, 2006). Authors of evaluation criteria, who have reviewed pre-existing 

pedagogical evaluation frameworks and models, seem to agree (Hadjerrouit, 2010; Kay 

& Knaack, 2005; Nokelainen, 2006). Additional limitations that occur suggest that 

improvements are required in the methodologies applied to existing frameworks. These 

limitations can be summarized as follows (Chawla, Gupta, & Singla, 2012; Kay & 

Knaack, 2005): 

Learning objects are usually developed or selected from a repository and delivered 

to students during a lesson. However, the evaluation usually occurs at the end of the 

course; 

The evaluation of learning objects is mostly undertaken in an informal manner, 

through informal interviews with participants and concentrates upon the survey and 

analysis of overall learning outcomes; 

Studies investigate how participants value the usage of learning objects during the 

learning process, but they do not provide systematic and formal models to evaluate 

them pedagogically. 

Despite the fact that the evaluation frameworks described in the literature have been 

constituted upon comprehensive theoretical models used to inform design, other faults 

have been identified (Chawla et aI., 2012; Kay & Knaack, 2005, 2008; Kilic & Gurol, 

2011; Nokelainen, 2006): 

i) Most models have not been tested in practical settings, like the model 

proposed by Haughey and Muirhead (2005), Morales (2009) or Eguigure and 

Zapata (2011); 

ii) The impact of separate components upon learning has not been assessed like 

the LORI criteria (Vargo et. a1. 2003) and its following versions, the MERLOT 

criteria or Nokelainen's pedagogical usability evaluation criteria, or; 

iii) Criteria such as reliability and validity estimates are not provided. 

Notwithstanding these faults, evaluation frameworks constitute valuable reference 

instruments for designers and practitioners to inform the design of a learning object. 

Firstly, they help to identify the technical and pedagogical aspects of a design and, 

secondly, they confirm the role of the instructional context as a fundamental factor to 

inform pedagogical design (Cochrane, 2005; Haughey & Muirhead, 2005; Krauss & Ally, 

2005; Nokelainen, 2006; Wiley, 2007). Moreover, some authors have expressed the need 
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to focus pedagogical practices upon the design, exchange, and reuse of learning objects 

in different instructional contexts instead of sharing the objects as purely learning content 

(Cochrane, 2005; Haughey & Muirhead, 2005; Krauss & Ally, 2005; Wiley, 2007; 

Windle et aI., 2007). This suggests that there must be a relationship between the 

instructional context for which a learning object is desi gned or intended to be used and 

the pedagogical desi gn of the object. 

At the same time, universities are moving from an " instruction paradigm" intended 

to transfer knowledge from faculty to students to a "learning paradigm" where learning 

takes place through the students' discovery and construction of knowledge (Froyd & 

Simpson, 2008; Reigeluth, 2012). This transition places the learner at the centre of the 

stage, as an active participant responsible for his or her learning, and implies focusing the 

design of instructional contexts and learning courseware according to students' learning 

processes, preferences, interests, and specific needs. To evaluate the pedagogical aspects 

of the design of learning objects, in this thesis it is proposed to observe their usage within 

the overall instructional context for which they are originally designed. The work presents 

an analysis of learners' behaviour with course materials and activities delivered througha 

online learning environment. The main goal is to find relationships between any formal 

pedagogical attributes of instructional contexts and the learning styles of students so that 

e-learning resources and their integration into learning contexts can be designed and 

implemented accordingly. It is suggested that the analysis of factual data gathered from 

learners' behaviour and performance within this context would help to inform the 

pedagogical design of the learning resources and their overall instructional context. 

1.1.4. Practitioner-led Research Approach 

The work presented in this thesis adopts a practitioner-led research approach to 

investigate how to inform the pedagogical design of learning resources. Practitioner-led 

research belongs to a set of methodologies that emerge especially in higher education 

contexts, where practitioners are encouraged to "engage with the responsibility of 

offering explanations for what they are doing and generate their living educational 

theories of practice" (McNiff & Whitehead , 2009) . 

Several aspects related to the context of research, the nature of the research, and the 

position of the researcher, determined my selection of this approach (Costley & Armsby, 

2007). The work emerges as a result of two independent contextual factors; one was the 
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need to inform the teaching practice using blended learning approaches at Kingston 

University, London, and the other was the existence ofa collaboration agreement between 

this institution and the Austral University of Chile, Valdivia (UACh) working on 

innovative e- Iearning so lutions to facilitate the teaching of computer programming in 

first-year courses. Furthermore, it is a research based on academic practice where either 

the literature offered as we ll as collected data have been gathered from real teaching­

learning contexts of introductory computer programming courses in these institutions. 

1.2. Research Hypothesis 

The following statcments have been constructed from the pedagogical vision 

towards learning resources and how students interact with them: 

I. The pedagogical design of a learning resource is informed and evaluated 

accord ing to a set of attr ibutes . 

II. A learn ing object's pedagogical de ign also needs to be planned in accordance 

with the other learning resources that comprise the instructional context. 

III. A learner's interactions with learning resources (i.e. objects and activities) are 

influenced by his or her particular learning style and needs. 

Accordingly, thi research aims to prove the following hypothesis: 

Data extracted from students 1 performance and interactions with e-learning resources 

can be lIsed to inform empirically the pedagogical design of e-learning resources. 

1.3. Research Aims and Objectives 

The ultimate aim of this investigation is to gather empirical ev idence to help inform 

the p dagogical design of instructional re ources del ivered through virtual learning 

environments. It propo es to study the potential of data on learning behaviour to become 

one of these bases. To ach ieve th is aim, research and development stages are conducted 

with the following objectives: 

i. To identify a common set of design attributes typically used to assess the 

pedagogical characteristics ofthe e-learning resources that are delivered. 

II. To explore the kind of data that students' learn ing behaviour provides and how it 

has b en used to inform instructional design from a pedagogical perspective; 
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III. To utilize a suitable learn ing environment to deliver learning resources in a usable 

fashion and collect data on students' behaviour com ing from their interactions 

with the platform and e-Iearning resources; 

I V . To identify a suitab le learn ing style model so that it is possible to find a 

relationship between students' learn ing styles and pedagogical design attributes . 

In such a way the research aims to draw conclusions on how the implementation 

and design of e- Iearn ing resources can comply with both the pedagogical attributes of the 

e- Iearn ing resources and students' learn ing styles and needs. 

1.4. Research Questions 

With the conclusions drawn from the case stud ies presented in this investigation, 

this thesis wi II answer the following research questions: 

.:. Do students' interactions with materials and information about their respective 

learn ing sty les represent a suffi cient data source to inform empirica lly the 

pedagogical design attributes of learn ing resources? 

.:. Should the pedagogical attributes of learning resources be designed on the 

grounds of learning styles instead of existing learning theories and principles of 

instruction? 

.:. Are typical activities and assoc iated learn ing objects designed for introductory 

programming subj ects an effective manner for novice students to learn 

programming? 

1.5. Contributions of this research 

In the course of thi s investigation a series of outcomes have arisen that make 

specific contributions towards the pedagogical design of e-Iearning resources, namely: 

.:. The literature about research on the pedagogical design of learn ing objects is 

scarce and di spersed across time, therefore, a va luable contribution of this thesis 

is the identification of common pedagogical design aspects across studies 

co llected from the period 2002- 201 2 . 

• :. The rev iew of pedagogical eva luat ion frameworks has served to identify a set of 

methodological factors that can be used as guidance to other researchers and 

stakeholders to differenti ate and select the most appropriate eva luation instrument 
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and methodology to satisfy their interests. This set of methodological factors can 

be applied to existing and future frameworks for the evaluation oflearning objects . 

• :. A presentation and description of six categories to represent the design 

dimensions of learning objects, which have been used to classify pedagogical and 

non-pedagogical design attributes. Such classification is open to extensions with 

attributes not identified in this work and can be used to guide the implementation 

of related evaluation instruments for learning objects . 

• :. The development of an instrument for the evaluation of students' perception of 

the pedagogical usability of learning materials and activities according to a set of 

the main pedagogical design aspects selected from the literature. A copy of this 

instrument can be found in Appendix 10 at the end of this thesis . 

• :. A novel proposal that advocates an empirical evaluation of the pedagogical 

attributes oflearning objects based on students' behaviour. Analysis of behaviour 

has been conducted to improve the design and usability of learning systems but 

not applied to learning objects. Methodological issues discovered during this 

research did not permit me to confirm the main hypothesis, however, it left an 

open door for improvements. Therefore, there are recommendations to improve 

the methodology applied and validate this proposal in different practical 

scenarios . 

• :. The research about the instructional design of learning objects has been 

undertaken following a practitioner-led approach. This brings several 

contributions: 

o A research work that is not only readable for fellow researchers but also 

comprehensible for instructional designers and teachers from all sectors in 

the field of education. 

o A collection of literature and methodologies constructed from real 

scenarios where the teaching-learning cycle takes place and falls under the 

influence of many controlled and uncontrolled factors. This approach, in 

spite of having been undertaken in a specific context, sets a valuable 

precedent on how to undertake and document future similar practitioner­

led initiatives. 

o The data and results come from real students' behaviour with real learning 

materials. This means that no materials or student groups were prepared 

to satisfy the purposes of this investigation. The value of this circumstance 
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is that the pedagogical knowledge generated can be applied by other 

practitioners running Computer Programming courses in other institutions 

or extended by them to pursue their own research interests. 

1.6. Outline of the Thesis 

This introductory chapter has described an overall scenario to provide the reader 

with a basic understanding of the research undertaken. Within the two main trends 

identified in the design of e-learning contents, the complexities and issues emergent from 

pedagogical perspectives have been identified. A hypothetical relationship between the 

pedagogical design of e-learning materials and students' learning behaviour has been 

introduced and, accordingly, a proposal for an investigation into the empirical grounds 

required to address such issues has been proposed. ]n consequence, the methodological 

approach and set of the objectives required to prove this hypothesis and answer the 

research questions are presented. 

Exploratory research on the empirical bases used to inform the pedagogical design 

of learning objects and how students' behaviour has been used to inform instructional 

design is presented in Chapter 2, which is divided into two main parts. The first part 

offers a more detailed review regarding a technically-oriented perspective surrounding 

design criteria for learning objects. This section addresses educational standards and 

specifications in contrast with criteria for frameworks which, in turn, are developed by 

researchers focused on the teaching practice and assess the didactic capabilities of 

learning objects. The practitioner-led approach adopted in this research aims to study two 

main factors influencing these capabilities which are addressed in the second part of 

Chapter 2: first, the surrounding learning objects and activities that comprise the 

instructional context of use of the learning object and, second, individual learning styles 

and needs. 

Chapter 3 focuses on describing the methodology applied to prove the hypothesis 

and two of the research questions listed above. The different data sources and instruments 

utilized to collect and analyse such data are explained in this chapter. To facilitate the 

reader understanding the results presented in this thesis, an explanation of statistical 

research methods applied is also offered in this chapter. Finally, the Computer 

Programming course case studies that shape the educational context of this research are 

described, exposing the characteristics of these courses, the characteristics of the 
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participating students, and the teaching strategies adopted by module leaders in the 

respective institutions. 

Following, Chapter 4 presents the results obtained in these case studies. The results 

are analysed individually and discussed to answer two specific research questions 

associated with proving the research hypothesis. As a consequence of this analysis, both 

external and methodological factors that impact upon the overall achievement of the 

research aims are identified. 

Chapter 5 concludes this thesis with a summary of the work performed, the 

conclusions drawn from the results obtained and the extent to which these results help to 

prove the hypothesis and answer the research questions. Improvements to the 

methodology applied and recommendations to continue this line of investigation are also 

presented in this chapter. It concludes with the author's final thoughts derived from her 

academic practice and research experience. 
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CHAPTER 2 

Empirical Bases to Inform the 
Design of e-Learning Resources 

At the end of Chapter 1, the overall aim and of the thesis was introduced and a series 

of objectives outlined. According to the research hypothesis and these objectives, this 

chapter is focused on providing the reader with a comprehensive review of the elements 

required to meet the research objectives introduced: an exploration of the aspects of 

design of learning objects with special emphasis on those that are pedagogically valued 

and, an exploration of how behavioural data has been used to inform online instruction. 

To introduce the reader into this scenario, an overview of the different purposes of 

the evaluation of learning objects is presented in Section 2.1 of the chapter. 1t summarizes 

the functional aspects of learning objects that are most valued across the research and 

academic community in general , which have driven the evaluation of design and usability 

of learning objects. Two main trends of understanding can be distinguished from these 

evaluation initiatives: the technical and the pedagogical perspectives, which are explained 

in Sections 2.2 and 2.3 respectively . 

The review of evaluation frameworks helps to identify and explore those aspects of 

the design of learning objects that assess their capabilities as learning or teaching tools, 

referred to in this thesis as pedagogical design attributes. As a consequence of this review, 

a wide spectrum of design aspects is classified into categories that reflect the 

multidimensional nature of the design of learning objects. To shape the scope of the 

experimental research presented in this thesis, a set of common pedagogical attributes is 

identified. Section 2.5 presents and analyses the meaning of each attribute individually to 

infer the corresponding design implications. 

Section 2.6 reviews specific topics relevant to this research: students ' behaviour, 

students' learning styles , and the instructional context. Section 2.6.1 explains how 

learning behaviour has been traditionally used to investigate the design of educational 

software according to learning styles. Section 2.6.2 presents the concept of the 
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instructional context of a learning object and learning metrics which can be extracted 

from analysing students' behaviour in this context. Finally, section 2.7 reviews the 

importance of learning systems as the main mechanism to deliver and work with learning 

objects in the case studies proposed in this thesis. 

2.1. Purposes of Evaluation of Learning Objects 

Chapter I introduced different approaches towards the design of learning objects 

determined by a definition of the term "learning object" and its expected functionalities 

or requirements. These conditions determine the context in which the design and 

evaluation of a learning object takes place, satisfying the diverse needs and values of 

participants involved and how the results obtained are going to be used (Wi lliams, 2000; 

Wiley, 2002). 

Generally speaking, evaluating the effectiveness of e-Iearn ing products, i.e. 

learning systems and learning objects, has been the aim of many research initiatives since 

the incorporation of learning technologies in the field of education (Burston, 2003; 

Halachev, 2009; Kulik, Kulik, & Bangert-Drowns, 1985). The approaches adopted in the 

evaluation of learning objects reveal the variety of interests existing in the research and 

academic community concerning the spectrum of aspects that determine effectiveness. 

The reusability of learning objects can be considered as one of the most valued 

aspects of this spectrum. Lifelong learning requires a large amount of resources to be 

accessible, however the development of such resources - especiall y those including 

interactive multimedia- may require a considerable investment of time and resources for 

academic institutions (Cochrane, 2005; Haughey & Muirhead, 2005; Kay & Knaack, 

2005; Krauss & Ally, 2005; Littlejohn, Falconer & Mcgill 2008). Therefore, practitioners 

and institutions are encouraged to reuse learning materials to obtain econom ic and 

pedagogical benefits (Downes, 200 I; Koper, 2003, Kuri lovas & Dagiene, 2009; Parrish, 

2004; Sicilia & Garcia, 2003). This is such an important motivation that some content 

designers and evaluators adopt approaches oriented to foster the reusability of learning 

objects (e.g. Cochrane, 2005; Vargo, esbit, Belfer, & Archambault, 2003). In pursuing 

these advantage, much of the research on learning objects has been based on this concept. 

Several evaluation studies have put special emphasis on assessing and fostering the 

reusability of learning objects focusing on: their technical characteristics, (e .g. Kurilovas 

& Dagiene, 2009; Lopez, Escalante, & Alon 0, 2007; Ochoa & Duval, 2006; Sanz-
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Rodriguez, Dodero, & Sanchez-Alonso, 2011), their pedagogical characteristics (e.g. 

Boyle & Cook, 2001; Windle et aI., 2007), the metrics extracted from their actual usage 

in learning tools (e.g. Chawla et aI., 2012; Ochoa & Duval, 2009), the standardization of 

design through proposals of courseware assessment rubrics for institutional use, like the 

OSEL framework (Convertini, Albanese, Marengo, Marengo, & Scalera, 2006) or the 

guidelines proposed by Buzzetto-More and Pinhey (2006). 

Secondly, the assessment of the quality of learning objects has also gained much 

attention among researchers. Frameworks that help to assess the overall quality of a 

learning object have been developed to assess technical and didactic aspects. Some 

examples of quality evaluation frameworks in the literature are: the LORI instrument and 

the Convergent Participation Model originally developed at the University of Athabasca 

(Leacock & Nesbit, 2007; Richards & Nesbit, 2004; Vargo et. aI. 2003), the peer review 

evaluation process and evaluation criteria applied by the initiative Multimedia 

Educational Resources for Learning and Online Teaching! (MERLOT), the Co-operative 

Learning Object Exchange2 (CLOE), and the framework proposed by Kurilovas and 

Dagiene (2009) based on a learning object's technical qualities and the stages of its life 

cycle. 

Other initiatives focus on evaluating the pedagogical aspects of the design of 

learning objects. These studies have investigated which design features influence on 

students' learning processes (Hadjerrouit, 2010; Kay & Knaack, 2005, 2007, 2008); 

which design features impact on affective states that take place during learning, such as 

attention or motivation (Ture1 & Gurol, 2011); which design features comply with 

students' cognitive and learning styles (Alharbi et a!., 2011; Campos 2013; Rojas & 

Defude, 2010); and which descriptive metadata ensure that learning objects delivered 

through learning platforms satisfy end-users' teaching and learning needs (Haughey & 

Muirhead, 2005; Nokelainen, 2006). 

Finally, as software products, it is crucial to evaluate the usability of the design of 

learning objects regarding their graphical interface and expected functionalities. The 

challenge with learning objects is that these are products that need to satisfy typical 

software engineering principles of usability and also fulfil educational requirements 

(Hadjerrouit, 2010; Nokelainen, 2006; Squires & Preece, 1999; Zaharias, 2006). It is 

1 http://www.mer!ot.orglmer!otlindex.htm 
2 http://www.educause.edullibrary/resources/co-operative-!earning-object-exchange-cloe 
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claimed that the technical qualities and usability of learning objects have been a priority 

in experimental research whereas only a few initiatives have examined the pedagogical 

usability of e-Iearning products (e.g. Del Moral & Cernea, 2005; Hadjerrouit, 20) 0; 

Garcfa-Quismondo et aI., 2008; Nokelainen, 2006; Sofos & Kostas, 2009;). 

Two main threads run through the evaluation of learning resources for design 

purposes. These are manifested and differentiated within the literature as technical and 

pedagogically-oriented. There is a generalized complaint in the research and academic 

community that the evaluation of learning objects is mainly approached from a technical 

standpoint, whereas pedagogical approaches are much less frequent (Hadjerrouit, 20) 0; 

Kay & Knaack, 2008; Nokelainen, 2006; Sprock & Gallegos, 2013; Wiley, 2007). 

Reviewing the studies that evaluate learn ing resources, it is noted that most of the authors 

recognize the need to consider both technical and pedagogical aspects in the design as 

well as the evaluation of learning objects. The technical perspective toward design and 

evaluation is presented in Section 2.2 whereas more pedagogical approaches are reviewed 

in Section 2.3. 

2.2. Technically-oriented Design Perspective 

2.2.1. Design recommendations and standards 

Authors' reflections on the purpose of learning objects in technology-based 

education suggest that the concept of reusability is responsible, to a large extent, for the 

particular definition and design of learning objects (Boyle & Cook, 200 1; Polsani, 2006; 

Wiley, Gibbons, & Recker 2000). In fact, some of the most commonly used definitions 

in the literature include words like "reused" or "reusable": for example, definitions 

provided by A lberta Learning (2002), IEEE (2002-2005), McGreal (2004), Polsani 

(2006), and Wiley (2002), 

The characteristics that must be satisfied in the design of reusable learning objects 

have been defined by several authors (e.g. Friesen, 2009; Sanz-Rodriguez et aI., 2011; 

Sici lia, 2004) and are enumerated as follows: 

• Self-contained: it must be a complete, standa lone unit, containing all the 

information and resources needed by students to complete it. 

• Modular: it must be capab le of being combined with other learning objects. 

• Properly grained: it must have an adequate size and learn ing objective. 
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• Traceable: it must be easily identifiable and tracked through an appropriate 

description of associated metadata. 

• Modifiable: it should be easy to modify to be re-purposed for a different learning 

context. 

• Usable: it must be easy to use, with an intuitive and user-friendly interface. 

• Standardized: the organization of its parts (metadata, contents, activities, 

associated resources, etc.) should be compliant with shared specifications. 

• Technological: it should be platform-independent, include the software - if 

necessary - required for running and visualizing the learning object's contents. 

• Social and educational: it should be neutral about a specific subject or domain, 

pedagogical methods, institutional, cultural, and social aspects. This way the 

resource may be used in different levels of education and assessment. 

From a technical viewpoint, promoting reusability of learning resources across 

platforms and institutions is grounded upon the adoption of technical standards for 

content development produced by standardization organizations. These are international 

bodies that have developed standards for educational purposes, for example (Santos­

Hermosa 2012): Instructional Management Systems Learning Global Consortium3 (IMS), 

Advanced Distributed Leaming4 (ADL), and the Institute of Electrical and Electronics 

Engineers Learning Technology Standards Committee5 (IEEE LTSC). Such 

organizations promote interoperability between learning systems at the level of 

communication, user data, and content (i.e. learning objects). With this purpose in mind, 

and thanks to the efforts of these organizations, there is available to the academic 

community a variety of specifications that structure and describe all kinds of data 

associated with e-Iearning courseware or e-Iearning users (Table I provides some 

examples). 

To facilitate the retrieval, sharing, and reuse of learning materials across different 

platforms, it is recommended that they should be described according to standard 

metadata. Tills task can be considered the most important obstacle that designers and 

academic practitioners have faced when designing learning materials (Campos et aI., 

3 http: //www.imsglobal.org 
4 http: //www.adlnet.org 
5 https:llieee-sa.centraldesktop.comllt cl 
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2008). In this regard, the most commonly used standards are the IEEE Learning Object 

Metadata (IEEE LOM), the Dublin Core Metadata Initiative (DCM!) and the Canadian 

Core Learning Resource Metadata (CanCore) (Roy, Sarkar & Ghose, 2010). 

Table 1. Popular Learning Specifications and their Purposes 

Specification 

IMS Content Package6 (IMS CP) 

IMS Question and Test Interoperability7 

(IMS QTI) 

IMS Learner Information Package8 (IMS 

LIP) 

Sharable Content Object Reference 

Model9 (SCORM developed by ADL) 

IEEE Learning Object Metadata 10 (IEEE 

LOM) 

6 http://www.imsglobal.org/contentlpackagingl 
7 http://www.imsglobal.org/questionl 
8 http://www.imsglobal.orglprofiles/ 
9 http://www.adlnet.gov/capabilities/scorm.html 
10 http://Itsc.ieee.orglwg12/index.html 

Purpose 

To organIze and describe learning 

contents 

To describe assessment items (i.e. 

questions, tests or exams) 

To describe information associated with a 

learners' profile 

Technical guidelines for creating 

structured learning resources allowing 

their exchange across platforms 

The most extended specification for 

describing learning resources' 

characteristics. 
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2.2.1.1. IEEE Learning Object Metadata 

IEEE LOM was sanctioned by the fEEE Learning Technologies Standard 

Committee (IEEE L TSC) to formalize the characteristics of a learning object, including 

those related to pedagogical aspects. Its current version provides approximately 81 

metadata fields distributed in nine categories listed below: 

• General: fields that gather general information about a learning object such as the 

title, description, language, coverage, etc. 

• Lifecycle: fields that inform about the entities that have created or modified the 

learning object, e.g. author, version, contributor, status, etc. 

• Meta-metadata: fields that inform about the metadata, e.g. language, contributor, 

LOM version, etc. 

• Technical: fields that inform about the technological characteristics and 

requirements to work with the learning object, e.g. size, format, file type, 

installation requirements, hardware and software requirements, etc. 

• Educational: fields that inform about the educational and pedagogical 

characteristics of the object, e.g. the learning resource type, interactivity type, 

target users' age range, difficulty, semantic density, etc. 

• Rights: fields intended to store information about the copyright description and 

the conditions of use, e.g. cost, I icence, restrictions, etc. 

• Relation: fields that reference the relationship of a learning object with other 

learning objects, e.g. kind of relationship, target resource, description, etc. 

• Annotation: fields that gather users' comments on the educational use of the 

learning object or, provide information about when it was created and by whom. 

Include fields like entity, description, etc. 

• Classification: fields that inform about the taxonomic path to localize a learning 

object in a paliicular classification system, e.g. source, purpose, taxon path, etc. 

2.2.1.2. Dublin Core Metadata 

Dublin Core Metadata (DCMI)II contains metadata developed for describing 

resources and so enabling more intelligent discovery systems. It is frequently used and 

II http://dublincore.org! 
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some authors refer to it because of its simplicity of use (Marzal Garcia-Quismondo, 

Calzada Prado, & Cuevas Cervera 2006). OCMI is formed by two levels, Simple and 

Qualified, wh ich contains 15 metadata fields for general purposes (Bianco, Oe Marsico 

& Temperini 2005), however, it does not provide any elements for describing the 

pedagogica l perspective of a document (Roy et aI. , 20 I 0). 

2.2.1.3. CanCore Metadata 

The an ore l2 Metadata Application Profile "is a stream lined and thoroughly 

expli cated version of a sub-set of the LOM metadata elements" (Friesen & Roberts, 

2002). [t provides a total of 51 elements distributed in eight main categories: General, 

LifecycLe, Me/a-me/ada/a, Technical, Educa/ional, Rights, Relation and Classification, 

wh ich are fully compatible with the ana logous LOM categories. 

DCM[ doe not provide elements that deal with the educational aspects of resources 

wherea IEEE LOM and CanCore do. IEEE LOM is, by far, the most widely ut ilized 

standard (Ochoa, 2008; Roy et aI. , 20 I 0) by recognized learning content standardization 

organization li ke Advance Distributed Learning13 (ADL) or [MS Global Learning 

Consortium 14. Thc lliance of Remote Instructional Author and Distribution etworks 15 

(AR[ADNE), the Multimedia Educational Resources for Learning and Online Teaching l6 

(MERLOT), the oll aborati ve Learning Object Exchange 17 (CLOE), the Education 

Network Australia 18 (EdNA), the National cicncc Digital Library l9 (NSDL), and the 

National Science, Mathematics, Engineering, and Technology Education Digital 

Library20 (SMET ), are examples of popular LORs that use at least one of these metadata 

standards (B ianco, de Mars ico & Temperini 2004; Friesen, 2009· Roy et aI. , 2010). 

The creation of the metadata record i an important part of the design of a learning 

object as it can include technical and pedagogical descriptions that the authors consider 

12 http://cancore.athabascau.caienl 
\J http: //www.adlnet.org 
14 http ://www.imsglobal.org/ 
15 http://www.ariadne-eu.org/ 
16 http://www.meriot.org/ 
17 http://www.cioe.on.ca 
18 hltp://www.edna.edu.au/ 
19 https://nsdl.org/ 
20 http://www.smete.org 
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relevant for repurposing or re-designing the object. However, with the exception of a few 

evaluation frameworks (Alvino, Forcheri, Ierardi, & Sarti, 2008; Del Moral & Cernea, 

2005), it is notable that assessment of whether a learning object is associated with a 

metadata record is lacking. Why is educational metadata not valued or used to inform the 

pedagogical design oflearning resources? 

In the case of the LOM, a significant issue is that instructional and pedagogical 

guidelines on how educational metadata fields must be interpreted and combined are 

unavailable. This prevents the correct usage of these metadata and the possibility of 

performing an effective evaluation of the resource against this standard (Friesen & 

Roberts, 2002; Marzal Garcia-Quismondo et aI., 2006; Campos 2013). 

Along with the ambiguous documentation, the values (i.e. vocabularies) accepted 

by the LOM to feed into metadata are also an issue. The data type accepted may be a 

primitive type (e.g. a string of characters), a value belonging to a controlled vocabulary 

(i.e. a list of terms already provided) or a value belonging to other referenced standards. 

The conflict arises because the interpretation of which values should be applied is tied to 

a high degree of end-user subjectivity (Agostinho et. aI., 2004; Friesen & Roberts, 2002; 

Marzal Garcia-Quismondo et aI., 2006). Also, this value becomes problematic to 

determine when different metadata fields are mutually dependent (Suthers, Johnson, & 

Tillinghast, 2001). 

Other authors argue that the LOM vocabularies have a limited capacity to allow a 

meaningful pedagogical description of a learning object (Jonassen & Churchill, 2004; 

Lukasiak et aI., 2004). In this regard, LOM and CanCore admit the usage of other 

vocabularies, the most widely used being the Digital Library for Earth System 

Education21 (DLESE) and the Gateway to Educational Materials (GEM) (Lukasiak et aI., 

2004). 

However, neither of these other vocabularies include a teaching-related vocabulary 

to help users describe the instructional and learning purposes of the object, covering 

aspects like, for example, the type of learning, the objective, the learning expectations or 

the context of use. In contrast with this perspective, it is argued that the aim of the 

standards, particularly the LOM, is only to specify the semantics of the metadata to 

describe learning objects and to enable a meaningful interchange of metadata between 

21 http://www.dlese.org/MetadataJ 
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systems (Suthers, Johnson, and Tillinghast 2001). Therefore, metadata describing aspects 

related to how to use learning objects to support learning are outside their scope. 

Marzal Garda-Quismondo, Calzada Prado, and Cuevas Cerver6 (2006) highlight 

the existence of redundancies ofinformation among the LOM's educational metadata (the 

Interactivity type and Interactivity level fields) and also in other categories (e.g the 

learning object's Language in the General category and the target user's Language in the 

Educational category). The fact that LOM admits the possibility of attributing several 

metadata records to a single learning object can also result in redundancies of information 

(Rodriguez Gonzalez, Cones a Caralt, Garda Barriocanal, & Sicilia, 2010). 

In order to enrich the pedagogical value of meta data records, some authors have 

proposed new metadata models that include a subset of LOM and incorporate new fields 

whose purpose is to describe the pedagogical profile of a learning object (e.g. Alharbi, 

Henskens, & Hannaford, 2012; Alvino et aI., 2008; Marzal Garda-Quismondo et aI., 

2006). These initiatives coexist alongside other mechanisms use to design and describe 

learning materials, Educational Modelling Languages (EMLs). These constitute a formal 

alternative to technical standards that emerge to solve those aspects where standard 

specifications fail to satisfy (Koper & Manderveld, 2004; Rodriguez-Artacho & Verdejo, 

2004) the needs to: 

• provide authors of learning contents with a pedagogical authoring layer based on 

instructional elements; 

• describe the learning resource in relation to the target instructional context where 

it will be used; 

• describe emerging pedagogical approaches or new representations of knowledge 

with instructional vocabularies that are not contemplated in the standards; 

• describe learning processes and behaviours. 

In order to fulfil these objectives, different EML initiatives have emerged, including: 

IMS Learning Oesign22 (IMS LO) developed by the IMS organization as a standard to 

describe a learning scenario, all its components and the roles involved; PALO, an 

initiative to model educational contents (Rodriguez-Artacho & Verdejo, 2004); Tutorial 

Markup Language (TML) for the description of tutorial systems; Instructional Material 

Description Language (IMOL) for the representation of contents, assessments, stfl:lcture, 

22 http://www.imsglobal.orgIJeamingdesign/ 
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metadata, and learner profiles. From these languages and in a great necessity to separate 

content from presentation styles to satisfy the requirements of collaborative frameworks, 

have appeared well-known EMLs such as MathML23 or QML.24 

Kingston University has used Connexions Markup Language (CNXML). This 

language is one of the products of the Connexions project developed by Rice University 

(Henry, Baraniuk, & Kelty, 2003), currently known as the repository with the most 

learning objects available (Duncan, 2009). The project currently provides a framework 

for academics to author, share and customized a variety of learning materials, ranging 

from isolated educational contents (called modules) to full courses (called collections). 

All materials created through Connexions25 are subject to the Creative Commons Licence, 

which allows authors to modify the copyright as needed. 

The main obstacle found is the lack of authoring tools for most of the educational 

modelling languages. Examples of these tools are LAMS26 or RELOAD,27 which allow 

the creation of materials based on the IMS LD language. These tools are open-source, 

however, it is necessary to have the resources and knowledge to maintain the software. 

The project Connexions is one of the few initiatives in the academic community that 

offers a free and online authoring tool that makes it possible to generate a syntactically 

valid CNXML-based content. 

Generally speaking, compliance with a standard is considered an assurance of the 

quality of the learning resource. Governmental organizations and non-profit associations 

encourage educational institutions and teachers to examine learning materials according 

to a particular standard criterion (Nesbit, Belfer & Vargo, 2002). Thus, for this reason, 

some of the initiatives reviewed in Section 2.2.2 include as part of their criteria the 

compliance of the learning object description with IEEE LOM or similar standards (e.g. 

Del Moral & Cernea, 2005; Vargo et aI., 2003). Nevertheless, in the evaluation 

frameworks reviewed in the following section, the lack of reference to educational 

metadata standards suggests that the pedagogical aspects associated with content 

resources differ significantly from the pedagogical aspects assessed in these frameworks. 

23 http://www.w3.org/Math/ 
24 https://www.questionmark.com!us/qmVPages/defau!t.aspx 
25 https://legacy.cnx.org! 
26 http://www.lamsinternational.com! 
27 http://www.reload.ac.uklldeditor.html 
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2.2.2. Technical usability of educational software 

A particular aspect highly related to effective instructional design is usability. The 

inherently software-based nature of learning objects implies that they need to satisfy the 

basic technical usability attributes derived from the principles of software engineering 

and human-computer interaction (HCI). The guidelines proposed by software usab ility 

and HCI experts (e.g., Nielsen (1994), Preece (1997), Schneiderman (1987) and Mandel 

(1997) as cited in Pressman (2005, pp. 270-271» provide a solid base for designers and 

researchers to improve the design of learning objects. The fundamenta l criteria for good 

usability of the user interface and underlying software are the following: 

• Easy to learn : students should find it easy to learn to use the central functions 

provided by the resource so that they can concentrate on learning the contents 

which are their main goal (Cooper et aI., 2007; Wong, Nguyen, Chang, & 

Jayaratna, 2003) . 

• Efficient: the functions provided are convenient and allow the student to perform 

learning tasks quicker. 

• Error-supportive: in the case of an error response to a wrong usage of the 

function, the resource should "teach" the student the correct use so that the error 

does not happen again. 

• Acce sible: the resource should provide a design able to adapt to all students' 

needs, especially those with physical disabilities. 

It is essential that these usability requirements are considered so that educational 

technology- either in the form of platforms or contents- is an enabler for learn ing instead 

of a barrier (Jeffels, 20 II). One of the major challenges of usability in e-Iearning is to 

make resources accessible to all learners, especially those with physical or psychological 

disabilities (Haughey & Muirhead, 2005; Cooper et aI., 2007; Jeffels, 201 1). 

2.2.3. Summary of Technical-Oriented Perspective 

Developing learning objects according to official standard and specifications is a 

quality indicator for learning objects. For this r ason, educationa l institutions are 

encouraged to develop their materials in accordance with them. Standards are criticized 

for being too technical but pedagogically meaningless, which makes their usage difficult 

for academic practitioners, but they are a lso necessary to enab le the interoperability and 
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reusability. Several proposals can be identified in the li terature that aim to bring academic 

practice and standard specifications closer together, especia lly in the area of vocabularies, 

metadata and languages that incorporate an educationa l or pedagogical meaning. 

The achievement of the structural and contextua l rcquirements to foster reusability 

have inspired the academ ic and research community to develop authoring tools and 

annotation mechanisms which faci litate the creation and description of educational 

resources in accordance with well-known metadata standards and specifications (e.g. 

RELOAD, AquRate, etc.). 

From a technical per pective, usability of educational software is evaluated 

accord ing to the principles dictated by the app li cable software engineering and HCI 

gu idelines to ensure software quality. Tn the context ofauthoring tools and their usability, 

it is essential that the complexities inherent in technical aspect (e.g. metadata, schema 

val idat ion, etc.) of standards are carefull y addre sed in the user interface of the e tools so 

that practitioners do not become discouraged from using them (Campos 2008). 

It has been empirica lly demonstrated that technical usabi lity exerts a direct impact 

on the pedagogical usability of learn ing materials (Hadjerrouit, 20 10; Nokelainen, 2006) 

nevertheless, the benefits of a technical approach to design in the context of e- Iearning 

are not enough : learn ing systems and resources may be technically usable but not 

pedagogically usable and vice versa (S ilius et aI. , 2003; Zaharias 2006). The following 

section introduces an overview of the implications that pedagogical approache towards 

e- Iearning so lutions have for their des ign process. 

2.3. Pedagogically-oriented Design Perspective 

2.3.1. Review of Evaluation Frameworks 

Among the variety of eva luation initiatives, this section offers a description of the 

frameworks more frequently referred to in the literature. Generally speaking, the manner 

in which these initiatives have eva luated Icarn ing resources consists of two key elements: 

an eva luation instrument and an eva luation method. Nonetheless, other methodological 

issues impact upon the usefu lness of these frameworks to inform the de ign of learning 

objects, for example: the fact that the research includes the development of ubject­

specific learn ing objects, the amount and type of users participating in the eva luation the 

amount and variety of learning objects eva luated, the nature and variety of data gathered, 



46 

and the validation approach of evaluation constructs. Tn the following tables (Tables 5 to 

I ]), each framework is reviewed according to these factors, whereas their impl ications 

for this research are discussed at the end of this section. 

2.3.1.1. Learning Object Rating Instrument (LORI) and the 

Convergent Participation Mode 

Nesbit, Belfer, and Vargo (2002) proposed the Convergent Participation Model as 

a methodological evaluation of learning objects to meet the needs of a wide variety of 

stakeholders: students, teachers, subject experts, instructional designers and media 

developers. It is a two-cycle eva luation process based on individual and collaborative 

reviews of divergent ratings, where participants use the LORI instrument to score the 

features of a publ ished learn ing object. 

The first version found in the literature refers to LORI 1.3 with ten criteria: 

Presentation aesthetics, Presentation designjor Learning, Accuracy ojContent, Support 

jor Learning Goal·, Motivation, Interaction lIsability, Interactions Feedback and 

Adaptation, Reusability, Standards Compliance and Accessibility. 

This instrument was first used by a group of 12 participants (instructional designers, 

facu lty members, and media developers) who rated the features of eight learning objects 

published in the MERLOT repository. This initiative served to estimate the reliability of 

the instrument and also to identify potential improvements in the eva luation process in 

order to obtain a reliable assessment of a learn ing object. The findings highlight the 

importancc of a minimum number of evaluators and their prior training in the field of 

learning objects, so that they need less training to understand the eva luation criteria and 

to use the instrument (Vargo et aI. , 2003). 

LORI evolved immediately into vers ions 1.4 and 1.5, where the evaluation criteria 

were reduced to nine aspects: Content Quality, Learning Goal Alignment, Feedback and 

Adaptation, Motivation, Presentation De ign, Interaction Usability, Accessibility, 

Reu ability and Standard ompliance (Leacock & Nesbit, 2007) . It has become a 

teaching instrument used for the eva luation of learn ing objects at Athabasca and Simon 

Fraser universities in Canada; it i formally used as an eva luation tool by the Southern 

Regional Education Board, comprised of 16 states in the U A (SR B, 2005, as cited in 

Leacock & Nesbit (2007)). 
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Krauss and All y (2005) used an adapted version of LORI (vers ion 1.4 in Nesbit et 

aI. , 2002) in order to evaluate a set of learning obj ects specifica lly des igned for teaching 

the subj ect of Pharm acokinetics at the Univers ity of Toronto, Canada . In thi s study, the 

authors intended to investi gate the bas is used by instructi onal des igners when designing 

learnin g objects and the challenges faced during the process and, simultaneously, to 

investi gate the issues associated w ith the evaluati on of effectiveness of learning objects. 

The adapted instrument was composed of e ight criteria: ontent Quality, Learning Goal 

Alignment, Feedback and Adaptation, Motivation, Presentation Design, Interaction 

Usability, Reusability and Value of accompany ing instructor guide. The re-adaptation of 

this version is due to a general issue already explained in thi s chapter: the lack of 

evaluators' famili arity w ith ex isting technica l standards fo r the design of lea rning objects. 

The evaluation process perfo rmed by Krauss and A ll y fo llowed the convergent 

participation model in combinati on with the LORI instrument. According to the authors, 

one of the main benefit s of thi s methodology was to prov ide des igners and teachers with 

a better comprehension of the process of des ign of a lea rning object. It increased 

awa reness of the pedagogical strength and weaknesses of the des ign of lea rning objects, 

and it also encouraged practiti oners to refl ect upon the ir bas is fo r as es ing des ign 

features (Krauss & Ally, 2005). 

2.3.1.2. MERLOT and Cochrane's Review Instrument 

MERLOT is one of the most frequentl y referenced LORs in the literature (Ochoa, 

2009; Sic ilia, 20 I 0). It provides a mature eva luation process based on "scholarl y peer 

review process of peer-reviewed journals" (Hanley (2003), a c ited in Cochrane, 2005) 

for lea rning objects based on three main aspect (Cochrane, 2005; Haughey & Muirhead, 

2005): 

- The quality of content, which considers the quality of the learning object's 

content about the demonstration of the learning goa ls and specific aspects, such as 

correctness, accuracy, referencing, etc. 

- Potential effectiveness as a teaching too l, which assesses the learning object's 

capabilities to support teachers' instructional strategies and students' I arning need . 

- Ease of use, which asse es the aspects of software usabili ty of the learning obj ct, 

such as the layout, the interface navigation, etc. 
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Similarly to the LORI process, reviewers are drawn from the discipline for which 

the material is meant to be used (Haughey & Muirhead 2005). The result of the peer 

review process is a rating from one to five, with additional comments for each learning 

object reviewed. The rating scale represents the following (Cochrane, 2005): 

1. Materials are not worth using at all. 

2. Materials do not meet minimal standards, but there might be some limited value. 

3. Materials meet or exceed standards, but there are some significant concerns. 

4. Materials are very good overall, but there are a few minor concerns. 

5. Materials are excellent all round. 

Cochrane used an adapted version of the MERLOT criteria to assess a set of 

learning objects developed for the subject of Audio Engineering; a discipline common to 

the Music & Audio Institute of New Zealand and Church Sound Engineers (a group of 

five church congregations) (Cochrane, 2005). The author focused on three aspects during 

the evaluation: reusability, interactivity and pedagogy. Cochrane concluded that the main 

design features of learning objects that impact upon both teachers' instruction and 

students' learning are: a clear definition of the learning objectives; simulating real-world 

learning scenarios (activities and equipment); providing high levels of interactivity; and 

embedding formative assessment into learning objects. About the design process, the 

author highlights the needs to choose an appropriate multimedia architecture for 

development; to allow enough time for development and evaluation of learning objects; 

and to adopt a participant-oriented evaluation method during the design cycle. Apart from 

these descriptive conclusions extracted from his experience in this study and statistics of 

ratings obtained from evaluators, Cochrane does not provide empirical validation -

statistical reliability, validity, or correlations between criteria dimensions - for either the 

MERLOT criteria or his evaluation criteria. 

Another well-known set of evaluation criteria derived from MERLOT is the one 

adopted by the Collaborative Learning Object Exchange (CLOE) (McGreal, 2004; 

Schoner, Buzza, Harrigan, & Strampel, 2005). To evaluate the three aspects mentioned 

above, the MERLOT criteria use a set of more than 30 individual questions requiring 

detailed answers, while the CLOE criteria use a smaller set of questions, covering 14 

criteria (available in Haughey and Muirhead (2005». According to the references 

provided by some authors, CLOE was tested by Howgard-Rose and Harrigan (Kay & 
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Knaack, 2008· Richards & esbit 2004) howe er, neither their studies nor their results 

were found in the literature. 

2.3.1.3. Haughey and Muirhead's Learning Object Evaluation 

Instrument (La EI) 

Haughey and Mui rhead (2005) presented a compr hens ive framework to describe 

the argument around the des ign and usage of lea rning objects and the corresponding 

evaluati on instrument, L ~ I. The eva luation criteria \ ere developed for learning objects 

to be used in face-to-face lecture in secondary school belonging to the K- 12 sector 

(i ncluding Au trali a and New Zea land, anada, the K and urope). Due to 

thi s contextua l rea on, the author ugge t that the ontex t of eva luation and the des ign 

process di fG r fr m lea rning object intended for po t-secondary courses (i.e. ad ult 

learn ing in higher ducati on). In pite of thi it makes intuitive en e that lea rning object 

deve loped for fir t-year cour e in uni ver iti e can b al 0 eva luated fo llowing thi 

criterion. 

L ~ I was the rc ult of con idering four xi ting e aluati on model : L ; the 

Learning ederation oundne RI 1.3 (Vargo et aI. , 2003), and riteri a 

developed t attend p cific c ncern fpa rticipant choo l . The ca le all \ a rev iewer 

to a e 14 a pect of learning bject , gr uped into fi ve categorie : Integrity, ability, 

Lea rning, De ign, and Value . 

The auth r pr vided a g od and compr hen i e r fer nce Grin tructional 

de igners where the impli cation G r d ign in ach category are pre entcd. Ilowe er, 

their work pre ent importa nt fault : their re ear h doe n t includ viden e f criteria 

re li ab ility and va lidity· it ha not been contrasted with additional data uch a tudent ' 

performance outcome or u ab ili ty su rvey r ult and I wa unab le to find any ubsequent 

tudic that te ted thi s model. 

2.3.1.4. Learning Object Evaluation Metric (LOEM) and Multi­

component Development and Assessment Models 

The L EM tudy wa perrormed in re ea rch that started in 2005 and evolved until 

20 II. on idering that the pro liferation or re earch on learning objeet started at the 

beginning or the 2000s, when thi s research started there were still important gaps 
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concerning the instructional design and evaluation of learning objects, including the 

following (Kay & Knaack, 2005): 

Research on learning objects and their effectiveness for learning had been only 

conducted for higher education contexts. 

Technical features in the design were emphasized over pedagogical features. 

Lack of systematic evaluation frameworks that are required to ensure the 

pedagogical value oflearning objects. 

The whole of the investigation aimed to address these faults, with which several 

authors agree (Garcfa-Quismondo et aI., 2008; Hadjerrouit, 2010; Nokelainen, 2006). 

Initially, a set oflearning objects for the disciplines of Mathematics, Physics, Chemistry, 

Biology, and Computer Science were implemented following CLOE development 

principles. This approach was re-adapted for the context of education in secondary 

schools. The team selected was composed of an expert who trained the team on the CLOE 

model; pre-service teacher candidates to assist the organization, management and 

development of learning objects; experienced teachers who were experts in the subject 

domain; a programmer and multimedia designer and; an expert in Education to guide the 

evaluation process. 

The multi-component development model is represented by the authors' 

methodological approach. It lasted 13 months and was composed of 15 stages which 

included: performing a study on the qualities required for learning objects and target 

students' characteristics, implement several mock prototypes oflearning objects, produce 

electronic versions, conduct fonnative evaluation of such prototypes' design and 

determine the form of students' usability test, carry out a pilot testing where volunteer 

students used the prototypes and provided feedback, include external evaluators for the 

prototypes developed, carry out the implementation of the fmal learning objects and 

perform a final evaluation by the teachers. 

The design was intended to meet the requirements agreed by the academic members 

of the team. Reusability and accessibility were considered the most important technical 

requirements to achieve. For learning requirements, it was determined that the learning 

objects developed needed to cover those areas with which students had the most 

difficulties; to be content-rich in order to be shareable by different grades; to have an 

interactive and constructive nature; and to reinforce understanding of specific concepts 

rather than teach them as stand-alone materials (Kay & Knaack, 2005). 
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Learning objects were evaluated according to their perceived benefit and quality. 

One of the major strengths of Kay and Knaack's methodology over previous similar 

initiatives is that evaluation was performed from two different perspectives: students and 

teachers. The second strength lies in the number of participants in both evaluation groups, 

which was much greater than in the other initiatives reviewed: 221 students from twelve 

different high schools aged between 13 and 17 years, and a total of 30 teachers. 

Two evaluation instruments were developed and administered. These instruments 

combined statements to rate each aspect of design using a Likert scale from 1 (Strongly 

disagree) to 7 (Strongly agree). In addition, the instruments included open-ended 

questions for the users to describe their own impressions. These are short questionnaires, 

with six and seven questions for students and teachers respectively. To extract 

conclusions from perceived the benefit and quality of learning objects, the authors 

established a coding based on instructional design theories to classify the qualitative 

responses gathered: 

Perceived benefit: Timing. Review of Basics/Reinforcements. Interactive/llands­

on/Learner control, Good for visual learners, Computer-based. Fun/Interesting, 

Learning related, Clarity, Not good at the subject, Compare to other method and 

No reason given. 

