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ABSTRACT 

There is growing impetus, in New Zealand and internationally, to promote transformative 

uses of digital technologies for learning. However, across-countries research indicates the 

promise of digital innovation, for tackling enduring educational challenges, is 

underwhelming.  

Investigations of research-based approaches into transformative digital learning practices are 

associated with the notion of affordances as action possibilities and development of students’ 

21st century skills. In 1:1 initiatives (one device to one student), teacher design for learning 

that capitalizes on affordances such as ubiquitous access, increased student agency, 

engagement, collaboration and creativity, holds some of the potential for realizing 

transformational promise. One such approach is student creation of digital learning objects 

(SC-DLOs). Since the inception of Web 2.0 and user-generated content for the internet, 

digital learning objects (DLOs) have emerged as a phenomenon of increasing interest for 

delivering instructional content using multimedia. The student-created form is a largely 

under-theorized and under-investigated practice.  

This doctoral project incorporated four phases, three of which are represented by articles of 

empirical research submitted to international journals. The first is an exploratory systematic 

literature review, which employed mixed methods to examine 59 (of 419 studies) to 

determine the 21st century skills affordances of SC-DLOs. The second and third articles draw 

from a cross-subject, SC-DLO corpus (n=519) collected from online blog sites of 108 

students from 30 classrooms and 18 schools. The SC-DLOs were created by Year 7-8 primary 

school students (aged 11-13) in a 1:1 digital initiative. The initiative incorporates clusters of 

schools across the North and South Islands of New Zealand serving mainly Māori and 

Pasifika communities. A Grounded Theory (GT) methodology was employed to 

systematically describe and draw comparisons between features of cross-curricula, and 

mathematics SC-DLOs (the largest subset of the corpus). Findings from the three studies 

collectively informed a framework of student design support, a visual model to promote 

teacher awareness of ecological, e-learning dependencies and a future prototype of a digital 

application. 

This thesis contributes to understandings of student design for learning towards an emerging 

theory of SC-DLOs, implications for transformative digital practices and DLO research more 

generally.  
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GLOSSARY  

Digital learning object (DLO): Digital entity or content object using “different media 

modalities (and often interactivity) to represent data, information, reality, concepts and 

ideas…designed to afford educational reuse” Churchill (2007, p.484). 

Mode(s)/modal/modality: “A mode is a socially and culturally shaped resource for making 

meaning. Image, writing, layout, speech, moving image are examples of modes, all used in 

learning resources. Meanings are made in a variety of modes and always with more than one 

mode. Modes have differing modal resources. Writing, for instance, has syntactic, grammatical, 

and lexical resources, graphic resources such as font type, size, and resources for ‘framing’, 

such as punctuation” (Bezemer & Kress, 2008, p. 171). 

Multimodality: Configurations of more than one semiotic mode to make meaning (Bezemer 

& Kress, 2008). 

Medium: In a semiotic sense medium has material and social aspects. Medium as material 

refers to the means of distribution in communication; the substance or mechanism by which 

meaning is made available to others (e.g., paper; oil-on-canvas; screen). The social aspects of 

medium refer to semiotic, sociocultural and technological practices by which meanings are 

instantiated (e.g., newspaper, billboard, screencast) (Bezemer & Kress, 2008). 

E-learning ecology: Siemen’s (2007) connectivist notion of learning ecologies draws on the 

concept of spaces in which learning occurs in digital environments. These ecological spaces 

comprise of systems with connected characteristics, or dependencies, such as: configurations 

of purposes, activities, material resources, relationships, interactions and the mediated learning 

that emerge from them.  

Reflexive e-learning ecology: Shifts in the balance of agency (teacher to student, student to 

student) in digital learning ecologies which focus on student knowledge representation as 

multimodal, social and recursively evaluated in communities (Cope & Kalantzis, 2017). 

Potentials for learning: Bezemer and Kress (2008) explain potentials for learning as the 

“ensemble of semiotic features of a text or of an environment – objects, texts, people – that 

provides the ground for learning and in that way may shape what learning is and how it may 

take place” (p. 168). 
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CHAPTER ONE - INTRODUCTION AND OVERVIEW 

Anyone looking for reasons to be critical of the implementation of a national digital 

curriculum by 2020 in New Zealand need look no further than the report Students, Computers 

and Learning: Making the Connection (Organisation for Economic Co-operation and 

Development [OECD], 2015). The first-of-its-kind to provide internationally comparative 

analysis of students’ digital skills, and of the learning environments designed to develop these 

skills, the report concludes that schools lag considerably behind the “promise of technology” 

(p. 3). With no appreciable improvements in student achievement in reading, mathematics and 

science in countries that invested heavily in digital technology for education, and limited 

influence on bridging the divide between advantaged and disadvantaged students, there 

appears to be little to celebrate.  

The danger of an uncritical reading of these research findings is foreclosure on transformative 

digital learning opportunities in favour of more intense drilling of baseline proficiencies: 

back-to-basics practices that eschew innovation. One reason why the report writers suggest 

return-on-investment outcomes are still disappointing is technology can be a distraction from 

the kinds of teacher-student interactions that build deep, conceptual understanding and higher-

order thinking. An additional, closely related explanation is we have not yet become 

proficient enough at the kinds of digital pedagogies that optimise affordance potential - that 

doing 20th century learning practices with 21st century technologies can even dilute 

instructional effectiveness. These interpretations of the report’s findings have considerable 

bearing on the focus of this investigation into student-created digital learning objects (SC-

DLOs).  

This thesis proposes that student creation of SC-DLOs and associated practices can have 

transformative, learning design potential, without necessarily compromising on the 

collaborative, higher-ordering thinking associated with 21st century skill promotion 

(Partnership for 21st Century Skills, 2009) and deeper subject-area knowledge. An argument 

will be made for SC-DLO practices that offer opportunities for knowledge building which 

align with the pedagogies advocated in the Students, Computers and Learning report and 

Hangarau Matihiko (New Zealand Digital Curriculum) (Ministry of Education [MoE], 2018): 

approaches which foster “learners as active participants with tools for inquiry-based 

pedagogies and collaborative workspaces” (OECD, 2004, p. 4).  
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SC-DLOs can be far more complex digital artefacts than the name suggests at first reading 

and go beyond the product of student learning. As the following section will demonstrate, 

DLOs have an established tradition as multimodal digital entities with an instructional 

objective. However, this investigation is not primarily concerned with teachers’ instruction 

(although a secondary aim will be to inform and support pedagogy). Rather, the focus is 

DLOs created by students and the classroom conditions favourable to transformative SC-DLO 

practices including creation, sharing and knowledge improvement. Like the findings of the 

OECD (2015) across-countries report, realising enhanced learning potential is challenging 

and is reliant on wider ecological conditions, including the nature of the learning task, use and 

type of online platforms, access to digital applications (apps) and modes of composition (e.g., 

text, image, sound, spatial, movement). In other words, dependencies go beyond access, to the 

intersection of learning contexts, available resources and learner backgrounds (Luckin, 2008). 

Before providing further detail of the research rationale, it is important to introduce the 

concept of SC-DLOs as a distinctive type of digital artefact with attendant processes. 

Student-Created Digital Learning Objects (SC-DLOs): Form, Function and 
Emerging Theory  

Initially occurring in the fields of computer science and engineering as electronically-created 

instructional materials (Wiley, 2002), a digital learning object (DLO) has the following 

attributes: digital entity holding content that can be used or reused for teaching and learning; 

modularity (free standing and transportable between applications and online environments); 

and degrees of user interaction (e.g., controlling the pace of viewing or listening; simulation 

such as manipulating variables) (Churchill, 2007).  

For example, Figure 1, The Fair Test (Education Services Australia, 2016) illustrates a DLO 

which is publicly available for use in classrooms as an interactive animation. The DLO has 

instructional and practice components. It first describes the concept of a fair test using 

scientific experiment.   
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Figure 1. The concept of a fair test is provided as background information by an educational 
services provider in this interactive DLO using animation. 

The design gives students agency to control the pace of instruction by continuing (next 

button) or returning (back button) to available content, and guides simulated manipulation of 

experimental variables through interactive practice (Figure 2).  

 

Figure 2. Student manipulation of experimental variables using an interactive DLO designed 
by an educational services provider. 
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Considerable research has focused on the formal, technical aspects of the learning object 

component to standardise metadata, facilitate keyword and content descriptors and improve 

management systems for storage and retrieval of DLO in libraries (McGreal, 2004). Over 

time, Web 2.0 capabilities have enabled creation and accessibility of online user-generated 

content, so that instructors and teachers can create their own re-usable objects. The 

pedagogical use of learning objects has generated a small empirical literature including the 

learning effects from using DLO designed by teacher-resource providers (i.e. professional 

educational design teams) (Bradley & Boyle, 2004; Cochrane, 2005) to the “home-grown” 

objects of in-service teachers and those streamed from YouTube channels (Kay, 2007, 2012). 

Technological advancements have influenced the availability of a wider range of digital 

medium (Bezemer & Kress, 2008), or materiality (e.g., animation, podcast, slide 

presentation), and of the modalities in which content is communicated using these media 

(e.g., writing, image, sound).   

Taxonomies and Change 

Churchill (2007) proposes six types of learning object: presentation, practice, simulation, 

conceptual models, information and contextual representation objects. Table 1 reproduces a 

summary of the types, explanation and examples. On the other hand, student-created DLOs 

(SC-DLOs) are a far more recent, under-studied and theorised phenomenon. Only with the 

emergence of online platforms for uploading and sharing content, and the ready access to 

digital creation tools – devices, applications, next generation networks – have these 

technologies, and the means of creation, been in the hands of learners.  

For young people, the explosion of social media and the pervasive use of mobile technologies 

has made user-generated content an everyday phenomenon, outside of classrooms and 

educational settings. However, in tertiary and school contexts, where 1:1 arrangements (one 

device to one student) are becoming normative practice, access to devices and associated Web 

2.0 tools affords students agency to design for learning with digital objects. The notion of 

design for learning in relation to SC-DLOs is an important one as it involves “producing 

learning objects for other students” (Sørensen & Levinsen, 2014, p. 63). The OECD Learning 

Framework 2030 predicts young people are best prepared for the future as change agents 

which implies “more than just the acquisition of knowledge and skills; it involves the 

mobilisation of knowledge, skills, attitudes and values to meet complex demands” (p. 4). 
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Table 1  

Types of Learning Objects 

Note: Reproduced from “Towards a useful classification of learning objects,” by D. Churchill, 2007, Educational Technology Research and 
Development, 55(5), p. 482. Copyright by Springer. 

LO Type Explanation Simple example 
Presentation object Direct instruction and presentation resources 

designed with the intention to transmit specific 
subject matter 

An instructional sequence on classification of triangles 

Practice object 
educational 

Drill and practice with feedback game or 
representation that allows practice and learning 
of certain procedures 

Quiz question requiring a learner to use representation of a 
protractor to measure angles and answer a question regarding ratio 
between base and height of the right-angled triangle 

Simulation object Representation of some real-life 
system or process 

Simulation of a compass allowing a learner to draw a geometric 
shape (e.g., equilateral triangle) 

Conceptual model 
related 

Representation of a key concept or concepts of 
subject matter 

Representation that allows manipulation of parameters of a triangle, 
which in turn changes displayed modalities such as visual 
representation of a triangle, and numerical values of sizes of its 
angles and sides, and displays a graph showing changes in 
relationship between sides or angles 

Information object Display of information organised and 
represented with modalities 

Representation that allows learners to change angles and sizes of a 
triangle and, based on configuration, to obtain information such as 
the type of triangle illustrated, a picture showing it in real-life and a 
short description of its properties 

Contextual 
representation 

Data displayed as it emerges from 
represented authentic scenario 

Representation that shows real-life examples of triangles (e.g., roof 
of a building) and allows a learner to use representation of a tool 
(e.g., tape measure) to collect data about dimensions of these 
triangles 
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According to the framework, two factors in particular are predicted to help enable learner agency: a 

learning environment that fosters personalisation, where connections are made by learners between 

their learning experiences, and the “design of their own learning projects and processes in 

collaboration with others” (p. 4). Design for learning is well aligned with these aims as it is 

conceived as having potentials for learning from using the digital artefact (designed as a learning 

resource or product) but also describes the active application of semiotic principles of design to 

encode learning for others (process) (Bezemer & Kress, 2008). Bezemer and Kress (2008) explain 

potentials for learning as the “ensemble of semiotic features of a text or of an environment – 

objects, texts, people – that provides the ground for learning and in that way may shape what 

learning is and how it may take place” (p. 168). 

A dual process-product view of SC-DLOs with potentials for learning is commensurate with more 

generalised socio-cultural understandings of literacy and the function of text as: “a thing in itself 

that can be recorded, analysed and discussed, and also a process that is the outcome of a socially 

produced occasion’’ (Knapp & Watkins, 2005, p. 13). A provisional search of the literature shows 

evidence mainly of the first affordance as the sharing of students’ digital texts or products but 

limited evidence of the second: the student design and creation process as designers-for-learning. 

For example, an earlier thesis investigating SC-DLOs (Crow, 2004) makes the distinction between 

static, interactive, and dynamic DLO types. The former is created or provided by the instructor to 

transmit content (static), the interactive form requiring student response such as manipulation of 

variables or input with corrective feedback, and the dynamic representing student creation of DLO 

for their own, and others’ use. In an experimental study of tertiary students’ creation of DLO 

compared with an essay control group, Crow (2004) reports improved learning on a post and 

delayed post-test of learning. As the study was primarily concerned with testing intervention 

outcomes, descriptive analysis of the DLO artefacts and the nature of design for learning are 

unexamined. Aside from reference to Camtasia as the software creation tool, and the mention of 

screencast as the SC-DLO medium, there is no exploration of the variation in individual student 

design and multimodal features that may (or may not) have influenced learning outcomes.  

Illustration of SC-DLO Practices 

As a comparison with the earlier, professionally designed DLO of the Fair Test, and in the interests 

of demonstrating SC-DLO practices, a detailed illustration of a DLO created by a student follows. 

The example was selected from the corpus that is a primary data source of this thesis project. As 

shown in Figure 3, the student Tyron (pseudonym) has authored an SC-DLO explaining the water 

cycle which by Crow’s (2004) definition would constitute a dynamic DLO. The digital medium 
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Tyron has chosen to communicate science content is animation and the digital modalities include 

moving images, written text, oral narration and music. Because the student has shared his animated 

representation of the water cycle to an online classroom blog, it is publicly available for others to 

learn from and review. Not only has Tyron created digital content through a re-useable medium to 

represent his knowledge (animated object), he has included features that signal principles of design 

for learning, particularly for an audience of his peers. For example: he signals a learning objective 

(“Hi, I’m Tyron and I’m here today to teach you about the water cycle”); uses multimodality 

(combinations of modalities) in ways that complement verbal, alongside static and moving visual 

information; systematically organises content, beginning with a summarised overview of the cycle, 

followed by more detailed explanations at each stage, and a cycling back to the overview. He uses a 

personal tone, paraphrasing content in his own “voice” and thanks the audience for listening 

(“…hope you have learnt about the water cycle”). Unlike other learning artefacts posted to Tyron’s 

classroom blog (e.g., written narrative, digital worksheet, screenshot of a completed maths game), 

the animation functions as a more deliberate instructional tool and Tyron is positioned 

simultaneously as learner, and pedagogue.  

In terms of learning, Tyron’s SC-DLO can be conceived as having higher potentials for learning 

(Bezemer & Kress, 2008) in its attention to reorganisation of the taught content, elaboration and 

personalised presentation for a learner audience. Bezemer and Kress (2008) explain potentials for 

learning as the multimodal design choices that shape how learning may take place. Other artefacts 

are arguably more representative of the teacher’s designs for learning (e.g., photograph of a 

completed mathematics worksheet). Both design functions are valuable. But where this thesis 

departs somewhat from both Crow’s (2004) taxonomy (static, interactive, dynamic) and Churchill’s 

(2007) classification of the six DLO types, is emphasis on the features of the design for learning. In 

other words, this study highlights the degree to which students like Tyron employ multimodal 

design features and principles in the service of instructional aims, considered key to potentially 

enhancing Tyron’s learning, and that of his audience. In the context of student learning, the design 

features go beyond design of SC-DLO content, to the interactions between learners, other people 

(such as family) and the links made to their personal backgrounds, learning experiences and objects 

– affordances that Luckin (2008) describes more broadly as the Ecology of Resources available to 

the learner. Siemen’s (2007) connectivist notion of learning ecologies draws on the concept of 

spaces in which learning occurs in digital environments. These ecological spaces comprise of 

systems with connected characteristics, or dependencies, such as: configurations of purposes, 

activities, material resources, relationships, interactions and the mediated learning that emerge from 

them. 
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Figure 3. Screenshots from Tyron’s SC-DLO representing an animation of the water cycle.  

