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1.1 The nature of dialogue in online education
Dialogue is understood by many educators to be inherent to learning. Ideally, “To facilitate real learning, teachers need to organize their classrooms and their curriculum so that students can collaborate, interact and raise questions of both classmates and the teacher.” (Gould, in Fosnot, 2005 p. 101). 

That is exactly what the researcher of this study set out to do over many years of designing and supporting distance education science courses, but which she never managed to evaluate for the quality of the learning achieved by her students beyond what assessment results and student surveys revealed. Encouraged by high retention rates and positive student feedback to the asynchronous (time-delayed) discussion activities in particular, this researcher and online tutor, like so many others, proceeded in the design and facilitation that appeared intuitively to ‘work best’ increasingly dissatisfied, however, at not really knowing if and how the asynchronous discussion activities contributed to her students’ level of understanding nor which levers to push in order to affect improved learning conditions. That is where this research journey begins.
1.2 Learning in the asynchronous online discussion
Internet communication technology (ICT) can be said to afford more opportunity for dialogue than is possible in the traditional lecture hall setting.  Case studies provide evidence for this enabling deep approaches to learning (e.g. Bonk & King, 1998; Peters, 2000; Meyer, 2003; Guiller, Durndell & Ross, 2008) often understood to be associated with high quality learning outcomes. Underwood and Underwood (1999) report more productive learning outcomes in computer mediated environments characterised by mutual problem solving and shared debate. Garrison, Anderson and Archer (2001) promote the “virtual community of inquiry” as potentially the primary venue for collaborative knowledge construction by learners nurtured in an environment of “appropriate teaching and social presence” (p.10).  After an initial focus on transmission of knowledge anchored in “computer assisted page-turning” (Kirschner, Stribjos & Kreijns et al., 2004, p. 48) in the 1980s, internet technology increasingly finds itself promoted for its collaborative inquiry features (Gijlers, Saab & Joolingen et al., 2008). This is not necessarily considered an attribute, however, as a recent large-scale Australian study demonstrates in which online communication and interactivity were not rated by students as the most important factors that contributed to their satisfaction with fully online learning (Palmer & Holt, 2008). Research by Guldberg and Mackness (2009) identifies students’ poor study skills and lack of confidence in the use of internet technology as persistent barriers to consistent online discussion participation.
The data that provides the basis for this research study stems from the weekly asynchronous online discourse that took place between undergraduate physical science students on a distance education programme delivered by a higher education institution. As set out previously pivotal to this project is the researcher’s curiosity  about the quality of the learning achievable, irrespective of the subject of study, through participation in online discussion activities of web-based learning and teaching environments and in the factors that play a role.

Under the premise that the online discussion is acknowledged as an artifact of learning, online discussion transcripts offer a valuable written record of student learning and a wide range of communicative features. They constitute the data from which to infer the nature and quality of learning taking place by method of qualitative content analysis. After careful review of the available instruments and published content analysis studies for replicability, applicability and reliability the SOLO (Structure of the observed learning outcome) taxonomy of Biggs and Collis (1982) was singled out for the qualitative online content analyses of the constructively aligned (Biggs, 1996) asynchronous online discussions featured in this study. 

1.3 SOLO: A rationale

Why SOLO? The body of content analysis research consulted was quickly seen to be hampered by poor reliability and limited theoretical grounding on the one hand or wrought with complex coding protocols and patchy methodology on the other (discussed fully in Ch. 3.5). An overarching consensus reached by the research community appeared to lie only in the extended amount of time it took for carrying out qualitative content analysis studies.
The SOLO taxonomy stood out as a taxonomy that returned high reliability while well-grounded in learning theory and an understanding about learning processes. It offered a tool that disengaged with subject-specific content focusing instead on the structural complexity of written work. Furthermore, as the design of the online courses under study was guided by Biggs’ model of constructive alignment, careful attention was given to the alignment of learning outcomes, discussion tasks and assessment therein (Mainka, Smyth & Brown, 2005; Appendix F). The adopted design model for the courses under study appeared largely consistent with the learning setting that underpins the SOLO framework. 
1.4 SOLO: An overview
The SOLO taxonomy is grounded in learning theory and offers a sound framework for understanding learning and learning processes based on the structural differences in outcome widely in use in the traditional educational setting and adapted here for the written record of asynchronous communication. Content analysis to date has seen protocols developed for the coding of online content such as for rate of interaction (Gunawardena, Lowe & Anderson, 1997), critical thinking (Bullen, 1998) and collaboration (Curtis & Lawson, 2001) for example, but as explored in detail in Ch. 3.4 for these and others a range of problems inhibit the seamless adoption of any one method for the purposes of this study.

The SOLO taxonomy’s five levels (illustrated fully in Ch. 2.6 and again in 3.5) offer a continuum from surface to increasingly deep understanding against which written responses are mapped. These are prestructural (no understanding), unistructural and multistructural (surface levels), and relational and extended abstract (deeper levels). These are explored in detail in section 2.6.3 and 3.5 of this report.  One of the challenges, however, was quickly seen to reside in the fact that SOLO in its original conception was designed for the analysis of traditional, hard-copy written work authored by a single student. Another problem was posed by the paucity of applications of the SOLO framework for content analysis in the online learning environment.

Notwithstanding the poor knowledge base upon which to draw, however, the diversity of educational situations where SOLO has been used successfully to improve the quality of teaching and learning (eg, case studies discussed in Hattie & Purdie, 1998; Leng, 2006) and the favourable outcome of a previous pre-pilot in which the author was involved (Brown, Smyth & Mainka, 2006; see Appendix E) encouraged the researcher to conduct a more extensive investigation into the applicability of the SOLO taxonomy in the content analysis of asynchronous online discussion messages as reported here for a subsequent pilot and main study (Ch. 4 and 5). These constitute the key research efforts of this investigation in the hopes of contributing to the current limited evidence base that would clearly link levels of understanding reached with students’ engagement in the online discussions.
1.5 Research focus

The aim of this research work is to evaluate the usefulness and reliability of the SOLO taxonomy as an online content analysis instrument for potential wider use by the research community - a purpose for which it has rarely been applied. The researcher has previously published a range of simple activities by which asynchronous discourse can be harnessed to engage the learner in collaborative, enquiry-based online activities. These have been shown to promote interactive learning strategies in blended or online physical science instruction (Mainka, 2006; Appendix D). This sits well alongside the general consensus that learning science is a social event best accomplished in dialogic enquiry with peers and tutor (Yeh & She, 2010).
Certainly the experience of the researcher has been that formal weekly asynchronous discussions (coined ‘Thought Discussions’) deliberately designed as hubs of active learning, surpassed expectations for peer to peer discourse and support. In many instances students continued to contribute to the weekly discussions beyond the minimum participation requirement. One of the unexpected outcomes of this study can even be seen to offer evidence that increased opportunities for formal and informal peer-peer engagement are linked to higher levels of understanding, the data for which is presented and discussed fully in Chapters 5 and 6. While this is consistent with the widespread view that interactivity in web-based asynchronous discussions is its inherent strength - the one with the potential of having the greatest impact on learning (eg, Harasim, Hiltz & Teles et al., 1995; Berge & Collins 1995; Hiltz & Goldman, 2005) while the reality often shows students hardly engaging in threaded online discussion beyond answering one question (Cheung & Hew, 2006).
1.6 Research question

Louis Pasteur once said “one must not assume that an understanding of science is present in those who borrow its language” (in Debre, 2000, p.149). Where writing could be seen to be the central learning activity the researcher’s original aim was to seek out and  apply an established analysis technique for unearthing the understanding held in the written record of distance learner dialogue in a threaded discussion. Against the unsatisfactory background of failing to identify such a tool encapsulates the main driver for the investigation into SOLO as a qualitative content analysis framework for the written discussion transcripts and which forms the basis of this research study.  
The primary research question set out to focus the research processes of this study is: 

To what extent can the SOLO taxonomy be employed as a robust and reliable instrument in its practical application in the qualitative content analysis of web-based asynchronous communication transcripts?

The data will also serve to assess and evaluate students’ levels of understanding. Circumstances under which higher levels of understanding are achieved will be considered and analysed for design and support factors that are seen to play a role. Whilst this study is not a novel undertaking, online content analysis research methodology and practice literature is replete of a cohesive knowledge base that could reliably guide the education researcher or practitioner.  The results from a pre-pilot study (Brown et al., 2006) are therefore seen to merit further investigation into the suitability of the SOLO taxonomy and also for an extension of the investigation of the quality of learning within asynchronous online communication. 

1.7 Thesis outline

This thesis begins with an Introduction in Ch. 1 that sets the scene for the research study and which is followed by a literature review in Ch. 2 of the theory and research studies  that form the knowledge base for current understanding of learning processes in general. This is followed by an exploration of online learning networks and the role of asynchronous communication therein.  A comprehensive introduction to the SOLO taxonomy and the learning theories that underpin it conclude Ch.2. Chapter 3 begins with an overview of qualitative and quantitative research methodology, followed by a closer account of a selection of content analysis methods which are compared to the SOLO taxonomy and the protocol developed for it for this study. The outcome of the pre-pilot is then summarised and the pre-pilot results are reported.

The first section of Ch. 4 offers a tabled overview of the pre-pilot, pilot and main study (Table 4.1) followed by the final modified SOLO framework presented in Table 4.6 for application in the main study. From section 4.4 the results of the main study and interpretation of the coding data collected dominate the remaining chapter. Collected data and data analysis are presented first in an evaluation of the outcome of the coding protocol and then in Chapter 5 for the assessment of quality of learning in the Thought Conferences of the three courses (A, B, C) under study. 

The initial interpretation and discussions in Chapters 4 and 5 are picked up and explored further in Ch. 6 with an emphasis on the factors identified in Ch. 4 to limit reliability rates. This is followed by a more in depth look at the factors seen to influence the levels of understanding documented in Ch. 5. Chapter 7 concludes the research study with first a brief summary of the main findings which are seen to having fulfilled the research question followed by a set of recommendations for practitioners and education researchers of qualitative content analysis. The References and Appendices end the written report.
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2.1 Overview
Embedding synchronous and asynchronous communication activities meaningfully in blended and online learning settings can help bridge the divide between opportunity for discourse and the quality of the learning experience (Wagner, 2006; Darabi, Arrastia, Nelson et al., 2010), but this depends on a number of factors which can range from the authenticity of the discussion activity (Rovai, 2007) to feelings of self esteem of the online participant (Ferguson, 2010). Furthermore, care must be taken to guard against reading the extent of ICT use as an indicator of the quality of the learning process despite achieving positive learning outcomes (Ottestad, 2010). Examples of asynchronous media include the discussion board, blogging, microblogging, wikis, and email. Synchronous learning takes place in chatrooms, via instant messaging, teleconferencing and interactive videoconferencing. 

Learning is increasingly understood to be a social process which is promoted in active, collaborative learning environments (Garrison, 1993; Entwistle, 2009). Here the asynchronous discussion board can be employed to foster peer to peer interaction and collaboration (eg Mainka, 2006; Han & Hill, 2007; Voogt, 2010) if not always with the same degree of success and where reported benefits are not without costs. Integrating interactive software into web-based learning environments, for all its affordances (Palloff & Pratt, 2005), is known to have adverse workload implications for educators and students alike and has been perceived by students to inhibit their flexibility (Schroeder, Minocha & Schneider, 2010). Information overload (Kear & Heap, 2007) and lack of new literacy skills have even been discussed as impeding the learning process in asynchronous discussions (Ferguson, Whitelock & Littleton, 2010).
This chapter presents a review of relevant literature with a focus on current findings related to the quality of the learning experience reported for web-based asynchronous technology set in higher education, established and emergent learning paradigms, the role of constructive alignment in traditional and online and blended learning environments, and concludes with a review of the learning theory that underpins the SOLO taxonomy including qualitative content analysis applications of the SOLO framework to web-based teaching and learning known to the researcher.

2.2 Quality of learning

The design and development of effective blended or online learning environments depends not primarily on knowing how to harness and integrate technology to promote effective learning but rather first and foremost on a sound theoretical understanding of how we learn. It makes sense therefore for web-based learning models to be grounded in learning theory. What follows is a review of current understanding of the way in which we learn (discussed in 2.2.1 under the heading approaches to studying as the overarching term comprised of the manner in which information is processed and its distinguishing characteristics), the prominent classification of what it is we learn (types of knowledge), the factors relevant to the quality of learning, the three established learning theories that continue to shape and redefine recommended teaching practice, plus a new learning theory yet to secure its significance in education.
2.2.1 Approaches to studying

From research grounded in initial findings by Marton and Säljö (1976) about the manner in which we process information two major approaches to studying are distinguished. They are deep and surface. Each is characterised by a discriminate set of traits and different intentions towards learning. The deep approach to studying “reflects an intention to gain understanding by relating to the task in a way that is personally meaningful or that links up with existing knowledge.” (Hattie & Purdie, 1998, p.149). 

Characteristics of the deep approach include:
· An intention to understand and impose meaning

· Critical examination of  new tasks and ideas 

· Tying new ideas into existing cognitive structures and makes numerous links between them.
In adopting a deep approach in a physical science classroom setting (or any other for that matter) the student goes beyond the definition of a term to seek out connections between phenomena such as of power and energy, for example,  as reflected in the following quote by a physics student on her lab activity “….I’m trying to imagine what the experiment is talking about, in a physical sense, sort of get a picture of what it’s about. This one says an ultra-violet lamp emits one watt of power; it says calculate the energy falling on a square centimetre per second. I’m just thinking of the light and the way it spreads out, so therefore I know it’s the inverse square law…..” (Ramsden, 2003, p. 48).

The surface approach on the other hand sees a learner intent on coping with course requirements characterized by: 

· Minimal engagement with the task

· Focus on memorisation

· Accepting of new facts and ideas uncritically

· Storing new facts isolated from one another.
Taking a surface approach the physical science student attends only to basic facts, formulae and theories, failing to integrate them in a meaningful manner, reflected in the following account: “Formulae. You just have to go into the exam with as many formulae as possible. So you learn those parrot fashion.” (Ramsden, 2003, p. 48). Ramsden goes on to demonstrate, however, that both quotes could have stemmed from the same student adopting a distinctively different approach to the two tasks which suggests a close link between the nature of the task and the teaching strategy that underpins it rather being seen to reflect the intelligence of a student.
In an extension of Marton and Säljö’s work as described by Entwistle (1997) mature learners are often seen to adopt a further, more strategic approach to studying which  is characterised by an intention to achieve the highest possible grade by organising work and managing time with a primary focus on coursework and assessment. 

Early on Henri (1992) contends that ‘deep learning’ is ‘rooted in dialogue’ and that recent experiments with newer interactive technologies such as computer mediated communication had yielded ‘encouraging’ results to that effect. The extended time for reflection that threaded discussion offers is reported by Newman, Johnson and Webb et al. (1997)  as supportive of  deeper overall critical thinking than in face to face seminars based on a study comparing seminar activity to asynchronous online discourse. The qualitative content analysis of online seminar transcripts revealed a more thoughtful style of interaction and better linking of ideas. Schrire (2004) and Brown et al. (2006) report over half of the online discussion messages coded at higher order levels of thinking.

Active, collaborative learning environments are desirable as they have been shown to support the deep approach allowing for students to develop the “particular ways of observing, thinking, experimenting and validating” (AAAS, 1993, p. 1) inherent to meaningful  scientific inquiry. Active, collaborative  learning strategies have been shown to improve retention and performance in science instruction as demonstrated by Paulson (1999) over a four year period in a study with organic chemistry students at California State University, Los Angeles, for example. Gahr (2003) reports positive effects with group work and active learning strategies in an introductory organic chemistry lab. 

Needless to say, group learning does not simply equate to deep learning nor does it require a computer or online technologies in order to take place. The challenge is for the tutor to design a learning context conducive to deep approaches and to effectively harness ICT as an enabler.

2.2.2 The quality of learning

High quality learning outcomes are generally understood to be associated with deep approaches to learning which is widely regarded as the desirable form of learning (eg Biggs, 1987; Entwistle, 1988). Ramsden (1988, 2003) argues that the quality of learning is influenced by three domains of the education environment: curriculum, assessment and teaching. Characteristics of good teaching as borne out by student achievement and interviews with students in a number of studies are reported to include clarity of goals, relevant and challenging tasks, element of choice of content, congruent assessment aligned to learning outcomes and timely feedback. Garrison and Anderson (2005)  concur describing a set of 8 guiding principles for teaching for high quality learning outcomes that are said to also reflect the ideal conditions for the critical community of inquiry considered fundamental as well to a successful e-learning framework.

High quality outcomes remain symptomatically “underemphasised in the teaching methods most commonly adopted, and not reached by many students who still conceptualise learning in terms of reproductive requirements.” (Marton & Säljö, 1997, p. 40). Compounding this dichotomy is the proliferation of web-based technology as a ‘powerful enabler’ of learning where reliable evidence that would link higher quality learning outcomes with technology enhanced instruction remains anecdotal or contested. Goodyear et al. (2003) maintain that there exists little evidence that the contemporary deep learner will approach web-based learning in a complimentary way online. That is not to ignore the good results achieved in relation to the use of specific interactive multimedia to motivate and enthuse the learner, however, through applications such as tutorials, simulations, and gaming (Allessi & Trollip, 2001; Oblinger, 2006; NSDL, 2010).
Indeed, one of the most immediate implications would appear to be to expand research activity in order to gain a better understanding of students’ learning experiences and behaviours in blended and online education settings. As criticised  by Smyth (2006), however,  the literature is limited to quantitative findings in which existing learning style definitions are re-applied out of context and at best correlated to web-based interactions.  In what can be seen as a response to the lack of a shared understanding of web-based learning Smyth carried out a phenomenographic study that focused on the range of ways in which campus based online learners undertook and experienced their web-based learning. The author identifies 3 distinct approaches to web-based learning which in order of increased concern for understanding, engagement with and preferred preference for networked learning, are: passive autonomous; active-autonomous and constructive-autonomous, each shown, furthermore,  to be linked to the quality of the learning outcome reached. These results highlight the relevance of research into the online student learning experience and furthermore the implications thereof for online curriculum design.

2.2.3 Types of knowledge

Two major aims of higher education are considered by Biggs (2003) to be: to increase knowledge and to deepen understanding where “knowledge is the object of understanding” (Biggs, p.41). What exactly is meant by understanding concerns the SOLO taxonomy introduced in section 3.5.

Several forms of knowledge have been identified. Declarative knowledge (the academic knowledge base) refers to knowing things and content such as from textbooks and lectures, for example, not from personal experience.  Procedural knowledge refers to having the skills to carry out  tasks (ie, applying) . Conditional knowledge combines skills set and higher order declarative knowledge (knowing when and why to do things). Functioning knowledge refers to putting declarative knowledge to work, performing,  solving problems which ideally requires declarative knowledge, procedural knowledge and conditional knowledge. 

According to Ramsden (2003) university graduates today, however, have acquired little more than declarative knowledge in their disciplines unprepared for the requirements of the professional knowledge base. He reports of depressing results from major reviews in the UK, US, Sweden and Australia on the quality of student understanding in a wide range of subject areas. Ramsden maintains that “learning is fundamentally about changes in understanding of reality, and that teaching should be directed towards helping students to understand phenomena in the way in which subject experts do” (Ramsden, 2003, p. 31). In other words: good learning stems from good teaching.

Students who use a wide range of active learning strategies are reported to acquire higher levels of understanding (Laurillard, 2006) and the supporting role that technology can play in the design of innovative active learning strategies is undisputed. Problem-based, workplaced and case-based teaching models  are shown to be well-suited to encouraging functioning knowledge (Biggs & Tang, 2007). Case study methods, for example, have an established track-record both in the traditional classroom and in distance education in engaging science students with real-world problems advocating active learning and discourse (Yadav, Lundeberg & DeSchryver et al., 2007). The School of Physics in the Dublin Institute of Technology in response in part to the growing importance of problem-solving skills in industry redesigned their teaching and assessment practice to a problem-based model in 2001 (Bowe, 2007). The problem-based learning students showed a substantial increase in conceptual understanding compared to their traditional counterparts.
2.3 Learning paradigms
The three main learning theories that can be seen to have influenced the field of education over the past 75 years are introduced below. These are behaviourism, cognitivism and constructivism. An understanding of the primary principles of each is not only critical to the design or application of technology in educational settings, but will help in the contribution to and stimulation of the ongoing classroom ‘transformation’ debate around what is perceived to be the ‘best’ approach to teaching (for blended and online learning).

The following 3 sections have been informed in part by readings from a range of relevant sources  including  Alessi & Trollip (2001); Curren (2007); Fosnot (2005); Marton, Hounsell and Entwistle (1997); Jonassen and Land (2000) to name a few.

The sheer number of contributors to learning theory literature, the plethora of definitions and inconsistent terminology, contrasting perspectives, and conflicting recommendations have been eventually recognised by this novice social researcher to lie in the very nature of a problem domain in which “explanations are proposed, only to shift with new evidence and then seemingly to break off in radically new directions” all over again (West, Farmer & Wolff, 1991, p. 3). Consolation in the face of exasperating confusion was eventually found in an empathetic passage shared by Goodyear (2003): “For university staff who have no formal background in the learning sciences, this apparent richness [in psychological literature] can be a source of great confusion. It is commonly said that no two educational theories agree, that no two ‘educational experts’ will give the same advice and that it is almost impossible to derive specific practical implications from the abstractions of educational theory’ (p. 49).

It is of no surprise then that today adjustments continue to be made as new paradigms (introduced in section 2.3.5) emerge and inevitably find their way to the practice of teaching. 
2.3.1 Behaviourism

In an extension of work started by Thorndike (1913) and Pavlov (1927) behaviourism was borne out of a rejection by B.F. Skinner (1938) and others of introspective psychology (dominant until early 20th century) as being subjective, experiential, unquantifiable  and, therefore, unreliable. Behaviourists focus only on objectively observable (manifest) and quantifiable behaviour. The role of the instructor is to reinforce learning behaviour through a stimuli-response process (skill and drill exercises) in predefined steps and procedures.  Praise and good grades are said to encourage effective learning and as such extrinsically motivated. Knowledge is considered a passively absorbed repertoire of behaviour, a set of mechanical responses to environmental stimuli. Knowledge is considered a representation of what exists.

While behaviourism today is seen to support only limited types of observable learning such as factual recall (of formulae, scientific concepts and foreign language vocabulary) it still plays a significant role in the instructional design of computer managed industry and military educational environments. In fact the whole notion of manipulating an environment to influence behaviour (ie learning) is the outstanding legacy of behaviourism.  Behavioural learning theory led to the developments of instructional systems design, programmed learning and the majority of today’s Integrated Learning Systems (Shore & Johnson, 1992).  

2.3.2 Cognitivism
Skinner’s strict focus on observable behaviour was increasingly challenged by learning psychologists who maintained that a full understanding of human learning  could not exclude nonobservable contructs (cognitive activities) such as thinking, reflecting, judging, problem solving, memorising and motivation (eg Bartlett, 1932; Koffka, 1935; Bruner, 1973; Piaget, 1952). 

The word cognition is defined as the mental processes involved in gaining knowledge and comprehension. Cognitivism, therefore, focuses on the thought processes behind behaviour rather than on the only the observable elements of behaviour. There are different schools of cognitive learning psychology:  the more prominent information-processing theory and semantic networks. Information processing theory assumes that the manner in which the brain stores and processes information entered through our senses is defined by a set of systematic laws. By knowing these laws it is believed that we can facilitate learning. The cognitivist instructor will offer a mental model (of solving a problem, for example) that the learner would be expected to follow in order to learn.

Semantic network theory (Jonassen, Beissner & Yacci, 1993) considers knowledge to be connected by a vast network of nodes or pieces of information and meaning in the brain. Cognitive activity is seen to be triggered by links made to nodes of prior knowledge where learning involves the formation of mental associations between new and previously learned information. 

It wasn’t until the 1980s that instructional designers of computer-based learning began to take core cognitive principles into consideration. Today major methodologies of interactive multimedia and multimedia programmes are guided by issues central to cognitive psychology which in turn reflect what designers of multimedia applications are advised to pay close attention to. These include perception and attention (eg, for screen design), encoding (eg, including text and visual material on one page), memory (enhancement of by organising and repeating information), comprehension (enhancement of by selecting appropriate interactions), active learning, motivation (designing challenging learning situations), mental models (such as through diagrammes, animations, videos), meta-cognition (opportunities to stop and reflect), transfer of learning (eg simulations, case-based learning), locus of learning (options of more/less control) and individual differences (ie approaches to learning).
2.3.3 Constructivism

Since the 1970s the predominant cognitive approach in teaching methods has become increasingly challenged by the constructivist learning theory of which Jean Piaget is often considered the founding figure of the philosophical view influenced heavily by Jerome Bruner and significant contributions ascribed also to von Glaserfeld (1984), Dewey (1960), Kuhn (1962) and others. Constructivism maintains that knowledge can not be imparted from the outside but that it is actively constructed in our heads. Whereas in behaviourism and cognitivism (ie the objectivist worldview) a learner’s reality mirrors that which is imposed upon him (eg by imitating the instructor), knowledge in the constructivist view is based on the premise that learners construct their own individual perspective of the real world. 

Knowledge departs from being an objective representation of what exists, but rather is seen as an individual interpretation, influenced by factors such as the stage of cognitive development, cultural background, and personal experience of the learner, for example. This puts the learner in control of what he learns and how he learns it. The learner departs from predominantly reading, watching, listening, or memorising to a constructivist classroom of discovery learning, case-based and problem-based methods, situated learning, collaboration, experimentation, negotiated learning, creation and evaluation of materials. Jonassen (1999) espouses the ‘constructivist learning environment’ as desirable over settings in which students mainly attend to facts and theories.
There are many forms of constructivism (accounted for in a helpful historical overview by Phillips, 2008). The school of constructivist thought most relevant to the teaching approach adopted in the case study in question is social constructivism inspired by the studies and writings of  Lev Vygotsky (1962) who promoted the view that learning cannot be separated from its social context. Social contructivists argue that learning is not merely an assimilation (new information is modified to fit into existing framework of knowledge) and accommodation (existing knowledge is modified to accept the new) of knowledge but rather a collaborative process. Knowledge is not merely constructed, it is co-constructed through social interaction. Goodyear (2003) introduces the notion of  “guided knowledge construction” (p. 58) based on the models of learning by Tom Shuell (1992) to offer legitimacy to external guidance (teacher, peer, online resource) as required by the learner. 
Here knowledge is a product of the students’ negotiation of meaning and social peer  interaction facilitated by collaborative activities mediated and structured by the teacher. Dialogue is said to serve as an instrument for thinking after which social content and context  can transform and become internalised. Discussion is central to the social constructivist learning environment prompted by open-ended questions, authentic problems or scenarios, for example. Here meaning making or knowledge construction can become even more powerful online as written communication requires fuller elaboration in order to convey meaning. 

Vygotsky further distinguished two levels of learner development: the level of actual development at which the learner is capable of solving problems independently and the level of potential development which the learner can only reach under the guidance of or in collaboration with more expert others. Vygotsky’s “zone of proximal development” (ZPD) is then defined as: the distance between the actual developmental level as determined by independent problem solving and the level of potential development as determined through problem solving under adult guidance, or in collaboration with more capable peers” (Vygotsky, 1978, p.86).
2.3.4 The constructivist online science classroom

Constructivism can be seen to be the espoused if not yet prominent approach in the design of online teaching strategies recommended by Weller (2003). Weller advocates problem-based learning, resource-based learning, collaborative learning, situated learning, and narrative-based teaching which are each shown to be well accommodated by the communicative and collaborative tools of web-based learning environments.

A student centred, active and collaborative approach to learning in the science classroom therefore finds its fundamental principles in constructivist theory. Social constructivists  recognise learning as an active process influenced by the student as well as by the tutor. Constructivist science teachers seek out and use student questions to drive inquiry, encourage students to test each other’s hypotheses, and challenge students to find alternative sources of evidence. This is hardly surprising as science is an exploratory subject area “….not a set of findings, but a search for them” (Bronowski, 1965). Modern science (post 1930) does not promise absolute truths and the scientific method of  research is characterised by cyclic stages of inquiry, refinement of hypotheses, and improvements to theory that come closer and closer to reality, but never claim to represent it fully. In other words in science all ideas are treated as potentially improvable. The science classroom sees students creating an ‘experiential reality’ after cycles of exploration, understanding, synthesis, and application (Yager, 1991). 

But constructivism takes time as Fosnot remarks: “Constructing an understanding requires that the students have the opportunities to articulate their ideas, to test those ideas through experimentation and conversation, and to consider connections between the phenomena that they are examining and other aspects of their lives” (Fosnot, 2005, p. 64).

From this it follows that central to the adopted social constructivist teaching model in the case study, is an understanding of the close alignment between the underpinning methodology of scientific enquiry and the constructivist philosophy and the role asynchronous discussion has the potential of playing within it (eg, Gillani, 2003).  

A summary of the adopted constructive alignment approach to instructional design and overview of asynchronous communication follows later in section 2.4.

2.3.5 Connectivism

Finally, a brief overview is offered of a more nascent learning theory known as connectivism. Connectivism was originally coined the “learning theory for the digital age” in a paper by the social media strategist, Siemens (2004, p. 1) and is understood to be a networked-based learning theory. The connectivists argue that the established learning theories (introduced here previously) fail to take account of the impact that online technologies have had on the manner in which we communicate and learn. They criticise traditional learning theories for focussing on learning that takes place inside the mind, ignoring learning that is increasingly stored and managed by technology in an external and increasingly networked world. Connectivism presumes that learning is primarily a ‘network-forming process’ enabled by technology (Downes, 2007). 

Critiques of connectivism, however, contend that existing learning theories already take account of these developments and of the notion of distributed cognition and that the connectivist concept is not new at all (eg, Verhagen, 2006; Kerr 2007). Connectivists, however, emphasise that students in a connectivist classroom do not draw from information ‘presented’ by a teacher nor do they ‘construct meaning’ but rather participate in practices that lead to personal and collaborative learning networks-enabled by web 2.0 technologies such as blogs, wikis, and social bookmarking tools. 

Since its publication Siemens’ 2004 paper continues to provoke critical discussion and ongoing debate alongside a flurry of international ‘connected knowledge’ conferences and online courses for interested education experts. In light of recent social trends, the affordances of web technologies and an exponential increase in information it has undeniably become more important today to become skilled at finding, evaluating and making connections between information than holding information. That the field of education is slow to recognise the shift in desirable skills or the central role that online technologies play in fostering these really isn’t anything new. The role that a connectivist model might play in transforming approaches to teaching and the quality of learning, however, will require a more compendious knowledge and research base than that available at this time.
2.4 Constructive alignment
Constructivism is the basis for inquiry-based instruction. Constructively aligned learning environments in which careful attention is given to the relationship between learning outcomes, learning activities and teaching practice and assessment strategy are supportive of inquiry and functioning knowledge. Such was the case for the instructional design of the case study and the pre-pilot that preceded it (Mainka et al., 2005).
In recent years Biggs’ (1996, 2003) model of ‘constructive alignment’ has increasingly been used by course designers to articulate and strengthen the relationship between learning objectives, teaching methods and assessment.  Biggs (2003) proposes that effective constructive alignment can lead to learning tasks, and corresponding forms of assessment, that are more likely to encourage ‘deep’ learning that is characterised by the student being focused on understanding, and involves the development of conceptually rich knowledge that provides the basis for learning in new contexts.  

Constructive alignment is desirable as it can be seen to address the inconsistencies that exist between what we expect students to achieve and the tasks designed to promote and finally assess achievement. Despite the well established nature of the approach and its widespread adoption in higher education (eg, Dart & Boulton-Lewis, 1998, offer an overview of applications; Walsch, 2007, explores an application to work based learning) to date only a few examples of constructive alignment within online teaching and learning settings have been described in the literature. The few studies that exist include McLoughlin (2001), Hall (2002) and Talay-Ongan (2003). In light of the relevance to the constructively aligned design approach taken in the courses of this study, these are each briefly reviewed in the next section.
2.4.1 Constructive alignment in online teaching and learning

In her paper McLoughlin (2001) highlights the important role of constructive alignment for the design of culturally inclusive online learning experiences. She argues that while communications technology has the potential to foster cross-cultural exchange and collaboration, too often online learning models fail to take account of the implications that the cultural diversity of participants has for  course and activity design. McLoughlin maps three degrees of cultural inclusivity against increasing levels, low, moderate, high, of constructive alignment between task, assessment and the use of technology, including practical examples to demonstrate each. At the lowest level there is no opportunity for social interaction, self-study predominates and information is made available online. At the highest level the diverse perspectives and backgrounds are recognised as assets for learning and integrated into a curriculum of online collaboration, relevant learning experiences and authentic assessment. 

Talay-Ongon (2003) investigated the manner in which to constructively align course design, ICT and teaching practice in order to achieve deep learning for two undergraduate courses in early child development. The author evaluated the results from a first introductory phase in 1998 of using ICT to complement traditional lectures which subsequently informed the second phase. Based on the overall negative student feedback from phase 1 closer attention was paid in the second phase to the underpinning constructivist pedagogy and to the constructive alignment of face to face and online teaching and learning elements throughout. Between 2000 and 2002 successive improvements to the clarity of learning outcomes, increased opportunities for collaboration and community building, and a shift to problem based learning activities resulted in overall positive student feedback in which the majority expressed a satisfactory to excellent web-supported learning experience. Evidence that deep learning had been achieved or facilitated, however, was not reported.

The main remit of an innovative higher education initiative led by Hall (2002) that extended to universities across the UK from 1998 to 2001 was to evaluate the impact that online technology enhanced teaching processes had on the quality of student learning. A key question that guided the project was: “How can web-based resources motivate learners?”

Two design models were implemented. For one set of history courses online tutorials were created to supplement the existing face to face seminars and to assist in assessment preparation. In a second design approach interactive websites were created that featured asynchronous online seminars in support of collaborative online tasks. It was left at the discretion of the tutors how to embed the educational media into their existing courses. Evaluation of responses to questionnaires, interviews and focus groups with staff and students revealed that the best student experience was achieved for organised settings in which tutors created coherent links between learning outcomes, teaching activities and assessment and which were clearly articulated to students from the outset. Hall concludes that “course design underpins success” where “a shared culture can help to motivate students and develop deep approaches to learning” (p. 158).