Quality: Organization/Layout, Learner control over interface, Animation, 

Graphics, Audio, Clear instructions, Help features, Interactivity, Incorrect 

content/Errors, Difficulty/Challenge levels, Useful/Informative, Assessment, 

Theme/Motivation. 

These "codings" represent aspects extracted from students' and teachers' 

descriptive answers. The results of their analysis revealed that technical requirements of 

reusability and accessibility were not significant either for teachers or students. They also 

served, along with a detailed review of the literature on instructional design (Kay, 2007; 

Kay & Knaack, 2007), to shape the final evaluation criteria, LOEM, published in 2008. 

As result, LOEM is composed of five main categories with different associated sub­

categories: 

• Interactivity, which comprehends the subcategories Constnlctive activity, Control 

and Level ofinteractivity 

• DeSign, which includes Layout, Personalization. Quality of graphics and 

Emphasis on key concepts 
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• Engagement, which refers to aspects associated with the Level of difficulty, 

Theme, Aesthetics, Feedback and Multimedia 

• Usability, which includes the subcategories Overall ease of use, Clear instructions 

and Navigation, and 

• Content, which refers to aspects related to their Accuracy and Quality. 

The LOEM constructs listed above constitute the basis of a new evaluation 

framework to evaluate the effectiveness of learning objects. Different sets of data 

gathered from 1113 students and 33 teachers were statistically analysed in order to test 

the reliability and validity of LOEM constructs. A total of 44 learning objects were 

evaluated related to different disciplines (e.g. Biology, Canadian History, Chemistry, 

Gencral Science, Geography, Mathematics and Physics) taught in middle and secondary 
, 

schools and retrieved from the LORDEC website (Kay & Knaack, 2008). Kay and 

Knaack collectcd the following data to carry out their analysis: 

Teachers' evaluation scores for these learning objects using the LOEM instrument 

composed of 29 items to evaluate the five constructs. 

Teachers' and students' evaluation of the learning, quality, and engagement 

aspects of learning objects used in the classroom. For this purpose two learning 

object surveys were developed and administered: LOES-S for students and LOES­

T for teachers (Kay & Knaack, 2008). These instruments presented the already 

mentioned combination of Likert-scale rated items and open-ended questions. 

Students' performance on the learning object's contents, calculated by applying 

ad-llOc pre- and post-test after using the learning object in the classroom. 

Statistics on the usage oflearning objects in instructional settings, i.e., percentages 

of teachers who used the learning object for: reviewing previous knowledge 

before explaining a new concept; looking at the concept being taught in another 

way; or introducing or exploring a new concept before the lesson. It was found 

that learning objects are rarely used to teach a new concept, explore it or extend 

the concept after the lesson. 

These data were used to perform a variety of statistical techniques to assess formally 

several aspects of LOEM (Kay & Knaack, 2008): 

Cronbach's internal reliability measurements of LOEM constructs were 

acceptable but not exceptional, especially for the constructs Interactivity and 

Design. Reviewing the evaluation items for these constructs might improve their 

reliability. Inter-rater reliability between teachers' evaluation scores was high, 
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however, ranging from 94% to 96%, which reflects the positive effects of 

providing teachers with training on understanding the LOEM criteria applied to 

target learning objects. 

Validity of the LOEM constructs was assessed by applying PCA and correlations 

between them. The authors concluded that only the constructs Interactivity, 

Design, Engagement, and Usability were consistent with the multi-component 

design model proposed. 

In contrast, the construct Content did not emerge as a significant factor 

during the learning object evaluation. This construct covers aspects related to the 

basic functioning of the learning object (e.g. loading time, audio-visual quality, 

accuracy and correction of contents, etc.). It showed insignificant correlations 

with student evaluations, student performance, or teacher evaluations and it did 

not fit into the factor analysis. The reason may be that learning objects were pre­

selected for evaluation and teachers could have filtered out those that had basic 

problems with contents (Kay & Knaack, 2008). 

Significant correlations were observed between constructs although these 

not high. This suggests a "conceptual overlap" between the constructs 

Interactivity, Design, Engagement and Usability (Kay & Knaack, 2008). These 

"overlaps" between design aspects have also been observed in a study described 

in the following subsection. 

Correlations between LOEM constructs and students' and teachers' evaluations 

of learning, quality, and engagement were used to assess the convergent validity 

of these constructs from these two perspectives. The results obtained showed that 

students' estimates of learning, quality, and engagement of learning objects 

correlated highly with the constructs Design, Engagement and Usability, whereas 

teachers' estimates correlated significantly with the four constructs. 

Finally, correlations between LOEM constructs and students' performance were 

calculated to assess their predictive validity to evaluate the impact of the learning 

objects upon the students' learning. The results obtained proved that the four 

constructs correlated positively and significantly with students' performance. 

The tools applied in this study have been quantitatively validated in subsequent 

studies performed to observe the impact of using learning objects in secondary and middle 

school sectors, particularly in the disciplines of Mathematics and Science (Kay, 2011a; 

Kay, 2011 b Kay, 2014). These tools have been also used to investigate teachers' 
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perceptions of learning objects used in the classroom (Kay, Knaack, & Petrarca, 2009), 

and to ana lyse learni ng, quality, and engagement of learn ing objects from students' 

perspectives (Kay & Knaack, 2009). The main advantage of these studies is that large 

number of students and teacher participated in evaluations of learning objects and used 

them in classroom contexts. This confirmed the val idity of thi s research, and the 

cffcct ivenes of the LO M criteria for eva luat ion of learning objects and the instruments 

u ed for the data gathering. 

2.3.1.5. Learning Object Attribute Metric (LOAM) 

The n-go ing debate on the reusability of learning objects has been addressed in 

many re earch articles. The discussion moves between reusing small and stand-alone 

'chunk ' of c nt nt ( owne, 200 I ; Polsani , 2006; Sanz-Rodriguez et aI. , 201 1; Sici lia, 

2004) towards reu ing pedagogical practices (Koper, 2003; Krauss & Ally, 2005; 

Laurillard & McAndrew, 2003; McAndrew, Weller, & Barret-Baxendale, 2006). The 

authors of the L AM study argue that such pedagogical practices are rare ly exp licit in 

lea rning bjects; being normally shared in the academic community by using other 

ducational format (Windle et aI. , 2007). 

The dcvclopment of L AM is a collaborative initiative carried out by the 

Univ rsity fNottingham and the University of Cambridge as part of the project "Sharing 

the L AD: Learning bjectives Activities and Designs" funded by lfSC (l fSC 2006, as 

cited in Windle ct aI. , 2007). The authors stud ied the fMS Learning Design Level A28 

peeification, whi ch aim to implement pedagogical strategies at the leve l f class or 

c ur es . Level A contains three broad areas to define these strategies: the environment in 

which lea rning takes place, the roles of the students and the tutor, and the activities to 

perform (Windle tal., 2007). The authors ana lysed these categories and adapted them to 

the level of learning object. They identified twelve design attributes that potentiall y 

impact upon a learning object' pedagogical reusability: Objective, Integration, 

Mullimedia Richness and ontext (extracted from the environment category in IMS LO), 

Pre-requisites, Support, Feedback and Self-Direction (from the roles category), and 

interactivity, NavigaUon, Assessment and Alignment (from the activities category). 

28 http://www.imsgloba l.orgilearn ingdesign/ldv lpO/im sld_infovlpO.html 
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A valuable contribution of this study is the application of Pattern Language 

techniques (Alexandre, 1977, as cited in Windle et aI., 2007). These were used to identify 

potential conflicts in the design of learning objects at the level of each attribute and 

recommendations to approach them, and to define comprehensive scoring criteria for each 

attribute. Scores defined ranged between 1 to 5 and each score is mapped to a specific 

design approach for an attribute. None of the other studies reviewed in this investigation 

offers this kind of detail in the instruments used. 

The authors validated the evaluation tool in a qualitative and informal manner, i.e. 

receiving feedback and comments from users with pedagogical expertise and a wide range 

of stakeholders: developers, teachers, students, and external project evaluators. 

According to the authors, these were used to redefme the tool; however, quantitative 

results extracted from analysis of feedback are not reported. 

Using LOAM, 101 learning objects, located in two project repositories, were 

evaluated. The statistical analysis performed and the Spearman's correlations showed the 

dependencies between these attributes and their influence on design decisions. This study 

provides clear instructional design guidelines for teachers and developers: an explanation 

of each attribute, the potential issues for design, and recommendations to approach such 

issues. Likewise, the evaluation criteria are specific and leave little room for evaluators' 

subjective opinions. Nonetheless, this initiative also presents the following drawbacks: 

The results obtained, and recommendations for design, are highly tied to the 

authors' own understanding of each attribute and the meaning given to each score 

in the scale 1 to 5. 

The authors do not provide the rationale process performed to map the IMS LD 

Level A categories (i.e. environment, roles and activities) to the level of a learning 

object. 

According to the authors, the learning objects evaluated were originally developed 

following an agile methodology for developing learning objects proposed by Boyle 

(Boyle et aI., 2006). However, it does not associate development aspects with the 

pedagogical design attributes defmed in their evaluation. LOAM tool is currently 

available at the website of the University of Nottingham School of Nursing Educational 

Technology Group (SONET, 2014). 
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2.3.1.6. HEODAR: Reusable Learning Objects Assessment Tool 

H ODAR is a too l for eva luating the quality of learning objects considering both 

educati onal and technica l perspectives. The development of criteria is based on the 

authors' rev iew of several eva luat ion assessments and the LORI instrument described 

above. 

T address the eva lL ation of educational characteri stics of learning objects, the 

author bserve the contents' capability to foster learning and that are related to the 

curriculum. In thi way two dimensions are eva luated: 

P ycho-pedagogical, which comprehends design aspects associated with 

tudent ' characteri stics and psychological aspects that influence the learning 

pr ce s. It include the sub-dimensions of Motivation and Attention, Professional 

ompetency, Level of Difficulty, interactivity and Creativity. 

Teaching, which eva luates aspects associated with the logical significance of the 

lea rning object concerning the curriculum goals. The sub-dimensions establi shed 

include ontext, Obj ectives, Learning Time, Contents, Activities and Feedback. 

The technica l quality of lea rning objects is observed from the principles dictated by 

s ftware u ability (e.g. Nielsen & Molich, 1990) that were applied to evaluate the design 

r th intcrrac and nav igati on of learning objects: 

Intelince de ign, which allows the eva luation of the usability of the interface of 

th learning bje t 'content and includes the sub-dimensions Text, Images, 

Animations, Multimedia, Audio and Video. 

Navigation deSign, which evaluates a pects associated with the organization of 

content within the learning object. It includes the sub-dimensions Home Page 

and Navigation. 

The ultimate purpose of H ODAR is to help the process of managing learning 

obj ects in a learning management ys tem (LM ). For thi s reason, it is a tool designed to 

b integrated int th e y tems and extend their functionality. 

According to the author , HE DAR present the potential to facilitate teachers in 

the evaluati on of learning objects existing in a system by ass igning a numeric value to the 

aspects a sociated with each sub-dimension. These values are unified and incorporated 

into the metadata record associated with the learning object. The final value represents 

the eva luation of lea rning objects associated with the number of teachers who evaluated 

it, which enri ches the quality of the evaluation process itse lf (Morales et. al. 2009). 
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HEODAR is currently integrated with Moodle.29 The tool has been tested in individual 

experiments and sample visualizations of evaluation results have been provided (Rine6n 

Valadez, Martinez Lazcano. & uriel Anaya, 2012). 

Automatizing the evaluation process implies a great saving of time. One may ask. 

however, how this final value impacts upon the overall management of learning objects 

in the platform. I have not found results that help to ans er this question. l-IEODAR does 

represent a comprehensi c framework for teachers and instructional designers to evaluate 

learning objects, but the reliability and alidity of the criteria dimensions have not be n 

statistically investigated. 

2.3.1.7 MECOA: Quality Evaluation Model for Learning Objects 

This model is the result of a collaborative inve tigation between everal Latin 

American and pani h in titutions with the purpo e of developing methodologies and 

tools for assessing the quality f learning objects, upporting their construction and usage 

in Learning Object Management ystems (LOM ) ( guigure & Zapata, 2011). ME A 

is designed to evaluate the quality of learning object from a pedagogical per peetive, 

identifying evaluation criteria ba ed on five dimension 

on tent 

dimen ion compo ed of even feature a ociated with the content fth learning 

object: Information about objective, Typology, Mas media balance, Learning 

objective, Information quality, Timelines of information and References. 

Represent at ion 

A dimension composed of three feature which relate to what the learning bject and 

its elements repr sent: Articulation components, /conicity and Form. 

ompetence 

A dimension compo cd of four criteria that relate to the pedagogical competence 

achieved with the learning object and how it ha been achieved: Level of achievement, 

Re ult , ognitive proce s and Development of competence on pedagogical. 

Self-management 

A dimension that evaluates the capability of a learning object to arouse feeling of 

satisfaction in a learning object: Security and Initiative. 

29 https://moodle.org/?Iang=en 
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Signiflcation 

A dimension that evaluates aspects in the learning resource of how knowledge is 

organized and transferred and whether this is done in a way that is motivational for 

the student, progressive, or adapted to the student's needs: Motivation, Recognizable 

conceptual structure, Generalization and Cognitive challenge. 

Creativity 

A dimension that evaluates aspects in the learning object's design that allows the 

learner to recognize his or her own interests and promote control over individuals' 

learning processe : Self-knowledge and Choice among alternatives on solving 

problems. 

The ME OA evaluation instrument is implemented as part of AGORA (Help for 

Managing Reusable Learning Objects, in Span ish), a proposed management system 

whose ultimate purpose is to fac ilitate teachers in the construction and reuse of learning 

object (Egu igure & Zapata, 20 II ). As with HEODAR, the reliability and validity of 

M OA hav not been tatistically measured. 

2.3.2. Pedagogical usability of educational software 

In hi proposal of an evaluation framework to assess the educational usability of 

learning y tern and materials, Petri Nokelainen explains very clearly what is 

pedagogical usability (Nokelainen, 2006). This notion is founded upon the concepts of 

usability and utility defined by Nielsen and Molich (1990), one of the most referenced 

and well -known authors in the field of software engineering. Nielsen affirmed that both 

usability and utility are quality attributes that can be used to evaluate the overall 

usefulness ofa software product. Usability, assesses "how easy user interfaces are to use", 

whi le utility refers to the ir functionality, i. e. "does it do what users need?,,3o 

App lying these tw concepts to learn ing systems and learn ing objects, Nokelainen 

considers pedagogical usabil ity as a sub-concept of utility (see Figure 1), which can be 

defined as the capability of a system or materials conta ined in it to make it possible for 

students and teachers to ach ieve their goa ls (Nokelainen, 2006). 

30 http://www.nngroup.com/articles/usability-I 0 I-introduction-to-usability/ 



59 

Cost 

Compatlbility 

Reliability 

Usefulness 

.----------------, 
Utility 

. . 
: Pedagogical : 1---...... t"sability : 
I I 

'------' ,-----------------, .----------------, . . 
: Technical : 1---..... l:sability : 

'--___ .J ',, _________________ ,. 
Usability 

Figure 1. Conceptual Mapping of Usability 
Adapted from Nielsen (1990; 198) by Nokelainen (extracted from Nokelainen 2006). 

Other references in the literature point out that the pedagogical usability of e-

learning systems and matcrials relies on two factors: 

their capability to support students' learning processes (Hadjcrrouit, 2010; Melis, 

Weber, & Andres, 2003; Nokelainen, 2006); and 

their capability to be adaptable and applicable to different educational situations 

in accordance with the selected learning objectives (Cooper et aI., 2007; Silius et 

aI., 2003). 

Regardless of the perspective, evaluation frameworks for pedagogical usability of 

educational software are designed to consider the needs of the final user, and this is what 

makes criteria differ from reviewed evaluation frameworks. 

Several authors have investigated, and proposed frameworks for pedagogical 

usability oflearning systems and learning objects, however, in this context, Nokelainen's 

work stands out for several reasons: 

• Nokelainen developed his criteria on the grounds of a review of existing well-known 

evaluation frameworks for usability of educational software (e.g. Reeves, 1994; 

Quinn, 1996; Albion, 1999; Squire & Preece 1996, 1999), identifying the lack of 
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consideration of the cu ltural background of the student as an important factor for 

usability; 

• In addition to this rev iew, Nokelainen developed his criteria on the grounds of the 

learn ing theories of behaviourism, cogn itivism, constructivism, and principles of 

instruct ion; 

• The criteria dimensions are developed to assess both the technical and pedagogical 

usability of learn ing environments as we ll as the pedagogical usability of learn ing 

object de li vered; 

• The criteria were tested with rea l users and val idated in two different and consecuti ve 

cycles that allowed for modifications in the evaluat ion tools. The results of these 

eva luations confirmed all aspects (56 dimensions) defined in the criteria. 

orne propo als of eva luat ion frameworks to assess the pedagogical usability of 

educational oftwar have been based on Nokelainen's work (e.g. Garcia-Quismondo et 

aI., 2008; Iladjerrou it, 20 I 0; Ogunbase 2014). More recent frameworks incorporate 

affective states that impact upon learn ing and upon students' perceptions of usability of 

the software (e.g. Hadjerrouit, 20 12; Pinto & Gomez, 20 11 ; Zaharias, 2009). 

Noke lainen proposes to eva luate the pedagogical usability of learning objects using 

ten br ad dimension. These dimensions refer to design aspects where the differences 

among learners and their indi vidual learning needs, interests, and styles should be 

con idered. The dimensions are li sted as follows (Nokelainen, 2006): Learner Control, 

Learning Activity, ooperative and Collaborative Learning, Goal Orientalion, 

Applicability, Added Value, Motivation, Valuation of Previous Knowledge, Flexibility 

and Feedback. 

With the exception of Hadjerrouit research (Hadjerrouit, 2012), pedagogical 

u ab ility eva luat ion do not incorporate the analysis of students' behav iour in their 

methodologie . This prevent obta ining empirical data that wou ld inform whether the 

learn ing object helped teachers and students to achieve their goals (Noke lainen, 2006). 

2.3.3. Discussion and Implications of Previous Studies 

The studies reviewed in ection 2.3.1 constitute a small but representative set of the 

methodologies and instruments of the eva luation initiatives of learning objects. This 

ection highlight the implications ari sing from these frameworks that impact upon the 

methodology required to answer the research questions cons idered by this thesis. 
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The fIrst main aspect that stands out in these studies is the approach taken for the 

evaluation methodology. The factors that characterize these methodologies might offer a 

broad fIeld of discussion due to their influence on how these methodologies are useful to 

inform the design of learning objects. These factors are identifIed and described as 

follows: 

1. The stage of the learning object's life cycle where evaluation takes place is a 

significant differentiating aspect. The methodologies reviewed can be classified 

as formative or summative, depending on whether the evaluation of learning 

objects took place during their development or usage phase (formative) or 

afterwards (summative). Parallel to being formative or summative, these 

methodologies might also include the development of learning objects. 

Only three of the studies reviewed - Cochrane, Krauss and Ally, and Kay and 

Knaack - performed evaluation processes during the development of learning objects. 

These authors, regardless of their research pUlposes, offer valuable conclusions intended 

to support the instructional design of learning objects. In contrast, other studies, like, for 

example, Haughey and Muirhead or Krauss and Ally, offer valuable information on the 

actual use oflearning objects within their instructional context, exposing the conflicts and 

issues that emerge and designers and teachers might consider during design. 

Contributions from development experiences as well as the context of use can help to 

inform the design of learning objects. Nonetheless, it is difficult to fmd studies that 

include and describe both of them in detail, except Kay and Knaack's research (2.3.1.4). 

As a consequence, methodologies that include development of learning objects and 

their formative evaluation seem to be more effective in informing pedagogical aspects of 

design. Since each stage of the development is enriched with the feedback received from 

the previous stage, design aspects that impact upon teaching and learning can be foreseen 

and improved during ~e development of the resource. At the same time, teachers become 

involved in the construction process of a single resource. This impacts upon the design of 

the instructional context (i.e. the lesson) which forms part of the teaching strategy. 

2. The amount and variety of participants in the evaluation learning objects is an 

important factor. These participants might include a wide range instructional 

designers, practitioners with pedagogical expertise, teachers, and students. 
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Of these studies, only LOAM (subsection 2.3.1.5) included all these categories of 

participants. LORI (2.3.1.1), MERLOT and CLOE (2.3.1.2), LOEI (2.3.1.3), HEODAR 

(2.3.1.6) and MECOA (2.3.1.7) mainly included teachers and experts in the field and in 

pedagogy. Krauss and Ally (2.3.1.1), Cochrane (2.3.1.2) and LOEM (2.3.1.4) 

respectively also included a small number of students. Curiously, the studies 

incorporating students in the" evaluation extract meaningful evaluations of the design of 

the target learning objects and can make recommendations to support a pedagogically 

effective design. This suggests that students' role in the evaluation of learning objects is 

vital to inform pedagogical aspects of design. Teachers' role is also crucial since the 

construction of a single learning object involves thinking of the pedagogical design of the 

target instructional context (i.e. the lesson) and the overall teaching strategy. 

The number of participants is also critical since, from a statistical point of view, the 

bigger the sample of individuals testing an evaluation instrument, the better it is to obtain 

credible evidence ofreliability and validity on both the instrument and the criteria. 

3. The number and variety of disciplines of the learning objects evaluated is another 

important factor that influences the validity and applicability of evaluation criteria 

to different subjects. In this sense, Kay and Knaack's methodology (2.3.1.4) 

during the evolution of their research gives rise to the study with reported results 

obtained from the largest amounts oflearning objects and numbers ofparticipants 

in evaluations performed. 

4. The common fact that characterizes these studies is the lack of behavioural data 

in these methodologies. Empirical results provided are all based upon users' 

scores on learning objects' design criteria. Whereas this is an appropriate method 

for gathering users' perceptions of the learning object, it leaves much room for 

user's subjectivity (Krauss & Ally, 2005), without behavioural data to inform the 

design of a learning object. 

The second main aspect that contributes directly to this investigation is the set of 

criteria defined in these frameworks and the corresponding evaluation instruments. Most 

authors argue that their respective evaluation criteria have been constructed on the 

. grounds of learning theories, principles of instruction, standard specifications, and best 
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practices shared across the global academic community, however, it the general lack of 

proper definitions of the design attributes evaluated is surprising. The only exception in 

the studies reviewed is LOAM (2.3.1.5). LOAM has been of great assistance when 

investigating pedagogical attributes oflearning objects due to the following: 

1. It has been specifically developed to assess and support the pedagogical design 

of learning objects. 

The higher level elements of a learning design - i.e. IMS Learning Design - were 

adapted to the level of learning objects on the grounds of the pedagogical experience of 

tutors and researchers, rather than in the technological aspects of the specification, pre­

established instructional design principles, or learning theories. This "ground-up" focus 

on the teacher adds unique value to LOAM since teachers import aspects of the learning 

design from their successful applications in other learning contexts, like, for example, 

face-to-face workshops and classrooms. Through their participation on the development 

and evaluation of these criteria, it has been possible to express and analyse the 

pedagogical or didactic aspects that emerge in a learning design. Such aspects were 

adapted to the level of a learning object. 

2. Each pedagogical design attribute is well defined and addresses arising conflicts. 

LOAM proposes a core set of pedagogical attributes (analysed individually in 

Section 7 of this chapter) whose definition is focused on an aspect of a learning object, 

providing the designer or teacher with a comprehensive rationale of design conflicts and 

recommended ways to approach them. Although the purpose of this criteria and rationale 

is to promote the reusability of pedagogical practices among teachers, it is the only 

framework that provides such support oriented to inform the pedagogical design of 

learning objects. 

3. Meaningful evaluation scores. 

Each attribute is scored on a Likert scale from 1 to 5. Each value in the scale is 

assigned a meaning comprehensive enough for evaluators to assess learning objects with 

a common understanding of the attribute and the score, which leaves little room for 

subjectivity during design evaluation. 
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4. Relationships between design aspects. 

L AM the only study that provides statistical correlations between pedagogical 

attributes and defines and translates such correlations into what they imply when making 

decision about the design approach to each aspect involved in the relationship. 

1 he main benefit of reviewing these initiatives is to reveal the wide spectrum of 

aspects that arc associated with the pedagogical design of learn ing objects. Constructing 

and visualizing thi spectrum is necessary to identify those aspects that can be considered 

a pedagogical or didactic. The following section offers a classification of attributes 

eva luated according to different dimensions identified in the stud ies enumerated in Table 

2. LOAM pedagogical design attributes have been used as guidance to confirm their 

existence in other criteria. 

2.4. Design Dimensions of Learning Objects 

There are simi laritie and differences between criteria dimensions that classify the 

propertie f learning objects accord ing to each of the eva luation frameworks (see 

ection 2.3.1 and 2.3.2) and concerning the amount and definition of properties covered 

in ach dimen ion. Despite a genera l lack of detailed definitions of design dimensions 

and properties in the literature, it is possible at least to identify the characteristics most 

frequently valuated in previous initiatives. 

A set of typological categories has been defined accord ing to the review of the 

evaluation framework: 

I. ontent : refer to all attributes related to the characteristics that value the quality 

of the information provided in a learn ing resource. 

The a pect addressed include the quality of the informat ion (such as accuracy, 

veracity, and clarity) and it educational impact (level of difficulty, a balanced 

presentation of ideas, its relevance concerning the subject or the learning objectives, 

etc.) 

II. e ign : refers to those attributes that eva luate the user interface of a learning 

resource. 

The aspects include the interface's aesthetic and the layout of its elements; the 

mechanisms offered to navigate through contents; accessibility for users with 
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disabilities or mobile devices; capability to be reused in other learning contexts (i.e. 

other courses, learning units, systems or learners), and the extent to which the resource 

can be customized according to individual teaching needs. 

III. Learning-Teaching: refers to the strictly pedagogical attributes of a learning 

resource. 

These attributes help to evaluate those aspects of a learning object that impact upon 

the learning process and, therefore, help a practitioner to consider the usage of such 

object as part of his or her teaching strategy. 

The aspects of design evaluated include: the alignment of the learning object's 

contents and activities with regard to learning goals (objective / alignment); the level 

of control and independence awarded to learners concerning their own learning of a 

topic (learner control/autonomy); the manner in which knowledge is transmitted or 

integrated within the resource (organization / integration) and its connection to prior 

and future learning (pre-requisite / core knowledge); the level of support (support) 

and mechanisms (e.g. multimedia, scaffolding, etc.) provided by the resource to 

improve learning achievements. 

IV. Usability: refers to those characteristics that make a learning object more 

functional and practical for learning. 

It covers general aspects such as the ease of use, the predictability of what the 

interface's elements mean or do, or additional features that might facilitate and assist 

learning with the object. 

v. Technical: attributes contained in this category evaluate those properties of a 

resource related to its level of interoperability with other learning tools (platforms, 

repositories, authoring), its capability to be used effectively without any tool or 

the need of additional software plugins for its functionality. 

These definitions have been further analysed to extract specifically named 

attributes, summarized in Tables 3.1, 3.2 and 3.3, and grouped according to the main 

categories. These will form the basis for producing an empirical evaluation that is 
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required to address the research questions. For the purposes of Tables 3.1-3.3 below, the 

studies examined have been allocated numbers as follows: 

Table 2. Bibliographical References for Evaluation Frameworks 

Evaluation Framework Main Bibliographic Reference 

1 
Pedagogically Sound basis for Learning Boyle & Cook, 2001 
Objects reuse 

2 
LORI 1.3 Vargo, Nesbit, Belfer & 

Archambault (2003) 

3 
LORI 1.5 Nesbit, Belfer & Leacock 

(2007) 

4 
CLOE extracted from Haughey & 

Muirhead (2005) 
5 LOEI Haughey & Muirhead (2005) 
6 MERLOT (adapted evaluation instrument) Cochrane (2005) 
7 LORI (adapted evaluation instrument) Krauss & Ally (2005) 
8 Learning Object Evaluation Criteria Del Moral & Cernea (2005) 

9 
LOEM Kay & Knaack (2005), Kay & 

Knaack (2008) 

10 
UMES Online Course Learning Object Buzzetto-More & Pinhey (2006) 
Evaluation Rubric 

11 
Pedagogical usability criteria for digital Nokelainen (2006) 
learning materials 

12 
LOAM Windle, Wharrad, Leeder & 

Morales (2008) 

13 
MIMETA Garcia-Quismondo, Prado & 

Osti (2006) 

14 
HEODAR Morales, Gomez & Garcia 

(2008) 

15 
Pedagogically-Oriented Evaluation Criteria Sofos & Kostas (2009) 
for Educational Web Resources 

16 
Conceptual framework for the evaluation of Hadjerrouit (2010) 
web-based learning resources 

17 
MECOA Eguigure, Zapata, Menendez & 

Prieto (2011) 
18 Evaluation criteria for Learning Objects Ture! & Gurol, 2011 



Table 3.1. Classification of Attributes for Evaluation of Learning Objects: Dimensions: Content and Design 

Dimensions Study number 
1 2 3 4 5 6 7 8 9 10 1 1 12 13 14 15 16 17 18 

Contents 
Educational significance ..J --J 

Relevance ..J --J 

Accuracy ..J --J ..J ..J ..J ..J --J ..J ..J ..J --J --J 

Level of detail ..J --J ..J --J ..J ..J --J . 

Veracity ..J --J ..J ..J --J i 

Balance ..J ..J ..J I 

Difficulty --J ..J ..J I 

ClaritylUnderstandability --J ..J --J --J I 
I 

References --J --J ~ I 

Desi~n 

Aesthetics ..J ..J --J ..J ..J ~ --J ~ 
Multimedia quality ~ --J ~ ~ --J 

Accessibility 
Navigation --J ~ ~ ~ ~ 
Accessibility ..J ~ " ~ --J " Reusability (context) ~ ~ ~ ~ ~ ~ 

I 

Reusability (learners) ;j I 

Customization ..J ..J ;j 

Layou~ ____ ~ ;j 





Table 3.2. Classification of Attributes for Evaluation of Learning Objects: Dimension: Learning and Teaching 

Dimensions Study number 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

Learning and Teaching 
Objective/ Alignment " " " " " " " " " " " " " " " Organization! Integration " " " " " " " " " " " Subject context " " " Pre-requisite / Core knowledge " " " " " " " " " Support " " " " " Feedback " " " " " -V " " -V " -V -V 
Learner control! Autonomy " " -V -V " " " Interactivity -V -V " " " " " -V " " Assessment " " " " " " " " " Motivation " " " " " " " " " Engagement " " " " " " " " " " " Scaffold (media) " " " " -V -V -V I 

Enhancement (media) -V -V -V " " " I 

Flexibility / Adaptability " " -V " " " " Efficiency " Constructi ve/Co llaborati ve learning " " -V " -V " " " Multimedia " " " -V -V -V " " Retention " I 





Table 3.3. Classification of Attributes for Evaluation of Learning Objects: Dimensions: Usability, Technical and Other Attributes 

Dimensions Study number 
1 2 3 4 5 6 7 8 9 10 1 1 12 13 14 15 16 17 18 

Usability 
Ease of use --J --J --J --J --J 

Ease of navigation --J .y .y .y .y --J --J --J 

Predictability of the user interface --J --J -.J -V 

Help features -.J --J .y -V .y .y --J 

Target learners .y -V .y -V --J 

Contextual assistance .y -.J -V --J 

Clear instructions --J .y -V .y -V -I --J -I 
Technical 
Standards compliance -I -V 
Metadata .y 
Content packaging .y 
Keywords 
Ontologies classification .y 
RequireInents -V -V -V -I 
Stand-alone -V .y -V 
Other values 
Cultural sensitivity -V I 

Credit to creators .y ~ -V 





IMAGING SERVICES NORTH 
Boston Spa, Wetherby 

West Yorkshire, LS23 7BQ 

www.bl,uk 

PAGE NUMBERING AS 

ORIGINAL 



75 

Exp licative example for the attribute Objective: 

Different understandings about this attribute give rise to different approaches in design. In this 

research, the attribute Objective is defined as what a student shou ld be ab le to know or demonstrate aller 

working with a learning resource. Accordingly the design of a learning resource is directly related to the 

manner in which learning objecti e are written. The examples howed in Figure 2 below belong to two 

different slide presentation. These are a common type of e- Iearning resource, here u ed to teach fir t-year 

Programming subject at Kingston ni ersi tyand 

Learning Objectives for this Week 

Describe the parts of a computer system 

Explain the meaning of the word software 
Compile and run your first Java program 
Write Java programs to display text 

Understand how to display special characters 

(Example I) 

h respectively . 

LearnIng Contents 

1. R vi w of Concepts: Hardware, Software and 
Programming lAnguages 
2 . Cone pIS of Object-Oriented Programming 
3. Java Programming Language: Charilcterlsties 
4 . Java Development Kit 
S. Java Vlnual Machine 
6. The process of Programming 
7. om piling Java Programs 
8 . Executing Java Programs 

(Example 2) 

Figure 2. omparative Examples of the Pedagogical Atlribute Objectil'e in the Dc ign ora lide 
Presentation Learning Resollr e 

According to the under tanding of the attribu te Objectil'e, the xampl abo e help t identi fy good 

and bad design practices concern ing this attribute: 

The resource hould in form the tudent of the intended learning outc me (a 111 xample I) instead of 

enumerating the concept that are e plained in it (a in xample 2). 

It is good practice for are ourc to focus on a ingle learning objectiv and co er it completely or as 

much as pos ible, in tead of focusing on everal learning objectiv s. In tead, both slide presentation 

in the fi gure abo e pre ent content that cover a set of learning obje ti e defined for the whole Ie on. 

A large amount of new term or new information u uallyoverload learners' working memory, and it 

also reduces the possibility of thi s slide presentation being reused in another programming module or 

lesson . 
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A di fferent scenario for the design of this attribute occurs when a set of learning objectives need to be 

covered by the samc re ource or when they are related to the same concept. In this case, it would be good that 

the resource expre se thi relationship explicitly and make the potential user aware of it. 

2.5.2. Integration 
This attribute refer to th particular organization of contents and activity items existing in a learning object. 

Author of evaluation model reviewed in Section 2.3 describe this design aspect in different ways so that the 

organization of content in a learning object needs to satisfy certain requirements. 

A learning object mu t pre ent its contents in a meaningful and logical manner (Buzzetto-More & Pinhey, 

2006; Vargo ct aI. , 2003). ome authors argue that thi organization should scaffo ld students' learning and allow 

an efficient under tanding and mental processing of concepts (e.g. Boyle & Cook, 200 I; Haughey & Muirhead, 

2005; Nokelaincn, 2006). Other authors claim that such organization should demonstrate to students the 

conceptua li zation of knowledge by providing hierarchical conceptual maps (e.g. Eguigure & Zapata, 20 II; 

arcia-Qui mondo tal., 2008; Haughey & Muirhead, 2005), progressively rei nforce concepts (e.g. Cochrane, 

2005; Kay & Knaack, 2005) and demonstrate relationship among them (e.g. Cochrane, 2005; Garcia-Quismondo 

ct aI., 2008; Kraus & Ally, 2005). Del Moral and ernea propose that such organization is based on five 

element: an ovcrview, theor tical explanation of topics, activities, a summary and assessment (Del Moral & 

ernea, 2005). hi tructure i reminiscent of a learn ing unit structure; articulating the learning object's 

component in thi way might be useful to integrate the learning object into a learning unit (Morales Morgado, 

6mez Aguilar, Garcia P nalvo, & Ther6n Sanchez. 2009). 

The organization of different type of content within a learn ing object is assoc iated with the integration of 

media element (e.g. videos, audio, animations, simulations, etc.). This is based on existing evidence on the 

positive impact of multimedia on learning (see attribute Multimedia Richnes below). In this way, a balanced, 

seamless, and appropriate integration of these element within the object implies that the overall learning value 

of "the whole is greater than the um of its part .. (Windle et aI. , 2007). LOAM recommends organizing contents 

in uch a way that the learning object's " form follows function" (Windle et aI. , 2007). In this sense, the HEODAR 

criteria suggest that a learn ing object shou ld demonstrate through the organization of its contents one or several 

learning stra tegies depending on it learning purpose (problem-solving, case stud ies, etc.) (Morales Morgado et 

al.,2009). 
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Teachers not habituated to integrating different types of information in the same learning material might 

tend to separate textual theoretical explanations from audio-visual materials that show practical application of 

the concepts, simulations and activities for practice and assessment, etc. Different materials complement each 

other within the learning unit to facilitate the achievement oflearning objectives. It is usual for the instructor to 

communicate to students how these materials are organized, the sequence of access, and with what purpose, 

whereas students typically follow instructions. Nokelainen's empirical research on pedagogical usability argues 

that the organization oflearning resources must be flexible and consider learners' individual differences, reward 

the student with the freedom to navigate freely through learning materials, identify appropriate learning 

resources, and even participate in the integration between them (Nokelainen, 2006). This seems to be consistent 

with three of Hadjerrouit's criteria (Hadjerrouit, 2010): 

Differentiation, which highlights the need to develop learning objects whose organization of contents can 

be adapted according to differences between students; 

Autonomy, which highlights the importance of providing the knowledge in such a way that the student is 

more independent of the teacher's instruction; and 

Variation, which recognizes students' capabilities to work with a combination of different learning 

resources adapted to their learning styles, needs, and ways oflearning. 

-----·-----··----------------.1 
, Explicative example for the attribute Integration: I 

I 
1 

Integration is defined in this research as the manner in which different types of contents are integrated I 
into the learning resource so that the overall form aligns with its function within the whole learning design, and I 

scaffolds and enhances learning. I 
The strategy adopted to integrate different contents (i.e. theory, examples, or activities) is usually chosen 

. I 
by the lecturer who transmits knowledge in accordance with his or her own understanding of the topic (Haughey I 
& Muirhead. 2005). For instance, an inductive strategy to organize knowledge introduces explanations that I 
require students to reflect on and comprehend the scenario. In contrast, a deductive strategy presents a problem- i 
solving scenario that encourages the student to learn from the practice and deduce or conclude the theory. These I 
two approaches are related to the manner in which individuals tend to learn and. whereas induction corresponds I 
to the natural way to teach, deduction corresponds to the natural human way to learn (Felder & Silverman, I 
1988). 

-------_ .. ~._~-_. __ ._--_._---_ .. ~ ... ~ .. --_ .. _.- .- -- .... --------~ .. -
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2.5.3. Context 

This attribute refers to the instructional context in which the learning object is going to be used. It is 

defined as " the degree of contextualization of materials or how specific to a discrete group of learners" (LOAM 

Tool Attribute Scoring riteria, p.2). Examined criteria refer to one or both of these aspects, however, the aspect 

evaluated is the learning object s potential for reusability. 

The aspects evaluated with the LORI vary depending on the version: LORI 1.3 (Vargo et aI., 2003) 

assesses the potential of the learning object to be transported between different courses without requiring any 

modification (Krauss & Ally, 2005). The last version, LORI 1.5, focuses on evaluating the potential of the 

learning object to be "used in varying learning contexts with learners from different backgrounds" (Leacock & 

esbit, 2007, p.45). 

Cochrane evaluates whether the object can be reused in different course due to severa l content 

characteristics such as the demonstration of a core concept, the contents are clear, concise, accurate, and well 

summarized, and relevancy to a specific course. He concludes that although these characteristics in design are 

relevant for reusability, the role of the educator to embed a learning object in a bigger learning context is crucial 

( ochrane, 2005). 

The other aspect evaluated by Context i that the learning object's design allows it to be used by a broad 

range of learners (Buzzetto-More & Pinhey, 2006; Leacock & esbit, 2007; Windle et aI., 2007). It requires 

consideration of students' learning needs, levels, cognitive ariety (Leacock & esbit, 2007), and learn ing pace 

(Garcfa-Quismondo et aI. , 2008). At least, it is important that the learning object includes information about the 

target group of learner for which it is intended (e.g. their academic level, age or background) (CLOE, as cited 

in Ilaughey & Muirhead (2005)), and possibly in its a ociated metadata record. 

Leacock and e bit (2007) argue that a learn ing object can be effective for a broad range of learners but 

recognize that no single learning object is effective for all learners in a ll contexts. None of the evaluation 

instruments can affirm or predict such a thing. In order to inform the instructional context in thi s asp ct, it is 

neces ary to analyse student' behavioural data (Kay & Knaack, 2008; Nokelainen, 2006). Students' 

characteristics are crucial information in instructional design, especially in learner-centred design approaches 

(Zaharias, 2006). Therefore, students' characteristics constitute another factor determining the context where a 

learning object is used : their learning needs, their backgrounds, the behaviour in different scenarios that comprise 

the teaching strategy, their learning styles, their behaviour within the learning env ironment, and the materials, 

activities and assessments delivered. 

Reusability at the level of learning contents was achieved to a certain extent thanks to standards (Boyle, 

2003), however, achieving reu abi lity at the level of instructional context, that is, learning scenarios and learners, 

is still a major challenge in the area of learning objects. The asp ct con idered by di fferent authors lead one to 
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think that the challenge is due to the diversity of learning scenarios and learners, two factors that occur 

simultaneously. 

This research agrees that learning objects do not have a value or utility outside instructional contexts 

(Cochrane, 2005; Haughey & Muirhead, 2005; Krauss & Ally, 2005) as this value lies in their application to 

classroom settings or learning environments where the teacher might not be present (Haughey & Muirhead, 

2005). Achieving reusability implies that the design of a learning object has to be flexible enough for it to be 

combined with other resources in the instructional context (Del Moral & Cernea, 2005; Haughey & Muirhead, 

2005; Windle et aI., 2007). Examining the instructional context is crucial for design since it determines the 

learning object's size (a property commonly referred to as its granularity) and its combination with others 

(Polsani, 2006; Sicilia, 2003; Wiley, Gibbons, & Recker, 2000; Wiley & Waters, 2005). The debate around the 

combination and granularity of learning objects to be reusable continues and currently no consensus has been 

reached. The general recommendation is to design learning objects as small "chunks" of content, as disaggregated 

from each other as possible, to facilitate their repurposing, however, this creates a tension with the instructional 

context of use which is also influenced by the instructor's teaching style (Haughey & Muirhead, 2005). 

During the design process of a learning object, it is not possible to predict the variety oflearning scenarios 

that will use it. Therefore, reusing a learning object might require modification of the scenario (Le. the target 

instructional context) to allow the integration of the new element or modification of the design of the object. In 

either case, the human factor is required since modifying educational contexts or content chunks requires 

pedagogical expertise (Cochrane, 2005; Haughey & Muirhead, 2005; Wiley, 2007). In this situation, it has been 

proposed that reusability should be aimed at the level of pedagogical practices (Krauss & Ally, 2005) or learning 

designs (Windle et aI., 2007) instead oflearning objects. 

Explicativ: ex~:;l~ ;~~the at;~~-u~e~~ontext:~-"~ --~ --- -'------~~---'"---~~--~-~-~----'-----~-'1 

In this research, Context is defined as the degree of contextualization of the resource concerning the I 
learning unit topic or how specific it is to learners' level oflmowledge. I' 

In the case of computer programming subjects, it is common to develop resources that refer to topics 
I 

that are outside the context of the resource's learning unit. The following example illustrates the meaning of : 
i 

this attribute: i 

In the case studies presented in this thesis, the strategies to capture a user input in a Java program are I 
one of the first lessons. In one of this strategies, the programming code requires the learner to use the class I 
Scanner. In the case of the course INF0055, this is the concept of class and specific Java classes (like the i 

Scanner class). In ~~~_~~~,~~~~=~~ncepts are e~~l~~~d~_~~econ_~~:e~~o~~e. Some concepts and elements I 
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of the programming code taught to students are out of context about both the learning unit and students' current 

knowledge. Figure 3 shows a resource that illustrates this example: 

~1~ ~i::~\ai~! ; ~i~~:,i 
puhllC' arn1e void ... ! n('tril'! ; U 211lH 

Itdc9 N3aiPI , 
'cantle C' tecla:lo .. new Scan.ntr' "c 
5Y.U •. o';~.F r .t - "rl9rea. II t\oOIII: r.: - l: 

KIIQ • ~t1Q pu'"t..t.r._Oi 
Syat.ea.o.1t.pdJltln ,-•• 1evro de conoccrtc ­

t nor.lu:d: 

fide 11:1 111.91'''0 de l nollbn 
de l uWl rio 

Figure 3. Example of Attribute Context 

The canner object u ed in the code (named " tec/ado") or the Scanner class is not explained, nor 

referenced in any of the other tabs. The resource does not include references to other resources within the same 

lesson or in other lessons that explain the concept. 

It would be ideal to design the resources in a learning unit in such a way that it is not necessary for 

students to deal with concepts that have not b en explained at that point or in previous lessons. When this is 

not possible (e.g. the example above) an option is to enrich the context of the resource by including extra 

re ources in the same lesson. It is like creating a " family" of small resources that the student can relate to each 

other. In this example, an additional resource was incorporated to explain the Scanner class and how it is used. 

This modification improves the attribute Context of the learning unit. 

Another option is to extend the attribute Context of the resource by including explanations or references 

about the "mi sing" concepts (e.g. the class Scanner, the term class and object). This kind of modification 

needs to be approached very carefully since it contradicts the rule of designing according to a single learning 

objective or concept. onetheless, it is common practice to incorporate new concepts when the aim is to use a 

learning resource to link different learning units, when it is intended to encourage advanced students to 

undertake more complex activitie , to dig deeper into specific knowledge, or when the aim is to inform students 

about how to move forward with the knowledge acquired. In these scenarios, the design approach for the 

re ource's context can be enriched directions to external content resources or activities, conceptual maps that 

help students to acquire a mental model of the knowledge, interactive help menus, etc. 
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2.5.4. Multimedia Richness 

This attribute refers to the amount and appropriateness of multimedia elements emb dded in the learning 

object for the pu rpose offacili tating learning. The usage of multimedia content (e.g. text , diagrams, audio, video, 

and animations) in instructional design is based on the theory and principl es of multimed ia learning (Leacock & 

esbit, 2007). The main propos ition is that "Multimedia messages designed in the light of how the human mind 

works are more likely to lead to a meaningful learning than those which are not" (Mayer, 2002). 

Static media elements do not always all ow the vi suali zation of ex isting relati onships between concepts 

(Krauss & Ally 2005). In thi s case, the development of interacti ve multimedia elements i needed to transmit a 

specifi c degree of knowledge, sk ill , or association of concepts. T hese usuall y require the development of 

interacti ve multimedia contents in learning objects (Cochrane, 2005; Krauss & All y, 2005). 

These features, especiall y interact ive multimedia, make I arning objects powerfu l tools to enhance 

traditional teaching methods in such subj ects (Cochrane, 2005) and can present students with learning scenarios 

not easily repl icated in face-to-face lectures (Haughey & Muirhead, 2005). Incorporating interactive multimed ia 

elements in learning objects leads to a positive impact on student ' learning processes, engagement, motivation, 

and fundamental affecti ve states uch as boredom or attention ( ochrane, 2005; Fetaji & Fetaj i, 2007; Garcia­

Quismondo et a I. , 2008; Graf, Liu , Chen, & Yang 2009; Haughey & Muirhead, 2005; Kay & Knaack, 2005, 

2008,20 I I; Krauss & All y 2005 ; Windle et aI. , 2007; Zahari a ,2009). 

Developing learning objects with interactive multimed ia e lements can be challenging. Firstly, the 

development is time-consuming and costl y because, in the best-case scenarios, development teams require staff 

with specific technical knowledge (programmers, media designers), instructi onal designer, experts in pedagogy, 

teachers and students (Alharbi et aI. , 20 II · Windle et aI. , 2007). It is a non trivial process that requires the time 

and j oint efforts of these people (Gadanidi s, Sedig, & Liang, 2004; Kanuka, 2006). Secondly, once it is publi shed, 

it is very di f fi cult to modify the resource for reuse as thi s requires more developers and appropriate software tools 

(Wiley, 2002). 

As a result o f includ ing in the methodology the development process of interact ive mul t imedia learning 

objects, Cochrane recommends choosing w ith great care the multimedia architectur for implementat ion, since 

it needs to meet specific requi rements of the di scipline or subject to be learnt. The platform used by Cochrane 

was QuickTime31 (Apple Computer , 2004), characteri zed for prov id ing programming tools that a ll ow one to 

track students' interacti ons with elements in the interface. Alth ough the development team did not use them to 

obtain these data, in the context of thi investigation I beli eve that data extracted from these interacti ons 

constitutes an excell ent monitori ng of students' learning proce se , which is val uable for des ign. 