Note: Reading left to right the student has organised the content to begin with an overview and 

following each stage (evaporation, condensation, precipitation) returns to the macro view 

As a DLO classification system, the hard distinctions made by Churchill (2007) between DLO types 

are somewhat problematic for student design-for-learning practices. Apart from the specialised 

types of simulation and practice drills (refer to Table 1 of types),Tyron’s SC-DLO aims to integrate 

knowledge types, rather than isolate, which is more in line with constructivist views on learning 

(Dewey, 1938; Von Glasersfeld, 2012): it combines direct instruction (presentation), organised 

display of information using modalities (information), representation of associated concepts 

(conceptual/critical), and links to real-life examples (contextual). A further point of difference with 

current classifications of DLO would be the positioning of students with agency and support to 

purposefully consider optimal combinations of knowledge types and multimodality to enhance 

learning. This agentic positioning underscores the need for metacognitive shift from student as 

author or composer to learning designer. Therefore, in the interests of theorising increased potential 

for SC-DLO design for learning, this thesis offers a broader classification of SC-DLOs as a sub-

type of student-created digital learning artefacts (SC-DLA). Like Churchill (2007) and Wiley 

(2002) it will be argued that not all digital material is equal in learning potential. Forcing a 

distinction between SC-DLOs and SC-DLAs offers a useful heuristic for drawing attention to the 

enhanced potentials for learning of SC-DLOs and warrants further investigation of SC-DLO 

practices in classrooms.  
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The Place of Literacies in SC-DLO Production 

Theories of New Literacy Studies (NLS) (Gee, 1996), multiliteracies (New London Group, 1995) 

and multimodality (Kress, 2000; Kress & van Leeuwen, 2001) emphasise the profound impact of 

social and material conditions on contemporary notions of reading, writing and of text. Against the 

backdrop of societies increasingly theorised as global, digitalised and networked, 21st century 

communication landscapes have undergone radical shifts in what it means to be literate (Jewitt, 

2008). These changes are placing new demands on literacy learning and related competencies 

termed ‘multiliteracies’ that are predicated on a shift from print, as a primary medium of meaning 

making, to digital media and multimodality (Kalantzis, Cope & Harvey, 2003).  

Multimodality 

Theories of multimodality emphasise the role of transitioning from analogue to digital 

communication technologies as a repositioning of writing, as dominant semiotic mode, into “new 

textual relationships with or even exchanged for visual or multimodal forms of representation” 

(Jewitt, 2008, p. 243). In the classroom, notions of reading and writing texts have expanded, and are 

being transformed, by the range of digital media involving new modal combinations (e.g., audio and 

moving image). The material and social affordances of screen technologies, as opposed to ink and 

page, involve the digital re-configurations of image, writing, sound and space which have 

significant implications for learning and other text-based interactions (Kress & van Leeuwen, 

2001). As Jewitt (2008) points out, print texts have always been multimodal, requiring 

interpretation of visual and verbal sign systems involving semiosis – the system of relations 

between objects, concepts and signs in language. But the reading and creating of digital texts is 

argued to involve both cyphering and composing complex multimodal ‘ensembles’ (digital 

configurations of image, sound, movement, and other modes) – processes that add qualitative and 

contextual differences to literacy practices (Kress, 2005). This change in materiality is made more 

complex by mobile technologies (e.g. phone, tablet, netbook) where haptic interactions with touch-

screen technologies involve tap, swipe, scroll and drag. Against this backdrop Jewitt (2008) argues 

it is not possible to think about literacy “solely as a linguistic accomplishment and that the time for 

the habitual conjunction of language, print literacy and learning is over” (p. 241). To better 

understand learning in contemporary classrooms Jewitt (2008) maintains it is essential to explore 

ways in which representation across modes features in learning interactions, and particularly in 

knowledge construction, making multimodal forms integral to literacy and learning more generally. 

Kress (2003) emphasises that it is no longer possible to think about literacy in isolation from the 

social, technological and economic factors influencing the changes: 
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These are, on the one hand, the broad move from the now centuries long dominance of 

writing to the new dominance of the image and, on the other hand, the move from the 

dominance of the medium of the book to the dominance of the medium of the screen. These 

two together are producing a revolution in the uses and effects of literacy and of associated 

means for representing and communicating at every level and in every domain. (p. 1) 

One way in which SC-DLOs offer opportunities for students to engage in multiliteracies work - 

whilst building subject-based knowledge - is multimodal decision making. These choices can now 

include ‘new media’ such as voice recordings video, screencast and animation. Digital media “make 

it possible to use the mode that seems most apt for the purpose of representation and 

communication” (Kress, 2005, p. 19). Furthermore, different modes carry different affordances and 

logics that warrant the consideration of gains and losses including semiotic, material and 

communicational means. Depending on variables such as the author’s (learner’s) purpose, the 

content to be communicated, the context and materiality of available modes, there are distinct 

potentials and limitations for meaning representation. For example, writing and speech share 

aspects of lexis, syntax and grammar for achieving verbal precision whilst speech (audio) carries 

intensity (modulation) including intonation, timbre and pitch variation. Print affordances typically 

involve a linear, sequential logic involving time and sequence (Ball, 2004) while audio such as 

soundtrack and sound effects include accent, mood, or musical rhythm. Visual modes in general 

afford the “showing” of meaning as well as representations of symbolism, space and simultaneity, 

where video affords the capture in real-time of movement, process, and passage of time (Keller, 

2007).     

Multiliteracies 

As an important theory of literacy and learning, a pedagogy of multiliteracies emphasises the shift 

from traditional literacy discourse of writing composition and authorship, to ‘design’ – a term 

considered to more fully capture the combining of modes and organisation of semiotic elements 

within multimodal texts (New London Group, 1995). Kalantzis et al. (2016) describe the two 

‘multis’ of multiliteracies as two aspects of meaning making. The first ‘multi’ acknowledges the 

social diversity that contributes to variability in language and literacy conventions across different 

social, cultural and domain-specific contexts. In the past, rules of a single, standard form of the 

national language was a primary focus of literacy teaching. However, migration, international travel 

and internet connectedness have contributed to increasing globalisation and the multicultural 

influences affecting conventional difference (e.g., meanings influenced by language backgrounds, 

life experience, subject specialist domains, fields of employment). Classroom learning that 

incorporates SC-DLOs can provide authentic digital contexts for engaging with diversity where 
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students are encouraged to draw on their life worlds while learning the conventions of other 

‘worlds’ such as the subject matter of different curricula.  

Communication of meanings in SC-DLOs involves the second ‘multi’ in multiliteracies such as the 

ways writing interfaces with other modes of meaning (e.g., visual, audio, oral, spatial and gestural). 

Literacy pedagogy should extend students’ understandings of text beyond alphabetical 

communication to multimodal forms (Kalantzis et al., 2016) that go beyond traditional static image 

(such as pictures) to dynamic forms of moving image (video, animation, screencast, interactive 

graphic) and sound (podcast, voice over, ambient sounds). With these new media, student design 

extends multimodal decisions to representations of self (and others) in recordings such as video or 

audio recordings of classroom interactions.  

NLS has been an important lens for theorising the complexity of shifts from literacy, to the plurality 

of literacies, as historically, socially and culturally situated practices (Street, 1998; Lankshear, 

Peters & Knobel, 2000). Knobel and Lankshear (2007) define literacies as “socially recognised 

ways of generating, communicating and negotiating meaningful content through the medium of 

encoded texts within contexts of participation in Discourses (or as members of Discourses)” (p. 3). 

From a sociocultural perspective, discourses encompass socially recognised ways in which meaning 

(and meaningfulness) is conveyed through members of social groups (e.g., families, religions, 

sports, professions, domains of knowledge), and as individuals. Becoming literate is not simply a 

matter of developing the skills and processes to comprehend and produce meanings but involves 

‘reading’ inherent power relations (e.g. authority) and positionality of language, such as the way 

language can be used to alienate or undermine non-group members. In relation to young people, 

digital texts students engage with beyond the classroom shape discourses related to youth culture 

and ways in which students communicate, connect and belong. NLS emphasises outside school 

literacies and the discourse groups beyond classrooms as bridging in-school, including academic 

literacies (Jewitt, 2005; Leander, 2001). Digital creation for academic purposes, such as SC-DLOs, 

present opportunities to use the genres, apps, and forms of media that resonate with young people as 

a bridge to subject-based content and academic discourses. This is not to say that the knowledge of 

disciplinary domains should be distorted in any way (by out-of-school discourses) but that new 

media can be used in ways that has appeal for 21st century learners. These media also have learning 

affordances that were not possible in traditional, analogue classrooms such as using screencast to 

‘talk to’ a text (e.g. a diagram) and simultaneously make a recording of oneself annotating the 

diagrammatic features.  
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Apart from the discourses of youth culture, creation of digital artefacts for learning can open 

opportunities for students to use digital media that embeds connections with home, backgrounds 

and family histories – what Moll et al. (1992) term ‘funds of knowledge’. SC-DLOs can incorporate 

photographs, video and voice recordings that instantiate students’ life worlds as embodied entities 

representing identity. The diversity of language patterns, experiences and ways of knowing that 

students bring to the classroom, offer a means of capitalising on textual and identity differences in 

the DLOs students create. It is these differences and the agency to combine media in creative and 

personal ways that offers transformational kinds of learning potential. From a constructivist 

perspective, it is also likely artefacts representing academic learning imbued with personalised 

features (e.g. analogy, example, experience) are likely to positively influence student self-efficacy. 

Researcher’s Position 

Prior to presenting a full account of the rationale for this study, there is a need to outline my identity 

as a researcher, my investment in the topic and my intentions in relationship to the context under 

investigation. Research is fundamentally concerned with producing knowledge about the world. 

Given this, consideration must be given to the philosophical and attitudinal orientation of the 

researcher when interpreting findings and utility of the research (LeCompte & Preissle, 1993; 

Merriam, 1998). As a member of a wider research team, I am involved in ongoing collaborative 

research partnerships with digital initiatives in New Zealand, where one of the aims is to support 

valued outcomes improvement for predominantly middle to low income communities. In relation to 

the broader three paradigms of research generally oriented to positivist, interpretive, and critical 

typologies (Carr & Kemmis, 1986), my orientation in this thesis project is predominantly 

interpretive: where understanding the design-for-learning processes of device-enabled students is 

informed by an inductive, hypothesis- or theory-generating perspective, rather than a testing or 

deductive method of inquiry. Like Merriam (1998) a key philosophical assumption underpinning 

my approach to inquiry is that realities are constructed by individuals interacting within their social 

worlds, that school is a lived experience and that the meanings of participants (or representations of 

their learning artefacts) are further mediated through investigators’ perceptions. Whilst steps will be 

later detailed as to how validity and “naturalistic generalisations” were dealt with to reduce inherent 

biases, and improve dependability, my research worldview fundamentally concurs with Patton (as 

cited in Merriam, 1998): it is an effort to understand “what the world looks like in that setting - and 

in the analysis to be able to communicate that faithfully to others who are interested in that 

setting…The analysis strives for depth of understanding” (p. 6). 
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My investment in understanding the topic of SC-DLOs and potentials for learning also arises from a 

critical orientation to research. Although my primary concern is an in-depth analysis of students’ 

designs for learning, to generate hypotheses for enhancing SC-DLO learning potential, my interest 

is also the promotion of a more democratic classroom. By democratic, I mean that the potential 

affordances of creation and knowledge building with digital tools, offers participatory, agentic and 

collaborative approaches to learning, which are dependent on wider ecological conditions. 

Therefore, I am invested in identifying features of SC-DLOs that may support critical-action 

perspectives of student agency (Taylor & Robinson, 2009), whilst being vigilant about ways these 

may inadvertently undermine learning.    

As I have worked for almost a decade within schools at various stages in their adoption of digital 

learning environments using a shared digital pedagogy, I am interested in transformative, research-

based approaches to sustainable improvement and innovation. Although an exploratory, systematic 

literature review (Hallinger, 2013) has been undertaken to identify, and learn from, international 

literature on SC-DLO practices, there are also imperatives, grounded in New Zealand school 

contexts for undertaking this investigation. It has been mine, and my colleagues’ observations, that 

students, and teachers, could be far better supported in the area of student multimodal creation by 

investigating SC-DLO knowledge sharing, and other ecological learning conditions that enable (or 

constrain) this approach to learning. Therefore, it is from this critical-action perspective that I also 

position myself within a wider research endeavour.         

Rationale for the Research 

There are at least four educational and social-cultural reasons for research into the area of SC-

DLOs. Digital technologies are influencing immeasurable changes in cultural-historical practices 

such as communication, community, education, employment and the “future-proofing” of young 

people. As an emerging field within technology-supported learning and teaching, DLOs have 

important links to educational psychology, educational technology, social semiotics, and digital 

humanities.  

1. Learning affordance rationale 

The justification for investigating SC-DLOs as they occur in day-to-day classroom learning relates 

to digital learning affordance. Although Gibson (1977) first conceived of affordance as action 

potential in his work on the complementarity of physical environments for animal survival, cultural 

perspectives of digital affordances (Kaptelinin & Nardi, 2012) explore the enhanced possibilities for 

learning including views on cognitive processing and social-interactional effects (e.g., design for 

others’ learning).  
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Enhanced learning affordance is perceived as an outcome of multimodal transformation during the 

SC-DLO creation (process) because students produce their own original syntheses: their knowledge 

about the world and subject matter are integrated in new combinations (Gauntlett, 2011). 

Multimodal design affords meaning-making beyond the language of writing and pictures to audio, 

spatial and kinaesthetic modes where the semiotic or sign-making potential is expanded as modes 

are combined. Gunther Kress (2010), considered the founder of multimodal social semiotics 

advocates this dynamic view of mode: “socially, what counts as mode is a matter for a community 

and its social-representational needs. What a community decides to regard and use as mode is 

mode. ... Formally, what counts as mode is a matter of what a social-semiotic theory of mode 

requires a mode to be and to do” (p. 87, emphasis in original). Kress and van Leeuwen (2001, 2006) 

emphasise that one type of mode will meet these social-representation or communicative needs 

better than another (in terms of affordances or constraints) which is highly dependent on context 

and multimodal relationships. In the case of SC-DLOs for example, these dependencies would 

include ways in which modes are semantically organised and spatially arranged for communicating 

knowledge. Gee (2000) maintains students have the right to produce and transform knowledge, not 

just consume it. Here transformation is conceived as adapting, reformulating and innovating for 

agentic or own social, cultural, political and creative purposes. Jewitt (2008) describes such 

practices as “students’ designed constructions of meaning” which is advocated in the seminal work 

of the New London Group (1995) as a pedagogy of multiliteracies - design by which students are 

both “inheritors of patterns and conventions of meaning and at the same time active designers of 

meaning” (p.65).  

The notions of design for learning and digital affordance can be further considered in light of the 

knowledge-creation metaphor (Paavola, Lipponen, & Hakkarainen, 2004) which argues learners 

have a responsibility to contribute to the advancement of knowledge in their learning community. 

Taking issue with participation predicated only on guided or peripheral contribution (Paavola & 

Hakkarainen, 2005), learners are elevated to a position as prosumers (both consumers and 

producers) of knowledge artefacts (McLoughlin & Lee, 2008). Not only do they develop 

competence through interaction with knowledgeable others but their collective contributions to 

ideas and resource generation advances their community’s existing body of knowledge as they 

move towards full participation in the socio-cultural practices of particular communities (e.g., 

professions and disciplines).  