Each of the three studies highlights the relevance of constructively aligned blended or online learning environments as part of a pedagogy that supports (not only) cultural differences, improves the learning experience and promotes deep approaches to learning.

2.5 Asynchronous online communication in education
2.5.1 Overview
In the following section an overview of the benefits and drawbacks of computer mediated asynchronous communication in education is presented, followed by a critical look at the role asynchronous discussion is reported to have on understanding and achievement.

The asynchronous discussion [also referred to as asynchronous learning network (ALN), computer mediated conferencing (CMC), online forum, online conference, bulletin board, message board] is a form of online communication that allows participants to write and post messages at their convenience to a common online space which over a period of time form into increasingly branched, hierarchical so-called discussion threads. Jones and Steeples (2003) refer here to ‘networked learning’ as “learning in which information and communication technology is used to promote connections: between one learner and other learners, between learners and tutors; between a learning community and its learning resources.” (p. 2). 

The social constructivist educator is a proponent of computer mediated communication who regards teaching not as instruction but rather as a two-way conversation which the asynchronous discussion board is known to support. The asynchronous online discussion board as a vehicle for learning is not new (Hiltz, 1987; Harasim, 1989), and if meaningfully employed it has been shown to promote communication, collaboration (eg; Berge & Collis,1995; Nagy, 2001; Mainka & Smyth, 2005) and critical thinking skills (Archibald, 2010) for both the blended and fully online delivery. Students’ poor engagement with the electronic conferencing tool, however, is not uncommon borne out by numerous case studies in the literature (eg Beasley & Smyth, 2004; Peters & Hewitt, 2010) calling for a greater research focus on the ways in which to engage the student more effectively with it. 

The following sections offer insight into the reported advantages and disadvantages of asynchronous communication as a vehicle for enabling communication followed by a review of current research and literature related to the student experience, the role of the tutor,  the role of the task, and evidence of understanding. In conclusion a comparison is drawn between traditional lectures and seminars and asynchronous online instruction.  

2.5.2 Advantages

Provided the student has access to a computer and the internet the asynchronous conference enables communicative learning events anytime from anywhere in the world. The asynchronous conference can be seen to accommodate the diverse needs of an increasingly mature, working, remote or physically challenged student better than traditional classroom settings (Inglis, Ling & Joosten, 2002) and can even facilitate better learning. First year students in very large lectures which had been redesigned to include online collaborative opportunities in the VLE scored higher in their assessments than previously which is linked directly to their collaborative online engagement (Kelly, Baxter & Anderson, 2010).
Graduate level students have been shown to prefer the asynchronous conference over the face to face discussion, noting that the extra time spent in the threaded discussion for reflection on course issues was a key advantage (Meyer, 2003). Hiltz (1986) found that 'time for reflection' was an important factor in learning effectiveness. The non-native speaker can reread for better understanding and pending posts can be proofread before submission. Self-assessment was introduced as a reflection tool in the collaborative context of an online discussion forum by De Wever, Van Keer, Schellens and Valcke (2008), who highlight the value of reflection as an enabler for students to become more self-directed and independent learners.
Adding opportunities for online communication have been shown to foster peer-peer and peer-tutor interaction (Spiceland, 2002) and improve retention rates in distance education programmes (Carr, 2007). Knowlton (2000) maintains that the online student’s ‘very existence’ depends on interaction with peers and tutor lest isolation make students feel abandoned and lost. 

Finally, and as already discussed in the introduction for internet communication technology in general, asynchronous discussion activities can support collaboration (Murphy, 2004; Hwang & Arbaugh, 2009) and a sense of online social presence which is shown to be conducive to the formation of an online learning community (Palloff, & Pratt, 2005; Garrison & Anderson, 2005 ). This is shown to impact positively on student satisfaction (Gunawardena & Zittle, 1997) and to facilitate more desirable levels of understanding (McConnell, 2007). In discussion activities that focus on authentic scenarios, critical thinking and higher levels of learning are reported by Darabi et al. (2010) in a comparative study of four different discussion strategies.

2.5.3 Disadvantages

Meaningful integration of electronic conferencing into traditional and online teaching and its support is not a straightforward task and requires more time and additional skills of both the learner and the tutor (Hiltz, 1997; Keeton, 2004). The student may lack technical skills in discussion threading or in conventions of critical, academic online discourse (Delfino & Persico, 2007). The online tutor is challenged to integrate the online conference meaningfully and then  to support student online communication and collaboration effectively, which has been shown to significantly increase tutor workload (Messing, 2002). 
Recent studies highlight the significance of social and affective factors such as feelings of inadequacy that are clearly shown to influence students’ rate of online engagement and satisfaction, but which have hardly been considered in online course design (Ferguson, 2010). Furthermore, consideration for the needs of the more mature adult learners who have comparable access to the internet but often lack confidence in interactive web-based learning environments poses additional challenges for course designers and facilitators (Vandenbroeck, Verschelden & Boonaert, 2008). On the other hand, the ‘Net generation’s’ informal engagement with social networking technologies is often equated with online learning proficiency, when in fact most learners feel inhibited within formal academic web based contexts (JISC, 2009). 
The permanency of the written word can incur feelings of vulnerability and often the quality of the learning experience still varies widely.  Students either do not engage at all (Zhu, 2006; So, 2008; Ferguson, 2010), for example, or not in the manner intended (eg Peters & Hewitt, 2009). Lobry de Bruyn ascribes unsatisfactory learning experiences in the asynchronous conference to poor moderating skills and lack of role modeling by the tutor (2004), which is supported by findings by Thomson and Savenye (2007) where learner discussion participation rate was found to depend on the online experience and facilitation skills of the tutor. While it is argued by some that visibility of the tutor in the online conference largely determines its success (eg Guan, Tsai & Hwang, 2006), course design is deemed most relevant by others (Ross, Kukulska-Hulme & Chappel et al., 2004). 
Notwithstanding agreement by Harasim (1993),  Laurillard (2002), Dennen (2008) and others over the  effectiveness of rewarding student conference participation in some form or another, the literature offers a limited degree of consensus over good practice guidelines if not conflicting advice for use of the asynchronous discussion board as an effective learning resource. So (2008) reviews the nature of participation in voluntary and mandatory online discussions and observes incidences of low participation rates in both settings. Whether or not positive learning outcomes are then achieved through active discussion participation is subject to continued debate. Claims of high quality dialogue or knowledge construction are contested in a recent study by Slagter van Tyron and Bishop (2009) where it is argued that one of the deficiencies of online discussion is the lack of deep and sustainable interaction. Ferguson (2010) reviews a number of studies in which online discussion activities are not even seen to benefit students at all, which would be in line with results highlighted previously in the Introduction of this report in which fully online undergraduate students did not rate online communication as a major contributing factor to their overall satisfaction (Palmers & Holt, 2008). 
2.5.4 The student experience

Notwithstanding the poor rating of the online discussion in the previous section, students are also known to remark that the factors that most significantly affect their perception of learning online include student to tutor interaction, peer to peer interaction and the value placed on online discussion participation (Swan, Shea & Frederickson et al., 2000; Koory, 2003). 

Selected studies suggest that student characteristics play a significant role in the perceived effectiveness of asynchronous discussions. On the basis of feedback regarding the student perceptions Yang and Tang ( 2003) report that both quality and quantity of discussion postings increased as students’ participation  in social friendship and advice online networks increased. This is confirmed by Rovai (2002) who finds that differences in perception of classroom community accounted for 43% of the perceived variance in learning. 

Williams (2002) suggests that students who use ‘active and diverse’ learning strategies are more likely to reach higher order levels of understanding  than those who do not. Larkin and Hein (1998) fail to draw a similar conclusion. Koory (2003) makes the observation that a different type of learner predominantly  populates her online literature courses vs the face to face delivered courses. Her online students are often “the very models of Malcolm Knowles’ description  of an adult learner-experienced, self-directive, task-oriented, interested in problem solving and immediate application.” She continues, “These learners thrive in the online classroom.”(p.19). 

Wu and Hiltz (2004) report over half of university students participating in online discussions agreed in post–course questionnaires that they had learned a great deal from their peers online. In a measure of a range of graduate student perceptions related to asynchronous discussion posts, Picciano (2001) concludes that there is a strong positive relationship between the way students perceive their online interaction and their perception of their course performance overall.” Dennen (2005) reports that students find their engagement in online discussion helpful in gauging their own progress. 

But not always does participation in asynchronous discussion contribute positively to the learning experience nor will students always engage in the manner expected-if at all. Despite the positive outcome for the asynchronous online seminar students compared to their face to face counterparts in Newman’s study (Newman et al., 1997) discussed in section 2.2.1, Meyer (2003a) reports that students are unhappy with the slow and dull nature of asynchronous discussions compared to the enthusiasm and pace of the face to face discussion. Furthermore, students may simply not engage with the discussion activities in the manner intended but rather adopt coping strategies conducive to surface learning in order to meet course requirements (Peters & Hewitt, 2009). Finally, similarly to the silent student in class, lurkers who read messages but don’t post are usually forgotten within online learning research and little is known about the nature or quality of their learning by passive participation. While lurking is usually regarded negatively, Holliman and Scanlon (2006) report positive learning outcomes for passive and active participants alike compared to non-participants in online discussion raising at least some questions around the recurrent emphasis on interaction and discourse therein.  Zembylas and Vrasidas (2007) even go as far as to recommend that online silence become integrated into online communication as an important aspect of social presence. 
2.5.5 Role of the tutor 

The role of the online tutor in asynchronous discussions is broadly described as one of either facilitator (Mason, 1991) or e-moderator (Salmon, 2000) and an abundance of guidelines exist for online discussion support (eg, Ko & Rossen, 2004; MacDonald, 2006). While the tutor is seen by some to play the most important role for the perceived quality of the online learning experience in the asynchronous discussion, very little research appears to exist, that would clearly illustrate desirable intervention strategies or instructional tasks linked to an enhanced quality of learning.

Meyer (2003 b) ascribes the skill of the online tutor to be able to express one’s personality in online conversation an important factor for establishing a satisfactory online learning community. Pawan, Paulus and Yalcin et al. (2003) conclude that in the absence of visible guidance and online teaching presence students were found to engage primarily in ‘serial monologues.’ Lack of feedback from the instructor is perceived by students in numerous studies as one of the weaknesses of online learning and of asynchronous discussion in particular and students in international studies express dissatisfaction with lack of online tutor interaction (eg, Hong, Lai & Holton et al., 2003). Curtis and Lawson (2001) note that “there is a notable absence of disagreements and challenges in the asynchronous environment” (p. 27 ) without a visible moderator, and netiquette compelled students on their own to ‘play it nice’. Student feedback data reported by Larkin-Hein and Irvine (1998) has also shown that individual and constructive comments by the tutor in the online discussion process are valued by students, reaffirming recent findings by Vlachopoulos (2008) that general remarks are usually dismissed. Song, Singleton and Hill et al. (2004) highlight the importance of clarity of guidance by the online tutor throughout the web-based learning experience. 

Hara and Kling (2000) on the other hand, contend that a more visible moderator  steering and interacting in the asynchronous conference, detracted from the egalitarian nature of the threaded discourse producing followers in a ‘moderator-centred’  rather than the desirable student centred discussion.  This chimes well with results from a content analysis study by An, Shin and Lim (2009) in which the effects of three different facilitation approaches during asynchronous discussion on student participation and interaction were evaluated. The results showed that too much tutor intervention stifled student interaction. Students expressed themselves more freely and openly when tutor intervention was minimal. 

More recent literature offers additional evidence of investigations devoted to improving our understanding of the relationship between the nature of tutor instruction in the online discussion and impact on learning. Richardson and Ice (2010) tentatively link the tutor’s success at fostering a feeling of comfort and confidence in the online discussion environment to higher levels of critical thinking achieved, for example, and which will be subject to further investigation. In another study a controlled variation in asynchronous online instruction that included doubling the frequency of intercedent questioning by the tutor is reported to have resulted in substantially enhanced learning outcomes (Hull & Saxon, 2009).
2.5.6 Role of the task
Implicit in the use of online discussion boards should be a commitment to active learning, learning that has shifted away from the transmission of information to tasks that stimulate learner activity and enquiry. The nature of the task (eg, complexity, openness, length) is reported by Valcke et al. (2009) as critical to levels knowledge invoked in the learner, while recent findings by Richardson and Ice (2010) fail to indicate a statistically significant difference in levels of critical thinking between three different instructional strategies adopted for online discussion (debate, case-based discussion, open-ended discussion). De Leng and colleagues (2009) used the practical inquiry model of cognitive presence by Garrison, Anderson and Archer (2001) as a framework in the design of online discussion developed to help undergraduate science students move to higher levels of learning. The authors report a lower number of higher order thinking activities as a result (34.5%) than expected.  
Goodyear (2003) warns that for the online learning environment “neglect of task design tends to have two consequences-either students flounder around unproductively and unhappily, not knowing what is expected of them or tutors find themselves spending much more time than they can afford trying to animate online discussions” (p.67). In online discussions the more focussed the task the better the learning outcome. Rather than assign students to “share thoughts to….” a more directed discussion is achieved by a specific question or prompt such as: “Using your critical thinking skills, debate this statement: ‘A sustainable energy strategy won’t work. It will cost money and lose jobs.’ Provide examples to support your stand.” (Smyth & Mainka, 2010, p. 69).
The task may have significant relevance in the application of the SOLO taxonomy as it has been previously critically remarked that by disregarding the specific nature of the content, differences in outcome which may be particular to a task are unaccounted for (Dahlgren & Pramling, 1982).

2.5.7 Asynchronous vs face to face instruction

Fjermestad et al. (2005) conclude in their review of 47 empirical studies in which online courses are compared to traditional courses for a multitude of measurables, that asynchronous learning networks are at least as effective as classroom-based courses. This does not reveal much about the specific differences and conflicting findings some of which are highlighted below.

Asynchronous discussion has been shown to improve student performance compared to traditional classroom teaching (Schutte, 1997; Zhang 1998) particularly for the more reticent learners. In fact it has even been argued that students confined to the traditional learning environments are being denied the same high quality education of their distant learning counterparts exposed to asynchronous communication (Turoff, 1999). Jonassen and Kwon (2001) report that perceived student satisfaction was higher for the online discussion than for the face to face session in a business education case study analysis. In a recent investigation of the perceived differences between asynchronous online discussion and face to face discussions in a classroom setting by Wang and Woo (2007), the researchers report that the face to face discussion involved more multi-directional interaction than the online discussion and that students felt more at ease communicating face to face than online.  

Mason (1994) observes that time to reflect on and analyse contributions from others results in higher quality dialogue than in a traditional face to face discussion. In five case studies of an undergraduate educational psychology course, for example, in which one group posted thoughts to an online discussion board in WebCT and the other on paper following a face to face discussion instructors reported higher exam scores, higher levels of student satisfaction, and higher quality written work overall for the online cohort (Johnson, 2005). Similar observations were made for an undergraduate literature class by Koory (2003) which suggests that text-based online communication  reinforces skills pertinent to classes where written communication takes on a central role. Finally, similar to the results reported by Newman et al. in section 2.2.1, a comparative study by Guiller et al. (2008) revealed more evidence of critical thinking in an online discussion than for face to face discourse, with students expressing a preference for web-based delivery. 
2.5.8 Asynchronous online dialogue for achieving understanding

Despite the desirable learning outcomes reported for the asynchronous discussion, only limited evidence is available that would reliably link asynchronous online communication to an improved online learning experience (Bernard, Abrami & Lou, 2004). Furthermore, improving the learning experience does not preclude an improvement of the level of understanding attained and can only suggest the role asynchronous communication media could take on in achieving desirable higher order learning outcomes. In a review of the literature on asynchronous discussion carried out by Zhao and Rop (2001) the authors observe a lack of research that explicitly addresses ‘learning gains’ associated with online discussion. Two years later Wallace (2003) reached the same conclusion in his review. 
Wang (2004) and Johnson (2005) report conflicting results from a correlational analysis of student online visibility and performance. While Wang’s investigation suggests a strong correlation between highly visible graduate online students and final course grades, Johnson’s does not. The criterion ‘visibility’ in itself raises concerns as a legitimate measure of student performance. 

Results from a study by Schrire (2004) investigating learning processes in the online conference for dimensions of interaction and cognition clearly demonstrate a positive correspondence between both for asynchronous conference activity. Laurillard (2006) warns, however, that the collaborative asynchronous task does not per se bring about good learning outcomes while Brown et al. (2005) remind us that despite all efforts, “it is the individual student that ultimately determines how well they learn.” (p. 6).
Reasons for this ambiguity have recently been discussed by Kanuka, Rourke and La Flamme (2007). In their paper they cite Garrison, Anderson and Archer (2000) who point out  inadequacies in current models that guide research on the role of communication technologies where Salmon (2000) is mentioned as critical of ineffective tasks created for online communication, and Marra, Moore and Klimczak (2004) concur, blaming inappropriate or poorly defined learning activities.

Furthermore, one of the most popular e-moderating models, the five stage model conceived by Salmon (2000) has only recently undergone closer scrutiny, the results of which challenge its seemingly current uncritical application dominating elearning design in the UK (Jones & Peachey, 2005; Chowcat, 2005; Moule, 2007). Moule criticises the narrow focus of the model on the facilitation of online networking and group working which, according to her,  ignores the variety of e-learning approaches available for use both in the blended and fully online contexts. Chowcat reports of a failed attempt to apply the model to a staff development module and Jones and Peachey criticise the predefined stages of socialisation which they contend are unrealistically rigid. 
Hammond (2005) most recently concludes his review of papers on online discussions remarking, “Most of the research avoids linking the use of technology to easily quantifiable learning gains” (p.18). He remarks further that while research is often focussed on reports of gains and drawbacks of the asynchronous online discussion, describing these more explicitly seems an inherently difficult undertaking. 

Hammond summarises  the conditions under which learners will best engage with asynchronous online discussion, but  fails to find significantly conclusive evidence of improved quality of learning. According to the consensus he identified among the reviewed publications recommendations  include: participation requirement, explicit tasks, clearly defined learning outcomes based on problem-based learning, use of peer assessment, drawing on learners’ past experience, instructor as skilled  mediator encouraging critical thought and debate, IT and online study preparedness of learner, robust and reliable easy to use software.

2.5.9 Summary

In the preceding sections much has been reported of asynchronous communication and there are many criteria by which researchers attempt to determine its instructional   value. While research indicates that asynchronous online discussion facilitates student achievement and the research base in support of higher order thinking processes fostered in asynchronous online dialogue is growing, the elearning research community seems far from having reached a consensus that would unequivocally anchor a better learning experience with the asynchronous communications technologies. Dennen (2008) goes as far as to report a failed common understanding for the role and nature of the online discussion and demotes it for the purposes of her critical analysis to an “exchange of text messages via a shared online space” (p. 206).
Current research such as described here in which methodologies are explored to more clearly elicit the quality of student’s online learning, therefore, seem timely and relevant. The methodology adopted for this research study sees the SOLO taxonomy as the content analysis instrument of choice which is reviewed in the following section. 

2.6 The SOLO Taxonomy
2.6.1 Overview
The SOLO taxonomy (Biggs & Collis, 1982) has been outlined previously in the introduction and is expanded upon here to describe the underpinning research and learning theories that it draws upon, concluding with a summary of the main framework characteristics. These are then explored in greater depth in the Methodology chapter. 

The SOLO taxonomy was originally designed to be applied to verbal and written learning outcomes, and describes five levels of learning outcomes (here outcome refers to a learner’s response to a task. Learning outcomes from module descriptors are Biggs’ learning intentions) ranging from the most simple, or least sophisticated, through four other increasing levels of structural complexity.  In order the five stages are termed prestructural, unistructural, multistructural, relational, and extended abstract-natural stages in the growth of learning any complex material or skill similar to the developmental stages of learning as described by Piaget (1952, 1978) as detailed below.

2.6.2 Background

Education has traditionally been dominated by quantitative evaluation of student learning while qualitative aspects remain less understood and the evaluation thereof often highly subjective. Biggs and Collis (1982) responding to this deficit,  set out to develop a criterion-referenced model for the objective evaluation of the quality of learning. The starting point for their model was the recognition that the quality of thought lay in the evaluation of thought (as demonstrated from early childhood to adulthood) itself. The outcome of their studies of the organisation (ie structural complexity) of 100’s of students’ open-ended responses (essays not multiple-choice questions, for example) to existing questions demonstrated that the structural features of thought that determine its sophistication (ie the quality of learning) are similar regardless of subject area, school or university situation. 

The taxonomy developed has since proven to be an instructional and evaluative tool for the retrospective assessment of quality of instruction. The taxonomy is seen as an objective and systematic way of categorising, or classifying:

1) The increasing complexity encountered by learners when learning academic tasks, 
2) Curriculum objectives which describe the various levels that students should be working at, 

3) Actual levels at which students are working in an evaluation of the quality of their learning. 

The third application is relevant to this research study for the evaluation of the quality of learning in the asynchronous online learning episodes (ie the so-called Thought DConferences) and the effectiveness of the online instructional episode.
2.6.3 SOLO and the learning process

The SOLO taxonomy has been developed within the context of reception learning (Asubel, 1968), ie situations that involve the meaningful learning of existing knowledge in learning-application episodes: first, learning facts, skills, concepts, strategies followed by learners’ use of facts, skills, concepts, strategies.

In the physical sciences students would typically take notes in a lecture, engage in an online seminar, watch a lab demonstration, read a book; followed by applying an equation, explaining tides or comparing braking distances. SOLO attempts to unravel how to ‘measure’ how well the student has learned. In order to understand this process of evaluation (of the quality of learning) Biggs focuses on value as the key concept when considering evaluation.

Biggs presents a criterion-referenced measure of the quality of learning (vs norm reference or based on the comparison to other students) in closed  educational situations (high level of structure) where closed refers to how much and how well certain specified content has been assimilated rather than to the strategies used or the experience. In closed contexts the learning of certain contents needs to meet particular criteria of both quantity and quality. Has the student learned it (existing knowledge) and is he able to apply it? In terms of a teaching model the closed aspect of learning is characterised by a teacher with a clear idea around  what is to be learned, structuring tasks around the relevant facts, concepts and skills, that are to be acquired and used, the (quantity and) quality of the learning which can then be measured.

Furthermore, Biggs and Collis emphasise the effect that interrelationships between teacher procedures and student characteristics have on both the quantity and the quality of learning outcomes, highlighting in particular the roles played by students’ prior knowledge, developmental stage, motives, intentions and learning strategies.

Prior to SOLO three main techniques for measuring the quality of learning had been more or less influential in education. They are:
1) The Bloom taxonomy (Bloom et al., 1956)

The Bloom taxonomy originally focussed on the cognitive domain and was designed to provide teachers and test designers with hierarchical levels of quality that outlines 6 levels of response: Knowledge (rote production), comprehension, application, analysis, synthesis and evaluation. Bloom’s intention was to guide in the selection of items for assessment rather than for evaluation of learning demonstrated in a response. Levels are a priori and imposed by the teacher to questions in order to ‘draw out’ levels in a response. (Biggs sought to uncover/use levels as they arise in the understanding of the material-which seems more organic and natural).

The taxonomy was iteratively expanded to include the affective and psychomotoric domains to become a 3 domain structure which continues to be built upon and modified by education researchers today. Increasingly, however, the Bloom taxonomy has also come under considerable criticism for a framework that is based not on educational theory but rather on the subjective judgments (opinions) about the quality of learning by psychologists and educators in response to a survey. 

2) Schroder, Driver, and Streufert (1967) applied their theory of information processing to create a classification system of four “levels of information processing” or level of conceptual structure (CL) manifested by an individual in complex situations. Their evaluation devise is thought never to have been  applied in practice.

3) Marton and Säljö (1976) approached the quality of learning phenomenographically postulating that what a student learns can only be gauged from the student’s own perspective and that learning can only be evaluated in terms of the content of learning. Marton assesses learning in terms of what the student says he has understood after a learning episode and derives four levels of each demonstrating increasing comprehension of the complexity of material-which happen to be nearly identical to the SOLO levels (Biggs, 1980). 

From this previous work, SOLO coincides with the general understanding that:

1. Assessing the  quality of learning is desirable and meaningful

2. The structural complexity of the outcome (here, learner response) seems an appropriate measure of quality of learning.

3. Characteristics of levels ordered in terms of:

a. Progression from concrete to abstract

b. Increasing number of organising dimensions

c. Increasing consistency

d. Increasing use of organising or relating principles

e. Hypothetical or self-generated principles demonstrating most complex level of thought. 

2.6.4 Learning and Piagetian stages 

When an individual learns something s/he does so in terms of her/his existing thought structures (known as assimilation or encoding). With experience and with the maturation of the brain the individual builds up  an increasingly complex set of rules that govern his thinking (ie “Ways of thinking”). Piaget distinguishes different stages of thought from birth to adolescence (which Biggs terms hypothetical cognitive structure HCS) which formed the basis for Biggs’ and Collis’ early frame of reference for SOLO: 

Piaget’s stages of cognitive development (modified by Collis, 1975) 

1. Pre-operational (illogical, confused thought: 4-6 yrs)

2. Early concrete (first stage of logical thought: 7-9 yrs)

3. Middle concrete (next stages, 10-12 yrs)

4. Concrete (generalizations, elements of abstract thinking: 13-15 yrs)

5. Formal (purely abstract; not reached by all: 16+)

The stages are considered stable, of irreversible sequence, and characteristic of a child. Applications in education include ascribing poor student performance as a natural developmental phenomena rather than the result of careless, inadequate learning or poor teaching. This demands, however, that the stages of thinking are recognized by the teacher.

After 100s of elementary, high school and college student response (outcome) analyses, Piaget’s stages did not hold and Biggs and Collis depart from the Piagetian frame of reference. Inconsistencies observed included levels of responses not matching the  stage of age, for example. Similar observations had been made previously by Hallam (1967) and Blake (1978).

Biggs and Collis discover that students learn diverse material in similar stages of ascending structural complexity. They create a new  frame of reference namely the  quality of learning rather than developmental stage of child, shifting the  label from the student to the student’s response. This had the advantage that the cognitive structure of the response a student gives to a learning task was measurable: Structure of Observed Learning Outcomes (SOLO). The cognitive structure of an individual (hypothetical cognitive structure HCS) is not measurable.

A student’s developmental stage might determine the upper limit of functioning but a number of other reasons will determine the actual level of functioning, such as:

· Features outside the learner (quality of instruction, learning environment etc)

· Features intrinsic to the learner (motivation, prior knowledge)

· Demonstrating understanding depends on many things (cognitive development only depends on age).

The resulting SOLO Taxonomy offers 5 levels that provide a description of the structural organization of knowledge at increasingly more complex levels across modes of learning: Prestructural, unistructural, multistructural, relational, and extended abstract. These are explored in greater depth within the context of the coding protocol described in the Methodology chapter.
2.6.5 Previous research
The SOLO taxonomy has rarely been applied previously in the qualitative analysis of online discussions and findings thereof are often methodologically incoherent. The following studies constitute the limited knowledge base related to the application of SOLO in the analysis of recorded asynchronous or synchronous online dialogue known to the researcher.
Thomas (2002) used the SOLO taxonomy to measure levels of student cognitive engagement in an online discussion over the period of 2 weeks in an environmental science course. Due to the small student sample, low level of discussion branching and blended nature of the course, however, the results contribute only tentative insight into the applicability to a fully online case study. Coding examples or interrater reliability data are not provided.

In a problem-based learning  (PBL) setting Slack, Beer and Armitt et al. (2003) used SOLO to analyse the transcripts of synchronous communications between students of occupational therapy from four different European countries. The results from four sets of chat transcripts indicated that deep learning can be supported by engagement in synchronous activities. Coding examples are provided, but interrater reliability data is not.

Schrire (2004) conducted a multiple case study of the learning process in three asynchronous online discussions using three models of analysis including the SOLO taxonomy. The discussions were voluntary components of a doctoral degree course  in computing technology in education delivered in the blended format. Each discussion ran for 13 weeks and represented a different approach to instructor facilitation. The main focus of the study was to establish how higher order thinking was a function of the collaborative knowledge building process in the computer conferences. Interrater reliability in the coding of the cognitive dimension was reported as fair to moderate (0.55-0.74) using Holsti’s CR.
Rogers (2004) applies the SOLO taxonomy to evaluate changes in level of understanding in an undergraduate history class after its redesign from face to face delivery to include online discussion activities in a VLE. The results clearly indicate favourable gains in critical thinking skills for the majority of the students. Coding examples, procedural details and interrater reliability, however, are not reported.
Kimber and colleagues (2007) used a modified form of SOLO to analyse electronic concept maps and web files prepared by senior level secondary school English students. While coding examples and procedural details are provided, interrater reliability is not reported.

Hatzipanagos (2006) investigated the extent of higher order thinking in a Masters level computing course designed for resource-based learning (RBL). The author applied the SOLO taxonomy in the content analysis of transcripts of asynchronous discussion boards introduced to facilitate group work activities. Interrater reliability is reported at 0.7 for Cohen’s kappa. Coding examples are not reported.

In the most recent study known to the researcher San Millan Maurino (2007) used SOLO  to evaluate responses in online discussions at the State University of NY at Farmingdale School of Business in a study  that compared online  student to student interaction to in class student to student interaction. Neither methodology nor interrater reliability figures are reported. As an aside it is noted that while the majority of these findings suggest that the sampled students benefited positively from online discussion tasks, unresolved questions remain open to further investigation but were not deemed central to this study. 

A further application of SOLO for online content analysis and subsequent discussions around implementation issues are considered to be of value to the research community. This has been described previously for online content analysis endeavours for Bloom’s established framework, for example, (eg, by Meyer, 2004; Valcke, 2009) and for modifications thereof (Kay, 2006). 

In the next chapter an overview of the research methodology is provided including a synopsis of a pre-pilot investigation that informed the adopted methodology of the pilot and main study, the focus of this report.

Chapter 3 Research methodology
Chapter 3 Research methodology
3.1 Overview

What follows in Chapter 3 is the presentation of the research methodology adopted for this research study. A collective case study approach was taken in which the qualitative content analysis of text-based online discussion transcripts was carried out for a series of three fully online distance education physical science courses delivered by the researcher. 

As established in the first two chapters the instrument chosen for the analysis was a modified form of Biggs’ SOLO taxonomy (Biggs & Collis, 1982) previously applied widely in the shaping of curricula of studies in secondary and tertiary education and in the evaluation of student learning largely restricted, however, to traditional classroom teaching, learning and assessment settings. The SOLO taxonomy for measuring individual cognition is an important element within Biggs’ work on effective teaching and learning, and its underpinning theoretical model reflects the constructively aligned (Biggs, 2003) instructional design of the online courses of the case study in question.
A short exploration of definitions of research is followed by a rationale for the underpinning research paradigm, description and justification of the selected analysis technique, description of the case studies and research protocol, summary of the results of a relevant pre-pilot, concluded by a discussion of the methodological limitations.

3.2 Defining research 

Of the many definitions and exploratory interpretations of research found in educational research literature today (e.g., Cohen, Manion & Morrison, 2005) the most common definition to best describe the  research processes of this study is: “a detailed study of a subject, especially in order to discover (new) information or reach a (new) understanding” (Cambridge, 2008). The underlying research involves the investigation of  the applicability of Biggs’ SOLO taxonomy as a reliable, robust and practical  instrument in the qualitative content analysis of written online content authored by students in what is thought to become a contribution to the furthering of our understanding of computer-mediated learning processes.

The net-based origin of the data might be seen to add another dimension to the above definition, however, as it projects this research study into the category “e-research” the research focus in question is restricted to an activity that takes place in an online (net-based) classroom. E-research opens up a new dimension not only as a new source for data but also to both the range of tools available for data collection and analysis or literature review. As it is not seen to fall under a new research paradigm or to be underpinned by any other than the traditional philosophies and basic methodologies, e-research will not be considered here as separate from traditional research other than to highlight the potential that this new technological and communication lens has for the study and understanding of the world and its social beings.

3.2.1 Qualitative and quantitative research

In comparison to what is commonly understood to be quantitative research characterised by a prescriptive multi-staged approach to structured enquiry and analysis known as the ‘scientific method’ (Bryman, 2004), qualitative research is not as straightforward to define. Qualitative research has been influenced by a wide range of  philosophies, schools of thought and disciplines which each in turn offer novel methodological techniques, practices and combinations thereof underpinned by very distinctive views about the social world. As a result there is not one way to do qualitative research based on one philosophical position , but rather in practice may often see the researcher even integrating one qualitative  method with another or combining qualitative and quantitative techniques. While it has been hailed a great strength  that “qualitative research […..] cannot be neatly pigeonholed” (Mason, 1997, p. 4) it poses a daunting challenge to the novice social researcher to initially identify with a philosophical position(s)  and subsequently be held to adopting the appropriate strategies and techniques in order to conduct research that is holistic and consistent with it. 

The next section explores the underpinning research paradigm and its alignment to the investigative processes. 

3.3 The Research paradigm
A research paradigm is understood to be a framework for inquiry guided by "a set of beliefs and feelings about the world and how it should be understood and studied." (Guba, 1990). The beliefs in question have been categorised by Denzin and Lincoln (2001) into ontology (Are we products or creators of our environment?); epistemology (Is the researcher observer or participant?); and methodology (Which techniques and methods does the researcher employ to gain knowledge?)

Notwithstanding the conflicting accounts around the exact number of research paradigms, these can be broadly divided into either one of two major philosophical positions, namely scientific positivist or naturalistic interpretive (also known as post-positivist) (Cohen et al., 2005). Each position rests on different assumptions about the nature of the world. The positivists employ quantitative methods in the assumption that the world is comprised of observable and measurable facts. Reality is a single, tangible and constant entity, independent of the observer where causes produce effects. The positivist researcher strives for transparency and objectivity and will express the research question as a hypothesis and use a deductive design to test it in experimental conditions in order to, ideally, generalise the findings made. The types of research methods employed include experimental studies and questionnaires. 