31 http://www.apple.comlquicktime/what-isl 
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Explicative example for the attribute MlIltimedia Richness: 

The attribute i defined as the extent to which the various media types (audio, video, graphics, images, 

etc.) embedded in the resource or the learning unit facilitate learning and the achievement of objectives . An 

example of multimedia elements that can be used for thi purpose is shown in Figure 4 below. 

[n thi example, the discipline of Audio-Engineering requires students to handle and master the usage 

of certain controls in electronic devices. The resource shown provides a simulation of such controls. It 

constitutes an excell en t example of the design of an interactive resource that present a high level of multimedia 

richness. 

., 
-v 

• . 0'1 v I () ,u. ,J V ,..J V v. " I ~ .................... -
a 0: DO l aCID. Q a a 0 g u aD g u • . ' 

~ ~ , ~ , ~ ~ ~ ~ ~ ~ .. '. .. .. . .. ... .. .. . .. 
:: :: ,: : ,:: :: :: :: :: :: 

Figure 4. Example of Attribute Afllllillledia Richness. 
Source: Cochrane (2005). 

[n the case of learning programming concept. a good example of a rich multimedia design was 

developed by London Metropolitan University and published in the Codewitz32 material bank. This example 

was used to explain the concept of array in Java. The images below correspond to a resource: an animation 

and the sequence of verba l and visual information provided to the learner when interacting with the "Show" 

button. 

32 http://wlvw.codcwitz.col1l/demoobjects.php 
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Figure 5. Example of Attribute Multimedia Richness. Sequence of screen in an Animation 

2.5.5. Previous Knowledge 
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This attribute refers to the level of cognitive knowledge or skills that a student must already possess to 

understand new concepts presented in a learning object or to perform an activity (Windle et a I. , 2007). 

The criteria reviewed eva luate thi s attribute by observing the following characteristics in a learning object: 

It provides a clear identificati on of important previous concepts or ideas (CLOE), observing the degree 

of detail with which pre-requi s ites are reviewed and explained within the resource (Buzzetto-More & 

Pinhey, 2006; Del Moral & Cernea, 2005; Kay & Knaack, 2005; Nokelainen, 2006). In thi s way, students 

are informed of what they need to know already to continue successfully with their learning and extend 

their knowledge. 

It presents pre-req ui s ite knowledge in connection to previous and future learning (Eguigure & Zapata, 

2011 ; Garcia-Quismondo et aI., 2008; Haughey & Muirhead, 2005). This approach would provide 

students with a more meaningful scenario, not only by makin g them conscious of the relevance of earli er 
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concepts and the cumulative nature of knowledge but also by showing the connection existing among 

learning objectives. 

It can adapt the presentation of its contents in accordance with different individuals' previous knowledge 

(Hadjerrouit, 2010; Krauss & Ally, 2005; Nokelainen, 2006) by presenting an adaptive design. For 

instance, the resource might incorporate different "paths" that demonstrate its usage depending on the 

student's previous knowledge (Nokelainen, 2006). 

The extent to which the learning object incorporates within its design or contents the previous knowledge 

required in such a way that students might require very specific, general or no knowledge about the subject 

to use the resource (Windle et aI., 2007). 

The capability of the learning object to be reused in other learning contexts without the need to make any 

modifications to its contents (Cochrane, 2005; Krauss & Ally, 2005). 

It is usual, when designing a learning object, for designers to have information on the target learners' 

expected level of knowledge. In many occasions, this information is provided by the institution's academic 

programme based on the outcomes of previous courses. For example, a student who has passed the course 

"Programming I" is supposed to have the basic knowledge to start the course "Programming II". In this scenario, 

the design of the learning object may be based on the learning objectives aimed for that new course and the 

teaching style adopted. However, it is logical to expect a difference in the level of knowledge among students 

who passed with an "A" grade from those who passed with "C" or "D" grades. As a consequence, the same 

learning object would have a different impact on students' progress in the new course. 

Learning objects should "respect" individual differences in previous knowledge which should be 

considered during the design process (Hadjerrouit, 2010; Nokelainen, 2006). An approach to identifying different 

levels of knowledge existing in a cohort is to perform a diagnostic test at the beginning of the course, so the 

teaching strategy and face-to-face sessions can be better adapted. In the investigation on evaluating the 

effectiveness of learning objects, this kind of test has been conducted as a pre-diagnostic mechanism whose 

results were contrasted with the results of a post-diagnostic test. In this way, it was possible to obtain insights 

into the resource's impact on academic performance. 

Obtaining and incorporating this information during the course to produce better adapted learning objects 

is difficult or, in the case of interactive multimedia materials, unviable. Including a review of the important prior 

concepts required to understand the new ones could be an alternative that also diminishes individual differences 

in the level of knowledge but still be informative to the learner. Nokelainen proposes a design strategy whereby 

different paths might be incorporated into the learning object to "demonstrate the usage of the learning material 

depending on the previous knowledge of the learner" (Nokelainen, 2006, p. 185). In contrast, in this research it 
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is argued that empirical research on students' behaviour with learning objects and activities conducted in different 

academic years in the same course cou ld provide a valuable source of information to inform the Previous 

Knowledge design of new learning objects or improve existing ones. The truth is that each new cohort is different, 

and there wi ll always be individual exceptions that need a separate analysis. It implies a s low process that needs 

to be systematicall y documented, however, the findin gs generated may contribute to enhance des ign on an 

empirical basis. 

Expli cative example for the attribute Previous Knowledge: 

This attribute is defined as the extent to which a learner is required to possess the pre-requi site knowledge 

to achieve the learning objective successfully. Examples of how to incorporate in the design of a learning 

resource the required previous knowledge are: 

To include a separate section or menu that refers to contents or resources already seen in that lesson or 

in previous lessons, and refer to thi s section when it is necessary. 

To all ow the v isuali zation of existing connections between knowledge th e student already possesses 

and new knowledge which, for example, can be done by incorporating conceptual maps in the resource. 

To show the student how to use this "previous knowledge" to achieve the lea rning objective desired . 

For example, F igure 6 shows a resource designed for novice students which explains the 

implementation of the code required to solve a problem. 

inpon In . . ... t. U .S"-Mtl t:1 
pl-bllc: el • •• l jllL'n: ' do_lt 

p~li:: au tio Y'O i d IU-Ln1 Stdr:9 U i 1n)( 
trt M1. 
int. x2 ; 
int str.'L'u 
Scan:w: r t.e cl .":Io .. new SCJlO . .',er (~y.t.e2l.!..n I ' 
Syalt:'O.o~t. p,"int(·: D9:r..1IL' pd ._ r Qu:Mro: . ) I 

Nl '"' t ecl.ado.:;utlolO ' 
Syste. •. O\lt. s rlnt' '' :ngruc UiJondo nune to: .. ,: 
N2 ... t.ecado.~uUflt.O' 
H(ltU2-0It 

S75:eZ.. OI:ll .prlet lnC"1l pd_r r.On:ro e& plr, "') 1 
I 
el~et 

SYltu.OlJl.priatln, · Sl pr::1..r r.r..e co .u ~!"."II 
I 
it (li2U-G1I 

Sp:.e:n. ot:l.prlntlo ("&1 .RiVO;: nt:oero n pOl!. ~I : 
I 
el •• , 

!JY!l tl'!'Z: . OUl .pr l r. t lnC · Sl le9undo n{m,e ro ell 1..qlH . -) , 
I 
aUCla ... !lHlf21 
Syu«:a.o:.t. pd ntln (la .. " • ·.:11~" ... .... IlIU.) I 

Figure 6. Example of At1ribute Previolls Knowledge 
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In omputer cience degrees, fir t-year tudent are introduced to programming languages and coding 

by learning to \ rite p eudo-code and de ign flow chart; whereas the next step is learning to implement the 

actua l code in a pecilic pr gramming language. The attribute Previous Knowledge in the design of this 

re ource i wcll appr ached ince the initial tab "Algori tl1lo" shows students how pseudo-code and flow charts 

help to develop the required code (Figure 7). 

2.5.6. Support 

. --
. 
~. 111 ; .".! 

~,,··~ .. t·.·. A 

Figure 7. E\ample of Attribute Previous Knowledge with Unfolded Tabs 

Regarding de ign, thi attribute refer t the level of guidance provided to the student within the learning 

object (Windle et aI. , 2007). he evaluation riteria reflect that, a software product of instructiona l design, the 

upport provided in learning obje t can b di tingui hed at two different levels: technical and pedagogica l. The 

technical ap t of this attribute reference technicalu abi lity a pect reviewed in ection 2.2.2 of thi s chapter. 

Authors of more pedag gi ally rient d frameworks value technical usability and assess thc fo ll owing aspects 

in each dimen ion: 

• Easy 10 leam 

The learni ng object mu t provide clear instruction for its usage ( ochrane, 2005 ; LOE; Haughey & 

Muirhead, 2005; Kraus & lIy. 2005; Leacock & Ne bit, 2007; Kay & Knaack, 2008; Eguigure & 
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Zapata, 2011) and it must present a consistent layout and structure across sections (Leacock & Nesbit, 

2007; Garcia-Quismondo et aI., 2008; Hadjerrouit, 2010). 

• Efficient 

Associated aspects concern the ease of navigation through contents (Krauss & Ally, 2005; Leacock & 

Nesbit, 2007; Garcia-Quismondo et aI., 2008; Kay & Knaack, 2008; Hadjerrouit, 2010; Eguigure & 

Zapata 2011) or the time of response to the learner's interactions or delay in loading web content (Leacock 

& Nesbit, 2007; Garcia-Quismondo et aI., 2008). 

• Error-supportive 

In the context of educational software it is important that any error of the student is related to the learning 

goal and not to the resource's interface. Apart from providing a consistent and intuitive interface design, 

the learning object should provide help and instruction features that allow the learner to grasp the 

directions quickly and return to the content or activity (Haughey & Muirhead 2005; Krauss & Ally 2005; 

Leacock & Nesbit, 2007; Garcia-Quismondo et aI., 2008). Ideally, such help and directions can be adapted 

to individual needs (Windle et aI., 2007). 

• Accessible 

Among the set of evaluation criteria reviewed in this research, this attribute is only specifically evaluated 

in Haughey and Muirhead's model (2005), LORI 1.5 (Leacock & Nesbit, 2007) and ALFIN (Garcia­

Quismondo et aI., 2008). 

Other characteristics are evaluated in the design of learning objects to provide another kind of support 

(which could be referred aspedagogica/ support) intended to aid both the teaching and learning processes. 

Design features of learning resources that are considered to help the instructor in teaching are related to 

learning objectives and contents. These features include: support for a variety of learning objectives (Cochrane, 

2005); increase and reinforce progressively the understanding of concepts (Cochrane, 2005; Garcia-Quismondo 

et aI., 2008); include a variety of assessment activities (Buzzetto-More & Pinhey, 2006; Cochrane, 2005; Garcia­

Quismondo et aI., 2008); demonstrate relationships between concepts (Cochrane, 2005; Krauss & Ally, 2005); 

efficiency in the sense that a learner can learn a lot in a short time (Cochrane, 2005; Garcfa-Quismondo et aI., 

2008); include academic references (CLOE; Del Moral & Cernea, 2005; Garcia-Quismondo et aI., 2008; 

Haughey & Muirhead, 2005; Leacock & Nesbit, 2007); not requiring the instructor's intervention to be used in 

combination with other resources (Haughey & Muirhead, 2005); accurate, error-free, and balanced presentation 

. -of contents (CLOE; Buzzetto-More & Pinhey, 2006; Cochrane, 2005; Del Moral & Cemea, 2005; Garcia­

Quismondo et aI., 2008; Haughey & Muirhead, 2005; Krauss & Ally, 2005; Leacock & Nesbit, 2007; Vargo et 

aI., 2003); provide a suitable level of detail and difficulty in contents (Garcia-Quismondo et aI., 2008); and 
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include contextual assistance (Garcla-Quismondo et aI., 2008; Haughey & Muirhead, 2005; Morales Morgado et 

al.,2009). 

The design features mentioned above are also intended to support students' learning processes. However 

additional features in this a<;pect are also evaluated in the design of learning objects: 

Adaptability of contents to students' levels and learning needs (Del Moral & Cernea, 2005; Eguigure & 

Zapata, 2011; Krauss & AlIy, 2005; Leacock & Nesbit, 2007; Vargo et aI., 2003; Windle et aI., 2007). 

One of the main objectives in providing adaptive learning systems and learning objects is to reproduce the 

high levels of achievement that are obtained with one-to-one tutoring (Akbulut & Cardak, 2012; Brusilovsky, 

Karagiannidis, & Sampson, 2004). Adaptive mechanisms are implemented by making use of a wide variety of 

sources such as an individual's performance history, measures of aptitude, preferences or affective states 

(Leacock & Nesbit, 2007). The result is an adaptive learning design that varies in the number and format of 

explanatory contents, and the type, amount, and difficulty of exercises and assessments. 

In tum, adaptive learning objects are rarely available for reuse outside the research for which they were 

developed (Leacock & Nesbit, 2007). The reason may be that achieving high levels of adaptability implies 

considering learning needs that are too specific and too dependent on the learning situation (Nokelainen, 2006; 

Zaharias 2006, 2009). The amount of literature demonstrates that much more research has been conducted on 

implementing adaptive learning systems than learning objects, which confirms that it seems easier to incorporate 

adaptive mechanisms to platforms than to leaming materials. 

Adaptability is also associated with the level of control provided to learners over their own learning 

processes. It refers to the existence of choices that enable the student to select the level of instructional support 

obtained or to select among different learning activities to satisfy diverse learning interests (e.g. self-knowledge, 

cognitive challenges) (Buzzetto-More & Pinhey, 2006; Eguigure & Zapata, 2011; Kay & Knaack, 2008; Leacock 

& Nesbit, 2007; Morales Morgado et aI., 2009) (see attribute Self-direction below). 

Feedback 

The feedback provided to the learner constitutes one of the main forms of supporting learning. It is 

considered by itself as a separate attribute that is explained in the next section. 

Usage of multimedia 

As it was described in the attribute Multimedia Richness, multimedia elements in learning objects are 

considered important to support, improve, enhance, and motivate learning. 

Include different learning strategies (Eguigure & Zapata, 2011; Garcla-Quismondo et aI., 2008; Morales 

Morgado et aI., 2009). 

Depending on each learning scenario and the approach adopted in the teaching strategy. different learning 

strategies are proposed to students. Learning strategies are developed by behaviourist and constructivist 

instructional methods. A well-known example ofbehaviourist learning strategies is so-called "drill-and-practice" 
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learning methods, which "account for the bulk of instructional software now in actual classroom use" 

(Kosch mann, 1996, p. 7). In contrast, strategies like problem-solving learning (Jonassen, 2000), experiential 

learning (Kolb & Kolb, 2005), di scovery learning (Shulman & Keisler, 1966, as cited in Kichnner, weller & 

lark 2006) or inqui ry learning (Bateman, 1990, as cited in Kichnner, weller & Clark 2006) steam from 

constructivist approaches. These learning strategies present advantage and di sadvantages and their application 

depends to a great extent on the learner's academic level ( lark et aI. , 20 I 0; Kichnner, Sweller & lark 2006). 

Behaviouri st strategies imply a controlled and structured learning proce s, which makes so ftware implementation 

easier. However, constructivist strategies entail a fi erce challenge for instructional des igners (Jonassen, 20 I 0; 

Merri ll , 2002; Karagiorgi & Symeou, 2005). 

Explicative example for the attribute Support : 

This attribute refers to the level of support prov ided to the learner by the content author within the 

learning resource, e.g. in the form of help menu , glossaries, navigational support, on screen advice, etc. 

S1Ipport in design includes everything that helps prevent confu ion in the user's mind. onfu ion i a 

common affecti ve state in first-year students learning how to program: students need to under tand multi ple 

programming concepts, learn the "computer-thinking' to implement algorithm , and simultaneoll Iy 

understand the usage of programming environments. 

Figure 8 shows an example where the student is provided with dynami c explanation whi le executing 

the code using the nav igational button prov ided. At the same time, an animation appear , colouring the part 

of the fl ow chart that correspond to the line of code executing at that moment. 
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Figure 8. Example I of attribute IIppor/.Frolll BodrolV & Bodroll' 2006) 
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Another form of providing support is shown in the resource below (Figure 9) where the interface is 

di vided into two part , the code and the ex planati on of the code. The explanation part supports the acquisition 

f knowledge of concepts during the se ion with the learning resource. The button "More" shows detailed 

explanation abo ut the pe i fi c line of code . 

..... ~ .. c­
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Figure 9. Example 2 of Attribute SlIpporl 
From Bodrow & Bodrow (2006) 

2.5.7. Feedback 
F',Jedb Ick is the m age PI' vided in re pon e to a learner's action on either an interactive or assessment 

elemcnt within the I arning bj e t. The e me age can provide two main functionalities: inForm the student 

which i r shollld b • if h ice are provided - the next action to take (ca ll edfeedJon vard by Bjorkman ( 1978), 

a it ed in , dl ' r (_0 I 0» r pr vide an a e ment of the student's response to a task. FeedJonvard is supposed 

be an enc uraging guidance toward future ineractions, whil e immediate Feedback is supposed to correct the 

tudellt ' l11i take gently and pr m te reO ction (I Iadjerrouit, 20 I 0; okelainen, 2006; Sadler, 20 I 0). 

The attributc F, > 'dback xplained from the perspective of the assessment functiona lity since 

ie 'ltfO/word i n ider ' d a the attribute SlIpporl de cribed in the subsection above. 

All cva luali n riteri a for the de ign ofl earning obj ect a se s this attribute. By revi ewing the evaluation 

in trument , cvcral type f des ign approaches can be identified. When no feedback is provided, eva luation 

instruments a c thi attribute with the lowe t or "nol applicabl e" scores (e.g. ochrane's adapted version of 

MERL T rileria, r L AM in trument). Usually, all ea tone of the following types of feedback is provided: 

l11 e age with ba ic informati on like "correcUwrong" or quantitative marks; messages with short explanations 
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of the mark obtained (e.g. "The correct answer is ... "), explanations tailored to the learner's response (e.g. "You 

answered [ ... ] however, that response [ ... ]"), or explanations that include additional advice for a particular 

learner and improve the learning object's adaptability (Windle et aI., 2007). Only LOAM specifies a different 

score for these types, whereas the other instruments leave the score to the evaluator'S opinion. 

General recommendations are suggested when implementing the attribute Feedback (Sadler, 2010): 

To praise students on the strengths of their work; 

To inform them about deficiencies, where they occurred, and their nature; 

To tell them what would have improved their response; and 

To point to what could be done next time they complete a similar activity. 

Evaluation criteria only contemplate whether feedback is provided, however, whether the feedback satisfies 

these qualities is not evaluated in any of them, except Nokelainen's e-Valuator system and instrument. 

Any learning activity without feedback "is completely unproductive for the learner" (Laurilliard, 1993, 

as cited in Cummins, 2008) which makes it a fundamental pedagogical attribute. However if the learner does not 

clearly understand feedback information, then it will have little or no impact (Cummnis, 2008; Sadler, 2010). 

From the perspective adopted in this investigation, what it is important is what the student makes of feedback. 

Therefore, analysing the interactions performed after receiving different types offeedback may inform about the 

utility of the information provided, and the impact on the learning process and on the usage of other resources in 

the learning unit. 

Ii Explicative example for the attrib~~~Feedba~~~------ --'"'--------'---'-'"--1 
~ ! 

!I This attribute is defined as the level and type of feedback provided to the learner while working with I 
,; I 
~ the interactive elements or assessments within the resource. As mentioned above, there are different levels of I 
! feedback. The resource shown in Figure 10 presents a basic level: I 
t I 
~ I 
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Figure 10. Example I of Attribute Feedback. 
Ba. i fccdbacJ.. . hown aner a wrong answer (cxtracted from Bodrow & Bodrow, 2006) 

Beft re a tuden t eltct an an wer in the dialogue ection, the corresponding feedback text is the basic 

I11C r .oi n rr t". 

M rc thor u h reed back i provided in the fo llowing resource where, when the student selects the wrong 

line rc de it how a brier explanation (Figur II) and when the right line orcode is chosen the feedback is 

l110ti ating and e plain why it i rre t (Figurc 12): 

Quiz test your understanding 

SlartJng wflh line 1. clicK on Ihe bunons below 10 conSitUCllWO lnes of code 
which creale In array called "udenlMar1<s lhal wilillore 10 lIudenl marks 
The "Lldenl mark • • re Iliinlege" ltom 0 10100 

line 1 at,,,. ftm Jl1tL)«.I ",U$t 

grliIP I.t'-e alTaI a rumo. 
TId) >It I 'der~., space 
fof It ra rremory 

' igurc II. Example 2 of Attribute Feedback. Message shown aftcr a Wrong Answer. 



Quiz test your understanding 
Starting with line 1. click on the buttons below 10 construCllWO i nes or code 
which create an array called studentMarks that w~1 store 10 student marks. 
The student marks are allinteger$ from 010 100 

in ( J studentMarks ; 

line 2 
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Figure 12. Example 3 of Attribute Feedback. Mes age shown afler a orreet Answer. 

2.5.8. Self-direction 
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This design attribute refers to the level of control afforded to the learner when interacting with the 

resource. As previously mentioned, this attribute is closely related to the term learner control, which implies 

freedom to select the sequence of contents visited, aeti vitie to complete, the representati on of the content, the 

pace, etc. The LOR I tool values thi s attribute as a manner of enriching the learning object' potential for 

adaptability (Leacock & Nesbit, 2007; Vargo et aI., 2003). 

From the des ign perspective, thi attribute invo lves providing choice. At the Ie el of learning 

environments or learning units, choices can be provided through open access and interacti on wi th different 

content resources, activities, and assessments; at the level of a learn ing object, it in olve open navigation, 

optional interactivity, optional sections, etc. The LOAM instrument allows one to eva luate the learn ing object 

from this perspecti ve, considering the existence and amount of choice provided in the se lecti on of tasks, 

completion or navigation. Thus, thi s is due to the conception that choices should enhance learning objectives, 

which are attained more through activity items and less by content elements (Buzzetto-More & Pinhey, 2006; 

Windle et aI. , 2007). 

From a cognitive perspective, Garcfa-Quismondo and co lleagues evaluate the capability of the re ource 

to personalize interactive items (Personalised inleraclivily), proposing the completion of mUltiple tasks 

simultaneous ly and giving access to multiple contents depending on the increasing attention (Flexibility). 
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Similarly to lOAM, this criterion also values the existence of clear and consistent navigational options within 

the object as well as access points to return to the main contents in the topic from any section of the learning 

object (Navigation) (Garcfa-Quismondo et al., 2008). 

Other models that evaluate this attribute due to its impact upon individuals' cognitive development are 

HEODAR and MECOA. The attribute Self-direction can be clearly identified in both instruments as the attribute 

Creativity (Eguigure & Zapata, 2011; Morales Morgado et aI., 2009). For design, it implies including activity 

items and contents that allow the student to recognize and pursue his or her own learning interests (this is also 

known as "self-regulated learning": Zimmerman (1990». The MECOA instrument also evaluates in the resource 

the existence of different problem-solving approaches available to choose,33 the existence of options to select the 

level of difficulty faced in activities (Cognitive challenge: Eguigure and Zapata (2011», and whether the resource 

includes components that lead the student to demonstrate different levels of initiative (Self-management: 

Eguigure and Zapata (2011». 

The lOEM framework evaluates the level of learner control in the dimension of Interactivity. The level 

of learner control in this context is considered as the possibility to select the display of contents and information 

provided as well as to manipulate them. This level of control is particularly significant in learning objects for 

disciplines such as Maths (e.g. Gadanidis et aI., 2004), Geometry (e.g. Sedig, 2001), Audio Engineering (e.g. 

Cochrane, 2005), Pharmacokinetics (e.g. Krauss & Ally, 2005) or Computer Programming (e.g. Cooper, 2010). 

The level of learners' control over their own learning process is still a current topic of debate in the 

academic and research community. Constructivist approaches to learning support providing students with high 

levels of control, however, this presents certain dangers that need to be controlled, such as disorientation, 

distraction, and cognitive overload (Kirschner, Sweller & Clark 2006; Scheiter & Gerets, 2007). In this matter, 

instructional designers are recommended to consider the principles of Cognitive load Theory (ClT). ClT 

assumes the existence of a limited working memory connected to a long-term memory (Baddeley, 1986, as cited 

in Kirschner, 2002). At any particular time, humans operate with their working memory, which normally allows 

the individual to hold about seven information items simultaneously, from which only two or three might be 

actually being processed rather than on hold (Miller, 1956, as cited in Kirschner (2002) and Nokelainen (2006». 

The long-term memory acts as a repository for more permanent knowledge and skills not used al\ the time but 

which the individual needs to know and remember (Kirschner, 2002). Because of this limitation, the design of 

instruction should be adequate to the learner's working memory capacity for an effective learning process, 

otherwise learning might be diminished and inefficient (Kirschner, 2002, 2010; Leacock & Nesbit, 2007; Mayer 

& Moreno, 2003; Nokelainen, 2006). There is evidence that suggests that high levels of learner control are 

suitable for learners who present an adequate prior knowledge on the subject, better self-regulatory learning 

)3 It should be noticed that this design option could also be considered as the Support attribute already described. 
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sk ill s, and positive cognitive ki lls and attitudes towards learning (Mayer & Moreno, 2003 ; cheiter & Gerets, 

2007). Other authors suggest that students can make better deci ions when they are informed about diFferent 

choices provided (Leacock & esbit, 2007). 

Ex plicative example for the attribute Self-direction: 

This refers to level of selF-direction afforded to the learner through open navigation acro different 

secti ons of the resource, optional interacti ity, optional sections, etc. elf-direction can be limited to a linear 

nav igation through the resource, allowing the student to move forwards C'Next" button) or backward (" Back" 

button). 

Figure 13 shows an example of thi s design approach of the attribute Self-direction. 1n contra t, Figure 

14 provide an add iti onal menu to the left that allow the student to acce the content he/she i intere ted in. 

u 

, .. 

_ 0 

~ 
' .. hell . " 

Figure 13. Example I f Attribute Se/fdirection: De ign Approach with Buttons "J)ack" and" c 't". 
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Figure 14. Example 2 of Attribute Se/fdirection: Design Approach that Includes a Direct-Access Menu. 
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2.5.9. Interactivity 
Interactivity i one of the mo t aluable and appreciated de ign features in learning objects. It is the main 

di rreren e betwe n learning object and traditional teaching materials such as textbooks. It maintains students 

'nga 'emenl in what Ihey are learning by attracting their attention (Littlejohn, 2007). 

L M deline. this. ttribute a the extent to which the learner can engage actively with the learning object. 

Thi in trument, hO\ e r, nly e aluate the percentage of the e lements in the learning resource that allow 

intern ti n. The auth rs highlight an e ' isting i u about when to provide didactic interactivity or more complex 

and n tru ti i t intern ti ity. They recommend providing" imple, engaging interactions spread across the 

obje L and ali n d with th learning objective" (L M Tool Attribute coring Criteria, p. I), but in the design 

me que ti n. ari e that require empirica l research to be answered, like, for example: How to associate 

nn interaction r a gr up f int ra tion to a learning objective? If different learning objectives are usuall y 

de ' rib'd thr ugh di n' rent rb (e.g. a pecilied in Bloom' taxonomy), what kind of interaction or group of 

intern tion i. appropriate to \ hi herb? \ hat type, amount and sequence of interactions are required to ali gn 

with, learning obje ti typic. II de crib d For introductory programming courses? Is it poss ible to represent 

these interacti n with intern tiv item in a graphicalu er interface? 

imilnrly t Windle's appron h for eva luating the attribute Inleraclivity, other initiatives merely evaluate 

the 'x tent t \ hi h di Icrent typ S of interaction arc pr vided in the learn ing object without specifying the type 

r the a 'P' t in whi h n learning bj I is interacti e (e.g. Del Moral & Cernea, 2005; Morales Morgado et aI. , 

200). c rding t ther cv. luati n rame\ rk. , thi attribute i a sociated with the Following design aspects: 

_ Th 'cxistcn ' I'intcrncti clement that impr ve the 0 cral l u abi lity of the lea rning object, for example, 

the ex i tan e r navigati nal ption and help menu, or the predictability of the interFace and ease of use 

(l3ullctt - ~ r' & Pinhey 2006; . glligllre & Zapata, 20 II ; ar fa- uismondo et aI. , 2008; Leacock & Nesbit, 

2007; M bRL T; ar' ,t. al. 200 ). 

_ Th' 'xtenl t whi hint 'mctive itcm ali gn with the learn ing objective or simulate rea l scenarios 

ochrane, 2005; I laugh ' ' Muirhc. d, 2005; L E; MERL T). 

- The manl1er in \ hich the interfa 'or it ontent re pond before an interaction on the user's behal f. The 

re ur e an pr id' intern ti e feedback, ad, pt ontent to the learner's prolile, or changc the di splay of 

infi rl11ati n a rding t the I 'arn r's need ( hrnnc, 2005; arcia-Qu ismondo et aI. , 2008; Ilaughey & 

MuirI1C, d 2005; Kay & Knaack 2008; Lea e bit, 2007; argo, 2002). 

- he e ten I to \ hi h Ihe learner an ontr I the pace, processing, and seq uencing of inFormation or create 

an ou tc mc with the re lIrce ( hrane,2005; -gu igure & Zapata, 20 II ; Garcfa-Qu isl11ondo et aI. , 2008; Kay 

Knaack, _008; Krau Il y, 2005). 
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- The extent to which the learning object provides socia l or coll aborative interacti on between learners and 

the teacher (Buzzetto-More & Pinhey, 2006; Garcia Quismondo et aI., 2008; Sofos & Kostas, 2009); 

Other aspects that evaluate the quality of interactivity are: the extent to which the learning object 

motivates learners, is visually attractive, and emulates realisti c environments (Cochrane, 2005). 

Expli cative example for the attribute Inleraclivity: 

In this research , Inleraclivily refers to the extent to which a learner can engage with the resource in such 

a way that it motivates and faci litates the learning process. 

The resource developed by London Metropolitan University (previously referenced to illustrate the 

M1Iltimedia richness and Self-direclion attributes) constitutes a good example to show when and how to provide 

interactivity for novice learners in first-year Programming cour es . 

At the beginning of the resource, the concept of "array" is explained by showing an animation and brief 

verba l explanations. Although the level of in teractivity provided at thi s point is limited, it i appropriate since 

the student can control the pace and repetition oflhe explanations (Figure 15) . 

.. 

.. , . 
• 

..... . .,. ..... . ..,. ..... . 
Animottion Itmt ICTeen Animation end Kreen 

Figure 15. Example of Attribute Inferacfivity. Design Approach for tudent to ontrol the Paee and Repetition of 
Explanation . 

The second part of the resource proposes two exercises. In igure 16 it can be noticed that the level and 

purpose ofinteractive items have changed . In the first exercise, the student is provided with a set of lines of 

code and asked to order them as it should be done in a real program (Exercise I in the fi gure) . Second, the 

learner is asked a question to check whether the concept has been understood (Exercise 2 in the fi gure). 
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Figure 16. E'llmplc 2 of ttributc IJllemclil'ity. De. ign Approach for Interactive Assessment. 

In thi "amplc the type of interaction propo ed in e ercises can be considered an excellent design 

appr a h. II allow thc tud nt to fo u on learning the concept of "array" and how to build a program, without 

dcaling with the mple.xitie f programming environment or compi lation messages (Boyle, 2006). In other 

\ ord, the typc ofintcrn tion J..e p the learner f, cu ed on learning the main topic. This type of interact ion also 

aligns cry I scly with the our e laming obj tive of olving a problem by creating a Java algorithm (see 

attributc Aligl1mel1t in . ub ti n 2.5. 12). 

2.5.10. N vig tion 
Ith ugh thi ' attributc i dclin din L M a "the extent to which the learning activity forms part of the 

Icarning de ign" L 1 T IIribute c ring riteria, p. 5), what the in trument evaluates is the types of 

no iga tion and thc I11bination ofthcm pr vid d in a learning object. According to the authors, the conflict in 

dC 'igll appcar ' \ hcn hoo ing b t\ eell linear or directed navigation, which can be repetit ive and tedious, or 

morc pcnn n-Iincar pti n that pr vide multiple pathway but can be confu ing and disorienting to the learner, 

cspeciall tho 'wh ar' not familiar \ ith the topic. The recommendation is to make activities meaningful, mix 

linear and 11 n-lin 'af 'cqu nee , and all \V thc learner to choo e. In the eva luation frameworks reviewed there 

an be found appr a he that 011 \V at lea lone f Ihree allernalive : 

- Linear r didactic 

Ilaughey and Muirheod (2005) propo e linear navigational approaches in such a way Ihat the learn ing 

bj ecl" ontent · arc lru tured afrold student learning. Buzzctto-More and Pinhey (2006) propose a 

navigation th aI is clear, I gically rganized and meaningful. 

- Learner nIl' I ( P n na igation) 
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Cochrane (2005) proposes to implement a pedagogical navigation within the learning object in such a way 

that it is orientated "for students' investigation rather than linear". 

- Combination 

Krauss and Ally (2005) propose a combination of navigation mechanisms. First, following the behaviourist 

learning theory, the resource's contents are organized in ordered tabs. Secondly, a network of related contents 

was presented to provide students with multiple pathways. A set oflearning strategies were also included in such 

a way that students received direct instructions when using a specific strategy. 

Del Moral and Cernea (2005) assess whether the learning object provides a combination of two main 

navigation mechanisms: (1) a comprehensive navigation system that allows access to any section ofthe resource 

from any section; and (2) a navigation mechanism based on a linear conceptual design of the subject in such a 

way that it follows the formula "overview-theory topics-activities-summary-assessment". Sofos and Kostas 

(2009) evaluate seven types of navigational options that range from "No navigation" to "Smart Navigation", 

however, they do not provide design examples for each category. 

Other authors value the presence of different navigational options to ensure usability and, at the same time, 

the organization and navigation through contents in such a way that it is conceptually meaningful (e.g. showing 

relationships between concepts, hierarchical relationships, key concepts, etc.) (Garcla-Quismondo et aI., 2008). 

The HEODAR and MECOA instruments evaluate the presence of both linear and learner control navigational 

aspects (Eguigure & Zapata, 2011; Morales Morgado et aI., 2009), however, they do not distinguish a range of 

navigation levels between these two extremes. 

i Explicative exa~ple ~or ~:'"':;ribu~~;:i~~-:'''--'"" "". ,.".--,~--"---.,"".-, "'"'" '''' - '" , "-- ". -'"''''·'''-'1 
Ii 

~ This ~ttribut~ refers to extent to which the learning resource, whether it is cont~nt ~r activity, forms part I 
Ii of the learnmg deSIgn. An example of a combination of both linear and open navIgatIOn through different. 
II i 
i sections (e,g. with "Next" and "Back" buttons) in a resource can be seen in Figure 17 (also used to illustrate I 
~ the attribute Self-direction subsection 2.5.8). I 
Ii ! 
i This kind of combination can be also implemented through menus, glossaries of concepts, or conceptual I 
ij 'I i maps included in the resource. In this case, however, to prevent the learner from "getting lost" it is a good i 

I practice to provide a mechanism that helps to track the sequence of concepts or sections that have been visited i 

i (in web design, this is known as "breadcrumbs"). Likewise, it is usually recommended make any section of the I 
i resource available from any section. . 

~ 
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Figllre ' 7. J::\lImpl of ttribllte !l\ iga tion. D sign Approach or a ombination of Linear and Open Navigation 
Mechanisms. 

2.5.11. Assessment 
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'I h L 1 illstrum nl delin s thi attribute a "the e I ntto and ease orwhich the learner can perform an 

Tool tlribule coring riteria, p. 6). The aspect eva luated is the amou nt of 

111 'n t qu 's ti n in a learn ing bject and how many or them address the learning object ive. The authors 

ar u ' that self-ass 'So ment is I' r the I arner' b nelit, enabling Ihem to can test how well they have understood 

th' mat 'ria l. 'I h 'r 'f' r' th ' re tlll11cndation i t define the a e ment clearly, so the student is conscious of 

what he I' he i SLIPP sed t pro ti c r te t and po e the same level of difficulty as the other materials. 

D > ign impl i ati ns fbr the remaining e aluati n framework agree with this understanding, varying little 

in their approa hes. The Icurning bj' t shou ld in lude a e ment item with formative and summative feedback 

to reinfo!' 'kn \ ledge ('.g. L E; 

Kay , Knaack 2005, 2008). 

t1 way th At th 'y align with the learni ng 

2006; Del M rnl ' rnea, 2005; Lea 0 

hrnn ,2005; Del Moral & ernea, 2006; Ilaughey & Muirhead, 2005; 

n ider that, abo e all , a essment items need to be designed in such 

bjecti e for which the object is designed (Buzzetto-More & Pinhey, 

e bit, 2007; Richard & esbi t, 2004; Vargo et aI. , 2003). In the 

L M illtrul11en t thi property i a parate attribute a il ed Alignment (subsection 2.5. 12.). 

'I he M :; fram 'W rk va luate thi property a the competition indicator of the lea rning object 

(Eguigure Zc pata, 20 I I). Regarding de ign, thi framework sugge ts that the following a peets need to be 

taken into ac unt : the alignment between th camp tenee provided by the object with the learning objective; 
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the kind of element within the object facilitating the achievement of such competence; the type of competence 

acquired, and the activities that mediate such achievement. 

It is worth noting that none of the eva luation criteri a make recommendations about using a concrete type 

of assessment interaction (or a sequence of them) depending on the lea rning objective to be achieved. 

Ex plicati ve example for the attribute Assessment: 

Thi s attribute is defined as the extent to whi ch and ease with which the learner can perform an effective 

sel f-assessment. 

When including assessment item in a learning object, these must align with the concept or learning 

objecti ve for which the resource is des igncd. An example of a e ment items is presented in Figure 18 (also 

used to illustrate the attribute Interactivity, subsection 2.5.9) . 

1· .. _· .. • ..... _ I I 
Fw,.' ----, II "'j·---, · ,1 

1._ --, .. _-. .• . , I I··· · .. ···• ...... 1 

""""''1'1 '''' 

.. . 
Quiz t ty 

o...g~~ ........ ..".... .. h""l ...... lA ... ." ... 
..................... -......tOn.....:tM 

u~ 1\ l-wrU I" , 

"" 

Figure 18. Example oft he Altribute Assessment. 
equence or Asses ment Items in a Learni ng Objc t ror Java Programm ing ubject . 

In thi example, self-assessment exercise are mainly focu ed on the content of the r our e (focused 

on explaining the concept of arrays in Java). The drawback of thi kind of assessment i that it i brief 

(composed onl y of two hort exercise ) and lacks more va riety of que tions. For exampl e, it could have 

included questions to interpret a piece of code, more exercise to build an algorithm, or a final te t with no 

supporti ve feedback that would provide the student with a formati ve score. 

2.5.12. Alignment 

LOAM defines this attribute as " the ex tent to which the asses ment element measure atta inment of the 

lea rning objective" (LOAM Tool Attribute coring riteri a, p. 6) . As has been menti oned, Alignment can be 

easily confused with the Asses ment attribute; however, whereas the latter measures the amount of assessment 
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item e 'i ting in the bjectthat addre the learning objective, Alignmenl measures the percentage of the learning 

obje ti e that i addres ed in a e ment element. LOAM authors recommend that the self-assessment elements 

and the learning bje ti mu t be ompletely aligned so that learners are confident that they have attained the 

ther authors apply thi property to content elements contained within the learning object (CLOE; 

M ERL ' Kosta, 2009), \ hi h may impact upon the level of interactivity provided by the object. For 

o hrane (2005) argue that it is important that all the object's contents help 

simulate r 'a li stic learning cenario, upporting a variety of learn ing objectives. 

Exp li at i e xampl for the attribute Aligmnenl: 

The attribute Alignllleni i defined a the extent to which assessment items in the resource measure 

attainment fthe learning obje ti e for which the resource was developed. It is especially important to ensure 

that s'lf-rl sessment a ti itie in the re our e align completely with expected learning objectives (see the 

attribute ASSL'.\·s lIIL'111 in the pre iou ub ection). An example of this pedagogical attribute is shown in the 

intera ti ea ' e 'ment e tion howed in Figure 19: 

• 
r------·~--~----------~ 

h •• l 

[~ .~ •• - ...... J 
.. El 1- ..... ·" 1 

AMo\-, ... , .... . 
"'OM' J 

• 
Qui ~ 0 I tyour und rat.lnd ng 

Dr ................ ~ . • ,. ... .,..) ......... .".., 
..................... ...-n.n ..... 11 

...,lItlliVI 7 t;t1 7 

t .. ,cUe l 

Figure 19. E,amplc of Attribute Alignment. 

El · 

In ' llI~ioll or Intcnrctive Assessment Items that align with Learning Objectives. 

1 he sc i f-a se ' ment item pre ented in the fi gure are closely aligned with the lea rning objectives defined 

for the pr graml11ing topic and the lIr . hi de ign approach i particularly good since it manages to align 

\ ith a set f learning obj' ti e su h a: omprehend the concept, build algorithms, develop logical thinking, 

and become familiar with the yntax fthe Java programming language. 
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2.5.13. Implications of pedagogical attributes 

The first mai n consequence of analysing pedagogical attributes according to the different meanings 

identified in the eva luation frameworks ' criteria is that it forces practitioners to reflect upon their practice and 

evaluate, thus at least in their own minds, the design of the authored materials at the level of these attributes. The 

resources used in case stud ies presented in this thesis have important faults in the attributes described above. For 

example, content materia ls are separate resources from activity resources, therefore content materials lack 

assessment items. This lack affects the assessment of attributes like Objective, A ses ment and Alignment. 

The second consequence is to appr ciate the "connection" or "overlap" existing between certain attributes, 

such as the attributes Objective, Integration, ontext or Previoll Knowledge. These attributes relate the learning 

resource directly to the instructional context where it is used. ince tudent interact with a learning resource and 

partner resources in its context, it seems that ana lysing students' behaviour may help to a sess these attributes 

ampos et. al., 20 12). 

The ana lysis of these pedagogical attribute manifest multiple approache and al ternati ves in each 

attribute that can be adopted when designing learning object for any di sc ipline. uch alternati cs emerge from 

the acknowledgement of the appl ication of di fferent teach ing tratcgie and i nd ividual ' di fference concerning 

learning needs, styles, background on the subject, learn ing interests, and affect ive tates that impact upon learning 

or motivational factor. All these factors are associated with learning behaviour since different previous 

initiatives have used it to study aspects of the learni ng proces . 

2.6. Learning Behaviour and Pedagogical Design of Learning Objects 

2.6.1. Learning Styles and Learning Behaviour 

The main hypothesis of this thes is attempts to establish whether learning behaviour can be used to inform 

the pedagogical des ign of e-Iearn ing resource ba ed on the set of attributcs proposed in the previous sections of 

this chapter. In thi s context, consideration needs to be taken of individual factors that affect individual's learning 

behaviour and how they may be used to improve the des ign and development of e- Iearning soluti ons. 

Learning styles constitute a key factor that influences an individual's learning proce s; their potential to 

inform the design oflearning resources is considered in thi s thesis. evertheless, concern ing the identification 

of the learn ing styles of participants in thi research, there are some constra ining factors that require review. As 
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with the learning platform that was chosen to deliver the learning objects to the participants, the practitioner-led 

approach provides a key constraint. The main case studies that form the basis for this research are Computer 

Programming courses delivered at the Institute of Informatics of the VACh in Valdivia, Chile. In this Institute 

the learning styles of students are routinely assessed in a range of courses. 

Particularly in the subjects of Computer Programming, the Institute of Informatics participated actively 

in the IGVAL project.34 Among the objectives of this project was the implementation and validation ofinnovative 

and contextualized solutions that help students to acquire new programming knowledge and skills, and provide 

adaptive support based on students' profiles, which considered their cultural background, their "Felder­

Silverman"learning styles, and their learning needs. The platform, Aprende Tutoring System,35 was used during 

2013 in pilot courses delivered at five universities in Latin America. Aprende was used to deliver learning objects 

that were classified and delivered on the grounds of students' learning styles. Both the platform and learning 

objects were evaluated with very positive results regarding the adaptation and improvement of students' academic 

performance (Campos et at., 2013). 

With the purpose of continuing the investigation of the influence of learning styles, we developed the 

"detector of learning styles" (DEA) system (De la Maza, Alvarez-Gonzalez, Campos, & Vasquez, 2014). This 

tool provides students with questionnaires and shows the results obtained for three different learning style 

models: the Felder-Silverman Index of Learning Styles (Felder & Silverman, 1988), the Herrmann Brain 

Dominance Instrument (Herrmann, 1991) and the Structure of Observed Learning Outcome taxonomy (SOLO) 

(Biggs, 1979). Future work in this project includes integrating the DEA system into a bigger learning environment 

able to dynamically recommend learning contents and activities to a student based on his or her learning style. 

In both the IGVAL and DEA initiatives, students' learning styles are ascertained by administering the 

corresponding learning style questionnaire whose results are associated with students' profiles. In contrast, 

students' learning behaviour is the data source that has been applied to detect learning styles automatically in 

learning platforms and improve their adaptability to individuals (Graf et. at. 2009; Khan, Graf, Weippl, & Tjoa, 

2009; Moridis & Economides, 2008; Moridis & Economides, 2009). 

These findings are valuable contributions to the development of ALSs. They have not yet been applied to 

the development of learning resources, however, there are a few proposals in the literature that suggest to resort 

to learning style theories when developing learning objects. This approach would strength the pedagogical design 

of resources and would improve the academic performance of those students with a strong preference for a 

particular learning style (Arias, Moreno & Ovalle, 2009; Felder & Silverman, 1988; McLoughlin, 1999; Ossadon 

:w http://www,igualpmject.org! 
)~ http://aprcndc.igualprojcct,orgl 
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& Castillo, 2006; Sprock & Gallegos, 20 13). In spite ofthi , there is at present no ev idence that instruction should 

be designed and planned on the basis of a learning style model. The work presented in this thesis is intended to 

shed light on this topi c. 

Accordingly, a study of the actual influence that a learn ing style preference exert upon student' 

behaviour with different resources online deli vered i ca ll ed for. The practitioner- led approach introduced in 

hapter I deternlines this aspect of the work presented by conditioning the selection and administration of a 

learning style model suitable for the purposes of this investigation. Among the th ree models a ailable in DEA at 

A h, the Felder- Silverman Learning tyle Model (FSL M) has been widely investi gated in e-Iearning contexts 

for two main reasons: first, it describes learning styles in four eparate dimen ions, and in using these dimensions, 

- L M includes styles of previous well-known models li ke Kolb or Mayer-Brigg (G ra f, 2007); second, it is 

one of the model most ollen used in technology-enhanced learning, peciall y in adapti ve hypermedi a ystems 

(Graf, 2007; Kulji s & Liu, 2005). 

2.6.2. The Instructional Context of E-Learning Resources and Students' 

Learning Behaviour 

The hypothes is established in this thes is propo es to apply information obtained fr m the analysis of 

learning behaviour to inform the design of learning resources according to the group of attribute described 

above. As the analysi of such attributes suggest , in some of them the design of a learning object is connected 

to the de ign of its intended context of use, which support the arguments of I Iaughey and Muirhead (2005) or 

Kraus and Ally (2005). 

Haughey and Muirhead (2005) provide well -documented literature and experi ence on the in tructional 

use ofl earning objects in the K- 12 sector and developcd a comprchensive model for their eva luation. The author 

affirm that " learning object do not have a value or uti lity out ide instructional contex t . Their value i in the 

application to classroom setting or to online environment here teachers mayor may not b pre en!." (p. 2). 

Krauss and All y (2005) conducted the de elopment and e aluation of interactive I arning object for a complex 

learning di scipline in higher educati on. They conclude that d igning for reu ability implie de-contextuali zing 

the learning object, which mean "stripping it of it inherent value" (p. 16). 

The instructional contex t or contextuali zation of a lea rning obj ect i the scenario in which the obj ect is 

being used, and it can include a wide range of parameters that hould be considered in the de ign of learning 

object (Wiley, 2007). Wiley defined instructional context as a "spati al or temporal juxtapos ition of learning 

objects' and established a relation hip between the internal context of a lea rning object (i .e. its internal design) 

and the instructional context where it needs to fit in (e.g. a lea rning unit or lesson composed of other learning 
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objects) (Wiley et. al. 2004, p.l). Wiley's study used this relationship to inform the instructional design of 

learning objects. 