A further notion of transformation considered to have relevance to conceptual learning with digital 

objects is representation using multimodal tools which has been described as a depth-of-processing 

affordance (Yore & Hand, 2010). Views of multimodal representation are premised on semiotic 
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reasoning: where meaning is developed by comparing the interpretation of some representation of 

knowledge to the object being represented - the referent. Lemke (1998) proposes that in 

constructing meaning we are always simultaneously assembling a presentation of the entity 

concerned and we “orient it to others” (p. 92). Understanding is deepened as the learner makes 

decisions about how the referent is to be represented, and in the case of digital tool use, the 

affordances of integrating various modes (Sørensen & Levinsen, 2014).  

When a representation is constructed in modal combination, meanings may be multiplied and 

enhanced to achieve intersemiotic complementarity (Royce, 2007). In other words, some modes 

may be more supportive of learning than others: (a) where visual media affords “specific 

advantages over the textual media” (Gobert & Clement, 1999, p. 49-50;); (b) the simultaneous 

presentation of verbal with visual media (rather than sequential presentation) (Mayer, 2008) which 

has been found to improve learning congruent with dual coding (Paivio, 1991). This multimedia 

principle is supported by considerable experimental evidence that participants learn better (tests of 

recall and transfer of understanding) from words and pictures, than from words alone (Mayer, 

2008).   

A final learning rationale relates to social-emotional affordances, as composition with digital tools 

more generally has shown evidence of positive effect on engagement (Lowther, Inan, Ross & 

Strahl, 2012; Suhr, Hernandez, Warschauer, & Grimes, 2010), motivation (Yang & Wu, 2012) and 

student agency (Bebell & Kay, 2010; Warschauer, 2008). The product or material aspect of SC-

DLOs can be viewed as extending constructivist views to incorporate constructionist perspectives of 

artefact creation. From a constructionist position, Papert and Harel (1991) maintain the building of 

knowledge structures happens “felicitously in a context where the learner is consciously engaged in 

constructing a public entity, whether it’s a sandcastle on the beach or a theory of the Universe” 

(p.2). How learners creatively project ideas and feelings into these public artefacts, engage in 

conversation about them, and how conversations enhance self-directed learning is considered 

integral to the construction of new knowledge (Ackerman, 2002). The personalised features of SC-

DLO design and sharing to online spaces (e.g. publicly accessible platforms or classroom sites), 

affords emotive and agentic dimensions to the creation process, including the end product.   

2. Curriculum rationale 

With the implementation in New Zealand of Hangarau Matihiko there are a number of curriculum-

related imperatives for furthering opportunities for learning with SC-DLOs. As one of the five 

technological areas of the technology curriculum, SC-DLOs are well aligned with the Designing 
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and Developing Digital Outcomes area. Creating SC-DLOs for the classroom, and a wider online 

audience, facilitates the curriculum aim that:  

Students develop knowledge and skills in using different technologies to create digital 

content for the web, interactive digital platforms and print. They construct digital media 

outcomes that integrate media types and incorporate original content. (MoE, 2018, p. 4) 

As SC-DLOs can be designed and developed for supporting learning according to subject area, 

level, and appropriateness of multimedia use in disciplines, the practice also supports a further three 

aims of Hangarau Matihiko: promotion of (a) knowledge and skills as digital citizens; (b) users of 

digital technologies across the curriculum; and (c) opportunities to develop students’ key 

competencies. These competencies are described as “the capabilities people have, and need to 

develop, to live and learn today and in the future” (MoE, 2014) which are listed as: thinking; 

relating to others; using language, symbols and texts; managing self; and, participating and 

contributing. Digital citizenship is closely related to the values, key competencies and principles of 

the overarching vision of the curriculum and the body of subject related achievement objectives. 

Not designed to be a stand-alone area, “designing and developing outcomes” that “integrate media 

types” and “incorporate original media” (MoE, 2018, p. 4) require students to critically enact 

responsible norms and practices such as copyright, online interaction and assessing credibility of 

information (emphasis added). Digital creation, in accordance with SC-DLO design practices can be 

conceived as a means of enacting all the aforementioned aims.  

Additionally, The New Zealand Curriculum statements advocate for young people as lifelong 

learners who will be contributors to the future economic, as well as social, cultural and 

environmental well-being of New Zealand. This active involvement is closely tied to the use and 

ongoing evolution of digital communication tools which are suited to the multiliteracies practices of 

the 21st century. Beyond proficient use of analogue literacies synonymous with 20th century 

literacies (e.g., written essay; report; letter) (Warburton, 2012), preparation for post-millennial 

futures requires expertise in communication, including the “reading” and “writing” of digital 

literacies and related genres (e.g., podcast; screencast; slide presentation). Increasing digitisation is 

occurring across all employment sectors in New Zealand (Digital Skills Forum, 2018) and is a 

general phenomenon of OECD countries (OECD, 2015). Although SC-DLO practices incorporate 

meaning making with multiliteracies in local contexts, sharing and interacting through digital 

artefacts extends connection to global communities.  

 In addition to the general key competencies of The New Zealand Curriculum (and other 

international curricula), the OECD (2018) Education 2030 project identifies transformative 
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competencies for meeting the challenges of global interconnectedness, considered to be fuelling 

rapid social, economic, technological and environmental change. One of these competencies, 

“creating new value” is well-aligned with the creation of digital artefacts, involving creative 

collaboration for knowledge-building purposes (OECD, 2018, p.5). In the Knowledge Age, 

advancement has been described as the collaborative endeavour of creating and improving 

conceptual artefacts (Bereiter, 2002; Nonaka & Takeuchi, 1995), where creativity is required to best 

represent and convey knowledge in ways that enables collective improvement. It will be maintained 

in this thesis, that if students are to use digital technologies for developing and designing outcomes, 

one important outcome would include digital representations of their knowledge for collaborative 

improvement purposes.  

3. Design framework rationale 

Another rationale for this research is the development of a framework to support principled SC-

DLO design-for-learning practices by students. Conceptual frameworks are not only useful for the 

generation of hypotheses and theory, but when applied to support principled guidance, conceptual 

frameworks have the potential for development of independent expertise. Historically, resources 

have been accumulated in support of planned and principled approaches to traditional forms of 

composition such as writing (Flower & Hayes, 1981) and writing-to-learn (Ackerman, 1993). A 

general framework to support principled multimodal composition by learners (particularly for a 

DLO audience) is yet to be developed. Seminal social semiotic frameworks guide understandings of 

the functionality of writing (Halliday, 1994) and the multimodal principles of educational texts 

more generally (Bezemer & Kress, 2008) but this research investigated the phenomena of DLOs 

created by student-learners, to determine how contemporary, social-semiotic practices of young 

people with digital expertise may align, or indeed differ from such functions. What might we learn 

from learners’ SC-DLO designs that may add to these understandings?        

4. Teachers’ learning-design rationale 

A final rationale for research investigating SC-DLOs is to inform educators and classroom practice, 

particularly teachers and programme leaders in digital initiatives. In light of the curriculum 

imperatives outlined above, and in supporting digital pedagogies that promote transformative 

practices, this study is considered valuable to educators for at least three reasons: to provide 

practitioners with in-depth analysis of SC-DLOs across classroom contexts; make recommendations 

for teaching practice in light of the findings informing a conceptual framework of SC-DLO design; 

and to stimulate reflection about teacher-augmented practice with digital technologies. In work with 

schooling improvement partners, we have proposed elsewhere a conditional augmentation 
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hypothesis: that teacher augmentation adds instructional power to the direct effects of digital 

technologies (McNaughton et al., 2018). In other words, the promise of learning potential with SC-

DLOs is conditional on teachers’ pedagogical content knowledge of the associated affordances and 

their design for learning.  

Implementation of large-scale digital learning environments (DLEs), such as the BECTA project in 

the United Kingdom (Somekh et al., 2007) and Manaiakalani in New Zealand (Jesson, 

McNaughton, Wilson, Zhu & Cockle, 2018) have shown considerable positive effect where there is: 

resourcing of professional learning; active leadership in promotion and sharing of effective digital 

pedagogy; and, improved learner agency with digital tools. Some of the ways learner agency in 

BECTA has been described is through pedagogy that supports sharing of student ideas using 

animation, short films, presentations, and visualisers such as video of group discussions to provide 

a communal focus for the analysis of student learning.  This potential for greater student agency 

with the curriculum is reflective of the transformation of technology-supported pedagogy (Hughes, 

2005) and redefintion versus substitution tasks (Puentedura, 2010) (e.g., where technology is used 

beyond replacing pen and pencil with word processing). However, research carried out by 

ResearchNZ (2014) shows the teacher digital confidence index, based on principals’ perception of 

most teachers integration of digital technologies, dropped for the first time in over twenty years: a 

possible explanation given in the report is the rapid deployment of 1:1 device technology such as 

Bring Your Own Device (BYOD) programmes surpassing teachers’ capabilities to appropriately 

adapt teaching and learning pedagogies. With the in-depth investigation of SC-DLOs in this study, 

some plausible hypotheses about transformative teaching practices can be made in relation to 

students’ creation practices versus more traditional or substitution pedagogies (Puentedura, 2010). 

In other words, SC-DLO activities may be viewed as part of a wider e-learning ecology made 

possible by pedagogy that capitalises on digital learning affordances such as ubiquitous learning, 

multimodal knowledge representations, and collaborative intelligence (see Cope & Kalantzis, 2017, 

for a complete list).  

Research Aim 

The primary aim of this research was to investigate the potentials for learning in classrooms where 

SC-DLO practices were fostered within e-learning ecologies. Important steps towards achieving this 

aim were: investigation of the learning affordances of SC-DLOs to inform a framework for student 

design-for-learning; teacher design of learning that in turn supports SC-DLO potentials for learning; 

and the development of a future prototype app (to support framework use in planning and SC-DLO 

design). The framework was recursively informed by three exploratory investigations: a systematic 
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review of the literature, corpus of SC-DLOs and design ideas for an SC-DLO planning app. The 

questions guiding the overall inquiry were: 

• What are the 21st century learning affordances of student-created digital learning objects 

(SC-DLOs)? 

• What are the design-for-learning features of a corpus of SC-DLOs? 

• How might 21st century learning affordances and design-for-learning features inform a 

digitised framework of support for SC-DLO practices? 

Specifically, the first study examined the existing empirical knowledge base of SC-DLOs for 

impact on learning, knowledge building with peers and social-emotional affordances. In parallel, 

the second study, conducted a grounded, systematic analysis of an SC-DLO corpus from 1:1 

clusters of schools in New Zealand, and in a subset of mathematics SC-DLOs. The reference to 

grounded analyses refers to both the Grounded Theory (GT) methodology (Glasser, 1978, 1992) 

and the grounding of an emerging conceptual framework from the artefacts of inquiry (the SC-

DLOs). Information obtained from these inquiries, led to a provisional proof of concept, for future 

development of a prototype digital app. Combined, the studies add to the emerging body of research 

on learning with digital tools, and to future SC-DLO research. 

From a wider educational perspective, particularly as countries implement digital curricula, this 

study informs innovative pedagogical practices of teachers wishing to develop students’ digital 

skills alongside subject area knowledge. An informed understanding of the potential learning 

affordances and design-for-learning features of SC DLOs offers an innovative digital approach to 

learning that supports student achievement goals. Although the data collected in this research is 

New Zealand based, the digital artefacts and creation tools are situated in online global spaces, 

where opportunities also exist for global digital exchanges: students share and exchange learning 

objects to build relationships and practice digital citizenship outside their local communities (Tiven 

& Fuchs, 2018). 

Methodology and Thesis Format  

A guiding principle directing the methodological approach to this study was a problem or issue-

driven, rather than a methodology-driven logic, selecting “those methods that for a given 

problematic best help answer the research questions at hand” (Flyvberg, 2006, p. 242). A further 

unifying principle was the need for coherence between the nature of the research questions and the 

methodological and philosophical approach taken to answering them (Camic, Rhodes & Yardley, 

2003). Guided by both principles this thesis employs an exploratory mixed methods approach 
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(QUAL-quant) (Creswell, 2004) with an instrumental logic. In discussing research design Stake 

(1995) differentiates between intrinsic and instrumental logic thus: intrinsic logic regards the cases 

of highest importance, whereas an instrumental logic focuses on issues: “we start and end with 

issues dominant” (Stake, 1995, p. 16). The foremost issue of inquiry in this project is identifying the 

design-for-learning affordances of SC-DLOs instrumental to an initial framework of student design 

support. Therefore, in-depth description of SC-DLOs was a valued outcome, where multi- and 

cross- context investigation permitted comparisons at scale and where patterns of features could 

also be quantified for comparison.  

Issue: Status of the SC-DLO empirical knowledge base (Question 1)  

Empirical and theoretical databases were reviewed to identify relevant articles and texts from 

scholarly literature. As an emerging field in educational technology research, it was necessary to 

first undertake an exploratory systematic literature review to determine the extent of empirical 

scholarship already undertaken (local and international), areas of potential contribution, critical 

differences in perspectives of SC-DLOs and how this thesis project may extend the larger domain 

of educational research with digital technologies. An exploratory systematic review (Hallinger, 

2013) was selected as the most appropriate approach as empirical research remains limited in scope, 

as does understanding of student design-for-learning processes using multimodality. The timely 

implementation of a national digital curriculum also necessitated investigation of curriculum policy, 

and relevant international digital curriculum, particularly in OECD countries (to which New 

Zealand holds membership).   

 

It is from the initial findings of the exploratory systematic literature review that imperatives 

emerged for theorising student-created digital artefacts as SC-DLOs, particularly as variability in 

nomenclature across studies made identification of relatedness difficult and time consuming. For 

example, features of the student design-for-learning process were often tacit, unidentified or under-

described, limiting affordance comparisons across studies. These challenges were especially 

apparent in the limited detail concerning students’ use of multimodality to convey content and the 

nature of their shared interactions with peers. The problem, and opportunities represented by these 

gaps informed methodological decisions for the subsequent phases. Furthermore, as no previously 

published literature reviews of SC-DLOs were located - outside of a small review in the context of 

“special needs” education (Pandya & Ávila, 2017) – the exploratory systematic literature review 

made a further contribution to the field as the first to critically synthesise prior empirical research.  

The review is undergoing revisions following submission to an international journal and is 
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presented as Chapter 2 entitled: “Student-created digital learning objects (SC-DLOs): An 

exploratory systematic review of design-for-learning affordances”.  

Issue: Establishing a corpus of SC-DLOs and framework of analysis (Question 2)  

As the exploratory systematic literature review determined only a handful of studies where features 

of student design for learning were analysed and described - the more descriptive over a decade ago 

(Schuck & Kearney, 2006) - a corpus approach to investigating the nature of SC-DLOs was used. 

Corpora are valuable tools for understanding the patterns and variance in a collection of texts and in 

electronic form improve accessibility for analysis (Merriam, 1986). In compiling the corpus, several 

methodological issues had to be considered. Firstly, a qualitative methodology was determined to 

be the primary approach for describing and investigating the nature of the design-for-learning 

features of SC-DLOs (research question 2).  A qualitative approach facilitates the exploration of 

phenomenon (e.g., individuals, organisations, programmes, artefacts) within naturally occurring 

contexts using a variety of data sources (Yin, 2003; Stake, 1995). Qualitative approaches to 

research are recognised to be well suited to exploring how meanings are formed and transformed, 

exploring emerging areas of research and as a holistic and comprehensive approach to the study of 

social phenomena (Corbin & Strauss, 2015). 