The interpretivist employs qualitative methods such as interviews, case studies, grounded theory investigations and phenomenological studies, methods that accept multiple realities which are subjective. There is no cause and effect but rather indistinguishable, mutual shaping. The researcher accepts his or her role in shaping the social reality under study in which s/he is immersed and engages in inductive, processes with real (natural) data to identify common themes or patterns, where accuracy is achieved through transferability, confirmability and dependability (Guba, 1981)

Adopting a research methodology, therefore, encompasses more than simply making a decision about a technique for collecting and analysing data. It is central to a coherent and robust research strategy  to first identify with a worldview in order to establish ones own ontological and epistemological  positions which will then  inform and link to adopted methods of data generation, collection and analysis throughout. 

This research is seen to fit the naturalistic interpretive research paradigm. The study in question adopts a collective case study approach to a retrospective qualitative analysis of web-based written text. The subjects (learners) were immersed in the equivalent virtual learning environment which from an ontological point of view it is believed they will experience in different ways including their perception of the learning tasks. Epistemologically, the evidence of the certain way in which learners experience the learning environment and the level of understanding they reach in completing the tasks is believed to be revealed in the retrospective qualitative analysis of the structural organisation of individual written web-based responses as interpreted by the researcher. In line with  a qualitative epistemology, a framework (the SOLO taxonomy) preconceived for written transcripts of either oral or hard-copy responses has been modified by the researcher in the iterative development of a technique tailored to web-based communication transcripts

3.4 Content analysis

3.4.1 Overview

Content analysis of any type of artefact of human discourse (eg, text documents, online discussion transcripts, audio transcripts) has been defined as a research technique in which “specific indicators are defined and searched for as they appear in the content being investigated” (Anderson & Kanuka, 2003).  As discussed in the following section despite the availability of a wide range of content analysis methods that are seen to illuminate student online discourse, often purposefully designed to capture different qualities of student learning,  they  fail to form a reliable research base to date. 
The content analysis referred to in this study applies exclusively to the analysis of asynchronous online communication transcripts. 

3.4.2 Qualitative and quantitative content analysis

One of the main criticisms of qualitative content analysis is the fact that it depends on the interpretation of the investigator. Quantitative content analysis methods in their controlled manipulation or mechanistic counting of variables, on the other hand, are denounced for revealing limited insight into the quality of online messages or of the online learning process. 

Borg and Gall defined content analysis as “a research technique for the objective, systematic, and quantitative description of the manifest content of communication” (Borg & Gall, 1989, p. 482). This is in line with the initial prominence of quantitative techniques such as surface level measurements characterised by counting words, messages or spelling errors, for example. The analysis focussed not on the actual content but rather on surface-level characteristics that were wrongly assumed to be related to the quality of the content (eg participation degree deduced from the number of messages sent (Harasim, 1993); depth of critical thinking established by counting frequency of statements (Newman et al., 1997). Even more recent research is found to include questionable causalities such as between online visibility and student performance, the correlational analyses of which as conducted independently by Wang (2004) and Johnson (2005), for example, resulting in conflicting positions.

Subjecting the content of transcripts to a deeper analysis to gain insight into complex social and psychological variables is widely reported as much more difficult and it is of no surprise that a contextual shift away from purely descriptive techniques has progressed only slowly since the advent of web-based communication research.  In a literature review of more recent research (after 2002) Strijbos, Martens and Prins et al., (2006) report increasing qualitative content analysis activity alongside evolving quantitative practices. Strijbos describes cases of the qualitative ‘view’ that employ methods such as participant observation, case studies, ethnomethodology or prospective and retrospective analysis of transcripts to infer trends or specific phenomena free of statistical testing. The quantitative approach is described by the authors as systematic identification of a variable within a communication unit, summarised and frequencies compared or used for statistical testing. Reliability, as an indicator for objectivity, is measured by the level of agreement between independent coders. Strijbos expresses concern, however,  at the seemingly intuitive approach taken in the majority of the conference proceedings reviewed, reporting that methodologies were often either left open to interpretation or indiscriminently based on “accepted practice” (p.32)

The ambiguity that still prevails among researchers around the research protocol for content analysis may be indicative of a research area that doesn’t easily fall into either the quantitative or qualitative category. Selected groups (eg, Kanuka el al., 2007) recommend complimenting qualitative schemes with quantitative content analysis (QCA) techniques such as defined by Berelson (1952). To this effect Anderson and Kanuka (2003) settle for the content analysis of written documents as a “cross-over technique that requires critical qualitative skill to assign content to a number of variables. Later, quantitative techniques are used to display and calculate relationships between these variables “ (p. 173). 

Clearly, the immaturity of the field merits further investigation into content analyses of web-based online text and also for an extension of the investigation to the quality of learning within asynchronous online communication. 

3.4.3 Review of qualitative methods

Leading research groups in the field agree that qualitative content analysis is a difficult and time consuming process (Hara, Bonk & Angeli, 2000; Garrison et al., 2001) prone to subjective interpretations which may in part explain the persistent lack of a reliable and efficient scheme.

As previously stated the literature sees a myriad of methods and their modifications described and applied with varying degrees of success.  DeWever, Schellens and Valcke (2006) conducted an exhaustive review of 15 emergent qualitative content analysis schemes  for which they report a lack of established standards, analysis schemes demonstrating poor consistency for underpinning theoretical framework, unit of analysis, and inter-rater reliability (ie where two or more coders agree).  Compounding the problem is the seemingly endless contexts within which studies put their focus and the conclusions drawn thereof: collaborative understanding, individual understanding, trend in levels of understanding, critical thinking, role of moderator, student-student interaction, student-tutor interaction, etc,  small range of which is mirrored in the studies selected below.

Pena-Schaff and Nicholls (2004), for example, argue that a meaningful evaluation of critical thinking and knowledge construction online is only established when both the message content and the patterns of interaction are scrutinised.  They base their analysis on epistemological development research findings by King and Kitchener (1994) coding messages according to whether or not they were interactive, as well as on the type of learning process taking place. 

Garrison et al. (2000) have developed a rubric for assessing the processes and outcomes of online discussion based on phases of cognitive presence. Meyer (2004) applies a total of four different frames of analysis to the evaluation of online discussion content. Two developmental models (King and Kitchener’s Reflective Judgment Model and Perry’s model of intellectual and ethical development) and two frames that capture levels of thinking (Garrison’s four stage critical-thinking model and Bloom’s taxonomy of educational objectives).  

Marra, Moore and Klimaczak (2004) compare  two of the most common qualitative analysis schemes, the Interactive Analysis Scheme (IAM) and the model from Newman, Webb and Cochrane (1996).  IAM developed by Gunawardena, Lowe and Anderson (1997) is based upon a constructivist paradigm ( building upon an earlier framework by Henri (1992) designed to detect evidence of knowledge construction while Newman et al.’s model is designed to measure critical thinking. Applied to a week long student-led asynchronous discussion both methods proved difficult to use reliably by different coders, results of which were frequently hard to interpret. 

Further sets of examples exist of qualitative analysis tools modified to suit individual research needs [eg, Hara et al. (2000) modified the Henri method]; of indiscriminant use of existing schemes (eg, Aviv, Ehrlich & Ravid et al., 2003 relies on IAM) as well as of new developments (Strijbos et al., 2006). 

Kanuka et al. use Garrison, Anderson and Archer’s (2001) theoretical model of practical inquiry to inform their qualitative content analysis. Meyer (2005) analysed doctoral level online discussions using the updated version of Bloom’s taxonomy of educational objectives by Anderson and Krathwohl (2001) . 

As illustrated in the examples above, adoption of one methodological approach over the other would appear almost fortuitous, while a controlled comparison between any two is hardly possible in light of the sheer range of communicative issues under study. A critical look is now taken at the two most common qualitative analysis schemes followed by a review of the SOLO taxonomy as it featured previously in limited online content analyses and the ensuing rationale for adopting the framework for the purposes of this study.
3.4.4 Newman, Webb and Cochrane (1996)
According to Newmann, critical thinking forms the link between group learning and deep learning. Newmann et al. developed an analysis scheme to measure critical thinking during group learning based on the theories of critical thinking by Garrison, Anderson and Archer (2001) and indicators of cognitive skills by Henri (1992). Garrison’s model was developed initially as a means of studying individual distance learners according to which critical thinking is  a 5 stage process beginning with problem identification that triggers interest in a problem (stage 1) followed by problem definition during which the problem is identified more clearly (stage 2). The problem and its possible solutions are explored (stage 3), their applicability evaluated (stage 4) and finally integration of gained understanding with existing knowledge (stage 5). 

Henri established five dimensions for analysing computer mediated communication: participative, social, interactive, cognitive and metacognitive. Newman et al. focussed on the cognitive dimension which set forth 5 key skills necessary for critical thinking each of which could be  aligned to one of Garrison’s stages. Newman et al. then developed indicators against which each level of critical thinking could be mapped  (>100 indicators!). Indicators included relevance and importance of contribution, novelty of information, bringing in outside knowledge, justification, linking ideas etc.  They applied their method in a controlled small scale study involving three groups of 10-20 undergraduate students on an Information Society module. 

Category descriptors are not available and other groups have reported difficulty coding student messages into appropriate cognitive processes (Pena-Schaff & Nicholls, 2004). Newman et al. (1997) reported the following problems: some indicators required the knowledge of a subject expert to map reliably; method difficult to use by some teachers; identification of statements ambiguous; method very time-consuming. 

3.4.5 Gunawardena, Lowe and Anderson (1997)
Gunawardena, Lowe and Anderson (1997) introduced the Interaction Analysis Model (IAM) for examining social construction of knowledge in computer conferencing. The focus of this framework is the negotiation of meaning and co-construction of knowledge in collaborative online learning environments. The highly structured online discussion analysed was conceived as a formal 5 day pre-conference debate between professionals of distance education underlying strict guidelines for participation, led by the first two authors. While each method has been developed specifically with the online learning environment in mind a number of conditions under which development of the described tools took place remain problematic. 

First, both methods were designed within the context of a controlled experiment, participants of which formed a homogeneous, IT-skilled cohort who volunteered to take part.  In other words neither has been developed within a representative classroom/teaching setting failing to account for the wide range of IT skills, backgrounds and motivations for study that students have. The methods have not undergone empirical testing, which is problematic. The models are therefore limited in their applicability to the organic, heterogeneous discussions captured in the online transcripts of this research study.

Furthermore, Gunawardena, Lowe and Anderson (1997) and Garrison, Anderson and Archer (2000, 2001) made sociocognitive processes rather than individual cognitive processes - the focus of this research activity - the object of their investigations. 

3.5 The SOLO taxonomy

3.5.1 Overview

The SOLO (Structure of the Observed Learning Outcome) taxonomy has been previously mentioned in both the Introduction (Ch.1) and in the Literature review (Ch.2). Its centrality to the research study merits further exploration here where the focus lies on the distinguishing features of each of the SOLO levels which informed the coding guidelines and the coding protocol itself.

Mara et al. (2004) and Meyer (2005) - who has analysed online discussions against a number of frameworks including Bloom’s taxonomy (1956) - appeal to the research community to investigate further the use of established frameworks designed originally for the paper-based medium for online content analyses. Such is the case for the SOLO taxonomy.

The SOLO taxonomy was developed as a result of Biggs and Collis’ (1982) research into the variation in the structural organisation of student created texts, developed from Asubel’s (1968) theory of meaningful learning and described in section 2.6.3. The taxonomy is grounded in the premise that the investigation of the structural complexity (ie connectivity) of thinking as manifested in written text could contribute to our insight into the student’s depth of understanding.

3.5.2 The SOLO levels

The taxonomy offers five main levels (and 5 transitional levels not considered further)  that provide a description of the structural organization of knowledge at increasingly more complex levels across modes of learning (isomorphic to but logically distinct from Piaget’s stages (1952): preoperational, early concrete, middle concrete, concrete generalization, formal operational) which are:
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· Prestructural: task not done

· Unistructural: one aspect of task done

· Multistructural: two aspects of task done

· Relational: several aspects of task integrated so that the whole has a coherent structure and meaning

· Extended abstract: coherent whole generalized to a higher level of abstraction

The four levels after the prestructural level are seen to consist of two increasingly complex stages that are thought to reflect Marton and Säljö’s (1976) two approaches to learning resulting in an increasingly complex outcome:

quantitative (amount of detail in student response increases) and qualitative (detail becomes integrated into structural pattern).

Unistructural and multistructural are more associated with a quantitative increase in knowledge or ‘surface approach’ to learning where one piece of information, fact etc. is used or identified (UNI), or where more than one piece of information is identified, but each is used separately with no integration (MULTI) (reproducing levels)

This is in contrast to the relational (REL) and extended abstract (EA) levels which are considered more akin to the ‘deep approach’ to learning which is associated with the quality of understanding or thinking. For example, at the REL level, integration of at least two pieces information is required in order to answer a question or to complete a task, and at the EA level, students are expected to go beyond the information that is supplied in order to create a hypothesis or to predict (transforming, personally meaningful levels or such that prior knowledge links up with new information).

3.5.3 Methodological considerations

Biggs emphasises that SOLO offers a framework within which the characteristics of each level can vary widely. While the (level) defining feature depends entirely on the content of the task, there is a generality of structure across all subject areas and tasks within each for SOLO to be applied and which is demonstrated in Table 3.1 below [compiled for each level  from a range of selected studies presented in Biggs and Collis (1982) for different subject areas].
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Table 3.1
Table 3.1 Representative characteristics for each SOLO level learning outcome

Biggs offers sample criteria for distinguishing distinct levels of understanding in a range of subject areas (history, maths, creative writing, reading, geography, foreign languages) and further even for a selection of different tasks within each. SOLO does not claim to provide or define the components of analysis, but rather requires of the subject expert to decide what is expected of the student and how to integrate the components and notes that ideally  “….after a particular task has been set, the teacher needs to know what she is to be looking for when the student responses come back for categorisation” (Biggs & Collis, 1982, p. 30).
Furthermore it may prove important for the coding analysis to bear in mind, however, that the leap between levels is not an equal one. Going from pre to uni involves a much bigger jump in terms of the cognitive processes used than moving from uni to multi. Quite distinctly there is an even bigger jump (no matter how many unrelated items listed) going from multi to rel. The different levels are cumulative, each adding something to the previous. The uni level is a prestructural response plus a link made between task and response; a relational response is a multistructural  one plus an overriding linking concept and so on.  

Biggs recommends to use SOLO not for the main purpose of deriving  summative quantitative statements about performance, but rather for formative evaluation purposes and reminds that the structural complexity of a response can only represent one of  the outcomes of learning. 
3.5.4 Rationale

While ‘ease of use’ is reported by each of the studies listed in the previous section the lack of transparency with regard to methodology in the findings overall merit further exploration into the applicability and/or modification of the SOLO taxonomy as a robust analytical tool for qualitative content analysis. What would then follow are more reliable investigations to increase the understanding of the affordances of web-based communication.

Further to the previous critical review of existing content analysis schemes  and building upon the successful application of SOLO in a pre-pilot  (Brown et al., 2006)  the SOLO taxonomy is seen to deliver  the following strengths as a framework for qualitative content analysis of asynchronous online communication for this investigation:

· It is known to the researcher.
· It was developed before online learning and extensive research literature existed on the model including its underpinning learning theory and successful applications in education to guide lesson plans, model how students learn, model how teachers teach,  and to construct any form of test item ( eg, Collis & Davey, 1986; Haertel, 1989; Hattie, Biggs & Purdie, 1996; Hattie, Clinton & Thomson et al., 1997)

· SOLO focuses on the level of student thinking and not on their subject related knowledge, ie should be equally well suited to any subject area or level of study. Bloom’s taxonomy, which has been found to be more widespread for the analysis of levels of thinking, is not grounded in any known theory of learning or teaching. 
· The taxonomy proposes (only) 5 clear levels of complexity of thought that are reported to be easily mapped to written responses. In what would be a further simplification for the practitioner it seems feasible (see also Ch. 7) to collapse the UNI and MULTI levels to one “surface understanding” level and the relational and extended abstract levels to a second “deep understanding” level for a practical “blitz” content analysis at different stages of an ongoing course.
· Exhaustive examples and coding instructions are available for major subject areas (Biggs & Collis, 1982).
· It lends itself well to retrospective investigation.
· Biggs’ underpinning learning theory is well-established and informed the curriculum design model adopted in the case study (see Mainka et al., 2005).
Finally, the SOLO taxonomy is regarded appropriate for framing the type of educational experiences represented in the transcripts of the case study as these are seen to arise from a common understanding of educational beliefs and desirable learning outcomes in a constructively aligned instructional design.

3.6 Reliability and validity

It is stipulated here that the definitive test of the success of a coding scheme is its repeated, reliable application in practice by others.

According to Strijbos et al. (2006) reliability in content analysis applies to coding and to determining the units of analysis. Reliability of the coding scheme is an important criteria within the context of this qualitative research project that set out to evaluate the applicability of a framework as a suitable instrument  with the ultimate goal of achieving replicability: the practical ability of educators to use the here developed coding technique reliably in their web-based educational settings.  

Potter and Levine-Donnerstein (1999) state, “If content analysts cannot demonstrate strong reliability for their findings, then people who want to apply these findings should be wary of developing implementations.” (p. 263). Indeed, the omission of interrater reliability calculations posed the main flaw in a majority of content analysis studies reviewed within the context of this investigation.

The qualitative orientation of the study is seen to be consistent with the criteria objectivity, reliability, replicability and systematic consistency as discussed more fully in Ch. 6.  One way to discuss reliability is by the term interrater reliability (IRR) which in its simplest form is the percent agreement between two raters. IRR is often criticised as too generous a value, however,  as it does not account for chance agreement by coders. This shortfall is addressed in the present study by computing Cohen’s Kappa (Cohen, 1960) which provides an adjustment to the IRR values for the probability of chance agreement. Once IRR within the coding team has been established the final and ultimate test resides with its replicability. Replicability is seen to represent the extent to which one researcher’s coding scheme is applied successfully by another. As far as is known to the researcher very few attempts have been made to replicate coding schemes aside from Henri’s (eg, Hara et al., 2000).

Objectivity in content analysis refers to the extent to which categorization of sections of transcript is subject to influence by coders. While it is undisputed that subjective judgment may  play a role in the independent assignment of messages to SOLO levels (ie categories), the high IRR values suggest otherwise and are seen to reflect the effectiveness of the training sessions and revised coding guidelines developed by the researcher for the coding exercise. 

How reliable is still acceptable? Garrison and Anderson (2005) suggest that in light of the largely exploratory nature and immaturity of the research area of content analysis to date, where  reliability  is reported these figures should remain subject to the judgment and interpretation of the researcher. Here the mere act of measuring reliability is seen to contribute positively to the body of knowledge around using conferencing techniques in educational settings.

For the results of a content analysis to be valid “…the inferences drawn from the available texts withstand the test of independently available evidence, of new observations, of competing theories or interpretations, or of being able to inform successful actions.” (Krippendorf,  2004, p. 313). Krippendorf describes what is commonly referred to in qualitative research as triangulation and which lends credibility to research findings by incorporating into the original study different sources of data, methods, theories, or researchers.  A test for validation in the form of triangulation would go beyond the scope of the present study, but some measures have been put in place to test for the systematic consistency of the coding scheme in Ch 5. In addition Gunawardena’s model for the analysis of collaborative construction of knowledge (1997) is applied to a small section of the online discussion transcripts under study to test for the social constructivist elements inferred by the results of the content analysis using SOLO.

Consistent with the qualitative epistemeology of the research project statistical analysis is limited to a small set of descriptive statistics reported in the excel data sheets appended in Appendix C. The large sample of messages drawn from a randomised selection of students in the main study (411 messages out of the total 897) are felt to ensure a reasonable level of confidence in the analysis results.

3.7 Developing a content analysis procedure


3.7.1 Overview

In general the process of content analysis is characterised by three main steps initiated by the selection of the object (variable) of investigation, followed by defining the unit of analysis, and finally coding, where coding is understood as “the process of demarcating and labelling a variable” (Anderson & Kanuka, p. 174). This research proposes the SOLO taxonomy as the coding instrument as outlined in section 3.5.1.
3.7.2 The object of investigation

Prior to any type of content analysis the object of investigation must be identified of which the two variable of interest are manifest or latent content.  Manifest variables are those features of the content that help build a descriptive account of the online activity. For example, identifying and counting the number of times a student misunderstands another contributes to the description of the nature of the interaction. Quantitative content analysis is usually associated with the research on manifest variables which increasingly can be identified and tabulated automatically using identification algorithms. 

The investigation of latent variables takes content analysis to a higher and for educators more meaningful level, one which reveals concepts such as evidence of deepness of understanding or critical thinking skills. Latent variables are inferred from manifest content and as such are inherently associated with a degree of inconsistency and subjective interpretation. The latent variables have been divided into two different types by Potter and Levine-Donnerstein (1999), the  “pattern variables” and  the “projective variables”. The former is easily recognised by the recurring manner in which a post is written, eg how a student is addressed by the tutor, for example. The latent projective variable is one which results from the judgement of an application of an abstract concept to the content. An abstract concept might be “encouraging collaboration between peers”. 

Qualitative content analysis will usually focus on the investigation of latent variables in any one of three ascending levels of structured approaches ranging from unstructured reading and rereading text in order to develop a narrative; using a slightly more structured form known as grounded theory-based content analysis (Strauss & Corbin, 1990) in order to extract categories of a phenomena under investigation;  to finally the systematic and structured coding of variables based on an existing theoretical framework of preconceived and formatted categories (sometimes referred to as hypothetic-deductive). 

The structured analysis of latent projective variables is complex, but unparalleled in its potential to elicit meaning that underlies content rather than merely featured as an element of it. 

3.7.3 The unit of analysis 
The act of coding begins with the definition of the unit chosen for analysis. The most frequently reported units are a message, ‘unit of meaning’ or the sentence. Common units also include paragraph, illocution, ‘proposition unit’ (Muukkonen, Lakkala & Hakkarainen, 2001) and ‘speech act’ (Fischer, Bruhn & Graesel, 2002) or frequently left  unreported in the literature as  9 out of 31 CSCL conference proceedings (2001, 2002, 2003) reviewed by Stribjos et al. (2006) demonstrate.

In order to avoid cases of ‘unit boundary overlap’ the unit of analysis chosen for the research study is whole message (ie one online discussion post). It had been briefly discussed to define a ‘unit of meaning’ against which any one of the 5  levels might more clearly be mapped, but the segmentation of messages proved too ambiguous if carried out independently by coders untrained in the segmentation process. Not least the wide range of definitions reported in the literature for ‘units of meaning’ , seemingly random procedures followed for segmentation into units, and the time consumed by discussions around the ‘meaningfulness’ of a statement prompted the decision for an analysis unit with clearly defined boundaries easily and reliably identified by independent coders. 

The next section details the coding technique and its iterative refinement including subsequent improvements made to the guidance for the coders. 

3.7.4 Developing a coding technique

Against the backdrop of the preceding sections the method used in this research project can be seen to be an interpretive approach of qualitative orientation where both qualitative and quantitative techniques feature, which are argued to be mutually consistent despite the seemingly irreconcilable paradigms each is grounded in. The retrospective qualitative content analysis is described here as a structured  investigation of latent projective variables (ie, the five ascending levels of understanding)  where  inter-rater reliability (where two or more coders agree) is reported for systematic consistency in the uncommon application of the analysis tool (SOLO) to the web-based communication of the case study.

The original coding procedure was developed in the pre-pilot stage (Brown et al., 2006) the results of which are summarised in the next section. These informed the next modification for the pilot phase of this research study which were refined again for final application in the main investigation. The researcher and two additional coders collaborated in a series of discussions and practice coding sets during the pre-pilot during which the variables of interest were agreed, the unit of analysis defined, and the coding instrument itself selected. An overview of the three developmental stages, pre-pilot, pilot and main study, is offered in Table 4.1 in the next chapter.

The SOLO taxonomy offers a set of five categories into which whole messages were coded. The systematic procedure for assigning data (whole messages) to categories involved the identification by coders of the manifest indicators or concrete examples of how the structural complexity of each level manifests itself in the asynchronous online message. For example, ‘one piece of information linked to the task’ as identified in the online message is a manifest indicator of the unistructural level of structural complexity. There has been concern expressed by Dahlgren and Pramling (1982), for example,
at the universality of Biggs and Collis’ structural similarities focus which was seen to neglect the content-specific characteristics of  students’ responses.
The research procedure for the main investigation also meant developing practical examples for each category as an additional aid for coders which contributed iteratively to the final coding protocol in the pre-pilot and pilot stages. Together, SOLO indicators and descriptive examples provided sufficient information to establish  a reliable coding procedure for the main investigation (see Appendix A)

3.7.5 The pre-pilot coding protocol

The SOLO taxonomy  as a content analysis scheme has been previously modified and applied by the researcher in an upper level undergraduate behavioural science course (here referred to as the pre-pilot) to a complexity of posts (n>100/week) within typically  highly branched discussion threads (Brown et al., 2006; Appendix E). The course  is similar in instructional design (and student activity) to the physical science courses of the case studies (Mainka & Smyth, 2005; Mainka et al., 2005; Appendix F) from which the data for this investigation is drawn.

The three coders collaborated initially in a series of discussions and practice coding sets agreeing verbally on a coding procedure that each then followed independently. The analysis itself involved the three researchers  selecting a random sample of 3 individual students, sampling their online contributions n=193) from 5 out of 12 weeks and carefully analysing the structural organisation of the content for categorisation into the original SOLO levels:  ‘no meaningful response’ (ie, prestructural ) through to abstract thinking and hypothesis forming (ie, extended abstract). 

3.7.6  Pre-pilot results

By proceeding to independently code the student contributions of the other, inter-rater reliability and as such a measure for replicability of the analysis tool was established (93%).  Not all responses could be accounted for by the five original SOLO levels and this resulted in the introduction of new interactive categories to reflect confirmatory (where a confirmation of a fact or opinion was either sought or offered) or discursive student responses.

The observation that the tool could not be applied without separately accounting for the conversational messages common to online discussion or debate is confirmed by Schrire (2004) as well. This is unsurprising given that the SOLO taxonomy was conceived for the evaluation of individual cognition. In the past the omission in the framework of socio-interactive indicators has been discussed as a shortcoming for any study of cognitive development (McLoughlin & Panko, 2002).

Nonetheless, the high inter rater reliability and ease of use of the scheme as reported by all three coders encouraged the further investigation into the suitability of the SOLO taxonomy in the educational setting of the pilot and main investigation of this study reported next in Chapters 4 and 5.

Chapter 4 Results: Pilot and coding protocol
Chapter 4 Results: Pilot and coding protocol
4.1 Overview

This section sets out the procedures followed in developing a qualitative content analysis scheme based on the SOLO taxonomy previously modified in a small scale investigation (the pre-pilot described in section 3.8) for application to online asynchronous discussion transcripts.

In order to aid understanding of the research initiatives that have informed this study and of the successive small and larger scale initiatives taken forward here, Table 4.1 offers an overview of the nature and purpose of each of the three studies, the coders involved, method and number of SOLO levels applied.
	Research event
	Pre-pilot
	Pilot
	Main

	Thesis section
	3.5
	4.3
	Results: Ch 4.4 & Ch 5

Discussion: Ch 6

	Main purpose


	· assess general applicability of SOLO framework for qualitative CA of asynchronous online discussion


	· validate and improve pre-pilot method 
· train coders
· refine coding guidelines
	· develop practical and reliable qualitative CA scheme including guidelines and recommendations for wider research community
· assess and evaluate level of understanding reached in discussion

	Origin of discussion  transcripts 


	1 upper level undergraduate environmental science course 
	1 lower level undergraduate physical science Course C
	3 lower level undergraduate physical science Courses A, B & C

	Sample size
	193 posts
	92 posts
	897 posts

	Coders*


	C, N, K
	C, S, K
	C, S, N, K

	Method


	SOLO framework in qualitative online CA
	extended SOLO
	extended and modified SOLO

	SOLO levels mapped


	original 5 (see section 3.5.2)
	original 5

+ 2 interactive levels (section 4.3.2): Con & C@X
	original 5

+2 redefined  interactive levels

+1 social level (see section 4.3.3): Soc

	Outputs to date
	published conference

paper 2006
	MPhil thesis
	MPhil thesis


Table 4.1 Overview of research activities that inform or comprise this study

*Letters stand for first initial first name of each coder

4.2 The research setting 
The research project is set in undergraduate distance education in the subject area physical science. The course under investigation offered an introduction to chemistry, physics, geology and astronomy. It is the required science component for all general studies undergraduate students at an American higher education institution delivered face to face and online via the institution’s customised VLE. The course was designed and taught alone by the researcher of this study.
For the purposes of this study a selection of 3 fully online sections are considered which were developed and facilitated by the researcher intermittently over a period of 4 years from 2001-2004. One course (NSCI100_9340) contributed to the pre-pilot and main study, whereas the other two (NSCI100_9941 and GNSCI100) contributed to the main study only. There were 14 students (5 female/9 male) enrolled on the NSCI100_9340 course, 15 (9 female/6 male) on NSCI100_9941 and 23 (8 female/15 male) on GNSCI100. 

The courses under study are referred to here as Course A, B and C as follows: 

GNSCI100 
  (
Course A

NSCI100_9941 (
Course B 

NSCI100_9340 (
Course C

Each course was delivered in 12 units and required readings out of 1 core  textbook in addition to the consultation of a smaller range of interactive web resources for the practical tasks. Opportunity for self-monitoring of learning was provided by chapter self-test quizzes available through the core text book’s online learning support site. Subject related content beyond short weekly unit introductions did not feature online. Informal online social spaces and “fun” science news and events areas featured alongside the formal course activities.

4.2.1 Constructively aligned course design

By design students were immersed in a constructively aligned, enquiry-based, collaborative online environment engaged in a wide range of online and offline activities throughout the term. The assessed activities on Course A included two practical lab Home Assignments (weighted 20%), weekly online participation in the 10 asynchronous Thought Conferences (weighted 40%), a group work activity (weighted 10%) and final online cumulative examination (weighted 30%). 

For Courses B and C (delivered after Course A) the group work activity was dropped, and a proctored face to face midterm examination (weighted 20%) introduced. Furthermore, three individual Home Assignments were added (weighted 35 % in total). Thought conference participation accounted only for  20% and the online final only for 25% of the final grade. Table 4.2 offers an overview of the grading criteria and coursework for each. The course redesign will become relevant in the discussion of the results in Ch. 6.

	
	Course A
	Course B
	Course C

	Home assignments
	20% (n=2)
	35% (n=5)
	35% (n=5)

	Thought conference
	40%
	20%
	20%

	Group work
	10%
	NA
	NA

	Midterm exam
	NA
	20%
	20%

	Final exam
	30%
	25%
	25%


Table 4.2 Overview coursework and grading criteria for case studies

The principles of Biggs’ constructive alignment (Biggs, 1996) underpinned the design of each of the courses under study. The individual home assignments and independent readings were selected and timed to offer students the opportunity to accrue a baseline of fundamental knowledge (scientific conventions, terminology, principles, definitions and relationships) which were then tried and applied collaboratively in the assessed weekly Thought Conferences. Prompt feedback to the home assignments and the opportunity to consolidate knowledge in automated online self-tests ensured a level of preparedness for the Thought Conference activities. These consisted of a mix of authentic problems, case studies and debates prompted by a set of so-called Thought Questions. There are any number of instructional strategies described for the design of online discussions (eg, Tenenbaum, Naidu & Jegede et al., 2001; Bonk & Dennen, 2007).  The types of questions used in the courses under study can each be seen to fall into one of the three pedagogical activity subdivisions defined by Bonk and Dennen (2007) which are: creative thinking activity, critical thinking activity and structured controversy, respectively. The mid-term (for Courses B and C) and final exam questions reflected the types of activities students had engaged with in the Thought Conferences throughout the term. Naturally learning activities and assessment were designed to align directly with learning outcomes. 
4.2.2 The Thought conference
The core of the teaching and learning activity, took place collaboratively in the weekly asynchronous Thought Conference. The main study’s online transcripts were obtained from early, mid and late samples of 5 out of the 12 assessed discussions per course, the structure of the student messages therein object of this qualitative investigation. The first week’s discussion focussed on orientation tasks including informal engagement with the online discussion board. Previous online study experience was mixed.

The discussion tasks (ie, the Thought Questions) were designed to engage students in the authentic and practical application and shared reflection of principles and relationships previously introduced in the assigned readings and home assignments as described above. Between 5 and 12  Thought Questions (see examples in Table 4.3) were posted by the tutor every week  of which a selection were assigned to individual student pairs (so-called poster/responders) and the rest were open to the class from the start. The tutor provided netiquette guidelines and assessment criteria that emphasised the quality of the response including peer engagement, reasoning, personal insight, research depth and logic of argumentation. Students were expected to participate in 10 out of the 12 Thought Conferences contributing 2-3 time/week for which formative discussion feedback was awarded on a weekly basis. Participation rate averaged at over 80% for each course. No additional media (chat, images, audio, video) featured within any part of the courses.

In line with the pedagogic design of the course the tutor took on a guiding role accounting for an average of 14% (for Course A) to 30% (Courses B and C)  of the total messages (ca 80/week) posted. This span of tutor intervention will prove to be elemental in the discussion of the results in Ch.5.
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Table 4.3 Sample Thought Questions
4.3 The Pilot
4.3.1 Data collection

Four coders (for the purpose of this study the coders will be referred to as C, S, N and K) participated in the main study, three of whom (C, S, K) contributed to the pilot study as well. One coder (C) was the researcher, subject expert and tutor of the courses in question, another (S) had a fundamental understanding and knowledge of physical science while the third and fourth coders (K and N) had no or only a limited understanding of the subject matter in question. The breadth of subject understanding as reflected in the different areas of expertise of the coders is felt to be fortunate for the evaluation of the applicability and ease of use of the taxonomy across all subject areas. Three coders (C, N, K) had participated in the pre-pilot described in section 3.8.
The coding procedure followed by the coders for the pilot is described here and begins with the iterative refinements made to coding guidelines informed by the pre-pilot.