In contrast to this approach, in a previous work my proposal was to inform the design of resources on the 

grounds of their usage and impact upon learning. In order to achieve this, I created a theoretical data model to 

represent students' interactions with resources belonging to a learning unit (Campos et. al., 2012). Whereas that 

proposal suggests the analysis of learning paths generated by students, i.e. the sequences of interactions with 

contents and activities, the present work proposes the extraction of a set of learning metrics from students' 

behaviour and analyses such metrics to observe links between different resources delivered within a learning 

platform. In this way conclusions about their pedagogical design can be drawn on the grounds of students' 

behaviour. Previous investigations of behavioural patterns to detect learning styles and affective states 

automatically (Campos et. aI., 2012) have helped to define an initial set of learning metrics that will be extracted 

from students' interactions and analysed for this research. 

Table 4. Learning Behaviour Indicators (source Campos et. aI., 2012) 

Common Learning Indicators 
Features 

Content objects. outlines number and time of visits 
and examples 
Formative and Summative number of answered questions, time until submitting 
Assessment-Test the test, number of revisions, performance on specific 

types of questions, answering the same question 
wrong twice. time on reviewing the results 

Exercises number of performed exercises. time until submitting 
the exercises, performance on questions about 
interpreting solutions/developing new solutions, 
number of performed revisions, time for reviewing 
the results 

Navigation number of learning objects skipped, number of visits 
to course overview page, time spent on the overview 
page of a topic 
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2.7. Delivering Learning Objects 

Regarding the usage of an e-Iearning so lution that conforms to the usability requirements for the delivery 

of e- Iearning objects required by this study, there are some constraints that require reviewing. In parti cular, the 

practitioner-led approach that was introduced in hapter I provides a fundamental constraint. This approach 

conforms to the practices adopted by the wider group of practitioners operating in the learning environment in 

which the research is being undertaken, in thi s respect this environment was defined by the operating 

requirements of the Kingston Un iversity undergraduate programme. The original undergraduate module that was 

used as a proof of concept for inve tigating the research question posed in thi s thesis was CO I 040: Object­

Oriented Programming in Java. The L 1S officia ll y used at Kingston University i the Blackboard Learning 

Management System which is used on an in titution-wide bas is. Operational constraints and mission-criti cal 

guidelines dictate that the custom software developments required to undertake thi tudy meant that it was not 

feasib le to use and modify thi s plat form directly. In addition, the propri etary and closed nature of the Blackboard 

development environment was a furth er issue that caused problems in using it for this study. However, the 

ex istence of a second learning environment, Kingston Uni ersity Online Learning Environment (K OLE), 

which was developed in-house and is u ed in tandem with the Blackboard system offered the po ibility of 

adopting thi s system as a research vehicle. 

The module CO I 040, which became the initial proof of concept that would form the basis for thi s re earch, 

combined the usage of two environments: the university's offi cial LMS, Blackboard, and the in-house LM , 

KUOL E. Whereas Blackboard was used to enable communication between the teacher and the students, provide 

students with access to different learning materials, monitor the compl etion of the a signment , and perform 

offic ial assessment tests, KUOLE was used to deli ver learning activ iti es du ring practi ca l workshops and monitor 

students' performance closely during the cour e. A more detailed description of the implementati on of the 

KUOLE platform and its usage in thi s research is provided in the hapter 3 of this thes is where the adaptations 

needed to all ow it to address the pedagogical requirements di scussed later are described. The platform wa 

developed in 2008 by the Faculty of omputer and Information System and Mathematic ( I M- EC) at 

Kingston University as a custom e- Iea rning soluti on for the pecifi c needs of a po tgraduate (rna ter's degree) 

course in Network Security. This course wa offered as both face-to-face and di stance learning programmes; in 

the latter, students attended to an intense schedule of face-to-face lectures during one week and performed most 

their work out of the classroom . A learning system was requir d to support thi s course (and simil ar courses) with 

a Blended Learning solution so as not to di advantage di stance learners in comparison with face-to-face learners 

on the same programme. 
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The main objective of this platform was to provide these students with a learning tool that could be used 

to access module learning materials and perform activities proposed for this course. KVOLE was designed to be 

a flexible, cross-platform tool able to deliver course materials and activities, maintaining a consistent interface 

regardless of the content. The standard chosen to implement KVOLE materials was CNXML (see above, section 

2.2.1). 

In the same manner that module contents were organized, structured, and linked through XML files, 

students' interactions with such contents were also stored in XML files, and each student had one file that 

contained information about the basic session details of the student's access to contents and activities. This 

approach could be extended to other student interactions and was appropriate to address the requirements of the 

research. 
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2.8. Summary of Chapter 2 

In order to meet the research objecti ves establi shed in hapter I, thi s chapter has introduced the reader to 

the ex isting empirical research on the design and eva luati on of learning obj ects. Two main approaches have been 

presented: the technical approach guided by the concept and achicvement of reusability and the pedagogical 

approach which advocates other aspects of design related to didactic capabilities orlearning obj ects. 

Firstly, with the aim ofidenti fying such aspect , the mai.n eva luati on frameworks for learning objects have 

been selected for review of their evaluation criteri a and their evaluation methodologies. As an expected outcome 

of this review, a wide vari ety of des ign aspects were identified, and a cia sification ystcm was proposed so that 

pedagogical a pects could be di stinguished. As an unexpected outcome, the re iew of eva luation methodologies 

and criteria allowcd me to identify a set of methodologica l characteri ti cs whi ch constitutes a comprehensive set 

of criteri a to select and characteri ze eva luation framcwork for furth er cia sification and u age as a tool to guide 

the instructional des ign process. These criteri a include: incorporating the development of learning object or 

object to be eva luated; perform formati ve or summati ve eva luation cycles; include varicd and numerous 

potential consumers in the evaluation stages; the amount and vari ety of learning object cva luated; the mea ure 

of reli ability and validity of eva luati on instrument ; and the idcnti li ed and measured relati on hip bet we n 

diffe rent criteri a. 

Among the framework reviewed, the Learning bject Attribute Metric (L AM in ubsection 2.3. 1.5) 

pre ents va lidated criteri a, evaluation instruments and scale defined pecifi ca ll y for a essing pedagogi al des ign. 

For thi s reason, it has been used for guidance in the identi fi cation of a common core et of twelvc pedagogical 

de ign aspect from among a wide spectrum of criteri a found in the studi es rev iewed. he e attribute ar : 

Objective, Integration, ontext, Multimedia Richne s, Previou Knowledge, S1Ipport, Feedback, elf-direction, 

Inleraclivily, Navigalion, Assessmenl and Alignllleni. ince the design i traditionall y evaluated through its 

usability these attributes have been also u ed a the ba i to con truct a cu tom e aluation instrument to collect 

students' perceptions ofthc pedagogical usabi lity of e- Iea rning re ources provided. Thi instrument is explained 

111 hapter 3, and a sampl e of it can be found in App ndix 10 at the end of this thc i . 

Secondly, a learning behavi our i proposed as an empirica l base to in form the pedagogical design of 

lea rning resources the review extended to how learning behav iour has been traditionall y used to inform 

pedagogical features in educati onal software. In the context of thi s research, pecia l empha is need to be put on 

investigating the inOuence of learning sty les upon student ' behav iour in e-Iea rning systems. The literature on 

this aspect is extensive concerning the models and method used to obtain detect students learning style. 

However, the practitioner-led approach adopted in thi s re ea rch favours the selection of the FSL M, and uses its 

mechanisms for collecting and administering results. The analys is of pedagogical des ign attributes suggests that 
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certain aspects of the design of the instructional context influences the design of its learning materials and 

activities. This coincides with other authors' conclusions about the design of learning objects. A theoretical 

proposal I previously presented, which is based on a similar hypothesis, was found useful for this work in the 

identification of the set of learning metrics required. These metrics will help to analyse behaviour and extract 

conclusions on improvements in pedagogical design of learning resources, and to analyse the actual correlation 

between behaviour and leaming styles so that pedagogical design is informed accordingly. 

Finally, analysis of students' behaviour required a platform that would allow delivery of e-learning 

resources and capture of students' interactions with them. Within the contextual circumstances in which this 

research took place, two delivery systems for Computer Programming courses are available at VACh: KVOLE 

and lGVAL. Since it is necessary to collect data on students' behaviour with developed resources and activities, 

KVOLE is the most appropriate platform, however, modifications to it are necessary so that it delivers learning 

resources in other formats different than CNXML. Likewise, it was necessary to capture interactions that occur 

within a learning object, therefore, mechanisms were needed to allow capture and storage of interactions with 

CNMXL content elements. Additionally, a data model I proposed to model students' learning paths might serve 

as guidance to design and implement a database connected to the KVOLE platform, responsible for storing 

students' interactions with the platform and e-Iearning resources. This model and the interactions stored are 

detailed in Chapter 3. 
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CHAPTER 3 

Investigating the Viability of 
Learning Metrics to Inform the 

Pedagogical Design of e-Learning Resources 

This chapter presents the methodology appli ed to inform the de ign of learning re ources for omputer 

Programming subj ects by exploring student ' behav iour with such re ources. The chapter pre ent the analys is 

procedure and results obtained for materi al and students of two separate programming courses, I F0055 and 

INF0023, taught at the Au tral ni versity of hile ( A h). The outline of this chapter i a follows: 

First, the research questi ons addressed in this chapter and the methodology applied to answer them ar 

presented in Secti ons 3.1 and 3.2 respecti vely. In 3.2, the reader will find a detailed ex pl anation of the stage 

followed, the type and nature of data required, instruments applied for data gathering, and the research method 

selected. 

Section 3.3 presents a detail ed ex pl anati on of the instrument u ed for the gathering of data required for 

thi analysis. The origin and nature of these in trument are vari ed: custom so flware tool that have been created 

for thi s investi gation; the set o f learning mea urement obtained for analys i ; pre-ex i ting questionnaire for 

collecting learning styles; and a customi zed survey. Each instrument i individually explained in r sp cti ve 

subsections. Likewise, to fac ilitate understanding of the re ult presented in th foll owing chapter, the tati stica l 

re earch methods selected are ex pl ained separately in ection 3.4. 

The chapter conclude with a description of the ca c studies used for thi s the is, which are presented in 

ection 3.5. It aims to provide the reader with the characteri ti cs of these courses regarding their objecti ves, the 

group of students in each cohort, an overview of their teachi ng and a sessment methods respectively adopted, 

and their participation in this study. 
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3.1. Research Questions 

The exp rimental re ea r h pre ented in this thesis aims to explore the usability of data extracted from 

behavi ur for two purpo e : fir t, to in fo rm the pedagogical attributes of the des ign ofa resource, and second, to 

analy e the inOllen e orlea rning tyle upon tudent ' beha iour. As a consequence, the methodology presented 

in thi hapter is de igned to an \ er tw pec ific que tions: 

.:. 'al1 the design characteristics of e-Iearning re OlU'ces be informed through the analysis of students' 

b 'hm'iour? 

.:. DoL'S I sllldL'nt 's learning style explain his or her behaviour with learning materials and activities, or 

is it tliL' disClllline, ill tiJis 'use 'oll/p llter Programming, that determines such interactions and behaviour? 

In rder to f1 oid c nfu ion, the reader should noti ce that these are specific questions that will be answered 

u ing the re ul t. btaincd from the data analy i performed ( hapter 4). It is envisaged that the conclusions 

btain d help r ' p nd th main re ea r h question of the the is that were set out in Chapter I. 

3.2. Research Methodology 

Th 111 thod I gical appr a h adopted in thi inve tigation is based on two case studies, coded as INF0055 

and I F 023 r ' pe ti v Iy. Th tog summari zed in thi s section describe the process of data gathering and data 

anoly i ' that h, b 'en appli ed in the he result individually obtained for each course will be contrasted 

to 0 11 \ I!r the re ear 'h questi n tated abo e. The tep considered for this methodology are described as 

foil ws: 

3.2.1. S I ction of Lessons and Materials for Analysis of Behaviour 

De pite til ' fa t that INI' 055 ;lI1d I F 023 arc both introductory Java programming courses for novice 

students, they dim' r in I 'a rning objectives, c ntent ,and activities. Whereas INF0055 teaches the concepts of 

the obj c t- riente I pr grallll11ing paradigm t tud nt , I F0023 focuse on teaching al gorithms and logical 

thinking, u ' ing Jo a a 0 pr grall1l11ing language for the cour e (in A h, object-oriented programming subjects 

or ' u ually taught in ec nd-yct r c ur e ). For e ampl e, I F0055 includes lessons centred on the design of 

023 include Ie ons on implementing recursive programs, handling and 

pr ce ing te t fil e ', and handling Java exception . Rcgarding the learning resources used, major differences in 

the material have als been b erved: I F 055 tudents have been provided with materials typica ll y used in 

the 1040 111 0dlll 'at King ton niver ity, wherea I F0023 students have been provided with both traditional 

unci n w material de el ped at A h. 
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These differences explain the selecti on of a set of five lessons for analys is in thi s research. The lessons 

include the knowledge related to basic programming concepts : the concept of vari ables; di fferent data types and 

arithmetic operators in Java; implementati on of basic interactive pmgrams to capture and process users' input; 

programming flow and control structures; and implementati on of methods. 

3.2.2. Data Gathering 

Two different sets of data were co ll ected for thi s investi gation : (I) data related to students, including the 

learning metrics that are associated with their behaviour, formati ve and summati ve performance; and (2) data on 

students' learning styl es that are associated with a speci fi c learning style model. 

3.2.2 .1 Students' behavioural and performance data 

Students' behavioural data (also re ferred to in this investi gati on as learning metrics) is a data set composed 

of quantitative informati on extracted from students' in teracti ons with the content and th e activity resources 

prov ided in each lesson of the course. These interacti ons are qualitati ve records co ll ected during the course and 

stored in KUOL E's database. 

In order to observe behavioural trends and di scover possible relati on hips between interacti ons with 

di fferent types of resources and activiti es, it is necessary to obtain and analyse a set o f metri cs that measure 

students' interactions with the courseware delivered through KUOLE. The nature of data required fo r this 

in vestigati on and the data gathering process is ex plained as follows. 

In order to obtain quantitative learning metrics from qualitati ve interaction , cu tomi zed o fl:ware was 

implemented to retri eve students' session records from the database, generate metri cs for each lesson and fin all y 

store these metrics in Microsoft Excel fil es. A description of the KUOL platform, the databa e and learning 

metrics collected is provided in Section 4 of thi s chapter. Students' performance is a set o f quantitati ve data 

composed of two measures: the form ati ve grades obta ined during the course and the fin al grade obtained at the 

end of the course. These data were coll ected from the respective module leaders of each course. The results of 

analys is of both behavioural and performance data is provided in Chapter 4. Such results were integrated and 

used in subsequent stages of analysis. 
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3.2.2.2. Students' learning styles data 

The 111 0del sele t ' d to la si fy student ' learning styles in this investigation is known as the Felder­

i Iverman Index f Learning tyles. There are two advantages to the use of this model: the avai labi li ty of the 

Index f Learning tyle <IL ) que tionnaire and, most importantly, it allows an individual 's learning style to be 

la ified quantitati vel , fac ilitating it integration with other quantitative data used in this investigation . 

The IL que ti nnaire wa tran lated into panish and administered to students in both courses through the 

D • A system d ve l p d at h. This l11echanisl11l11ade it poss ible to store students' learning styles and provided 

their re lilt in Micr on Ex el file, which facilitates subsequent analysis and classification tasks. 

Brief descripti n f the F L M and of the D A system, and an exemplary visualization of the ILS 

qu ' ti nnaire re ult , arc pro ided in e ti on 4 of this chapter, whereas the ex pl oratory analysis of students' 

I 'a rning style fI r b th our e i pre ented in hapter 4. 

3.2.2.3. Stud nts' u ability perception data 

T lIe't tudent ' p r pti n of the u abil ity of both content and activity resources, a specific 

qucsti nil lir ' \ (l n Imini tercel to student at the end of their respecti ve courses. As ex plained in Section 4 below, 

thi i a lit mi l d qu . ti onnaire de igned to obtain students' perceptions of the pedagogical usabi li ty of 

I 'a rning materi al deliver 'd in the e our e . 

The qll ntitati 'r"lIlts btained fr 111 thi que ti nnaire and its subsecti ons are presented in Chapter 4 of 

thi fu . ab ility per eption, in parti cular, were used along with the respective behavioural data 

to analyse th impa I f the d 's ign of di fferent r ources and acti vities upon the learning of programming 

ubj e t • 

3.2.3 Analysis of Students ' Behaviour 

The meth d I gi al appr ch ad pted in thi investigation is ba ed on the belief that, by identifying 

behav i ural tr 'nd and va ri ati n in intern tion with different learning resources, it is poss ible to focus on their 

pedagogical de ign ch, rn teri li c to ob er e potenti al improvements. 

The fir I lati ti al method u ed for Ihi e plorntion is Principal omponenl Analysis (PCA). PCA is a 

tati ti ca l technique n nnally applied in studie where large set of variables make the analysis and interpretation 

r re ult diffi cult . enerally peaking, it purpose is to reduce a sel of independent variables by grouping 
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together those with similar characteristics and thus produce a smaller set of variables called components or 

factors. These components are linear combinations of these variables, capable of explaining the observed variance 

in the original data. A variety of studies have applied PCA with different aims in the area of e-learning. For 

example, it has been used to explore the factors that influence students' satisfaction with web-based learning (e.g. 

Kim & Moore, 2005); the factors that influence the pedagogical usability of e-learning systems (e.g. Zaharias & 

Poulymenakou, 2009); and to identify students' performance indicators in computer programming courses 

(Hunter, Livingstone, Neve, & Alsop, 2013). PCA was applied in this investigation with the following objectives: 

i. Observe the relevance and impact of each type of resource in the learning process. 

II. Discover hidden relationships between interactions with different learning resources revealed by this 

process. 

The second research method applied aims to identify differences in students' learning metrics concerning 

their learning styles. With this purpose, two sources of quantitative data were used for this analysis: students' 

learning metrics, and the data collected on students' learning styles. 

A wide variety of statistical methods exists to study variations in a set of variables. The selection of a 

specific method must be guided by a set of statistical assumptions that the data must previously satisfy to obtain 

reliable results. General\y speaking, in the analysis of variance, such assumptions are based on the concepts of 

normality - i.e. data must show a normal distribution in each group - and homogeneity - i.e. data must show 

homogenous variances in each group (Jaume & Catala, 200 I). A set of initial Kolmogorov-Shapiro tests was 

applied to the set of learning metrics to observe whether the condition of normality was satisfied. The results 

obtained from these tests indicated that our data were not normally distributed; therefore, a non-parametric 

method for analysis of variance was required (Chan & Walmsley, 1997). 

The statistical method adopted in this investigation is the Kruskal-Wal1is H Test. This method is a non­

parametric test wel1 known as an alternative to the one-way ANOV A method when data do not meet statistical 

requisites (McDonald, 2014). The method has been used to determine whether there are statistical1y significant 

differences in the medians and distribution of each learning metric ( dependent variables) between students groups 

existing in each learning style dimension (independent variables). To enable this analysis, students in INF0055 

and INFOO23 were classified into different groups according to each learning style dimension. Since both 

samples of students were small, some groups had no students and therefore no analysis of variance could be 

made. 

Detailed explanations of both PCA and the Kruskal-Wallis H Test methods, how they were performed and 

the results obtained for both courses are presented in Section 3.4 below. 
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3.3. Instruments for Data Collection 

3.3.1. Kingston University Online Learning Environment 

K i the in trum nt used in thi investigation for collecting students' interactions with learninO' 
'" 

re Ollr e in a h learning unit. riginally, the delivered module contents were organized, structured, and linked 

thr ugh ML fil an I simi larly tudent ' interaction with the contents were also stored in XMLfiles, in such 

a way that ea h tudent had ne file per module containing all his or her interactions with contents and activities. 

For thi inve tigotion, intern tion were to be collected from both the platform features and from within the 

re ource . II we er, oll e ting and ana ly ing these interections required to modify the mechanism for storing 

datn nptur'd fr III K L ' and the re ource del ivered. 

ncerning the adaptation requir d to gather interact ion with learn ing resources, KUOLE used the 

tandard nne -ion 1arkup Lnnguage ( M L) which pre ented an addi tional obstacle when developing new 

h urses, in parti ule r, making the content interacti ve. XSL T sheets were the mechanism 

u ed t nomi lIyony ' ML- tru tured document into IITML. ince an official X L T style sheet was 

dev'l ped ft r r ' ndering c nten!. \ ith in titutional colours and format, it was also used to make interactive certain 

N M tag. F r example, wilh th tag "solution", through the development of the corresponding code script 

lhal c 1Iid b d nomi all y embedded in r referenced from the X L T fil e, it was poss ible to show or hide the 

sollili II tehl r de fa pr grnml1ling pr blem propo ed to ludent . 

ue t the inc l1\enien f the authoring proces , the fast growth of students' files, the teaching usage 

planned ft r K LE, and it · en i ag d purpo e of re earch to inform the teaching practice, two key 

In dificali n wer perft rlll'd t the backend of th y tem: 

I. Both me hani 111 ba ed n M L fil e t tore module structure of contents and students' interactions 

with learning Illot ri I nnd a tivitie were replaced by a relational database developed in SQL. 

2. he me hnnism ML ontent wa ex tended, enabling the environment to deliver 

c ntent material ' and acti vitie in different ft rmat : PDF documents, slide presentations, interactive 

ideo and material " II rM page, etc. 

De pite the uddi ti n f ncw L-ba ed material it wa still necessary to deal with the official 

authoring, ch ma alidnti n, and tyle tn k . The c mod ificat ion gave KUOLE the usability necessary to be 

uscd in the h ourse pre en ted a ca e tudie in this inve tigation. 

R gardi ng the hange at the platform lev I, it wa nece sary to implement a database that facilitates the 

query and ana ly i · f dat, be longing to stud nts' behaviour and descriptive data belonging to learning materials 
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deli vered. Originall y, KUOLE was a bas ic learning environment des igned to co ll ect student ' interacti ons with 

learning materi als and their responses to learning acti vities completed in each learning unit of the course. The 

di agram presented in Fi gure 20 shows the structure and relati onships of the tables that form the database for th is 

purpose. 

Each course (Course tabl e) deli vered in KUOLE is composed of a group of learni ng units sequenced 

according to the teaching plan (CourseTopie table) which in turn are composed of a set of learning resou rces 

(LearningRe ouree table). Such resources are the content object and activ ities ordered accord ing to the 

sequence planned by the teacher. 

_ {,--COU'-='" ,.,..------'~ } __ ___ 

___ Lel ,nlnoPa th 

(~~_._ou_roo __ In_t._' "_ct_oo ____ --J~Jr------~ '--__ { Ques t lon lnl~,"clloo 

Figure 20. Model o f the K OLE Databa e 

tudents registered on the cour e are as igned the corresponding login detail to acce the platform ( se r 

table) and assoc iated with the corresponding cour e (U er _ our e table). In a ses ion (LearningPath table) a 

student may access different lea rning units and interact with the respecti ve content materi als 

(Resourcelnternction tabl e) and perform lea rning acti v iti es (Que tionlnteraction table). Since these 

interacti ons constitute a key source of informati on for thi s investigati on, the fi elds representing each interacti on 

type are ex plained as follows: 
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Ruour"" ln t e r~ct lDn 1< Que&Uonlnter.dbn ~ 

- I'rOp.rtIU - Prop.rtles 
f Inter.ctlonld 1 ':iJ lntoractionld 

Ruoureep.th ':!i R.sourc.Path 
Oucnptlon g: OUcriPtion 
v.lu. Htmllnputld 
Souret QuesbonltemT)'pe . ActlonOt ':!i Ru ponse 
SUllonld ActlonOt 

Sessionld Modul.Cod< ~ Modul.Code 

Figure 21. Figure 22. 
Pi Id orOataba e able Fields of Database Table: 

Re ollr e Intera ti on model Question Interactions model 

an b - seen in ' igll re 2 1 and 22, r source and question interactions shar some fi elds and differ in 

others. The gr up r data ml11 n to both type or interaction includes: the fi le path of the resource that the 

,tudent i inter, ting \ ith (the fi eld ResourcePat h), the identifi er or the session where this interacti on 

c urred (the Ii -Id S ssionld), n d ription fthe interaction whose va lue corresponds to a set of predefi ned 

alues (the fi eld D scr ip i on), a timestamp a ociated with the date and hour when the interaction occurred, 

and the id ' ntili ' r rthe urse t \ hi h the re ource or acti vity belongs (th e fi eld Modul e Code ). 

The fi e ld ~ a . iatet! with eo h type I' interaction arc defined as follows: 

- In the tabl > RCSOll rce l ll ternc tioll 

o Description : th pLi rp e fthi fi eld i to indica te the beginning or ending of access to a resource. 

P . ible alLies as. igned to thi fi Id incl ude: " i it re ource", "select re ource tab" and "close resource 

tab". 

o Va 1 uc : indica te the titl e r the ntent bje t r ac ti ity that has been accessed. 

o SO ll rc : indicat ' the clement in the K OL user interface through which a resource has been accessed . It 

can refer t either th "tr e" that I' pre ent the hierarchical orga ni zation of resources in the learn ing unit Or 

the pen tab or fI re urc' that i being u cd. 

- 111 the table Q uestion lll t mcnOIl : 

o Descripti n: the purp e orthi fi eld i t distingui h the kind of acti vity that has been attempted . Among the 

different types r acti itie that can be implemented with XML, the types used in lNF0055 and 

I F 02 cour es are: 
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• Activities whose response is a piece of text (for answering a question) or code (for providing the solution 

to a programming exercise or task). In the case of INF0023, most of the programming exercises are 

presented to students with the option of accessing the teacher's response or retrieving their responses. 

Possible values established for this field include: "text response", "student solution request", "teacher 

solution request". 

• Activities whose response corresponds to the selection of a single or multiple options (used in quizzes). 

Quizzes provided to students in these courses often include the option to request a hint to help the 

student think of the correct response to a question. Possible values associated with this field include: 

"selected response", "unselected response" and "hint request". 

o HtmlInputld: This field contains the identifier of those activity's HTML elements that contain or 

represent the student's response to such activity. It is a mandatory parameter in learning materials developed 

under CNXML. 

o QuestionItemType: This field contains the type of exercise (either a text response question or a single 

or multiple choice question) 

o Response: This field contains the student's response to a proposed exercise or question. 

The development of customized software was required to analyse the sequence of resource and question 

interactions as well as their respective fields in order to extract the learning metrics associated with each learning 

unit. Learning metrics represent the interactions and performance of a student per lesson in the course. Therefore, 

in the case ofINF0055, each student is associated with ten sets oflearning metrics (i.e. one set per learning unit 

in the course) and, in the case of INF0023, each student is associated with eight sets of learning metrics (since 

KVOLE was only used for the first eight lessons of the course). Table 5 lists the metrics contained in each set. 
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Table 5. Learning Metrics Variables 

INFOO55 INFOO23 

Total Sessions Total Sessions 
Lesson Time Lesson Time 
Slides Visits Slides Visits 
Slides Time Slides Time 
Video Visits Video Visits 
Video Time Video Time 
Donwloads Visits Interactive Examples Visits 
Downloads Time Interactive Examples Time 
Instructions Visits Interactive Materials Visits 
Instructions Time Interactive Materials Time 
Quiz Visits Quiz Visits 
Questions Answered Questions Answered 
Hint Requests Hint Requests 
Questions Skipped Questions Skipped 
Quiz Time Quiz Time 
Exercises Visits Exercises Visits 
Exercises Answered Exercises Answered -
Exercises Skipped Exercises Skipped -
Exercises Time Exercises Time 
Tasks Visits Student -Solution Requests 
Tasks Answered Student Solution Time 
Tasks skipped Teacher Solution Requests -Tasks Time Teacher Solution Time 
Formative Performance Formative Performance -
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3.3.2. Felder-Silverman Index of Learning Styles Questionnaire 

With the aim of providing academic practitioner with a tool that allows them to di scover tudents' 

learning styles in order to plan their teaching strategies and resource, the D A system (De la Maza et aI. , 2014) 

was developed at the Institute of Informatic at A h. The DE sy tem includes the quest ionnaires and results 

of three different learning style model : the Felder- ilverman Index of Learning Styles (IL ) derived from the 

F L M (Felder & Silvemlan, 1988); the Herrmann Brain Dominance Instrument (Herrmann, 1991); and the 

SOLO taxonomy (Bigg , 1979). The DEA provides a visualization mechanism for teachers to s lect a model and 

observe the learning styl e of a parti cular tudent. 

The FSL M, the model selected for thi s research, interpret student learn ing in four dimensions (Felder 

& il verman, 1988): 

:;.. The Ac/ive-Reflective dimension informs about the manner in which a learner proces es new information. 

Acti ve learners like to try thing out, they lea rn better whcn they are engaged in an activity or a di cussion. 

In contrast, reOective lea rner prefer to refl ect on things, th y tend to learn better through intro pection . 

).- The Sen ing-Inlllilive dimension informs aboullhe Iype o/in/orlllation a learner pre/erenlially per eives. 

ensing learners are guidcd better by external information that they can sec, hcar or physically ensc; 

intuitive learners are better guided by internal information like po ibilitie, in ight , or hunche . 

Y The Visual- Verbal dimension indicales Ihe sen 01)' hannel through which a leam er p r 'e il' s xlernal 

in/ormalion mosl effeclively. 

Visual learners tend to remember best the data they have een, for example, in the form of pictures, 

diagram , figures, animations, graphs, and demonstration; erbal learner remember information be t in the 

form of words that they can hear, read, or say. 

Y The Sequenlial-Global dimension informs abollllhe lIIanner in which a learner IIndersland in/ormaliol7. 

equential learners progress toward understanding in a continuous, ordered, and tcp-by- tep equence, 

wherea global learners learn in big leap, in such a way that at the beginning they eem not to compr hend 

anything but "suddenly" they put everything together and get the "big picture". 

The questionnaire containe 44 ingle choice question. It all ow a range ofthe e dimen ion in an interval 

that goes from [± I I, ± I I) and distinguishes three categories within each dimen ion: a strong preference i located 

in an interval [± II , ±9), a moderate preference is located in the interval [±7, ±5), and a balanced preference in 

the interval [+3, -3). 
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Figure 2 how an example f how the DE system allows us to visualize the resul ts of a student who 

ha c I11pletcd th IL que ti nnaire, dditionally, the system delivers on request a Microsoft Excel file with the 

learning tyle r' ults for all the tudent in a ohort. The results of this questionnaire can be interpreted as a 

vector mp sed f fI tlr odd integer co rdinates, Additionally, the DEA offers the teacher a brief explanation of 

h \V t intcrpret the e c rdinate . In the example above, the information is presented as fo llows: 

tud nt X Learning tyle [9, - I , 11 ,-7] which indicates, 

• IlId(!I11 X IlUs a TRO G pl'cfcl'ence /01' Ihe A TIVE style wilh a vallie 0/9. Aclive sludenls learn new 

il!fol'llWlilJ/1 h 'IIel' by doillg somelhing with iI, for example, by praclising, discll ing, or applying it 10 some 

sC ' l1al'io. 

• • Ille/Cllt X his (/ BA LANCED pI' fer nee for the INTUIT! VE style with a value 0/ 1. Intuitive students tend 

to be KOO It/teorists WIt! il/l/()\'utors. They undersland abstract concepts and Moths qllickly. 

• • tlle/ent X his (/ TRO G preferelll:e for the VI UAL style with a vallie of 11. Visual students prefer new 

ill/orlllalioll ill thefol'lII of diagrallls, figllres, and graphics. They lend to remember beller what they see. 

• .tllli'llt X hi.\' (/ MODERATE preference/or the ' LOBAL slyle with a vallie of 7. Global students learn in 

big Ie IpS, l'i.\'IIClIi=illg Ih' whole. II is d([ficllitfor them to explain Iheir methodologies and resllits. 

Thi sy tern wa u cd t admin i tel' and co llect the re ult for the I L questionna ire36 from students in 

INF 055 and INF 02 1" P' tively. hart I' ports offered by the DEA system are Microsoft xce l 

docul11cnts that onta in thc Ii ,t f tuden t in the cohort and their corresponding learning styles vectors with no 

de criptive infl nnatiol1 . 

.1(, 'I h • que~tiol1l1nirc is available al http ,!/" \\\\ engr.nc~u cdullemningsty les/ilswcb.html. A sample of th is questionnaire can be 
fOllnd in Appcndi 9 ut the cnd or this the is. 
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3.3.3. Pedagogical Usability Survey 

During TNF0055 and I F0023 it was not poss ible to perform a direct eva luation of the design of the 

resources on the students' beha lf. Instead, a psychometric survey was administered to them at the end of their 

respecti ve courses. Students were asked to evaluate their courseware th rough a psychometric questionnaire37 

based on 12 affirmations. Each statement was de igned to measure the student's perception of the resources' 

pedagogical usability, tackling the core pedagogical des ign attributes explained in hapter 2. 

In thi s questionnaire, students were asked to state their degree of agreement with each affirm ation using 

a 1- 5 Li kert scale. The questionnaire was administered to student of INF0055 and I F0023 at the end of their 

respective courses. 

3.4. Research Methods 

3.4.1. Principal Components Analysis with PROMAX Rotation 

The software used to perform thi s analysi wa . To perform a P A analy i upon a set of va ri able , 

first it is nece sary to lest the sampling adequacy oflhe data. The lali tic u ed 10 te I uch adequacy is the Kaiser­

Meyer-Olkin Measure of amp ling Adequacy (KMO). To perform a va lid factor analy is, it is nece sary that the 

KMO prov ides a value close to 1.0 and over .5. For I F0055 and INF0023 learn ing metri c thi te t hows an 

adequacy of .718 and .646 respectively, which are acceptable to ca rryon with the P A (Beaumont, 20 12). 

ext, there are two aspect that need to be determined when applying P A (and imilar exploratory factor 

analys i techniques): ( I) the number of components to extract and (2) the rotati on. The number of component i 

a key decision to make since it impacts directl y on the result obtained. P ofTer two opti on : extracting all 

those components whose eigenva lue is greater than 1.0 or ex tracting the number of component sp cified by the 

researcher. Following conventional wisdom in the appli cation of P , we chose the former ( 0 te llo, 2009). 

The rotation type will not affect the final re ults. It is simply applied to clarify the structure "component­

vari able" and aids the interpretati on of re ult ( ostello, 2009). P S all ows one to elect b tween orthogona l 

and oblique rotations. Orthogonal rotations show uncorrelated component whereas oblique rotations show the 

correlation between components. The choice of one or other rotation depends on whether there is a good 

theoreti cal reason to think that components should be correlated (Kootstra, 2004). Nevertheless, where 

components are uncorrelated both rotations will produce nearly identica l results, and conventi onal wisdom 

37 A sample of the Usab il ity urvey ha been tran lated into Engli h and can be founel in Appendix 10 of th is thesis. 
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suggests applying an orthogonal rotation to facilitate the interpretation of results (Abdi, 2003; Brown, 2009; 

Costello. 2009). In this investigation, it was expected that students' interactions with different types ofleaming 

resources would be correlated to each other, so an oblique rotation was chosen. 

Among the different types of oblique rotation offered by SPSS, we selected a PROMAX rotation. The 

main results obtained from this analysis include: afactor pattern matrix, containing the coefficients for the linear 

combination of the behavioural variables; a factor structure matrix, which represents the correlations between 

the variables and the factors; and afactor correlation matrix, which shows the correlations between factors. For 

this investigation, only the factor structure and factor correlation matrices are shown and interpreted. 

To facilitate explanations of obtained components, the following notation will be used to refer to a group 

of variables related to the same learning resource: 

- The term Tasks is used to refer to the learning metrics obtained from students' interactions with 

programming tasks provided in the course: Tasks_Visits, Tasks_Answered, Tasks_Skipped, and 

Tasks_Time. 

- The term Exercises is used to refer to the group of learning metrics obtained from students' 

interactions with programming exercises provided in the course: Exercises_Visits, Exercises_Answered, 

Exercises_Skipped, and Exercises_Time. 

- The term Qlli==es is used to refer to the group of me tries obtained from students' interactions with 

comprehension quizzes provided in the course: Quiz_Visits, Questions_Answered, Hint_Requests, 

Que!>1ions_Skipped, and Quiz_Time. 

- The term Slides is used to refer to the group of learning metrics obtained from students' 

interactions with slide content resources provided in the course: Slides_Visits, Slides_Time 

- The term /nstnlcfions is used to refer to the group of learning metrics obtained from students' 

interactions with "instruction" content resources provided in the course: Instructions_Visits, 

Instructions_Time. 

- The term Downloads is used to refer to the group of learning metrics obtained from students' 

interactions with downloadable worked examples provided in the course: Downloads_Visits, 

Downloads_Time. 

- The term Vid.:os is used to refer to the metrics obtained from student interactions with video 

materials provided in the course: Video_Visits, Video_Time. 

- The term Peifomwnces is used to refer to students' formative and summative marks gained during 

and at the end of the course respectively: Formative, Summative. 
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- The terms Interactive Examples and Interactive Material are used to refer to the group of metrics 

associated with student interactions with these resource: 

Interacti ve_Example _Vi sits, Interacti ve_ xample _Time, Interacti e Mat rial 

Interactive_Materia I s _ Ti me respecti vely. 

3.4.2. Kruskal-Wallis Hypothesis Test 

its and 

As has been previou Iy explained in the subsection 3.2.3, the Kruskal- Walli Hypothe is Test (or, K- W 

II-Test) is app lied in thi s investi gati on with the purpo e of COnfin11ing whether specifi c lea rning style are 

responsible for existing vari ations in tudents' behav ioural metric. Therefore, the dependent ari able selected 

to perform thi s analysis corre pond to those learni ng metrics that repre ent students' interaction with content 

resources and acti vities. This research aims to prove the hypothes i that different lea rn ing tyle in fl uence the 

behav iouralmetrics. The null hypothe i would affi rm the ppo ite. 

To facilitate the understanding of the Kru ka l- Walli procedur and the interpretation of results in the 

subsection below, Fi gure 24 shows a fl ow chart of the step to follow when performing thi stati sti cal 111 thod. 

i. Hypothesis Test 

The fir t result returned by the P allow one t identi fy for which parti cular ariable the null 

hypothesis might be rejected. It i based on the calculation of an appr imated p- alue that incr a e with the 

sample size. The signi fi cance level determined for thi analys i i .05, which implie that the a ociation between 

the dependent vari able and the independent variable is stati ti ca ll y ignifi cant at a 95% of confidence (Rubio & 

Berlanga, 20 12). 

Those variables whose p-value i above .05 in the hypothe i te t are an indication that student ' behav iour 

is simi lar across group ; and thereFore the null hypolhe is cannot be rejected. In these ca e , group ' behaviour 

i not further ana lysed. On the other hand, those vari able who e p-value i below .05 in the hypothe i te t are 

an indication that students' behav iour i not simil ar acro group; thereFore the null hypothe i i rejected. In 

these cases, it is neces ary to analy e the group ' behaviour to identify specific differences among them 

concerning their learning preFerence. 
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Figure 24. Workflow of Kruskal-Wallls Hypothesis Test 

ii. Dis/rihwio1l l'is/mliza/io1l across grollps 
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Many non-parametric tests (such as Kruskal-Wallis or Mann-Whitney tests) are not concerned with the 

actual values of dependent variables. Instead, they focus on their relative values, i.e. mean ranks. For this reason, 

these tests are frequently defined as "mean-rank based non-parametric tests". The use of mean ranks in the 

Kruskal-Wallis II test is relevant for two reasons: first, mean ranks provide an indication of how the values of 

dependent variables are different between categories, and second, the mean rank is linked to stochastic 

homogeneity, so the differences in original values' variances are solved. 

To determine whether there is a statistically significant difference in the medians of the groups associated 

with an independent variable, the shapes of the distributions in each group must be similar to each other. Ifshapes 

are dissimilar among them, then it is not possible to make inferences about the group's medians, so the differences 

between groups will be based on mean ral/ks. The results obtained from this analysis are revealed by this criterion. 

A box plot diagram shows the distribution shape of the variable for each group associated with a learning style 

dimension (independent variable). 
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The significance across groups obtained in the hypothesis test does not allow one to observe statistical 

significances between groups with regard to a particular behavioural metric (dependent variable). Therefore, 

post-hoc analysis will be required to identify such differences. 

iii. Statistically significant differences between groups 

Post-hoc analyses were performed in this research with two aims: first, to compare each group's behaviour 

with the others; and second, to determine whether variations in behaviour between groups of students are 

statistically significant. 

Post-hoc analyses are especially necessary when there are more than two groups to compare in order to 

observe which of these comparisons are significant and which are not. These analyses consist of performing pair­

wise comparisons to observe the differences between each group combination. In SPSS, the procedure to perform 

pairwise comparisons in a Kruskal-Wallis analysis uses Dunn's procedure with a Bonfcrroni correction for 

multiple comparisons38 in this way: new significance levels are calculated and adjusted in accordance with the 

level of significance initially established (in this case, .05) and the number of comparisons to perform. For 

example, if there are four groups of students, six pairwise comparisons will be required to observe differences 

among groups (combination without repetition). The adjusted significance value would be .05 divided by six, 

resulting in a p-value = .0083. The adjusted significance level used for interpretations is then recalculated with 

respect to the original. 

The number of dependent variables analysed in these samples (21 variables) originated a tremendous 

amount of visualizations and statistical tables that initially retain the null hypothesis. For this reason, the results 

explained in the following subsection only report those metrics that rejected the null hypothesis in the first test, 

showing a K-W statistical significance below .05. 

31 "SPSS Statistics generates the pairwise comparison results according to the procedure described by Dunn (1964). This 
particular procedure uses the whole data set when making each pairwise comparison in a manner similar/analogous to post hoc tests 
following a ono-way ANOYA. It is also possible to run multiple Mann-Whitney U tests - one for each pailwise comparison - with a 
correction for multiple comparisons (e.g., Bonferroni), but these tests will only use the data from the two groups being compared. As 
such, there is no guarantee that the results of these two methods will agree. Unfortunately, there is disagreement on which method 
should be used for pairwise comparisons (although the Dunn (1964) procedure can be j\L~tified) and if the results of the two methods 
disagree substantially then replication studies with large samples might be warranted (Sheskin. 2011)." (Statistics./aerd.com. Kruskal­
Wallis H test in SPSS statistics - interpreting and reporting post-hoc tests (online].) 
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3.5. Case Studies INF0055 and INF0023 

Tw dim'rent c lIrse \ ere chosen for the case tudies presented in this research. The common 

characteriti orboth that they are introductory cour e to the subject of programming in Java language: 

- I F 055 \Va /Tered at the In titute of Informatics at ACh as an optional course available for all 

.tud nt ra degree in Engineering. In thi university, thi course was the first course taught in the English 

language. 

- I F 02 i /Tered at the In titute of Informatic at ACh as part of the core programme for first-

car Iud nt in the omputer ngineering degree. 

Tobie 6 b'l \ UI11tl1 ri7 th chara tel'i tic of the e cour es regarding the period when the course took 

place. Ihe data g_ thered. and the number of tud nt in each ourse. 

Tablc 6. UACh ase ludies 

0111' C Nllmbcrof COliI' C Data Gathcring Period 
stlldcnts Duration 

h) II Septem ber 20 12- Septem ber 20 12- Decem ber 
December 20 12 2012 

h) 18 March 20 13- July March 20 I3-May 2013 
20 13 

The r '!.t fthis se tlon de ' rib the traditional teaching trategy adopted in these courses. It explains the 

c Illbilllli !1 of the I' 'Ii 'al and pra ti al l ture offered during each course, the usage of institutional LMSs, and 

the in rp rati n f Ihe K I.E platr, rill into the teaching plan. Likewi e, it details the assessm 'nt method 

app lied in ea h parti ipating c ur e. 

3.5.1. Teaching str tegies 

a con equence ofacademic collaboration agreement between UA h 

and King t n ni rsity. I ,. 055 wa a pilot cour e \ ith a two-fold objective: (I) to apply a blended learning 

appron h in pr gral11l11ing subj t for novic tudent who have never used e-Iearning platforms or learning 

obje ts during their educati n; and (2) it \Va een a an opportunity to reinforce the hilean students' level of 

Engli h, o lhi c ur 'was taught in thi language. 

he teaching strategy < pplied in I F 055 \Va in pir d by the teaching method applied in an equivalent 

level module nered at Kingst n ni r ity, " Introduction to bject Oriented Programming in Java" (coded as 
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CO I 040). It combines a seri es of weekly face-to-face lectures and practica l workshops. The concepts delivered 

are practi sed through a set of programming activ iti es proposed in the corresponding weekly workshop. Likewise, 

problem-so lving sess ions are provided on request to allow students to obtain help with understand ing the 

material , to encourage them to think through the programming assignments in a structured way before attempt ing 

to write the code, or to solve problems in attempted programming act iviti es. 

In contrast with CO 1040 which used two e- Iearning platforms for the course, KUOLE is the only learn ing 

environment used in fNFOOSS in either face-to-face lectures or pract ical workshops. As explained in more detail 

in Section 6, the platform was on ly designed to deliver course lea rning activities developed in CNXML language, 

so it had to be modifi ed and ex tended to enable the deli very of di fferent kinds of lea rning materials as well. 

Another signifi cant circumstance in INF005S is the background of the students. The course was offered 

as an optiona l course for all learners studying at the Faculty of Engineering - composed of different institutes or 

schools such as Informatics, Naval Arch itecture, Acousti c, onstruction, etc . - regardles their academ ic year or 

background . In the final cohort, a total of three students belonged to ngineering programmes other than 

Computer Science. 

INF0023, the second case study, is part of the core programme of studie for ompuler ciencc 

undergraduate students at the Institute of Informatics. These are first-year tudent in their second semester of 

the year. The students already possessed basic knowledge of programming concepts and a simi lar level of 

experience in Python . A small number of the students (n= 18) who had never used e- Iearning solution to support 

their learning tasks. The course makes use of SIVEDU ,a platform for admini strative purpose, developed at 

univers ity level and app li ed to enable commun ication between the teacher and students and downl ad documents 

with learning material s and act iviti es for the course. 

INF0023 applies a teaching strategy based on one face-to-face lecture and two practi ca l workshops per 

week, where students attend to complete proposed programming exercises for each lea rning un it. The KUOL­

platform is presented to students as an environment where they can access a wide variety of learning resources 

and keep a record of their work at practi cal sessions by submitting their responses to different learning acti viti es. 

The module leader encourages students to use the platform but they are not forced to use it in ide or outside the 

classroom or workshop. It is expected that thi s c ircumstance hinders the empiri cal results obtained in thi s study, 

so its influence is cons idered in the di scuss ion offered at the end of the chapter. 

3.5.2 Assessment methods 

In INFOOSS, the assessment of learning objectives is performed by the completion of programming 

assignments proposed during the course and a final in-class test. Such tests are composed of questions about 
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pr gramming ncept and code comprehen ion. A maximum of 40% of the final grade corresponds to the 

perf, nnan e n th mpl tion of the course's learni ng activities (i.e. quizzes, exercises and programming 

a ignl11ent) and the th r 60% orre pond to the mark obtained in the final test. 

In ontra t, a es ment method in I F0023 combines the marks obtained in formative and summative in­

la test . These te t are programming problems and students are allowed to access and refer to all the learning 

material and e er i e in ca e they need it. In tota l there are four formative exams and three summative ones; 

the weight as igned to the performance in each test is detailed as follows: 

- The ov rage f the mark btained in the four formative tests comprises 25% of the final grade. 

- The mark btained in en h ne f the three summative tests contributes another 25% each with respect to 

the final grade. 

nt 111 th d i rele ant for data gathering in thi s study. Since the module leader of INF0055 

take into 0 - unt the perf, rman e in les on activi ti es in the final grade, it is expected that students, even though 

th y ar n t f, r ed t u e K L, \ ill u e the platform to demonstrate their work during the course. The 

asses ment meth d in IN F 023 d es not con ider uch perfomlance which poses an obstacle for gathering data 

fr m INF 02 nt. tud nt are not for ed to submit any of their so lutions to programming activ ities, but 

Il1mend d to ubmit their work since it wi ll be useful for them as a resource to refer to 

during pra ti 01 \ rk h p , and f, rmative and ummative test. 

3.6 Summary of Chapter 3 

Th' 111 'th dol gy pre ent'd in thi hapter conforms to the typica l practitioner- led research scenario 

where data II ' ted, in trum 'nt app li ed f, r their co llect ion, and analysis methods constitute the core of this 

meth d I gy. 1 hc pc -ific ir um tan e f the cour e from which the e data were co ll ected were not under 

C I11plete e 'peri menta l ntr I and required pragmatic olutions that might affect the results. Examples are: the 

fact that n ne f the tuden! on ' ither of the our e had ever used an e- Iearning platform or a lea rning object as 

addi ti onAl t 01 f, 1'1 arnin ; the ur e I ptiona l; and the varied backgrounds of students on an optional course 

that i not part r their re PI' grammc tudie , etc. 