Secondly, the systematic literature review of peer-reviewed studies was undertaken to locate an 

existing framework for analysis of the corpus of SC-DLOs. However, frameworks derived from the 

literature review (n=59) were found to be unsuitable in at least three ways:  

(1) Content and context validity – Only a small number of prior studies (n=7) qualitatively 

analyzed SC-DLOs as the research focus was primarily student or teacher perspectives of 

the perceived impacts on learning, motivation and pre-post-test outcomes. Of these studies, 

only four analysed design features of the SC-DLOs and were mainly situated in tertiary 

settings (n=3). The frameworks of SC-DLO analysis in these studies were mainly based on 

specific course assessment rubrics considered inappropriate for a more general application 

to everyday learning in classrooms. This doctoral project  sought to investigate SC-DLOs in 

1:1 settings where school-aged students, with ubiquitous access to devices, developed 

experience with digital tools for learning as a shared approach over time (at least four years 

for many of students in the digital initiative). It was determined that without doing a 

grounded analysis in the first instance - in the context of the 1:1 initiative - and then 

comparing the SC-DLO features to existing frameworks that limitations were hypothesized 

(especially as the only study in the primary context with the largest corpus (n=47) was done 

over a decade ago before Web 2.0 affordances). For example, applying a top down approach 
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could have constrained sensitivity to students’ design for learning with media in everyday 

classroom learning, including the sharing of SC-DLOs within a community of peers for 

knowledge improvement purposes. 

(2) Search methodology – the search criteria used for the exploratory systematic review 

would have excluded studies, and therefore consideration of other frameworks, that did not 

conform to the author’s notion of SC-DLOs. It is acknowledged that there has been 

important related work undertaken in the field of digital media education (Hobbs, 2016; 

Jenkins et al, 2009) involving young people’s digital skills involving critical media literacy, 

journalism and media design. However, this study situated SC-DLO creation in everyday 

classrooms where design with multimodality is in the service of cross-curricula learning 

(and particularly conceptual learning). It is acknowledged there will be aspects of digital 

composition reported in media studies that hold broader relevance to SC-DLO production 

processes. For example, Hobbs (2016) reports the features of students’ video news 

production as a five part framework: (1) Gathering and synthesising information (2) Using 

digital media to communicate ideas (3) Engaging in cycles of revision and feedback (4) 

Students expand both communication and technical skills, and (5) Confidence in self-

expression. However, to answer the question, “What are the design-for-learning features of a 

corpus of SC-DLOs?”, a micro-analysis of SC-DLO semiotic entities was required to 

identify elements of student composition with pedagogic potential: a social semiotic account 

(Bezemer & Kress, 2008) of students’ designs for learning.  

One such framework, put forward by Bezemer and Kress (2008), was developed from a 

grounded, social semiotic analysis of the changes in teacher instructional materials over 

time. The four part framework was derived from an investigation into “What exactly is the 

relation between semiotic designs of multimodal learning resources and their potentials for 

learning?” The corpus consisted of multimodal, hyper- or related instructional texts - 

lessons, units, chapters, exercises from textbooks, workbooks, CD-ROMS, DVDS, web sites 

– for students aged broadly between 11 to 14 in English, Science and Mathematics. Bezemer 

and Kress (2008) describe four rhetorical/semiotic principles that function as design-for-

learning decisions within these teaching resource materials which by design, “constitute a 

certain pedagogy” (p. 186): 

i) Selection -  choice of meaning materials including modes and ensembles of 
modes to most aptly represent the designer or creator’s intentions; 

ii) Arrangement – the order and layout of (e.g., temporal and spatial) that best 
represents the curricular entities to learners; 
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iii) Foregrounding – assigning salience to the most significant elements whilst 
backgrounding others; 

iv) Social relations – the social production and interaction of semiotic 
representations for communicational and learning effects including positioning 
(e.g., inclusion of hyperlinks can offer control of the reading path by the learner). 

 This social semiotic account of multimodal designs in teacher resource materials is more 

generally aligned with theories of Systemic Functional Linguistics (Halliday, 1994) as the 

three metafunctions of language in texts: ideational (e.g., subject matter including 

circumstances, participants and processes); interpersonal (e.g., speaker/writer persona and 

aspects of power such as status and distance); and textual (e.g., internal organisation and 

cohesiveness). The Selection principle (Bezemer & Kress, 2008) is associated with 

Halliday’s Ideational metafunction (1994) and Social Relations (Bezemer & Kress, 2008) 

with Interpersonal (Halliday, 1994). Both Arrangement and Foregrounding principles are 

more closely related to Textual metafunction (Halliday, 1994). From a social semiotic 

perspective, it was hypothesised that SC-DLOs (with communicative and epistemic 

functions) would align with both frameworks at a more general level of abstraction. 

However, one research design consideration was that development of the above frameworks 

occurred outside the context of students’ digital designs for the learning of others (process) 

and of SC-DLOs shared in classroom communities (product). Therefore, it was determined 

that following grounded analysis of the SC-DLOs, a general comparison with seminal social 

semiotic frameworks would be undertaken, where the comparison would seek to describe 

noticeable alignment (and differences).    

A process-product definition of SC-DLOs was also considered fundamental to identifying 

prior studies where students had designed digital objects of learning for others and 

additionally, where there was some evidence of interaction (or potential for interaction) with 

the SC-DLOs in the context of learning. Where this research adopts a much narrower frame 

of reference from other studies about student digital media creation is the particular interest 

in how learning may be enhanced by a framework with this dual process-product objective. 

Learning concerning DLO (created by professional teacher resource providers) and teacher 

created DLO (created for their students) foreground the affordance of the product as an 

artefact to learn from. The knowledge acquired by the teacher resource providers in the 

process of creating DLOs is temporally distanced from DLO use in classrooms (unless they 

are undertaking research where they might use the DLO alongside other learners for piloting 

or research purposes). However, it is not the increased potential for learning of resource-

providers’ which is of interest. Rather it is the increased potential for learning when the 
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digital designer is part of a community of learners. What might engagement in a digitally 

mediated process of design for learning, combined with product related affordances (e.g., 

sharing; interaction; co-authorship) engender in digital classroom communities?  

The limitations of adopting a combined process-product framing of SC-DLOs means 

sacrificing in-depth investigation of prior research on how students create more generally 

with digital media (as a product of teacher design for learning), as well as a more detailed 

review of the affordances of learning from DLOs shared by teachers (e.g., flipped 

classrooms). The line of inquiry of this thesis aimed at broadening scholarship built on 

historical notions of DLOs having a learning objective actioned through design features that 

optimise learning for the student user (both creator and consumer). The literature review 

investigated available research and theories aligned with process-product affordances of SC-

DLO learning. In terms of the systematic literature review, a 21st century skills framework 

offered a broad contemporary lens to examine prior research of the DLO learning process, 

and product mediated interactions. Both the findings from the literature review and the 

corpus of SC-DLOs were designed to inform a theory of increased learning potential 

predicated on this duality.           

(3) Peer review - Finally, the decision to only focus the exploratory, systematic literature 

review on databases of peer reviewed journals, would have narrowed the scope of further 

possible available frameworks for consideration. Only peer-reviewed studies were 

considered for inclusion to avoid the potential biases inherent in action research or 

practitioner magazines of self-reported practice.   

Lastly, having described the issues of applying an existing framework to analyse the SC-DLO 

corpus an inductive, theory generating approach was determined as the most valid and useful for 

answering research question 2. In the broader context of qualitative methodologies, the primary 

form adopted in this study was Grounded Theory (GT), initially developed by Glaser and Strauss 

(1967) “for the purpose of constructing theory grounded in data” (Corbin & Strauss, 2015, p. 6). GT 

has been used to develop substantive, as well as more general theories, which distinguishes it from 

approaches aimed at thick, rich description of unique, “intrinsic” cases (Stake, 1995). Beginning 

essentially the same way as description by concepts, linkages are made between core categories to 

form a theoretical explanation of how and why something happens: a logical and plausible 

explanation derived from a comprehensive study of the data. To answer questions 3 and 4 of this 

research, generation of a substantive, contextually related theory was generated as a student-design 

framework, predicted to support SC-DLO potential for learning. Although a GT methodology 
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affords systematically derived descriptions of SC-DLO features, a theoretical framework offers 

plausible explanations for how SC-DLO design for learning may also be supported. 

The unit of investigation was an individual SC-DLO, although the design-for-learning features of 

each were the instrumental focus of the study. In other words, each SC-DLO was explored to gain 

insight and understanding of student use of multimodality in designing potentials for learning. A 

corpus approach with an instrumental focus on students’ design for learning was considered the 

most suitable for comparing potentials for learning across a range of environments that included 

subjects, classrooms, schools and clusters (e.g., geographical regions). Like any culturally located 

artefact with social semiotic (sign-based) functionality, sampling a sizeable number of SC-DLOs 

increased the likelihood of variation in genre, medium and purpose. Social-semiotic materiality (or 

medium), resources and accounts are concerned with social meaning making practices using 

semiotic modes. According to Bezemer & Kress (2008) the term medium has material and social 

aspects. Medium as material refers to the means of distribution in communication; the substance or 

mechanism by which meaning is made available to others (e.g., paper; oil-on-canvas; screen). The 

social aspects of medium refer to semiotic, sociocultural and technological practices by which 

meanings are instantiated (e.g., newspaper, billboard, screencast).  

A pragmatic concern was the logistics of a sizeable number of SC-DLOs for recording and storage 

so it was determined that only hyperlinks (with a direct path to the SC-DLO artefact rather than a 

stored copy) would be recorded in the corpus. Therefore, this thesis adopts a less conventional view 

of corpora, as housed or recorded artefacts, in that the corpus functioned as a registry of SC-DLOs 

situated online.  However, screenshots of any key features of interest, as well as representative or 

unique samples were video recorded by screencast, stored and memoed at the time of analysis. 

Learning artefacts of school-aged students are generally not available electronically and there is the 

general view that obtaining representative samples of student work (e.g., writing) is somewhat 

difficult and uncommon (Parr, 2010). Online public access to student digital artefacts, such as the 

SC-DLOs of students in 1:1 initiatives, offered considerable research potential for corpus 

generation and investigation. 

Issue: Research paradigm and epistemology (Questions 2-4) 

The philosophical underpinnings of qualitative research methodologies tend to be based on a 

constructivist paradigm (Merriam, 1998; Stake, 1995). Views about the nature and production of 

knowledge in constructivist epistemology recognise “the importance of the subjective human 

creation of meaning but doesn’t reject outright some notion of objectivity. Pluralism, not relativism 

is stressed …” (Crabtree & Miller, 1999, p.10). Merriam (1998) maintains “the key philosophical 
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assumption upon which all types of qualitative research are based is the view that reality is 

constructed by individuals interacting with their social worlds” (p.6). This view is upheld by Stake 

(1995) who conceives qualitative researchers as interpreters who give their rendition (not the only 

plausible account) of the constructed knowledge derived from investigation.  

The applied, interpretivist nature of this mainly qualitative inquiry makes it imperative that 

confidence can be gained from the conduct and results of the investigation. Qualitative research has 

long been a contentious terrain, plagued by opposing views on criteria for assessing valid and 

reliable outcomes, which can undermine the legitimate status of qualitative methodologies 

compared with more positivist views of quantitative research. Through careful attention to the 

study’s conceptualisation, various measures have been undertaken to safeguard methodological 

rigor, critical presence of the researcher and plausible interpretation of findings. Strategies of 

internal validity, reliability, external validity and ethics have been used to counteract challenges to 

trustworthiness. Each strategy is addressed in relation to the research design, data collection 

methods and ethical issues, as follows: 

Research design and participants  

The overall purpose of the research was to develop a design-for-learning framework, instrumental 

to the future development of a digital application for supporting SC-DLO planning. This future 

digital prototype is currently untested and referenced in the final phase (Chapter 5) as a product of 

the iterative research process but only to support illustrations of how the framework might operate 

in theory as a design scaffold for learner creation and interaction (e.g., with peers, teacher, family). 

The research adopted an overall sequential, mixed methods design with qualitative (QUAL) as 

primary and quantitative (quant) as secondary data (Huberman & Miles, 2002). Quantitative 

descriptive statistics have been employed, as frequency counts and distributions, as a second level 

of analysis to verify some qualitative findings.  

The research project included four phases. Phases 1 to 3 are reported in Chapters 2 to 4 which have 

been submitted as individual articles to international journals. Phase 1 of the research (Chapter 2) 

involved a systematic review of 59 studies to determine the nature and extent of SC-DLO empirical 

research within the field of education and the theoretical perspectives associated with learning, and 

design-for-learning affordances. Learning and design-for learning were framed in the context of 

21st century skills (Partnership for 21st Century Skills, 2009) and the exploratory systematic review 

established prior research of the cognitive, intra- and interpersonal learning affordances of SC-DLO 

practices. Phase 2 (Chapter 3) then examined a corpus of mathematics SC-DLOs, as the largest sub-

set of the corpus by subject area, to ascertain the design-for-learning features and potentials for 



27 
 

 
 

learning (Bezemer & Kress, 2008) in mathematics. Phase 3 (Chapter 4) extended the examination of 

SC-DLO features to the entire corpus and to validate patterns of design-for-learning affordances 

identified in Phase 1 and 2. An emerging framework of SC-DLO design-for-learning support was 

established. The final phase of the research (Chapter 5) integrated the findings of the previous 

phases into a plausible theory of SC-DLO design for learning by illustrating hypothetical enactment 

using a prototype digital application for planning SC-DLOs. Table 2 presents an overview of the 

research phases, study label, and number of knowledge artefacts consulted 

Table 2 

Summary of Research Phases, Labels and Knowledge Artefacts 

Research 
phase Study label Number of 

artefacts 

Types of 
knowledge 
artefacts 

Period 
represented 

1 

exploratory 
systematic 
literature 
review 

59 

empirical studies 
(from 419 
returned by 
search) 

2000 - 2018 

2 
corpus of SC-
DLOs within 
a subject area 

155 SC-DLOs 
(mathematics) 

6 months  
(2 school terms) 

3 

cross-
curriculum 
corpus to 
generate 
design-for-
learning 
framework 

519 
SC-DLOs 
(cross-
curriculum) 

6 months  
(2 school terms) 

4 

co-ordination 
of cross-study 
findings 
illustrated by 
a prototype 
digital app  

1 
digital prototype 
of the MAPIC 
framework 

n/a 

Evaluating trustworthiness of the integrated findings as a plausible theory is contingent upon 

dependability of results obtained from the data and interpretations of those results. These are issues 

of validity and reliability which, in the qualitative paradigm, are said by some commentators to 

employ a different rhetoric to quantitative methodologies (Firestone, 1987): the quantitative study 

“must convince the reader that procedures have been followed faithfully because very little concrete 

description of what anyone does is provided” while the qualitative provides “enough detail to show 
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that the author’s conclusion ‘makes sense’” (p. 19). Connelly & Clandinin (1990) go so far as to 

propose entirely different nomenclature for criteria of trustworthiness as “apparency, verisimilitude, 

and transferability” (p. 7). Conversely, Guba and Lincoln (1981) maintain compatibility between 

conceptualising notions of quantitative and qualitative integrity. The authors argue, just as an 

experimental study talks of the validity and reliability of instrumentation, data analysis and their 

relationship with conclusions, so qualitative research must show the contents of documents have 

been properly analysed and that the conclusions rest upon the data. 

Like Merriam (1998) this thesis adopts a perspective more congruent with the philosophical 

assumptions and rhetoric underlying the qualitative paradigm, so that dependability is built through: 

(a) a “holistic understanding” (Mathison, 1988, p. 17) (internal validity) which is enhanced by 

pooled judgements to construct the most plausible explanations. Strategies included detailed 

clarification of researcher assumptions, categorical grouping with detailed concrete descriptions, 

long term observation and peer examination (through co-authorship and journal submission) 

(Merriam, 1998). Long-term observation at the research sites (e.g., student classroom blogs), and 

repeated observation of the same phenomenon over a period of time (6 months) enhances 

plausibility of the findings (Merriam, 1998) as patterns of consistency, across sites, can be 

identified and interpreted theoretically. Glaser (1978) maintains the rigor of GT processes involves 

“long term biographical and conceptual build up that makes [the researcher] quite ‘wise’ about the 

data – how to detail its main problems and processes and how to interpret and explain them 

theoretically” (p. 2).  

(b) dependability or consistency between the reported results and the data collected (reliability). 

Strategies for enhancing dependability included audit trails of how the data were collected, the 

social context from which data were collected and how categories were systematically derived in 

relation to representative data (e.g., GT methodology).  