4.3.2 Coding guidelines

The pilot study fulfilled three main purposes, namely to induct the coders to the coding protocol, to validate and improve the coding method and to apply and refine a set of practical coding guidelines for the coders involved in the main study.

Initially informed by discussions following  the pre-pilot a simple coding scheme based on the pre-pilot research results was drafted independently by the researcher. Prior to the pilot study this was applied by the researcher  as primary coder to code a small sample of authentic student messages each mirroring a different SOLO level before discussing results with the two external coders (S and K) in a two hour induction coding session. In the collaborative mapping exercise that followed the coding scheme was slightly refined, and an additional category introduced that accounted for engagement with not necessarily the original task (ie Thought Questions) but with responses from peers or the tutor as well. These were labelled C@X (‘contributes to previous posting at the level X= PRE, UNI,. MULTI, REL or EA’). In order to confidently categorise contributions to the group dialogue it was verbally agreed to look beyond the unit of analysis (a message) by examining the wider conversational context in which they were made. Interactivity as the most striking characteristic of the Thought Conferences, is not accounted for in the original SOLO protocol developed for traditional hand written individual answers to exam questions.

A total of 92 posts were coded independently for Course C by the three coders C, S and K. With the confidence level of IRR calculations in mind 3 different students were chosen at random except for the constraint that  they be selected from the group of students (n=6) who participated in each of the five sample discussions (weeks 2, 4, 6, 8 and 12) in order to ensure a maximum number of potential coding events. All students were required to participate in only 10 of the 12 Thought Conferences and would, therefore, not necessarily feature in each one reducing the number of total posts. The discussion threads were anonymised by the researcher before distribution of hard-copy transcripts to each coder.

Coders applied codes at the whole message level (ie the unit of analysis). In an improvement over the pre-pilot for ease of coding and to facilitate inter-rater discussions each message was highlighted in colour and labelled according to student and number of response by the researcher. Each coder recorded the code by hand on the anonymised hard-copy transcripts and in a few instances included comments in explanation of problems encountered. Examples of a series coded messages are reported in Table 4.4 below.
Thought Question:
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You tell your friend that the acceleration of a sky diver decreases as falling progresses. Your friend asks if this means the skydiver is slowing down. What is your response? 

This question prompted the following responses and subsequent final codes during the coding exercise. More examples are available in Appendix A.

Lower level understanding:
“My response would have been, yes, at first reading Newton’s second law, but then after giving it some thought, I’d have to say that the skydiver’s decent would increase until her or she attempted to control the air flow. As seen in skydiving performances a skydiver can control the rate he falls by positioning himelf in certain ways, of course ultimately, a parachute would definitely slow his decent.”

( Unistructural

 “I would say that, yes, the skydiver is slowing down. He has reached his terminal speed (velocity). The force of gravity is constant, but the air drag (how much air you push out of the way as you fall) increases with increasing speed, therefore, at some point, the air drag slows the acceleration. (I have just learned that is Newton’s second Law”

( Multistructural

“Everyone has really good answers. I looked at the problem a little simpler or broader. We assume the parachute is open. The problem didn’t state if the parachute is open, everyone is assuming that it is. So, does the acceleration decrease from the time he/she jumps out of the plane, during deployment of the chute and then to completion of a safe landing? The chute alone would slow him down. So my answer is yes.”

( Contributes at Multistructural (C@M)
Higher level understanding: 
“Does the skydiver slow down? Good question. By definition, slowing down would be losing speed from terminal velocity. No, the skydiver is not slowing down. He is not accelerating as fast initially. I drive fast and slow cars and an extremely fast motorcycle.  I can tell you that acceleration is phenomenal in the first 3 gears, but 4,5, and 6 are not nearly as impressive. While I can reach 0-60 in 2.2 seconds on my MC, I cannot reach 120 mph in under 4.4, since I can still reach 120, I am not “slowing down”. I am still accelerating, just not as fast. More force will need to be added to continue to increase acceleration. The weight of a body, air resistance, gravity, all exert force on acceleration and terminal velocity. By reaching terminal velocity (speed) you do not lose speed, you maintain it (cruise control). It is not like speeding up and slowing down intentionally (an outside force needs to be introduced to accelerate/decelerate”) The only two other factors will be the parachute and the Earth (hopefully the parachute first!). 

( Extended abstract
Seeking clarification
“Not to add a spark to the already lit fire, but what if  the person doesn’t eventually hit terminal velocity because they are free falling extremely fast and then right before the terminal velocity approaches, the parachuter pulls the chute and then obviously slows down?”
Table 4.4 Sample coded messages
4.3.3 Results pilot study
After completion of the coding pilot study results were compiled and tabulated in an excel spreadsheet which can be viewed in Appendix B.  The summary of the coding results is reported in the Table 4.3 below and for which an encouraging interrater reliability rate of 72% in the first instance or 60% corrected for chance agreement according to Cohen’s kappa and as described in section 4.4.2 is computed.

Interrater reliability IRR (and Cohen’s kappa)

The coders reported ease of applicability of the original SOLO levels, but some confusion around posts seeking guidance while at the same time reflecting a SOLO level PRE to EA. Distinguishing between levels of understanding demonstrated and mere confirmation or repetition of previous posts also posed problems. In light of the ca. 10 Thought Questions that featured per Thought Conference and the fact that students engaged with a range of elements created in responses to a number of questions and/or one another it wasn’t surprising that agreement for group dialogue (C@X) posts was poor. The frequency of  SOLO levels is reported in Table 4.5, but not further elaborated upon here as the purpose of the pilot was to establish a reasonable IRR, practice coding and refine further the coding guidelines.
	Final Code
	Pilot
	

	
	Total
	%

	Con
	9
	10%

	PRE
	-
	-

	UNI
	9
	10%

	C@UNI
	1
	1%

	MULTI
	24
	26%

	C@MULTI
	2
	2%

	REL
	13
	14%

	C@REL
	4
	4%

	EA
	-
	-

	C@EA
	-
	-

	Questions
	4
	4%

	No agreement
	27
	29%

	Total
	93
	100%


Table 4.5 Pilot study final code frequency (key for the codes available in Table 4.6)
After a post-pilot discussion, three additional modifications were carried out to the guidelines. First it was agreed that descriptive examples be added into the coding script to more clearly distinguish between a question and C@X posts, as well as to identify the level represented by posting formulae or carrying out a calculation (could be seeking guidance, but may also demonstrate a new application) as this proved particularly challenging and was the object of initial misunderstandings between coders.

Furthermore, answers to fact-seeking tasks for the purpose of collecting data could not be accounted for using SOLO, as the nature of the question limited the outcome to the repetition of figures by the student.  This prompted the coders to expand the taxonomy to incorporate these into the confirmatory level Con (originally created for the confirmation of a fact or opinion by the students). Finally, it was agreed to add a 8th category, Soc, to account for informal social banter. The final guidelines used for the main study are available in Appendix A.

Based on the outcome of the pre-pilot and pilot and in an extension to the SOLO taxonomy written student messages in the main study are categorised against the following eight levels of understanding:

	Original five levels

	· Prestructural (PRE): Question not answered

	· Unistructural (UNI): One relevant piece of information links question to answer (focuses on one conceptual issue in a complex case)

	· Multistructural (MULTI): Several pieces of information link question to answer (lists a disorganised collection of seemingly unrelated items)

	· Relational (REL): Integration of parts with each other (understanding how to apply the concept to a familiar data set or problem)

	· Extended abstract (EA): Generalisation of structure (relating to or questioning existing principles, so that unseen problems can be handled)

	

	Plus the extended three levels:

	

	· Confirmatory (Con): Post fact or an agreement with another/or questioning, seeking clarification

	· Contributes at X (C@X): Answer not directly to the questions, but to a peer or tutor at levels X=1 – 5

	· Social (Soc): Informal social banter


Table 4.6 Modified SOLO framework used in main study

4.4 Results main study

4.4.1 Overview

In order to keep the analysis manageable coding activities were restricted to just under half of the total messages posted in 5 out of 12 weeks of the assessed Thought Conferences. Based on three random samples from Courses A, B and C of 8 (out of 23 students), 6 (out of 15) and 6 (out of 14), respectively, whole messages for the five weeks for each course were identified as the units of analysis on the printed discussion transcripts and colour highlighted separately for each coder. All online discussion transcripts were anonymised.

The three cases of the main study contribute collectively to the primary focus of the present investigation of the applicability of SOLO in its modified form. The modified classification scheme adopted is depicted in Table 4.6 in the previous section. Table 4.7 below sets out an overview of key course parameters for each course sampled.
	Case Study
	Course A
	Course B
	Course C

	Year of delivery
	2001
	2003
	2004

	Total no. students enrolled
	23
	15
	14

	No. students coded
	8
	6
	6

	Weeks coded
	2, 4, 7, 8, 10
	2, 3, 6, 8, 10
	2, 4, 6, 8, 12

	Total students posts
	353
	250
	294

	No. postings sampled
	153
	143
	122

	No. coded postings
	152
	141
	118

	Posting sample size
	43%
	56%
	40%


Table 4.7 Overview Courses A, B and C

Coding was carried out by 4 researchers (coders C, S, N and K) two of whom (C and K) each coded 411 messages while the remaining two researchers shared the coding, taking on about half of the sample each. It should be noted that coders S, N and K can be seen to have taken on a slightly different role than coder C (author and researcher) who developed the coding protocol. Coders S, N and K set out ultimately to validate the coding protocol presented by coder C despite all 4 coders performing the same tasks.  Due to time constraints two post-coding team discussions (1.5 h) were only held for one of the data sets (Course A) during which time the final coding disagreements were nearly all resolved. The discussion sessions were both recorded and revisited for the final analysis. 

The original sample contained 418 postings of which 7 were not coded for any one of the following reasons: duplicate post, response to a series of questions in one post or posting in wrong discussion thread.
	
	
	Coders
	
	
	

	
	
	C
	S
	N
	K

	Course A
	(152)
	152
	61
	91
	152

	Course B
	(141)
	141
	59
	82
	141

	Course C
	(118)
	118
	59
	59
	118

	Total
	(411)
	411
	179
	232
	411


Table 4.8 Overview units coded by coders C, S, N and K for each course. The value in parentheses is the sample size per course.
To apply the coding protocol each coder read each highlighted posting in the original sequence. Each posting (ie unit of analysis) was mapped independently by the coders against one of the SOLO levels in the previously modified form of Biggs’ taxonomy that includes 3 additional interactive levels to the original 5. 

The output of the coding exercise is presented under two main headings aligned to the two areas that form the basis for the present study. First the results from applying the coding scheme are presented in section 4.4.2 under the heading ‘Coding protocol’. This section holds information gathered from the coding team about the coding process including interrater reliability measures and results from two post coding team discussions for Course A.

Secondly and in a new chapter, Chapter 5, under the heading ‘Learning in the Thought Conference’, coding data frequency is reported in an initial interpretation of the results for the level of understanding reached in the sampled messages. Tentative inferences are drawn for the role that a number of intrinsic and extrinsic factors may have played in the level of cognitive ability achieved for each course and for selected individual students.

The complete set of coding results will undergo joint interpretation and discussion in Chapter 6 of this thesis. 

4.4.2 Coding protocol

Once the coders had completed coding their marked up discussion transcripts were compiled and carefully reviewed by the researcher and each code manually transferred into Excel for ease of analysis (Appendix C). The codes applied have been described previously (Table 4.4), and while C@X levels are separate from X levels on the transcripts, for all further analysis purposes C@X and X levels are treated as one code X unless stated otherwise. It was discussed during the first team meeting that the level of understanding (where X=PRE, UNI, MULTI, REL, EA) reflected in both could be treated equally, while information about the level of interactivity (C@) is considered separately later in this section).
In the following sections, ‘pre’ refers to data recorded for Course A before discussion was held to resolve the coding disagreements. ‘Post’ refers to data for Course A after the two team discussions were held and new final codes agreed. Team discussions were not held for Courses B and C.

The process and output of the coding activity is reported and evaluated with the following criteria in mind:

· Ease of use

· Code interpretation and implementation

· Data analysis and interrater reliability

· Results interpretation.
The criteria are informed by a comparative study carried out by Marra et al. (2004) in a comprehensive evaluation of two content analysis tools applied to the same online discussion content. These are regarded as directly relevant to the primary aim of the present study which is to assess the applicability of SOLO by practitioners. The outcome has implications for the training needs of coders, the desirable clarity and mutual exclusivity of the level descriptors, the validity of any conclusions drawn from the results and, ultimately, for the transferability of the framework to any subject area.

The criteria ‘Results interpretation’ is presented in Ch. 5 Learning in the Thought Conference. A table that summarises the complete results of the initial evaluation of the coding protocol laid out by the full set of criteria listed above, therefore, introduces the discussion which follows in Chapter 6.

Ease of use 

The coders each remarked the relative ease with which they identified the structure of a response as laid out by the modified SOLO framework. The application of SOLO to contributions made by students to the wider discussion, however, proved  less straightforward than responses made directly to a Thought Question which is elaborated upon further in section 4.4.3.  The primary coder as researcher and teacher of the students from which the data stems faced a situation unlike the other coders, however, which is considered relevant to practitioners considering a similar exercise. Coder C expressed considerable difficulty initially to  ‘bracket’ each of the messages in order to focus solely on structural complexity in disregard of the nature of the overriding conversation or her familiarity with each of the students. 

In general coders emphasised the usefulness of the coding briefing sessions, written guidelines and illustrative, authentic and subject-specific coding examples therein. To code the 3 sets of messages (n=411 coding units in total) coders each reported spending between 3-5 min/message independently reading and handcoding the printed transcripts of the weekly discussion threads. Coders remarked requiring less time/message as the coding progressed.

Confidence levels for coding results reported for K and C  can be expected to be higher compared to N and S who coded only a subset of total posts (ie smaller sample size).

Coding interpretation and implementation

In order to ensure as far as possible for coders to implement the SOLO framework consistently in its final modified form considerable effort was expended by the researcher to produce and refine coding guidelines that aligned authentic student messages to all eight levels in sample coding events for the coders to draw upon (Appendix A). In an effort to maximise mutual exclusivity and exhaustiveness between codes a number of descriptive examples was provided for each. Code interpretation was facilitated further by referring back to the generic code list (presented for the original SOLO taxonomy, see section 3.5.2 during the coding events and during the post coding team discussions. The small number of codes was easy to remember, but coders found it helpful to be reminded of the distinguishing traits of the upper-level codes Rel and EA, especially. 

Data analysis and interrater reliability (IRR)

Clearly, valid inferences from the text can only be drawn if different coders  follow the classification process consistently and reliably. The simplest way to report reliability of the coding findings is then to measure % agreement between different coders (interrater reliability) as discussed previously for IRR. This involves simply adding up the number of messages that were coded the same way by any two coders and dividing by the total number of messages. 

Interrater reliability is often considered a too generous measure, however, of reliability (Cohen, 1960), therefore this study also uses the Cohens kappa (k) statistic  in order to take account of chance agreement between any two coders. Cohen’s kappa, which approaches 1 as coding is 100% reliable and goes to 0 when there is no agreement other than what would be expected by chance. 

The value kappa may be interpreted as the proportion of agreement between two coders after accounting for chance and is calculated:  

kappa k=(Pa-Pc)/(1-Pc) 

where Pa=proportion of coding units any  2 out of 3 raters agree and

Pc=proportion of coding units any two of the 3 coders agree by chance 

[Chance agreement computed as follows: 1/7 +1/7+1/7 = 3/7=0.43 for 3 coders and the 7 SOLO categories (X=PRE, UNI, MULTI, REL, EA,Con,Soc only as C@X codes are treated as X)]

The following benchmark for kappa is suggested by Landis and Koch (1977):
	Kappa statistic
	Strength of agreement

	<0.00
	Poor

	0.00-0.20
	Slight

	0.21-0.40
	Fair

	0.41-0.60
	Moderate

	0.61-0.80
	Substantial

	0.81-1.0
	Almost perfect


Table 4.9 Cohen kappa values benchmark
The three prerequisites for using this measure (independent units of analysis; independent categories; independently operating coders) are seen to be fulfilled for all pre-discussion data. It could be argued that the post-discussion consensus was not reached independently by coders, however, making the adjustment unreliable, but as these figures are improvements to already strong pre-discussion agreements (82% agreement rate in the first instance) the error in kappa reported for the post discussion data is felt negligible.  

The coding results and simple statistical analysis for the 411 messages (out of a total of 897 student posts in the sampled weeks) for each coder have been tabulated in Excel spreadsheets per course categorized by the sampled weeks (see Appendix C). The resulting IRR figures for each of the coding events are compiled in Table 4.10 for all messages and then separately for the sum of messages coded with each coder S and coder N. The kappa statistics indicate substantial to almost perfect strength of coding agreement for two or more coders achieved in the first instance prior to discussion (marked ‘pre’) for all three case studies and an improved agreement reached for Course A after the two team discussion sessions (marked ‘post’).  

As set out earlier, it was agreed during the first team discussion to preserve the C@X level for analysis purposes, but to bring the C@X codes into the X categories for IRR and kappa calculation purposes. The IRR figures overall offer a result that sits very well within recommendations from the literature (Total pilot figures have been included for comparison).
	
	IRR total 
(Cohen’s k)
	IRR for CSK*
	IRR for CNK**

	[Pilot
	0.72 (0.60)
	NA
	NA]

	Course A pre
	0.82 (0.69)
	0.80 (0.65)
	0.84 (0.72)

	Course A post
	0.89 (0.82)
	0.90 (0.83)
	0.89 (0.81)

	Course B pre
	0.80 (0.66)
	0.80 (0.66)
	0.81 (0.66)

	Course C pre
	0.90 (0.83)
	0.86 (0.75)
	0.95 (0.91)


Table 4.10 IRR and Cohen’s kappa values (in brackets) for all coding events

*IRR for the smaller set of posts coded by C, S and K
**IRR for the smaller set of posts coded by C, N and K
The IRR and Cohen’s kappa values in the first instance (labelled ‘pre’ for Course A) for all three Courses A, B and C (0.82, 0.80, 0.89 and kappa=0.69, 0.66, 0.83, respectively) compare well to figures reported in the literature, although strictly speaking a consensus about an exact figure has not yet been reached. As discussed previously the recommendation by the research community (eg Garrison & Anderson, 2005) is merely to conduct an IRR check (which is not the case for the majority of content analysis literature to date) and to report the figures-often still not the standard for studies of this kind. 

The reliability values achieved in the pilot study (0.72, kappa=0.60) are lower than the result reported for the main study, which is consistent with the improvements made after the pilot to the coding guidelines, the adjustments made to the SOLO categories and the additional training sessions by the time of the present study. The IRR figure does not compare particularly well to the value achieved for the pre pilot  which is reported at 0.93 (kappa=0.86) prior to post coding team discussions (Brown et al., 2006). It is thought that the smaller number of categories (6) may have played a role but which alone cannot explain the difference. The nature and subject of the message content could also contribute to the consistent implementation of the codes. The messages in the pre pilot were devoid of equations, formulae or calculations considered less straightforward to code than essay-type responses, characteristic of the pre-pilot responses, but this would need to be investigated further.

In addition to the IRR figures the rate of coding consistency between individual coders as well as rate of individual agreement with the final code have been computed and are tabulated in Table 4.11 below.

	
	Overall agreement* with final codes (in %)

	
	C
	S
	N
	K

	Course A pre
	70
	61
	58
	60

	Course A post
	77
	69
	69
	71

	(post – pre)/pre**
	0.10
	0.13
	0.19
	0.18

	Course B pre
	80
	56
	62
	66

	Course C pre
	79
	64
	70
	66

	Average
agreement***
	76
	60
	63
	64


Table 4.11 Coding consistency as % agreement with final code

*   The detailed analysis for each category is tabled in Appendix A
**This value represents the relative improvement in agreement after the team discussion (post) for Course A
***This value excludes the data for Course A post as only pre data available for B & C 
The fairly even spread of strong consistency rates (>55%) for the non-subject expert and subject-expert coders alike is seen to reflect the clarity of the level descriptors and mutual exclusivity of the categories. 

The consistency for which coder C as subject expert agrees best with the final code, however,  stands out and may reflect an element of bias ascribed to coder C by virtue of her subject knowledge. The stronger increase in consistency for the post discussion values over the pre figures for the non-subject experts potentially highlights yet another source of interpretative bias-this time for the team consultation. Both sources of potential bias are explored further under the heading ‘Implementation issues’. 

For the purposes of the present study reliability calculations were extended to the individual coder pairs C-S, C-N, C-K, S-K and K-N reported in Table 4.12. Figures range from 32% for the non-subject expert pair N and K to 60% for the subject expert C and non-subject expert K, both of whom, however,  were involved in the pre-pilot research study (together with N).  Noteworthy is the more consistent coding results for Courses A, B and C after additional adjustments had been made to the coding guidelines used in the pilot. Otherwise significant differences are not seen to stand out other than the overall stronger level of agreement reached by coders C and K which may be a result of their collaborative research and teaching activities outside of this research study which is elaborated on further in Ch. 6.

Despite the minor concerns highlighted with regard to the influence coder C or the nature of the team discussion may have had on the objectivity of the coding protocol, these fairly consistent results for all coders initially offers a degree of confidence in the interpretation of the codes and systematic implementation of the coding scheme. The results so far are seen to confirm more strengths than weaknesses for the practical applicability of SOLO despite the broad range of differences in subject expertise of each coder and potential incidences of bias, in addition to the fact that coder N could not be available for the pilot training events.

	
	Agreement with final codes (in %) for coder pairs

	
	C-S
	C-K
	C-N
	S-K
	N-K

	[Pilot
	40
	41
	---
	39
	---]

	Course A post
	44
	54
	58
	52
	42

	Course A pre
	38
	45
	51
	44
	31

	Course B pre
	52
	60
	57
	39
	44

	Course C pre
	51
	52
	54
	49
	32

	Average agreement*
	45
	50
	45
	46
	37


Table 4.12 Coding consistency for coder-coder pairs as % agreement with final code (pilot results reported for comparison).
* This value excludes the data for Course A post as only pre data available for B & C
Implementation issues

An elemental part of the coding protocol involved the coder team meeting face to face in two 1.5 hour sessions to discuss the 18 remaining coding discrepancies for Course A after taking account for missed codes or non-applicable messages (eg message repetitions). The 18 disagreements account for just under 12% of total messages posted by the student sample (see Table 4.7). The team discussions sessions were recorded and revisited by the researcher.

During the  post coding team discussions during which interrater agreement was reached for 16 of the 18 posts the following concerns were highlighted: 

· Revisiting previously coded posts initially posed difficulties for some coders.

· Coders felt they addressed posts somewhat differently to original coding event due to improved skills and experience base

· Concerns raised about potential of peer persuasion and loss of objectivity  during coding discussions

· Concerns raised about potential assumption making about student thinking

· Non-subject experts struggled to distinguish between 

· summaries (deep understanding) and repetitions (surface) 

· new and relevant information/ideas vs  new and irrelevant information/ideas seemingly linked to task 

· relevant question for meaning making and irrelevant/unrelated question

· correct/incorrect formulae and equations and their application/results

· C@X messages easy to miss unless peer/tutor addressed directly in post

· Distinction between unistructural & multistructural or relational & extended abstract for practical purposes most likely not relevant

· Non-subject experts expressed lack of confidence in coding beyond Rel

· Disagreements that included posts at or higher than R could either not be resolved or required more time than average to resolve than lower level coding discrepancies (=,>20 min compared to ca. 8 min).

· No visible pattern with regard to a specific Thought Question that was the object of coder disagreement could be identified. 

The three main implementation issues captured from the points highlighted above and which will be discussed in more depth in the following section are:

1. Interactivity in online discussion

2. Non-subject expertise

3. Objectivity in the coding team discussions.

The focus for the rest of this section is on the messages for which coding agreement could not be reached in the first instance for Course A and on the nature of the discourse in the two post coding team discussions while agreement was sought. An analysis is carried out for the prevalence of codes in the posts for which agreement could not be reached which addresses the first two issues. Finally, the discourse recorded for part of the team meetings itself is studied for objectivity and the lessons learned reported.

1. Issue: Interactivity in online discussion

For only 22 out of the 152 coded messages originating in Course A could agreement not be reached independently by the coders. Out of the 22 disagreements, 4 were oversights (message missed by one or more coders), 12 could be resolved in 2 post coding team discussions while for 2 agreement could not be reached.  

Interestingly out of the 18 disagreements 11 included the contributory C@X levels which would seem consistent with findings of the pre-pilot and pilot studies for which coders discussed more problems while coding the contributions to the wider group dialogue and which will be the object of further discussion in Ch. 5. All instances for which C@X featured as part of a disagreement the final code was agreed at C@X level.

Courses B and C showed a slightly different picture. For Course B 17 out of the 141 messages and for Course C 7 out of the 118 coded messages agreement was not reached.  Four and three messages, respectively, were overlooked. Post coding  team discussions were not arranged due to time constraints. C@X categories featured in 2 of the remaining 13 messages for Course B and for 3 out of the 4 remaining messages for Course C.

	
	C@X overall
	C@X in 
non-agreed posts
	No. of posts/total non-agreed

	
	in %
	in %
	absolute numbers

	Course A pre
	19
	61
	11/18

	Course B pre
	7
	15
	2/13

	Course C pre
	15
	75
	3/4


Table 4.13 Comparison of proportion of C@X codes for all posts and for the non-agreed posts.

While the confidence levels of the % results for the non-agreed posts in Table 4.13 vary the data does consistently demonstrate a greater proportion of the collaborative  C@X category  for the posts for which consensus had not been reached in the first instance. 

Bearing in mind the reasonable IRR values reached before the discussion, these results nonetheless highlight a lack of guidance in the protocol used for the application of SOLO to transcripts that featured collaborative online discourse. It emerged during the discussion that it was often unclear to the coders how much context to consider during the coding process having previously been instructed to focus only on the unit of analysis (one message). 

2. Issue: Non-subject expertise

Noteworthy also is the observation that higher level categories feature in around half of the posts for which no consensus could be reached initially, irrespective of overall incidence levels (see Table 4.14). Out of 18 disagreements 11 contained the level REL or higher, accounting for over 50% of the messages discussed at the post-coding team discussions. 

This is seen as part of an argument that sets out to question the confidence level with which non-subject experts can identify and distinguish higher levels of understanding REL and EA and may also explain the difference in consistency levels reported for the subject expert C and the rest of the coding team in Table 4.9. This will be then considered further in Ch. 6

	
	=> REL overall
	=> REL in 
non-agreed posts
	No. of posts/total non-agreed

	
	in %
	in %
	absolute numbers

	Course A pre
	23
	56
	10/18

	Course B pre
	9
	54
	7/13

	Course C pre
	10
	50
	2/4


Table 4.14 Comparison of proportion of high level codes for all posts and for the non-agreed posts.

With the very good level of coding agreement established in previously in mind  the following four coding events are studied more closely as these posts were the cause of significant disagreement such that two could not be resolved during the team discussion. Common to each is that based on structural traits alone the non-subject expert(s) could not confidently code the student response.

Example 1

TQ: A terrorist constructs a gun made of a low-density composite alloy such that the gun now has a smaller mass than the bullet it fires. Would you want to fire such a weapon?

Student 1: The whole purpose of a gun is to destroy or penetrate, I personally would not want a weapon that would be slower than the average gun. It would do me no good. (Coding distribution C: P/ S: Soc /K: U)

In Example 1, what appeared to one of the coders (K) to be a piece of relevant information (in italics) linked to the task, only the subject expert (C) could recognise as irrelevant and false. After subject expert discussion it was agreed to categorise at P.

Similarly in Example 2 below a term (terminal velocity) is used that is of direct significance to the topic and question asked, which is not evident to the non-subject expert (K) who fails to see that there are two relevant pieces of information offered in response to the task. 

TQ: Someone standing on the edge of a cliff (as shown in Fig 1.12) throws a ball straight up at a certain speed and another ball straight down with the same initial speed. If air resistance is negligible, which ball has the greater speed when it hits the ground?

Student 4: “I think they will both have the same speed because with the distance they are travelling, both have time to reach their terminal velocity.”

Here, no consensus was reached after the subject expert ( C) had put forward M, the non-subject expert (K) suggested U and the coder (S) with some grounding in a science-related subject area coded R.

Example 3 followed a similar pattern. A consensus could not be reached (UNI, PRE and MULTI were put forward) despite the subject expert discussion during which coder and subject expert C clarified the irrelevance of the items in italics (thought by both of the other coders to be linked and relevant to the question). 

TQ: If you fill a large pot with water and allow it to stand for several hours, bubbles will form on the inside of the pot. Where do these bubbles come from and what is their composition?

Student 1: The answer to TQ 7 lies in the dipole-dipole interaction. When you have dipoles interact among themselves, you have a dipole-dipole interaction having negative and positive molecules, when water sits a while the bubbles will form.

In the last example a chemical equation is also part of the message which caused caused inconsistencies previously during the pilot phase as well.

Example 4

TQ: Like aluminium iron readily reacts in air to form an oxide layer. Would you drink your soda out of an iron can?

Student2: No, I would not drink soda out of an iron can. First, soda contains carbonate (CO2). If it is in the iron can, there will be a chemical reaction between Fe and CO2. 

3Fe + 2CO2 (Fe3O4 +2C

The Fe element force the carbon element out of carbon oxide compound forming Fe3O4. Is commonly known as rust. Would you drink rust in your stomach? Meanwhile if soda is in alumininum can, there is no chemical reaction because aluminium element is weaker than carbon element. And can’t force it out of the CO2 compound. Hope I got it right.

This example highlights similar themes as the previous responses related to incidences of subject expert input for clarification. The consensus reached by S and K was REL, after codes EA, REL and MULTI had been assigned, but subject expert (C) retained level MULTI. The italised terms were relevant and linked to the question but the statements made are incorrect or incoherent. 

In addition the chemical equation is another good example for the relevance of subject expert discussion. As for the maths problem in the guidelines in Appendix A, a non-subject expert would not know whether the correct formula or equation has been applied, the calculation/answer is correct, or whether the work shown is logical and relevant. It was agreed, however, that the accuracy of the answer was irrelevant compared to the steps of work shown.

While all Thought Questions were based on authentic situations in line with constructivist principles it was not uncommon for fact seeking prompts to feature as would be expected in a hard science subject like the physical sciences. Despite the adjustments made after the pilot study to the coding guidelines that featured mathematical or chemical equations, calculations, and formulae these remained problematic to code confidently by the non-subject experts. This isn’t surprising or is it thought to impact negatively on the usability of SOLO according to the present study as such a high IRR rate was reached prior to the team discussion.

3. Issue: Objectivity in the team discussion 

While the majority of the remaining coding disagreements (18) were resolved  by the coders in two team discussions this was a challenging process and consumed three hours of each coder’s time.

Based on the nature of the discourse that took place during the team discussions, admittedly, for this phase of the coding protocol the categorisation must be seen to have been influenced at least in part by the persuasiveness of any one coder over the other and which is explored for two of the coding discussions held.

The following first excerpt from the team discussion transcript is considered:

Example 1

Student 4: 

“My Dad is highly allergic to aspirin. As a matter of fact, just one baby aspirin can kill him. One summer he went strawberry picking and he ate way more than his share. He ended up in the hospital. The doctor said that strawberries have aspirin in them too. Go figure.”

Coders assigned codes as follows:

C: M

S:  C@R 

K: C@U 

Transcript of team discussion begins:

K: I might be wrong. More than U……..

C: First, do we all agree C@X?

C, K and S: Yes

S: Relational because he was picking up the fact that aspirin is in strawberries, and……

C: But, students prior to this post speak about related themes (beaver, strawberries, vinegar)…

C: This is not R 

K: U is wrong

C: C@M then??

K: Wait, let’s look at posts around this one first

S: Father’s allergy & strawberry picking related items. Really not R??

Coder C maintains that everything in this post is not really original-has been spoken about before…only mention of aspirin is new.

S: Ok, maybe only U, though, then.

K: Tricky!! He spends time writing about other allergies. Other substances being spoken about. But, how he comes to know about it is irrelevant. Dad’s allergy is unrelated to theme. Only strawberry is new. Allergy is not related to question.

C:Only connection between all items mentioned is salicylic acid……(is this not U?) Nobody else mentions strawberries…….so this is new. Only one new item…..U? Strawberries contain aspirin….only new info. 

C: NOT R!

K: Others are talking about aspirin related themes. In the context of other things being talked about, things that have aspirin in them, what is this person saying….?

This student says strawberries have aspirin in them because someone told me! 

S: That’s U

K: This person is offering one additional fact.

C: Yeah, I’d now say one new relevant piece of info

S: I chose R because student explains how a number of items relate to aspirin, but I didn’t look at the wider discussions held previously.

(Consensus: C@U  (after 10 min)

From the transcript it can be seen that coders largely remained objective and while considering the views of the other guarded against persuasion and bias. As the team discussion progressed this was not always the case as evident in the second example below, where coder K could be seen to have been persuaded to agree to level C@M.

Example 2

Student6: “ I’ll have to agree with Shannon on temperature changes causing the sea level to rise. Is it likely to happen in the future? Yes, because of issues related to global warming the ice in the polar continents would melt thus raising the sea level and ultimately filling up the ocean with more water and taking dry land from all the other continents.”

Coders assign codes as follows:

K: Con/C@R

C:C@M

N: C@U

Transcript of team discussion begins:

N: Link between global warming and rising sea levels made

N: R? He is relating the concepts, no? Linking?

C: This is a response to the previous post…..but there is an element of meaning making again….based on previous post……where the student just posts a quote. Still only M?

N: I’m wrong. It’s not U

N: Student relating two concepts……..

C: Links to each questions there……Multistructural

N: One response to each question? Didn’t we say that would be M if each answered?

K: Confused…!! I don’t know…..Multi?

K: Relational…….person asks a question and then explains it; links there; 

C: No, I asked the questions…

C: Don’t see Relational

K: Attempt there to integrate….

C: He answers all questions with one item only

K: Not relational ok, but I can only see what I can see……..

N: All 3 questions answered.

K: Doesn’t just give relevant facts. He tries to connect them. I see a bit more M/almost R….using SOLO. An attempt to integrate each.

C: I’ve made the links by asking three related questions….maybe I shouldn’t have asked 3 questions in one question. 