The stati ti aim 'th d de cribed wi ll be app li d to the data collected from the case studies separately and 

the re lil t btained wi ll b ' pre ented in the following chapter. 
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Chapter 4 

Analysis of Results 

This chapter present the result obtained from running stati ti ca l methods explained in the previous 

chapter, i.e. PCA and the Kruskal- Walli II Test and ba ic stati tic ca lculated to ob erve tudent ' perceptions 

of the usability of materi als and acti vities proposed during the ir corre ponding programming cour e. hese 

results are presented and di cu ed in th i chapter a follow : 

First, the re ults pre ented in ection 4. 1 corre pond to the P method. ince the m thod wa run for 

each case tudy individuall y, the re ult for I F0055 are presented in ub ection 4.1 .1 and I F 023 in 

subsection 4.1.2. 

econd, and according to the methodology adopted in hapter , ection 4.2 pre ent two di rfcr nt group 

of result . First, an initial ex ploration of ex isting learning style group wa performed in both cour e and the 

results are presented in sub ecti on4 .2. 1. econd, the appli cation of the Kru kal- Walli procedur to erify the 

relationship between student ' learning style and their actual beha iour with re our e and act i it ie are 

presented in sub ections 4.2.2 and 4.2.3 for I F0055 and I F 02 pecti ely. 

The th ird group of result corre pond to the analy i of u ability urveyadmini tered to student , which 

is ex plained in ection 4.3. This secti on also include the reli ability coe mcient of the in trument de igned to 

gather student ' re ponses. 

The interpretation of individual r suits is offer d in the sub ections mentioned and they are di cu eel in 

ection 4.4. The chapter concl udes with the probl em and li mitation caused by the methodology adopted and 

uncontrolled ex ternal factor . 

4.1. Learning Metrics and Performance Relationships 

The learning metri c howed a KMO adequacy of .71 8 for I F 055 and .646 for I F0023 which are 

acceptable to carry on with the PCA method (Beaumont, 201 2). 

To facilitate ex planations of the component obtained the following notation will be used to refer to a 

group of vari ables related to the same learning resource: 
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- The term Tasks is used to refer to the learning metrics obtained from students' interactions with 

programming tasks provided in the course: Tasks_Visits, Tasks_Answered, Tasks_skipped, 

and Tasks_Time. 

- The term Exercises is used to refer to the group of learning metrics obtained from students' 

interactions with programming exercises provided In the course: Exercises _ Visi ts, 

Exercises_Answered, Exercises_Skipped,and Exercises_Time. 

- The term Quizzes is used to refer to the group ofmetrics obtained from students' interactions with 

comprehension quizzes provided in the course: Quiz_Visits, Questions_Answered, 

Hint_Requests, Questions_Skipped,and Quiz_Time. 

- The term Slides is used to refer to the group of learning metrics obtained from students' 

interactions with slide content resources provided in the course: Slides_ Visi ts, Slides_Time 

- The term Instructions is used to refer to the group of learning metrics obtained from students' 

interactions with "instruction" content resources provided in the course: Instructions_ Visi ts, 

Instructions_Time. 

- The term Downloads is used to refer to the group of learning metrics obtained from students' 

interactions with downloadable worked examples provided in the course: Downloads_Visits, 

Downloads_Time. 

- The term Videos is used to refer to the metrics obtained from student interactions with video 

materials provided in the course: Video_ Visi ts , Video_Time. 

- The term Performances is used to refer to students' formative and summative marks gained during 

and at the end of the course respectively: Formati ve, Summati ve. 

- The terms Interactive Examples and Interactive Materials are used to refer to the group of me tries 

associated with student interactions with these resources: Interactive_Examples_Visits, 

Interactive_Examples_Time, Interactive Materials Visits and 

Interacti ve_Material s_ Time respectively. 
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4.1.1. Results for INF0055 

The rotated matrix (Table 7) shows that 23 learning metric h e been simplified into i components. It 

can be noti ced that metri cs associated with learning activities (highlighted in orange) and academic performances 

(highlighted in green) are clearly separated from metri cs as ociated with content materi al (highlighted in blue). 

This result suggests a generali zed di connection between the u age of content resources and th completion of 

lea rning activities; it al 0 shows that interactions with learning acti ities have exerted a bigger impact on 

academic performance than content materi al provided during the course. To obtain more sp cific information 

the analys is and interpretati on of the loading in each component is de cribed as foll ows: 

omponent 1: Programming A tivitie and Performance 

The highest loading in thi component corre pond to the ari able Ta k , Exer i e and Performances. 

Active behav ioural metri c (i .e. vi siting, answering and sp nding time) with programming acti ities correlate 

positively with academic performance, wherea pas i e metri c (i .e. kipping acti vitie ) correlate n gati ely. 

Loadings for Quizze are lower in thi component but al 0 c rrelate positi ely \ ith the completion of 

Tasks and Exercises, as well as with Performances. Thi sugge t that performing comprehen ion a e ment of 

programming concept a ail able in a Ie on impact to a minor degre on the overall cour e perfl rmance. Also, 

it indicates that interacting with Ie on activitie , in parti cular with programming acti itie , improve tudent ' 

course performance whereas not interacting wor en it. Thi interpretation make intuiti en e wi th the 

conventional wisdom that programming is learnt by practi ce eve, Ilunter, Li ving tone, ' nvell , 201 2). 

Loadings for ontent resource in this component are mi ing ( alue under O. are not hown in the 

table), implying that the e resources have not innuenced the completi on of programming acti vitie or academic 

performances. 

omponcnt 2: Quizzc 

The highest loading in this component correspond to learning metrics related to comprehen ion acti vitie . 

In thi s component both Exercises and Ta ks pre ent po iti e orrelation with the completi on of Quizze . 

imilarly to component I, thi suggest that the completion of programming acti vitie encourage the compl etion 

of quizzes. 

Regarding content resources, most of them do now show relevant correlation except I ide. Visits and 

time spent with slide-based materi als correlate pos iti ely in thi s component. Thus student u ed these materi als 

a a main support to compl ete exercises and quizzes in the lesson. 



134 

Tablc 7. PCA55 Faclor Structure Matrix 

Componen t 
I 2 3 4 5 6 

TIl~ k._Skippcd -
.!!91 

EHrci~es_Al1s" creel 888 500 

Fo r lll nth e g71 

Tns"~_An~\\ cred 86C) 

E~crri les_Skil)(lccl - - -
goo .394 .322 

E~crcilc~_ T illie 797 468 
SUl11mntilc 7:!6 ~RR .303 .303 

Tflsks_Tilllc o'iJ .35 1 

Question~_S"illl)ccl - - -
65 1 507 .3 10 .35 1 

.3 15 

QUi l Vi,it s 453 92 1 

Ques l lon~_Ans" creel '· 11 866 

Quil 'lime )50 750 

I IinUlequc~ts .737 

(}(1\I 1110nfh_Timc .893 .349 

()onl' I Ofl rl~_ Vi\it\ .826 

Virleo_ Visit\ .792 .499 

S licl rs_Tinw .688 .522 
.343 

Video_Time .823 

E\Crri\c,_ Vi sit, .677 .381 .695 

Illstn,ctiolls_'I'imc .737 

Im tl'll ctiolls_ Visits .730 

'I'II ' k'_ Visit. , II> 437 748 

S licll" _ Vi,it' .454 .510 .56 1 .6 15 

o III pO II cn I Olllcnl 1111cdal 

The highe t I ading in thi omponent corre pond to the Downloads, Videos and Slides content 

t'e ut' e . It i w rth 11 ting thaI metric with the e resource correlate positively in this component. Thus, in 

Ie n whet' all thc. c matcrials arc pI' vided, tudent havc made usc of all of them, indicating a coherent 

onllcxioll b l\ c n thcir r pect i e ontcnt. he only re ource which does not present relevant loadings with 

these is In truction . Lading of learning acti vi tie and performanccs are al so miss ing, which suggests that, in 

gencral, intcraction betwccn learning activ itie and content resources are not related to each other. 

OlllpOllcnf 4: Vidco-Excrci c 

T he timc pent wi th ideo material represents the highest loading in thi s component. Except the total 

v isits t exerc i c. ther 111 tric relateclto con tent resources and act ivities do not show signifi cant loadings and, 

thcr f, r " no ignifi ant orr' lation with the time in video materials. This result indicates that students spent 
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time watching available videos in the lesson while working on proposed exercises. Thus, video resources 

provided students with a good support when completing programming activi ti es. 

omponcnt 5: Instructions 

The highest loadings in this component correspond to Instructions. Slides, Videos and Downloads present 

lower and positive correlations with Instructions. hi s may suggest that students reading In truction material s in 

a lesson also resort to Slides, more than resorting to Videos or Downloads avai lable. 

ince Instruction materi als are designed to present the tudent with lea rning objectives intended to be 

achieved during programming activitie , it i surprising that assoc iated behavioural metri cs wi th exercises and 

tasks do not show loadings in this component. 

Component 6: Task -Slides 

In thi s last component visit to programming tasks, visit slide material s and sk ipping quiz activit ie 

correlate positively in this component. Thi result may imply that instead of investing the time in performing 

self-assessment, students rather inve t their time in actua lly programming and resort to lide material s if any 

support is needed. 

The factor correlation matrix (Table 8) presents the correlation bctween components. 

Table 8. P A55 omponel1l 'orrelal;ol1 Mall';x" 

Prog. Activities. and Content Video - Tn ks-
C'on1ll0nenl Performa nce Quizzes Materials Exercises Inst ructions Slides 
Prog. Activities. and 

1.000 .346 -.178 200 .060 .057 Performnnce 
Ollil.ZCS .346 1.000 034 .083 .27 1 .215 
Content Materials -.178 .034 1.000 -.044 .434 .148 
Vidco-Exercises .200 083 -.044 1.000 .035 -.170 
I nst ructions .060 271 .434 .035 1.000 .046 
rnsks-Slides .057 .215 .148 -.170 .046 1.000 

One of the highe t correlations occur between the factor Programming cli ities and Performances and 

the factor Quizzes (.346). This result suggests that performing exercises and tasks in lesson sl ightly encourages 

the students to perform self-assessment tasks in the lesson and vice ersa. However, thi correlation is very low. 

With respect to other components, even lower correlat ions are found with those representing content 

materials, on ten! Materials (-.178) and Instructions (.06). These result seem to indicate that interacting with 

programming activities has not implied the interaction with assoc iated content resources in the les on; on the 

contrary: Programming Activities and Performances correlating ncgatively with Content Materials means that 
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more intera lion with I ide mat rials, worked examples of code, and videos imply fewer interactions with 

pI' gramming a tivitie and lherefore worse academ ic performance. Although this correlation is very low, it is 

n I de imble at al l. n the other hand. In truction materials are designed to be resorted to when students complete 

pr grnml11ing a tivitie a they pr ide information about learning objectives. Therefore, a correlation of .06 

uggc t that tLident did n t pcrcei e these materials as important when attempting exercises and tasks in 

on 

he e nd highe t orrelat ion occLirs between Content Materials and Instructions (.434). This result 

sugge t that whcn a cc ing on ten I materials in a lesson, students tend to visit all the resources available. 

II wc r, thc ntcnt of In tru tion material i not exp licitly assoc iated with the contents of the other materia ls, 

whi h ma c plain thi 10\ c rrelati n. 

4.1.2. INF0023 R suIts 

Table I11p nent that Ii rl11 the rotatcd matrix obtained for this course. At first sight, it 

gain Ul' attcntion that tud nts' acadcl11i perfi rmances are clearly separated from their learning metrics, being 

a 0 mponcnlofthc olution. AI 0, it can be noticed that variables corresponding to lea rning 

acti iIi and ntent matcrial ar\ in c mpari on wilh I F0055, more spread and mixed across components. 

omponcnt I: Pl'o~rn mmillg Activilic 

hc highc t I ading in lhi mponcnt correspond to interactions with programming exercises. The 

l11etri iatcd with . lud nL' rcqu t for thc olution to exerci e are positively correlated with the metrics 

of vi it , an WI', and timc 'pcnt with excr i c. hc c result suggest that, when visiting exercises, students 

hav' ei lh r lIbmittcd th 'ir sol lit ion to the exer i e or reviewed olution previously submitted. Simi larly to 

PASS, lIizzc prc ent p iti ' orr lalion , indicating that the complet ion of comprehension activities has an 

encclllpOIl th ' mplet i II r c 'cr i e . 

With re pect I c ntent matcrial, nly the timc pent with Interaclive Examples shows a significant 

po itiv' corrclat i n. Thll, ludcn!. who fir t intcract wi th the e materials feel motivated or prepared to attempt 

exerci c . 

ompollcllt 2: Qllizzcs - Interactive Example 

The highe t loadings in thi component corre pond to interactions with Quizzes and Interactive Examples. 

Thcy arc all po itively c rrclated which may lIgge t that performing comprehension activities as wel l as 

intcracting with pr gralllm ing vi lIalization-ba ed cxamples impact on each other. 
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The number of skipped exercises in this component correlates negatively with these loadings (-.520). 

Thus, students who complete Quizzes and try Interactive Examples tend to skip exercises to a minor degree. 

Component 3: Videos - Slides 

Visits and time spent with Videos and Slide materials show the highest loadings in this component. These 

variables correlate positively within this component, which implies that in lessons providing these materials (in 

this case lesson 6) students have interacted with videos as much as they did with slide materials. Skipped 

questions correlate negatively (-.320) - students interacting with these materials tend to skip self-assessment 

tasks to a minor degree. 

Component 4: Teacher Solution 

The highest loadings in this component refer to particular metrics extracted from students' interactions 

with Exercises in each lesson. The time spent with exercises, requests for the teacher's solution, and the time 

spent reviewing this solution correlate positively within this component. 

The presence of the variables Exercises_Visits and Exercises_Time and the lack of 

Exercises_Answered variable in this component should be noted. Thus, students accessing exercises 

frequently did so to access the teacher's solution while performing the exercise and afterwards the answer was 

not submitted. It is possible that the students access teacher's solution to reuse the code when they face new 

related exercises. 

Component 5: Interactive Materials 

The highest loadings in this component correspond to Interactive Materials presenting positive 

correlations, in contrast to Interactive Examples and skipped questions, which correlate negatively with the 

component. This result suggests that students who interact with Interactive Materials tend to skip comprehension 

activities to a minor degree, whereas they also tend to interact less with interactive examples. 

Component 6: Academic Performance 

As indicated at the beginning of this analysis, the highest loadings in this component correspond to 

students' academic performances. None of the metrics associated with learning activities or content resources 

present significant correlations in this component. This manifests that such grades are not related to the usage of 

the KVOLE platform or the learning resources provided. 
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Table 9. P 1123 Fac/or /mc/llre Ma/rixP 

Component 
t 2 3 4 5 6 

E,cr i,c, \,i,it' 903 409 
Stlldt'ntSollltion_l{eqllC\t~ S7S 474 
EHrci,c' i\n~\\ crcel ~~·I .391 

'stlldcntS; llItiOIl 'I jme 781 .336 
FHrci,c~_ Time 771 .717 

Qnt" tion~ .. An'\\ crrd SOl) !\69 

QIIII VI,I" ,117 N('~ .332 
f-,- . 
QIIII lillie X17 .371 

Intt' rll thcE'"nlplc,_'limc .56-1 6Q6 -
.479 

lI int Itcll"c~t. 67l) 

Intt'rll til cF,"mph" _ \,hit~-
<ISS 609 -

493 
Gt'rri,c,_SI.illpcd 

~~() 

Video \,i~it. 924 

Slidc, \ 'hil\ 885 

~" _' I irlle .R06 

"!ch'o " ime .740 

TriillcrSollltiol1 '11111C .310 863 

lencherSollltiol1 itcquc," RH 
Internct!> cl\ lotcrlnl ' T .671 

Irltcrncth r \l ntt' rilll'= \,i,il\ 305 639 

"'QiiNion, Skillprcl - -
.320 534 

~lInthc --
K9K 

S lIllIllIlIlhc IN6 
-

s happened \ ith the nnaly i f I FOSS. the orre lnlion found between the components are very low. 

The fact. r rrclati n l11atril<. ( abl 10) pre ents the e correlation: 

1 h highe t correlnti n i found bet\ e n the component Programming Activitie and Quizzes- Interact ive 

Examples (.459). 'I hi ' ugge ts that student perf! rming e. ercise tend to perform elf-a sessment tasks in the 

lesson and ice crsa; and that the c ntent material that eem to encourage the completion of Ie son acti vities 

thc 1110 tar' intcrucli e '.\ample • wh e de ign i inspired by Programming Visua lization techniques. 

The rem ining rr'lntion bctwccn acti itic interacti ns and videos or l ides are posi ti ve (.083), whereas 

the corrclati n b l\ 'cn acti itie ' int ruction and interacti e material are negative (-.027). Both corre lations are 

almo t in ign ificnnt. Thi. re ult ugge t that. in Ie on where interactive materials are available, their contents 

do not encourage th ompletion r exer i e . 
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Table 10. PCA23 Component Correlatioll Matrix 

J>rogramming Quizzes - Interacti ve Video~ - Teacher Intcrncth e Academic 
Component Activities Examples Slides Solu tion Materials ~rformnnce 
J>rol!,ra mminl! Activities 1.000 .459 .083 2.67 · .027 .048 
QuiZ7,cs - Int eracti ve 

.459 1.000 .080 ·.088 .033 022 Examoles 
Videos - Slides .083 .080 1.000 142 .153 034 

Teacher Solution 
.267 -088 142 .000 .013 1.000 

Interactive Materials -.027 033 .153 .000 1.000 194 
Ac.1demic Performance .048 .022 034 013 .194 1.000 

4.2 Learning Styles and Learning Metrics 

4.2.1. Exploration oflearning style groups 

An initial exploration of student' learning tyles wa performed according to thi categorization. Tables 

II and 12 show the number of student with each level of preference in both course. The small ize of the 

samples allow a limited study of the relationship between behavioural and learning metric in term of different 

learning styles. 

With regard to the Active-Reflective CAR) dimension, both cour c contain balanced and moderately 

reflective student , whereas only a group in I F0023 compo ed of four student will allow ana ly i of the 

influence of the moderately active preference. 

A simil ar situation occurs with the exi ting group for the ensing-Intuiti ve ( I) dimen ion. ompari ons 

are possible between I F0055 and INF0023 for balanced and moderately intuitive students, wherea only 

F0023 provides samples to ana lyse the ensing preference in more detail. 

There is more variability in the Visual-Verbal ( ) dimension in both sample. stablishing difference 

and similarities between these cohorts i possible with balanced, moderately visual and moderately verbal 

preferences; however, only I F0055 allows study of the strongly visual preference in contra t with ( F0023 . 

Finally, regarding the Sequential-Global ( G) dimension, it is possible to analyse the balanced and 

moderately sequential preference across courses whilst only F0055 pro ides a mall ample to study the 

moderately global preference. 
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Table 11. INF0055 Student Groups according to Learning Style Dimensions 

Learnin!! Style Dimension Groups 
Preference Balanced Moderated Strong 
Ran!!es r-3,+3] [+5,+7] [-7,-5] [+11,+91 f-l1,-91 
Active-Reflective (AR) Active Reflective Active Reflective 

6 0 2 0 0 
Sensing-Intuitive (SI) Sensing Intuitive Sensing Intuitive 

4 0 4 0 0 
Visual-Verbal Visual Verbal Visual Verbal 
(VV) 2 1 3 0 2 
Sequential-Global (SG) Sequential Global Sequential Global 

4 1 3 0 0 

Table 12. INF0023 Student Groups according to Learning Style Dimensions 

Learnin!! Style Dimension Groups 

Preference Balanced Moderated Strong 

Ran!!es f-3,+3] [+5,+7] [-7,-5] [+11,+91 f-ll,-91 
Active-Reflective (AR) 9 Active Reflective Active Reflective 

5 4 0 0 
Sensing-Intuitive (SI) 9 Sensing Intuitive Sensing Intuitive 

3 2 4 0 
Visual-Verbal 7 Visual Verbal Visual Verbal 
(VV) 7 1 3 0 
Sequential-Global (SG) 13 Sequential Global Sequential Global 

S 0 0 0 

The learning style groups found are considered for the second part of the integrated analysis described in 

the research methodology: the Kruskal-Wallis ANOV A. The results obtained from this analysis are visualized 

and explained by the group classification. 

The results obtained for the course INFOOSS are summarized in Tables 13 to 30, whereas results obtained 

for the course INF0023 are summarized in Tables 31 to 34. In order to facilitate the understanding of these results 

it is important for the reader to notice that the figures and statistics referenced in these tables can also be found 

in Appendixes 1 to 4 and Appendixes 5 to 8 respectively at the end of this thesis39 
• 

. 39 In addition the reader can also refer to Appendix 0, which offers an explanatory example of how to interpret these results ste 
by step according to the graphics and statistics presented in Appendixes I to 8. p 
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4.2.2. INF0055 Kruskal-Wallis H Test 

When the K- W test was perfo rmed, the number of dependent vari ables analysed in these samples (2 1 

variables) produced a tremendous amount of visuali zations and sta tistica l tables that initi ally retain the null 

hypothes is. For thi s reason, the results ex plained in the fo llowing subsection only report those metrics that 

rejected the null hypothes is in the first test, showing a K- W statisti ca l sign ificance below .05. 

4.2.2.1. Active- Reflective groups 

The Kruskal- Wallis H test was run to determine if there were di fferences in beha ioural metrics between 

moderately refl ective (n=2) and balanced (n=6) students. The hypothesis test results, di tri bution visuali zat ions, 

and mean ranks obtained during this analys is are presented in Appendix I below. 

The metrics related to content resource in the lessons and comprehension activities (i.e. quizze ) pre ent 

similar di stributions across the moderately refl ecti ve and balanced groups, with asymptotic igni fi cances above 

.05 (see Figures 25). However, most of the vari ables associated with programming acti itie show a good 

stati stical sign ificance (below .05) and reject the null hypothesis: Exerci ses _Visits , 

Exercises_Answered , Exercises_Skipped , Exercises_Time , Tasks_Visits , Tasks skipped 

and Tas ks Time. 

The dlstllbuloon of Ex ICISts Visrts Independent· 
I 1 R.~.ct the 14 IS the .. me . cross cot. gont. of ~~e~~ .003 nu 

AR. W.II" Tut hypoth .. slS 

The distribution of Independent· R8~ect the I 
15 Exercises Answered is the same Sam~18s 010 nu 

across caiegories of AR. Krus a~ hypothesis WalliS Test 

The distribution of Independent. 
R.~.ct the 

16 Exercises Skipped is the same Sam~les .007 nu 
across caiegories of AR. Krus a~ hypothesIs Wallis Test 

Independent· Re~eci the 
17 The distribution of Exercises T is Sam~les .001 nu 

the same across categories of AR. Kru. a~ hypothesis 
Wallis Test 

The distribut ion ofTasks Visits is 
Independent. Re~ect the 

18 Sam~les .012 nu I the same across categones of AR. Kru s a~ hypothesis. 
Wallis Test 

20 The dist ribution ofTasks_skipr ed is 
Independent. Re~ect the 
sam~les .044 nu I the same across categones 0 AR Krus a~ hypothesIS 
Wallis Test 

The distribution ofTasks T is the 
Independent· Re~ect the 

21 Sam~l8S .000 nu I same across cat.gones "Of AR. Krus al· hypothesIs 
Wallis Test 

Figure 25. INF0055 Active-Refl ecti ve Learmng DimenSIOn . 
Stati stically Significant Hypothes is Test Results. 
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Distribution shapes for these variables present different shapes between moderately reflective and balanced 

groups, as shown in their respective box plots. Since the cohort is divided into two groups the statistics obtained, 

along with the visualizations, allow distinguishing differences between groups' behaviour based on their 

respective mean ranks for each behavioural metric (Table 13). 

These results show that, despite being a small group, moderately reflective students interacted much more 

with exercises in lessons than the students in the cohort who were balanced in this dimension. A similar trend 

can be noticed when analysing the interactions with programming tasks (Table 14). 



Table 13. Active-Reflective Crol/ps. 
Learning Metrics for ExercIses with Statistically Significant Results 

Learning Inter'action K-W Mean Rani, Box Plot 

Visits to Exercises 
Di ss im ilar Distribution 
Mean rank increased between 
moderate reflective (29.95) and 
balanced (17.35) students. The 
difference is stati stica ll y 
significant, X2 ( I) = 8.883, 
p=.003. 

(Figure I d) 

Number of Exerci ses An wered 
Dissimilar Distribution 
Mean rank increased between 
moderate reflective (28 .50) and 
balanced (17.93) students. The 
difference is stati stically 
significant, X2( I) = 6.663, p=.O 1. 

(Figure 1 e) 

Time Spent on Exerci es 
Dissimilar Distribution 
Mean rank increased between the 
moderate reflective (30.60) and 
the balanced ( 17.13) students, 
X2( I) = 10.109, p=.OO I. 

(Figu re 1 g) 

Number of Exerci es Skipped 
Diss imilar Distribution 
Mean rank increased between the 
balanced (23. 1) and moderate 
reflective ( 12.7). The di fference is 
statistically significant, 
X2(1) = 7.221, p=.007. 

(Figure If) 

Co mparing Lca mingSJyles Croups 
Independent.s.mplet Krusk.I.W.lIIs Telt 

.. .00-

i,30·00-

+ 
, 

R 
~::o.oo-
I 
Il 

'0.00-

0 
J.iGcter.MReftec:Dve -AR 

Independent·Sampl .. Krulkal.Wallll Test 

• ocr 0 -r 

1 

{'ocr CS ;-'--i , .00-

l >00- 0 

r--
o. 

Modw .. .cIft.~. IlaIrCOd 
AR 

Indtp.nd.nt.sampl •• Krulkal·W.llla Test 

~ 
oooL----,**--.~,-".-~----------~~~.-~~--~ 

Independent.sampl .. Kru.kal·W.III, Teat 

1'.00-
tI,31Xt 

LlXt 
Il .lXt 
O~----.~--.-~TR-.~---.--------~~~~----~ 
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Table 14. Aclil e-Rejleclive Gro1lps. 
Learning Metrics Jor Exercises wilh SlaJislically ignijicanl Re IIIIS 

Learning Interaction 

Visits to Tasks 
Dissimilar Distribution 
Mean rank increased between 
moderate reflective (28.4) and 
balanced (17.87) students. The 
di fference is statistically 
signi ficant, X2( I) - 6.253, 
p=.012. 

(Figure I h) 

NumbeJ' of Tasl,s Answered 
Dissimilar Distribution 
Mean rank increased between 
moderate reflective (26.05) and 
balanced ( 18.65) students. 
However, this difference is not 
statistically significant, X2(1) = 

3.407, p=.065. 

(Figure 1 k) 

Time pent on Ta ks 
Dissimilar Distribution 
Mean rank is statistically 
sign ificantl y higher for the 
moderate refl ective (3 1.6) than 
for the balanced (16.8) tudents, 
X2( 1) = 12.274, p=.OOO 
(Figure Ij) 
(SPSS shows K-W 
signifi cances under .0005 as 
.000. 
Number of Task I,ipped 
Di ssimilar Distribution 
Mean rank increased between 
the balanced (22.4) and 
moderate reflective (14.8). The 
di fference is statisticall y 
significant, X2( I) 4.07, 
p=.044. 

15 

• 10 i, 
i 
.. 5 

K-W Mean Rani, Box Plot: 
Ie 

111\ 

Independent·Samplea Kruakal·Wallls Test 

o 

IIR 

Independent·Samples Kruskal·Wallis Test 

o 
o 
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According to these results, a moderate reflective preference seem to have an important influence upon 

interacting with programming acti vities in Ie sons. However, thi finding does not agree \ ith the F L M or 

results reported by other related studies. Refl ecti ve student are de cribed as indi idual who process new 

information by reflecting upon content material (Felder & il erman, 1988), spendi ng more time with examples 

and dealing more intensively with outline contents (Graf, Liu, & Kinshuk, 2008). In I F0055, examples and 

outlines are implemented in slide materials, however, our initial te t hypothesis reflected no tatistically 

significant differences in metri cs between moderately refl ecti e and balanced student for the e or other content 

resources. 

Active students, 111 contrast, are indi iduals who like "trying thing out", so interacting more with 

exercises, tasks, or quizzes arc expected to be higher m tri c in uch tudent (Felder & il ern1an, 1988; Graf 

et aI. , 2008). either moderately or trongly-acti e students were pre ent in I F0055, however, balanced 

students are upposed to show a slightly more "active-like" behaviour than reflective-inc lined tudent , at least 

with the variables analysed in thi secti on. evertheless, the reflecti e- inclined indi viduals (n 2) in thi cohort 

interacted much more with programming acti vities in comparison wi th the rest of their balanced cia smates (n=6). 

In compari son with previou related studie (e.g. Kin huk & raf(2007) or raf tal. (2008», th result 

obtained correspond to a very small ample of students. In addit ion, the trend toward an acti e or a reflecti e 

preference in I F0055 is not strong in any case. In consequence, the variation detected may not be due to the 

influence of an acti e or refl ective learning preference. 

Instead, they might be due to factors other than the learn ing tyle, for example, the lack f motivcltion of 

balanced students, adopting the wrong learn ing strategies for the ubject of omputer Programming, or resource 

designed with a very low pedagogical quality. 

4.2.2.2. Sensing-Intuitive groups 

The Kruskal-Wallis H test wa run to determine if there were difference in behavioural metric between 

moderately intuitive (n- ) and balanced (n=4) tudent. The hypothesis test re ults obtained are presented in 

Appendix 2 below. 

The initial te t of the null hypothes is showed that thi cannol be rejected for any of the behavioural metri cs 

observed for content resources or act ivities (see Figures 2a, 2b and 2c, p. 259 and p.261). 
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The stnti ti ca l signifi ances in thi table are all above .05, which is an indication that the distribution and 

th median f each beha ioural metri c are similar aero s moderately intuitive and balanced groups. Therefore 

therc nrc no arin tion in tudenL<;' beha iour according to their preferences in thi s dimension. 

4.2.2.3. Vi ual-Verbal groups 

The Kruskal- Walli lIte t wa run to determine if there were differences in behavioural metrics between 

~ t r ngly ' rbal (n 2), modcrHtely erbal (n 3), balanced (n=2) and moderately vi sual (n= I) students. The 

hypothc itt re lilt , di stributi n isuHli 7ation , mean rank , and post-hoc pairwise comparisons performed for 

th i- nnnly i arc pre cntcd in ppcndix 3 b low. 

1 he hypothe i. t t (I· igur 26, ex tracted from igure 3a, 3b and 3c, p. 265,267) indicated that the null 

hypothes i Il1 ny b ' rejectcd for the nriabl : Ins rue ions_Time , Quiz_Visi s , Hint_Requests and 

Exel ei s s Vi si ts. These vari able orrespond to interactions with different types of resources provided in 

lessons 2, 3, 4, 5 and 7 r the ur e: In truction materi al , Quiz ac ti vit ies and Exercise activities. The group ' 

beha iOll r '011 erning en h ariab le i a fI lIows: 

The distribution of Instructions TUlle Indep~ndent· Reject the 
Sam~l es 8 IS t h~ same across categones-of krus al· 014 null 

W WalliS Test hypothesis 

, 
Indep ndent· 

Re~ect th 
9 The dlstnbutlon of QUIZ Visits is Sam~les 026 nul the samt across categolies ofW ~ rus a~ 

Walhs Tist hypothesIs 

Indep ndent· 
Re~ect th 

11 The d,stnbullon of Hlnt_RequiSts IS Sam~les 035 nu the sam4 across c3tegones 01 W Krus 411· r hypothesIs Wa lhs Test 

• 
I ndo?p~ndent · The dlstnbullon 01 ExerCises VISits Re~ecl the 

U IS th. same OIcross cat.gones 01 sam~les 038 nu NUS al· W lal!ls Test hypothesIs 

Fi 'lire 26. INF0 055 Vis ual Verbal Leamil1 ~ g Dimension. 
tati tica l igni licant Ilypothc is Test Results 

Fir t, regarding th ' time pent with In truction material , it was necessary to observe the shape of the 

di stribution of the mean ranks ca lculated for each group. Ilowever, to observe specific differences between 

ex isting gr lip , post-hoc nna ly i wn required. Table 15 below summari zes the result obtained. 
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Table 15. INF0055 Visual- Verbal Groups. 
talislical/y Significant Results f or Time spent with In t/'llction Materials. 

Learning Metric: Time spen t with Instru ction Material 

K-W Mean Rank Box Plot: K- W Mea n Rank 

Independent-Samples Kruskll·Wallis Test 

o 

o 

o 
o 

StrOlfW/v VerbIiI tAodetlllltd V.b:II eM;rc.d ' Ioder.ed ViIuDI 

VV 

Mean rank distributions present dissimi lar shape 
across groups. II is neces ary to perform post-hoc 
ana lysis (pairwi se comparisons between these 
groups to observe differences) 

(F igure 3d) 

Statistica lly significa nt Median va lues 
(Table 3.2) 
Moderate verba l = 0.0000 
Moderate visual = 3.5592 

Pairwise Comparisons ofW 

ix pairwise compari on were performed. 

Mean rank inerea ed between moderately vi sual ( 2.8) 
and moderate verbal ( 14.53) student . It is tati stically 
signi fi eant, p .0 12 

(Figure e) 

Influence oflhe vi ual style preference on the time sp nt 
on Instructi on materi al 
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Table 16. INF0055 Vi /la/-Verbal Grollps. 
tatistica//y igniflcal1l Resllltsjor Visits to Quiz Activities. 

Lellrning Metric: Visit to Quiz Activities 

K- W Melln Rllnk Box Plot: K- W Mean Rank 
Pairwise Com arisons 
PaIrwIse ComparIsons ofW 

0 

150 

Stt""llltv .. beI /·_ • • 4 \, .. 1>01 Babnct4 
VV 

(Figure . f) 

sigJlilicnnt McdiaJl 

16.5 

M ean rank increased between strong ly verba l (27.6) 
and balanced students (1 3.9). [t is stati stica ll y 
s igni fi cant, p - .044 

(Figure 3g) 

[nnuence of the verba l styl e pre ference on the 
amount o f vis it to quiz activiti es 
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Table 17. lNF0055 Visllal- Verbal Grollp . 
Statistically Significant Results/or Hint Requests in Qlli: Activities 

Learning Metric: Hint Reque t 

10.00 

i 8 

=, 6. 

I 

Group Mean Ranks 
Distribution Sha e Com arison 

Independent·Samples Kruskal·WalHs Test 

S1ronglf VerW r.toderfled Ve,blll a.Jnced 

VV 

is imi lar shape between lhe strongly verbal group and 
the others. 

(Figure 3h) 

Stati tically significant Median value 
(Table'" .2) 
trongly verbal = 2.00 

Balanced = 0.00 

Mean Rank 

Palrwiae Comparisons orw 

M an rank increa ed between lrongly verbal (26.7) 
and balanced tudent ( 15.5). It i tat i tica lly 
signifi cant p = .029 

(Figure 3i) 

Influence of the verbal lyle preference on the 
number of hint reque ts when performing qui z 
activitie 

lrongly verbal and balanced group are composed of the ame number of indi viduals (n=2). This r suit 

indicates that a strong preference for the verbal style influence the interacti ons that con ist of resorting to te t­

based hints to answer questi ons. 
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Table 18. INF055 Visllal- Verbal Grollps. 
Statistically Sigl1ifical1t Resllits/or Visits to Exercises. 

Learning Metde: Vi its to Exercises 

Ind.pend.nt·Sampl .. KrUlk.I·Wallll T .. t 

$honglf Vttbel JlodIrltN \ ttbCII 

Mean rank di stri butions 
acro all group . 

(Figure j) 

VV 

o 

tati tically significant Median va lues 
( ab le 3.2) 

trongly V rbal 12.5 
Balanced 1.00 

K- W Mean Rank 

hape Mean rank increased between the strongly verba l 
(26 .35) and the balanced (12.35) groups. It is 
tati tically significant, p = .04 1 

(Figure 3k) 

Innu nce of the verba l style preference on the 
amount of visits to exerci ses in lessons 

The F L M ob erv the vi ual- verbal dimension by ana lysing the ensory channel through which 

extemal information i mo t efT'ect i ely perceived (Felder & il verman, 1988). Whereas vi ual students are 

de cribed as indi idual who HI' member best what they can see" (e.g. images, graphics, films, demonstrations), 

verba l learner rem mber be t what " thcy hear or ay" (include, for example, verba l explanations and text-based 

material ). In INF 055 the design of onlent resources and activit ies does not take account of visual or verba l 

prefer nce of tudent . In fact, most of them include a combination of textual explanat ions and images to clarify 

and facilitate under tanding of concept. 

Among the resource provided in lessons, those with few images included are Instruction material s, since 

their purpose i 10 pre ent students with the learning activities of the lesson, the intended learning objectives, and 

the concepts that they wi ll practice. In other word , the e materials are mostly '·verbal". However, the results 

repOlted ind icate that moderately visua l learner (n= l) in the cohort interacted the most with these material s in 
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comparison with balanced (n=2) or verba ll y-incl ined students (n=5). The fact that thi s result has been obtained 

for the interactions of a single student in the cohort prevents me from confirming that this is a consequence of a 

learning style. 

With regard to the results obtained for interactions with quizzes, i.e. visits and hint requests, in thi s case it 

seems that the strongly verbal students (n=2) in the cohort have interacted more with these activities than any 

other group. The questions are mainly "verbal", i.e. there are no questions based on interpretations of graphics 

or observation of fi gures. These are comprehensive questions about understanding and remembering concepts 

and questions on the interpretation of pieces of code. The hints provided act as a short text-based support to 

facilitate the learner arr iving at the ri ght answer. Accordingly, it makes sense that strongly verbal students show 

the hi ghest medians in these variables . However, moderately verbal students show very low medians in 

compari son with thi s group and the moderately visual group. Prev ious related studies confirm that visual lea rners 

perform better on graphic-based questions (Grafet aI., 2008); however, s ince there are no graphic-based questions 

in any of the lessons there are no metrics available that support such finding. 

Finally, strongly verba l and moderately visua l students visited exercises much more frequently than 

balanced and moderately verbal students. From a design perspective, exerc ises combine tex t-based instructions 

with images that clarify the program to implement, for example, by showing an example of the input and the 

output of the required program. Since the on ly statistically signifi cant med ian is obtained from three students in 

the cohort, thi s finding is not associated with the visua l- verba l preference. 

4.2.2.4. Sequential-Global groups 

The Kruskal- Walli s H test was run to determine if there were differences in behav ioural metri cs between 

balanced (n=4), moderate ly globa l (n=3) and moderately sequenti al (n= I) students. The complete results of the 

hypothes is test, the di stribution visuali zations, the mean ranks and the post-hoc pairwise comparisons performed 

for this analysis are presented in Appendix 4 below. 

The hypothesis test (Figure 27) indicated that the null hypothesis is rejected for 13 variab les associated 

with interactions with lesson instruction material s (I ns t r uctions _Visits and I nstructions_Time), 

quizzes (Qui z z_Vi s i ts , Quest i ons_Answered , Questions Skipped , Hin t_Requests and 

Qui zz_Time), exercises (Exercise_ Vi sits , Exerc i ses_Answered , Exercises Skipped and 

Exerc i seS_Time) and tasks activities (Tasks_Answered and Tasks_Skipped). 
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igu,'c 27. INF0055 equential-Global Learning Dimension. 
tati tical ign ificant Ilypothe i Te t Results. (Extracted from Figures 4a, 4b and 4c) 

he re lilt are explained for each group of ariables as follows: 

1. Beha ioural differenc with Instruction material s 

A a essed by ob erv ing the re pective boxplots, the re pective distribution shapes of both variables are 

di similar acro group _ In the post-hoc ana lyse performed three pairwise compari sons were performed . 

he mean rank of vi it to In truction material increase beLween the moderately sequential (26.0) and the 

moderately global (24.77) and the ba lanced ( 15_93) student , however, in the pairwise comparisons performed, 

no tati tical igniticance wa found in these differences_ 
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Table ]9. INF0055 Sequenti al- Global Groups. 
Stati stically Significant Results for Visits to Exercises . 

Learning Metric: Time spent with Instruction materials 

K- W Mean Rank Box Plot: 
Distribution Shape Comparisons 

Independent·Samplea Kruskal·Wallls Test 

15.00- o 

1' 1000 

i 500 ~ 
· . 
· · 

."........, = 
Moderated Global Bal3nCed _S.d $equeriIoI 

SG 

Mean rank di stributions present di ssimilar shapes 
across groups. 

(Figure 4f) 

Statistically significant Median values 
(Table 4.2) 
Moderate global = 1.7662 
Balanced = 0.0000 

K- W Mean Rank 
Pairwise Comparisons 

Mean rank increased between moderately globa l (26.87) 
and ba lanced students (1 5.1 5). It is statisti cally 
signifi cant, p = .008 

(Figure 4g) 

Influence of the g lobal style preference on the time 
spent on Instructi on materi als 

Instructi on materi als offer a global vi sion of learning activiti es in each lesson and the learning objectives. 

Whereas moderately global students usuall y spend time reading instructions before or during the completi on of 

activiti es, balanced and moderately sequential students in the cohort spend much less time with these materials. 

Global students are described as individuals who understand the " big picture" better rather than a sequence of 

detail s in a "step-by-step" form (Felder & Silverman, 1988). They tend to make connecti ons between contents to 

develop their solutions. The purpose ofinstrllction materi als is to offer the connecti on between contents explained 

in a lesson and learning activities proposed. The usage of Instructi on materi als by moderately g lobal students in 

IN F0055 fits with their learning preference. 
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According to Graf and colleagues, the dimension Sequential-Global is connected to the Sensing- Intuitive 

dimension (Grar et aI. , 2008). Sens ing learn ers are known for being practical , applying standard approaches to 

o lving problems (Felder & Silverman, 1988) and starting new lessons by looking at materials than inform them 

about what they will learn (Graf et aI. , 2008). In this sense, the behaviour identified in moderate global students 

at INF005 5 could be connected to their SI dimension , however, according to the SI results, this cannot be proved. 

ii . Behavioura l differences with Quizzes 

Table 20. INF0055 Sequential-Global Groups. 
Stali tically Significant Resllits jar Visits to Quiz Activities 

Learning Metric: Visits to Quiz Materials 

K- W Mean RanI. Box Plot: 

Independent·Semples Krulkal·Walils Test 

1000 o 

K-W Mean Rank 
Pairwise Comparisons 

Balanced 
14 08 
C 

lAo darat~d Globa 
2S.tO 

"',...,J .... 32 ~o qt 

Mean rank di tribution 
groups. 

(Figure 4h) 

present dis imilar shap s across Mean rank increased between Moderated 
g lobal (25 . 1) and balanced students (14.08)., 
Sig. p = .014 

tati tically ignificant Median values 
(Table 4.4) 
Moderate global = 15.00 
Moderate equential 32.00 
Ba lanced = 0.00 

Moderated sequential (32.4) and balanced 
students (14.08) . Sig. p = .004 

(Figure 4i) 

In nuence of the g lobal and sequential style 
preferences on the time spent with 
Instruction material s 
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Table 21. INF0055 Sequential-Global Groups. 
Statistically Significant Results f or Questions An wered in Quiz Activitie 

Learning Metric: Numbe.- of Que tion Answered 

K-W Mean Rank Box Plot: 

Independent-Samples Kruskal-Wallls Test 

K- W Mean Rank 
Painvise Com arisons 

o .. ~-----r--------~~--------~--~ 
MOiderat.d G40bol BoIonced 

SG 
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Mean rank di stributions present di ss imilar shapes Mean rank increased between Moderated global (25.83) 
across groups. and balanced students (1 4.95) ., Sig. P = .009 

(Figure 4j) 

Statistically significant Median values 
(Table 4.4) 
Moderate global = 9.00 (n=3) 
Balanced = 0.00 n=4 

(Figure 4k) 

Influence o f the global style pre ferences on the amount 
of que lions answered on qui z activiti es 

It can be noticed that the moderate global mean rank (25.83) is lower than the moderate sequenti al mean 

(26.7). However no stati sti cal s ignificance has been found for this group in any of the combinations. This result 

may be due to the data for the moderately sequenti al group belonging to a s ingle individual in the cohort. 
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Table 22. INF0055 Seqllential-Global Grollps. 
Stati ticall)' Significant Result jo/' Hint Requests in Quiz Activities 

Learning Metric: Number of Hint Reque t 

K- W Mean RanI< Box Plot: K-W Mean RanI< 
Distribution Shape Compar'isons Pairwise Comparisons 

Independent·Samples Kruskal-W Ills Test Ba!ancad 
1750 

1200-

1000 

~ 
Uoderit~d Global 

i e~ , 03 

, aDO-

; 400 . 
200 

o .~ 
,.-=-, __ IdGlobai 

Babncld 
~ __ od 5equorjuII 

SG 

Moderato'. SeqUenba 
3390 

0 

Mean rank di tribution pre ent di similar shapes Mean rank increased between: Moderated sequentia l 
acr group . (33.9) and global students (20.03). , p = .008 

(Figure 41) Moderated sequential (33.9) and balanced students 
(17.5), p .001 

(Figure 4m) 

Statistically significant Median value Innuence of the sequential style preference on the 
(Table 4.4) number of hint request when completing quizzes 
Moderate sequenti al 7.00 (n== l) 
Moderate global 0.00 (n 3) 
Balanced 0.00 (n 4) 
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Table 23. INF0055 Seqllential- Global Grollps. 
Statistically Significant Results Jor Qllestions Skipped in Qui= Activities 

Learning Metric: Number of Que tion Skipped 

K-W Mean Rank Box Plot: K- W Mean Rank 
Distribution Shape Comparisons Pairwise Comparisons 

Independent·Samples Kruskal-Wallis Test 
B~'.nc.d 
28 25 

20.00- 0 
--.. 

! 15.00-

tI, i . 0.00-

,--

5.00-
0 ~ 

0_ r----1 '--- r----1 
_edGiobai BD1ced tAod." lled SeqJeft3 

SG 
1.I<'dll.' d G.obal 
13 : 7 

Uod.r~ ed 
"50 

qu. n~a 

Mean rank di stributions pre ent di ss imilar shapes Mean rank increased between groups: Moderated 
across groups. sequential (I 1.5) and balanced (28.25)., p = .008 

(Figure 4n) Moderated global (1 3. 17) and balanced students 
(28.25)., p = .000 

(Significance levels equal or under .0005 are shown in 
SPS a .000) 

(Figure 40) 

Statistically sign ificant Median va lues Influence of the balanced style on sk ipping questions 
(Tab le 4.4) when completing quizzes 
Moderate sequential = 1.00 (n= I) 
Moderate g lobal = 1.00 (n=3) 
Balanced = 4.00 (n=4) 
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Table 24. INF0055 Seqllential-Global Groups. 
tatistical/y ignijicant Resllltsfor Time Spent on Qui= Activities 

Learning Metric: Time spent on Quiz Activitie 

K- W Mean Rank Box Plot: K- W Mean Rank 

Independent.s.mplu Kru.kll·W.lIIs Test 

Mean rank di tribu ti on 
acro group . 

(Figure 4p) 

I1*lctd 

so 

tati tically significant Median va lues 
(Table 4.4) 
Moderate global 6.4829 (n 3) 
Balanced 0.0000 n-'4 

Pairwise 

B I~n(.d 
lao 

Mean rank increased between groups: 

Moderated global (27.13) and balanced students 
(13.9).,p = .002 

(Figure 4q) 

Influence of the global style preference on the 
amount of time spent with Quiz activities in 
lessons 

These re ults highlight the b haviour of the moderately sequential preference in comparison with 

moderately global and balanced tudent. equent ial students are described as indi iduals who learn in a linear 

order (Felder & ilverman, 1988). The general impression is that the sequenti al preference influences interactions 

with quizzes, especially when hints are avail able. Quizzes are proposed as the first activity in each lesson , 
followed by exercise and ta k . The equentia l style's influence may be the reason the moderately sequential 

group hows the highest mean ranl"s in quiz visits and question an wered and the lowest mean rank in questions 
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skipped. Quizzes are composed of a set of ordered questions; at the end of each question, particularly in lesson 

3, a hint to answer the questions is offered, but is only delivered when the student requests it. Thus, after reading 

a question, the sequential style influences the request of a hint, regardless whether or not help is required to 

answer the question. Anyhow, this behaviour does not show statistical significance in most of these variables. It 

is associated with the fact that the data of the moderate group corresponds to a single individual in the cohort. 