(c) transferability or working hypotheses derived from multi- and cross-unit analysis to guide, not 

necessarily predict future applications (external validity). Like the notion of concrete universals 

(Erikson, 1986) and naturalistic generalisation (Stake, 1978) this study views a “Full and thorough 

knowledge of the particular” can support detection of similarities and potential for “fit” in related 

situations (p. 6). Strategies adopted to enhance generalised potential are the provision of rich 

description to convey properties of categories, a sizeable sample and the multisite design to 

maximise potential for encountering diversity in the data sample.     

The design of each research phase was intended to illuminate the overarching aim of informing 

transformative use of SC-DLOs in classrooms. A series of research questions at each phase 
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contributed to research knowledge developed sequentially, to inform the subsequent phase, and also 

as a coherent investigation that answered the overarching questions.  

Data collection 

The primary source of data collected during this research was a sizeable corpus of SC-DLOs posted 

to the classroom blog sites of students in a 1:1 digital initiative. The collection of SC-DLOs for 

inclusion in the corpus database involved the following data collection processes:   

Year level, school and cluster 
From the outset of the research, it was determined that SC-DLOs would be purposively collected 

from classroom blog sites of Year 7-8 primary school students (aged 11-13). Purposive sampling is 

employed to select information-rich cases by virtue of their capacity to provide textured 

understanding relevant to the phenomenon under investigation (Patton, 1990). After transitioning to 

secondary school, opportunities to create digital artefacts across subject areas was predicted to be 

highly variable, given students can have at least 6 different subject teachers. On the other hand, 

students in primary school remain with a single classroom teacher for most curriculum learning, 

which is useful for a measure of control when comparing students in the same classroom or 

inferring differences in SC-DLO practices by subject (such as frequency distribution between 

areas). Students in upper primary are also likely to have been members of a digital initiative from 

Year 3, when they receive their first device, and are therefore considered to have acquired 

considerable digital experience by their final years in primary school. It was predicted therefore, 

that senior primary students would have the prior knowledge and experience to demonstrate greater 

potentials for learning in their SC-DLO designs. They were also selected as a cohort because it was 

thought that their years of digital experience would translate into increased risk taking associated 

with their expertise (Carbonell, Stalmeijer, Könings, Segers & van Merriënboer, 2014) and 

therefore a wider range of SC-DLO design features.  

In order to generate a sample size large enough to sufficiently describe the phenomenon of interest, 

and increase the likelihood of attaining saturation, all Year 7-8 classrooms (n=30) in the 5 clusters 

of schools were included in the overall sample. A methodological feature of GT is that saturation 

occurs when analysis of further data does not result in additional categories (or concepts) not 

already represented in the data set (Glaser & Strauss, 2017). The school clusters are located across 

the North and South Island of New Zealand facilitating the inherent diversity of sociocultural 

practices and norms across classroom, school and geographical position. This diversity of contexts 

afforded a relatively large size before patterns of saturation began to appear, so that by 500 SC-

DLOs the researcher was confident that the full extent of SC-DLO difference had been explored.   
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The variability in sample and the size has further implications for enhancing dependability. As the 

researcher is considered the prime instrument of inquiry in qualitative, interpretative research, and 

there are therefore no criterion by which to establish reliability through tests of replication, then in a 

post-positivist sense this notion of reliability has been considered “fanciful” (Bednarz, 1985, p.303). 

Lincoln and Guba (1985) offer a researcher-as-instrumentation analogy, suggesting just as 

measures and statistical techniques are used to ensure reliability, so too the human instrument can 

become more reliable through refining practice, techniques of analysis and triangulation. As 

reliability in the traditional sense is considered an ill-fit, Lincoln and Guba (1985) suggest concepts 

of consistency or dependability. Both the size of the SC-DLO sample, and variability in classroom 

and geographical region, improve dependability, where patterns of consistency (and inconsistency) 

are recognised and authenticated by the researcher. The extent to which a detailed description of 

how the researcher arrived at their authentication will in turn enable independent judges to endorse 

these findings by following the trail of the researcher.  As a multi-case or cross-case analysis of SC-

DLO phenomena, transferability is enhanced with the combined use of predetermined questions and 

adoption of coding procedures. Together these methodological features are considered to have 

improved the generalisability of the findings (in a traditional sense), in contexts deemed to be 

similar (Merriam, 1998; Huberman & Miles, 2002).           

Corpus of SC-DLOs 
The size and scale of the data collection effort can be measured by the process of identifying SC-

DLOs for inclusion in the corpus. For every pair of students, whose SC-DLOs were included by 

classroom, the researcher parsed all digital artefacts posted to the students’ classroom blog site 

(N=1,977) over a 6-month period - the rationale and process for selecting two students from each of 

the represented classrooms is detailed in Chapter 3. From the total digital learning artefacts shared 

to the student blog sites (SC-DLAs), only SC-DLOs were included in the final corpus. Criteria for 

inclusion are also detailed in Chapter 3 and 4. Table 3 shows the data sources. 

Table 3 

Overview of Data Collection  

School 

Clusters 

 
Schools Classrooms SC-DLA data SC-DLO data 

5  18 30 1,977 519 

Figure 4 provides an overview of the thesis project design. The first three phases (1-3) are 

represented by studies which have been submitted to international journals. The fourth, and final 
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phase, consolidates findings of the three studies to answer the projects’ overarching research 

questions. 

 

 Figure 4. Diagram overview of the thesis project design. 

Ethical issues  

Approval for this PhD study was given by The University of Auckland Human Ethics Committee 

(UAHPEC). As there are particular ethical issues associated with use of the student artefacts 

represented in the corpus of SC-DLO data and the replication of any associated images in 
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publications, specific steps were taken to protect student identities and any copyright infringement. 

The research practice has adhered strictly to the ethical guidelines of UAHPEC and in accordance 

with the approval of the ethics application, in attention to specific, context related issues. 

In the 1:1 cluster of schools represented in this study, student-created digital artefacts are publicly 

accessible online and are subject to any Information Commons Licensing where stipulated. The 

schools adopt a cluster wide Learn, Create, Share approach to learning, and families subscribe to 

the terms and conditions of a Kawa of Care agreement with the Educational Trust. The agreement 

outlines responsibilities of all stakeholders and includes the use of students’ digital devices to 

“access information, create work and share their work online” to “stay connected in our child’s 

learning” (Manaiakalani Education Trust, n.d.).  

The Kawa of Care document was co-constructed with schools and whānau (extended family) during 

the initial implementation of the digital programme. Students’ classroom blog sites and the digital 

artefacts they share publicly online (including SC-DLOs) support a philosophy of digital citizenship 

and enhanced achievement including future employment and life outcomes. Although student 

artefacts are available online, and therefore openly accessible for research purposes, permission was 

sought from the Convener and Educational Programme Manager of the initiative, to reproduce 

examples of screenshots of SC-DLOs for publication. Prior to journal submission, copies of 

research articles were made available to these stakeholders, and approval received in writing for 

inclusion of SC-DLO screenshots for illustration purposes. Further steps were taken, to protect the 

identities of the students by removing any identifying information from the illustrations such as 

names (e.g., student; school), dates, year level, web addresses and topic headings. Pseudonyms were 

given to any referenced student-authors of SC-DLOs. Furthermore, in a bid to respect the creative 

contribute of students, high resolution screenshots were used to replicate the illustrations and no 

attempt was made to alter representations of students’ artefacts in any way.  

Thesis Format  

Following this chapter, which provides an introduction and background to the thesis, Chapters 2, 3 

and 4 have been submitted as individual articles to international journals in accordance with The 

University of Auckland, 2016 Statute and Guidelines for the Degree of Doctor of Philosophy 

(PHD). Chapters 2-4 have been co-authored with Professor Stuart McNaughton and Dr Rebecca 

Jesson and are reprinted with their permission. 

Chapter 5 concludes this thesis by discussing the findings pertaining to the three articles, their 

collective relevance to the framework of support for SC-DLO design and the associated teacher 

support of student design-for-learning practices. Figures of screen capture from a prototype digital 
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application, designed with a small team of software engineering students, will be used to illustrate 

how the findings could translate into a ‘concrete’ digital resource for students. Any reference to the 

digital application is intended to support a contextualisation of the findings and is not intended to 

introduce any new empirical content.  

There is some repetition of elements across the chapters, given the format includes articles for 

submission, as will shared reference to background context and methodologies.  
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CHAPTER TWO - STUDENT-CREATED DIGITAL LEARNING 
OBJECTS (SC-DLOS): AN EXPLORATORY SYSTEMATIC 
REVIEW OF DESIGN-FOR-LEARNING AFFORDANCES  

Introduction 

21st century living is characterised by the mediation of digital tools in everyday activities, notably 

for access to information, social interaction and multimodal communication. For young people in 

particular, “getting things done” is increasingly transacted through digital and mobile technologies. 

Digital tool use and online interaction are said to require multiliteracies and so-called 21st century 

skills to collaborate, create, communicate and critically evaluate meanings in digital environments 

(Partnership for 21st Century Skills [P21], 2009). There are ongoing calls for research investigating 

students’ appropriation of digital tools in online contexts to understand the impact on academic, 

social-emotional, and cognitive competencies (Sener, 2007). One such approach involves the 

creation of digital learning objects (DLOs), defined by Churchill (2007) as “different media 

modalities (and often interactivity) to represent data, information, reality, concepts and 

ideas…designed to afford educational reuse” (p. 484). The aim of this exploratory literature review 

(Hallinger, 2013) is to systematically examine the empirical studies of student-created digital 

objects for learning, conceived in this article as student-created DLOs (SC-DLOs). A synthesis of 

the findings provides a framework for two functions: (a) understanding of affordances (2) heuristic 

for pedagogical purposes.  

Background 

As an instructional technology concept, DLO has an established technical and learning research 

base in instructional design theory (Wiley, 2002), educational resourcing (Kay, 2007; Kay & 

Knaack, 2007) and digital features including metadata (Ritzhaupt, 2010). On the other hand, using 

student-generated content as reusable, instructional tools is a very recent approach to learning 

design and an emerging area of research. The emergent nature of the field warrants a descriptive 

synthesis approach to integrate findings from a mainly case study research base (Hallinger, 2013) 

and will demonstrate a pressing need for precision in the classification of SC- DLOs to further 

advance research investigations. We suggest that precision would be served by a conception of SC-

DLOs as both process and product. Student creation of DLO is a process wherein students learn as 

they design for the learning of others (e.g., designing for teaching and knowledge building). An SC-

DLO is also a reusable digital entity designed with the affordances of different media modalities 

(e.g., textual, audio, visual, spatial, kinaesthetic). Here affordance is conceived from a culturally-

mediated action perspective (Kaptelinin & Nardi, 2012) and as a “can do” or possibility for which 
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educational outcomes can be realised (McLoughlin & Lee, 2008, p.11). For example, the potential 

for improved communication of science concepts is an affordance of combining animation with 

voice-over when explaining a scientific model.     

Theoretical Perspectives  

This review is informed by sociocultural learning theories of New Literacies Studies (NLS) (Coiro, 

Knobel, Lankshear, & Leu, 2008; Street, 2008), multimodal design for learning (Bezemer & Kress, 

2008; Kress & Selander, 2012), knowledge building (Scardamalia and Bereiter, 1995) and 21st 

century skills (P21, 2009; Lai & Viering, 2012). Each will be considered independently to establish 

assumptions for the influence of SC-DLOs on learning. An overarching framework of 21st century 

skills incorporating NLS, multimodality and knowledge building will also inform synthesis of the 

reviewed studies from the perspective of affordance because SC-DLOs are conceived as a complex 

interplay of potentiality, mediated by students’ multimodal design practices (e.g., podcast, video, 

slide presentation).  

New Literacy Studies (NLS)  

From an NLS perspective, SC-DLOs afford opportunities for students to engage in new kinds of 

literacy practices (Coiro, Knobel, Lankshear, & Leu, 2008). Prior to the digital revolution, 

Vygotsky (1978) argued that besides language, multimodal texts such as diagrams, artwork and 

maps constitute the cultural tools necessary for representing the thinking and meaning making of 

societies. An essential premise of sociocultural theory is that internalisation of the cultural use of 

these tools provides the means to contribute to the knowledge of social groups, thereby supporting 

thinking, action and interaction. NLS emphasises an expanded notion of literacy, premised on 

socially situated forms of communication made possible by the digital “reading” and “writing” of 

not only print and image but audio, visual, spatial, gestural and other sign systems (or semiotics).  

SC-DLOs as multimodal design and design-for-learning practices 

Student participation in NLS is understood by perspectives of multimodal design (Kress, 2010) 

which has been extended to incorporate the notion of multimodal design for learning (Sørensen & 

Levinsen, 2014). In terms of multimodal design, Kress (2010) stresses the importance of affordance 

in semiotic terms, as the potential to influence communication of meanings according to the 

functionality of particular modes. In digital contexts, the “material” affordances at students’ creative 

disposal extend far beyond print and image to include multimodal compilation. Design choices 

influence meaning making potential and limitations of the modes, and their interactions (Kress & 

van Leeuwen, 1996). Learning from this perspective is conceived as multimodal design and 

organisation into complex redesigns (New London Group, 1996). 
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SC-DLOs can be conceived as meaning-making, as well as design for learning for others (Sørensen 

& Levinsen, 2014). The concept of DLO as the combination of multimodal digital content with a 

learning objective (Churchill, 2007) positions students as designers and creators of multimodal 

objects with the purpose of generating knowledge representations for and within learning 

communities. Therefore, an epistemic distinction can be made between student-created digital 

artefacts and learning objects for at least two reasons. Firstly, a case can be made for the difference 

in learning affordance. Arguably, creating and sharing digital artefacts to an online platform such as 

Instagram or Blogger (e.g., photographs celebrating school prize giving) offer narrower learning 

opportunities than the intentional design of a learning object, (e.g., an animation explaining the 

water cycle to instruct peers). Drawing on the teach-to-learn literature (Gartner, Kohler & 

Riessman, 1971) this distinction seems an important one, as students are likely to learn more deeply 

and conceptually if they take a position as learning designers, anticipating needs of other learners to 

explain ideas, and making purposeful choices about how to integrate multimodal content to 

facilitate understanding and recall.   

Secondly, little is known about the learning affordances of DLOs during the creation process to 

enhance student design work as learning and for learning by providing the requisite guidance, such 

as learning design frameworks (e.g., see Bezemer and Kress, 2008 for a framework of 

rhetorical/semiotic principles operating in learner support materials). Research into teacher design 

of DLOs, as instructional resources, shows evidence of how students can learn from teacher 

designed multimodal objects (Kay, 2007) but far less is known about student appropriation of SC-

DLOs. One reason may be the considerable variability in terminology which works against attempts 

to isolate student design for learning practices. Naming conventions range from the broad reference 

to digital medium (e.g., PowerPoint presentation; screencast; podcast; video project), and students 

as creative agents (e.g., student content; student-produced video) to genres of student design for 

learning (e.g., Digital storytelling; student digital tutorial; student generated instructional video; 

student digital object). Improving precision in classification would assist researchers, theoreticians 

and educators to hone searches of literature and improve consistency in empirical measurement and 

theoretical discussion.  

Digital storytelling (DST) illustrates the distinction between artefact and learning object. Within the 

research base, two distinct educational functions of DST could be ascertained – “inform” and purer 

“narrative” including recount forms - but which were not easily identified in abstract and keyword 

searches. Robin (2008) maintains that “At its core, digital storytelling allows computer users to 

become creative storytellers through the traditional processes of selecting a topic, conducting some 

research, writing a script, and developing an interesting story” (p.222). Distinction is made between 
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three forms (personal narrative, stories that inform or instruct, and stories that examine historical 

events) where each promote narrative as an organising device. However, the term DST is somewhat 

problematic in that legitimate representations of knowledge, to explain or instruct (e.g., in science 

or mathematics) are also classified as “story telling”. The term student-created digital learning 

object (SC-DLO), on the other hand, promotes young people’s developing identities as legitimate 

builders and communicators of knowledge in formal subject disciplines (Scardamalia & Bereiter, 

2006). Differentiating between forms of DST (as story or personal recount) and DLO, offers a 

useful epistemological distinction of knowledge representation, instructional design and reusability, 

which is also aligned with wider DLO learning theory. 

21st century skills frameworks 

A further theoretical perspective informing research on SC-DLOs is 21st century skill development. 