K: Can’t remember much other than student tries to integrate relevant facts rather than just listing facts. I can only see what I can see.

(Consensus: C@M

4.4.3 Summary

As the extent of potential bias and other issues and problems faced by the non-subject experts were largely limited to a small fraction of the total events (only 18/152 messages were object of the team discussions),  the modified SOLO framework has proven its robustness that with further refinements to the coding protocol and guidelines can become even more reliable.

In summary the researcher is satisfied that the steps prior to the commencement of formal coding activities for the main study that were undertaken to prepare and train the coders and the measures taken to  adjust the coding guidelines ensured a consistent and confident application of the SOLO framework in its modified form. This is reflected directly in the reasonable IRR and kappa values reached prior to team discussions. The potential bias discussed for the researcher, tutor and subject expert coder C as well as for the more experienced coder pair C-K will be explored further in Ch. 6 Discussion. 

Chapter 5 follows next in which the distribution and frequency of codes is presented and evaluated from which level of understanding and nature of interaction for students for each of the case studies is inferred. A number of factors are considered within and outside the Thought Conference that may have played a role. A more in-depth discussion follows then in Chapter 6.
Chapter 5 Results: Learning in the Thought Conference
Chapter 5 Results: Learning in the Thought Conference
5.1 Overview

Following on from Chapter 4 in which the results for the implementation and evaluation of the coding scheme for both pilot and main study have been presented, Chapter 5 focusses on the distribution and frequency of the codes and their interpretation for the quality of learning that took place in the Thought Conferences. As previously described the eight SOLO levels (and coding criteria for the main study) against which just over half of the total number of messages have been  assessed will be used to infer levels of understanding reached by students in the Thought Conferences and tentatively the factors that affected the levels of understanding attained. 

The research setting has been previously reported in section 4.2. Overall for the themed Thought Conferences for each course student participation rates exceeded 80 %. As shown in the table below students in Courses A, B and C submitted an average of 71, 50 and 59 posts per week, respectively. Taking the number of enrolled students on the courses into consideration (23, 14 and 15) the figures below (Table 5.1) reflect a high level of discussion activity for the weekly Thought Conferences (but not necessarily high level of cognitive engagement).
	Student posts
	Student posts
	Student posts

	Week
	Course A
	Week
	Course B
	Week
	Course C

	2
	73
	2
	52
	2
	56

	4
	81
	3
	57
	4
	70

	7
	71
	6
	63
	6
	62

	8
	71
	8
	43
	8
	62

	10
	57
	10
	35
	12
	44

	Total posts:
	353
	
	250
	
	294

	Average*:
	71/wk
	
	50/wk
	
	59/wk


Table 5.1 Participation rate as number of posts made by all enrolled students per sampled week. 
*Average refers to the average number of posts per week

5.2 General trends
Table 5.2 offers an overview of the final code (where=,>2 codes matched) frequency of all categories assigned to the sampled student messages.

	Final Code
	Course A
	Course B
	Course C

	
	Pre**
	
	Post**
	
	Pre
	
	Pre
	

	
	Total
	%
	Total
	%
	Total
	%
	Total
	%

	Soc
	5
	3
	5
	3
	4
	3
	 1
	1

	Con
	34
	22
	33
	22
	13
	9
	   22
	19

	PRE
	1
	1
	3
	2
	2
	1
	-
	-

	UNI
	12
	8
	12
	8
	31
	22
	18
	15

	C@UNI
	11
	7
	14
	9
	9
	6
	7
	6

	MULTI
	26
	17
	26
	17
	51
	36
	45
	38

	C@MULTI
	1
	1
	13
	9
	-
	-
	7
	6

	REL
	21
	14
	23
	15
	10
	7
	8
	7

	C@REL
	11
	7
	15
	10
	2
	1
	3
	3

	EA
	1
	1
	1
	1
	2
	1
	-
	-

	C@EA
	-
	-
	-
	-
	-
	-
	-
	-

	=,>REL*
	33
	22
	36
	24
	14
	10
	11
	9

	Oversights
	4
	3
	4
	3
	4
	3
	3
	3

	Unresolved
	18
	12
	2
	1
	13
	9
	4
	3

	
Total
	
152
	
100
	
152
	
100
	
141
	
100
	
118
	
100


Table 5.2 Final code frequency (% figures reported to the nearest unit digit)

* sum of codes REL, C@REL, EA, C@EA
**Pre and post results only exist for Course A as there was no post coding team discussion for Courses B and C 
For all three courses oversights refer to either messages overlooked by one or more coders on the transcripts or on the excel spreadsheets and for which a final code could not be assigned.

Clearly students in Course A reached a higher level of cognitive engagement (22% for pre, 24% for post) than students in Courses B (10%) or C (9%). The lower level messages PRE, UNI, and MULTI (including C@X) made up 34% and 45% for Course A pre and post, reaching 65% of total messages for both courses B and C. 

While there could be a number of factors that played a role here,  the change in approach to the assessment in particular after the delivery of Course A (delivered in 2001) is considered to play a major role. As described for the case studies in section 4.1 the assessment strategy for Course A entailed a group work activity, less emphasis on independent home assignments and a 40% discussion assignment weighting (compared to 20% for B and C). The original design could be seen to have promoted a stronger sense of community in Course A than in Courses B and C, facilitated by the fact that the class was larger and the overall assignment load during the term lower (one final vs a proctored midterm in week 7 and final for Courses B and C). The students in Course A were comfortable with oneanother online which is conducive to collaborative learning. This will be picked up again in the section 5.3 for which anomalies exist with regard to level of cognitive engagement that are interpreted also as a direct result of assignment load and focus on individual activity outside the Thought Conference.

5.2.1 Rate of interaction

In social constructivist thought a higher overall level of cognitive engagement would normally suggest high levels of peer-peer interaction. In order to establish the rate of peer-peer activity first the distribution of non-task orientated posts for each course (ie interactive levels Con, Soc and C@X) were compiled and tabulated below:
	

	
	Course A
	Course B
	Course C

	
	Pre
	Post
	Pre
	Pre

	Soc
	3%
	3%
	3%
	1%

	Con
	22%
	22%
	9%
	19%

	C@X
	19%
	28%
	7%
	9%

	
Total
	
44%
	
53%
	
19%
	
29%


Table 5.3 Final code frequency of non-task orientated messages

Results in Table 5.3 clearly demonstrate that interaction was not only task orientated (ie prompted by the Thought Questions). Informal social discourse (code Soc) did not play a significant role (in the Thought Conference) but confirmations and contributions to previous posts did. This interactivity would be anticipated for an online course designed with social constructivist principles in mind. 

5.2.2 Peer-peer interaction and tutor intervention

Results for the interactive C@X messages for each course revealed a notable difference for Course A compared to Courses B and C. For 94% and 93 % of the recorded C@X codes for Course A, pre and post discussion, respectively, contributions were directed at previous responses by peers compared to only a few contributions to the tutor (see Table 5.4 below). The same holds true for the confirmatory posts for Courses A pre and A post. 

Juxtapositioned to the peer-peer interactivity rates is the rate of tutor intervention overall (the number of posts made by the tutor out of  the total number counted) which was nearly twice as high for Courses B and C (31% ) than for Course A (19%). 

	
	Course A
	B
	C

	
	Pre
	Post
	Pre
	Pre

	% peer-peer*
of C@X, Con, Soc
	94%
	93%
	63%
	68%

	Rate of tutor
intervention**
	19%
	19%
	31%
	31%


Table 5.4 Comparison proportion of peer-peer interactivity and tutor intervention rate.

*Peer-peer contributory posts as % of total C@X posts 
**Tutor posts as % of total posts over the five sample weeks

The role of the tutor in all three courses was equally that of facilitator and mediator. The significant difference in rate of tutor intervention for the two sets of courses (A vs B and C)  infers a lower demand for tutor input in Course A for which a larger ‘resource’ in the form of peer support was available. 

The data presented here so far clearly offers evidence of deep approaches to learning as reflected by the distribution of the SOLO levels for posts made to the weekly asynchronous Thought Conferences. Furthermore the data analysed for incidences of interaction shows a positive relationship between the general level of interaction among a group of students in online discourse and their achievable level of cognitive engagement. Reasons for the differences for results reported for Course A compared to Courses B and C  will be explored in more detail with the presentation and analysis of the data in the next section.

5.3 Student level of understanding and trends

The results above raise a number of questions around the exact nature of the interactive events for which length and trends in individual discussion threads would require closer scrutiny against yet another set of criteria (eg Gunawardena & Zittle, 1997) and which would go well beyond the scope of the present study. Instead a further analysis is pursued in an investigation of the impact of course design on the nature of the discourse in the Thought Conferences while gaining insight into individual student’s level of understanding and any trends thereof over the course of the weeks as an additional output of the SOLO coding exercise.

Table 5.5 offers an overview of the % distribution of the posts coded equal to or higher than the Relational level REL for each course for each of the 5 sampled weeks

	Running*
week no
	Course A
	Course B
	Course C

	
	Pre
	Post
	
	

	1
	26
	29
	16
	20

	2
	14
	17
	6
	13

	3
	37
	43
	4
	0

	4
	23
	26
	3
	13

	5
	8
	12
	15
	4


Table 5.5 Course A, B and C relational level or higher in messages as % of total  sampled postings per week

*For presentation purposes only the number here represents the consecutive order of weeks sampled not the actual week of the themed Thought Conferences

In line with the results listed in Table 5.5 higher order thinking levels are reached more often in Course A than in B and C. Somewhat surprisingly the proportion of Relational level and above is strong for all courses in week 2 (running week 1) right at the start of the term and in week 7 (running week 3) for Course A. A closer look at the week’s theme and questions put forward by the tutor in week 2 of each course is seen to offer an explanation. After induction week (week 1) students were gently introduced in week 2 to the scientific method and way of thinking in physical science engaging with themes such as the scientific attitude, art and religion.This  prompted the students in the Thought Conference to share thoughts about pseudoscience, creationism and common myths. In addition this was the only week in which they were not yet assigned to work on an individual Home Assignment. Without a competing assignment and with open ended questions around contentious issues that most students had a view on, the conditions are seen to have been more conducive to critical debate and discourse which demonstrates the role that the task can play on level of cognitive engagement.

This is further supported by the comparably high level of interactive codes Con and C@X assigned to week 2 as available for Course A (post team discussion) in Table 5.6 below where a closer look is taken at the distribution of each SOLO level over the course of the term for all students sampled. 
	SOLO
Category
	WK2
	WK4
	WK7
	WK8
	WK10

	PRE
	7
	0
	0
	3
	0

	UNI
	23
	21
	14
	13
	16

	MULTI
	10
	29
	14
	39
	36

	REL
	29
	15
	41
	26
	12

	EA
	0
	3
	0
	0
	0

	Con
	29
	24
	21
	16
	20

	Soc
	0
	9
	0
	0
	8

	[*C@X
	32
	29
	20
	25
	32]


Table 5.6 Course A (post) SOLO level reached by % of total messages each week. Figures were rounded up or down accordingly and may not add up to 100% exactly for each week. 

*The reported X=UNI, MULTI, REL, EA levels included all C@X codes. These are reported separately for all C@X here
Comparing the relatively low figures for interactive messages in week 7 to the peeking of the Relational level at 41% reached in that same week, indicates that individual cognition also played a role seemingly counterintuitive to the results so far. 

The conclusion drawn above that interactivity in the asynchronous conference facilitates higher levels of understanding still stands, but only reveals part of the picture.  In week 7  Course A ran a so-called “pet element” conference alongside the weekly Thought Conference where students were assessed for their individual understanding of the periodic table of elements and the relationships therein. Interaction was not expected and it is thought that this heightened level of independent activity and reflection which was directly related to the theme of the week 7 Thought Conference. This activity boosted individual confidence levels and depth of understanding resulting in a slightly smaller reliance on the resource ‘peer’.

In search for any notable trends across the 5 weeks of posting, a steady drop in UNI levels is seen to be matched by an increase in MULTI levels from week 2 to 10. Identifying trends for REL and EA is not as straightforward due to the number of external factors that could have impacted on students taking a deep or surface approach to the Thought Questions. 

First of all a look at the Thought Questions revealed that weeks 2, 4, 8, and 10 offered less open questions than in week 7 where half (5) of the questions were assigned to poster/responder pairs and half (5) open to the whole group. While the assigned poster/responder questions were opened to all around mid-week, until then there was less opportunity for engagement in discussion.  

The students had worked on a collaborative group project until week 6 which is believed to have contributed to a stronger sense of community for Course A than for Courses B and C where group work did not feature. In week 8 (Course A) the tutor was not available online for a number of days and finally in week 10 upon request a voluntary ethics conference was opened for an additional opportunity to carry on a critical debate around a nuclear storage facility planned for Yucca Mountain in Nevada undistracted by the other Thought Questions in the normal weekly conference. As a result higher levels of understanding may have been reached outside the Thought Conference which remains hidden from the eyes of the researcher.
5.4 Individual student trends
Tables 5.7-5.10 show a comparison of the distribution of higher levels of understanding (=,> REL) in messages reached by individual students on all three courses beginning with Course A pre and post.
	Student
	WK2
	WK4
	WK7
	WK8
	WK10

	1
	0
	100
	0
	0
	0

	2
	100
	0
	33
	0
	0

	3
	0
	17
	25
	0
	40

	4
	29
	33
	33
	20
	0

	5
	50
	0
	40
	0
	0

	6
	0
	0
	40
	18
	0

	7
	100
	0
	75
	50
	0

	8
	40
	20
	20
	29
	8


Table 5.7 Course A (pre) relational level or higher in messages as % of individual postings per week 
	Student
	WK2
	WK4
	WK7
	WK8
	WK10

	1
	0
	100
	0
	100
	0

	2
	100
	0
	67
	0
	0

	3
	20
	17
	25
	0
	60

	4
	29
	33
	40
	0
	0

	5
	50
	33
	40
	18
	0

	6
	0
	0
	40
	18
	0

	7
	100
	0
	75
	50
	0

	8
	40
	17
	43
	26
	12


Table 5.8 Course A (post) relational level or higher in messages as % of individual postings per week 

In Course A (post) students 3 and 4 could be seen to have moved up to higher levels of understanding, while the activity of those students starting out at high levels of cognitive engagement (2, 5, 7, 8) seems to taper off by the end of the term. This can be explained in part by two factors. First, beginning in week 8 a number of extra online conferences were opened in response to requests by students for more opportunities to engage more fully with topics not directly relevant to the weekly themes. An additional online discussion was introduced in weeks 8 and 9 in parallel  to the weekly Thought Conferences until the end of week 10. It would seem reasonable to assume that those students at a higher level of cognitive ability were drawn away from the more mundane themes of the Thought Conference. Secondly, within the Thought Conferences themselves the number of open questions (compared to poster/responder tasks) dropped compared to week 7. Finally a home assignment was due by the end of week 10 (and week 4) which may have seen students studying more strategically in some weeks  in light of competing assessed assignments.

	Student
	WK2
	WK3
	WK6
	WK8
	WK10

	1
	50
	0
	0
	0
	0

	2
	0
	11
	0
	0
	20

	3
	100
	0
	100
	100
	33

	4
	0
	0
	0
	0
	0

	5
	33
	0
	0
	0
	0

	6
	0
	13
	0
	0
	33


Table 5.9 Course B (pre) relational level or higher in messages as % of individual postings per week 
	Student
	WK2
	WK4
	WK6
	WK8
	WK12

	1
	0
	17
	0
	17
	0

	2
	50
	0
	0
	0
	0

	4
	0
	0
	0
	17
	14

	7
	0
	22
	0
	25
	0

	11
	50
	14
	0
	0
	0

	16
	0
	0
	0
	0
	0


Table 5.10 Course C (pre) relational level or higher in messages as % of individual postings per week 

The students in Courses B and C on the other hand appear to only sporadically reach high levels of cognitive engagement. One student in each of the Courses B and C did not ever reach the Relational level at all. In Course B one student enrolled on the course ( Student 3) with higher level thinking skills (Student 3) which was maintained for the duration of the term. Overall for both courses it appeared that after an initial spurt of higher level cognitive activity, this tapered off to pick up slightly in the last week in Course B and week 8 for Course C. This can be explained at least in part by the volume of Home Assignments (5) due for submission between weeks 3 to 12 and an overall  more strategic approach to learning as a result. Finally, in week 12 for Course C some students would have fulfilled their discussion assessment requirement and did not put extra effort into the postings.

In the first instance the results for Course A do not compare well with the results for the pre pilot study for which Relational or Extended Abstract levels made up 40% of all messages and students either maintained or increased their higher level thinking with the progressing term (Brown et al., 2006). This is in line with the desirable level of understanding for an upper level undergraduate, optional course compared to entry level compulsory general science studies presented here. In addition, the course under investigation for the pre pilot was an accelerated course worth twice the normal course credits and which could be seen to have attracted a (self-selected) cohort of exceptionally motivated students with stronger study skills and deeper approaches to learning from the start.
5.5 Summary
The richness of the data presented has returned information about the quality of learning in an online educational setting that goes beyond typical institutional performance measures. Overall the interpretation of the data offers evidence that a purposeful online discussion in a constructively aligned educational setting lends itself well to higher levels of cognitive engagement the extent of which depends on factors including course design, study load, nature of the task, additional opportunities for collaboration, level of study and the learners themselves.

This concludes the presentation and initial interpretation of the coding results. These are summarised and discussed further in more depth in Ch. 6.

Chapter 6 Discussion
Chapter 6 Discussion
6.1 Overview

The primary aim of this research study was to investigate the suitability of the SOLO taxonomy for the qualitative content analysis of online discussions. These results have been presented for the pilot and main study in Chapter 4.

Secondly, the research activities for the main study were also guided by the ensuing content analysis results around the level of understanding identified in the complexity of the message structure of undergraduate science students’ online discussion posts. These results have been presented in Chapter 5. 

What follows in this Chapter is first a synopsis of the strengths and weaknesses of the coding protocol which are summarised in Table 6.1 below.  This is followed by a further discussion of the coding scheme in terms of the factors that have been highlighted previously in Ch. 4 seen to potentially limit the reliability of the data and validity of the results and which would impact directly on the suitability of the SOLO framework for wider use. Finally the interpretation of the results for the quality of learning in the Thought Conference is picked up from Chapter 5 and discussed further. Some tentative conclusions are drawn for the relationships identified there for the level of understanding revealed in the online discussion.

6.2 The SOLO framework for wider use

The practical significance and strength of SOLO as a content analysis tool which can be attributed to the results in the preceding Chapter is twofold: the ease and consistency with which the SOLO framework in its modified form has been applied equally by subject experts and non-subject experts in a second and third study of its kind (pilot and main study); and the comparably high interrater reliability (IRR) values attributed to it.

Table 6.1 captures the results from applying the coding protocol against the criteria set out in Ch.4.

	Criteria

	Remarks

	Ease of use
	a) Application of lower level codes P, Uni, Multi straightforward. Some difficulties experienced for higher level codes Rel and EA and new interactive code, C@X. 
b) Whole message easily identifiable; 
c) Manual transfer of code/message to excel tedious and time-consuming.

	Code interpretation
	a) Codes have focused definitions. Interpretation aided by authentic examples in guideline. 
b) Small number of codes easy to remember.

	Implementation
	a) Unclear how much context to consider during interpretation process due to lack of guidance. 
b) Pre-post data signals some ambiguity in code interpretation and interpretation limits reached by non-subject experts for higher level codes 
c) Some difficulties coding equations/formulae d) Tutor as coder experiences ‘bracketing’ difficulties.

	Data analysis and IRR
	a) IRR calculations straightforward and values reasonable and consistent. 
b) Minor concern of bias during team discussions and for coding by more experienced coder pair and tutor as subject expert.

	Results interpretation
	Resulting data (distribution and frequency of codes) easy to interpret for level of cognitive engagement, level and nature of interactivity, individual trends in cognitive engagement


Table 6.1 Summary of the evaluation of the coding protocol using SOLO in the modified form of the present study.  

Notwithstanding the positive outcome for the usability of SOLO so far the inconsistencies highlighted in the Results section, albeit minor, signal a susceptibility of qualitative content analysis to subjectivity, undeniably, a serious threat to the validity of the results and their interpretation. This section, therefore, first describes the factors that are seen to have contributed positively to the good outcome for reliability. Furthermore, the extent to which potential sources of bias may have contributed to an inflation of agreement rates between coders is discussed and evaluated for the output of the coding exercise.

6.3 An evaluation 
The definitive test of the strength and success of a coding scheme (from section 3.7)  is said to lie in its replicability, reliability, objectivity and validity. The extent to which each has been adhered to is discussed in the following paragraphs.

6.3.1 Replicability

With the conclusion of the data collection, the SOLO framework, whilst in a slightly modified form, will have been applied successfully by the researcher and a small coding team three times: twice to a lower level undergraduate physical science course (pilot and main study) and once to an upper level environmental science course (pre-pilot). A repetitious application of any coding protocol by the same research team is not known otherwise from the literature and testament to its strength. However, the findings  presented here can not be considered as more than supporting evidence, until the coding protocol has generated external attempts at replication, ie, from  researchers not involved in its development.

6.3.2 Reliability

For this study reliability is measure of the agreement between two or more raters, the reported  IRR (Cohen kappa) values demonstrate a reasonable reliability of the coding tool based on SOLO. This can be ascribed at least in part to the small number of coding criteria (8) and unambiguous unit of analysis in the form of ‘whole message’ compared to the majority of content analysis techniques from the literature.  As highlighted in Ch. 3 Strijbos (2006) points out four contextual constraints in relation to choosing a unit of analysis smaller than a message and Marra et al. (2004) bemoan the difficult and time consuming coding scheme developed by  Newman et al. (1997), for example, that sees  100+ indicators for coders to choose from [Newman et al. modified previously developed models by Henri (1992) and Garrison (1992)].
Experience from this research study suggests that a small number of categories is preferred and which is felt has contributed to coding consistency. Makoul et al. (2009), for example, describe a near perfect rate of agreement applying a total of only three criteria for identifying evidence of insight in an online forum for medical students. There is a lower limit, however, as observed by Schellens and Valcke (2005) who comment critically that content analysis schemes for which only a few number of categories have been developed may fail to adequately discriminate amongst the many types of responses by discussion participants and as such miss the rich content in online communication. Finally, as demonstrated by the Cohen kappa adjustment, chance agreement increases inversely to the number of categories used and impacts significantly on the reliability of schemes that apply a very small number of criteria. 

The careful thought given by the researcher (and subject expert) to match the categories of learning outcomes in the original SOLO framework to the authentic, and subject specific responses by the sampled physical science students is also seen to have contributed to the favourable IRR values.  Categories  were successively firmed up informed by the pre-pilot and  pilot discussions. By doing so mutual exclusivity of each level is thought to have been maximised, largely ruling out ambiguity of category definitions. Furthermore, by method of authentic coding examples and accompanying coding justification adjustments to coding rules were reiterated for the coders. Nonetheless, it remained  difficult for some coders to distinguish between reflective monologue and dialogic interaction (as reflected in the high proportion of C@X posts for the non-agreed posts than for the whole sample over all three courses as discussed in section 4.4.2), in part due to weak guidance for the contributory categories.

The written coding guidelines used by all coders in the main study are available in Appendix A  

6.3.3 Objectivity

Objectivity in content analysis is the extent to which categorisation of messages is subject to influence by the coders. The evaluation model based on SOLO is unique among the pool of content analysis schemes in that it examines the increased complexity of the structure of the student response rather than the message content itself. As such it was thought to lend itself particularly well to a uniform application by subject and non-subject experts alike. This has been largely demonstrated in the pre pilot and is confirmed in results of the pilot and main study here. 

It has been previously noted that coder C as subject expert had a knowledge advantage over the other researchers. This may have manifested itself in a more successful implementation of the coding scheme and which could explain in part the higher rate of coder C’s agreement with the final code. Another factor that is seen to have introduced an element of bias into the coding process is the close working relationship between coders C and K which is explored further below.

Coders C (subject expert) and K (no subject related knowledge), show the highest rate of coding agreement despite an undisputable gap in subject expertise. 

As coders C and K had collaborated closely in the pre-pilot to this research study it could also be argued that they had acquired a “shared and hidden meaning of the coding” which Krippendorf (2004) warns could artificially inflate the interrater reliability. Following recommendations by Krippendorf considerable effort had been put into the coding guidelines to help offset the advantage that the more experienced coders could be seen to have.  The measures were only successful in part based on the overall  higher interrater agreement rate for coders C and K (50% compared to values between 37 and 46% for the remaining coder pairs.). 

IRR results reported for each coder pair are consistently lower than the rate reported overall (for which at least any 2 coders must be in agreement). Coding sessions for the online content analysis using SOLO with a mix of at least 3 trained coders is seen to minimise the potential bias stemming from the subject expert C and the coding pair C and K, but not without an additional investment in time. 

6.3.4 Validity

The positive relationship between depth of understanding and extent of peer to peer interaction as demonstrated by the results in Ch. 4 suggests that ideally the online transcripts from Course A should  offer more evidence of co-construction of knowledge than B and C. As the courses in the present study have been designed with constructivist tenets in mind yet the SOLO framework has not been adopted per se to ground theoretical assumptions about the value of collaborative learning, a suitable ‘cross check’ for systematic coherence and validity of results  is seen to lie in the evidence of varying degrees of co-construction in the written transcripts for Courses A,B and C. Such an investigation would have exceeded the scale and scope of the present study, however,  and as an alternative, evidence of co-construction in Course A and also thereof how individual students contributed to the co-construction in group-wide dialogue is presented below.

In light of the contextual limitations but also in the absence of feedback from the students or results from another coding method, evidence of co-construction of knowledge is seen as an effort, if not a rigorous one, to offer support for the validity of the results reported.

While a content analysis for co-construction of knowledge was not the focus of this study and which would otherwise demand a separate interaction analysis model, it seemed reasonable to identify evidence of co-construction that would support the findings from SOLO. The  descriptive metaphor of the patchwork quilt as introduced by Gunawardena et al. (1997) is used here to crudely identify selected events of co-construction from the online discussion transcript from Course A (The interaction analysis model put forward by Gunawardena et al. is reviewed in Ch. 3 and defines 5 phases characteristic of a social constructivist learning experience not applied in that granularity here). 

Similar to a quilt sewn from individual pieces of cloth which are eventually assembled to a pattern, a discussion proceeds by which student contributions are held together in interaction and proceeds to accumulate to newly constructed knowledge or meaning. 

For example, looking at week 7, the week for which more opportunities were available for discourse between all course members due to the increased number of open Thought Questions (5 out of 10), a typical Thought Question prompted a string of responses (patches) in an interactive event as follows:

TQ7: If you fill a large pot with water and allow it to stand for several hours, bubbles will form on the inside of the pot. Where do these bubble come from and what is their composition?

Student A: The bubbles are oxygen molecules that were dissolved in the water through dipole-induced dipole interaction. When the pot of water sits undisturbed, the water molecules are more attracted to themselves than they are to the oxygen molecules so the oxygen comes out of the solution in the form of the bubbles we see on the pot.

Student A answers the questions directly  in the first sentence and elaborates further in the second sentence.

Student B (in response to A): I would for the most part agree with this. It would appear that this interaction is going on even when the water is disrupted. We simply can see this more readily in the undisturbed environment. The impression that I get from the book is that induced dipoles are only temporary. In the case of water, the dissolved oxygen in water is a temporary and tenuous situation. Oxygen is constantly coming and going in water. In an undisturbed environment we can see this happening as the water molecules bond with themselves and oxygen is trapped. Suspect that there is some static charge or something like that allows them to adhere to the side of the pan……?

Student B offers new pieces of information (underlined) directly relevant to A’s response.

Student C follows: I agree that the bubbles are oxygen but I wonder if the shape of the container makes any difference in how fast the bubbles form? Would we get the same amount of oxygen if we placed other objects into the pot so that it no longer was just a smooth surface on the bottom?

Student C builds upon A and B to prompt peers to consider a differently shaped container and apply the knowledge gained to a new situation.

Student D: I agree that the bubbles are oxygen. I thought that since the water molecules are attracted to one another, thus pulling inward, causing oxygen to be pushed to the outside where it meets the pan in the form of an oxygen bubble.

Student D offers no new information and has clearly not engaged deeply with students A,B or C. 

This exchange is one of many (which are not described further) seen to offer additional evidence of learning according to the constructivist paradigm. While limited in scale, it supports the findings within the context of this research study using SOLO that the constructivist curriculum design principles had rooted in the asynchronous communications space. This is in line with results from van Aalst (2006) whose students created and built upon course content while in online discourse with one another. Taking the analysis any further to identify individual stages of knowledge co-construction for  more contributors is not seen as relevant to the  main aim of this research, but may be considered in subsequent studies. Furthermore, less evidence of co-construction in Courses B and C would strengthen the findings presented above.

6.3.5 Summary

In conclusion, the use of the modified SOLO framework applied to online discussion transcripts adheres reasonably well  to replicability, reliability, objectivity and validity, classifying it as a robust qualitative analysis scheme, one of only a few according to more recent critical review (Enriquez, 2009). SOLO seems to offer the potential to remedy at least a selection of the defects typically cited in the literature about qualitative content analysis tools and highlighted in part in section 3.4. The limited number of clearly defined categories and choice of whole message analysis unit has been shown to simplify the coding process, facilitated by descriptive coding guidelines and systematic adjustments made to the coding protocol as informed by previous smaller scale coding exercises.

Furthermore, whilst the analysis model developed in this study was not used directly to establish levels or nature of interaction, as the results for the modified SOLO framework showed this does not exclude such an application. Finally, in an intriguing paper by Enriquez (2009) the author bemoans the rigidy of existing frameworks and introduces the notion of ‘metastructuring’ in response to the emergent communicative practices of online students. She argues that there exists a danger that existing frameworks or models which are imposed on transcripts of online communication will not fit the nature of the discourse seen to be influenced by interaction beyond the online discussion as well.  It is felt that while the original SOLO framework is in fact an established tool designed for the analysis of individual cognition  it has been modified iteratively for the main study in direct response to the complexity and interactive nature of the discourse in the Thought Conferences. This discourse is unveiled in the next section to be shaped in part by activities outside the main discussion and it is suggested that the modified SOLO framework could in fact be seen to offer an element of metastructuring but which would need to be explored further in future studies.

6.4 Understanding in the Thought Conference

Pena-Schaff and Nicholls (2004) argue strongly that only through an analysis of both content of the messages and the patterns of interaction could reliable conclusions be drawn about the impact online discussions have on critical thinking and knowledge construction. The data from this study of the complexity of the message structure using SOLO is seen to offer evidence of both as illustrated below.

The literature review in Ch. 2 presents evidence that links dialogue to deep approaches to learning. Notwithstanding the speculative nature of some of the research results which stipulate an ‘enhanced student experience’ (York, 2004) or ‘higher learning outcomes’ (Arbaugh & Hiltz, 2005) than in traditional learning settings, case studies do exist that offer evidence of the facilitative role interactive technologies play (eg, Guiller et al., 2008). According to Vygotsky social and cognitive development occur first through the interaction of peers and experts. Here dialogue serves as an instrument for thinking which has been discussed to be even more powerful when peer-peer communication can take place in written form as writing requires fuller elaboration to convey meaning (1962). 

In other words by building a learning environment online that encourages students to explain, clarify, and debate ideas with one another (in writing) such as in an asynchronous Thought Conference, for example,  students have engaged in desirable higher order cognitive processes of meaning making or knowledge construction. However, as this study and others have found, the opportunity to do so is clearly not enough. Factors within and outside the asynchronous communication space play a significant role which will be explored in the following paragraphs.

Unlike the pre-pilot in which an upper-level undergraduate level cohort demonstrated not only a high level of cognitive engagement (40% at =,> REL) but also evidence of positive movement in their understanding for the duration of the term, the same could not be observed consistently for the introductory undergraduate physical science courses studied here. 

To expect to emulate pre-pilot levels of understanding, in light of the self-selected nature of the pre-pilot cohort (students choosing an optional course) would not be reasonable. The level of understanding returned by the data is in line with what would be expected for a lower level undergraduate non-major science class and comes at no real surprise. A very encouraging outcome of the results presented in section 5.2, is the positive relationship between  rate of peer to peer interaction and level of understanding reached. In fact twice the rate of C@X interaction in Course A (19% for pre) than B (7 %) and C (9%) is matched by twice the occurrence of higher level final codes (22% for A vs 10% for B and 9% for C).  

The results were initially somewhat surprising for a series of courses designed and taught by the same tutor.  Notwithstanding that SOLO in its original conception, is not an interaction analysis tool [such as the interaction analysis model by Gunawerdana et al. (1997)] the researcher felt encouraged by the results using the extended categories to investigate further the differences in course design and study load and the impact these may have had on the level and nature of interaction as initial findings seem to indicate.

6.4.1 Course design issues

The transcripts for all three courses represented contributions from many students and their tutor. Findings from the literature (Schellens & Valcke, 2005) demonstrate that more discussion activity has a positive effect on the level of cognitive engagement cannot be confirmed by this study for which the participation rate was a constant 80% for all three courses. 

On the other hand, Howell-Richardson and Mellar (1996) report that even minor changes in course design and/or tutor behaviour can have a significant impact on levels of interaction in online discussions. This would appear confirmed when comparing the reported C@X figures of this study for Course A (pre 19%) to Courses B (7%) and C (9%) for which a number of changes had been made.

The group work activity in Course A was replaced in Course B and C by more individual assignments and the Thought Conference participation weighting dropped from 40 to 20%. The original assessment strategy in Course A saw the same number of assessed Thought Conferences, but fewer individual assignment submission deadlines during the term than B and C and no proctored midterm exam in week 7. 

A wide variety of resources was available to all participants on all three courses including induction activities, course book, self-study learning objects, and online tutorials. The technology was nearly flawless for each online delivery and tutor online presence uniformally high. Care was taken to ensure constructive alignment between learning outcomes, individual home assignments, Thought Questions and midterm/final exams. Techniques used to encourage online social presence and a sense of community were comparable for all three courses (ie friendly, warm online voice, addressing students by first name, meet the group discussion and biography page, informal fun science discussion spaces). 