For this reason, it is not possible to confirm the alternative hypothesis about the influence of the sequential style 

dimension upon behavioural metrics. 

Global students are described as individuals who tend to learn "in leaps" (Felder & Silverman, 1988). The 

analysis of their behaviour on questions has been observed from the performance perspective, affirming that they 

"perform better on questions about concepts" (Graf et aI., 2008). Since specific performance in quizzes is not 

measured in this research, this is a behaviour that cannot be tested for the global style. 

In INF0055, except hint interactions, global-inclined students (n=3) show behavioural metrics similar to 

their sequential classmates. Maybe the influence of both styles would be more visible if we had behavioural 

metrics about the sequence of interactions with quizzes, for example, the order of answering questions, accessing 

quizzes when starting a new lesson or when finishing it, or skipping content materials or going through them in 

the proposed order. The available behavioural metrics associated with content resources have not shown 

statistical significance in this dimension, however. 

To conclude these results, it is not possible to confirm that either the sequential or global styles influence 

INF0055 students' behaviour with quizzes. 



iii. Behaviour with Exercises 

Table 25. INF0055 Sequential-Global Groups. 
Stati tically Significant Resultsjor Visits to Exercises 

Learning Metric: Visits to Exercises 

K- W Mean Rank Box Plot: 

Independent·Samples Kruskal·Wailis Test 

o 

Bal3tlCed 

SG 
Mod.rlled 5eq.Jert1~ 

K- W Mean Rank 
Pairwise Com arisons 

Balanced 
15.05 

Mean rank distributions present dissimilar shapes Mean rank increased between groups: 
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across groups. Moderated global (25.93) and balanced students 

(Figure 4r) (15.05), P = .0 18 

Statistically significant Median values 
(Tab le 4.6) 
Moderate g lobal = 12.00 (n- 3) 
Balanced = I .00 n=4 

(Figure 4s) 

Influence of the globa l style preference on the 
amo unt of visits to exercises in lessons 

The highe t mean rank corre ponds to the moderate sequential group (n= l , 26.0) ; however, it does not 

show a sta ti stical s igni ficance wi th the other groups. 
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Table 26. fNF0055 Sequential-Global Groups. 
Statistically Significant Reslllts for Exercises A nSlVered 

Learning Metric: Number of Exercises Answered 

K- W Mean Rank Box Plot: K-W Mean Rank 
Distribution Shape Comparisons Pairwise Comparisons 

Independent-Samples Kruskal-Wallis Test 
B;I;nctd 
u n 

8.00- -, 0 

II 
i 6.00- -, 
:, 
.i 4.00-
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0.00 
ModerDled Global Bobnced Modefated 5e<JJort1ol 

SG 

Mod. rated Glob al 
28 ~7 

Uode r.ted 
22.50 

qIJe nti. 

Mean rank di stributions present di ss imil ar shapes Mean rank increased between groups: 
across groups. 

Moderated global (28 .07) and balanced students 
(Figure 4t) (14.32), P = .00 1 

(Figure 4u) 

Statistically significant Median values Influence of the global style preference on the amount 
(Table 4.6) of exercises answered in lessons 
Moderate global = 12.00 (n=3) 
Balanced = 1.00 (n=4) 

Despite being the highest, the mean rank of the moderate sequential (n= l , 22 .5) does not show stati stica l 

signifi cance with respect to the other groups. 
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Table 27. INF0055 Seql/ential- Global Groups. 
tatistically Significant Reslllt for Exercises Skipped 

Learning Metric: Number of Exerci es Skipped 

soo-

K- W Mean Rank Box Plol: 
Distribution Shape Comparisons 

Independent,SlImplea Kru,k.I·W.III, Teat 

l!.1Ionc:.d 
SG 

Mean rank eli tribution pre nt di imil ar shape 
acro group . 

(Figure 4v) 

Slati licall significant Median alue 
(Table 4.6) 
Moderate global 0.00 (n 3) 
Balanced 3.50 (n A) 

K-W Mean Rank 
P~lirwise Comparisons 

a .. ·.' ." " ., 

I ~. 
r01··~ 

.~-------------.--

Mean rank increased between groups: 

Moderated global (1 2.93) and balanced students 
(26.55), p = .00 I 

(Figure 4w) 

Inn lIence of the balance style on the amount of 
kipped exerci es in les ons 
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Table 28. INF0055 Sequential-Global Groups. 
Statistically Significant Results/or Time spent on Exercises 

Learning Metric: Time s pent on Exe rcises 

K-W Mean Ranl< Box Plot: K-W Mean RanI< 
Distribution Shape Comparisons Pairwise Comll.arisons 

Independent-Samples Kruskal·Wallls Test 
BOlanetd 
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Mean rank di stributions present dissimilar shapes Mean rank increased between groups: 
across gro ups. 

Moderated global (27. 13) and balanced students 
(Figure 4x) ( 14.7), p = .005 

(Figure 4y) 

Statistically significant Median values Influence of the g lobal sty le preference on the time 
(Table 4.6) spent on exercises provided in lessons 
Moderate g lobal = 12.00 (n=3) 
Balanced = 1.00 (n=4) 

The behaviour of the groups with programming exercises in lessons follow the same trend as their 

behaviour with qui zzes: moderately sequenti al and moderately globa l groups have close va lues in their mean 

ranks, whereas balanced students present signifi cantly lower mean ranks in all behavioural metrics, except 

exerci ses skipped. This cohort trend on ly helps to demonstrate that balanced students engaged much less with 

programming exercises than moderately g loba l and sequenti al students. However it is not a behaviour that should 

be associated with the influence of the sa learn ing style dimension. 



166 

Programming activitie in INF0055 lessons are presented after comprehension activit ies (i.e. quizzes). 

They are pre ented in a specific order; however, the characteristics of the KUOLE platform allow a student to 

choo e any exerci e in the equence. The metric Exercises Skip ped refers to those exercises that have not 

been visited at all, as well as tho e exercises that were visited but where no answer was submitted on the student 's 

behalf. If global tudent tend to skip exercises more than sequential students - as they tend to skip content 

material (Graf et aI., 2008) - , it i a behavioural pattern that the obtained mean ranks do not confirm. 

These result , simi larly to those obtained with quiz activities, do not confirm the influence of sequential or 

global learning preferences in INF0055 students' behaviour with exercises. 

iv. Behaviour with Tasks 

Table 29. INF0055 Sequential-Global Groups. 
lalislica// J Si ni[icanl Reslllts (or Tasks Answered 

Lcarning Mctl'ic: Numbcl' of Tasks Answered 

I -W Mean Ranl< Box Plot: K-W Mean Ibnl< 

Independent-Samplu Kruskal·WallJ. Teet 

--~ 

Pairwise Com arisons 

Mode'al~d Globa 
2U7 

Mean rank distributions pre ent dissimilar shapes Mean rank increased between groups: 
acro s groups. 

(Figure 4z) 

tatistically s ignificant Mcdian valucs 
(Table 4.8) 
Moderate globa l - 1.00 (n 3) 
Balanced = 0.00 n '4 

Moderated g lobal (27.27) and balanced students 
(15.82), P = .007 

(Figure 4aa) 

Inn uence of the global styl e preference on the amount 
of tasks answered in lessons 



Table 30. INF0055 Seq1lential-Global Groups. 
Statistically Significant Res1IIts for Tasks Skipped 

Learning Metric: Numbc,· ofSl<ippcd TllSI<s 

K-W Mcan Ranl< Box Plot: K-W Mean Ranl< 
Distribution Shapc Comparisons Pairwise Comparisons 

Independent.Samples Kruskal·Wallls Test Moderated Glob, 
13.53 

2.00 --
i 150-
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Bala:lt ta I_al.as-... 25.!5 
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2 

Mean rank di stributions present dissimil ar shapes Mean rank increased between groups: 
across groups. 

Moderated global (13.53) and balanced 
(Figure 4ab) (25.25), p = .003 

(Figure 4ac) 
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students 

Statistically significant Median values Influence of the balance tyle on the amount of 
(Table 4.8) skipped programming tasks in lessons 
Moderate global = 0.00 (n=3) 
Balanced = 1.00 (n=4) 

Behaviour with programming tasks across groups resembl es their behaviour with programming exercises, 

especiall y for moderately global and balanced students. Concerning programming tasks, the moderately 

sequential group shows a behaviour similar to the ba lanced group: higher interactivity with programming 

exercises and quizzes, but lower interactivity with programming tasks. Behavioural trends in moderate and 

balanced groups do not change across qui zzes, exercises or tasks, however. 

These differences in sequential behaviour may be due to the particular design applied to exercises and 

tasks: whereas exercises guide a student step·by·step through the resolution ofa program, tasks offer a description 

ofthe program to implement, specify ing the fo rm of the program output as an example. Thus, a sequential student 

feel s overwhelmed by not being ab le to "put everything together" and implement the program without a "set· by-
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step" guide. Another possibi lity is that there are not sufficient exercises for thi s student to practise through bas ics 

before facing a more complex activity. In any case, rather than placing too much emphas is on design fau lts, it 

hould be recalled that the moderately sequential group is composed of one individual. The resu lts, in this case, 

are too specific t extract reliabl e conclusions about design or the influence of sequentia l learn ing styles. 

Likewise, the mall size of the moderately globa l (n=3) and balanced (n=4) groups do not permit conclusions 

about the influence of learning style upon behaviour in learning activities. 

4.2.3 INF0023 Kruskal-Wallis H Test 

4.2.3.1. Active-Reflective groups 

The Kru ka l- Wallis H test was run to determine if there were differences in behaviouralmetrics between 

moderately reflecti e (n 4), balanced (n 9) and moderately active (n=5) students. The hypothesis test results, 

di tribution vi ualizations, and mean ranks obtained during this analysis are presented in Appendi x 5. 

A hown in Figure 28 below, only two variables associated w ith interactions with exercises rej ect the null 

hypothes is: lua)111 olulion_Requesls (p - .005) and Ilidenls_Solulion_Time (p= .017). These variables 

indicate the number of times that a tudent review hi s or her so lution to particular exercises and the time spent 

reviewing uch so lution. 

The dlstnbutron of StudentSol_Req Independent- Reject the 
Sameles 18 is the same across categories of Krus a~ .005 null 

AR. Wallis Test hypotheSIS. 

Independent-
Re~9ct the 

19 The distribution of StudentSol TIS S3m~les .017 nu I the same across categories oT AR. Krus al· 
Wallis Test hypotheSIS. 

Figure 28. I F002 Active-Reflective Learning Dimension. 
tati tically ignificant Ilypothe is Test Results (extracted from Figures Sa, 5b, 5c) 



169 

Tables 31 and 32 report the results obtained from the K- W method: 

Table 31. INF0023 Active-Reflective Croups. 
Statistically Significant Results fo r Student Solution Requests in Exercises 

Lea rning Metric: Num ber of Student Solution Requ ests 

K-W Mea n Ra nk Box Plot: K-W Mea n Ra nk 
Distribu tion Shape Compa risons Pa irwise Compa risons 

Independent-Samples Krulkal-Wallis Test 
Balanced 
. , O~ 

3000- . 
i. :.'Ooo-

t.t oderated Renee!I" 
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1,0.00 . . 
0 1 ! 0.00 

McMMr.ed Reflectlv. BNaneod ModtrNtd Adfv. 
AR 

Moo" ated AelM 
566~ 

I,) 

Mean rank distributions similar shapes between Mean rank increased between groups: 
moderate refl ecti ve and balanced students, whereas Moderate active (5 6.62) and moderate re fl ective 
the moderate acti ve, shows a d ifferent distri bution (4 1.68), p=.038. 
shape 

(F igure 5d) 
Moderated active (56.62) and balanced students 
(41.02), p = .005 

(Figure 5e) 

Statistica lly significa nt Median va lues Influence of the active style preference on the amount 
(Tab le 5.2) of skipped programming tasks in lessons 
Moderate act ive = 0.00 (n=5) 
Moderate global = 0.00 (n=4) 
Balanced = 0.00 (n=9) 

Pairwise compari sons were performed using Dunn 's ( 1964) procedure with a Bonferroni correction for 

multiple comparisons. 
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Table 32. INF0 023 Active-Reflective Groups. 
Statistically Significant Reslllts/or Time Spent with Student Solution in Exercises 

Learning Meh'ic: Time spent with tudent Solution 

K- W Mean Rank Box Plot: 

Independent.Sl mpl .. Krul kl l·WllIIs Teet 

10 

I: 
,.IOCIeI.ed ... IKtI,. 

Mean rank distributions show similar shapes 
between moderate refl ecti ve and balanced tudent ; 
moderate acti ve di tribution shows a different shape 

(Figure 5 f) 

ignificant Median values 

0.0000 (n 5) 

K-W Mean Rank 
Pairwise Com arisons 

Mean rank increased between groups: 

Moderated active (55.2) and balanced students 
(4 1.84), p = .022 

(Figure 5g) 

Influence of the acti ve style preference on the amount 
of skipped programming tasks in lessons 

Despite stati ti ca l significance being found, the median va lue of both metrics does not show differences 

among group (.00 and .0000 respecti ve ly). This re ults might be explained by the sma ll sample size of data in 

th i cohort: a small group's behaviour may influence statistica ll y upon the distributi on and mean ranks of a 

vari able, however, the median stati sti c does not refl ect the e differences since it shows the most repeated va lue 

in the data et of each group. 

oncerning the question: I the frequency of students' requests fo r solutions and the time spent reviewing 

solution influenced by the acti e-re fl ecti ve learning tyle? The mean rank result s suggest that in this cohort an 
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active preference increases the requests and the time spent on the solutions. However. this particular behaviour 

has not been observed from the active or re fl ective dimens ion in prev ious related studies. 

It is worth noting that, comparing thi s analysis with the resul ts obta ined for INF0055 , active or refl ective 

preferences in INF0023 do not influence other learning metri cs with content resources or acti viti es in the fi ve 

lessons analysed. 

4.2.3.2. SenSing- Intuitive groups 

The Kruskal- Walli s H Test was run to determine if there were differences in behav ioural metrics between 

moderately intuitive (n=2), balanced (n=9), moderate ly sensing (n=3) and strongly sensing (n=4) students. The 

hypothesis test results, di stribution v isuali zations. and the mean ranks are presented in Appendi x 6 below. 

Similarly to the AR dimension, only two vari abl es assoc iated with interacti ons with exercises reject the 

null hypothesis (Figure 29): Teacher_Sohlliol1_Reqllesls (p = .005) and Teacher_Sohlliol1_Time (p= .005). These 

vari ables indicate respectively the number of vi s its that a student makes to rev iew the teacher's solution to an 

exercise and the time spent reviewing such solutions. 

The diSlftbution ofTe3cherSoi Rtq Independenl. R~.ct the Sametes 20 is the same across categories of KlUs .. ~ .005 n I 
SI. Walhs Test hypothesIs 

The dl$llIbution ofT eacherSot T ,s 
Independent· Reject the 

21 Sameles 005 null the same across cat gOlles oTSt Kills a~ hypotheSIs Wall,s Test 

Figure 29. INF0023 Sensing-Intuitive Lea rning Dimension. 
Statisticall y Significant Hypothesis Test Results. (Extracted from Fi gure 6c) 
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THblc 33.INF0023 Sensing-Intuitive Croups, 
tatistically igniJicant Results for Teacher Solution Requests in Exercises 

Learning Metric: NumbCI' ofTCHchcr Solution Requcsts 

K-W Mean Rank 

Independent-Samplu Kruskal,Wlllis Test 

......... 0<1 ... ",,,. _0<1 '.-.. 0<1 StnIhg StrOl1!tf ~ 
$I 

Mean rank 
groups, 

imilar shapes aero s Mean rank increased between: 

(Figure 6d) 
trongly sensing (36,S) and the moderate sensing (55,S) 

groups, It is statistica ll y significant, p=,014, 

(Figure 6e) 

Influence of the moderate sensing preference on the 
number of requests for teacher's solution to exercises in 
the fi e lessons analysed, 
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Table 34. INF0023 Sensin~Int1litive Groups. 
Statistically Significant Results for Time spent with Teacher Solution in Exercises 

Learning Metdc: Time spent with Teacher Solution 

K-W Mean Rank Box Plot: 

Independent.Samples Kruskal·Wallis Test 

O .. ~--~~----__ +-____ 4-~~ ____ ~ __ -J 

I_ed HIAlve BeIonco<l Mod .... ,0<1 StnsIlQ SIror9Y Senn1g 

SI 

K- W Mean Rank 
Painvise Com arisons 

Mean rank di stributions show di ss imilar shapes Mean rank increased between groups: 
between moderate sensing group and the others. 

(Figure 6f) 
Strongly sensing (37.00) and the moderate sensing 
(56.00) groups. It is stati sti cally s ignifi cant, p=.O I I . 

(Figure 6g) 

Influence of the moderate sensing style on the amount 
of time spent with teacher's so lution prov ided in 
exerc ises 

Despite not showing a statisti ca l sign ificance, it is worth noting that moderately intuitive (n=2) and strongly 

sensing (n=4) students present the same mean ranks in both vari ables. Thi s suggests that they have behaved in 

the same way despite having opposite lea rning preferences. 

The di ffe rence between moderately sensing (n=3) and strongly sensing indicates counteracting conclusions 

about how the FSLSM describes sensing learners. These indiv iduals like to apply well-known standard solutions 

to solve problems, so thi s ex plains why the highest mean rank in vi siting and rev iewing the teacher' s solution 

belongs to a sensing group. However, for the more strongly sensing group whose mean rank is minor, the FS LSM 

description is not confirmed. The strongly sensing group should present the highest mean rank in these vari ables, 

according to the FSLSM , however, the balance' s mean rank (n=9) is higher than that of the strongly sensing. 

This mismatch between the FSLSM and lNF0023 SI results is clearly associated with the small sampl e size. 
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These behaviouralmetrics are the only ones that are statistically sign ificant, whereas the other nineteen are 

not. In conclusion it cannot be confirmed that the S I preference impacts upon students' behaviour in this cohort. 

4.2.3.3. Visual-Verbal groups 

The Krllska l- Wallis H test was run to determine ifthere were di ffe rences in behaviouralmetrics between 

moderately verbal (n= I), ba lanced (n=7), moderately v isual (n=7) and strongly visual (n=3) students. The 

hypothesis test results obtained are presented in Appendix 7 (Figures 7a, 7b and 7c). The test showed that the 

null hypothesis cannot be rejected for any of the behavioural metrics observed for either content resources or 

activities. 

tatistical significances in thi s table are all above .05, whi ch is an indication that the di stribution and 

median of each behavioural metric arc s imilar across groups. Therefore, there are no variations in INF0023 

students' behaviour according to their preferences in this dimension. 

4.2.3.4. Sequential-Global groups 

The Kruskal-Wallis H test was run to determine ifthere were differences in behavioura l metrics between 

balanced (n= 13) and moderately sequential (n=5) students. The hypothesis test results obtained are presented in 

Appendix 8 below. 

imilarly to the VV dimension in this cohort, the null hypothesis cannot be rejected for any of the 

behavioural metrics observed for content resources or act iviti es (Figu res 8a, 8b and 8c). Statistical s ign ifi cances 

in the hypothes is test tab le are above .05, w hi ch is an indication that the distribution and median of each 

behavioural metric are imilar across both balanced and moderately sequential groups. Therefore, there are no 

variations in INF0023 students' behaviour accordi ng to their preferences in this dimension. 
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4.3. Usability Evaluation Results 

The following charts help to visualize the frequency di stribution of eva luation scores for each pedagogica l 

attribute studied in thi s research. Thi s evaluation refl ects the impact of learning materi als according to students' 

experi ences and needs. 

INF0055 - Usability Attributes Evaluation 

• Strongly disagree • Disagree Neutral • Agree • Strongly agree 

Figure 30. lNF0055 Results of Pedagogica l Usability Eva luati on of e-Lea rning 
resources 

In lNF0055, 13% (n= l ) of students strongly agreed that learning resources and acti vities in KUOLE 

lessons helped them to achieve the lea rning obj ecti ves of the course (attribute Objective) , whereas the vast 

majority of the class (88%, n=7) did not agree or di sagree. In IN F0023, on the other hand , the class was di vided: 

55% (n= 1 0) agreed, 39% (n=7) remained neutral and 6% (n= I) strongly disagreed. 

In INF0055, 63% (n=5) of students agreed that the organizati on of contents and acti vities in lessons 

adjusted to their natural manner of learning (attribute Integration), 25% (n=2) did not agree or disagree and 13% 

(n= I) strongly di sagreed. In INF0023, 17% (n=3) strongly agreed with thi s, 44% (n=8) of students agreed, 22% 

(n=4) neither agreed nor di sagreed, 11 % (n=2) di sagreed, and 5.56% (n= I) strongly di sagreed. 



INF0023 - Usability Attributes Evaluation 

Figure 31. I F0023 Results of Pedagogical Usability Eva luation ofe-Learning 
resources 
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In I F0055, 13% (n= I) of students agreed that content resources and activit ies in new lessons were in 

accordancc with thcir level of knowledge and understanding capabi liti es (attribute Con/ext) , 25% (n=2) agreed, 

38% (n=3) ncither agreed nor disagreed, and 25% (n=2) of them disagreed. In IN F0023, 17% (n=3) students 

trongly agreed to this, 44% (n"-8) of students agreed, 22% (n=4) remained neutral, II % (n=2) disagreed, and 

5.56% (n= l) strongly disagreed. 

In INF0055, 75% (n=6) of students agreed that multimedia elements in learning resources and videos 

facilitated their learning process (attribute Multimedia Richness), whereas 25% (n=2) neither agreed nOr 

disagreed. In I F0023, 6% of students (n= l) strongly agreed, 56% of students (n= IO) agreed, 28% (n=5) 

remained neutral, and I 1% (n=2) disagreed. 

In INF0055, 13% (n- I) of students felt that previous lessons in the course provided them with sufficient 

knowledge and sk ill s to start the following new lesson (attribute Previolls KnolVledge), 50% (n=4) agreed, 25% 

(n -2) remained neutral, and 13% (n= I) disagreed. In IN F0023, 17% of students strongly agreed, 28% agreed, 

39% (n-=7) remained neutral and 17% (n=5) disagreed. 

In INF0055, 50% of students (n=4) agreed that content objects in lessons provided them with sufficient 

help and knowledge to complete learning activ ities (attribute lIpport), whereas the other 50% neither agreed nOr 

disagreed. In INF0023, the eva luation wa more dispersed: 50% (n=9) agreed with this, 28% (n=5) remained 

neutral and 22% (n 4) disagreed . 
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In INF0055, 25% (n=2) of students agreed that the feedback provided by learning resources was sufficient 

to their learning needs (attribute Feedback), 25% remained neutral, 25% disagreed and the remaining 25% 

strongly disagreed with this. In INF0023, 63% orthe class (n=12) agreed, 17% (n=4) remained neutral , whereas 

roughly 16% (n=3) disagreed. 

In INF0055, 38% of students (n=3) strongly agreed that they had the freedom to progress through the 

lessons and resources at their pace, satisfying their individual learning needs and interest (attribute Self­

direction), another 38% agreed, 13% (n=1) remained neutral , and the other 13% di sagreed. In INF0023, 28% 

(n=4) strongly agreed, 28% agreed, 33% (n=6) remained neutral and 16% (n=3) disagreed . 

In INF0055, 75% of students (n=6) agreed that the level of interactivity provided by content resources 

and activities was sufficient for them to remain engaged during their work with them (attribute Interactivity), 

whereas 25% (n=2) remain neutral. In INF0023, 11 % (n=2) strongly agreed with this aspect, 39% (n=7) agreed, 

33% (n=6) neither agreed nor disagreed and 17% (n=3) di sagreed. 

In INF0055, 13% of students felt that all the contents and activities in lessons were significant (attribute 

Navigation), 50% of students agreed with this, 13% remained neutral , and 25% disagreed. In INF0023, 28% of 

students strongly agreed, 33% agreed, 22% remained neutral , and 17% disagreed. 

In INF0055, 13% of students strongly agreed that learning activities in lessons allowed them assess the 

knowledge acquired on the concepts (attribute Assessment), 50% agreed with this, 13% remained neutral, and 

25% disagreed. In INF0023, 22% of students strongly agreed, 33% agreed, 22% remained neutral and 21 % 

disagreed. 

In INF0055, 88% of students agreed that learning activities and final tests aligned with learning objectives 

in the course (attribute Alignment), whereas 13% remained neutral. In INF0023, 66% of the class agreed with 

this, 17% remained neutral, and 17% disagreed. 

The statistics shown in Tables 35 and 36 below were produced in order to observe the differences in the 

evaluation of pedagogical aspects between courses. The general trend is neutral in both courses, except the 

attributes Feedback, Self-direction and Alignment in INF0055. In the context of learning resources design, a 

neutral score is not favourable, since it implies that any impact was irrelevant in comparison with the use of 

traditionalleaming materials. 



Table 35.INF055 
Pedagogical Usability Evaluation. 

Mean score of each attribute 

Attribute Mean Std. Deviation 
Objective 3.25 .666 
Integration 3.50 .712 
Context 3.25 .974 
Multimedia Richness 3.75 .436 
Previous Knowledge 3.63 .862 
Support 3.50 .503 
Feedback 2.50 1.125 
Self-direction 4.00 1.006 
I nteractivity 3.75 .436 
Navigation 3.50 1.006 
Assessment 3.50 1.006 
Alignment 4.13 .603 

Table 36.INF023 
Pedagogical Usability Evaluation. 

Mean score of each attribute 

Attribute lMean Std. Deviation 
Objective 3.St .89S 
Integration 3.5~ 1.06S 
~ontext 3.61 .954 
Multimedia Richne~! 3.S~ .901 
Previous Knowledge 3.44 .955 
Support 3.3~ .954 
Feedback 3.~ 1.0~ 
Self-Di rection 3.6 1.I0~ 
I nteractivity 3.4~ .89~ 

Navigation 3.72 1.04 
~ssessment 3.5( 1.171 
~Iignment 3.6 1.I0~ 
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After the survey was administered to students, the reliability of the usability scores was computed the 

Cronbach Coefficient Alpha using SPSS. Cronbach Alpha is a popular method commonly used to measure the 

internal consistency of a test or questionnaire. "Internal consistency in a test measures the extent to which all 

items in a test measure the same concept" (Tavakol & Dennick, 20 II). When more than one single concept or 

construct is evaluated in a questionnaire, it is recommended to perform a Cronbach test on the items that evaluate 

such concept (Tavakol & Dennick, 2011). In this case, each pedagogical attribute is evaluated with one single 

statement, therefore individual Cronbach tests do not make sense (since an item correlates with itself in 1.0). 

Instead, a Cronbach reliability test was applied to the scores provided by the students in each course. Tables 37 

and 38 show the alpha values obtained. 

Table 37. INF0055 Reliability Statistics of Usability Evaluation Survey 

Cronbach's AI Number of Items 
.508 12 

Table 38.INF0023 Reliability Statistics of Usability Evaluation Survey 

Cronbach's AI Number of Items 
.843 12 
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Acceptable alpha va lues range between 0.7 and 0.95, however, in d ifferent research initiatives, re liability 

has been considered acceptable for a lpha va lues of 0.5 (Gli em & Gli em, 2003; Tavako l & Dennick, 2011) . It 

may be because, although it is des irable to have a high alpha, " items with qui te low inter-correlati ons can y ield 

an interpretable sca le" (Cronbach, 195 1, p.332) . 

The difference in alpha values obta ined for both surveys is considerable; a=.508 fo r INF0055, which, 

according to some authors, can be considered poor (George and Mallery, 2003, as cited in Gliem & Gliem 

(2003)). The va lue obtained for fN F0023 is a =.843, which is considered a very good level of reli ability. This 

difference is as ociated with the inter-correlations between attributes' scores in the fNF0055 course, which are 

very low in compari son with the score inter-correlati ons of I F0023. Thi s di fference can also be appreciated by 

looking at the charts above: fNF0023 eva luati on scores seem to follow a more "paired" eva luation score across 

the attributes, whereas fN F005 5 scores seem more "unpaired". 

4.4 Discussion of Results 

The results obtained from the analyses performed enable u to answer the research questi ons presented in 

thi s chapter: 

.:. Can pedagogical design attributes of e-Iearning re ources be informed throllgh the analysis q( 

students' behaviollr? 

PCA with Promax rotati on and a usability evaluation survey was the method used to analyse students' 

behaviour and perceptions to answer thi s questi on. Whereas PCA has helped to identi fy the relevance of each 

gro up of behav ioural and performance metri cs and ex isting relati onships between them, the usability survey helps 

to gather the impact of these resources on students' overall learning experience during the course. 

Firstly, both PCA results for fN F0055 and IN F0023 show that interacti ons with programming act iviti es 

occupy a primary role in these courses. Programming activiti es aim to facilitate th e achievement of certain 

learning obj ectives for computer programming: to develop student ' logical thinking through the implementation 

of algorithms and simultaneously application of programming concepts seen during the lecture. Thi s is a 

fundamental objective common to introductory programming courses ( amp os, 201 3; Tuparov, Tuparova, & 

Jordanov, 2014; Tuparov, Tuparova, & Tsarnakova, 201 2). Student in both cohorts ma inly logged in to the 

KUOLE pl atform to access exerci ses . Therefore, it makes sense that interactions with programming activiti es 

(exercises and tasks) are located in Component I of both P As. This also make intuitive sense with the 

conventional wisdom that programming is learn t by practi ce (Neve et al. 201 2). 

Secondly, quiz interacti ons appear and correlate pos iti vely with programming exercises in the first and 

second components of both PCAs, with their highest loadings in the second . This result implies that, during 
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KVOlE sessions, students also performed available quizzes in lessons, however, in comparison with the number 

of exercises (ranging between three and twelve, depending on the lesson and course), the number of quizzes is 

much lower (usually one or zero). This suggests that from the perspective of the designer of the lesson (the 

teacher in this case) as well as the students, comprehension activities have played a secondary role when learning 

to program. 

Thirdly, the PCA matrices show that content materials have played a tertiary role in the learning process 

of the subject since interactions with different types of materials show their highest loadings from the third 

component forward. Interactive Examples are clearly the exception in materials in INF0023.'The design of these 

resources provides two advantages over the others: first, it is inspired by programming visualization techniques 

and provides students with different representations of the algorithm implemented; and, second, the design 

provides more interactive elements in its interface, which seemed to gain the attention of students in INF0023. 

In the absence of interactive examples, slide materials in INF0055 seem to have been frequently resorted 

to by students when performing activities. This is noticed by their loadings in components 2, 3, 5 and 6 ofPCA55. 

Slide materials are (or are based on) the presentations given by the teacher during face-to-face lectures in both 

courses. These materials contain all the contents and examples of the lesson in the order explained by the teacher, 

however, there are no extra features that make their design engaging. For example, they have no animated 

presentations, embedded audio or video elements. Their "popularity", reflected by students' behavioural metrics, 

may be associated with the fact that students are already familiar with these materials, they are used during the 

lecture, and provide easy linear and direct access to navigation elements in their interface. 

In both matrices, component 3 shows positive loadings for interactions with three content materials: slides, 

videos and worked examples in Table 7-PCA55, and slides and videos in Table 9-PCA23. The design of these 

materials, slides, and worked examples are connected in the sense that such examples are extracted from the 

slides and provided to students for them to "play and experiment" with the code. In contrast, video materials have 

been designed independently from slides or examples. These resources are all provided in a lesson, however, 

students are not advised or oriented by the contents or the platform about how these materials are connected or 

about the most appropriate sequence of access. Therefore, the loadings in component 3 suggest that students 

make use of all materials provided, regardless of their level of connection with certain attributes of their 

pedagogical design, which may be integration, previous knowledge, support, or navigation. 

Metrics associated with Instruction materials in INF0055 appear separated in component 5. These 

materials do not provide the student with any programming knowledge, however they provide a general overview 

of the learning objectives that will be achieved through the completion of all lesson's activities. It is surprising 

that activities loadings are not significant in this component and it is also surprising that component 5 has no 

. correlation with component 1 (.06). In contrast, the highest correlation found in the PCA55 factor correlation 
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matrix is between the Instructions (component 5) and the other learning materials (component 3) (.434). This 

makes sense if we consider that both Instruction and the other learning materials - Slides, Worked Examples and 

Videos - are presented on the platfonn as the lesson's resources, so students who are visiting materials also visit 

instructions, even though they do not complete the activities afterwards. This suggests that students on this course 

accessed all materials provided in the lesson in the sequence they were provided but maybe students did not 

perceive the infonnation provided in Instructions as relevant to their learning process. 

A similar situation occurs with Interactive Materials in INF0023, which appear separated from the other 

types of learning objects. These resources do not provide the level of interactivity existing in interactive 

examples. Similarly to slide materials or videos, their purpose is to transmit knowledge. The difference lies in 

the integration of different types ofmuItimedia elements to explain a programming concept: textual explanations 

combined with images to introduce the topic and audio-visual elements to demonstrate the topic within a practical 

scenario. The level of interactivity provided allows the student to navigate freely across content sections and 

interact with video elements. Therefore it is a lower level of interactivity than the one provided in interactive 

examples. The usage of these materials seems to counteract the usage of interactive examples provided in the 

same lesson. This may be due to integrations of contents in these materials being more effective for learning than 

the example provided. These materials are provided in one of the five lessons analysed, so it makes sense that 

interactions associated with them appear in one of the last components of the final solution. 

These interpretations, about how the metrics are distributed across components, the correlations between 

them and how are they explained by resources design aspects, can be made when such design has been also 

assessed by the teacher according to these aspects, even if that assessment has not been methodologically and 

fonnally perfonned. 

The statistical results obtained are a product ofthe students' purposes of using KVOLE and resources and 

the variability of resources provided in lessons analysed. Nevertheless, it is argued that this usage is due to the 

pedagogical design of these resources and the pedagogical design of the KUOLE platfonn. Such pedagogical 

design is manifested through a set of attributes. However, the peAs do not distinguish whether metrics' 

distribution and correlations are a consequence of one design attribute or another. The results obtained from 

usability perception surveys cast a little light on this distinction. The general trend towards the pedagogical 

attributes of resources is neutral (score of3) in both INF0023 and INF0055. This means that the impact of using 

KUOLE, the materials and activities provided has not been significant for these students, which is not "good 

news" in tenns of pedagogical design. It suggests that both the blended learning strategy applied in the new 

INF0055 as well as the changes made in comparison with previous INF0023 courses -providing the platfonn 

and varied learning materials -, have barely had any impact on facilitating the learning of programming. 
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High scores in pedagogical usability correspond to very low percentages in these cohorts, which suggests 

that there are still many improveme~ts that need to be done in the pedagogical design to increase the pedagogical 

usability scores. However, the following question arises and remains unanswered: Is it necessary to make 

changes in the pedagogical design of resources delivered, in the pedagogical design of the KVOLE platform, in 

the pedagogy reflected in teaching strategy, or in all of them? 

Another aspect that arises is the level at which the pedagogical design of resources needs to be improved. 

The PCAs and evaluations of usability offer insights into the strengths and weaknesses of the pedagogical design, 

however, learning metrics components and usability scores do not clarify whether design improvements need to 

be performed at the level of the resource or the lesson. It is argued that if pedagogical design attributes were 

improved at both levels, i.e. within and between learning objects and activities in a lesson, the results obtained in 

the PCAs and usability evaluations would be very different. However, further case studies would be necessary 

to compare results and make design conclusions. 

Finally, a very significant difference between PCA55 and peA23 is noticed in the distribution of 

performance metrics - i.e. formative and summative grades - across the matrices components. These results do 

not permit conclusions on pedagogical design. Instead, they provide insights on the overall impact of KVOLE 

and learning resources upon students' academic performance. In the INF0055 cohort, these grades are mainly 

correlated with programming activities and self-assessment quizzes in Component I, the most important 

component of the matrix. In the INF0023 course, such grades seem completely independent of programming 

activities or content materials and are grouped in component 6, the least important component in the PCA method. 

This difference does not mean that students in INF0023 did not learn to prograrn by completing the exercises 

proposed. It is more a consequence of how the platform and resources were used by students and for which 

purposes. During the process of extracting learning metrics from the KVOLE database, a total of 4236 interaction 

records were gathered from a cohort of eight individuals (INF0055), while a total of 2980 records were extracted 

from a cohort of eighteen individuals (INF0023). This difference in the number of interactions can be associated 

with two factors: (1) the teaching strategy adopted by the teacher; and (2) students' attitudes towards integrating 

the platform and resources into their learning habits. 

With regard to the influence of the teaching strategy, module leaders adopted different approaches towards 

the usage of the platform and resources. In INF0055, the teacher used the platform during face-to-face lectures 

to explain concepts and propose exercises. In INF0023, the teacher and helpers in face-to-face sessions did not 

use the platform for explaining or showing learning materials to students. Instead, they reminded the students to 

resort to the platform materials and submit their solutions to exercises. The consequences of the different 

teachers' usage of the platform during lectures are clearly visible in students' behavioural and learning metrics. 
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Both cohorts had the same previous experience with the usage of technologies (i.e. none), however, the INF0055 

students engaged much more with them than did the INF0023 students. 

Another difference is the assessment strategy adopted: students on INF0055 were evaluated during the 

course according to their responses to programming exercises and tasks in each lesson, whereas INF0023 

students performed four formative in-class tests, so their work with proposed exercises in each lesson was never 

considered for the grade. Not considering students' work with exercises for the final grade is a factor that 

impacted negatively upon the usage of the platform and usage of resources. 

Concerning students' attitudes, it was noticed that INF0055 students were not provided with attractive 

learning objects, exercises and tasks did not provide the teacher's solution or the possibility to recover their own 

solutions. As a consequence of this monotonous and disengaging design, the students' motivation in the course, 

access to the platform, and completed exercises decreased towards the end of the course. In contrast, INF0023 

students were provided with interactive learning materials, more slide presentations with explanations, quizzes 

for self-assessment (not included in INF0023 before), and the possibility to access the teacher's solution to each 

exercise and to recover their code. According to b~havioural metrics, interactive materials, despite being only 

available in a couple oflessons, gained much attention and satisfaction from the students. However, according 

to informal interviews with the module leader, those students who engaged more with the platform also ended 

up accessing it during formative and summative in-class tests for support purposes, interacting more with the 

teacher solutions provided . 

• :. Does students' learning style explain their behaviour with learning materials and activities or is it the 

discipline. in this case. Computer Programming. that detemlines such interactions and behaviour? 

The analysis of variance in students' behavioural metrics is the method used to evaluate the impact of 

learning styles when learning to program. The results obtained show a slight influence of students' learning styles 

upon their behaviour with the resources provided during the course. Althouh significant differences were detected 

in some behavioural metrics, these do not match across cohorts when analysing the same style group of students. 

For example: 

- In the Activo-Reflective dimension, moderately reflective and balanced groups in INF0055 differ in their 

visits to exercises, number of exercises answered, time spent with exercises and number of exercises skipped. 

In contrast, moderately reflective and balanced groups in INFOO23 do not differ significantly in behavioural 

metrics. Furthermore, the moderately active group in INF0023 differs from the balanced group in unexpected 

behavioural metrics: the number of student's solution requests and time spent reviewing them. 
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- In the Visual-Verbal dimension, no statistically significant differences were found in the moderately 

verbal, balanced, moderately visual and strongly visual groups in INF0023; whereas in INF0055 the balanced 

and strongly verbal differed in three variables; visits to self-assessment quizzes, requests for hint, and visits to 

exercises. In INFOOS5 there were differences between moderately verbal and moderately visual students in the 

time spent with instruction materials; however, in INF0023 these groups did not show any difference in any 

behavioural metric. 

- In the dimension Sequential-Global, differences were found in a wide set of variables between 

moderately global, balanced and moderately sequential students in INF0055. Most of these differences are 

found between moderately global and balanced students. In contrast balanced and moderately sequential 

students in INFOO23 did not differ significantly in any behavioural metric. 

The only match between INF0055 and INF0023 was found in the Sensing-Intuitive dimension, where 

no significant differences were found between their moderately intuitive and balanced groups, respectively. 

Considering previous experimental studies that have applied the FSLSM, only a couple of results in this 

study intuitively coincide with them: 

In INF0023, strongly sensing students interacted significantly more (in visits and time spent) with the 

teacher's solution to exercises than moderately sensing students. Sensing students are described as learners who 

prefer to use standard and well-known solutions to solve problems. The teacher's solution to exercises can be 

considered in this case as a "model solution" for the student to review, compare their own work with, or use. This 

suggests that this behaviour decreases with the strength of preference for the sensing style, but no studies have 

been found that show differences within different categories of the same style. 

Another result found in INF0055 confirms the behaviour of moderately global students compared with 

more sequential students: the interactions with Instruction materials. Global students like to get the "big picture" 

in learning scenarios. Instructions provide this "big picture" in the form of information about which learning 

objectives are supposed to be achieved when completing the lesson activities; as a result these metrics are higher 

for them. In INF0023, there are no students with global preferences, and also, Instructions or equivalent materials 

were not provided. 

The obtained results confirm a slight influence of learning styles on students' behaviour, but there are 

some factors specific to these case studies that prevent generalization of the findings. 

In the first place, the sample sizes are too small in both cohorts, where some categories are constituted by 

a single individual. e.g. the moderately sequential student in INF0055. Apart of isolating the findings of this 

thesis, this condition has meant that some learning styles could not be analysed because of the lack of individuals 

manifesting them. Previous studies that have demonstrated or confirm the influence ofiearning styles on students' 
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behaviour report results distinguishing between extreme categories of the dimensions. For example, active 

students in contrast with reflective students, sequential students in contrast with global students, etc. Those 

experiments were performed on big cohorts where extreme categories in each dimension were available for study 

and each group had a sufficient number of individuals. 

In the case studies presented in this thesis, the cohorts are too small and for most dimensions the 

"balanced" students is usually the biggest group, which makes it difficult to determine the influence oflearning 

preferences. The FSLSM is based on the concept of tendencies, which means that even individuals with very 

strong preferences can, sometimes, act differently (Felder & Silverman, 1988; Graf et al., 2008; Graf & Liu, 

2010). For this reason, the model is also open to exceptions and unexpected behaviour with different types of 

learning resources and LMS features. According to the FSLSM description of categories, a balanced style does 

not show strong preferences in any dimension. Therefore, a trend in the behaviour of balanced individuals should 

not be associated with the influence of any learning style. In fact, no previous related study reviewed has reported 

conclusions or results about balanced preferences. 

Second. in order to explore the influence of learning styles it would be necessary to consider different 

learning metrics from those selected in this work. The definitions that the FSLSM provides for each learning 

style and the expected behaviour of individuals provide insights into which interactions to observe. For example, 

Graf, Liu, and Kinshuk analysed academic performance in different types of assessments to extract differences 

between sensing and intuitive students, and the number of posts and readings in the course forum to distinguish 

between active and reflective students (Graf et al., 2008). In order to analyse the influence of sequential and 

global students, the authors analysed navigational patterns through different types of resources (Liu & Graf, 

2009). 

The results obtained in this research cannot confirm the influence of learning styles, however, there is 

enough evidence to recommend considering them as theories to inform instructional design, at least at the level 

of learning platform development (Akbulut & Cardak, 2012; Liu & Graf, 2009). This requires working with a 

tremendous amount of data since it is clear that the more variability and amount of content materials, learning 

activities and features in the LMS for students to interact with, the more types oflearning metrics and patterns of 

behaviour can be extracted to study the influence of learning styles in students. However, in the same manner 

that these data are successfully applied in the development of adaptive learning systems, they can also be applied 

to both the design of instructional contexts (i.e. what it is known in the literature as learning designs, learning 

units, etc.) and the design of individual learning materials. 
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4.5. Limitations of Methodology 

Thc result obtained from ana lys ing the fNF0055 and I F0023 case studies suggest that more 

in formation and methodological improvements are required to be able to infornl pedagogical design with 

empirica l data gathercd from students. The methodology adopted and the stati stical procedures used (PCA, 

Kruska l-Wall is Ilypothes is Test, and Perceived Usabi lity survey) provide clear results that lead to refl ect upon 

the cITectiveness of the pedagogical design of content materials and activities. Nonetheless, the methodology as 

we ll as the research mcthod choscn limit the findings of this thesis. 

Fir t, it is clcar that there are improvements to be made in all pedagogical attributes of the design, however, 

it is not possiblc to di tingui sh whether the improvements are required at the level of resource or at the level of 

context (which may be the learn ing unit, the learning platform, the teaching strategy, etc.). Low correlations 

betwecn interactions wi th resources and activ ities belonging to the same learning unit suggest that modifications 

arc required to improve attribute li ke Objecti ve, Context, or Integration. These would imply modifications in 

the pedagogical design of the les on, which eventually lead to modify pedagogical attributes in the design of 

re ources. 

econd, it is not po sible to distinguish which pedagogical attributes of des ign need to be improved. For 

example, the fact that interacti on with programming activities are poorly correlated with interactions with video 

materials indica tes that students are not using videos when completing the ass ignments of the lesson. From this 

result, multiple questions can emerge with respect to the pedagogical des ign of these resources, for example: 

Does the attribllte Objective in the design of video materials align with the attribute Objective of 

programming activities, or is there a mismatch belween them? It would be necessary to review how the 

de ign of video matcria l and the des ign of acti vities permit the student to achieve the same learning 

objecti ve (attribute Objective). 

Is thi relatiollship beflveen the video materials and activities clear in the design of both resources so Ihat 

il is clear 10 Ihe learner? uch a relat ionship cou ld be highl ighted by, for example, improving the attributes 

onte t, up port, Previous Knowledge or Self-direction . 

Is a video the most appropriate mechanism 10 Iran mil the knolVledge required to complete the assignments? 

The answer to thi s question might Icad to modification of the attribute Multimedia Richness of the lesson. 

The re ult obtained from the students' usabi lity evaluation survey to clarify which pedagogical attributes 

need to be im proved. The instrument was useful to provide module leaders with informal but val uable feedback 

on students' perceptions of KUOLE and the materials, however, it does not associate positive or negative Scores 

wi th spccific types of materials and activities. The design of this survey const itutes the third limitation of thi s 
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methodology: although it is a short and easy survey for students to complete, it is too general for the purposes of 

this research. 

Concerning learning styles, their influence on students' behaviour has been deeply investigated and 

proved by some studies implementing adaptive learning systems and recommendation mechanisms, however; 

such influence has not been confirmed by the results obtained in the case studies presented. In the case studies 

presented, the small size of the groups of students, as well as the number of resources, constituted the main 

obstacle to this investigation. 

Due to the low number of students in each cohort, statistical methods applied like PCA and Kruskal­

Wallis AN OVA were not applied to specific groups of students to observe their behaviour in more depth neither 

were they able to detect more differences. For example, with more students, the PCA method could have been 

applied to distinguish the main behavioural trends between different populations in the cohort with different 

learning styles. Likewise, the Kruskal-Wallis ANOVA performed is affected by this factor. The sample size has 

limited the analysis of different learning style groups, and the analysis has been carried out on groups of students 

from a minimum of one individual to a maximum of 13. As a consequence of the low number of students in each 

style group, the findings obtained cannot be generalized or properly contrasted with similar studies. 

Another sample size that impacts upon the results obtained on the influence oflearning styles in behaviour 

with e-Iearning objects and activities is related to the variety and quantity of different content materials and 

activities. There is a mismatch in design across the lessons in the course, including the five lessons selected for 

the analysis. Videos, interactive materials, and interactive examples are very scarce in comparison with slide­

based materials and only provided in two or three lessons, and these materials have not been developed to explain 

all the concepts covered in a programming topic. It has been observed that, with a small amount and variability 

of content materials, students access them all regardless of their learning style preferences or learning needs. 

A similar situation occurs with the amount and variability of learning activities: in the lessons, 

programming assignments are more numerous than quizzes. The maximum number of quiz assessment activities 

in a lesson is one, whereas the number of exercises ranges between three and twelve. The consequences of this 

irregular design of learning units are visible in the results of the PCA. It is considered that the distribution of 

behavioural metrics across components might have been affected this sample size, but it also demonstrates that 

typical strategies adopted in teaching computer programming support this learning by coding. The conventional 

wisdom that ''programming is learnt by practice" is therefore due to traditional teaching strategies. With respect 

to the analysis of variance in students' interactions with different types of resource, it is logical to conclude that 

low variability and amount of resources results in a low variance in students' behaviour. 
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4.6. Summary of Chapter 4 

Thi chapter has proposed two research questions that aim to observe whether a certain set of metrics 

ex tracted n'om students' interactions with learning contents and programming activities is a so lid data Source to 

inform thc pedagogical de ign of such contents and act ivities. Three sets of results have been obtained for each 

casc study and used to an wer the questions asked: 

I. A structured matrix where the metrics are grouped according to the resources and activities that students 

more frequcntly interacted wi th and a correlation matrix that shows the relationship between each group of 

metri cs. 