Digital design for learning as an NLS practice, supports development of what have been classified 

as cognitive, intrapersonal and interpersonal skill sets (Lai & Viering, 2012; Partnership for 21st 

Century Skills, 2009). In the context of SC-DLOs, cognition is potentially enhanced by engaging in 

creation, rehearsal and sharing. Acts of re-representation (Karmiloff-Smith, 1992) are consistent 

with cognitive processing accounts of conceptual growth as learners generate and transform 

representations using different modalities (Paivio, 1986; Prain & Waldrip, 2006). Creation also 

offers organisational, self-regulatory challenges of selecting and combining content, choosing 

appropriate digital tools, and evaluating learning impact for, and with others.  

In terms of intrapersonal affordance, emotional state and the regulation of feelings that arise during 

learning are known to positively (or negatively) affect learning progression (Vermunt, 1996) and 

engagement (Klem & Connell, 2004). Intrapersonal influencers such as motivation, autonomy, 

creative expression, self-efficacy and self-regulation are considered highly related personal drivers 

that animate and sustain interest when learning (Guthrie, Wigfield, & VonSecker, 2000). A salient 

finding of creation with multimodal digital tools is increased engagement, particularly as young 

people’s lives are media saturated and where creation with digital tools demands unique kinds of 

interactional skills online (e.g., inhibitory control; self-management; digital citizenship) (Koenig, 

2011).  

The interpersonal affordances of sharing SC-DLOs via open access platforms such as blogs and 

discussion boards call for cybersmarts (e.g., abiding by copyright laws; protecting against 

misinformation or misrepresentation of others) and requires integrated sets of skills to compensate 

for the missing in-person cues and negotiation of cultural diversity online. As the practice of 

creating and sharing SC-DLOs is inherently a communicative function, it also invites student, and 

student-to-student voices. As a field of educational endeavour, student voice is oriented to action, 
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participation and change, which has been viewed within democratic and participatory frameworks 

(Taylor & Robinson, 2009). Such views have a strong commitment to notions of liberation and 

collaboration by “decentring” the hierarchies of teacher-centred knowledge and dialogue. SC-DLO 

practices orient interactions to more equitable power relations in the classroom for knowledge 

building and accountability to collective improvements (Bereiter, 2002).  

Various 21st century frameworks (Lai & Viering, 2012) incorporating the cognitive, intra- and 

interpersonal skill sets are increasingly stipulated in national curricula as key competencies or 

common core skills, which were found to be aligned with more generalisable affordance patterns 

across the reviewed studies. These sets are recognised as influencers of academic achievement and 

vital for emancipatory classrooms, critical navigation of digital environments and future 

employment (Wagner, 2010; Pellegrino & Hilton, 2012).  From this wider educational imperative, 

and to synthesise findings across the sample of selected studies, the review has been organised into 

an overarching 21st century skills framework. The 21st century structure is a useful way of 

accommodating variability in research design, difference in notions of student generated design for 

learning and initial findings inherent in an emerging field of research. The sociocultural 

perspectives of NLS, multimodal creative design and knowledge building have been drawn upon 

within this overarching 21st century skills lens, as key explanatory theories recurring across the 

studies reviewed.  

Research Questions Guiding the Exploratory Systematic Literature Review 

Drawing from the theoretical perspectives as a frame, an operationalised definition of SC-DLOs as 

both practice and product is conceptualised as:  

a process wherein students learn as they design for the learning of others (e.g., designing 

for teaching and knowledge building), and as a reusable digital entity (or object) designed 

with the affordances of different media modalities (e.g., textual, audio, visual, spatial, 

kinaesthetic). 

Based on previously outlined perspectives of how SC-DLOs may offer affordances for 21st century 

skill development this exploratory systematic literature sought to answer the following questions: 

1. What forms of digital learning objects do students create (SC-DLOs) in different subject areas 
and educational settings? 

2. What are the reported affordances of SC-DLOs based on the classification of 21st century 
skills as cognitive, intrapersonal and interpersonal? 
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Method 

Exploratory systematic review design 

An exploratory systematic review has been adopted for the following reasons: (a) thorough, explicit 

examination of peer-reviewed studies; (b) transparent, reproducible searches and selection methods 

describing inclusion and exclusion criteria; and, (d) identification of consistencies and variability 

(Davies, 2000, p. 365) in the study sample. Contrasting explanatory and exploratory systematic 

review, Hallinger (2013) demonstrates the suitability of exploratory review when a problem (e.g., 

effects of SC-DLOs on learning) or research domain (e.g., SC-DLO practices) is less understood 

and/or when relevant empirical research remains limited in scope. The eight criteria offered as an 

analytical framework by Hallinger (2013) were used as a “holistic rubric” to guide the overall 

review (criteria 1 and 8) and improve methodological rigour (criteria 3 through 7) (p. 142). 

Data selection and extraction criteria 

Primary and secondary search strategy 
Five electronic databases considered relevant to education and social science were consulted in the 

primary search of available studies: ERIC, Education Research Complete, Proquest, EdiTLib and 

Scopus. Searches were filtered to include publications within peer reviewed journals between 2000 

(immediately prior to the emergence of Web 2.0 technology) and 2018 by locating keywords in the 

article abstract, title, heading words, or identifiers. Secondary searches involved inspections of 

reference lists for the inclusion of further articles to follow additional lines of inquiry. 

Structure of search strings 
The terms and logic operators applied to the electronic database searches aimed to identify studies 

pertaining to student creation of digital objects for others to learn from and included a range of 

synonymous terms to maximise returns. First, keywords were included to locate articles that 

specified student authorship (e.g., student generated OR learner generated OR student created OR 

learner created OR student composed OR learner composed OR student authored OR learner 

authored). Second, terms relating to digital product or output were added (e.g., AND digital object 

OR digital artefact OR multimedia OR multimodal OR blended media). Finally, another pass of 

each electronic database incorporated a separate topic condition related to known types of user 

created digital objects in place of the second condition (e.g., digital video OR video; animation; 

PowerPoint presentation OR PowerPoint OR slideshow OR digital slides or slides; digital story OR 

digital story telling OR DST; podcast OR podcasting; and, screencast OR screencasting).  

Of the 419 articles retrieved from the database searches, each abstract was evaluated for evidence of 

exclusionary criteria and omitted from the sample.  
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Exclusion criteria 
Drawing on the previously described operationalised definition of SC-DLOs, studies were only 

included if the student-created digital artefacts were of student design: (a) as authorship (e.g., not 

teacher or educational developer); (b) for the learning of others, not for teacher assessment of 

learning alone; (c) using digital multimedia or multimodality (e.g., not arts and crafts or other 

analogue materials); (d) of a reusable digital object as video, animation, slide presentation, podcast 

and screencast - not a platform for hosting SC-DLOs such as a blog, wiki, website, discussion or 

bulletin board.  

Therefore, the following studies were excluded: digital artefacts of performance (e.g., dance) or 

digital story (e.g., narrative) only (n=31) where there was no obvious attempt to explain concepts or 

ideas to others; games (n=9); teacher created (n=219); literature review (n=2); conference 

proceedings (n=1); non-digital (n=9); and, studies of multimedia design (n=18) such as students’ 

practice or learning of graphic design principles. Where listed in more than one database studies 

were categorised as repeats and excluded (n=62).  

Of the total studies retrieved (n=419), after exclusion (n=293) and repeats (n=62), 59 studies were 

included in the final sample (see Appendix A for a table of the complete sample by research design, 

context, SC-DLO medium, participants and sources of data). 

Data analysis criteria 

Studies were first classified for the following information: (a) bibliographic (e.g., authors, year, title 

of study, journal name, APA reference and the country in which the study was conducted (b) 

characteristics of the sample (e.g., numbers of participants and educational setting such as tertiary, 

undergraduate or postgraduate, secondary, primary) (c) design of the study (e.g., case study; quasi-

experimental; longitudinal) (d) design features (e.g., mixed methods; qualitative; quantitative) (e) 

data collection measures (e.g., questionnaire; semi-structured interview; focus groups) (f) form of 

SC-DLO medium (e.g., screencast; animation) (g) term used by the authors to classify the SC-

DLOs (e.g., learner-generated podcast; student-generated instructional video; student-created video) 

(h) domain or subject area (e.g., mathematics; medical/health sciences) (i) evidence of any SC-DLO 

analysis of features (e.g., score; rubric criteria; detailed or general descriptions) (j) content focus of 

SC-DLOs (e.g., explaining the pathogenesis of a chosen disease (k) audience (e.g., peers; non-

expert patients) (l) and, feedback method (e.g., whole class presentation; online comments).  

The results and findings sections of each study were iteratively analysed for evidence of reported 

affordances (including constraints) which were categorised and grouped into an overarching 21st 

century framework: (a) cognitive and student achievement including understanding, knowledge, 



41 
 

 
 

critical thinking and problem solving (b) intrapersonal including self-regulation, autonomy, 

creativity and motivation (c) interpersonal including collaboration, prosocial and communication. 

The 21st century framework by Lai and Viering (2012) was used to guide criteria for classification 

with one exception: creativity was grouped as an intrapersonal skill together with personalisation 

and motivation in cases where creativity in students’ digital objects was found to be more of an 

artistic attribute, than thinking to solve problems or systems thinking. As there are complex ways in 

which the skills overlap, no attempt was made to achieve exactness with other frameworks. Rather, 

the intent was to reliably group skills in a way that informed an understanding of DLO creation 

affordance by students. Each affordance entry was registered in the database (e.g., motivation) by 

study, accompanied by the original study code for the skill, any associated qualitative description 

and/or measurement such as scores).  

Findings 

Research Question 1. What forms of digital learning objects do students create (SC-DLOs) in 
different subject areas and educational settings? 

Within the 59 studies, the most common form of SC-DLOs were found to be digital video (n=25), 

followed by podcast (n=12), animation (n=9), presentation or slide show (n=5), screencast (n=5) 

and DST (n=3).  

The domains in which students created DLOs were science (n=17), initial teacher education (n=10), 

business studies (including information technology and accounting) (n=13), medical/health science 

(n=5), mathematics (n=4), English language learning/literacy (n=4), geography (n=2), cross-

curricula (n=2), economics (n=1) and special education (n=1).  

Institutional settings were principally tertiary contexts at an undergraduate (n=41), post-graduate 

(n=5) or combined level (n=1). Twelve studies were conducted in K-12 settings namely secondary 

(n=5), primary (n=6) or combined secondary and primary schools (n=1).  

Table 4 provides a descriptive overview of the SC-DLO mediums represented in the sample by 

subject area. Video was the most representative in science, podcasting in business studies, 

screencast in mathematics, and animation in teacher education.  

Research designs were predominantly case study, qualitative (n= 26) or mixed methods approaches 

(n=19). Within the research methods literature it is recognised that case study approaches are 

appropriate in exploratory fields of study where the knowledge base is emergent and which would 

account for the over-representation of self-report and observational methods (Creswell, 2009; Stake, 

2000). Three studies adopted quasi-experimental designs with qualitative descriptions drawing on 

participant perspectives.  
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Table 4 

Summary of SC-DLO Mediums by Subject Discipline 

SC-DLO Type 

Subject Digital 
video Podcast Animation Slide 

Presentation Screencast 
Digital 

Storytelling 
(DST) 

Total 

science 8 3 2 1 1 1 16 

education 
(teacher) 4 1 3 2 0 0 10 

business 
(incl. IT & 
accounting) 

5 5 2 0 1 0 13 

medical/ 
health 
science 

3 0 2 1 0 0 6 

mathematics 0 1 0 0 3 0 4 
English 
language 
learning 
(ELL)/ 
literacy 

2 1 0 0 0 1 4 

geography 0 1 0 0 0 1 2 
cross-
curricula 1 0 0 1 0 0 2 

economics 1 0 0 0 0 0 1 
special 
education 1 0 0 0 0 0 1 

  25 12 9 5 5 3 59 
 

Two of the studies were published prior to 2005, 11 published between 2005 and 2010, and 46 after 

2010. This upward trend indicates the increase of SC-DLOs after 2005, predominantly in tertiary 

(undergraduate course) contexts and coinciding with the emergence of Web 2.0 support for user-

generated content. Figure 5 illustrates this trend in SC-DLO studies post-Web 2.0.  
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Figure 5. Upward trend in SC-DLO studies post-Web 2.0 

Research Question 2. What are the reported affordances of student-created digital objects (SC-
DLOs) based on the classification of 21st century skills as cognitive, intrapersonal and 
interpersonal? 

Cognitive affordances  
Most of the studies (n=54) reported impact on student achievement or cognitive skill development, 

although mainly from student or teacher perceptions through self-report measures. Only 14 included 

tests of achievement or skill development. Of these, seven were cross-sectional designs comparing 

tertiary course or examination grades with previous cohorts, typically following a change in 

assignment type (e.g., from traditional essay or report to DLO assignment). Three studies, in 

secondary and primary school contexts adopted quasi-experimental with control group and pretest-

posttest designs.  

Across the studies, the findings of cognitive affordance suggested SC-DLO practices can by 

grouped by influence on (1) knowledge and achievement gains (including recall) (2) improved 

understanding, and (3) higher order thinking: 

Gains in knowledge and student achievement 
In terms of testing for increased learning outcomes following intervention (n=12) all but two of the 

studies showed improved (n=7) or similar (n=3) results compared with traditional approaches (e.g., 

written essay). A further two studies report pretest-posttest learning gains. Table 5 summarises each 

study and describes the assessment type and reported influence of SC-DLOs on test or assignment 

scores.  
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The exception is a study by Ernst, McGahan and Harrison (2015) questioning the benefits of using 

student-created animation for learning citing poorer end of semester course scores. The authors 

argued that despite similar mean scores between 2012 (written non-shared assignment) and 2013 

(shared animation assignment) the results for the animation cohort declined. Student surveys 

confirmed only 40% in the animated video cohort evaluated the task to be engaging compared with 

a written assignment and 50% maintained the creation of an animated video was technically 

difficult and time consuming. The authors point out several factors that could have accounted for 

limited student engagement and lower achievement including technical challenges, student mistrust 

in content and acknowledged pre-existing cohort variation between the two year groups. Content 

accuracy is a theme found in seven studies raising concerns about correctness or variability in 

learner interpretation of SC-DLO content (Engin, 2014; Ernst, McGahan & Harrison, 2015; 

Fralinger & Owens, 2009; Frawley, Dyson, Wakefield & Taylor, 2016;  Hoban & Nielsen, 2012; 

McVee, Bailey, & Shanahan, 2008) or lecturers’ mistrust (Croft, Duah, & Loch, 2013). 