Under the premise that all students benefited positively from their engagement with the learning activities (ie open-ended, authentic Thought Questions) and not least from making mistakes (disequilibrium as facilitating learning) in the weekly themed Thought Conference: What impact did the change in course design (ie assessment approach) have on the sense of community and what are the implications for the level of collaboration  and cognitive engagement in the Thought Conferences?  

Rovai (2002) found that increased learning is an outcome of a strong sense of classroom community. Students in Courses B and C may not have had the opportunity to gel as a group given the absence of a group work activity compounded by a higher individual assignment assessment load. While the external pressures of an increased study load did not appear to impact on participation rates, students in Courses B and C may have adopted a more strategic approach to learning from the outset by keeping discussion engagement at a minimum. This would be consistent with findings  in the pre-pilot and from the literature (Dart & Clarke, 1991; Peters & Hewitt, 2009) in which students under pressure adopt surface approaches to studying in order to save time.

Johnson and Johnson (2003) looked at 323 studies which showed that collaborative methods lead to higher achievement than individualistic or competitive ones. Content analysis research by Schellens and Valcke (2005) illustrate clearly that collaborative learning in asynchronous discussion groups result in enhancing academic discourse and knowledge. While all three courses show evidence of social constructivist principles such as authentic activities and enquiry-based learning, Courses B and C failed to implement formal collaborative learning opportunities beyond the Thought Conferences. This is thought to have impacted negatively on the gelling of the group and subsequently on the rate of peer-peer interaction and any co-construction of knowledge in the Thought Conferences. Consistent with these findings is the high proportion of upper level SOLO categories for the pre-pilot (40%) which among other contributing factors can also be ascribed in part to the opportunity for bonding outside the Thought Conference in the group work activity as for Course A of the main study.

Biggs (1987) associates deep learning with group learning processes such as creative ideas generation, critical discussion or drawing together ideas for which there was clearly more opportunity in Course A. In other words, by sheer design, it would appear that Course A seems to have ‘freed up’  a valuable resource in the form of peers in the Thought Conference driven by a strong online social presence fostered outside the confines of the formal assessed discussion board. This is also seen to reaffirm literature and research that emphasise the significance of online social presence for communication and learning (eg, McConell, 2007; An et al., 2009).

The results should not be construed as direct evidence of a causal relationship between any one of the parameters discussed (eg assessment load, sense of community) and level of understanding achieved in the online discussion. Other factors such as nature of task, role of the tutor, level of study are also known to play a role (reviewed in Ch. 2) but which have not been considered further here as they are fixed variables for the three courses.

Adopting a design model according to socio constructivist principles does not guarantee the desirable student behaviour (ie deeper approaches to learning). It is the right timing of events, weighting of assignments, formal and informal collaborative opportunities that have an impact, even within constructively aligned online environments, flawless technology and consistent tutor support.

What the results do confirm is the positive impact that interaction between peers has on the level of understanding achieved by the group. However, the analysis does not extend to an investigation on how interactions within the wider group affected the individual level of understanding. Furthermore, it isn’t clear if every student necessarily benefited from interaction. This would require a more fine grained look at the discussion threads going beyond the scope of this study.

6.5 Summary

Despite the complexities around designing for desirable levels of understanding online the reported results are seen to confirm the value in designing for collaboration while keeping the assessment manageable are summarised as follows:

· The rate of discussion activity alone says little about the quality of the discourse and the learning

· All three courses had comparable rates of participation while incidence of higher level cognitive engagement was twice as high for Course A vs B and C.

· Measures put in place that offer formal and informal collaborative learning opportunities outside the main discussion are seen to promote peer to peer interaction within the discussion (94% peer-peer for A vs 63% and 68% for B & C out of total interactive posts)

· Informal social communication spaces were available in all three courses. A group work assignment featured only in Course A. 

· The sum of formal and informal collaborative learning opportunities are seen to have a synergetic effect, prompting additional student-driven collaborative initiatives outside the discussion board.

· Course A featured a voluntary topic-related discussion upon student request in week 9

· Awarding marks for discussion activity helps ensure participation. The weighting of the mark may not be critical if the purpose and relevance of the discussion activity is clear

· Despite the 40% vs 20% weighting of Thought Conference participation in Course A vs B and C participation rates were comparable

· There is a balance to be struck between independent tasks and collaborative assignments that can have an impact on the nature and quality of the discussion activity. 

· Changes in course design including assessment load can have a significant impact on cognitive engagement in the online discussion

Finally, adopting a constructivist design model online and applying constructive alignment, does not guarantee deep approaches to learning. There’s much more to it than that.

It is recommended to guard against applying constructive alignment of learning outcomes, learning activities and assessment online in a manner that disregards opportunities for students to become and feel part of a learning community. This is not to diminish the benefits previously reported for the pre-pilot for constructively aligned web-based learning environments which have clearly shown to engage the majority of learners with their peers and the available resources in the process of creating knowledge (Mainka et al., 2006; Appendix F). There is a fine balance to be struck, however, between the rigor of constructively aligned design and allowances for seemingly unaligned formal and informal social activity.
The formal learning outcomes originally covered in the group work activity of Course A were picked up by the additional home assignments in Courses B and C which would therefore  still be considered constructively aligned. The missed opportunity for assigned and organised collaboration (groups were assigned by the tutor in a PBL activity) was clearly not compensated for in the open, collaborative Thought Conference activities which themselves then became locations of lower quality learning as reflected in the prevalence of uni and multistructural indicators compared to Course A. Furthermore, and as reflected in the low peer-peer interaction rates students in Courses B and C depended more heavily on tutor guidance in light of the resource ‘peer’ remaining dormant in an environment not as conducive to self-managed learning as was the case for Course A.

Whilst the different dynamics and purposes of the two main collaborative spaces that featured in Course A are not well understood, they appear significant. The organised group work setting in which assigned group members took on a shared responsibility for learning and in which a collaborative output was rewarded with a shared group grade has been described in the literature as a ‘learning community’ (McConnell, 2007). The Thought Conference setting, on the other hand, most closely resembles Scardamalia’s ‘knowledge-building community’ (2003) in which members engaged in enquiry-based learning that progressed individual understanding. 

In conclusion and notwithstanding the questions that still remain unanswered it appears safe to reaffirm the paramount significance of an online community in which a “social presence can be drawn, leading to a sustainable space for knowledge construction.” (An et al., 2009, p. 751.) and in which a more equal distribution of power between tutor and learner is achieved. 

Chapter 7 Conclusion and further recommendations 
Ch 7 Conclusion and further recommendations 

7.1 Overview

In light of the prevalence of online communication tools in distance and higher education for over 20 years, an initial review of qualitative content analysis research yielded a limited return. The field appeared replete with coding conventions, inconsistent reliability benchmarks and few instances of successful replication of any one method. The availability of a practical and more systematic content analysis tool seemed long overdue. 

This research study is seen as a modest attempt to contribute to a standardisation of qualitative content analysis by applying Biggs’ SOLO framework (1982)  to the discussion transcripts of three fully online physical science courses designed and delivered by the researcher. Many of the methodological problems highlighted in Chapter 3 for other techniques have been addressed (reliability, replicability, objectivity, validity) and while not fully resolved a modified SOLO framework has been presented as an easy to use, adaptable, transparent and robust analysis scheme of scientific quality and status.

7.2 Research question
With the completion of this study the original research question has been answered in full. Primarily the practicality and reliability of the modified SOLO framework for the qualitative content analysis of asynchronous discussion transcripts have been established as reported in Chapter 4 and discussed in Chapter 6. The main output is seen to lie in the successful iterative application and evaluation of the modified SOLO taxonomy which is shown to be a non-obtrusive, easy to use, and reliable content analysis tool. 

Despite the fact that the SOLO tool was originally developed for individual student cognition it has proven to be well-suited to discursive online learning situations such as prevailed in the Thought Conferences under study. In its iteratively extended format that incorporated and defined 3 new, interactive levels of understanding to the original 5 for mapping discourse and interaction in the main study, favourable interrater reliability rates and straightforward implementation procedures could be established.

In an extended interpretation of the data in Chapter 5 for levels of understanding it has been demonstrated further that the modified SOLO framework is suitable not only for the implementation of the coding protocol, but also for the evaluation of the learning process including the nature and rate of interaction based on the coding results. Levels of understanding reached compared well with the expectations for undergraduate study. 

In an additional and unintended outcome and following further interpretation and comparison of the data for the three case studies attention has been drawn to factors that contributed to the enhancement of students’ approaches to learning in the weekly themed asynchronous Thought Conferences.  In particular the relevance of opportunities for collaboration outside the formal discussion has been highlighted. The markedly higher level of understanding overall measured in the discussions of the course which featured an additional group project beyond the Thought Conferences, supports the relevance of a course design that fosters an online social presence understood to be conducive to enhanced levels of understanding. Competing learning activities in selected courses were seen to overburden the students who might then have felt compelled to approach their studies more strategically compounding the poorer quality of understanding achieved. The range in quality of understanding revealed by the discussion transcript coding results for each set of constructively aligned courses reminds the author or reader of the confluence of parameters that contribute to an optimal outcome not least the course design model itself.

7.3 Recommendations 

In what is hoped to become a contribution to the wider teaching and research community a set of recommendations has been drafted for the qualitative online content analysis based on the modification of the SOLO framework used in the main study. The recommendations are initially aimed primarily at education researchers looking to further refine, optimise and eventually standardise qualitative content analysis techniques. 

The coding protocol developed has proven effective in dealing with large volumes of online discussion data by subject experts and non-experts alike in the consistent assessment of the level of understanding reached by interactive discussion participants.

The main sources of reliability problems in the present research study stemmed from the ambiguity of the original guidelines, coder anomalities, and subjectivity of team discussions which have been taken into account below.

Guidelines for the education researcher

· Run a small scale study using generic guidance and modified SOLO framework (laid out in Table 4.6) with at least 3 coders briefed not to impose categories on messages, but to document instances of ‘no-fits’

· Establish adaptations to framework in a team discussion

· Review the coding guidelines in Appendix A and replace subject specific coding examples for each category 

· Conduct a practice coding session with authentic examples in order to ensure the coding protocol is applied consistently

· Consider maximising equivalence of coding conditions and ease of analysis by automating elements of the coding protocol

· Engage a mix of coders avoiding reliance on subject experts and/or research teams in order to minimise potential bias.

· Consider a SOLO nomenclature change to more meaningful alternatives

Guidelines for team meeting

· Ensure that post-coding discussion is timed as close to completion of coding as possible and guidelines used are available

· Formulate clearly purpose of post coding discussion 

· In light of agreed purpose focus on relevant disagreements for which consensus is meaningful within the context of instruction

· Allow each coder to reread relevant message and linked task and or previous event independently before striking up conversation.

· Agree to disagree

· Record the session

Education researchers are encouraged to adopt and adapt the modified SOLO framework to online discussion transcripts and to refine and tentatively automate the coding protocol further. 
In light of the good reliability obtained by the subject expert and researcher on her own (see Table 4.11) and the time intensive disagreements between coders around the extended abstract level in particular, a further modification of the coding protocol is proposed for practitioners.  By collapsing the original 5 levels to only the two overarching levels of understanding (surface as for the indicators uni- and multistructural vs deep as for relational, extended abstract including the appropriate C@X options) online tutors can assess the level of understanding achieved in discussion boards quickly and independently. A broad application of the indicators set out in Table 4.6 to a representative sample of student discussion transcripts would save time and could deliver valuable information from which to immediately inform further their own practice in support of online learners. Naturally, limitations exist such as the loss of information about movement (or not) within a collapsed level and failure to act upon lack of improved understanding therein. The difference in level of understanding between the multistructural and relational level is much bigger than between any of the other adjacent levels, but it is not the only one worth capturing. The quality of learning achieved by weaker students who start out at the pre- or unistructural level may remain invisible for the duration of a teaching unit in such a modified coding protocol as it is unlikely that they reach a level beyond multistructural. In addition there is a danger of overreliance on a convenient and quick method of analysis that only offers a fragmented picture of the many facets of learning.   Nonetheless, while bearing the limitations in mind, broad implications for course design could be easily and quickly sourced with the option of following up in the future with a more fine-grained content analysis such as conducted for this study.
7.4 Conclusion 

A meaningful insight has been sought into the level of understanding achieved based on the development of a reliable content analysis tool for authentic online activity in a series of distance education physical science courses the researcher continues to be engaged with. 

It is hoped that the efforts reflected in this final report will contribute more than to quench the curiosity of this researcher who prior to embarking on this journey  had neither the skill nor the knowledge to confidently evaluate the quality of her students’ learning beyond the conventional institutional measures. We are far from a cohesive base of knowledge that could confidently guide technology enhanced education and practice at more than a personal level to better meet the increasing needs of an information society. 
Educators and researchers are encouraged to seek evidence from which to inform further online and blended communication design and practice in support of higher levels of understanding. They are invited to replicate and refine the modified SOLO coding protocol presented here in a continued contribution to the maturity of a significant but seemingly inconvenient research field. 
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Appendix A Coding guidelines
Appendix A

Revised Guidelines for coders after pilot coding results

1.1. The original levels

· Prestructural: Question not answered

· Unistructural: One relevant piece of information links question to answer (focuses on one conceptual issue in a complex case)

· Multistructural: Several pieces of information link question to answer (lists a disorganised collection of seemingly unrelated items)

· Relational: Integration of parts with each other (understanding how to apply the concept to a familiar data set or problem)

· Extended abstract: Generalisation of structure (relating to or questioning existing principles, so that unseen problems can be handled)

In addition, added levels as outcome of pre pilot study (Brown, 2006):

· Confirmatory (Con): Post fact or an agreement with another

· Contributes at X (C@X): Answer not directly to the questions, but to a peer at levels X=1 – 5

Additional levels as outcome of pilot (2008)

· Confirmatory includes question/seeking clarification post

· Social banter coded as such (Soc)

(Additional guidance added after pre-pilot coding phase to more clearly distinguish between a question and C@X posts, as well as identify the level represented by posting formulae (could be seeking guidance, but may also demonstrate a new application). See section 3.0)

1.2 Unit of analysis

One post (regardless of number of questions answered).

1.3 A closer look at the level descriptions

Prestructural level (P) Students have missed the point and the response bears little or no relation to the task in hand, demonstrating little or no understanding.

The other four levels are seen to consist of two increasingly complex stages that are thought to reflect Marton and Säljö’s (1976) two approaches to learning resulting in an increasingly complex outcome:

quantitative (amount of detail in student response increases) and 

qualitative (detail becomes integrated into structural pattern).

Unistructural (U) and Multistructural (M) are more associated with a quantitative increase in knowledge or ‘surface approach’ to learning where one piece of information, fact etc is used or identified (U), or where more than one piece of information is identified, but each is used separately with no integration (M) (reproducing levels)

Uni: Focus of response resides in only one piece of information or issue (ie one relevant piece of information links question to answer.)

Telltale signs

A) simple naming, terminology

B) focuses on one conceptual issue in a complex case (could be a very lengthy, repetitive response)

Multi: Multiple issues related to task addressed (ie several pieces of information link question to answer).

Telltale signs

A) Lists a disorganised collection of items (ie shopping list)

B) ‘Knowledge-telling’ (masses of detail, no connection-again tends to be very lengthy)

(Helpful analogy for coders: Akin to the blind men who each describe a different part of the elephant….)

This is in contrast to the Relational (R) and Extended Abstract (EA) levels which are considered more akin to the ‘deep approach’ to learning which is associated with the quality of understanding or thinking. For example, at the (R) level, integration of at least two pieces information is required in order to answer a question or to complete a task, and at the (EA) level, students are expected to go beyond the information that is supplied in order to create a hypothesis or to predict (transforming, personally meaningful levels or such that prior knowledge links up with new information (Hattie and Brown, 2004).

Relational: Understanding of several components which are integrated conceptually (ie integration of parts so whole has coherent structure and meaning).

Telltale signs

A) understanding, using a concept that integrates a collection of data

B) understanding how to apply the concept to a familiar data set or problem

EA: Understanding of several components which are integrated conceptually and can be applied to new situations (ie, generalisation of coherent whole to a higher level of abstraction)

Telltale signs

A) relating to existing principles, so that unseen problems can be handled

B) questioning and going beyond existing principles

Confirmatory: (CON) 

a) Post a fact or an agreement with another

Example:

Yes, the house I now have has some pressure…..it’s a beautiful thing!

b) Seeking clarification

Example:

Okay, I’m beyond confusion now and need some help in this equation.

(Both clearly CON

Contributes (CaX) at: Answer not directly to the questions, but to a peer or additional question posed by tutor at either 1 – 5 level. 

Example:

I agree with M on this one. Chemical reactions involve the rearrangement of the electrons…..specifically valence electrons.

(C@Uni (Student engages with previously made post and adds one bit of info by identifying valence electrons)

2.0 Physical Science coding examples in more detail

2.1 Hypothetical question and 5 responses each corresponding to a different SOLO level:

2.1.1 General

Q: What is an atom? 

Answers (hypothetical)

Pre: There are many definitions.

Uni: An atom is very small. 

Multi: Atoms are very small and all matter is made up of atoms.

Rel: The atoms of the element carbon and the arrangement of its electrons are unique to that element and define its chemical properties. 

EA:  In some chemical reaction atoms join together in new bonds by sharing electrons to form covalent compounds.

2.1.2 VLE

NSCI100 

Authentic Thought Question:

Suppose at a restaurant you are served coffee before you are ready to drink it. 
For it to be as hot as possible when you are ready for it, would it be wiser to add cream to it right away or when you are ready to drink it? Explain.

Authentic student responses:

Respondent 1:

Although the rate of cooling would be faster when the cream is added as soon as 
the coffee arrives, the coffee has more time to cool than when you are ready to 
drink it. However, if you add the cream when you are ready to drink it, it 
would be hotter because the coffee would have less time to cool from the cream.
( UNI: Student only addresses creams effect on rate of cooling as only factor (and does so wrongly-but only subject expert would know).



Respondent 2:

To Respondent 1,

I was thinking the same way as you when I read this question. If you add the 
cream in right before you are ready to drink the coffee the heat from the 
coffee has less time to come to a equilibrium with the creams cooler temp. 

( C@UNI: R2 confirms R1’s response and contributes 1 additional fact



Respondent 3:


When I first read this I was on the other end of the stick thinking that the cream would prevent less radiant heat from escaping. This in turn would prevent the coffee from cooling down. I did not even consider conduction and convection. However, after re-reading and thinking about the latter two, I would have to side with you guys. 

Although the cream (assuming whipped cream or something similar) is a good insulator, Newton's law of cooling kicks in and outweighs the insulating qualities. And since the differences in temperature is so great the change per minute will be rapid and cool the coffee down faster.

( C@ MULTI  (R3 confirms R1 and 2 and adds pieces of information related to the question) 



First tutor intervention:

OK, everybody's thoughts are going in the right direction here: namely, 
considering radiation, convection AND conduction for heat loss. Well done! But, 
now for the trickier part, how does the cream fit in? Careful about putting too 
much emphasis on the (smaller volume) colder cream, unless your drinking cafe 
au lait, which is really cream with a drop of coffee! Let me ask you which 
surface radiates heat better-a black (coffee) one or a light brown 
(coffee/cream) one? In addition, Newton's Law of cooling states........which 
means the smaller the temperature difference between coffee and the surrounding 
air, the slower/faster the rate of cooling? 

Anyone?

Christina



Respondent 1

I'll respond to the cream part.
Cold never moves to warm objects.
When the cream is added to the coffee, the heat from the coffee flows to the 
cooler cream. The coffe giving up energy to the cream is where the temperature 
drops.

(C@ UNI (R1 attempts a response to tutor’s additional probing question by adding one piece of additional information (in two different ways, but it’s still the same info).



Respondent 4


I'll agree with that. When you add something that is cooler to something that 
is much hotter the heat starts to move out and the cooler moves in. Objects in 
thermal contact, given sufficient time, will reach the same temperature. So the 
black coffee in time will eventially reach the same as the creamer coffee. If 
an object absorbs alot of radiant energy it must emit alot.

(C@ MULTI ( R4 responds to R1 and adds > 1 concepts but does not link them, despite the attempt with words like “so” and “If…….it must”).



Second tutor intervention

Yes, but which radiates energy better (which translates to the coffee cooling 
off faster): black (surface) coffee or milky brown (surface) coffee?

Christina



Respondent 3
I really don't see the color making a difference so I'll try not to be 
distracted by that. Since the coffee and the creamer begin at different temps, 
when combined they will reach a common temp cooler than that of the original 
cup. This said, the hotter (original) coffee radiates heat better because it 
is hotter. The molecules at the top of the cup are able to escape easier 
(winners) due to the difference in coffee temp and air temp.

(C@ REL (Student critically engages with one of the many physical processes that determine rate of cooling (color and hence process of black body radiation), correctly disregarding it as playing a smaller role compared to the other processes.  Student goes on to infer (ie linking 2 concepts) that the larger temperature difference results in 1) not only a quicker rate of evaporation, but also 2) in a faster loss of heat through conduction. 


Respondent 5
The milky brown coffee would cool faster than the black.

(C@ UNI (Student bears question in mind and states one aspect. Makes a wrong statement-but only subject expert would know.).



Respondent 6

Black holds heat and attracts heat from its surrondings. Such as If it is a 
very hot day and you own a black car with black leather interior it takes 
longer for the Air conditioner to cool you and the car off. You are the cream 
when you get into the car as the cream placed into the cup of coffee is cooler 
than the coffee which causes it to cool it off. Now if you own a white car with 
white leather it will cool very quickly. So if this analogy is corect the 
answer is do not put cream into the coffee until you are ready to drink it and 
to help futhermore ask for a black coffee mug.
C@MULTI (Conclusion drawn is wrong but student lists > 1 concepts. These are not necessarily connected and hence the analogy does not hold-but only subject expert would know.) 


3.0 Addressing some of the problems encountered after prepilot discussion with Keith and Sandra (coders 2 & 3)

Problem 1:  Formulae/chemical equations

When the task asks for calculations that require the application of formulae students seem to respond in one of 3 ways. 

1) Student responds by simply posting a numerical answer without written demonstration of the process used ((UNI). Careful! Repetition of a formula within this post is not demonstrative of  higher SOLO levels (see Ex 1) but ‘credit’ is given for at least bearing the question in mind and answering with one logical operation (one calculation using info provided in question). 

2) Students may respond by first choosing and stating chosen formulae and then follow up by carrying out step-by-step in the response their calculations up to the numerical end result  ((Multi)

3) Students respond as in 1 and 2 but seek clarification/confirmation as well. This is also common for  responses that include chemical equations or abstract processes. Most frequently the post at level X overrides the question/potential confusion and is coded as such (‘intelligent’ question occasionally in itself shows evidence of higher levels of thinking-see Ex 2d)

General Note to all:

For the case study it is thought to be irrelevant to Biggs’ levels of learning quality whether or not formulae used or maths carried out are correct within the context of the weekly Thought Discussions (participation worth 20-40% of final grade/marked weekly within 7 days of closed discussion). The TD are understood by students from the course overview to be supportive of engagement, interactivity, practical application of theory to real life scenarios and trial and error. It is their ‘doodle space’ so to speak but they must be there and participate meaningfully (rubric applied). The Thought Discussions were the opportunities for collaborative meaning making (supported/guided closely by tutor) and clarification in preparation for written individual Home Assignments aligned to topics discussed in the preceding Thought Discussions. The HA on the other hand were marked predominantly based on ‘right/wrong’ answers. Rote memorization of formulae, however, was actively discouraged throughout. In written midterm and final these were always provided as was the Periodic Table of Elements.

Example 1: 

Follow-up question by tutor:

Imagine a raindrop formed in a cloud at an altitude of 4500 m and estimate the speed at which it would hit you head in freefall.

Respondent 1

Using the formula, v=d/t v=4500m/10 ms so the raindrop would drop at 450 ms if there was no air resistance which would leave a nasty mark if it hit someone. That’s why I like snow…..it looks better before it hits! LOL

(C@Uni

Student only carries out one calculation (using the wrong formula at that—only subject expert would know, however. )

Second follow-up by tutor in an effort to clarify

Oooooo, careful-do remember that for free-fall:

d=1/2x10xt^2

Which can be solved for t (my numbers make it work easily)

And once you have t, you can calculate v with 

v=d/t

Would you try again? Anyone else?

Christina

Respondent  2

I honestly have no idea how you keep all of these equations straight. I did try again but I am not sure about the unit measurement labels that are to be used. Can you shed some light on those please?

D=1/2 x 10 x (4500x 4500)

D=1/2 x 10 x 20250000

D=1/2 x 202300000

D=101,250,000 (which unit of measurement is used here?)

V=d/t

V=101,250,000/4500

V=22,500 m/s

Ouch that will certainly leave a mark!

(C@Multi

Evidence of a step by step calculation in response to tutor follow-up question & additional clarification. Student has used >1 pieces of info/data (incorrectly!) in both equations. Student is also seeking clarification but only in relation to the units of the figures he calculates. 

Problem 2: Confirmatory/seeking clarification vs higher order

Example 2a: 

Respondent 

I got a 5 out of 10 correct. I believe because I live in England, I take for granted the abundant supply of water. Also, heating a house here is really difficult when the average low is -1 degrees C.

(clearly CON (Student reporting his/her quiz results and adding irrelevant, personal  info)

Example 2b: 

Respondent 

So let me see if I get it or if I am totally off……

An isotope is an atom with different amounts of neutrons. So carbon atoms are still carbon atoms but the number of neutrons vary and that is called an isotope?

(C@M (Student first repeats what previous student has stated and then adds another two relevant facts-seeking confirmation rather than clarification)

[Potential issue:  Coding only reliably possible by referring back to first student’s post.]

Example 2c:

Thought question

“…..balance the equations, name the educts and products and then classify them each as elements or compounds.”

Respondent 2c

I’m not too sure, but I will give it a shot

4Fe+3O2(2Fe2O3

That’s 4 Fe atoms on both sides and 6 O2 atoms on both sides.

Am I right?

(REL (Student demonstrates a number of steps taken in the process of balancing the stated equation and justifies this (only partially correctly) with another related concept. His question is not one of clarification but rather of confirmation.)

Example 2d

I agree with most of the statements, but just like J the egg caught my eye. I’m out on a limb here as I cannot see the egg boiling process as a chemical change. In section 17.4 (pg 418) it states that as a result of a chemical change one will see “…the formation of new material that has its own unique set of physical properties.” What new material is produced in this process? The egg changes state, yes, but new material is not formed is it? 

Then again, I think I read the question with a focus on the egg itself and not the water boiling process.

(C@Multi (Student has questions, but in reference to concepts he himself lists (correctly) in relation to the task.)

Appendix B Sample case study course syllabus
Appendix B

Syllabus for Introduction to Physical Science 
(Left-click in this frame and then select File - Print Frame to print this page 

Course Description
(For students not specializing in a science.) An introduction to the basic 
principles of physics, chemistry, astronomy, biology, geology, oceanography, 
and meteorology. Discussion covers the development of scientific thinking, the
relationships among the various physical sciences, and the role of the 
physical sciences in interpreting the natural world. 

Course Introduction


This course will provide a broad overview of the major natural sciences and the rules of the physical world. These rules are universal (such as the rule of gravity) and affect everyone and everything, whether on earth or out in space. Gravity is the reason why we move across the ground and don't float in the air, why rain falls, why it takes a lot of energy to blast a rocket ship into space, and why the earth has been circling the sun for billions of years. Other rules involve such things as motion, electricity, and the combination of chemicals to make everything we experience in this world. 

In this course, you'll investigate the scientific method of collecting, organizing, summarizing, and drawing conclusions about the natural world. You'll see how scientists apply this method as you learn the basic principles of physics, chemistry, geology, oceanography, meteorology, and astronomy. You will also study the relationships among the physical sciences and the role each of these sciences plays in interpreting the natural world. 

The course is presented in the following five modules: 

· Module 1: The Physical Sciences and the Scientific Method 

· Module 2: Physics 

· Module 3: Chemistry 

· Module 4: Earth Science 

· Module 5: Astronomy 

Course Goals/Objectives


After completing this course, you should be able to: 

· outline the scientific method 

· discuss how the scientific method is used to help us understand the natural world 

· recognize the differences and the interrelationship among physics, chemistry, the earth sciences, and astronomy 

· discuss the importance of physics and chemistry to life on this planet 

· understand the rock cycle, the water cycle, and various ways chemical elements are cycled 

· discuss the relationship between the atmosphere and hydrosphere and how one affects the other 

· perform basic mathematical equations and use quantitative reasoning to solve problems in the physical sciences 

Course Materials to be Purchased 
(Textbooks, Videos, Audiocassettes, Software, and Lab Kits)

1. Grading Criteria 

For this course, you will be responsible for completing two home assignments, one study group assignment, participating in the online discussions, and a final examination.

	Online participation 
	40%

	Two home assignments (10% each)
	20%

	Study Group Work
	10%

	Examination
	30%

	TOTAL
	100%


Grading Scale

The grading scale, based on 100 points, is as follows:

	A=
	90-100

	B=
	80-89

	C=
	70-79

	D=
	60-69

	F=
	0-59


2. Important Examination Information

You must register for examinations, which you should do immediately. All Web courses have a required proctored final examination. Some courses also require a proctored midterm examination. The registration form for midterm and final examinations is available online.

3. Participation World Wide Web Protocols

By registering for a Web-based course, you have made a commitment to participate in your course conferences as well as other online activities. I expect everyone to participate regularly, e.g. 2-3 times a week. You should plan on participating just as though you are having an ongoing conversation. This means that you may want to check the conference a few times a week and respond to what you see there and engage others in a simulated dialogue (be sure to read Additional Information!). Use the sort by Date and Author features as well as the "Read all Notes" button to help you speed through new postings. Please "talk" to one another and don't save your participation for Tuesday night! It's impossible to have an engaging conversation a few hours away from the next week's assignments. There is no "wrong" participation as long as yours is topic-related and polite. Please note in the grading policy that your online conference participation makes up a major chun k of your final grade.I evaluate participa tion on its thoughfulness and insight.

You are expected to adhere to the general rules of online etiquette. To prepare to use the online conference, you should read the notes on Online Participation and Online Etiquette in the "Read Me First" area of the course modules. Keep those notes handy; you may need to refer to them frequently during the semester.

 

4. Submitting Assignments

Please submit your home assignments to your assignments folder in HTML, RTF or plain text when they are due. I do not accept attachments for fear of viruses and downloading time. A separate study group assignment conference will be created for the chairperson to submit to in week 5. You will lose 10% of the assignment grade for an assignment each day late. I expect to be contacted in advance should work-related or personal circumstances (illness, death in the family) interfere with your conference participation or assignment completion. (Do not tell me Monday you have been sick since Wednesday.)Please keep copies of the assignments you submit and all that I return to you with my comments. Keeping track of your returned assignments is your responsibility, as I don't keep copies. 

5. Plagiarism

Plagiarism is a serious offense! If caught, the student will receive a failing grade for the course. Please read the module of the library tutorial to avoid unintentional plagiarism. 

6. Summing Up a Successful Online Web Tycho Student

A successful WT student is one who reads the materials thoroughly before responding, participates regularly, engages the material and others with enthusiasm and courtesy, keeps up with the assigned work, asks for help when it is needed, interacts with others in the class, is self-motivated, turns in well-organized assignments, and keeps copies of all work and my responses in case of an emergency.

Project Descriptions
Home Assignments are assigned on a weekly basis in the Conference Area

Course Schedule
	Week
	Module

	Readings/Assignment(s)
	Due Date

	Week 1
	Module 1: May 30-June 5
	Read Module 1(Physics) in Course Content Area & Prologue in Hewitt, Do: Virtual 
Scavenger Hunt; Introduction; First Home Assignment Part 1 & Thought Questions 
(TQ); SAQs
	Tuesday, June 5

	Week 2
	Module 2: June 6-12
	Read Module 2 up to Univ. Gravitation;Hewitt Ch.1-3, Do: SAQ 4-9 & Week 2 Home 
Assignment Part 2 & Thought Questions (TQ)
	Tuesday, June12

	Week 3
	Module 2: June 13-19
	Read Module 2 to Heat & Ch. 4-6 in Hewitt, Do: SAQ 10-16 & Week 3 Home 
Assignment Part 3 & TQs
	Tuesday, June 19

	Week 4
	Module 2: June 20-26
	Read Module 2 to Sound/Light Waves;Ch. 7-9 Hewitt, Do: SAQ 17-20; TQs Week 4;, 
Home Assignment 1-4 Due!
	Tuesday, June 26

	Week 5
	Module 2: June 27-July 3
	Read Rest of Module 2 & Ch. 9-12, Do: SAQ 1-3 & 21-26;, TQs Week 5; Begin Study 
Group Assignment
	Tuesday July 3,2001

	Week 6
	Module 3: July 4-10
	Read Module 3 up to Solutions, Ch. 13-15 in Hewitt, Do: SAQ 1-19;TQs Week 
5;Study Group Assignment Due! 
	Tuesday, July 10

	Week 7
	Module 3: July 11-17
	Read Module 3 up to Electrolytes and Ch. 16-18;, Do: SAQ 20-39; TQs; Second 
Home Assignment Part 5
due by Tuesday, July 17th
	Tuesday, July 17

	Week 8
	Module 3: July 18-24
	Read rest of Module 3 & , Ch. 19-21 in Hewitt., Do: Rest of SAQ; , TQs; Home 
Assignment Part 6
	Tuesday, July 24

	Week 9
	Module 4: July 25-31
	Read Module 4 up to & Ch. 22-24 in Hewitt., Do: SAQ; TQ's; Home Assignment Part 
7. 
	Tuesday, July 31

	Week 10
	Module 4: Aug. 1-Aug 7
	Read rest of Module 4 & Ch. 25-27 , Do: Rest of SAQ; TQs; Second Home 
Assignment 6-8 Due!
	Tuesday, Aug. 7

	Week 11
	Module 5: Aug. 8-14
	Read Module 5 (Astronomy) & Ch. 28-30 in Hewitt, Do: SAQ; TQs
	Tuesday, Aug. 14

	Week 12
	FINAL WEEK
	Take the Final This Week by Tuesday!
	Tuesday, Aug. 21, 2001

	Week 13
	
	
	

	Week 14
	
	
	

	Week 15
	
	
	


Additional Information
 

A Week in the Classroom Conference Area
Our week will always be a busy one! Every week after week 1 is usually split into 4 conferences. Chatterbox is available anytime to anyone to talk about (almost) anything. 