In both ca e tudies, the information shown in these matrices helped to demonstrate students' behaviour 

trcnd with di fferent types of resources and activities. The separation of interactions is very clear. However, 

the ob li qu rotation reveals that there is a poor correlation among interactions associated with different types 

of rcsourccs and activitie . It suggests a di sconnection in students' behaviour when learn ing. Although the 

main hypothes i could not be proved with this methodology, the results obtained make ev ident that it is 

nccessary to improve the pedagogical attributes in the design of resources and the whole instructional context. 

These improvements al 0 include: 

To mod i fy thc teaching strategy to encourage both students and teachers to use the virtua l learning platform, 

re ource , and activitie in face-to-face lectures and individual study time. 

To improv the pedagogical design of KUOLE with additiona l features (e.g. chat/forum, connection to a 

repo itory, intcgration with a programm ing environment or a programming visuali zation tool, etc.) that 

fo ter tudent ' motivation and engagement. The final chapter of this work will present in deta il these and 

add itional improvements needed to prove the main hypothesis. 

2. valuation scorc that represent students' perception about the impact that course resources and activities 

have exerted upon their learn ing of programming. 

The survcy admini tered to students aims to eva luate the usability of resources and activities in the twelve 

pedagogical attributes identified in hapter 2. Results in both cohorts reveal an average neutral perception in 

these aspects. These re ults sugge t that improvements are required to improve students' perceptions of the 

usability of KUOLE courseware. However, the instrument designed for thi s eva luation does not detect at which 

level the e mod ifications are needed. This aspect constitutes another li mitation and future improvement 

suggested in the final chapter. 

3. Felder- il verman learning styles ofthe students and their semantic correlat ion with actual interactions with 

content materials and acti vities. 
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Within each cohort, students were grouped according to a style dimension so that each group's 

interactions could be analysed to find significant variations in their behaviour towards different types of 

materials and activities. Except two specific results in one of the cohorts that match the FSLSM descriptions, 

the results obtained do not allow us to confirm the influence of the Felder-Silverman learning style dimensions 

on students' behaviour with KUOLE courseware. From this experience it can be concluded that students' 

behaviour may be influenced by a learning style but not guided by it. Nonetheless, the small samples of 

students, resources, and learning metrics analysed prevetn generalization of any conclusion. In the particular 

aspect of the number of students, it is also not beneficial that the biggest groups fall into the categories of 

"balanced" and "moderate". The behavioural characteristics of these categories have not been described by 

Felder and Silverman or any other related study. 

To conclude this chapter, the limitations associated with the methodology adopted and those associated 

with real-life scenarios that are common in practitioner-led research initiatives are discerned. A set of 

recommendations to overcome these limitations is presented in the next and final chapter of the thesis. Likewise, 

the future research work to prove the hypothesis and to continue this line of investigation will be described. 
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Chapter 5 

Conclusions and Future Work 

This fi nal chapter summari zes the research work presented in thi s thesis, answers the research questions 

presented in Chapter I, revea ls the limitations of the research, and makes suggestions to overcome these 

limitati ons and undertake further work required to continue th is line of investigation. 

5.1. Summary of the Work Performed 

By investi gating a new empiri ca l basis to help practitioners and instructiona l designers to create 

pedagogicall y informed e-Iearning resources, thi s thes is proposes the analys is of students' behav iour with content 

materi als and activ iti es de li vered through e-Iearning platforms and adopts a practitioner-led methodological 

approach to undertak ing the research. 

The rev iew of multi ple evaluati on frameworks for learning objects allowed a variety of aspects to be 

di stinguished that determ ine the capabili ty ofa resource as a lea rning or teaching tool. Thi s was fo llowed by the 

selecti on of common pedagogica l aspects to evaluate in the design of a learning object: Objective, Integration, 

Context, Multimedia richness, Previous knowledge, Support, Feedback, Self-direction, Interactivity, Navigation, 

Assessment and Alignment. Each of these pedagogical aspects has been described in accordance with the di fferent 

understandings identi fied in the frameworks that suggest a variety of interactive and non-interact ive des ign 

approaches . lnvesti gating pedagogica l des ign at the level of the pedagogical attribute has allowed thi s research 

to confirm the importance and im pact of the instructi onal context in which a learn ing resource is used (Cochrane, 

2005; Kay & Kn aak, 2008; Krauss & A ll y, 2005; Nokela inen, 2006). From a pure des ign perspective, the 

instructi onal des ign of the e-Iearning resource considered in this work is fo rmed primaril y by other learn ing 

resources and acti viti es belonging to the same learning uni t. The attri butes investigated suggest that the 

pedagogical design of a learn ing resource influences and is influenced by the pedagogical design of the others. 

Therefore, we conducted empirica l research to analyse the students' behav iour w ithin thi s context. Li kewise, we 

investigated the influence of learning sty les upon students' behaviour as thi s pedagogical theory, tradit ionall y 

used to inform and assess pedagogical features in learning systems, might also offer the potenti a l to inform the 

attributes se lected. 
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The methodology presented is based on two case studies, where a variety of data were collected from two 

introductory Computer Programming courses which applied different teaching strategies and materials. To 

observe po sible trends in students' learning behaviour with these materials, behavioural data was collected in 

the form of students' interactions with the resources and actitivities and, accordingly, a set of learning metrics 

was produced for each cohort. These metrics were analysed from two perspectives: (1) looking for relationships 

between different materials and activities, and (2) contrasting their correlations with students' learning styles. Ln 

parallel , and following traditional approaches towards the eva luation of learning objects, students ' perceptions 

ofthe usability of the resources in terms of these attributes were gathered. 

The results obtained and presented in the previous chapter are affected by circumstantial factors specific 

to the context where this research took place and by methodological issues that could be improved in future 

research. Nonetheles , these results help to answer some of the research questions stated in the introduction and 

provide intere ting guidance to inform the continuance of the research undertaken in this work. 

5.2. Using Behavioural Data to Inform Design 

One of the main contributions of this thesis is the novel proposal of using data extracted from the actual 

u e of a set of on line-de li vered learning resources. Additionally, since there is evidence that individual learning 

style inOuence tudenls' behaviour, their interactions and learning sty les were measured and used as empirical 

data sources to inform the design of e-Iearning resources. In this regard, the following research question was 

stated in the introductory chapter: 

.:. Do students' illieractions with materials and information about their respective learning styles represenl 

CI sltjJicienl dala sOllrce 10 inform pedagogical design attributes of learning resources empirically? 

The set of learning metric extracted from students' behaviour and the methodology appl ied help identify 

the pedagogical design attributes that have the greatest impact upon the learning process. These attributes are 

Interactivity, Support, Feedback, and Assessment. It seems that the students engaged more with those resources 

that presented higher level interactivity, motivating active learning or learn ing by doing and engaged much less 

with those materials that upported reflective or passive learn ing. This coincides with previous studies reviewed 

in hapter 3, where the same attributes are highly valued by teachers and students of different ages evaluating 

learning objects from a wide range of topics. Therefore, it can be concluded that design should be enriched in 

these four a peets regardless of the discipline or subject to be learned. 

Behavioural and usability data have confirmed that the design of resources needs to provide higher levels 

interactivity, support, feedback, and assessment. However, it does not clarify where to improve each attribute or 
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how to improve it. The reason is that interactive elements that provide support, feedback, and assessment 

elements are scarce and homogeneous across programming exercises, tasks, and quizzes; on the other hand, most 

of the content resources provide even fewer interactive items in their interface. As a consequence, students' 

interactions with resources do not show much variation and, therefore, the information that can be extracted to 

improve design attributes individually is very limited. 

Regarding other pedagogical attributes, more variability in learning metrics generated is also necessary to 

inform them. For example, this is the case of the Self-Direction and Navigation attributes: in many content 

resources, the level of interactivity offered corresponds to the navigational options through their sections. 

Capturing users' interactions with navigation elements can be used to detect their navigational patterns (Graf & 

Liu, 2010) and differentiate sequential access from direct access scenarios. Metrics about sequences of 

interactions required to inform about these attributes were not included in the set ofmetrics analysed. 

The need to incorporate different types of metrics is also linked to the fact that there are attributes not 

represented with interactive elements within resources - like, for example, Objective, Integration, Context, 

Previous knowledge, or Alignment - therefore it is not possible to capture students' interactions and generate 

metrics. Nonetheless, if we consider the meaning of these attributes, they represent the connection existing 

between a resource and its instructional context which, at the same time, is composed of the other resources in 

the lesson and the learning platform. It is necessary to incorporate learning metrics generated by the interactions 

with the context to inform pedagogical aspects of design through behaviour. For instance, there might be 

incorporated metrics extracted from the sequences of interactions across resources in the lesson, resources in 

other lessons, or interactions captured from special features in the platform (e.g. the "search" functionality, 

student's annotations on materials, etc.). 

Metrics and sequences extracted from interactions with different resources make it possible to detect 

patterns of association between contents, assessments, and performance, and to distinguish efficient from 

inefficient learning patterns. In the experimental research performed, the metrics analysed have constituted a 

sufficient data source to discover disconnections and imbalance in the usage of content resources and activities 

of lessons. Applying this information to the design of learning resources, some improvements include: (1) add 

items to the design to increase the levels of Interactivity, Support, Feedback, and Assessment; and (2) work on 

the attributes Objective, Context, Previous Knowledge, Support, and Alignment to make evident to students the 

connection between contents and activities in the lesson. Although useful, the information does not reveal which 

attribute needs to be improved, however, recommendations on how to overcome this limitation that can inform 

continuance of this line of research are presented in Section 5 of this chapter. 

Despite the limitations mentioned, I am inclined to think that behavioural data constitutes a stronger tool 

to inform pedagogical design attributes than learning style data. The experimental research presented in this thesis 
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has shown evidence of the influence of all dimensions of learning style in certain metrics. It cannot be considered 

cogent evidence, however: fi rst, because of lhe lack of coincidence between metri cs and style dimensions across 

both ohorts; second, because of the low variabili ty in learning resources used in both courses and low variabi lity 

in thei r design: and th ird, because of the small sample of students in each learn ing sty le group. 

The e factors lead me to conclude that the students' behaviour has been practicall y independent of 

individual learn ing tyle and much more determined by the design of lessons and resources, as well as students' 

lea rn ing need and their mot ivation towards the subj ect. Given the conditions and specifics of this work, thi s 

does not mean that learning styles do not cxert any influence on the learning process. Several empirical studies 

on the F L M have prov ided good evidence of thi s impact upon the usage of lessons and resources in learn ing 

platform . Olher tudie agree with this work in empirica l results, considering learning styles a secondary factor 

infl uencing the learning process (Wilson, 201 1). The following section di scusses in more detai l the ex isting 

debate around the usagc of learning style models and their utility to info rm the des ign of instruction. 

5.3. Learning Styles and Pedagogical Design 

The second re earch question stated in Chapter I invites refl ection on how lea rning style information can 

be used to inform the pedagogical de ign ofe-Iearning resources: 

hOllld the pedagogical attriblltes of learning resOllrces be designed on the grollnds of learning sty les 

in tead of xiSlil1g learning theories and principles of in trllction? 

The app licati on of learn ing styles to the design of instruction and learning materia ls was established by 

Felder and il verman ( 1988), who a ociated each dimension with an aspect of the des ign of instruction. Felder 

and il vcrman estab li shed a relati onship bctwecn the dimensions of their model (the FSLSM) and five 

dimen ion of de ign. Figure 32 show these assoc iations. 

According to the chema in Figure 32, the aspects of design that are informed through learni ng sty les are: 

the type of content pre ented to students (according with the sensing-intuitive dimension), the presentation of 

the contcnts (v isual- verbal dimen ion), the organizati on of content (inductive--deductive dimension), the role 

of the student during learning (activ re fl ecti ve dimension), and the perspecti ve taken to explain the contents 

( equential- global dimension). 
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These associations could be useful to associating these five dimensions to the 12 pedagogical attributes 

selected in Chapter 2. It would require a deep and complex research study that might open an interesting field of 

research, however, the important question is the following: should information about learning styles change the 

design of teachers' proven instructional methods? The validity of using learning styles theories to guide 

instruction has been a topic of debate over the past 20 years and still is. 

The theory oflearning styles is based on the idea that not all students are the same and therefore they learn 

in different ways. Although this idea makes sense at first sight, its implications for pedagogy and instruction give 

rise to two schools of thought, one in favour of using learning styles to inform teaching strategies and other 

against it. As presented in Chapter 2 of this thesis, in the field oflearning technologies, learning styles have been 

tested in two main fields of research: (I) to investigate how presenting learning materials and tools according to 

some learning style models can influence students' academic achievements, and (2) to improve personalization 

in learning environments (Dag & Geger, 2009). 

There are available in the literature useful reviews that attempt to clarify the existence of empirical 

evidence in support of one position or the other (e.g. Akbulut & Cardak, 2012; Coffield, Moseley, Hall, & 

Ecclestone, 2004; Dag & Geger, 2009; Wilson, 2011, 2012; Workman, 2012), Researchers and academic 

practitioners in favour of adopting learning styles for instruction design present empirical evidence of their results 

and defend the improvement of learning performance and students' satisfaction with the learning experience 

offered by Adaptive Hypermedia Systems (e.g, Graf, Lan, Liu & Kinshuk, 2009; IGUAL). The problem is that 

most of these empirical studies are "small-scale applications of particular models to small samples of students in 
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specific contexts" and "there are very few robust studies which offer, for example, reliable and valid evidence 

and clear implications for practice based on empirical findings" (Coffield et aI., 2004, Section 1, p. 1). A review 

of71 studies published between 2000 and 2011 concluded that the findings on learning outcomes are not strong 

enough; however, they also confirm the satisfaction of students with the instruction received from adaptive 

platforms. A study in 2002 concluded that, "For each research study supporting the principle of matching 

instructional style and learning style, there is a study rejecting the matching hypothesis" (Sekar and Townsend, 

2002, p. 411, as cited in Coffield et aI., 2004). 

Despite of these findings, the collected evidence that recommends design instruction according to 

students' learning styles has been enough to influence the educational industry and extend misconceptions within 

the academic community in this regard (Sanne, Lee, Howard-Jones & Jolles, 2012), Neuroscience research has 

shown that, although individuals may have preferences for the modality through which they receive information, 

they do not process information more effectively when they are educated according to their preferred learning 

style (Coffield et aI., 2004). From the perspective of the brain, it has been proven that visual, auditory, and 

kinesthetic information is processed in different parts of the brain however, these parts are highly interconnected 

between them, they mutually activate each other by transferring and exchanging information (Sanne, Lee, 

Howard-Jones & Jolles, 2012). This connectedness brings great implications for instruction and pedagogy 

(Pickering & Howard-Jones 2007, Devonshire & Dommett, 2010) however, "the evidence consistently shows 

that modifying a teaching approach to cater for differences in learning styles does not result in any improvement 

in learning outcomes" (Geake, 2008, p.130). 

A possible way to end the debate might be to find empirical evidence from new research with 

improvements in the methodologies applied so far. Similarly to the circumstances of this investigation, the main 

obstacle in these studies is that the sample sizes of participant students and the diversity of instructional materials 

and methods are too small (Wilson, 2012). An additional problem found in these methodologies is that typically 

research is carried out through prepared experiments where the groups of students, the materials, and the 

instructional methods are designed for the purposes of the research interest. It is my opinion that real-life, 

practitioner-led methodologies that use systematic methods to collect and analyse the same data, from a minimum 

amount of students and for a minimum period of time, can contribute with empirical and more reliable findings 

about learning styles theories. 

Regarding how this research contributes to this debate, the empirical evidence gathered does not support 

the design of instruction according to learning styles, and this accords with my personal opinion. The results 

show that the influence of their learning styles on students' interactions with materials is not as strong as the 

influence of certain aspects of design, such as the levels of inter activity, feedback, support, and assessment, which 

impact directly upon students' motivation and engagement with e-Iearning resources and with their own learning 
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of the subj ect. [n the best-case scenari o, in both of my case studi es learn ing styles pl ayed a secondary role with 

respect to the students' behavi our. According to Felder (1988), learning sty les only represent tendencies that may 

manifest during the learning process. Empirical ev idence ex ists because the tendency also ex ists and thi s has 

been proven. 

From a learning perspecti ve, we are all born with own natu ra l di spositions for learning, however, we adapt 

to the too ls, conditi ons, requirements, and constraints of the instructional context and the discipl ine we 

ex peri ence. Our lea rning styles adapt and grow th rough strategies, precisely because we learn to master a vari ety 

of contexts (Pritchard, 201 3). Moreover, the objective of learning technologies and educati on is to make students' 

minds and learning styles more fl ex ible and thus enable them to become more effi cient learners (Zaharias & 

Poulymenakou, 2009). 

From a teaching perspecti ve, it could be sa id that lea rning style theories and models can help teachers 

understand different ways of learning so that they can enri ch the ir teaching strategies (Workman, 201 2). I also 

beli eve that it is va luable to enri ch these strategies by formally documenting and sharing the pedagogica l practices 

applied to overcome specifi c learning diffi culti es. Thi s is another scenari o where pract itioner-led methodologies 

in the area of Educati on and Learning Techno logies can contribute signifi cantl y. 

5.4 e-Learning Resources for Computer Programming Courses 

This section addresses the third research questi on stated in hapter I of thi s thes is: 

.:. Are typical activities and associated learning objects designed fo r introdllctOlY programming 

subjects an effective manner fo r novice sludents to learn programming? 

Typical content materi a ls deli vered in introductory Computer Programming courses are slide 

presentati ons and videos, whil e typica l acti viti e are programming exercises that ask students to develop simple 

algorithms and increase their complex ity a long with th e cohort's progress. 1n the case studi es presented, these 

are the contents and acti viti es delivered in face-to-face lectures and are also avail able fo r individual study. 

New elements were incorporated in the teaching strategy for these two courses. First, new resources -

such as interactive examples and in teracti ve materi als - and opti onal acti v iti es - such as quizzes and optional 

exercises - were introduced. Second, a ll these resources and acti vities were deli vered th rough the KUOLE 

platform, which was a new approach for teaching introductory programming subj ects at UACh. 

As the empiri cal results in thi s thes is demonstrate, w hen learning programming, these resources as well 

as the delivery platForm constitute an optional support instead of being a primary learning too l of programming 
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concepts. In addition, usability results indicate that these materials have only been effective for a small percentage 

of students in the cohorts. In general terms and from a pedagogical perspective, not having any effect, or having 

some effect on a small percentage oflearners, can be considered no better than ineffective. 

When addressing effective courseware to facilitate the learning of programming subjects, the case studies 

presented in this thesis have adopted a blended learning approach, where face-to-face lectures and workshops 

have been combined with the usage of learning objects delivered through a virtual learning environment. 

Therefore, the main support provided to students was formed by the variety of learning resources that could be 

accessed whilst working with the programming environment, according to each learner's needs for information. 

In this sense, both learning resources and the learning platform are the subjects of effectiveness analysis: 

Examples of effective learning objects for helping the learning of programming can be found in initiatives 

by Codewitz, where materials are developed on the grounds of students' learning needs and whose design is 

inspired by programming visualization tools (Bodrow & Bodrow, 2006; Matthiasd6ttir, 2004). The design of 

these objects is not grounded on any particular pedagogical principle or theory but in the difficulties identified 

by practitioners in the student population. A similar initiative is presented by Boyle (2003) and Jones and Boyle 

(2007), who proposed a pedagogically informed template to develop learning objects for computer programming 

subjects. It would be interesting to evaluate the characteristics of these learning objects on the grounds of the set 

of pedagogical design attributes established in this thesis. 

Another example of effective learning environments to support students' learning has been mentioned in 

this thesis. Adaptive learning platforms - such as IGVAL used inUACh - do not integrate with programming 

tools but they can be considered effective as they provide a personalized learning process based on students' 

cultural backgrounds, learning needs, and learning styles (Campos, 2013). A small number of approaches are 

proposed by practitioners who develop their own didactic programming environment, integrating learning 

materials with a customized and intuitive interface and support for students (e.g. Nooblab by Neve et a!. (2013), 

see also Rado~evic, Orehovatki, and Lovrentic (2009». 

Regardless of the e-Iearning solution adopted, whether blended learning is an effective manner to facilitate 

novice students to learn computer programming may be the right question to ask. Considering the results obtained 

from students' usability evaluation scores, presented in the previous chapter, as well as the differences in 

academic performance between students in INF0055 and INF0023 respectively, it seems that none of the 

traditional or novel materials have exerted positive or negative impacts upon the learning of programming in 

these courses. Now, these results might be associated with the pedagogical design and usability of the KVOLE 

platform, the resources, or how these particular e-Iearning tools have been used in these courses, that is, how the 

teaching strategy incorporated these tools to facilitate or motivate the students' learning of the subject. Based on 

the experience I have gained at VACh, I agree that adopting blended learning strategies for teaching computer 
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programming subj ects does not bring any advantage unl ess their u age and integrati on in the teaching strategy 

are grounded on learning theories and pedagogical principles (Hadj errouit, 2008). 

5.5. Recommendations and Future Work 

Current empirical data used to assess and inform desig n come from usabili ty evaluati on instruments. It is 

considered that these instruments are powerful mechanisms to coll ect data but, in order to be effecti ve, they need 

to be meti cul ously des igned to avoid too much subj ecti vity or too much influence from the circumstances in 

which the evaluation is performed. These are factors assoc iated with eva luati on methodologies which have been 

identi ti ed because of their impact upon the reli abil ity of evaluati on frameworks. 

Given the value of these eva luati ons to inform des ign, thi s thesis argues that learning behav iour constitutes 

a source of informati on which has grcat potential to inform pedagogical des ign. The results obtained in thi s 

research indicate that lea rning metrics and behavioural trends can be used to deduce the pedagogica l design 

attributes that impact upon learning, whi ch encourages and supports furth er research on the line o f investigation 

opened in thi s work . 

To thi s end, the first recommendati on is to investigate 111 d pth each pedagogical attribute so that 

interacti ve approaches for des ign can be associated with it. This will fac ili tate its eva luati on in term of students' 

behaviour. At this point, I would recommend taking into account interacti ons that take place with the interacti ve 

elements of the learning object and with the instructional des ign of its usage. This may include the des ign o rthe 

learning unit with the other learning obj ects and acti viti es, and the learning platform with its fea tures. A wide 

variety of types of learning interacti ons could be collected from th e literature that link these interacti ons w ith a 

pedagog ical design attribute. 

In thi s context, it is recommended to use a more advanced learning env ironment whi ch integrates a variety 

of features (e.g. meaningful navigation options, search too ls, annotati on tools, forum, di scipline-related learning 

tools, etc.) . In the case studi es presented, KUOL E is the bas ic online learning environment used for deli very of 

learning resources and coll ecting students responses to activiti es, there fore interacti ons w ith the platform are 

scarce and pedagogically meaningless for the purposes of this research. It is assumed that ri cher learning 

environments offer much more opportuniti es and vari ety for interaction. This also implies the need to enhance 

sufficiently the amount and vari ety of resources and activiti es, and to defin e behav ioural interacti ons associated 

with each different type. Having a great variety of interacti ons at these levels (l earning resource, learning unit , 

and lea rning platform) would enrich the vari ety of learning rnetrics that can be extracted from students' 

behav iour. 
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The use oflearning behaviour as the empirical basis to inform design implies collecting behavioural data 

periodically in a variety of contexts and applying appropriate statistical research methods in order to discover 

and get to know behavioural patterns in the particular subject of study (in this case, higher education introductory 

Computer Programming courses). It is envisaged that this would provide a good repository of empirical and 

research-validated data to inform the design oflearning objects at the level of pedagogical design attribute. 

It would be also valuable to establish links between individuals' behavioural patterns, their perceived 

usability scores, and academic performance as empirical data that measures individuals' learning process to 

inform design. Likewise it would be meaningful to associate this set of information to data related to individuals' 

learning profiles, characterized by their learning styles, learning needs, interests, and motivation. Associating 

these various types of information would open the door for further research on pedagogical design. For example, 

in the case of learning styles, it would be possible to investigate and inform each pedagogical design attribute 

with associated dimensions of the FSLSM, investigate which dimensions relate to pedagogical design aspects, 

and apply different approaches according to the trends stated by each style in one dimension. 

In this way, further research questions associated with pedagogical design can be derived from the 

investigation presented in this thesis. If pedagogical design of learning objects and instructional context are 

dependent on each other, what are the relationships and boundaries between the design of a learning platform 

and the design of learning resources? Exploratory and confirmatory analyses of behavioural interactions 

associated with a pedagogical design aspect may provide some answers to this. My review of existing frameworks 

for the evaluation of learning objects has demonstrated that many of them exist to evaluate isolated learning 

resources, however. there is barely any such framework that allows the assessment of the pedagogical 

characteristics of learning designs. An exceptional example of the latter is the conversational framework 

proposed by L1aurilard (2013), or Morales Morgado et al. (2009). This has been also identified as one of the 

current and future lines of research in the area of Learning Analytics (Lockyer, Heathcote, & Dawson, 2013). 

which proposes the analysis of learning behaviour not only to understand individuals' learning processes but to 

inform the instructional design of learning materials. 

Proving the effectiveness e-Iearning solutions in contrast with traditional instructional methods, such as 

learning platforms and learning objects, continues to be one of the main purposes of the current research. From 

the experience acquired in this investigation. such effectiveness has been tested through the evaluation of design 

and academic performance. For further research. it is crucial that the evaluation of the pedagogical effectiveness 

of any type of educational software (learning platforms. learning objects, etc. ) evaluates whether it satisfies a set 

of teaching and learning needs. Therefore, to inform the pedagogical design of a learning object (or any other 

learning tool) it is vital to know in detail the characteristics of the target instructional context, how the learning 

object will be used in practical settings, and for which purpose. A tremendous amount of information can be 
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extracted from analysing the actual usage of learning objects in practical settings, nonetheless it is fundamental 

to develop systematic mechanisms to extract meaningful information from students' interactions with materials 

and with their instructional context and to develop relationships that allow such information to be interpreted in 

terms of instructional and learning design. 
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APPENDIX 0 

Interpretation of Graphics and Data in Appendices 1-8 

Whereas Chapter 4 presented a brief summary of meaningful results obtained from the Kruskal- Wallis 

hypothesis test, the following Appendices 1- 8 contain the whole set of results obtained from this analysis. To 

facilitate their understanding, thi s introduction aims to explain how these results are organized and the meaning 

of the different tables and graphics presented. 

Organization and description of re ults 

Each append ix corresponds to one learning tyle dimcn ion analysed in one cohort. ince there are four 

dimensions and two case studies, there are eight appcndices: 

Table 0.1. 0 e tudies Appendice 

FSLSM Dimension Case Study 
INFOO55 INFOO23 

1- Active-Reflective Appendix I AJ2.2.cndix 5 
2- Sensing-Intuitive Ap~endix 2 Appcndix 6 
3- Visuol- Verbal Ap~endix 3 Appendix 7 
4- Sequential-Global Appendix 4 Appendix 8 

As shown in Table 0. 1 above, Appendices I to 4 carre pond to the analy i p rformed for I FOSS and 

Appendices 5 to 8 correspond to INF0023. Append ix I and Appendi ' 5 contain the re ult of analy ing the 

learn ing style dimension Active-Refl ective in these two cohort , Appendix 2 and Appendix 6 pr ent re ults 

from analysing the dimension ensing- Intuiti ve, and 0011. 

Graphical visual izations and stati sti cal results ar presented in a equence ill accordance with the 

methodology described in ection 3.4.2 of the main the i and summari zed in Figure 24. 

The reader will find that the appendices do not include all the tables graphic, and ta ti tics generated 

with the Kruskal- Wallis method. Thi s is due to the re ult s from one step d termining wh ther or not to undertake 

the following step. 

In the most complete scenario, re ults generated from this ana lysi are presented in three component: (i) 

a table that conta ins the results from the hypothesis test (I-I-test); (ii) two graphics that enable analysi of the 

distribution of data across groups and differences between them and; (iii) the groups' mean ranks and med ian 

stati stics. 
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The e three omp nent are explained in more detail below by using as an example the learning style 

dimen i n equentia l- loba l in the cohort INF0055 (Appendix 4) and the learning metric Exercises_Answered. 

1- Trlblc with hypothc. i tc t I ' lilt 

Kru kal- V alii ' anal i begin \ ith an initial te t applied to all learning metrics in order to determine for 

whi h fthem th null hypoth an be rejected , The re ult oflhi te t are presented at the beginning of each 

append ix, 

In ppcndix 4, 13 I arning mctric ha e been initiall y ident i lied that reject the null hypothesis. Figure 0.1 

bel w how, the result f the hyp the i te t for the metric &erci es_AnslVered: 

The dlstnbution of 
15 Ex rClses Answered IS the same 

across caiegonas of SG 

Independent· 
Samples 

ruskal· 
Wallis Test 

Reject the 
.002 nun 

hypothesis 

Figure 0, 1 bumple of Result of the Ilypothe is Te tin Kruskal- Walli Analysis. 

I r n ne of the 2 1 Ill'tri s tested reject the null hypothe is, then the analysi ends at thi s point. This is the 

case of the climen i n en ing-Intuiti e in I F 055 (Appendix 2) and the dimens ion Visual- Verbal and 

equ 'ntial d b(ll in I 

F r tho e nnrios whcre thi tc t throw a high number of metrics that reject the null hypothesis, as is 

the 'as of ppendi\ 4, grnphic nnd table are grouped ac ording to the resource they are related to, for example: 

tli · re. lilts btain d for £.I'e/'ci.\'(!S AII.\1I'(!/,e(/ ar pre ented along wi th the result obtained for the metrics 

I~\'('/'cist',\, Visits, £\'(!/'ci.H's , kipp 'c/ and Ex(!/'cises Time. 

2 - illliinrity bch CC II the di ' tribution hopc filld po t-hoc onaly i between Icarning tyle groups 

For en h n r the Illetri reje ting the null hypothesis, two type or graphics are presented: the 

di ~tribllti n hape bo\pl ts and thc p ·t-hoc ana ly i performed to compare pairs of groups. 

In th se cae ' \ here there are nly tl 0 gr lip of tudent · - li ke, for example, Appendix I where there 

arc on l II gr up r students in the cti Renecti e dimension - , the box plot also represents the pairwise 

c IlIparis n and, hence, the reader wi ll not lind po t-hoc ana ly i vi ualizations. In those ca e with more than 

two 'roup, boxpl t and the p t-h c analy is corre pondi ng to the ame metric, are presented together in the 

some page (a sh wn in Figure 0.2). Thi i the case or the example se lected where there are three groups of 

luden! in the ohort: M()(j,'I'at(!c/ Global, Balanced and Moderated Seqllential. 

The b xplot graphic (Figure 4t, in the I n ide) i u ed to observe similarity among the distribution shapes 

f the mean rank calcu lated ( rdinate a i ) fI r each group of tLident (abscise ax is). The stati stics provided 
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correspond to a Chi-square test for the sample of data provided by 8 tudents in five lessons (Total = 40). The 

p-value obtained (Sig. = .002) is similar to that shown in the initial hypothesis test. 

In this case, this graphic detects there is a significant change in data across the three groups of students, 

however, in order to distinguish specific groups, it is necessary to observe the post-hoc analysis (Figure 4u, on 

the right side). 

A"". Ct- Dlstrlbullon "'"pH Ex.,cbH_Answor..t 
Independent-Sampl •• Kru.k.l·w.m. Teat 

To,.1 N .a 

r •• S111i1dc 1~816 

D." ... Ir ~r •• d.m 2 

Mymptotic S19. CZ_ded '"' 002 

n"". Co- Po<l-hoc .... 1ysh ExorchH_An._..t 
"aIrwI .. Complt1aon. of 80 ._, .... 

u u 

~.-4 ~.......... ., ________ --' 

Figure 0.2 - Example of Di tribution shape box plot and Po. t-hoc analy. is 
visualization for the learning metric Exercises Answered 

Figure 4u shows, firstly, the vi ualization of comparisons performed between each pair of group. In the 

example selected three pairwi e comparisons have been performed between the following group of tudents: 

-Balanced and Moderated Sequential 

-Balanced and Moderated Global 

-Moderated Sequential and Moderated Global 

The post-hoc analysis graphic distinguishes in yellow tho e comparison where the difference in the 

number of exercises answered is statistical ly signi ficanl. In the figure it i only the comparison between Balanced 

and Moderated Global groups. The table 4.5 howed in Figure 0.3 below conta ins the statistics obtained from 

these comparisons and also highlights in yellow the significance found for the Balanced-Moderated Global 

comparison ( dj. ig. = .00 I). This confirm that the difference in the number of exercises answered i significant 

between these two groups and might be due to the influence of the Sequential-Global learning style of the 

students. 
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3 -Summary or groups' mcan rani, and mcdian statistics 

All appendices where potentially significant differences have been identified in the hypothesis test results 

include two separate table to present the mean ranks and the median calculated for each grou p. In our example, 

the e are Tables 4.5 and 4.6 which are avai lab le in pages 274. 

robl. 4.5 - Exercl •• lnteractions Group Mean Rank. 

SG N Mean Rank 

~ •• rcl."_ Visit. MOderated Global 15 2593 

Ilal.",ed 20 1505 

Moderated s..ouen I.t 5 2600 

- -- - - GI.al ____ - ....ao ---
I Ex.,Ci ••• _AnsWllrod MOderated Global 15 28.07 1\ 

I Sal.need 20 1433 I 

I MOderated Saouenb.1 5 2250 I 
otol 40 

"".rel.t._Sklpped ~""",.t""a~ 1; 1'9 

Balaneed 20 2655 

MOderated Stauenba! 5 1900 

ot./ 40 

~.rel.u_T MOderated Globat 15 21 13 

Balaneed 20 1410 

.. ""., -I"" ~1I.nllat ~ ,,,,/\ 
Totat 40 

Figure 0.3 - Example of visual ization of student groups mean ranks for the 
learning metric Exercises_Answered 

lL an be noticed that the mean ranks reported in thi s table are also shown in the graphic of pairwise 

com pari on howed in Figure 0.2. 

Tablo 4,.6 - Exercise Interactions Group Median ReDOn 

ISG Exercll" Visil IExercisGI AnaWGred IExerclses Sklooad !Exercises T 

Moder.'ed Global N 15 15 I 15 15 

Median 1200 400 ' no 30WU; 

841 need ~ 2d 20 , 20 20 

Medl3n 100 00 1 3,50 1128 

Moderated s.quential N 9 5 t 5 5 

Medoan 10.00 2,00 I .00 27.8873 

Tot I N 4d 40 11 40 40 

Med .. " 10.00 200 ' 00 257705 
'- - --

Figure 0.4 - Example of visual ization 0 f student groups median report for the 
learning metric Exercises Answered 

Mean ranks pI' vide in ight about which group has a stronger trend to answer proposed exerci ses and can 

be Llsed to report and interpret results when the median values do not change between two groups. For example: 



237 

In our example with the metric Exercises_Answered, it is possible to use medians to interpret results: the 

number of exercises answered is significantly higher for 3 students in five lessons (N= 3x5 =15) than it 

is for 4 students (N= 4x5 =20). The moderated global students answered a median of four exercises, 

whereas balanced students answered a median of zero. 

However, if we look at the metric Exercises_Sldpped, the number of exercises skipped for moderated 

sequential and moderated global students (are zero in both cases). We cannot use medians to interpret the 

difference between these groups however, their corresponding mean ranks (19.00 and 12.93 respectively) 

might be used if necessary. 
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Null Hypothesis Test Sig. Decision 

Independent· Retain the 
1 The distribution of Sl ides Visits is Sam~les .199 null the same across categones of AR. Krus al· 

Wallis Test hypolhQ~i~. 

Independent- Retoin the 
2 The distribut ion of Slides Time is Sam~les .1()5 null the same across categones of AR. Krus al· hypothesis. Wallis Test 

Independent· Retain the 
3 The distribution of Video Visits is Sam~les .758 null the same across categories of AR. Krus al· hypothesis. Wallis Test 

Independent- Retain the 
4 The distribution of Video Time is Sam~les .385 null 

the same across cate!loiies of AR. Krus aJ. 
Wallis Test hypothesis. 

nll~ di,.lIiLuliulI uf Independent· R':!\Clillliitt 
5 Donwloads Visits is the same Sam~les .633 null 

across categories of AR. Krus al· hypothesis. Wallis Test 

The distribution of Downloads Time Independent· Retain the 
6 is lile SlIlIItt lI\;IUSS 1.:1IlttYUlitts uf Sameles .65 1 IIUII 

AR. Krus al· hypothesis. Wallis Test 

The distribution of Independent· Retain the 
7 Instructions Visits is the same Sam~les .949 null 

dl.:lUSS I.:dlttYUlitts uf AR. Krus aJ. hypullltt,.is. Wallis Test 

Figure 1a -INF0055 Active-Reflective Style. Test Hypothesis Results 

The distribution of Instructions Time Independent· Retain the 
8 is the same across categories- of Sam~les .949 null Krus al-AR. Wallis Test hypothesis. 

The distribu1ion of Quiz Visits is 
Independent· Retain the 

9 Sam~les .103 null the same across categories of AR. Krus ai- hypothesis. Wallis Test 

The distribution of Independent· Retain the 
Sameles 10 Questions Answered is the same Krus aJ. .271 null 

across categories of AR. Wallis Test hypothesis . 

Independent· Retain the 
11 The distribution of Hint_Requests is Samples .869 null the same across categories of AR. KruskaJ. hypothesis. Wallis Test 

The distribution of Independent· Retain the 
12 Questions_Skipped is the same Sameles .249 null 

across categones of AR. Krus aJ. hypothesis. Wallis Test 

Independent· Retain the 13 The distribu1ion of Quiz_Tis the Samples .129 null same across categories of AR. Kruskal· hypothesis. Wallis Test 

The distribution of Exercises Visits Independent-
Re~ect the 

14 is the same across categories of Sam~les .003 nu Krus al· AR. Wallis Test hypothesIs 

Figure 1b - INF0055 Active-Reflective Style. Test Hypothesis Results 
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The distribution of Independent- Reject the 
15 Exercises_An~wered is the same ~~~e~el-s .010 null . 

across categones of AR. Wallis Test hypothesIs. 

The distribution of Independent- Reject the 
16 Exercises_Ski~ped is the same ~;u~e~el-s .007 nun . 

across categones of AR. Wallis Test hypothesIs. 

Independent- . 
17 The distribution of Exerci~es_ T is Samples 001 ~;~Iect the 

the same across categories of AR. Kruskal- . h th . 
Wallis Test ypo eSls. 

, 

Independent- R ' h I 
The distribution ofTasks Visits is Samples eject t el 

18 the same across categories of AR. Kruskal- .012 null . I 

Wallis Test hypotheSIS I 
. 

The distribution ofTasks. Answered Independent- Retain the 
19 is the same across categories of ~~:s~~~ .065 null . 

AR. Wallis Test hypotheSIS. 

Independent- R 'p h I 

20 The distribution ofTasks_skipfed is Samples 044 ~IJI_ct t e 
the same across categories 0 AR. Krus~al- . hypothesis 

Wallis Test . 

Independent- R 'e h ! 
21 The distribution ofTa~ks_T is the Samples 000 n~/l·ct t e 

same across categones of AR. Krus.kal- . hypothesis 
Wallis Test . . 

Figure Ie -INFOOSS Active-Reflective Style. Test Hypothesis Results 
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>1 
lit 
C) 

.!! 20. 
~ 
C) 

~ 
10. 

Independent-Samples Kruskal-Wallis Test 

o .ooJ-----------,-------------------~--~-L------~ 
Moderated Renective Balanced 

AR 

Total N 40 

Test Statistic 8.883 

Degrees of Freedom 1 

Asymptotic Sig. (2-sided test) .003 
--

Figure Id -INF0055 Active-Reflective Style. Distribution shape 
visualization for Exercises_Visits 
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Independent-Samples Kruskal-Wallis Test 

o 

CS 
o 

fAoderated Reflective Balanced 

AR 

Total N 40 

Test Statisti c 6.663 

Degrees of Freedom 

Asymptotic Sig. (2-sided test) .010 

Figure le -INF0055 Active-Reflective Style. Distribution shape 
visualization for Exercises_Answered IV 
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~ 4. 
CI. 
Q. 

:i 
(1),3 . 
III 

~ 
~ 2. 
GI 

.IS 
1 . 

Independent-Samples Kruskal-Wallis Test 

* 

o .oo~'~----------~--------------------~---r--L-------~ 
r.1oderated Retrective Bal3nced 

AR 

Tota l N 40 

Test Statistic 7.221 

Degrees of Freedom 

Asymptotic Sig. (2.sided test) . (Xl? 

Figure 1f - INFOOSS Active-Reflective Style, Distribution shape 
Exercises_skipped 
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II 
1'1 
'u 
"­
II 

.IS 

Independent-Samples Kruskal-Wallis Test 

o 

~ 
O.OO~IL-----------~-----------------------L--~~--------~ 

riloderated Reflective Balanced 

AR 

Total N 40 

Test Statistic 10.109 

Degrees of Freedom 1 

Asymptotic Sig. (2.sided test) .001 

Figure Ig -INFOOSS Active-Reflective Style. Distribution shape 
Exercises_time 
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Table 1.1 - INF0055 Active-Reflective Style. Exercises Interactions 
Groups Mean Ranks 

~R N Mean Rank 

Exercises_Visits Moderated Reflective 10 29.95 

Balanced 30 17.35 

Dial 40 

Exercises_Answered Moderated Reflective 10 28.50 

~alanced 30 17.83 

Irolal 40 

Exercises_Skipped Moderated Reflective 10 12.70 

Balanced 30 23.10 

Tolal 40 

Exercises_T Moderated Reflective 10 30.60 

Balanced 30 17.13 

Irolal 40 

Table 1.2 -INF0055 Active-Reflective Style. Exercises Interactions Groups Median Report 

AR Exercises Visits Exercises Answered ~xerc ises Skipped Exercises T 

Moderated Reflective Median 17.00 4.00 .00 36.3463 

N 10 10 10 10 

Balanced Median 6.50 1.00 2.00 10.5941 

N 30 30 30 30 

1T0iai Median 10.00 2.00 .00 25.7705 

N 40 40 40 40 
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o 

Independent-Samples Kruskal-Wallis Test 

0 

~ 
r.lode.-ated Renective Balanced 

AR 

Total H 40 

Test Statistic 6.253 

Degrees of Freedom 

Asymptotic Sig. (2.sided test) .012 

Figure Ih -INF0055 Active-Reflective Style. Distribution shape 
Tasks_Visits 
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Independent-Samples Kruskal-Wal/is Test 

* 

Moderated Renective Balanced 

AR 

Total H 40 

Test Statistic 4.070 

Degrees of Freedom 1 ! 
I 
I 

Asymptotic Sig. (2.sided test) .044 

Figure Ii -INF0055 Active-Reflective Style. Distribution shape 
Tasks_Skipped 

IV 
Vl 





Independent-Samples Kruskal-Wallis Test 

30. 

* 

r~ 6 0 

0 • ... 
10. 

0 .00 9 
Moderated Renective Balanced 

AR 

Total N 40 

Test Statisti c 12.274 

Oegrees of Freedom 1 

Asymptotic Sig. (2.$ded test) .000 

Figure Ij -INF0055 Active-Reflective Style. Distribution shape Tasks_Time 
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Moderated Renective Balanced 

AR 

Total N 40 

Test Statistic 3.407 

Oegrees of Freedom 1 

Asymptotic Sig. (2.sided test) .065 

Figure lk -INF0055 Active-Reflective Style. Distribution shape 
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Table 1.3 - INF0055 Active-Reflective Style. Tasks Interactions 

Groups Mean Ranks 

~R N Mean Rank 

~asks_Visits Moderated Reflective 10 28.40 

Balanced 30 17.87 

Tolal 40 

Tasks_skipped Moderated Reflective 10 14.80 

Balanced 30 22.40 

trolal 40 

Tasks_Answered lModerated Reflective 10 26.05 

J3alanced 30 18.65 

trolal 40 

Tasks_T Moderated Reflective 10 31.60 

Balanced 30 16.80 

Total 40 

Table 1.4 - INF0055 Active-Reflective Style. Tasks Interactions groups Median Report 

~ !Tasks Visits trasks skipped trasks Answered Tasks T 

~oderated Reflective Median 6.00 .00 1.50 16.5114 

N 10 10 10 10 

Balanced Median 2.00 1.00 .00 .9884 

N 30 30 30 30 

olal Median 3.00 .00 1.00 2.7776 

L . __ _____ N 40 40 40 40 
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Hypothesis Test Summary 

Null Hypothesis I est Sig. Uecision 

Indgp gndgnt-
~etaln the 

1 The distribution of Slides Visits is Sam~'es .1 !j() null 
Ihe same across cat egories of SI. Krus al-

Wallis Test h ypoth isi s. 

Indep endent- Retain the 
2 Thg distribution of Slid"s Timg i'l: S",meli'l: .125 null ! Ihe same across categories of SI. Krus al-

WalliS I est hypothceie. 

Indep endent- Retain the 
1 Thi distribution ofVidio Visits is Samklgs; 534 null 

the same across cat eoones of SI. Krus 31-
Wallis Test h ypoth e$i $. 

Indep endent- Retain the 
4 The di~tribut ion of Video Time i~ 8am

k
le3 .t52 null the same across cat egones of SI. Krus 31-

Wallis Test IIJ~utll~sls . 

The distribution of Indep endent- Retain the 
5 Dorr ... ioads Visits is the same Gamel,s .965 null 

across calegorles of 51. Kru~ ~I- hypothesis. Wallis Test 

ThA tii"Irihlllinn r.f nnwnln::ad" TimA Indep endent- R~I::a in Ih .. 
6 is the same across categories of sameles .948 null Krus: ~f. 

SI. Wallis Test h ypoth eSI s. 

Thll distribut ion of Indep endent- R~tain tha 
7 Instructions Visrts is the same sameles 257 null 

across categories of SI Kru3 .1- hypothesis W::alli"Tpd 

Figure 2a-INF0055 Sensing-Intuitive Style. Test Hypothesis Results 

The distribution of Instructions Time Independent- Reta in the 
8 is the same across categories- of Samk'es .088 null Krus aI-Sl. Wallis Test hypothesis. 

Independent- R~tain the 
9 The distribution of Quiz Visits is Samkles .369 null the same across categories of Sf. Krus al- hypothesis. Wallis Test 

The distribution of Independent· 
Reta in the 

10 Questions Answered is the same Samples .340 null 
across categories of SI. Kruskal- hypothesis. Wallis Test 

Independent- Retain the 11 The distribution of Hint Requests is same'es .355 null the same across categories of SI. Krus al- hypothesis. Wallis Test 

The distnbution of Independent- Retain the 
12 Questions_Skipped is the same Samples .101 null 

across categones of Sf. Kruskaf. hypothesis. Wollie Teet 

Independent-
Retain the 13 The distribution of Quiz_Tis the Sameles .333 null same across categories of SI. Krus ai- hypothesis. Wallis Test 

The distribution of Exercises Visrt s Independent-
Retain the 

14 ie tho como ::lcroce cotcgonce of Same'es .881 null Krus al-
SI. Wallis Test hypothesis. 

Figure 21>-INFOOSS Sensing-Intuitive Style. Test Hypothesis Results 
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20 

21 

The di~tribut ion of Exerci,es Vi,ib Independent- Retain the 
is the same acro5s categories of Samf,es .001 null Krw; :I I-51. W:;!lIi ~ Ti? ~t hypoth esis. 

The di(;tribution of Ind ependent- Ret :lin the 
Exercise, Answered i, the same Sam~'e s .342 null 
dt..:IU:;S t..:d~!:Iu l i~s ur SI. Krus al-

"ypulIn~:;is . W~lIi!: TR!:t 

The di~tr ibut ion of Independent-
R~t3in thg 

Excrci~c::_Skippcd is the ::~mc Sam~'es .276 null Krus al-acrOS5 cat egorie5 of SI. Wallis Test hypothesis. 