In terms of optimising conditions for positive influence on achievement outcomes, various studies 

highlighted the necessity of instructor checks for content accuracy and opportunities for robust 

feedback prior to shared use (Dyson, 2014; Jones, 2010; Kearney, 2013; Shafer, 2010; Yang & Wu, 

2012). Findings emphasised teacher design for learning by leveraging shareable affordances of SC-

DLOs during the creation process, such as peer-to-peer critique as planned review during editing, 

online commenting mechanisms or other means of phased feedback. Where students did engage in 

purposeful posting of questions and perspective negotiation (e.g., online forum or showcased 

presentation), digital collaboration in tertiary settings appears to have had a positive influence on 

results. For example, Lazzari (2009) reported significantly improved exam scores in multimedia 

communication courses - taught by the same lecturer compared with two previous years – with 

active online forum participation and formative peer evaluation. The improvements followed 

podcasting assignments with similar cohort distributions (e.g., age, gender, proficiency level, 

schooling background) showing Cohen’s effect sizes of 0.6 (2005–2006 vs. 2004–2005) and 0.85 

(2005–2006 vs. 2003–2004); classified as medium to large effect. Follow up interviews with 

students identified perceptions of podcasting affordances as: a) stimulus provided by listening to 

peers’ podcasts; b) the cognitive challenge of explaining theories to peers; and, c) a deeper interest 

for the subject.
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Table 5 

Summarised Results of SC-DLO Intervention on Student Achievement 

Author(s) Context Domain  SC-DLO 
medium Summary of results Outcome 

      
Cumming et al, 
2008 

middle special 
education 

digital video Social skills knowledge – SC-DLO intervention Eta squared η2 = 
0.84) and traditional intervention Eta squared (η2 = 0.83). In 
follow up t-tests teachers perceived student social skills being 
maintained better after the combined intervention t (25) = -3.783, 
p < 0.0001. 

similar 
(intervention) 

Yang & Wu, 
2012 

secondary English 
language 
learning 

digital 
storytelling 

English Achievement Test (EAT) & CTT-I (Critical Thinking 
Test) - Difference in experimental (DST) group posttest scores: 
EAT partial Eta squared (η2 = 0.28); CTT-I partial Eta squared (η2 
= 0.14. Five subscales of CTT-I differed significantly between the 
two research groups (Wilks’^= 0.85, F(5, 99) = 3.45, p = 0.01): 
MANCOVA revealed significance in subscales of interpretation 
and evaluation of arguments. 

improved 
(intervention) 

Ernst, McGahan 
& Harrison, 2015 

under-
graduate 

medical or 
health 
sciences 

animation 
(e.g., 
slowmation) 

Course assignment grade - average overall score significantly 
lower in 2013 (animation cohort) than in 2012 (P < .001) as 
examination scores significantly worse in the 2013 (animation) 
cohort than in 2012 (p < 0.05). 

lower 
(intervention) 

Pereira et al, 
2014 

under-
graduate 

medical or 
health 
sciences 

digital video Course assignment grade - Average grade for video presentation 
assignment M = 8.5 (SD = 0.5) out of 10 compared with previous 
years (8.5 vs. 7.0). 

improved 
(intervention) 

Fuller & France, 
2015 

under-
graduate 

geography digital 
storytelling 

Course assignment grade - Significant differences for marks in 
the 2010 (p = 0.024), 2011 (p = 0.001 and 2013 (p = 0.006) 
cohorts, whereas 2009 (pre-video diary; p = 0.185) and 2012 
(stronger cohort; p = 0.183) were not. 

conditional 
(intervention) 
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Author(s) Context Domain  SC-DLO 
medium Summary of results Outcome 

      
Macdonald & 
Hoban, 2009 

under-
graduate 

science 
education 

animation 
(e.g., 
slowmation) 

Concept mapping - All students gained new knowledge to some 
extent using a concept map scoring system; student with the 
greatest prior knowledge score (34) still added substantial new 
knowledge (28), and students with lowest prior knowledge scores 
(8&9) had both higher (30) and lower (12) results. 

improved 
(pretest- 
posttest) 

Kemp, Mellor, 
Kotter & 
Oosthoek, 2012 

under-
graduate 

geography podcast Course assignment grade - Three years prior field report 
assignment scores compared with three years of podcast 
assignment; mean of 71% (2008-2010) compared with mean of 
64% for field report over the previous 3 years.  

improved 
(intervention) 

Lazzari, 2008 under-
graduate 

information 
technology 
and/or 
business 

podcast Course assignment grade - Effect sizes of 0.6 (2006 vs. 2005) 
and 0.85 (2006 vs. 2004); podcasting introduced during 2006 
academic year. 

improved 
(intervention) 

Hilton, 2011 primary science digital video Proportional function of balance beam assessment (Klein, 
2004) - Non-significant decline for the video class from post-test 
(76%) to delayed post-test (74%) (t = 0.831, df = 20, p > .05, two-
tailed), while significant decline for the poster class from 78% to 
67% (t = 3.178, df = 21, p < 0.05, two-tailed). Half of the eight 
video groups, starting from a slight performance deficit, gave a 
Level 5 explanation (torque rule) while only one poster group gave 
this highest-level explanation. 

improved 
(intervention) 

McGahan, Ernst 
& Dyson, 2016 

under-
graduate 

health science animation Course assignment & examination grades - Students performed 
as well as 2014 – but not better – as the students in 2012, with 
similar cumulative course scores and end-of-semester 
examination scores. With choice of assessment mode (essay 
versus animation) videos in 2014 achieved a better overall score 
than 2013. 

similar 
(intervention) 
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Author(s) Context Domain  SC-DLO 
medium Summary of results Outcome 

      
Nielsen & 
Hoban, 2015 

under-
graduate 

teacher 
education 

animation Science knowledge - Counts of concept elements in pre-post 
slowmation creation interviews show increase in elements 
underpinning teacher understanding of moon phases during 
slowmation creation. 

improved 
(pretest- 
posttest) 

Orús, Barlés, 
Belanche, 
Casaló, Fraj & 
Gurrea, 2016 

under-
graduate 

business digital video Marketing knowledge - Participants obtained a higher final mark 
and perceived a higher acquisition of cross-curricular 
competencies than non-participants. However, self-reported 
subjective learning was lower than non-participants, and 
satisfaction levels were similar. 

improved 
(intervention) 

Pegrum, Bartle, 
& Longnecker, 
2014 

under-
graduate 

science podcast Examination grades - Students who created podcasts on “acids 
& bases” scored higher in the end-of-semester exam than students 
who had not created podcasts, although there was no significant 
difference in scores on “oxidation & reduction”. No statistically 
significant difference between average exam scores for the “acids 
& bases” questions in 2010 compared with 2009 (and mean scores 
still below 50%). 

similar 
(intervention) 

Yaseen, 2018 secondary science animation Science knowledge - Statistically significant posttest 
improvement related to the Kinetic Particle Movement (KPM) 
content covered in the animation (p<0.05) and not in items where 
student-created animations not used in teaching. 

improved 
(intervention) 
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The reported effects varied, however, in terms of which students were thought to have 

benefited most, Fuller & France (2015) showed learning for “weaker” students but limited 

gains for the more capable. Significant mean differences were found after the introduction of 

a digital video diary, designed to inform other students’ understandings of geographical 

landforms and processes. But improved results were not replicated for the 2012 group 

(p<0.183) determined to be higher achievers (as indicated by pre-field trip essay scores). The 

authors suggested those who were academically capable are more engaged in the learning 

process without needing motivational aids such as digital video creation. Contrary to Fuller 

and France’s (2015) findings, Macdonald and Hoban’s (2009) found all students gained new 

knowledge to some extent; the student with the greatest prior knowledge score still added 

substantial new knowledge, and the students with the lowest prior knowledge scores had 

variable knowledge gains. The science content videos were uploaded for review by peers and 

a content expert, further modification and final publishing to a purpose-built site.  

One of the factors that may have contributed to differences in improvement outcomes for 

achievement groups between the two studies is the perceived relevance and motivation to 

engage in multimedia work by students within specific subject disciplines. For pre-service 

teachers (Macdonald & Hoban, 2009) video SC-DLOs have pedagogical implications for 

future approaches to classroom teaching, whereas third year geography undergraduates 

(Fuller & France, 2015) may find video-diary presentation to their peers to have limited 

alignment with the ‘real work’ of geographers’ written field reports. Inter-disciplinary 

differences in attitudes to student learning objects is also raised by Kemp, Mellor, Kotter and 

Oosthoek (2012) who compared three years of field reporting, with three years where 

students created podcasts. Results showed an overall mean increase in scores of 13%. 

However, questionnaire data revealed at least a third of students indicated a preference for 

traditional report or essay presentation of knowledge (e.g., “podcasting is art not science”) 

suggesting a disciplinary legitimacy implication. In other words, SC-DLO mediums such as 

podcasts are likely to be more relevant in academic settings where competency is more 

closely aligned with traditional academic discourse and literacies of the discipline. After 

introducing an animation assignment that resulted in poorer end-of-semester examination 

scores, McGahan, Ernst and Dyson (2016) reported on a follow up study incorporating 

student choice of animation or written essay.  Results showed improved performance when 

students were offered a choice of assignments. 
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In K-12 contexts, three studies using quasi-experimental designs reported significant effects 

in mitigating recall deterioration (Hilton, 2011), literacy improvement (Yang & Wu, 2012) 

and science knowledge gains (Yaseen, 2018). The former, in a primary setting, showed 

significant decline in recall for a poster group by comparison with non-significant decline for 

the video class from post-test to delayed post-test (p > 0.05, two-tailed). They also reported 

observed differences in the quality of explanations. The latter two studies, in secondary 

contexts, showed significant pretest-posttest gains in reading achievement for the DST group 

(Yang & Wu, 2012) and the use of student-created animations in students’ conceptual 

learning of kinetic particle movement (Yaseen, 2018). In each case student use of either 

video or animation objects for subject content instruction and sharing were salient features of 

the learning design.  

Depth of understanding 
A further group of findings focused on improvement in student perceptions of understanding 

during the SC-DLO creation process. Students and teachers perceived SC-DLO composition 

having deeper processing effects in comprehending and acquiring subject matter content and 

making conceptual connections. Affordance was generally noted to be more beneficial during 

the process of creation, than viewing others’ learning objects, unless accompanied by 

discussion such as face-to-face review or online forums (covered in more detail below in the 

section on interpersonal affordance). 

Deeper processing was primarily associated with thinking about how to explain ideas 

effectively to peers and in representing ideas with multimodality. For example, in 

undergraduate mathematics where two second year modules (vector spaces and complex 

variables) had a history of proving difficult for students (Croft, Duah & Loch, 2013), 

screencasts created by interns were perceived to improve mathematical understanding as the 

students sought “better ways of explaining the content to their peers” such as application 

selection, recursive review of notes and wider reading during composition (p. 1049). Other 

studies reported students being inspired to read more widely around the subject matter in 

creating a “true representation” (Dale & Povey, 2009, p.121) and interrelating of concepts 

(Greene & Crespi, 2012) which modified understanding “through the journey” of creation 

(Hechter & Guy, 2010, p. 423).  The relationship between representing ideas and deeper 

processing is premised on cognitive reorganisation effects. In other words, the challenge of 

reconstructing meanings in different ways, such as how and what to transform multimodally, 

has been attributed with increased comprehension and improved recall. For example, students 
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creating video SC-DLOs in initial teacher education (ITE) reported their learning of a topic 

was consolidated by thoughtful selection of new media which “forced” concise, innovative 

communication of ideas (Kearney, 2013, p. 427). 

Two studies comparing student achievement scores across groups, using two different SC-

DLO media, reported improved understanding with student use of video compared to slide 

presentations. However, in both cases, students who created with slide presentations 

retransmitted the taught content in ways that aligned with teachers’ representations (e.g., 

definitions; lectures) and which the researchers concluded had a constraining effect on the 

extent to which students were able to mentally reorganise the content (Yang & Wu, 2012; 

Marley, 2014). Students in another ITE programme reported that it was the multimodal re-

representation process that “triggered our thoughts” not the website research for the learning 

object content (Nielsen & Hoban, 2015, p. 1225). 

Higher order thinking  
Nine studies (15%) showed findings of higher order thinking from SC-DLOs (e.g., critical 

thinking, synthesis, causal reasoning). Fewer (n=5) could be quantified by diagnostic 

measurement or independent observation. Of the five studies with quantifiable diagnostics, 

Yang and Wu (2012) tested student critical thinking before and after comparison of a lecture-

type and DST intervention group, reporting significant effect size differences in critical 

thinking scores for the DST group (d=0.14). Post hoc comparisons indicated that two 

subscales, interpretation and evaluation of arguments differed between the two groups. 

Differences suggested that the DST process helped students’ interpretation and evaluation of 

arguments through creative plot development with digital tools. Observations of interactions 

between groups in the process of sharing and critique of their peers’ DSTs appeared to 

facilitate negotiation of ideas, perspectives and accuracy of information.    

In terms of improved conceptual development, two studies reported higher levels of 

complexity in K-12 students’ scientific reasoning, not evident in a much earlier study of 

cross-curricula student video creation (Schuck & Kearney, 2006). The more complex 

reasoning is exemplified by Hilton’s (2011) use of the Klein (2004) questionnaire of 

proportional function showing higher level conceptual explanation in the video condition. 

Similarly, Beach and O’Brien (2015) analysed annotations of students’ video learning objects 

with VoiceThread, suggesting evidence of causal reasoning in students’ image selection to 

support science inquiry. However, Schuck and Kearney (2006) caution that student use of 

technology can impede conceptual development where more attention is given to 
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technological features such as filming, than the concept under investigation. Analysis of over 

60 student-generated cross-curricula video projects on motion from five schools indicated 

low levels of conceptual understanding. Findings suggested providing students with task 

criteria or assignment rubrics that focus on assessment of conceptual content (and 

presentation with teacher-facilitated discussion opportunities) would serve as mechanisms for 

enhancing conceptual development over student emphasis on technological effects. 

Summary of cognitive affordance 
The reviewed sample reporting cognitive affordances of SC-DLOs shows findings mainly 

support knowledge or student achievement gains, improved understanding, recall and to a 

lesser extent, higher order thinking. Most were self-report (student and teacher) measures 

confirming strong participant perspectives of increased learning, although accuracy of SC-

DLO content, technical difficulties and time versus cost benefit were areas with implications 

for teacher learning design. Although limited in number, diagnostic measurement of the 

influence on student cognition appeared to support improved (or similar) achievement 

outcomes but with a need for pedagogical consideration of differentiated challenge (for 

“high” and “less able” students), negotiating student perceptions of subject-discipline 

legitimacy, and well-designed review cycles. 

Intrapersonal affordances 
Findings related to the intrapersonal affordances of SC-DLOs were highly represented in the 

study sample as four main categories: engagement (including motivation and interest) (n=39); 

agency (n=18), creativity (n=19), and personalisation (n=11) (incorporating aspects of 

student histories). The categories were mutually inclusive with high incidence of engagement 

co-occurring with either (or both) student agency and creativity. The studies were again, 

primarily exploratory, featuring teacher and student self-report measures, and observations. 

Only one of the studies used a diagnostic measure of motivation (Yang & Wu, 2012).     

Motivation, engagement and interest 
Of the studies reporting a positive relationship between SC-DLOs and motivation, heightened 

self-efficacy or self-esteem were salient sub-themes as were enjoyment or interest, 

empowerment, confidence, and task value. One study expressly tested for the effect on 

student motivation (Yang & Wu, 2012) using the Motivated Strategies for Learning 

Questionnaire (MSLQ) (Wu & Cherng, 1992) to compare students’ motivation across two 

groups: student-created DST and student slide creation during technology-integrated lectures. 

Post-test scores differed significantly for two subscales, task value and self-efficacy, 



52 
 

   
 

triangulated with students’ views such as: “Recording English narration is interesting! I am 

willing to practice several times to make sure I can perform well”. In terms of task value, 

students posited that technology skills learned during DST tasks could be transferred to other 

classes and offered challenge in appropriating multimedia resources to support narrative and 

learning goals. Similarly, a group of studies featuring pre-service student teachers’ 

slowmation animation (Hoban & Nielsen, 2011), slide presentations (Mitchell, 2003) and 

digital video (Kearney, 2013) also supported high self-reported student engagement and 

increased motivation.  

Two of the studies triangulated observation and interview measures in school settings 

reporting heightened student self-esteem and expressions of empowerment during SC-DLO 

video creation (O'Neill, 2005; Schuck & Kearney, 2006). More than a decade ago, when 

digital video was a relatively novel student practice, three themes emerged from the cross-

curricular analysis of 60 student video products from five Australian schools (Schuck & 

Kearney, 2006): (a) a strong perception that video creation was novel and presented a change 

from more traditional classroom assignments; (b) high levels of ownership and opportunities 

to project student personalities; (c) and, an acute awareness and self-critique motivated by 

peers as the target audience. More recently in a secondary chemistry context, classroom 

observations and interviews highlighted the importance of learning design with online 

animated video to engineer student engagement with diverse conceptual representations 

(Yaseen, 2018). All students reported that using software to create student-generated 

animations was “more enjoyable and encouraging” than traditional methods of learning in 

science. The cognitive engagement captured across measures included high levels of 

reasoning about “similarities and differences between their animations and those of ‘expert’ 

animators” (p. 1177).    

On the other hand, engagement appeared to have been compromised in tertiary settings where 

technical support with the requisite digital tools (e.g., familiarity with a particular application 

or function such as video editing) was underestimated for some students (Bartle, Longnecker 

& Pegrum, 2011; Ryan, 2013; Smith, 2014; Frawley, Dyson, Wakefield & Tyler, 2016; 

Howard & Woods, 2016). Students were also found to be demotivated where the time cost of 

digital creation was perceived to outweigh the learning benefits (Reyna & Meier, 2018).  