1. Math Check: If you find it hard to follow the computations presented in the textbook's chapters, check out the Math Check Conference. Here the math skills and notations are pointed out to you in addition to review problems or reading assignments intended to refresh or introduce the math applied in the chapters. Math-damaged students, please don't let math be your roadblock to science! Our textbook follows a conceptual approach-the math you may be missing can be learned within the scope of this class. No Online Participation Requirement. 

2. Home Assignment: You will be assigned to do two comprehensive Home Assignments, which each make up 10% of your final grade. Each is split into four parts. Home Assignments are to be done individually at home. You will be asked to perform simple experiments and answer conceptual questions. The intention is to bring the principles and concepts of science to life . You will find a description of the week's assigned activities in the Home Assignment Conference. Feel free to exchange thoughts about the assignments as an online response to this conference. My participation here, however, will be minimal. The Home Assignments are submitted to your Assignment Folder as directed by your instructor. Encouraged Online Participation. 

3. Thought Conference: Every week I will post a short summary of the week's reading assignment here in the Thought Conference Area. In addition you will find a number of Thought Questions (TQ) which everyone is expected to do. Each week a set of students will be assigned to answer the Thought Questions by Friday of that week as a direct response to the conference. Another set of students will be assigned to respond to the posted answers by Sunday. After that, the rest of the students are encouraged to wade in and contribute to the discussions. 10% of your final grade is based on your online performance as poster/responder. I evaluate thoughtfulness, insight, reasoning. I am not looking for absolute truths. I am looking for discussion inherent to any solid scientific inquiry. Science is not static it is ongoing and dynamic! Make sure you drop by this conference a few times a week. Your online participation in general makes up the other 30% (total 40% f or online pa rticipation). You cannot succeed in this online class by muddling through the assignments at your desk for 12 weeks! Which brings up another point-the Thought Questions are examples of the type of questions you will encounter on the final, so please do give them your thoughts! Mandatory Online Participation 

4. Problems Forum: Here is the space I ask you to use for questions about the nature of the assignments or any other problems you are experiencing in carrying out the assignments.No Online Participation Requirement. 

Study Group Conference: In week 5 you will be assigned to a study group of approximately 6 people. You have two weeks to complete a joint project, the nature of which will be described to your study group in week five, accordingly. For two weeks this conference replaces the Home Assignment Conference, in which the completed study group work should be posted as directed by the instructor. Recall, that study group work counts 10% toward your final grade.Mandatory Online Participation Requirement. 

Appendix C Coding data compiled in Excel spreadsheets I-V
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opportunities for student- 
student, student-tutor 
communication and peer- 
to-peer support. 



Abstract 
The asynchronous computer conference still finds itself largely ignored as an effective vehicle for supporting student-centered, collaborative learning experiences. When it is 
employed the quality of the learning experience varies widely. The literature reports students either unengaged with the medium or overwhelmed by the discussion threads. 
The online discussion itself tends to take on the nature of an accumulation of independent facts and little peer-to-peer engagement. 
It is recognised that learning environments in introductory science courses play a crucial 
role in Higher Education, and dialogic inquiry is understood to play a vital role in the 
study and understanding of science. According to Biggs1 "constructively aligned" learning 
environments in which careful attention is given to the relationship between learning 
outcomes, learning activities and teaching practice and assessment strategy are supportive of inquiry. 
Based on a series of introductory online physical science modules, designed and taught by the author for the University of Maryland University College (UMUC), it is shown that 
an aligned virtual learning environment is feasible and supports deep learning. Key 
factors instrumental to the successful delivery include clear communication of tutor and student role, ample opportunities for social networking and a range of creative learning 
activities and meaningful assessment tasks. The asynchronous conference plays a central role in which ideas are not only shared but critically examined and improved. 
Interaction goes far beyond conversation, reaching a deeper level of collaborative inquiry and ultimately knowledge construction2. 
Science educators are encouraged to incorporate asynchronous conferencing to 
undergraduate science courses with the aim of fostering collaborative inquiry and critical 
thinking skills. The case study demonstrates that if the above described features are realised in the online design, the asynchronous conference by default becomes the 
showplace for knowledge construction from the outset and increasingly the students' major learning resource3. 
Summary 
The asynchronous discussion tool provided by a virtual learning environment (VLE) is an 
effective vehicle for supporting student-centred, collaborative learning experiences. We include here computer, online or asynchronous conferences and also discussion boards 
or forums. The online contributions, however, often tend to take on the nature of an 
accumulation of independent facts and demonstrate little if any peer-to-peer 
engagement. It is suggested that this is due to a range of factors including misconcep- 
tions about the role of the tutor, inadequately prepared students, and inappropriate tasks, largely unaligned to learning outcomes. 
This case study will demonstrate how the asynchronous conference can be employed in a range of imaginative ways not only to extend lecture or seminar time to support lively, 
collaborative inquiry in introductory physical science courses, but also to prepare 
students for laboratory practicals and to encourage peer-to-peer support. Engaged 
activity on the asynchronous discussion board can contribute to a deeper understanding of the fundamental concepts and relationships that undergraduate science students often 
struggle with. Thoughtful preparation and careful alignment to the face-to-face lecture 
activity help secure students' active online participation, under the premise that the tutor is visibly online as well. 
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Introduction 
Description 
It is recognised that learning environments in introductory 
Case Study 

science courses play a crucial role in Higher Education, and 
All the teaching and learning activities described here have 

dialogic inquiry is understood to play a vital role in1the study 
and understanding of science. According to Biggs 
"constructively aligned" learning environments in which careful 
attention is given to the relationship between learning 
outcomes, learning activities and teaching practice and 
assessment strategies are supportive of inquiry. Teaching 
practice that encourages students to take a deep, rather than 
a surface approach to learning (as opposed to a surface 
approach) unleashes higher level cognitive processes that see 
the student actively engaged in the learning activity rather than passively receiving information. 
Based on a series of fully online environmental science modules, 
designed and taught by the 
author, it has been previously 


been created and supported by the author over the course of 
5 years for a fully online undergraduate physical science 
module, which served as an introduction to the basic 
principles of physics, chemistry, astronomy, and geology. 
Students studied the relationships among the physical sciences and the role each of these sciences plays in 
interpreting the natural world. There was no content placed 
online beyond a topic-related weekly introduction. The online module was activity and communications driven, knowledge 
construction largely taking place collaboratively in the asynchronous discussion board. All tasks and quotes 
presented here represent actual events on the discussion 
boards over the course of one semester. 
The majority of tasks had 

shown that an aligned virtual 
learning environment is feasible and supports deep learning4. 
Key factors instrumental to the 
successful delivery include clear 
communication of tutor and 
student roles, ample 
opportunities for social 
networking and a range of 
creative learning activities and 
meaningful assessment tasks. In 
this the asynchronous 
conference plays a central role 
in which ideas are not only 
shared but critically examined 
and refined. Interaction goes far beyond conversation, reaching a 
deeper level of collaborative 
inquiry and ultimately knowledge construction2,3. 
The asynchronous conference is 
a more flexible means of 
communication that, used to extend the physical sciences lecture or seminar discussion 
time, provides added opportunity 
for reflection. It also gives all 
students, in particular the 


By posing imaginative, probing questions that encourage students to 
think about principles and concepts outside 
of the classroom context, students apply rather than 
repeat knowledge 
and become 
engaged in lively exchange. 


originally been developed to 
support the author's face-to-face 
physical science or inorganic 
chemistry lectures in a so-called 
'blended' delivery mode, the 
basis for the recommendations in this paper. Slightly modified, 
the tasks were found to lend 
themselves equally well to 
support students on fully online 
modules. Both modes enjoyed a lively online participation rate in which an average of 85% of the 
students engaged with the online 
activities. In most instances it 
was found that the level of 
inquiry and understanding was 
positively influenced by activities carried out on the asynchronous discussion board. 
Uses of the asynchronous 
discussion to support face-to-face teaching 
Education research has found 
that the standard lecture can be 
an ineffective way to actively 
engage students with the lesson 
material, students often not 

reticent and the non-native English speakers, a more equal 
footing. Despite widespread belief otherwise, students are 
often lacking the required technical and communication skills. 
By paying careful attention to these, the asynchronous 
conference is employed to enhance the lecture, becoming the showplace for engaging, collaborative scientific inquiry. In the 
light of the recent emphasis on active learning and on a 


reaching deeper levels of understanding1. (Employing a 
variety of learning modes recognises the different ways in 
which students learn and promotes a more stimulating 
learning experience). The asynchronous discussion tool of virtual learning environments (VLEs), for example, used to support the face-to-face lecture and seminar, can serve to 
create an active and collaborative online learning 

constructivist approach5to science education in order to 
improve understanding , embedding the asynchronous 
discussion board into existing teaching strategies can provide 
a means of meeting a more learner-centred approach to teaching. 


environment6. Examples that will be introduced in this paper 
include: 
1. Directly linking an online task to enhance lecture activity 
2. Extending time for collaborative learning, enquiry, and 
debate 
3. Facilitating a theme-related problem solving forum 
4. Supporting group work activities 
5. Supporting simple 'kitchen chemistry' tasks. 
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Preparation 
Box 2: Students online activity 

The key to the success of the online discussion as a 
supplementary venue for any of the uses in the above list is its 
thoughtful preparation. Any attempts at discussion or debate 
later on will be thwarted if students have not first had the 
opportunity to familiarise themselves with the VLE, the 
discussion tool and the nature of online communication. The degree of comfort students feel about learning online plays a 
key role for the success of any online tool, but this is 
particularly the case for communications tools. Students often 
feel inhibited to contribute online for fear of appearing less 
knowledgeable than their peers, especially given that the 
written record of the discussion is usually permanently 
available to the whole class for the duration of the term. 
Key strategies for preparing and nurturing a trusting learning environment that are borne out by the learning and teaching experiences in the case study are listed below. 
1. Be there: 
Before even considering to include online communications technology to support your teaching, be sure that you have 
the time to provide online support, guidance and prompt 
(within 24 hr) feedback. Merely creating a discussion board 
online and announcing its arrival to students in the lecture as 
an additional area to, 'Go and discuss' will not encourage anyone to use it. 
Box 1: Examples of questions that worked 
Topic: Newton's Laws of motion 
"Suppose you are standing on the ice of a frozen lake and there is no friction whatsoever. How do you get you off the 
ice?" 
Topic: Free fall 
"Imagine an air resistance-free world. A raindrop formed in a cloud at an altitude of 4000 m. Estimate the speed at which it 
would hit your head in freefall." 
Topic: Fluid mechanics 
Sitting next to you on your transatlantic flight to Lisbon, a little 
girl exclaims, "Cool, it's magic, my gummy bear packet is in- 
flating!" You the studious physical science student (and of little 
pedagogic skill) disillusion her with a simple scientific 
explanation. Which one? 
2. Give it meaning: 
In your module guide or syllabus make it very clear from the 
outset that you will be using the online discussion tool to 
support your face-to-face teaching. Emphasise the purpose of 
the online discussion and explain clearly the role of the 
technology, the role of the student and the role of the tutor. 
For example, consider awarding grades for online participation 
based on the quality of the contributions. For an example of 
an effective method adopted by the author7 to manage students expectations, go to 'Myths about taking online 
classes' at http://polaris.umuc.edu/de/ezine/features/ 
jan_feb_2004/demyths.htm (Note, that this was aimed at the 
fully online students, however many elements apply to the 
blended approach as well.) 


Students enjoyed the questions and often matched the fun. 
Each of the questions listed stimulated a flurry of online 
activity, questions and exchange between students. Student 
posts included remarks such as, 
"OK, I am beyond confusion now and need some help with 
this equation!" 
"I don't know, but I hope someone can tell me." 
"Classmates(in need of some serious help and direction 
here." 
which often prompted other students to help out creating a 
dialogue of collaborative inquiry often beginning with remarks 
such as: 
"At first, I completely agreed with Thomas, but(.." 
"I see it your way, Jan((" 
"Michael, believe me you are not the only one confused here. 
I think the answer(" 
Appeals directed at the tutor included, 
"Christina, am I even close?" 
"I honestly have no idea how you keep those equations 
straight." 
By going online, over the course of one week students and 
tutor were given more time than otherwise available to 
collaboratively reflect on and solve a wide range of problems in a supportive and trusting learning environment. 
3. Give it constructive alignment: 
By carefully aligning online communication tasks to face-to- 
face lessons, students recognise the purpose and meaning of 
both and are more inclined to participate. For example, the 
results of an online inquiry that informs the subsequent lecture will see more students actively engaged with it than otherwise the case. 
4. Give it rules: 
Fruitful online communication and learning depend on a 
common understanding of an encouraging written tone and 
mutual tolerance and respect. Post Netiquette (online 
etiquette) guidelines and remind students to adhere to them. Limit the word count of posts to allow for equal opportunities of response. Be a role model to the above. Limit the length of 
time for which the discussion board is available in order to 
facilitate a rich and focused exchange of thoughts and ideas. 
5. Give it time: 
Long before the online discussion activity is to take place it is 
recommended that a discussion area is prepared to allow 
students to become accustomed to the discussion tool and to one another, online. An introductory discussion activity related 
only loosely to the module materials has been shown to set the right tone from the very start. A question like, "Can you 
give an example in which a myth or legend has been 
proposed to explain a natural phenomenon" is one that most 
students can contribute to, requiring little prior physical science knowledge yet linked to the subject under study. 
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Challenge students to guess the number of water molecules in 
NASA data, for example, and making predictions for the 
a snowflake or send them to the Scientific Method quiz at 
future. Students have access to spectroscopic data, from 

http://antoine.frostburg.edu/chem/senese/101/intro/ for 
example, and then post their results in the online discussion area. Be there to demonstrate interest and concern. 
6. Give it a surprise: 
Give students a reason to login other than just to pass the 
course. If science is fun, then why not demonstrate that? 
During a lesson about the natural elements, share with 
unsuspecting students links to the Periodic Table of Comic 
Books (at http://www.uky.edu/Projects/Chemcomics/), weave 
in some science trivia such as Christmas goose thermody- 
namics, for example, or engage them with the reflex tester (at 
http://www.happyhub.com/network/reflex/) easily linked to a 
physics lesson on reaction time. Simple things, like placing a 
thoughtful quote from a famous scientists (such as "Pick a flower on Earth and you move the farthest star." from Paul 
Dirac) in a dry lesson on Newton's Universal Law of Gravitation, can go a long way. 
Examples of uses of the asynchronous discussion to 
support teaching 
The underlying design goals for the majority of the tasks 
described below was to excite students for physical science 
and to encourage critical thinking skills. By instilling in 
students a sense that physical science is fun, exciting and 
relevant to their daily lives, they become more motivated and 
active in their learning and are more likely to continue their studies. 
Stimulating activities that are relevant to the learners' 
interests, and tap into existing knowledge, enhance the 
learning experience. This approach to teaching is not only 
central to the constructivist perspective, but lends itself 
particularly well to the online learning and teaching 
environment. Online activities that are directly aligned to the 
lectures give participation in both added relevance and 
purpose. Face-to-face lectures redesigned to incorporate communications technology are valued by students who 
appreciate the more flexible opportunities for student-student, student-tutor communication and peer-to-peer support. 
Advantages for the lecturer include better use of time in the 
classroom (improved 'time on task'), flexibility of teaching, improved student-tutor communication, and global outreach. 
1. Directly linking an online task to enhance lecture activity 
Example: Atmospheric chemistry lesson 
The NASA (National Aeronautics and Space Administration) 
website at http://www.nasa.gov/home/ provides a huge range 
of educational resources, one of which is the Total Ozone 
Mapping Spectrometer (TOMS) website at http:// 
toms.gsfc.nasa.gov/ozone/ozone_v8.html. In a face-to-face 
lecture on stratospheric ozone, the tutor assigns students 


wherever they can go online which might be at the institution, their place of work or at home. 
Box 3: Tutor online activity 
The main challenge for the undergraduate science tutor is 
how to spark initial interest and then encourage, prompt and build confidence in order to maintain that interest. Online, the 
logoff button is never far away! Equally important for a 
problems based learning environment described above, is to 
make it so 'safe' to make mistakes that students recognise 
making mistakes a natural part of their (deep) learning. This is 
a particularly precarious undertaking online in a subject area such as physics for a chemistry major, for example, but more 
so worthwhile given the lack of skill students entering HE have 
and the minimum timeframe lecturers struggle to fit their curriculum into. 
In the physical science context of fundamental principles, 
concepts and theorems it becomes the online tutor's 
responsibility to monitor online activity and step in and gently correct where necessary, always maintaining an encouraging tone. 
For example, to address a misunderstanding the class has: 
"Well, you all have demonstrated a good understanding of 
Boyle's Law, but what about forgetting to deflate the tires of a 
bike stored in the (unpressurised) belly of a plane((?" 
Or to encourage one student to rethink a response or 
calculation: 
"Hmmm, careful-do remember that for free fall the equation 
is((((. Would you try it again? Anyone else willing to help 
us out?" 
"James, thanks for trying! Now let me ask you, in your 
calculation for the kinetic energy, what did you use for v?" 
The website enriches the core textbook and lecture by visually 
demonstrating the concepts under discussion. NASA also makes available an online textbook, Stratospheric Ozone (http://www.ccpo.odu.edu/SEES/ozone/oz_class.htm). 
Learners are offered a combination of visual and interactive 
elements that enable them to better grasp the basics of ozone 
layer depletion. In addition the learner takes an active role in learning by engaging in research related tasks such as data 
gathering and analysis, problem solving and authentic enquiry. 

each a country above which to retrieve the ozone layer 
2. 
Extending time for collaborative learning, inquiry, and 
thickness using the online resource, Ozone Overhead, at 
debate 

http://toms.gsfc.nasa.gov/teacher/ozone_overhead_v8.html. 
For large lectures (n>100) it is recommended to assign 
countries to groups of students. Students publish their data 
online (eg, in the VLE) which forms the basis for a moderated 
online discussion after comparing and evaluating figures for thickness within the context of the face-to-face lesson. The 
activity is easily taken further by assigning students (or 
student groups) to monitor and chart their region's ozone layer 
thickness for a number of weeks comparing this to last year's 


Carefully chosen web resources and relevant websites 
broaden the range of information available to the student and 
can easily convey a sense of interrelatedness between the 
sciences, encouraging students to make new connections on 
their own as well. Employing online communication tools 
extends the time available for critical discussion and debate, creating engaging experiences for collaborative learning that 
might otherwise not be realised in the setting of traditional teaching. 
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In the following example, a geology lesson goes beyond 
exploring the formation of rocks or the chemical composition of minerals, by tapping into environmental science issues to 
which the students can directly relate and explore in the online discussion board. 
Example: Geology lesson 
In a geology seminar students are prompted to consider 
factors contributing to the depletion of natural resources. The 
ensuing debate is subsequently carried out online in the 
asynchronous discussion board over the period of the following two weeks. 
The nature of the question is crucial for stimulating online discussion. Open-ended questions that spark interest and controversy work well, for example. In the case study the 
following question proved very successful: "Population growth 
is said to be at the root cause of resource depletion. Consider the 


New Directions 
find solution pathways in collaboration with other students, and by making use of a variety of resources. This could be 
lecture material, readings from the core text, websites or e-books. 
When presented as a case study, the asynchronous 
conference can serve as the students' area for collaborative 
online group discussion adding flexibility to group tasks 
otherwise constrained by the time and place for all group 
members to meet face-to-face. The asynchronous conference 
can be used in combination with the synchronous chat and could be linked to a collaborative working space, such as a 
wiki. Group projects can be published online for viewing by all, 
and a class discussion board then serves as the showplace for peer review and class debate, for example. 
The biggest online databank of 
science related case studies free 

proposal by an industrialised 


Give students a 


to use by all practitioners is the 
University of New York at 

western nation to make foreign 
aid conditional upon the 
stopping of population growth by 
the poor, overpopulated recipient nations". 
Students were directed to visit 
two websites (Facing the Future, 
at http:// 
www.facingthefuture.org/, and 
Population Studies, at http:// 
www.pop.org/ ) that clearly 


reason to login other than just to pass the course. If science is 
fun, then why not 
demonstrate that? 


Buffalo's8 Case Studies in 
Science repository at http:// 
ublib.buffalo.edu/libraries/ 
projects/cases/ 
ubcase.htm#pharm/. The JISC supported Resource Discovery 
Network (RDN) also maintains a 
small collection of case studies 
at http://www.rdn.ac.uk/ casestudies/. 

support opposing views, which 
formed the basis for critical class 


During a lesson about 


5. 


Supporting simple 'kitchen 
chemistry' tasks 

discussion, first face-to-face and 
then online. They were also 
encouraged to draw from 
additional hard copy or online 
resources at their disposal. This 
online activity supports 
conceptual learning, objective 
analysis, collaborative learning, and collective decision making. 


the natural elements 
share unsuspecting students links to the 
Periodic Table of Comic Books... 


Practicals designed so that the only materials required can be found in a household, can also be useful to illustrate selected principles of physical science. 
Hands on experiments introduce 
the scientific method and its 
practical application to science 
as well as to everyday questions 
and problems. A typical activity 

3. 
Facilitating a theme-related 
might include preparing a 
problems solving forum 
homemade pH indicator from red 

For students struggling with 
fundamental concepts in 
physical science or mathematics the asynchronous 
conference can offer a flexible and collaborative means of 
support. Online, students can reflect longer about problems as well as draw from each other, rather than solely from the tutor, 
to assist their understanding. By posing imaginative, probing 
questions that encourage students to think about principles 
and concepts outside of the classroom, students apply rather 
than repeat knowledge and become engaged in lively 
exchange (see boxes 1: 'Examples of questions that worked', 
2: 'Students online activity' and 3: 'Tutor online activity'). 
4. Supporting group work activities 
The use of case studies teaches physical science to students within a 'real' life context. Case studies relate course material to real world scenarios the student can identify with and lend themselves particularly well to online learning by putting the 
student at the centre of the learning process. Within the 
context of a group work assignment, students are prompted to 


cabbage juice, etching a series of metals (Cu, Zn, Al, Fe) with a 
salt-vinegar solution or a felt tip pen chromatography 
experiment carried out on coffee filter paper with a variety of readily available household solvents. 
Each laboratory description is posted in the asynchronous 
discussion board together with any online resources such as 
the interactive periodic table website (at http:// 
www.chemicalelements.com/ ), helpful simulations, or 3-D models. Students are encouraged to share experiences of collecting material, designing the experiment and recording 
any observations online. In the interest of promoting problem 
solving skills a move away from the 'cookbook' instruction 
format is recommended, clearly formulating the learning 
objectives instead and leaving it to the students to identify and collect materials and to design the experiment. Students have proved themselves most resourceful (in one instance using a 
cigarette carton as a measuring device) and regularly share apparatus and observations by uploading digital images and video clips for the rest of the class to see online. 

Communication 
Science in the virtual learning environment as more than online conversation 

New Directions 
52 
Additional uses 
References: 
1. Preparing students for face-to-face laboratory classes 
1. Biggs, J., Teaching for quality learning at university, 
Creating an online discussion board in which experimental 
Berkshire: SRHE and Open Univ. Press (2003) 

procedures, pitfalls and safety concerns are reviewed 
beforehand saves valuable laboratory time (and glassware). 
Students are better prepared for laboratory activity after 
engaging with safety and procedural related questions posted online, which they can solve together supported by a teaching 
assistant, for example. Virtual chemistry laboratory safety 
tutorials are also available from UK web resources such as the national electronic repository, Education Media OnLine 
(EMOL) which has recently become Film & Sound Online 
(http://www.filmandsound.ac.uk/) 
2. Questions forum 
The creation of an online questions forum for any course 
related questions (eg, timetable, assignments), together with a 
clear 'private inquiries only' email policy stems email inbox 
traffic markedly. After a few courses, compiling an online FAQ 
list reduces all inquiries even further. It is crucial here that response time is kept to a minimum. 
3. Socialisation space 
In large lectures especially, students tend to remain either 
anonymous or locked into smaller peer groups. By making an informal online socialisation space available students have the 
opportunity to communicate with all class members at their 
own convenience. Students recommend books and movies to 
one another as well as exchange good and bad learning experiences, which can result in a supportive network of 
learners. Clearly indicate that this is a non-moderated online discussion area. 
4. Starting small 
As shown above, the asynchronous conference can be used 
in a wide variety of ways to support the physical science lecture: nevertheless, it is recommended to start 'small'. 
Consider maintaining a discussion board as a questions forum 
in the first instance, in order to familiarise yourself with discussion threading and online communication. Invite 
students to share a science web resource or two with the 
class on a discussion board. Visit the sites and return comments to the contributor, which acknowledges the 
student's online efforts and gives you the opportunity to 
practice posting. There is no need to embed the asynchro- 
nous conference into your teaching until you feel comfortable 
and confident enough to do so, which will also ensure that 
your students have a positive and rewarding online learning experience. 
Conclusion 
Science educators are encouraged to incorporate 
asynchronous conferencing imaginatively into undergraduate 
science courses as a meaningful and flexible supplement to the face-to-face lecture. By doing so it has been shown that collaborative inquiry and critical thinking skills are supported, 
which ultimately contribute to the students' enthusiasm for the 
physical sciences. The case study demonstrates that if 
prepared thoughtfully, the asynchronous conference can be instrumental in actively engaging students with the material 
and supporting a deep understanding of the concepts and principles of physical science. 
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ABSTRACT

Building upon previous work by the authors, this paper describes a small-scale study that involved analysing the depth of thinking evident within asynchronous discussion contributions.  The discussion tasks in question, which were undertaken within the context of a fully online distance course, were designed according to the principles of constructive alignment, and analysed using the SOLO taxonomy.  Of particular interest within this study was whether the SOLO taxonomy would provide evidence of surface-to-deep or deep-to-deeper learning having occurred on an individual basis over time, and also how suitable the SOLO taxonomy was as a tool for the content analysis of online discussions.  Findings on both counts were encouraging, but not unproblematic.
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INTRODUCTION

Asynchronous online discussion offers much that could potentially support effective communication and collaboration between students.  The medium provides an opportunity to reflect upon, research and articulate thoughts in a way that does not exist in face-to-face seminars, and is one in which a few more forthcoming individuals are less likely to dominate discussion at the expense of their fellow learners (Mason, 1994).

It is thought, and there is some evidence, that the increased reflection enabled by asynchronous discussion can lead to a more informed, critical exchange of views than is sometimes possible in real-time dialogue (Newman et. al. 1996, 1997; Vaughan & Garrison 2005).  Yet there is also evidence to suggest that online exchanges can sometimes lean more towards descriptions of personal experience than well-supported, subject-related reasoning (Angeli et al 2003).  A critical factor here is task.  Without having appropriate activities in place to provide a purpose and structure to online communication, then effective, reflective engagement between students is unlikely to occur (Tolmie & Boyle 2000; Salmon 2002).  In fully online contexts with no opportunity for face-to-face interaction then, the need for suitable discussion tasks therefore becomes a particularly critical concern.

In recent years Biggs (1996, 2003) model of ‘constructive alignment’ has increasingly been used by course designers to articulate and strengthen the relationship between learning objectives, teaching methods and assessment.  Biggs (2003) proposes that effective constructive alignment can lead to learning tasks, and corresponding forms of assessment, that are more likely to encourage ‘deep’ learning that is characterised by the student being focused on understanding, and involves the development of conceptually rich knowledge that provides the basis for learning in new contexts.  This is the opposite of ‘surface’ learning in which the student attends only to basic facts and principles, and fails to integrate them in a meaningful manner.  Yet despite the clear potential of the approach, to date only a few applications of constructive alignment within online teaching and learning have been described in the literature (e.g. McLoughlin, 1999, Hall 2002, Talay-Ongan 2003).

In an extension of previous work by the authors (Mainka et al 2005), this paper describes an application of the SOLO taxonomy (Biggs & Collis, 1982) to analyse the quality of understanding evident within the contributions of students who undertook a series of constructively aligned online discussion activities within a fully online, upper level undergraduate distance learning course.  Two issues of particular interest in this small-scale study concerned the suitability of the chosen tool for the aforementioned purpose, and whether the discussion contributions of individual students would yield any evidence of them moving from a surface-to-deep or deep-to-deeper approach in their thinking and understanding over time, in response to the tasks undertaken.

SOLO TAXONOMY

The SOLO (Structure of Observed Learning Outcomes) taxonomy was developed as a result of Biggs and Collis’ (1982) research into the variation in the structure of learning outcomes.  The SOLO taxonomy is designed to be applied to verbal and written learning outcomes, and describes five levels of learning outcome ranging from the most simple, or least sophisticated, through four other increasing stages of understanding.  In order the five stages are termed Prestructural, Unistructural, Multistructural, Relational, and Extended Abstract.  

The taxonomy is seen as a systematic way of categorising, or classifying, the increasing complexity encountered by learners when learning academic tasks, as well as defining curriculum objectives which describe the various levels that students should be working at, or for evaluating actual levels at which students are working (Biggs, 2003). At the Prestructural level (P), students have missed the point and the response bears little or no relation to the task in hand.  The other four levels are seen to consist of two increasingly complex stages that are thought to reflect Marton and Säljö’s (1976) two approaches to learning.  Unistructural (U) and Multistructural (M) are more associated with a quantitative increase in knowledge or ‘surface approach’ to learning where one piece of information, fact etc is used or identified (U), or where more than one piece of information is identified, but each is used separately with no integration (M). This is in contrast to the Relational (R) and Extended Abstract (EA) levels which are considered more akin to the ‘deep approach’ to learning which is associated with the quality of understanding or thinking. For example, at the (R) level, integration of at least two pieces information is required in order to answer a question or to complete a task, and at the (EA) level, students are expected to go beyond the information that is supplied in order to create a hypothesis or to predict (Hattie and Brown, 2004).

There are various ways of analysing student engagement with subject matter and each other in online discussion, and various tools exist for doing so based on critical thinking, levels of argumentation, and the extent of collaborative discourse vs. individual communication (De Wever et al, 2006, provide an excellent overview in this area).  However, as the SOLO taxonomy is an important element within Biggs’s work on effective teaching and learning, it seemed the most appropriate tool to analyse the depth of understanding within discussions that were the result of constructively aligned activities.  This also provided the opportunity to assess the usefulness of the taxonomy for analysing online discussions – a purpose to which it has rarely been applied.

CASE STUDY

The course in question was an upper level undergraduate, fully online module offered by the University of Maryland University College’s (UMUC) European Division to an international audience of adult learners. It was taught by one of the authors intermittently from 2000-2004 with an average of 20-25 students per course.  Running over 14 weeks, the module was delivered in 6 units supported by a wide range of offline and online learning activities. Learning objectives, activities and assessment were designed according to the ‘constructive alignment’ model by Biggs (2003) in which it is recommended that in order to encourage deeper levels of understanding, teaching and assessment methods be practiced that support the explicit objectives of the course.  A fuller explanation of constructive alignment as it was applied to this course is given in Mainka et al (2005).

The majority of the teaching and learning took place collaboratively in the weekly asynchronous Thought Conferences.  Each week a series of open-ended Thought Questions carefully aligned to a specific learning outcome were assigned.  The questions were designed to promote interaction through involving a case study or authentic problem-based inquiry, and encourage understanding of a higher order through the student applying their developing understanding to the real world.  The student could choose which of the questions they would tackle each week, and the majority of learners became actively engaged with their peers and the available resources in the process of creating knowledge.  This was supported both by the tutor in a facilitating and co-learning role, and by discussion assessment criteria that emphasised the quality not quantity of contributions.

ANALYTICAL PROCEDURES

Based on a random sample of 9 students from a class of 23, whole asynchronous conference messages for five out of twelve weeks of the course were chosen as units for analysis.  Not all responses could be accounted for via the SOLO taxonomy, and this resulted in the addition of a category ‘C’ to reflect confirmatory student responses (where a confirmation of a fact or opinion was either sought or offered).  The three authors, as coders, classified the complete sample of discussion messages individually before comparing findings.  Inter-rater reliability, where two or more coders agreed with one another (De Wever et al, 2006) in classifying the same contribution against the same category in the SOLO taxonomy was measured at 93%.  Only in a small number of instances did one or more of the authors categorise a response at more than one SOLO category apart.

The following examples demonstrate the identification process applied for each level. In the first example students responded to the question at a Prestructural, Unistructural and Multistructural level as demonstrated:

Thought question: What does your tunafish sandwhich have to do with biodiversity?

At the Prestructural level students engage with the task but show little or no understanding.  In the following, the student responds, but does not respond directly to the question in a meaningful or coherent way:

R1: “Everything that we eat is connected somehow. The earth offers the different types of nutritional diversities which is how a tuna fish would come into play. Fish is one of the diverse foods on earth that play a role in our develop.”
At the Unistructural level some understanding is evident, but the focus of the response to the same question resides on one piece of information or issue (in this case, a focus on food chain):

R2: “My tunafish  ate mackerels and herrings, which in turn fed on dozens of species of smaller fish, such as crustaceans, squids, worms, and plankton. So my tunafish was or could have been biodiversity account for at least 50 species of animals as food. The bottom line is that biodiversity is the basis upon which ecological systems operate. One or two species lost may not seem a problem, but within a certain species that's crucial…”


At the Multistructural level the student addresses multiple issues affecting biodiversity (consumption habits):

R3: “Biodiversity sustains the environments in which we live and on which our lives and those of every other live creature on Earth depend upon. Because of biodiversity we can obtain the necessary foods that we take pleasure in today. There have been and are today many threats to biodiversity. Habitat loss, pollution, overexplotion and consumption,etc… it takes more than 40 different species to make a simple lunch--a tuna sandwich on whole wheat, potato chips, iced tea and an apple. "Removal of one character in the play changes the entire scenery. The over-fishing of large predators like shark, leads to the natural balance of the seas being disturbed…”
The next question prompted responses at the relational and extended-abstract stage:

Thought question: In your opinion why has the issue of mass extinction not yet resonated with the general public? Have you been concerned about the issue prior to this course?