Ind ependent- RI'!1:Iin thl'! 
The distribution of Exercis es T Is Sam~les .913 null the same across categories of SI. Krus al- hypothe(;i:o. Wallis lest 

Independent- Retain the 
nU:l ui:;llIliuliuri uf Task:> Visits is Sdlll~l~s .279 null the same across categories of SI. Krus al-

hypothIl5i~ . Wallis lest 

The distribution ofTasks Answered Ind ependent- Retain the 
il'; IhR l';:lml'! :lr.rn!:l'; r:ltR!lnri~~ nf Sam~le5 ,u.') nllil 
SI. KIU:' dl- hypoth I?~i~. Wallis Test 

Independent Retain the The distnbuiion of Ta,ks skipped is Sam~les .382 null the same across categone5 0 SI. Krus al- hypnlhF!!:i~ Wallis Test 

Indllpllnd9nt- Retain the The di~tr ibui ion of To::k(; T is the Somelc:: .155 null same across categories of 81. Krus 81- hypothesis. W<llIis T~sl 
- -

Figure 2c-INF0055 Sensing-I ntuitive Style. Test Hypothesis Resul t s 
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Null Hypothesis Test Sig. Deeision 

Irdeperdent- Retail the 
1 The d str bulior of Sides Visits is Sal'es .155 mil the same across categones oIY\,. Kru al-

Walis - es! h)pOlhesis. 

Irdeperdent- Retan the 
2 The d sir bu1ior of Slijes T mE is Sa~les .810 mil the same across categooes oIY\,. Kru al- h)po1hesis. Vlalis - est 

Irdeperdenl- Retail the 
J The d sir butior of Video VISits is Sa~les .570 mil 1hE same across ca1egooes oIY\,. Kru a~ h)polhesis. Vlalis - est 

Irdeperdent- Retail the 
4 The d strbulior of Video Ti"e is Sa~les . 331 01..11 thE same across categories ofVV. Kru a~ 

Vlalis -est h)polhe,is. 

The d str bulior of Irdeperdent- Retan the 
5 Doowoads Visits is ~he same Sa~tes .8l1 mil 

aCloss c3te10ries orN. Kru al- h)p01hesis. Walis - est 

The d strbulior ofDONTl oads Time Irdeperdent- Retail the 
6 is the salle across categories of Sa~les .893 01.11 

V\/. l<ru al-
h~po1he~is . Vlalis - est 

The d str bulior of Irdeperdent- Retail the 
7 Instru:ticns Visits is the same Sa~les .267 01.11 

across cate~ories of·N. Kru a~ h)polhesis. , Vlalis - est 
! 

Figure 3a-INFOOSS Visual-Verbal Style. Test Hypothesis Results 

The astribJ:ion of Inst 'uct ens TIn3 11dependEft- Reject 1~e 
8 ,s 1.~e sarne across categolies- )' ~:Sk~E~ .0' -4 null 

'Iv. Wall s Test hypothesis. 

The astribJ:ion of Qui! V sits is 
hdependert- Reject l~e 
S;!~ES 9 :tE same across c.t:!golies oP./I/. K,us :/ - .026 null 

\\'aII!: Test hypothesis. 

The astribJ:ion Ii hdependErt- Peta n 1te 
10 Juestio1s '\1>'~red s 1tE sarne SamplEs .26-4 nil 

aClcss c~te!p;~s ci'vV. l<Iuska - hypothesis. \\'aII!: Test 

11depend~rt-
~Iect Ita 11 The astribJ:ion rl t-int_I' Ecuests is Sampl~!: .035 

~~~ ;;ame :Jcross c~t~golies riVv'. Kruska - hypothesis . Walls Test 

The astribJ:ion of I1dependu1-
Pet~ n Ite 

12 Juestio1s_S< Fped is th~ sme sam~E5 .095 rlil 
acrcss c:JtegJ13S 1i'vV. KJus a - hypothesis. 

Wall~ Test 

11dependErt-
Ret~ n l~e 13 The dstri)J:ion of Qui! _-is the sa~ES .' "7 nil S31Y'9 aCloss c3hlories of W . KJu 3- hypothesis. Wa/I s Test 

The astri)J:ion Ii E,ercises Visi1!: 11dependErt-
~ect Ita ,-4 s I~e same aero;;; c:tegolies i San~ES .038 I Krus a-'./y'. Wall 5 Test hypotheSIS, 

I 

Figure 3b-INFOOSS Visual-Verbal Style, Test Hypothesis Results 
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The distribution of Independent-
Retain the 

15 Exercises Answered is the same Samkles .064 null 
across categories of W. Krus al-

hypothesis. Wallis Test 

The distribut ion of Independent- Retain the 
16 Exercises_Skipped is the same Samkles .053 null Krus al-across categories of W. Wallis Test hypothesis. 

Independent- Retain the 17 The distribution of Exercises T is samkles .121 null 
the same across categories ofW. Krus al- hypothesis. Walli s Test 

Independent- Retain the 18 The distribution ofTasks Visits is Samkles .059 null the same across categories of W . Krus al- hypothesis. Wallis Test 

The distribution ofTasks Answered lndependent- Retain the 
19 is the same across categories of Sameles .228 null 

W. 
Krus al-

hypothesis. Wallis Test 

Independent- Retain the 20 The distribution ofTasks_skipfed is Sameles .100 null the same across categories 0 W. Krus al- hypothesis. Wallis Test 

Independent- Retain the 
21 The distribution ofTasks T is the Samkles .153 null same across categories ofW. Krus al-

Wallis Test 
hypothesis. 

--

Figure 3c-INFOOSS Visua l-Verbal Style. Test Hypothesis Results 
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slime 
Asymptollc signrficances a -sided tests) are displayed. The significance level is .OS. 

1.000 

973 

029 

1.000 

217 

1000 

Figure 3i -INF0055 Visual-Verbal Style. Post-hoc analysis Hint_Requests 

IV 
-...J 
W 



1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 



40.00 

., 
~ 30. 

SI .. 
41 

Independent-Samples Kruskal-Wallis Test 

.!! 20. 

oro I tf 
... .. 
41 

~ 
10. 

o 

• 

Strongly Verbal Moderated Verbal Balanced 1.1oderated Vistlai 

VV 

Total N 40 

Test Statistic 8.405 

Degrees of Freedom 3 

Asymptotic Sig. (2.sided test) .038 

Figure 3j-INF0055 Visual-Verbal Style. Distribution shape Exercises_Visits 

Pairwise Comparisons ofW 

Each node shows the sample average rank of W . 

S.mpl.' -S.mple2 Test ~ Std_ Std. Test Sig. Adj.Sig. 
I Slatlstic ~ Error Statistic 

Balanced-Noderated Verbal 8050 4726 1.703 ~ 

Balanced-Noderated Visual -13 050 6.341 -2058 .040 

Balanced-Strongly Verbal 14,(XX) 5178 2.704 .007 ' 

Moderated Verbal -Moderated -50c0 5979 - 836 403 VISUal 

Moderated Verbal -Strongly 
Verbal 5950 4726 1259 200 
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ume. 
Asymptotic significances (2-sided tests) are displayed. The significance level is OS. 
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trable 3.1 - INF0055 Visual-Verbal Style. Groups Mean Ranks 

W N Mean Rank 

nstructions_ Time Strongly Verbal 10 23.70 

Moderated Verbal 15 14.53 

Balanced 10 20.10 

Moderated Visual 5 32.80 

alai 40 

Quiz_Visits !strongly Verbal 10 27.60 

Moderated Verbal 15 18.13 

Balanced 10 13.90 

Moderated Visual 5 26.60 

otal 40 

HinCRequests Strongly Verbal 10 26.70 

Moderated Verbal 15 19.10 

Balanced 10 15.50 

,.,oderated Visual 5 22.30 

'rolal 40 

Exercises_Visits Strongly Verbal 10 26.35 

Moderated Verbal 15 20.40 

Balanced 10 12.35 

Moderated Visual 5 25.40 

Tolal 40 

Table 3.2 - INF0055 Visual-Verbal Style. Median Report 

W nstructions Time Quiz Visits ~int Requests 

!strongly Verbal J-J 10 10 10 

Median ,4153 16,50 2,00 

Moderated Verbal ~ 15 15 15 

Median ,0000 1,00 ,00 

~alanced N 10 10 10 

Median ,2061 ,00 ,00 

~oderated Visual N 5 5 5 

Median 3,5592 14,00 ,00 

trOlal ~- 40 40 40 

Median ,3955 3,00 ,DO 

~xercises Visits 

10 

12,50 

15 

7,00 

10 

1,00 

5 

12,00 

40 
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Null Hypothesis Test Sig. Decision 
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3 The dis:ri~ut ion ofVideJ Vi~its is Sal1f,es . 556 m,lI the same ac'o~s categon~s ofSG. Krus al-

Wallis Tes: h)pcthesis. 

ndep~ndent- Retain the 
4 The dis:ritution ofVideJ Time is S311fles .835 nLII the same ac 'O!;S categon~s ofSG. Krus al-

Wallis Tes: h)pcthesis. 

The dis:rituh:m of ndep~ndent- Retain the 
5 DcnVlto3ds 'Iisits is th ~ ~ ame S311fleS .603 nlil 

across ca:e£ories of SG. Krus al- h)pcthesis. Wallis Tes: 

The dis:ritution of Download; Time hdep~ndent- Retain the 
6 is the same across eategJries of S311fleS .500 nlll 
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The dis:ri~ution of hdep~ndent· Reject Ihe 
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Figure 4a-INF0055 Sequential-Global Style. Test Hypothesis Results 
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The dist ribut ion of Independent-
Re~ect the 

15 Exercises Answered is the same Sam~les .002 nu 
across categories of SG. Krus al-

hypothesis. Wallis Test 

The distribution of Independent-
Re~ect the 

16 Exercises_Skipped is the same Sam~ les .001 nu I<rus al-across categories of SG. Walli s Test hypothesis. 

Independent-
Re~ect the 17 The distribut ion of Exerci ses T is Sam~les .006 nu the same across categories of SG. Krus al-
hypothesis. Wallis Test 

Independent- Retain the 
18 The distribut ion of Tasks Visit s is Sam~les .072 null the same across categories of SG. Krus al-

hypothesis. Wallis Test 

The distribution of Tasks Answered Independent- Reject the 
sam~les 19 is the same across categories of Krus al- .009 null 

SG. Wallis Test hypothesis. 

Independent- Reject the 
20 The distribution ofTasks_skipfed is Sam~les 

Krus al- .004 null the same across categones 0 SG. hypothesis Wallis Test 

The distribution ofTasks T is the 
Independent- Retain the 

21 samfles .169 null same across categories of SG. Krus al-
Wallis Test 

hypothesis. 

Figure 4c-INFOOSS Sequent ial-Global Style. Test Hypothesis Resu lts 
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Figure 4f-INFOOSS Sequentia l-Global Style. Distribut ion shapes 
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15.15 

Each node shOW1 the sample average rank ~r SG 

Samplel .Sample2 Test Std. SId. Test~ 
Statistic Enor Statistic 

Balanced-Uoder.ted Sequential ·7650 5745 ·1.332 

Balanced-Uoder.led Global 11717 3924 2!l1; 

Moderated Sequential-Uoderated 
Global H~7 5933 .685 
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Figure 4g-INF0055 Sequentia l-Global Style. Post-hoc analysis IV 
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Table 4.1 -INF0055 Sequential-Global Style. Instruction interactions 

Group Mean Ranks 

IsG N Mean Rank 

nstructlons_ Visits Moderated Global 15 24,77 

Balanced 20 15,93 

Moderated SeQuential 5 26,00 

alai 40 

nstructions_ Time Moderated Global 15 2687 • 

Balanced 20 15,15 

Moderated Sequential 5 22,80 

irotal 40 

Table 4.2 - INF0055 Sequential-Global Style. Instruction Interactions Group 

Median Report 

SG Instructions Visits I Instructions Time 

Moderated Global N 15 15 

Median 3,00 1,7662 

~atanced ~ 20 20 

Median ,50 ,0000 

Moderated Sequential N 5 5 

Median 4,00 ,3743 

Irotal N 40 40 

Median 2,00 ,3955 
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Table 4.3 - INF0055 Sequential-Global Style. Group Mean Rank 

IsG N Mean Rank 

Quiz_Visits Moderated Global 15 25,10 I 

Balanced 20 14,08 

Moderated Sequential 5 32,40 

[rotal 40 

Questions_Answered Moderated Global 15 25,83 

Balanced 20 14,95 

Moderated Sequential 5 26,70 

Total 40 

Hint_Requests Moderated Global 15 20,03 , 

aalanced 20 17,50 

Moderated Sequential 5 33,90 

otal 40 

puestions_Sklpped Moderated Global 15 13,17 

Balanced 20 28,25 

Moderated Sequential 5 11,50 

otal 40 

Quiz_T Moderated Global 15 27,13 

Balanced 20 13,90 

Moderated Sequential 5 27,00 

Total 40 

Table 4.4 - INF0055 Sequential-Global S~le. Group Median Report 

Questions_ Questions_ 

SG Quiz Visits Answered Hint Requests Skipped 

~oderated Global N 15 15 15 15 

Median 15,00 9,00 ,00 1,00 

Balanced N 20 20 20 20 

Median .00 ,DO ,DO 4,00 

Moderated Sequential N 5 5 5 5 

Median 32,00 9,00 7,00 1.00 

Total N 40 40 40 40 

Median 3,00 ,DO ,00 1,00 

Quiz T 

15 

6,4829 

20 

,0000 

5 

8,6893 

40 

1,8608 

w 
o 





Independent-Samples Kruskal-Wallis Test 
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Table 4.5 - INF0055 Sequential-Global Style. Exercise interactions Group 

Mean Ranks Table 4.6 - INF0055 Sequential-Global Style. Exercise interactions Group Median Report 

SG N Mean Rank SG !Exercises Visits !Exercises Answered ~xercises Skipped Exercises T 

~xerclses_ Visits Moderated Global 15 25.93 Moderated Global ~ 15 15 15 15 
Balanced 20 15.05 Median 12,00 4,00 .00 30.5886 

Moderated SeQuential 5 26,00' Balanced ~ 20 20 20 20 

'rotal 40 Median 1.00 ,DO 3,50 .1128 

~xercises_Answered Moderated Global 15 28,07 Moderated Sequential N 5 5 5 5 

Balanced 20 14.33 Median 10,00 2.00 ,DO 27,8873 

Moderated Seauential 5 22,50 Total N 40 40 40 40 

Total 40 Median 10,00 2,00 ,DO 25,7705 

~xercises_Skipped Moderated Global 15 12.93 

Balanced 20 26,55 

Moderated Sequential 5 19,00 

Total 40 

Exercises_ T Moderated Global 15 2713 

Balanced 20 14.70 

Moderated SeQuential 5 23,80 

Total 40 I 
I 
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Table 4.7 -INF0055 Sequential-Global Style. Tasks interactions Group 

Mean Ranks 

~G N Mean Rank 

Tasks_Answered Moderated Global 15 27,27 

Balanced 20 15,83 

Moderated Seauential 5 18,90 

trotal 40 

trasks_sklpped Moderated Global 15 13,53 

l3alanced 20 25,25 

Moderated Sequential 
I 

5 22,40 1 

frotal 40 

Table 4.8 - INF0055 Sequentlal-Global Style. Tasks interactions 

Group Median Report 

SG Tasks Answered Tasks skipDed 

Moderated Global N 15 15 

Median 1,00 ,00 

Balanced N 20 20 

Median 00 1,00 

Moderated Sequential N 5 5 

Median 00 1.00 

Total N 40 40 

Median 1,00 .00 

W 
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Null Hypothesis Tes:! Sig. Decision 

Ind"PQndent- Reta in the 
1 nH~ distriliutiull uf Sli!.l~s Visits is Sijlrl~ltlS .588 null th .. s:;oma :across c:;otQgori .. s of AR K'rus :;01-

W.allis Test hypothesis. 

IndFlI1p.ndp.nt-
Reta in the 

2 The distribution of Slides Time is San'k:1es .760 null the same across categories of AR Krus al-
IIYl!ulll~liis. Wallio TeGt 

Th e distribut ion of Independent- Retain the 
3 Int Ar"r.tlVp.rl'"mplp.!,:_ I ~ t hp <;~mp. Samkloo ~l:il null Krus 31-across categories of AR. Wallis Tgd hypothesis. 

The diotribution of Indep e ndent- f:leta in the 
4 InteractiveElCamples_T is the same S .. m~IQs . 904 null Krus al-

acrO~G eotegoric:; of AA. W::Ilh", lAd hypotho:;io. 

Th. distribut ion of Indep e ndent- f:lgt2in tha 
5 InterattiveMaterials Visits is the Sameles .712 null 

,,2m .. :;ocross c:;otQgorigS of AR. Kru~ 01 hypoth .. "is. Wallis Test 

Ihp. dl<;tnhlrtlnn ot Independent f.lpt~an thp. 
G InterattiveMaterials T is the same Sameles !:i7!i null 

lIr.rn<;<; I'litpoono<; or AJ.l V.rus ::11- hyrnth<!<;I« Wallis Test 

The distribution 01 Video Vi~its is 
Ind"PQnd"nt- REtain the 

7 Sanlel"~ .872 null thp. <;::Imp. "r.rn«!:; I'::lt"oon<!'l nt Af.I KnlC; al-
W.allis Test hYPolhes is. 

Figure Sa - INF0023 Active-Ref lective Style. Test Hypothesis Results 

The dist ribution of Video TIme is 
Independent· Retain the 

8 Samfles .380 null the same across categones of AR. Krus al-
Wallis Test hypothesi s. 

The dist ribution 01 Quiz Visits is 
Independent- Retain the 

9 Sam~les .795 null the same across categories of AR. Krus al- hypothesis. Wallis Test 

The dist ribution 01 Independent· Retain the 
10 Qu"stions AnSW9rod is tna samo Samples .739 null 

across caiegories of AR. Kruska\- hypothesi s. Wallis Test 

I 

Independent· Retain the 11 The dist ribution of Hint_ Reque sIs is Samples .187 null the same across categories of AR. Kruskal- hypothesi s . 
W;jllilSTt!~t 

ThA riidrihut ion of Independent· Rpt;;in thA 
12 Questions_Skipped is the same Sallll'lb!li .581 null 

across categories of AR. Kruskal- hypothesis. Wallis Test 

13 The dist ribution of Quiz_T is the 
Independent· Retain the 
Sam~les .7~ null :;ome acro:;:; c"le90rie~ of AR Kru~ 01 hypothesI s. Wallis Test 

The distribution 01 Exercises Visits Independent Reta in the 
1 .. is the same across categories of Sam~les .181 null Krus al-AR. Wallis Test hypothesis. 

Figure Sb-/NF0023 Active-Reflective Style. Test Hypothesis Results 
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-
The distribution of Independent- Retain the 

15 Exercises Answered is the same Samf,es .1 47 null 
across categories of AR. Krus al-

hypothesis. Wallis Test 

The distribution of Independent- Retain the 
16 Exercises_Skipped is the same Same'es .473 null Krus al-

across categories of AR Wallis Test hypothesis. 

Independent-
Retain the 17 The distribution of Exercises T is Same'es .516 null the same across categories of AR. Krus al-
hypothesis. Wallis Test 

The distribution of StudentSol_Req Independent- Reject the 
Sam~'es 18 is the same across categories of Krus al- .005 null 

AR. Wallis Test hypothesis. 

Independent- Reject the 
19 The distnbution of StudentSol T is Sam~'es .017 null the same across categories oT AR. Krus al- hypothesis. Wallis Test : 

The distribution ofTeacherSol_Req Independent- Retain the 
Sam~'es 20 is the same across categories of Krus al- .361 null 

AR. Wallis Test hypothesis. 

Independent- Retain the 
21 The distribution ofTeacherSol Tis Sam~'es .524 null the same across categories of AR Krus al- hypothesis. Wallis Test 

----

Figure Sc-INFO023 Active-Reflective Style.Test Hypothesis Results 
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Figure Sd -INF0023 Active-Reflective Style. Distribution shape 
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Figure Se -INFO023 Active-Reflective Style. Post-hoc analysis Student_Sol_Req 
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Figure Sf - INF0023 Active-Reflective Style. Distribution shape 
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Table 5.1 -INF0023 Active-Reflective Style.Student_Solution 

Interactions Mean Ranks 

f.\R N Mean Rank 

StudentSol_Req Moderated Reflective 20 41 ,68 

i3alanced 45 41 ,02 1 

Moderated Active 25 56,62 i 
. 

Total 90 

IstudentSol_ T Moderated Reflective 20 41 ,60 

Balanced 45 41 ,84 

Moderated Active 25 5520 

trotal 90 
, 

Table 5.2 - INF0023 Active-Reflective Style.StudenCSolution 

Interactions Median Report 

AR StudentSol Req StudentSol T 

~oderated Reflective N 20 20 

Median 00 - ,0000 
- -

~Ianced N 45 45 

Median ,00 ,0000 

Moderated Active N 25 25 

Median 00 ,0000 

~otal N 90 90 

~edian ,00 ,0000 

~ijl"-____ ~ ____ 005 017 
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Hypothesis Test Summary 

Null Hypothesis Test Sig. Decision 

Independent- Retain the The distribution of Slides Visits is SameleS .697 null the same across c ate~ones of SI. Krus al-
Wallis Test hypothe ~i~ . 

Independent- R"tainth" 
2 The distribution of Slides Time is SameleS . 578 null the same across categones of SI. Krus al-

Wallis Test hypothe sis. 

The distribution of Inde pen dent- RetZlin the 
3 InteractiveExamples_ is the same SamelaS .635 null Krus al-al:IUSS l:alt!yulitls ur SI. Wallis Test IrYllullrtlsis. 

Tho diotribution of In de pen dent- Ret:lin the 
4 Interact iveExamples T is the same Same'es .669 null Krus al-al:IUSS t.;alt!yulil:ls urSI. Wallis Test hYfJullrl:lsis. 

The distribution of Independent- netain the 
5 InteractiveMaterials Visits is the Same'es .460 null 

same across categories of 51. KnJ!,; :II- hypothesis. Wallis Test 

The distribution of Independent- netZlin the 
6 Interact iveMaterials T is the same Same'es .518 null Krus al-across categories 01 SI. Wallis Test hypothesis. 

The distribution of Yideo Visits is 
Independent- Retain the 

7 Same'es .923 null th; !>:lm; Zlero!>!> c :ltggones of SI. ~JUS 31-

Wallis Test hypothesIs. 

Figure 6a-INF0023 Sensing-Intuitive Style. Test Hypothesis results 

Ind~p3rdent-
R~tain the 

8 Th3 distlibution ofVdeo Tine is Sam~'es .529 null the ~ame across ca:e~ofies of SI. l<rus a~ h!pothesis. Wallis - est 

Th3 distJibution ofOuiz Vsts is 
Indep3rdent- R::tain the 

9 Sam~'es .173 null the ~ame across ca: e~Ories of SI. Krus a~ hrpothESis . Wallis -est 

Th~ distlibution of IndepHdent- R::tain the 
1[) Qlestions AmVlered is ne same SamF'es .392 null 

ac-oss catego'ies 01 SI. Kruska~ hrpothesis. Wallis - est 

Indep3rdent-
R~tain the 11 Th3 distlibution of H nl_ Requests is Sam~'es .710 null the ~ame across ca:e~ories of SI. Krus a~ h!pothesis. Wallis - est 

Th:: distlibution of Indep3rdent- R::ta in the 
1Z Qlestions_Sk pped is the s~m SamF'es .313 null 

Kruska~ ac·oss catego"IEs 01 SI. Wallis - est h~pothesis . 

13 Th3 distlibution of Ouiz_ T is the 
Indep3rdent- R3t3in the 
Sam~'es .133 null salle across ca:e~cries of SI. Krus a~ hypothesis. Wallis - est 

Th3 distlibution of Ewcises VlSils Indep3rdent-
R3t3in the 

U is :he same across ;;;tegories of Sam~les .283 null l<Ius a~ SI. Wallis - est hypothesis. 

Figure 6b-INFO023 Sensing-Intuitive Style_ Test Hypothesis Results 
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The distribution of Independent- Retain the 
15 Exercises Answered is the same Sameles .670 null 

across caiegories of SI. 
Krus al-

hypothesis. Wallis Test 

The distribution of 
Independent-

Retain the 
16 Exercises_Skipped is the same Sameles .905 null Krus al-across categories of SI. Wallis Test hypothesis. 

Independent- Retain the 17 The distribution of Exercises T is Sameles .396 null the same across categories of SI. Krus al-
hypothesis. Wallis Test 

The distribution of StudentSol_Req Independent- Retain the 
Sameles 18 is the same across categories of Krus a~ .684 null 

SI. Wallis Test hypothesis. 

Independent- Retain the 19 The distribution of Student Sol T is Sameles .892 null the same across categories oTSI. Krus a~ hypothesis. Wallis Test 

Independent-The distribution ofT eacherSoLReq 
Sameles 

Reject the 
20 is the same across categories of Krus al- .005 null 

SI. Wallis Test hypothesis. 

Independent- Reject the 
The distribution of TeacherSol Tis Sameles 21 the same across categories oTSI. Krus al- .005 null 

Wallis Test hypothesis. 
-------- -- -- - -

Figure 6c-INFO023 Sensing-Intuitive Style. Test Hypothesis Results 
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IlIodef!lted Irtuitive 8aln:ed IJloderfted Sensing strorgly SCflSilg 
SI 

Total" ~ 

Test Statistic 12 . 76~ 

Oegree.s of Freedom 3 

Asymptotic Sig. (2.sided test) .005 

Figure 6d -INF0023 Sensing-Intuitive Style. Distribution shape 
Teacher_Sol_Requests 

Pairwise Comparisons of SI 

Each node shows the sample average rank of SI 

Sample1-Sample2 Test ~ 
Statistic 

Std. - Std. Test.:; 
Error -. Statistic Sig. ~ Adj.Slg.~ 

f-
Moderated Intuitlve.Strongly 
Sensing .000 7.rJ57 .000 UXXJ 

Moderated Intuitive-Balanced -11 .667 6.379 -1.829 .rET 

Moderated Intuitive-Moderated -19000 7.450 -2.551 011 Sensing 

Strongly Sensing.8a lanced 11 .667 4.904 2.379 .017 

Strongly Sensing-Moderated 
Sensing 19.000 6.233 3.048 .002 

Bala nced -Moderated Sensing -7.333 5.440 -1.348 .178 

Figure 6e -INF0023 Sensing-Intuitive Style. Post-hoc analysis 
Teacher_Sol_Requests 
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Independent-Samples Kruskal-Wallis Test 

8000 # 

Total N 90 

Test Statistic 12.668 

Degrees of Freedom 3 

Asympfotic Si9. (2.sided test) .005 

Figure 6f -INF0023 Sensing-Intuitive Style. Distribution shape 

TeacherSoLTime 

Pairwise Comparisons of 51 

Each nod. shows the sample average rank of SI -

S~mpl.l .S.mpl02 
Te.st o...l. Std. '" Std. Test S19· AdJ.Slg. Statistic- Error Statistic 

Moderated Intuitive-Strong\y 
Sensing (XX) 6910 (XX) 1 (XX) 1.(xx) 

Moderated Intuitive-8alanced ·10667 6237 ·1710 (fIl 523 

Moderated Intuitive-Moderated ·19 (XX) 7284 ·2.609 009 .055 Sensing 

Strongly Sensing-8alanced 10667 4795 2.225 026 .157 

Strongly Sensing-Uoderated 
Sensing 19.(xx) 6094 3.116 0'J2 .011 

O.lanced-Uode,.ted Sensing -8333 5.319 ·1.567 117 .703j 

Figure 6g -INF0023 Sensing-Intuitive Style. Post-hoc analysis 
TeacherSol_ Time 
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Table 6.1 - INF0023 Sensing-Intuitive Style. Teacher Solution 

Interactions Mean Ranks 

lsi N Mean Rank 

treacherSol_Req Moderated Intuitive 10 36,50 

Balanced 45 48.17 

Moderated Sensing 15 55,50 

Strongly Sensing 20 3650 

Irotal 90 

TeacherSol_ T Moderated Intuitive 10 37,00 

Balanced 45 47,67 

Moderated SensinQ 15 56,00 

Strongly Sensing 20 37,00 

Total 90 ----_ .-

Table 6.2 - INF0023 Sensing-Intuitive Style. Teacher Solution 

Interactions Median Report 

lsi TeacherSol Req TeacherSol T 

Moderated Intuitive N 10 10 

Median ,00 ,0000 

Balanced N 45 45 
" -

Median ,DO ,0000 

Moderated Sensing N 15 15 

Median ,00 ,0000 

Strongly Sensing N 20 20 

Median ,00 ,0000 

Total N 90 90 

Median ,00 ,0000 

~ - . ,005 ,005 

w 
oj::. 



j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 



APPENDIX 7 

INF0023 

KRUSKAL-WALLIS ANALYSIS 

VISUAL-VERBAL 

LEARNING STYLE GROUPS 

343 



1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 



Hyp othesis Test Summary 

Hull Hypoth esis Te~ Sig, Decis ion 

Ind€>p'?nd,mt- Ret ain the 
1 ThR cfi:c;trihllt inn nf Slid R~ Vi~it:c; i:c; S:lm~'p.s _912 f1ull the same across categones ofW. Krus al-

Wallis Test hypothesis. 

Independent- Ret ain the 
2 The distribution of Slides TIme is Sam~'es _622 null the same across categories ofW. Krus al- hypothesis>. Wallis Test 

ThQ distribution of Independent- Rebnthe 
3 InteractiveExamples_ is 1he same sam~'es _932 null K/Us <11-across categories ofW. Walli" Test hypothesis. 

The distribution of Independent- Ret ain the 
4 InteractiveExamplesJ is the same Sam~'es _665 null V-ru; ::al-across cat egones ot W. W:lllis TR~t hypothesIs. 

The distribution of IndQP,"nd~nt- Retain the 
5 IlIlt:jfa\;liVl:lMGI~li<lls Visil s is III>:: S:lm~'p." _833 lIuli 

same across c; ategories of W . Krus al- hypolhesis. Wallis Test 

The distribution of Independent- Retain the 
6 InlcroetivcM:ltcri::II~ T i~ the G:Jmc Sam~'es .706 null 

aero,,; C::at 9gories olW. Krus al- hypothesis. WalliS lest 

The distribution of Video Visits Is 
Independent- R~hin th .. 

7 Sam~'es h.Q7 nllll lll~ Scll"~ <lI.:IU:SS I.:dl~9uli~:s urw. K!us cd- hypothesis_ Wallis Te~t 

Figure 7a-INF0023 Visua l-Verba l Style, Test Hypothesis Results 

, 

h:h~~1:1~11- Rel~in the 
8 The distribution of 'I CEC Time is San-~'es .481 nul H-E sarrE ~; -OH ;ugolie~ i V\'. KM al- h)'POth:5 S. Welis Test 

11j3Jnj~11- Relein the The distrWion of Quiz VISits is sarrf,as 9 It-E sarrE ~; -OSS ;~:e9ories )' i/\'. KrlS .1- .660 nul 
\'V.dlis Test hypoth~s ~ . 

The distrWion of h:l3Jnj31f- Relcin the 
10 l)uestions ~nwened is the same Sarr~les .378 nul 

across caiE~cr~s of'N. Kr~sk.l- hypot/m s. W.llis Test 

/1j3,nj311-
Rel~in the 11 The distrWion of H rt ~~~sts is Sa1r~les .-' 18 nul 

1~€ sarrE 3; -O~~ aegorie~ ii/\'. KrL~ka~ h)"pothn ~. Wclh Test 

The distrWion of h:l3,nj311- Relein the 
12 Qup..stions !:kipped is the S<ne Sarr~les .669 nul 

aCloss cafE~cnes of'N. Kr~sk.l-
h~'pOthB s. 

\'V~li$ Test 

l1:lnn:l311- Relain the 13 The distrhiion of QIi, T if :he Sarr~les .897 nul same acrns :aIE~crEi" i'l"';. I(r~skc~ hypoth3s s. \' .... Iis Test 

The distrWion of E~niHs '/isi:s hj3J31j311- Rel.in the 
14 is 1119 sarr .. a;lCss ;a:egor es :l Sarr~'es .729 nul KM;;I-'N. \",'c;llis Test h)'pothn ~ _ 

Figure 7b-INF0 023 Visual-Verba l Style, Test Hypothesis Results 
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T1e distribut on cf Ind3perdent-
~Etain the 

1J ExErcises Pmwmd is the same Samrles .5~ lui 
a:ros s caiSgories of 'IV. Krts a ~ 

lypc(h ~ si s . W~lIi s - est 

Tw distribut on cf Ind3perdent-
~Et ain the 

16 ExercisesJ;k~pec is t1e same Samrles .878 lui ~:rLs a ~ a:ross categories of 'N. Wcllis - est lypcth3sis. 

Ind3perdent-
~Etain the 17 T1e distribut on d EX3rci~es T is Samrles .955 ltdl the s~me across categorhs '0' 'vv. ~JLS a ~ lypcth3sis. W~lIis - est 

Tle distriWl on ( f Studen:SJI_Req Ind3perdent-
~etain the 

Samrles 18 is the sme across ciltegJrEs c:l KrlS a ~ .ID lui 
W. W~lIis - est lypc(h3sis. 

Ind3perdent-
~Etain the 1 T1e distributon d Studen-S,I T is Samfles 255 lui ~ tha s~me across cat egori~s o": 'yv. V.ns a~ 
,ypc(h~sis. Wellis - est 

T18 distriWl on cf TeaClerSoI Rec Ind3perdent- ~Etain the 
20 is the sarre across ciltegJrie i" c:l Sam~les .615 lui 

l".J'l S ; a~ W . Wellis - est 1ypoth}sis. 

Ind3perdent- ~Et;in the T1e distribut on d Teac1erSoi Tis Samrles 
2\ the SEme 3CroSS categori~s o':''vv. KrLs a~ .457 lui 

W.llis - est 1ypoth3sis. 

Figure 7c- INF0023 Visual-Verbal Style. Test Hypothesis Results 
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Hypothesis Test Summary -

Null Hypothesis Test Sig. Oecision 

ndependelt· R31ain he 
1 The cislri3uion of Elides Visi:s is 3am~IeS .008 null the sme a:nss c~tegon3s of SG. <Ius 31- hYPJthesis. Wal is T3s1 

ndepende 11-
R~tain t l!! 

2 The cistrbution of Slides Th18 is :;am~le$ .281 null the s)me a;fJSS cctegon3s or SG. <Ius al- h!PJlhesis. Walis T3st 

The cislriJliion 01 ndepends1t· R31ain l1e 
3 InterictiveExamples is the same 3am~IeS .761 null <Ius 31-acro~s categories aSG. 'Nal is T3s1 h!pJthesis. 

The cistrbution of ndepende,!· R3tain tle 
4 IntmctiveExamples T is th. sam. :;am~IeS .776 null 

acrou cat e9orie~ dSG. { rus al- hrplthesis. Walis T.st 

The cistriJution 01 ndepende1t- fhtain tlB 
5 IntmctiveMa:eriais visits is the sameles .8' 2 null 

samE acro~s categorie~ cf SG. .{Jus al-
hYPJthesis. Walis T3st 

The cistri Juion of ndepende,t. R3tain t le 
6 IntericliveMa:eriais T i~ I,e sane :;am~IeS .977 null 

acro~s catEgorie~ <1 SG. <Ius a~ 
h~PJthes is. ','\Ial is T~st 

ndepEndslt· R3tain I ,e 
7 The cisiriJuion 01 vi dec Visits s Samfles 388 null the S3me a;f)SS citegoii3S cJ SG. <rus al-

h~p)thesis . 'Nalis T3s1 

Figure 8a-INF0023 Sequential-Global Style. Test Hypothesis Results 

Independent- R3tain the 
8 The dis!ribut ior of Viceo Tine is Sa"kles .658 null the sam3 across categories of SG. Krus al-

Wallis Test h~pothesis . 

Independent- R3tain the 
9 

The distributior of Quiz Vis~s is Sa"kles .051 null the sam3 across categories of SG. Krus al- hypothesis. Wallis Test 

The distributior of Independent- R3tain the 
10 QJestions Answered is the same Sa"ples .099 null 

across caiBgories of SG. Kruskal- hypothesis. Wallis Test 

Independent- R3tain the 
11 The distribut ior of Hirt_Requests is Sa"ples .068 null too sam~ across categories of SG. Kruskal- hypothesis. Wallis Test 

The distributior of Independent- R3tain the 
12 QJestions_SkiJped is the same Sa"ples .419 null 

across categones of SG. Kruskal- h~pothesis. Wallis Test 

Independent- R3tain the 13 The distributior of Qtiz_ T is the Sa"ples .059 null same across categores of SG. Kruska~ hypothesis. Wallis Test 

The distributior of EX3rcises Visits Independent- R3tain the 
14 is the scme across categories of Sa"~les .409 null Krus a~ SG. Wallis Test hypothesis. 

Figure 8b-INF0023 Sequential-Global Style. Test Hypothesis Results 
w 
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15 

16 

17 

18 

19 

20 

21 

The distriiJution of Independent- Retain the 
Exercises Answered is t he same Samel!?S .364 null 
;H:rn!';!'; r.:ltP.!)oriP.!: of SG I<rus 81- hypnlhp.!: i!: W<llIisTtI~1 

The di$tribution of Independent-
R.,t~ in th., 

Exercises_Skipped i:s the same ::>ameles .365 null Kru .. 011-across cate!jories of SG_ W;]lIi:;Te~t hypothes is. 

Independent 
Retain the TIll::: di~ll ibuliull ur EJltlll: i s>.l~ T i~ Sarll~ll:l~ .:Hl null the same across categones 01 ~G_ Krus al-

W:llli !lTF!!':t hypolhes is. 

The distribution of StudentSol Req Independent- Retain the 
S(lm~le~ i!'; thp. !l::lml'! ::Ir:rnss r.:lIF!!)nrip.s of Klus <ll- 711 nli ll 

SG. WalliS lest 
hypothg~ i~ . 

Independent- Retain the Th .. distribution nf ~tll~p.ntS nl Tis S:lmklp.!,; 
the ~(lme ;]cro~:; c;]tegorie:; olSG. Kru:; 01 .755 null 

W<llI i sTI:l~t hypothes is . 

The di .. tribution ofTI?OIt'h!?rSol_Req ImJt;fJt::lllit;lIt- Rl?t:din thl? 
Sam~les is the same ac.ross c.ategorie:s of KnJ!l ::II- .DJ null 

SG. Wallis Test hypothesis. 

Independent Retain the The di:striiJution of Teac.herSol Tis Sam~le:s .29~ null the same across cate!lories ofSG. Krus al- hypothes is. W alli .. Test 

Figure Bc-INF0023 Sequentia l-Global Style. Test Hypothesis for Results 
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Enter your answers to every question. Please choose only one answer for each question. If both "a" 
and "b" seem to apply to you, choose the one that applies more frequently. 

1. 1 understand something better after I 

a) try it out. 
b) think it through. 

2. 1 would rather be considered 

a) real istic. 
b) innovative. 

3. When I think about what I did yesterday, I am mo t likely to get 

a) a picture. 
b) words. 

4. 1 tend to 

a) understand details ofa subject but may be fuzzy about its overall structure. 
b) understand the overall structure but may be fuzzy about detai Is. 

5. When I am learning something new, it helps me to 

a) talk about it. 
b) think about it. 

6. 1fT were a teacher, r wou ld rather teach a course 

a) that deals with facts and real li fe situations. 
b) that deals with ideas and theories. 

40 Available at https://www.engr.ncsu,edu/learningstyles/il sweb html 
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7. I prefer to get new infonnation in 

a) pictures, diagrams, graphs, or maps. 
b) written directions or verbal infonnation. 

8. Once I understand 

a) all the parts, I understand the whole thing. 
b) the whole thing, I see how the parts fit. 

9. In a study group working on difficult material, I am more likely to 

a) jump in and contribute ideas. 
b) sit back and listen. 

10. I find it easier 

a) to learn facts. 
b) to learn concepts. 

11. In a book with lots of pictures and charts, I am likely to 

a) look over the pictures and charts carefully. 
b) focus on the written text. 

12. When I solve math problems 

a) I usually work my way to the solutions one step at a time. 
b) I often just see the solutions but then have to struggle to figure out the steps to get to them. 

13. In classes I have taken 

a) I have usually got to know many of the students. 
b) I have rarely got to know many of the students. 

14. In reading nonfiction, I prefer 

a) something that teaches me new facts or tells me how to do something. 
b) something that gives me new ideas to think about. 

1 S. I like teachers 

a) who put a lot of diagrams on the board. 
b) who spend a lot of time explaining. 

16. When I'm analysing a story or a novel 

a) I think of the incidents and try to put them together to figure out the themes. 
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b) I just know what the themes are when I finish reading and then I have to go back and find the 
incidents that demonstrate them. 

17. When I start a homework problem, I am more likely to 

a) start working on the solution immediately. 
b) try to fully understand the problem first. 

18. I prefer the idea of 

a) certainty. 
b) theory. 

19. I remember best 

a) what I see. 
b) what I hear. 

20. It is more important to me that an instructor 

a) layout the material in clear sequential steps. 
b) give me an overall picture and relate the material to other subjects. 

21. I prefer to study 

a) in a study group. 
b) alone. 

22. I am more likely to be considered 

a) careful about the details of my work. 
b) creative about how to do my work. 

23. When I get directions to a new place, I prefer 

a) a map. 
b) written instructions. 

24. I learn 

a) at a fairly regular pace. If! study hard, I'll "get it". 
b) in fits and starts. I'll be totally confused and then suddenly it all "clicks". 

25. I would rather first 

a) try things out. 
b) think about how I'm going to do it. 



26. When I am reading for enjoyment, I like writers to 

a) clearly say what they mean. 
b) say things in creative, interesting ways. 

27. When I see a diagram or sketch in class, I am most likely to remember 

a) the picture. 
b) what the instructor said about it. 

28. When considering a body of information, I am more likely to 

a) focus on details and miss the big picture. 
b) try to understand the big picture before getting into the details. 

29. I more easily remember 

a) something I have done. 
b) something I have thought a lot about. 

30. When I have to perform a task, I prefer to 

a) master one way of doing it. 
b) come up with new ways of doing it. 

31. When someone is showing me data, I prefer 

a) charts or graphs. 
b) text summarizing the results. 

32. When writing a paper, I am more likely to 

a) work on (think about or write) the beginning of the paper and progress forward. 
b) work on (think about or write) different parts of the paper and then order them. 

33. When I have to work on a group project, I first want to 

a) have "group brainstorming" where everyone contributes ideas. 
b) brainstonn individually and then come together as a group to compare ideas. 

34. I consider it higher praise to call someone 

a) sensible. 
b) imaginative. 

35. When I meet people at a party, I am more likely to remember 

a) what they looked like. 

358 
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b) what they said about themselves. 

36. When I am learning a new subject, I prefer to 

a) stay focused on that subject, learning as much about it as I can. 
b) try to make connections between that subject and related subjects. 

37. I am more likely to be considered 

a) outgoing. 
b) reserved. 

38. I prefer courses that emphasize 

a) concrete material (facts, data). 
b) abstract material (concepts, theories). 

39. For entertainment, I would rather 

a) watch television. 
b) read a book. 

40. Some teachers start their lectures with an outline of what they will cover. Such outlines are 

a) somewhat helpful to me. 
b) very helpful to me. 

41. The idea of doing homework in groups, with one grade for the entire group, 

a) appeals to me. 
b) does not appeal to me. 

42. When I am doing long calculations, 

a) I tend to repeat all my steps and check my work carefully. 
b) I find checking my work tiresome and have to force myself to do it. 

43. I tend to picture places I have been 

a) easily and fairly accurately. 
b) with difficulty and without much detail. 

44. When solving problems in a group, I would be more likely to 

a) think of the steps in the solution process. 
b) think of possible consequences or applications of the solution in a wide range of areas 
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APPENDIX 10 

Instrument for the Evaluation of Pedagogical Usability 

The evaluati on instrument presented in thi s appendix can be used to evaluate a student's perception of the usability 

of learning materi als. The instrum ent has been designed in such a way that usability is evaluated through 12 statements 

or arrirmati ons that a student must score using the set of va lues provided. Each affi rmati on is associated with one of the 

pedagogical attributes described in ecti on 2.5 of thi s thes is. and ha been worded in such a way that the student 

understands the usabili ty aspect that must assess. 

Table 10. 1 shows the mapping performed between the selected attri butes of the design of a learning materi al and 

the corresponding arrirmation that allows a student to assess these attributes. To achieve thi s mapping, each attribute's 

definition used in thi s research (brieny presented in italic) has been worded in a statement under tandable by a first­

year student which renects what he or she should perce ive. 

Table 10.1 . Mapping of Pedagogical Allribules of Design and Usabilily Evalualion lalemenlsfor 
Siudents 

Pedagogical Attribute of De ign Affirmation for Usab ili ty Evaluation 

Objective Study materi als and acti viti es have helped me to achieve the 
What Ihe learner should be able to accomplish learning objecti ve of the course successfull y. 
after working with the resource. 
Integ ration The structure of the contents of theory and examples of issues 
The manner in which different type of COl7lents are has helped me learn according to my learning needs. 
integrated into Ihe learning resource so that ils 
overall f orm aligns wilh ils funclion wilhin Ihe 
whole learning design, scaffolds and enhances 
learning 
Context The content of thc theory and exercises of topics match my 
The degree of conlexlualizalion of the resource knowledge in programming language (i t is not too hard or too 
wilh regard 10 the learning unil lopic or how easy). 
specific if is 10 learner 's level of knowledge. 
Multimedia Richness In the study materi als and acti viti es, I find the proper amount of 
The eXlenl to which the various media types multimedia resources to fac ilitate my learning (i.e., images, 
(audio, videos, graphics, images, elc.) embedded videos, graphics. anim ati ons, etc.). 
in Ihe resource or the learning unit fac ilitate 
learning and Ihe achievement of objeclives 
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Previous Knowledge When I start a new topic, I have the knowledge necessary to 
The extent to which a learner is required to possess understand new concepts and to do the exercises. ! 

pre-requisite knowledge in order to successfully 
achieve the learning objective 
Support The study materials and activities of the course offer me all the 
The level of support provided to the learner by the support I need to understand the concepts and implement the 
content author within the learning resource, e.g. in activities. 
form of help menus, glossaries navigational 
support, on screen advice, etc. 
Feedback The information I received when interacting with materials and 
The level and/or type of feedback provided to the completing exercises was sufficiently explanatory and suited 
learner whilst undertaking the interactive my needs. 
elements or assessments within the learning object 
Self-direction Study materials and activities in the lessons provide me with 
The level of self-direction afforded to the learner options to learn at my own pace and go into more depth in those 
through open navigation, optional interactivity, concepts that interest me 
optional sections, etc. 
Interactivity The study materials and activities are interactive enough to keep 
The amount of interactive parts contained in the me engaged and attentive when learning 
resource or the extent to which the learner can 
engage actively with the learning object 
Navigation In general, all content materials and activities presented in the 
The extent to which the learning activity forms part course's lessons have been useful for my progress (i.e. they are 
of the learning design not repetitive or irrelevant for me) 
Assessment The activities provided allow me to check my progress and level 
The extent to and ease with which the learner can of achievement of the corresponding learning objectives 
perform an effective self-assessment 
Alignment The activities of the course and tests correspond to the learning 
The extent to which the assessment elements objectives of the course 
measure attainment of the learning objective 

The original survey was produced in Spanish. A version in the English language can be found on the following 

page. 
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In your opinion, to what extent do you agree with the following statements? 
Use the following va lues: 

1- Completely disagree 2- Disagree 3- Neutral 4- Agree 5- Definitely agree 

Affirmation 1 2 3 4 5 
l. Study materials and activities have helped me to achieve the learning objectives 

of the course successfully. 
2. The structure of the contents of theory and examples of issues has helped me 

learn according to my learning needs. 
3. The content of the theory and exercises of topics match my knowlcdge in 

programming language (it is not too hard or too easy). 
4. In the study materials and activities, I find the proper amount of multimedia 

resources to facilitate my learning (i.e., images, videos, graphics, animations, 
etc.). 

5. When I start a new topic, I have the knowledge necessary to understand n w 
concepts and do the exercises. 

6. The study materials and activities of the course offer me all the support I need 
to understand the concepts and implement the activities. 

7. The information I received when interacting with materials and completing 
exercises was sufficientlY explanatory and suited my needs. 

8. Study materials and activities in the lessons provide me with options to learn at 
my own pace and go into more depth in those concepts that interest me. 

9. The study materials and activities are interactive enough to keep me engaged 
and attentive when learnin~ 

10. In general, all content materials and activities presented in the course ' s lessons 
have been useful for my progress (i.e. they are not repetitive or irrelevant for 
me). 

11. The activities provided allow me to check my progress and level of achievement 
of the corresponding learning object~es. 

12. The activities of the course and tests correspond to the learning objectives of the 
course. 
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