A response at the relational level demonstrates understanding of several components which are integrated conceptually  (types of pollution, business concerns, protection of various species):

R1: 1. Unlike more visible environmental problems, such as air pollution and contaminated drinking water, the loss of obscure beetles and salamanders does not affect the daily lives of most people. 2. Furthermore, the business community is reluctant to support government regulations that restrict development to protect plants and creatures that seem to have little significance. That was dramatically illustrated in the late 1980s and early '90s, when loggers heatedly protested plans to set aside forests that were habitat to the rare northern spotted owl. So says William L. Kovacs, vice president of environmental and regulatory affairs for the U.S. Chamber of Commerce. "Let's prioritize what the real costs are, because our resources are limited. We can spend tens of billions of dollars in trying to protect something that has very little benefit to man." 3. Complicating the issue, scientists disagree about both the extent and the implication of mass extinction. In addition, some contend that concerns about extinction are overstated…
At the extended-abstract level, understanding of several components which are integrated conceptually and can be applied to new situations (species protection, human health and mammal extinction) is demonstrated:

R2:…the public does not really understand the relevance of how one species can effect so much of the ecosystem. The lack of education is a big problem. The second reason is because it is not happening personally where the general public can really feel the effects right now. "One in eight known bird species around the world face a high risk of extinction in the near future, according to the authoritative 2000 International Union for Conservation of Nature and Natural Resources (IUCN) Red List of Threaten Species. That means entire species of birds face the same odds of disappearing from the planet for good as a woman in the U.S. does of developing breast cancer sometime in her lifetime. Mammals have it worse: One in four known mammals worldwide face a high risk of extinction in the near future."…

OVERVIEW OF FINDINGS

As the Tables at the back of this paper illustrate, overall the students in the sample reached higher order levels of thinking by week 3, after which pre-structural and unistructural levels of responses hardly play a role anymore.  Although less sophisticated responses might be expected while the students were becoming familiar with the nature of the course and the tasks set, this is encouraging in that it at least confirms some kind of progression in the desired direction.  Table 1 shows that  40% of the 193 student posts showed evidence of learning at a higher order level (R or E-A). Relational contributions made up 32% and extended abstract 8% in total. Table 2 indicates evidence of increasing levels of understanding in messages from week 1 to week 10.  Posts at the unistructural level fall from initially 34% to 14.3 % of total posts.  Multistructural posts show little movement overall whereas relational levels of learning increase from 18% to 40% and extended abstract from 0 to 8%. 

Individual Student Movement

The majority of students in the sample benefited positively from the learning activities found in the Thought Conferences (see Tables 1-3).  From this brief synthesis, overall it can be inferred that all students either maintained (student 1, 4, 7) or moved up (student 2 , 3, 5) in their levels of understanding within the first 10 out of 12 weeks.  Although there may be any number of extrinsic or intrinsic factors at play in the difference between those who maintained their level of understanding throughout and those who progressed, the fact that some students did not progress as much as others perhaps illustrates a very important point about the design of learning tasks and activities.   Despite the efforts of the tutor to present meaningful and engaging activities that are intended to challenge and benefit all their students equally (in this case, with the tutor purposively applying the principles of constructive alignment) some students will surely respond more ably than others. 

Where students entered with an ability to engage at a higher level (student 6 and 8), this was maintained in the main for the relational stage but not so for the extended abstract stage of understanding.  It is suggested that while it is unrealistic to expect students to operate at highest levels for every task at all times, there may be other factors that affected level of understanding in later weeks as well.  This has already been explored in a study by Thomas (2002), in which students report that external pressures of increasing study load and examinations negatively impacted online conference participation rates.  Dart and Clarke (1991) suggest that students faced with time constraints are likely to learn more strategically and to adopt surface approaches to studying to save time. This would apply to the sample of students in the case study who were increasingly faced with external pressures in addition to course-related, assessed tasks throughout the semester including written home assignments and a course paper.  This is supported by the relatively high number of messages at the confirmatory level ‘C’ in weeks 6-10.  In line with these findings, student participation in week 3 dropped by over 50%, most likely due to the first written home assignment that was to be submitted by the end of week 3.

The somewhat surprising decrease in  SOLO level for those students entering the course with higher order thinking skills may be accounted for by the nature of the tasks, which for this group of students were perhaps not demanding enough.  This is borne out of the fact that in direct response to requests by a small group of students a voluntary, long-term conference was opened in week 8 in which topics could be discussed in much more depth than in the weekly Thought Conferences.  It was not uncommon for the quality of student engagement therein to surpass levels of understanding evident in the weekly Thought Conferences.

In week 8 high levels of cognitive engagement  (Relational and E-A) were reached by more students than for any other week.  It is suggested that revisions for the mid-term exam in week 7 prepared students particularly well for the following week’s Thought Conference as these conferences always built upon knowledge constructed in previous weeks.   In week 1 students engaged at predominantly lower levels of learning, which is not necessarily and indication of cognitive ability.  The Thought Questions in weeks 1 and 2 were less challenging than in subsequent weeks, giving students time for online orientation activities and introductions.  

Prior familiarity with online communication in the VLE seemed not to affect levels of learning online.  Student online course experience ranged from none to 9 previous courses, and no link could be established between level of experience and level of understanding or rate of movement.

ISSUES IN APPLYING THE SOLO TAXONOMY

Overall, the SOLO taxonomy was straightforward to apply to direct responses to the Thought Questions the students tackled.  However, coding the contributions the students made within the wider discussion, for example in response to or by picking up on what peers said, was more difficult.  This is perhaps unsurprising given that the SOLO taxonomy is predominantly for evaluating individual responses to specific tasks.  Interestingly, in order to categorise contributions to the wider group dialogue, two of the authors opted to analyse such responses by looking at the wider conversational context in which they were made, and in the independent first-pass analysis done so by creating ‘contributes at unistructural/multistructural/relational/extended abstract’ categories.  This was done without knowledge of the other having adopted this approach.

Furthermore, on a related issue it sometimes proved difficult to distinguish between the level of learning achieved by the student author of a message, and mere expressions of confirmation, or repetition, of previous posts (by students or tutors).  This was compounded by the fact that 10 different, albeit topic-related, questions were posted each week, and students might engage with a range of elements created in responses to a number of questions.  Subsequently, agreement on the categorisation of some group dialogue posts was poor, and only after a collective closer analysis could an agreement be reached by the authors (one of which is a subject expert).

Finally, answers to fact-seeking questions for the purpose of collecting data could not be accounted for using SOLO, as the nature of the question limited the outcome to the repetition of figures.  As indicated, this partly prompted the authors to expand the taxonomy to include a Confirmation level in order to account for them.

CONTEXTUAL FACTORS TO CONSIDER

A number of factors associated with the case study in question are felt to have affected the quality of student understanding, and the SOLO level reached, as demonstrated in the student messages.  Prominent amongst these factors are the nature of the learning activity, and the role that was played by the tutor.

Regarding the nature of the ten Thought Questions posed each week, these prompted students to explore meaning, but on reflection did so to varying degrees.  Three main types of questions can be identified, and are respectively argued to have played a role in the level of understanding that was realistically attainable.  

The first type of question drew directly upon assigned readings, prompting students to focus upon the text and critically discuss it.  The second type introduced a topic-related contentious current events issue providing links to references, and challenged the student to analyse a particular scenario informed by knowledge and understanding achieved in previous weeks.  The third question type was a thought-provoking question related to a controversial issue, quote, or idea, and in response to which students were expected to take one position and deliver arguments in support of it informed by internal or external resources of their own choice. 

Furthermore, half of the questions each week were either assigned to individual students as part of a poster/responder pair charged with beginning the discussion thread and the other half of the questions were open for discussion by all. The assigned questions were weighted more heavily than the non-assigned questions in the final assessment. Each related to the learning outcome(s) for that week. Students assigned to begin discussion threads generally demonstrated higher levels of thinking than in their responses to the non-assigned questions.

In relation to the tutor, tutor contributions made up 20-25% of the total posts.  The visible presence of the tutor online, as well as her guiding and encouraging role throughout, is felt to have influenced students cognitive engagement with the material.  In particular, students who did not evidence the expected level of understanding were prompted by a follow-up question to encourage further exploration (see Mainka et al 2005 for further elaboration).  The implication, then, is that students may have posted a number of contributions at a higher level of the SOLO taxonomy than they may otherwise have, due to this assistance from the tutor (an assistance which is to be expected, but which some students thinking at a higher level may not necessarily have needed).

CONCLUSIONS
Overall, the SOLO taxonomy proved to be a reliable tool to straightforwardly apply to the majority of online discussion contributions within the course in question.  It also provided some evidence of at least some students having moved to increasingly deeper levels of thinking in response to the online discussion activities they undertook, and proved suitable as a means for fairly accurately assessing the engagement of individuals in online discussion as demonstrated by the high level of inter-rater reliability following independent analysis.

However, the fact that the tool could not be applied without separately accounting for the confirmatory messages common within online discussion, and particularly the levels of thinking within contributions to a wider online debate rather than postings that directly address the original task or question, suggests that some modification of the SOLO taxonomy along the lines indicated within this paper might be necessary for making it a more appropriate tool for analysing the levels of thinking apparent within online discussion contributions. 

In relation to the constructively aligned activities undertaken, overall the evidence suggests that these effectively engaged the students in question.  However some students certainly engaged more effectively than others, and for those who did so at the higher levels from the outset, there may be doubts around whether the questions set proved challenging enough.  For those who did not seem to progress to the higher levels of thinking over the time of the course, or who needed the intervention of the tutor to push them further, it may be that the analysis presented simply confirms that it is the individual student that ultimately determines how well they learn.
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TABLES


WEEK: 
1

3

6

8

10

PRE
2%

0

2%

0

0



UNI
34%

4.8%

10.2%

5.3%

14.3%

MULTI
20%

33%

32.6%

18.4%

22.9%


REL
18%

33%

32.6%

39.5%

40%

EA
0

19%

4.1%  

15.8%

8.6%

[R + E-A]
18%

52%

36.7% 

55.3% 

48.6%

CON
26%

9.5%

18.4%

21%

14%



Table 1: SOLO level reached by % each week


WK 1

WK 3

WK 6

WK 8

WK 10


STUD1
0

0

42.9%

0

0

STUD2
7.7%

33.3%

36.4%

44.4%

50.0%

STUD3
33.3%

0

25.0%

40.0%

60.0%

STUD4
0

0

0

50.0%

0

STUD5
37.5%

75.0%

100%

33.3%

50%

STUD6
50.0%

50.0%

50.0%

75.0%

20%

STUD7
0

0

0

0

0

STUD8
42.9%

0

50.0%

50.0%

42.9%

STUD9
12.5%

33.3%

0

100%

0



Table 2: Relational level in messages as % of individual postings per week


WK1

WK3

WK6

WK8

WK10


STUD1
0

0

0

0

0

STUD2
0

16.6%

0

33.3%

10.0%

STUD3
0

0

0

0

0

STUD4
0

0

0

0

0

STUD5
0

25.5%

0

16.7%

0

STUD6
0

50%

50%

33.3%

20%

STUD7
0

0

0

0

0

STUD8
0

33.3%

0

16.7%

14.3%

STUD9
0

0

0

0

0



Table 3: Extended abstract level in messages as a % of total individual postings per week
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Abstract: Despite the potential of Virtual Learning Environments (VLEs) to support an active learning experience that should in theory be conducive to deep learning, many tutors face the reality of students not engaging with VLEs in particularly effective ways.  Amongst the potential reasons for this are the skills and mindset of the student, and also the demands of online course design - the intricacies and challenges of which are yet to be fully understood by most tutors.  This paper describes the taking of a ‘constructive alignment’ approach to designing a fully online course that attempted to harness the potential of the VLE to engage the student in deep online learning, but within the wider context of ensuring the formal learning objectives of the course were met.  The paper then reflects on the success of the approach taken, and concludes with a wider consideration of the implications of constructive alignment in the design of online courses, including general recommendations.

Key words: VLEs, deep learning, learning activities, course design, constructive alignment

1.0
Introduction 

The desired aim of teaching in higher education is to create situations that support ‘deep learning’, or learning that involves the development of a critical, long-term understanding that will provide the basis for problem-solving ability and further cognitive growth in new learning contexts (Gibbs 1992).

Since coming to prominence in the late 1980’s, constructivist learning theory has done much to consolidate and advance our understanding about learning environments that are conducive to deep learning.  The constructivist principles of increased independence, self-reflection, realistic tasks, rich resources, and socio-constructive collaborative learning have proven particularly relevant to the development of Virtual Learning Environments (VLEs), which through offering opportunities for self-paced study, asynchronous communication, and access to a wealth of online information, have the potential to support learning that is consistent with all of these values (Miller and Miller 2000).

In principal then, there are good grounds for assuming VLEs are ideal environments for an active, student-centred learning experience.  In relation to asynchronous conferencing, several case studies have provided strong evidence for this enabling deep learning through collaborative discourse that offers more time for communication than is available in the traditional classroom (e.g. Berge and Collins 1995, Bonk and King 1998, Meyer 2003).

However, the reality is that students often do not engage with or via VLEs in particularly effective ways.  Part of the explanation sits with the learners themselves.  An increasing number of studies show that only students who are active and self-motivating in nature will tend to use online resources in a manner likely to result in deep learning, while without a high level of structured support less motivated students use only core online resources in a disorganised way (Smyth and Buckner 2004, Hoskins and van Hooff 2005).  Other factors associated with poor use of VLEs concern the tutor underestimating the complexity of online course design, or not appreciating the additional skills and shift in focus towards the student this involves (Hiltz 1997, Khan 2002)

In relation to the challenges of online course design, the tutor has not been helped by the lack of advice constructivist learning theory provides about curriculum design.  There is an established tendency to view constructivist principles as dialectically opposed to the conventions of instructional design theory (Duffy and Jonassen 1992).  In reality there is a middle ground that tutors must occupy in order to design environments that engage students in deep learning, but at the same time ensure that formal learning objectives are met.  This is the concern of Biggs’ (2003) model of ‘constructive alignment’, which emphasises the relationship between learning objectives, learning and teaching methods, and assessment strategy in establishing environments that meet these dual demands.

Based on the first author’s experience of teaching environmental science online, the aim of this paper is to describe and reflect on a practical application in the VLE of Biggs’ rationale.  Attention is focussed on the role of the tutor in creating and maintaining a supportive environment in which the student is encouraged to take ‘intellectual risks’ at the deliberate cost of making mistakes. The paper concludes with a summary of lessons learned, and general advice for practitioners.

2.0
Constructive alignment

Biggs recommends that teaching and assessment methods be practiced that support the explicit objectives of the course. He identifies a number of conditions to ensure consistency of such an approach that can be summarised as follows:

1. Learning objectives, course assignments, expectations of tutor and student clearly communicated 

2. Activities and teaching processes designed to enable objectives

3. Development of assessment tasks which measure stated objectives

Although constructive alignment is an established approach to designing ‘traditional’ courses, to date only a few practitioners seem to have applied it to the design of blended or fully online courses (McLoughlin, 1999, Hall 2002, Talay-Ongan 2003).  The work by McLoughlin (2001) is particularly interesting for the distinction made between of different levels of constructive alignment in online courses.  The highest, level three, involves the use of online conferencing to create knowledge building communities, the integration of curriculum and relevant personal experience, and where the virtual classroom becomes the location for a global learning process.  As will become apparent, it is very much this philosophy that determined the approach taken in the course considered here.

3.0
Background to case study

3.1
The course

The course taken here as a case study, Global Environmental Change, is an upper level undergraduate fully online module offered by the University of Maryland University College’s European Division to an international audience of adult learners. It was taught by the first author intermittently over a period of 4 years from 2000-2004 with an average of 20-25 students per course.   

3.1
Format for delivery

Over the course of 14 weeks the module was delivered in 6 units designed to critically examine   anthropogenic environmental changes exploring the scientific, social, economic, ethical and political implications through a wide range of independent and collaborative activities. Readings in the course textbooks and further web and library research were assigned each week. Students were assessed on 4 written Home Assignments, one course paper, weekly online conference participation in the main asynchronous Thought Conference, a proctored midterm and final online cumulative examination. A series of asynchronous conferences provided a range of communication spaces for students. The majority of the teaching and learning took place collaboratively in the weekly tutor moderated, asynchronous Thought Conference, designed to proactively engage students in the reflection, sharing and construction of knowledge far beyond the content of the core textbooks or weekly online unit introductions. The Thought Conference effectively served as the major learning resource. Course content beyond the unit introductions were not made available online.

4.0
Realising constructive alignment in the VLE

4.1 
Clear communication to student throughout

One week before the beginning of the term students gain access to the course syllabus their first source of course information.  Students are directed to read the course syllabus carefully and to complete a virtual scavenger hunt in week 1 in which key features of the course are repeated and reinforced.

The syllabus is a clear and concisely formulated body of information which includes the sections learning objectives, course and assignment description, course materials, contact information, grading criteria, netiquette guidelines, academic policies, and timetable. Furthermore, it is explained to the student that while the list of 16 learning objectives describes specific tasks and understanding expected upon successful completion of the course, the main learning outcome was  not to gain knowledge but rather to apply acquired knowledge every day  in  critical discourse with the media, family and policymakers:

“I am not looking for rote memorization of formulas and theorems. I am not trying to turn you into environmental scientists. I am hoping to stimulate critical thought based upon the scientific idea. The better informed you are, the more critical you can be of information circulating the daily press. ”

This type of guidance and communication is critical in online courses, as a lack of clarity regarding online learning objectives can be particularly problematic in online courses, leading to frustration and sometimes also a lack of progress that cannot always be easily remedied unless students are forthcoming at the point in time that such misunderstandings occur (Song et al 2004).

4.1.1
Purpose and meaning

In the syllabus the student is always given a description of and purpose for course activities and other learning opportunities. These are expanded upon in more detail on their individual assignment dates before students engaged with them.  Opportunities to practice critical thinking skills, for example, are explained to be provided in independently written Home Assignments as well in collaboratively interaction the asynchronous Thought Conferences. Students were encouraged in the syllabus and Class Announcements to refer to a set of online guidelines drawn to assist familiarisation with the steps of and rationale for exercising critical thought, made available from week 1 on. 
4.1.2
Role of the Student

In addition to learning objectives and activities, the syllabus includes a concise description of the role the student plays in order to achieve stated objectives. In the syllabus the student’s role is described by a weekly learning routine which he is advised to follow by adhering to a string of tasks that include: logging in regularly, reading the weekly class announcements at the beginning of the week, keeping up with assigned readings, submitting all assignments on time, being an engaging and courteous online conference participant, following all instructions and asking for assistance immediately. The student is gently reminded of his responsibilities throughout the term by the tutor in a variety of available virtual communication spaces such as the Class Announcements or asynchronous Problems Forum.

Due to the major role of the asynchronous conference in the case study, the student is prepared for the collaborative learning experience and his or her prominent role in it. In the syllabus it is explained:

“ You cannot succeed in this online course by muddling through the readings and assignment at your desk alone for 12 weeks! Environmental issues must be heard of, talked about, challenged, researched, debated, discussed, cross-examined, reeavaluted and analysed by all of you in the weekly online Thought Conferences. It is the heart of your learning experience.” 

In the syllabus each different asynchronous conference is listed, its purpose explained associated with a level of expected student online participation as mandatory, encouraged or none. This is repeated again within each asynchronous conference space. 

Finally, in a list of so-called “Online Myths” the expectations of the successful online student are demonstrated in short examples or scenarios (Harding and Mainka 2004). Adding the Online Myths to the syllabus proved to reduce course queries and misunderstandings substantially, subsequently freeing tutor teaching time as well.  In a comparable way to the need for clear online learning objectives, it is accepted that as many students do not necessarily have the mindset to be effective online learners, an explicit articulation of their role and what it is to involve is a critical requirement in online courses (Taraban et al 1999, Palloff and Pratt 2003).

4.1.2
Role of the tutor

Biggs describes the tutor’s role overall as one that facilitates deep learning. He writes that the tutor can do so by instilling a sense of curiosity, building on student’s prior knowledge and encouraging the need to know in a positive working atmosphere in which students have no fear of  making mistakes in order to learn from them. In the VLE of the case study the tutor’s primary role, however, was one of creating experiences that would encourage the student to login. Only then were the students exposed to the activities designed to facilitate achieving learning objectives and encourage deep learning as described by Biggs.

The element of surprise proved particularly effective in which the experiences included, but were not restricted to, unexpected fun online activities within the Thought Conference, hyperlinks to captivating, subject related current events issues in the Class Announcements area, and “popping in” to ongoing conversation to encourage and share personal experience throughout all virtual communication spaces. Students commented that it was often the unexpected experience, the one not described in the syllabus, that drove them to login every day.

Creating a positive working atmosphere within a trusting community of learners

is facilitated by an introductions conference during which the student is prompted  to reveal  personal and academic information about him or herself. Furthermore, a pre-conference to elicit further initial critical discourse and also opportunities for student to practice use of VLE tools, to enhance web literacy, and critical thinking skills via short online tutorials and guidelines,  were created as well. Opportunities such as these to practice online communication, technology and study skills, early on in the term, are regarded as paramount for building the confidence of the online learner.

4.2
Activities and teaching processes to enable learning objectives

Learning objectives addressed two levels of understanding. One set of objectives required basic discipline related understanding  (declarative understanding) while the others encouraged higher order understanding of the sort that ideally would change the learner’s perspective (performative understanding). Observations of student learning by the first author in earlier run instances of the course confirmed that students were assisted better in reaching the higher order learning objectives if given the opportunity to become proficient in the basic knowledge and terminology. Biggs contends as well that students are unlikely to use the deep approach to learning without prior knowledge of the topic. (Biggs 2003, p. 18)  

Enabling objectives and encouraging deep understanding was facilitated first by creating opportunities to practice and refine basic web literacy and critical thinking skills in week 1 as described in 4.1.2 Weekly readings in the course texts then prepared students for  the Home Assignment questions which were closely aligned to the weekly open-ended Thought Questions in  the asynchronous Thought Conferences.  These increasingly prompted conceptualisation at a level beyond what had been attained in the assigned readings or Home Assignments.  Thought Questions were carefully chosen to promote interaction with a novel task such as in a case study or authentic problem based inquiry, encouraging understanding of a higher order in which learning is used to negotiate with the real world. For example (week 2):

 In your opinion, is it feasible for policymakers today to consider the ethical and esthetical arguments before evaluating the economic expedience of a project? Why or why not?”
Meaningful discourse with the above Thought Question is only possible after careful reading of assigned texts, acquiring a firm grasp of definitions such as ethics and sustainable practice, and becoming familiar with economic implications of current western environmental policy as explored in the preceding Home Assignment.  The midterm was designed as an opportunity for the student to measure declarative learning progress halfway through the term, but also to practice essay writing and referencing skills for the course paper.  Finally, in the final exam, declarative and performative understanding (reaffirming a pattern of learning) were tested by creating new situations in case studies.
4.3
Development of assessment tasks which measure stated objectives

The assessed activities included the four individual Home Assignments (20%), a 2000 word course paper in week 9 (10%), weekly online participation in 10 out of 12  Thought Conferences (30%), a proctored face to face midterm (20%)   and final online cumulative examination (20%). Opportunity for self-monitoring of learning was provided by chapter self-test quizzes available through the core text book’s online learning support site. This form of continuous assessment measured learning progress  throughout the term giving the student and the tutor the opportunity to adjust learning and teaching strategy accordingly. Given that many students left to their own devices online will tend to procrastinate and leave online learning tasks until immediately before formal deadlines, which can limit the potential for effective self-paced learning and reflective participation in online debate, an additional benefit of using continuous assessment can be in ensuring that all students engage with the resources, and one another, throughout (Smyth and Buckner 2004).  The tutor ensured feedback to all assessed activities within one week of submission or end of a conference. 

Rust et al [June 2005], recognising the strengths of constructive alignment, recommend applying a social constructivist approach to current summative assessment practice which would involve continual feedback from the tutor rather than end of term feedback, too late to assist the student in his learning. This criteria is fulfilled for the case study, which didn’t rely on  a summative assessment as the sole measure of students’ learning, but rather involved responsive tutor feedback to all assessed activities. 

4.3.1 Examples of activities for reaching declarative and performative understanding

Examples of  activities that are indicative of tasks  created to promote reaching  declarative or  performative learning objectives are provided in Table 1. 

	Example 1: Supporting declarative understanding

Learning Objective: Attain a basic understanding of the chemistry behind Earth’s support systems
Activity 1 (Home Assignment): List the major greenhouse gases found in the troposphere and describe their interaction with solar IR-radiation.


	Example 2: Supporting performative understanding

Learning Objective: Discuss the sustainability of human institutions and practices as a consideration in defining humanity's future role within the natural environment

Activity 1 (Thought Conference):  What place should ecological value have in determining the way land is used? 


Furthermore, opportunity was purposely embedded every week into both independent as well as  interdependent activities to hone critical thinking skills throughout  the course of the term. One example  includes evaluative tasks created for the Thought Conference which were designed to  test students’ web evaluation skills by collaboratively reviewing cleverly disguised hoax websites.  

5.0
Reflections and recommendations

5.1 Perceptions of the tutor

Perhaps the most significant outcome  of above described approach was the  bulk of new knowledge  generated for every instance of the course through the interaction of students with course  material and with one another, mainly in the asynchronous Thought Conference. Every instance was uniquely challenging in that each cohort of international students sought different resources, contributed new skills, and  shared with one another  a wide range of perspectives based on geographical and cultural differences.  This is an important aspect as the approach taken is shown to  fulfil the precepts for a global learning process put forth by McGloughlin (Section 2.1) in the constructively aligned VLE. In particular, students felt encouraged to incorporate and comment on international current events as they unfolded during the term, nurturing new understanding and knowledge even further. 

The overwhelming student participation in all asynchronous conferences proved the most rewarding outcome.  For the duration of the course over ¾ of the class participated in each of the 12 Thought Conferences. Many students overfulfilled the online conference participation requirement in response to which an  unmoderated  long term conference was created for each course, giving those interested an  added opportunity to discuss topics in greater depth with one another  than was otherwise possible in the weekly timeframe of the Thought Conferences.  Furthermore, it is felt that the weekly pattern of tasks contributed significantly to the learner’s continuous engagement with the material, especially in light of the  challenging subject areas being tackled by non-science majors.

Despite the  constructively aligned approach taken and the proactive role of the tutor, a number of students either did not engage in the Thought Conferences or restricted their online activity to the final days of the week. This was perhaps to be expected as not all students will engage  well  with online tasks of the VLE, as previously acknowledged (Section 1.0 ). Overall, it is felt that the constructively aligned approach as taken supported students in their learning exceptionally well and encouraged deep learning. However, the described approach did require of the tutor more  time and skills than usually acknowledged  for online teaching. It is estimated that half of the tutor’s time during the term was spent providing weekly feedback to the assessed tasks. The rest of the time was spent facilitating the Thought Conferences, Problems Forum and a small volume of email enquiries.

5.2 The Student Experience

Formal and informal student feedback demonstrated that the most valuable learning experience for the student was the interaction with peers in the asynchronous Thought Conferences. One student commented: I like the way the class was set up so that we could all interact and exchange ideas and beliefs, this is how we grow intellectually.”
As shown above, the majority of students was consistently engaged in the Thought Conferences, prompted by questions that often drew on students’ previous knowledge and  expertise, confirming that “Successful teaching is a construction site on which students build on what they already know.” [Biggs 2003 p74]. Students recognised the value of new knowledge and understanding particularly if it  often related to their own lives, one commenting,  I plan to use as much as I can of what I learned in my every day life.
 

Home Assignments, on the other hand, were not always perceived as beneficial, students commenting that they felt  overwhelmed at the amount of work expected to be completed  for a seemingly small percent of the final  mark (5% per Home Assignment). In response to initial complaints an asynchronous forum was opened in order for students to exchange thoughts and ask questions specifically about the assignment content, which was well received. In future courses, however, it is thought that the number of Home Assignments should be reduced and streamlined to only reinforce declarative understanding rather than providing an additional opportunity for practicing critical thinking skills given the continuous opportunity to do so in the Thought Conferences.

Students also occasionally complained about the volume of reading required online (conference discussion threads) and in the course texts, offline.  In particular, lengthy  online posts were criticised.  For the future it is suggested to restrict the word count of the posts to under 300 words, thereby also creating an opportunity to refine  consice writing skills. Considering the volume of unassigned  research and reading students were inclined to do for the Thought Conference,  reducing assigned readings in future courses would not thwart their learning experience, but could free up time for more valuable experiences such as online peer interaction, for example. 
5.3 Lessons Learned

In addition to the changes prompted by the negative student feedback to the Home Assignments and conference posts  as described above, a number of  tasks were eventually discontinued. For example, for one instance of the course each student was assigned Conference Agent for one week which required of the student a written  online  summary of posts to three Thought Questions.  Conference agent summaries, however, usually resembled lists of copy-pasted student postings. In retrospect it could not have been expected that  undergraduate students summarise lengthy discussion threads in a restricted amount of time and without prior opportunity for practice. Furthermore, the task fell outwith the realm  of the otherwise aligned activities and may not have been perceived by students as meaningful, despite it being a graded task.  
Another example of a discontinued activity includes the study group assignment which was a case study analysis promoting problem based learning, created for groups of 4-6 students. Despite comprehensive study group guidelines and asynchronous and synchronous group communication platforms, groups often failed to manage a fair distribution of workload without the extensive assistance of the tutor. This proved  time-consuming for the tutor and often  frustrating for the students, outweighing any potential benefit and therefore dropped from the syllabus after 3 terms. Considering the extensive collaboration within the Thought Conference, again students may have not recognised any added benefit of a small group activity despite it counting 10% toward their final grade. The challenges of online communication between an international cohort of learners may also have contributed to problems the study group assignment caused. 

5.4 General Recommendations

In a rich, learner-centred VLE in which learning objectives, activities and assessment are constructively aligned, this case study has shown that the majority of learners become actively engaged with their peers and the available resources in the process of creating knowledge.  

Although constructive alignment dictates a considerable amount of rigour in the online course design process, and subsequent facilitation, it need not be as time-consuming as this paper may seem to suggest.  This is particularly true for fully online courses that, unlike the example given, make a comprehensive set of online materials available from the outset.  In courses of this type the mediating role of the tutor, and the information retrieval and consolidation demands on the student, could be lessened by the learning objectives and assessment methods being focused around a core of pre-determined subject text.  Other sources could then to be found and brought in to expand upon relevant issues, rather than as a primary means of generating course content.

The basic approach described could also be easily applied on a smaller scale within blended courses that use aspects of online support.  For example, asynchronous conferences could be used for student-led online seminars that are formally aligned with the learning objectives of a course, and become an assessed means by which topics covered in face-to-face seminars are explored further.

Similarly, emerging technologies including weblogs could become a means by which students reflect on their developing understanding and make this progress towards achieving their formal learning objectives visible to the tutor and their peers, and become a coursework submission that relates to a learning objective that is specifically about demonstrating evidence of growth in subject expertise.

The possibilities are numerous, but perhaps these simple examples point towards the potential for using constructive alignment to engage students with their subject matter via online resources in manner that is consistent with the opportunities for self-paced learning, personal reflection, individual knowledge construction, and collaborative learning to which VLEs can lend themselves so well.

6.0
Conclusions

Biggs’ (2003) model of constructive alignment can be seen as beneficial to online course design in several respects.  It provides a much-needed link between the constructivist principles that underpin thinking about online learning, and the need for sound curriculum design in higher education.  In this respect the approach forces the tutor to look beyond the face-value potential of VLEs, and be rigorous in ensuring that what students are asked to do is appropriate both to the learning objectives of the course, and the means by which they will be assessed.  More specifically it places a welcome emphasis on ensuring that what is required of the student is clearly communicated to them.  All of these factors can only help in ensuring that as many learners as possible are effectively engaged with each other, and the VLE, for the duration of an online course.  On this basis, there is merit in a greater number of practitioners using constructive alignment in the design of their online courses.
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Physics: If you take your ring off your finger and spin it on the tabletop, will there be a current in it? Why or why not? Explain!


Chemistry: The FDA allows food manufacturers to fortify their products with iron. The iron in Total cereal contains particles of pure iron metals baked into the flakes. What happens to the metallic iron after you swallow it?


Geology: Two of the driest places on Earth are the Atacuama Desert in Chile (bordering the Pacific Ocean) and the Dry Valleys of Antarctica (surrounded by snow and ice). How can these places be deserts, given the abundance of water nearby?








Prestructural





No or incoherent answer/student repeats question


Student comes to a firm conclusion (closure) but has supported it with an irrelevant piece of evidence.


Concepts/principles/definitions explained based on transduction from student’s personal experience





Unistructural





Student has chosen a point of view (chosen a side=closure) but uses only one piece of evidence to support his decision


Student makes one point basically repeated from the task.


Student responds to one feature.


Concepts/principles/definitions explained using denotation (ie one attribute within personal experience) as a means of defining meaning ( ‘Sugar tastes sweet…..’)





Multistructural





Student chooses a closed result (“Yes, x is true…) using two items of info (..because a and b…) to support his view.


Student seeks a definite conclusion by ignoring any alternative view/answer.


Concepts/principles/definitions explored by denotation using several attributes to explain.





Relational





Student presents and relates concepts in weighing points for and against two sides before giving a closed (and qualified) answer.


Student will attempt to come to a definite, but balanced  conclusion within the context given.


Concepts/principles/definitions not described by listing concrete attributes but rather by explaining functions/purpose/roles/properties.





Extended abstract





Student holds question open (‘It really depends on how…..’) and presents comprehensive, reasoned arguments drawing from and combining variables given and extending his views from the immediate setting to look at the wider implications.  


Student begins by stating a hypothesis (If …….then most likely we could expect…), considers the evidence given, extends his thinking to draw in information not provided, before coming to a qualified conclusion that may not close the question immediately.


Concepts/principles/definitions more abstract. Term defined in its widest sense rather than applied to one example. Universal principles abstracted from context. Definition connotative.
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