Agency 
Although there were no studies in the reviewed sample that directly assessed autonomy or 

self-regulation, qualitative findings indicated influences on self-directed learning, and sense 
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of empowerment via digital tool choice and creative decision making (n=11). The measures 

included student self-report (surveys and interviews), observer impressions and SC-DLO 

analysis.  

Surveys of medical students’ access to other students’ digital videos online (n=29) (Pereira, 

Echeazarra, Sanz-Santamaría, & Gutiérrez, 2014) showed 89% highly appreciated the 

affordance of watching and analysing the SC-DLOs uploaded by fellow students “anytime 

anywhere” as part of their self-study process. Further aspects of empowerment included self-

selection of digital tool or application choice reported by Beach and O’Brien (2015) where 

students’ representations of the carbon cycle “in their own way” was attributed to making 

multimodal and intertextual choices within the screencasts (p. 127). A deductive framework 

was used to undertake SC-DLO analysis based on four affordances: multimodality, 

collaboration, interaction, and connectivity. Multimodality was found to be an affordance that 

fostered science inquiry as students combined self-selected images, annotations, written and 

oral explanations.  

A further four studies reported student empowerment in adopting roles of producer and 

multimodal decision making. For example, Shafer (2010) traced the shifts in students’ roles 

from passively completing a proof as an academic exercise for teacher grading, to 

authoritative interactions as decision makers and digital producers in planning, collaborating, 

animating, and filming highly complex mathematical problem solving. Activity components 

of self-critique and peer review during and following screencast creation were attributed to 

students’ sense of authority as they struggled with explaining the validity of their 

computational techniques. Transition - described as the “phase of systemisation” - to 

problems with similar reasoning (Christou, Mousoulides, Pittalis, & Pitta-Pantazi, 2004) was 

regarded as a generalising affordance by the authors as students watched and collaboratively 

negotiated the differences in reasoning and multimodal meaning-making of different designs.  

Two studies made connections between digital autonomy and initiative (or “going beyond”) 

where students made re-takes to improve communication of ideas, pronunciation and 

intonation in language learning described as both a practice strategy, and responsibility to 

accuracy and improvement (Hafner & Miller, 2011). Similarly, Dale and Povey (2009) 

reported students demonstrating initiative to read more widely around the subject matter of 

heritage sites in podcast preparation. 
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Creativity 
Authors in the reviewed sample reported consistent patterns (from mainly questionnaires and 

interviews) of students being able to inject imagination, innovation, crafting and creative 

expression during the SC-DLO production process (n=19). Innovation and imagination were 

mainly described in terms of multimodal design features and the ability to use a range of 

genres and formats. The term “crafting” is synonymous with traditional forms of literacy 

such as writing but was applied in a digital sense to fashioning features such as “intros,” 

“outros,” titles, captions, background music, humour, and special effects (Dyson, 2014). 

Crafting was also reflected in novel modifications to ambient recordings in fieldtrip podcasts 

(e.g., the crunching of gravel under foot) (Kemp, Mellor, Kotter & Oosthoek, 2012) and 

searching out new and different online tools for variability in representations of content 

(Forbes & Khoo, 2015; Anderson, Stewart & Kachorsky, 2017). Motivation to take risks with 

technology, by being more creative than previous cohorts, was also evident in the enhanced 

podcasts of information technology undergraduates innovating with picture-in-picture, 

zooming in on a region of the screen and other advanced recording features (Frydenberg, 

2008). 

Opportunities to extend imagination was also evident in the role-playing genres of digital 

video or podcast recordings such as interviews and finger puppeteering (Willmott, 2015) or 

the “Business News”, “Ask the Expert”, “Round-Table” and “Question-Time” discussions 

where students adopted a wide-range of expert identities (Powell & Robson, 2014). 

Creativity was linked with expressions of popular youth culture, typically uncommon in pure 

or applied disciplines such as science (Jarman, & McClune, 2012), accounting (Seow & Pan, 

2018) and management (Stratton & Julien, 2014).  For example, innovative analogy was used 

to represent formal content such as chemical reactions (e.g., combating rappers; Ninja turtles) 

(Nielsen, Hoban & Hyland, 2017) and in allowing “you to express what may be a mundane 

topic task in a really creative way” (Paige, Bentley & Dobson, 2016, p. 5; Marley, 2014). 

There was no reported evidence of content being trivialised by students’ creative discretion, 

nor in compromising “communication of what was often quite complex science” (Jarman, & 

McClune, 2012, p. 124). On the contrary, health sciences students were found to directly 

translate book content without the artistic license necessary to productively engage an 

audience (Pereira, Echeazarra, Sanz-Santamaría & Gutiérrez, 2014). Creativity was also 

voiced by students in terms of personal expression in being able to connect to the content at 

“a whole new level” and in support of sophisticated reflection (Halter & Levin, 2014, p. 394). 
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Personalisation 
The notion of personalisation was a salient finding with connections to student motivation 

and creativity. For example, teachers of students across five classrooms indicated that 

students enjoyed being able to “inject something of themselves” into their science podcasts 

illustrated by their imaginative approaches to communicating science (Jarman & McClune, 

2012, p.126). Similarly, open item surveys of undergraduate geography students (Kemp et 

al., 2012) maintained students mainly showed appreciation of a podcasting assignment by 

comparison with a written report due to their perceived improvement in communicating 

results clearly and in “listening to [our] own voices”, “presenting my data in a different way” 

and “coming up with a format and jokes to make it interesting”. However, only 38% in 2008 

and 11% (2010) thought the exercise had improved their engagement and motivation for the 

subject, with a relatively small margin between those who would prefer to “always” present 

their results in a conventional report versus a podcast.  These perceptions could represent 

disciplinary literacy preferences discussed earlier in this review but could also be explained 

by features of the learning design; namely, students were having to imagine an audience, 

rather than the authentic purpose of sharing and building knowledge within their learning 

community.  

Connections to students’ lives beyond institutional settings (e.g., school or university) was 

also found to facilitate connections to the familiar in understanding foreign vocabulary 

(Wang, Kedem, & Hertzog, 2004), expressions of identity (McVee et al., 2008; O'Neill, 

2005) and voice (Halter & Levin, 2014; Powell & Robson, 2014; Schuck & Kearney, 2006; 

(Snowball & McKenna, 2017).  

Summary of intrapersonal affordance 
There appeared to be strong evidence of SC-DLOs having intrapersonal affordance from the 

study sample through student engagement (including motivation and interest), agency, 

creativity and personalisation (incorporating student histories). Most studies were self-report 

(student and teacher) or included observation measures which consistently corroborated high 

participant interest and engagement from SC-DLO creation, although technical difficulties 

and time-creation costs were perceived to frustrate or outweigh learning benefits. 

Opportunity to demonstrate authority and responsibility to communication of knowledge for 

others were valued agentic outcomes particularly in creating for an authentic audience such 

as current or future peers. The incorporation of personalised features, such as identity, family 
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background and creative expression were strongly represented as artistic enhancement rather 

than trivialisation of scientific and academic content.   

Interpersonal affordances 
Whether mediated through the openness of the internet or more closed institutional intranets, 

the interpersonal affordances of SC-DLOs were strongly represented across the study sample 

(n=28) influencing learning through performativity, collaborative interactions and reflection 

following feedback. Interpersonal connection was reported both during production (e.g., co-

construction; pre-hosting discussion; review cycles) and post-publication (e.g., online 

commenting or rubric feedback; whole class presentation). Affordances were captured by the 

following categories: 

Performativity 
Heightened awareness of the influence on others as performativity was found across the 

survey and interview measures associated with students’ sense of responsibility when 

adopting an authoritative position as generators and sharers of knowledge. Findings indicated 

increased accountability, risk taking and ensuring accuracy in communicating content. For 

example, consistent changes across two semesters of advanced writing courses is reported by 

Jones (2010). Improvements followed the introduction of “invention” podcasts and resulted 

in increased student interactions and risk taking as writers. In a substantive qualitative case 

study, the author described how introducing a rhetorical element via the performative aspects 

of podcasting allowed students to “embody an authority” that transferred invention ideas and 

language into their writing in a way that prior course techniques had not facilitated.  

In an unsolicited snowball effect, Lazzari (2009) reported that students made SC-DLOs of 

their own volition by giving in-video tutoring performances to show classmates how to use 

advanced application features for enhanced podcasts (vodcasts). Interview evidence of 

performative-based motivation has also been described by Beach and O’Brien (2015) as the 

awareness of using descriptive, scientific language and annotation tools, with image and 

verbal validation to craft claims in a convincing manner for peers. Various studies 

incorporating qualitative analysis of open-response survey items and interviews demonstrated 

students’ mindfulness of audience in making sure “we said things properly and explained 

things accurately” (Hechter & Guy, 2010, p. 418). Further obligations expressed in their role 

as content publishers, performers, and presenters to peers (Schuck & Kearney, 2006) 

included conciseness (Jarman & McClune, 2012), improvable ideas (Lee, McLoughlin, & 

Chan, 2008), researching to become more informed (Waldrip, Prain & Carolan, 2006) and in 
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refining performances (Yang & Wu, 2012). Analysing forty-five elementary students’ 

screencasts of mathematics, Soto (2015) found a primary affordance was student attention to 

audience and the adoption of a teacher persona.  

A further salient finding was the impact of learning from peer SC-DLOs where the feedback 

component was incorporated into the production process, or as final presentation. Sharing of 

SC-DLOs to whole class or groups was shown to provide opportunities for forming 

alternative conceptions as conflicting ideas were identified, discussed and clarified (Hoban & 

Nielsen, 2012; Shafer, 2010). For example, while secondary students listened to others’ voice 

recordings, they evaluated the scientific reasoning for planetary travel and used editing 

technologies to engage in focussed language rehearsal and choice, associated with significant 

gains in the students’ listening and reading comprehension (English Achievement Test; 

η2=0.28). The stimulus provided by viewing and listening to other students’ learning objects 

was described in other studies where students associated improvement in their learning from 

online SC-DLO availability and being compelled to better understand the issues and 

influences of design and production of their peers (McVee, 2008; Lazzari, 2008). 

Reflection  
Almost half of the studies reported reflection was most evident where planned peer feedback 

was integrated into the creation process incorporating use of online mechanisms such as 

commenting or where weblogs followed upload to a shared site. Four studies reported use of 

rubrics to guide feedback (Adams & Blair, 2014; Beach & O'Brien, 2015; Halter & Levin, 

2014; Pereira et al., 2014; Shafer, 2010). Even without teacher mediation to promote critical 

forms of reflection, the iterative nature of SC-DLO composing appeared to facilitate cycles of 

refining to correct and improve. For example, independent observation of student interactions 

when collaborating on role play scripts, compared with their subsequent scripts for digital 

video recording, showed students with social disabilities were considerably less likely to need 

redirecting back to the task by teachers (Cumming et al., 2008). They also demonstrated 

increased pro-social tendencies such as offering constructive criticism to peers on authorship 

and in refining their product after first viewing.  

Where teacher design for learning incorporated planned feedback supported by rubric (or a 

clear evaluation mechanism such as whole class review) there appeared to be evidence of 

impact on critical thinking or more sophisticated review of concepts and processes (Hilton, 

2011; Yang & Wu, 2012). In fact, mathematics students reported that reviewing their peers’ 
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screencasts had a stronger influence on developing writing skills and evaluation of geometric 

proofs compared to the process of creating their own screencasts (Shafer, 2010).  

However, the review sample tended to show students’ online commenting fostering 

relatedness, achievement celebration or question and answer discussion (Lazzari, 2009; 

McClean et al., 2016), rather than critical thinking purposes. Of those, where students were 

required to rate or leave feedback facilitated by predetermined criteria, or specific teacher 

directive, there was evidence of critical engagement (Beach & O'Brien, 2015; Halter & 

Levin, 2014; Pereira et al., 2014). Twenty studies reported showcasing or in-class 

presentation sessions but tended not to investigate the impact of the class discussions or uses 

of the SC-DLO product post-discussion for improvement. Other studies mentioned wider 

community showcasing of SC-DLOs (O'Neill, 2005; Wang et al., 2004) but without 

measuring or describing effects on parent/caregiver perspectives and possible home learning 

benefits. The notion of “rewindability” was reported in relation to the compounding benefits 

of rehearsal during editing (Jarman & McClune, 2012; Marley, 2014) and in the perception of 

SC-DLOs as “thinking tools” for reuse by future students (Pirhonen & Rasi, 2017). For 

example, 55% of an undergraduate college class used their class podcasts to supplement 

learning alone or in study groups to clarify a point, or to take additional notes (Frydenberg, 

2008).  

Collaboration 
Findings of student collaboration tended to be grouped by perceptions of co-operation and 

teamwork through SC-DLO creation as well as improvability of ideas and creativity during 

co-construction. Online shared spaces were reported by students as a means of building on or 

extending ideas, for example where students shared videos of digital design techniques for 

others (Campbell & Cox, 2018) or annotated peers’ screencasts with voice or written notation 

(Beach & O’Brien, 2015). Use of VoiceThread annotations promoted sixth graders 

collaboration through perspective taking. The students challenged each other’s SC-DLOs 

about the relationships between carbon emissions and photosynthesis in terms of validity of 

claims and supporting evidence, which led to further revision of ideas. Similarly, secondary 

science students specifically reported on their science-related conversations (Jarman & 

McClure, 2012) where the podcasting had stimulated sharing ideas by explaining and having 

physics explained to them when “normally, you don’t talk about [physics] afterwards but 

with this you do” (p. 126). Working together to review screencasts of mathematics proofs 

was found to have improved clarification effects for undergraduates (Shafer, 2010). 
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SC-DLO assignments were also found to favourably impact group work in terms of 

negotiation or compromise by facilitating opportunities for resolving social and cultural 

difference (Pereira et al., 2014) and the value of co-constructed learning as a democratic 

principle (Forbes & Khoo, 2015).  

Summary of interpersonal affordance 
Interpersonal affordances of SC-DLOs were highly evident across the review as qualitative 

findings of student performativity, collaborative interaction and reflective feedback. A 

heightened awareness of the influence on others and a sense of performance was reported to 

have influenced increased accountability to peers, positive risk taking and accuracy in 

communication of content. SC-DLO sharing to whole class or groups induced students to 

form alternative conceptions when encountering conflicting ideas for discussion and 

clarification (a knowledge improvement affordance). Planned sharing of feedback online 

supported by rubric (or whole class review) appeared to be more likely to impact critical or 

thinking incorporating academic reflection, although in most cases the online feedback 

design fostered relatedness, achievement celebration or question and answer discussion, 

rather than higher order thinking. However, interactions about SC-DLOs appeared to 

strengthen clarification where students are encouraged to collaborate in the creation or 

sharing of SC-DLOs. 

Discussion  

Ubiquitous access to Web 2.0 applications through mobile devices in classrooms, courses and 

beyond institutions, offers unparalleled opportunities for students to create digital content for 

knowledge-building purposes. In 21st century contexts, Vygotskian principles of 

enculturation into language and other cultural tools for higher order thinking, communicating 

and problem solving extend to multimodal digital tools which require different kinds of skills 

to succeed in future employment and for improved social and economic outcomes. Applying 

a 21st century skills framework this review set out to synthesise the findings from 59 

empirical studies (mainly in tertiary settings) to investigate the nature of SC-DLOs (research 

question 1) and the potential impact on cognitive (including student achievement), 

interpersonal and intrapersonal skills (research question 2).   

There is an urgent need for greater consistency in conceptualising student-created digital 

objects to: (a) improve the efficiencies and reliability of cross-study comparisons (e.g., 

efficient identification of studies where students are intentional in their design for learning 

purposes), and (b) elevation of the term of SC-DLO, widely applied as a genre to educator-
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created instructional artefacts (as DLOs), but not to student creation (SC-DLOs). Studies 

across the 21st century affordance groupings indicated conditions for student design for 

learning such as shareability which induced performative effects. Students were found to take 

on instructional persona and have a heightened sense of epistemic authority and 

responsibility to their peers. These findings reflected theoretical perspectives on student voice 

and empowerment (Taylor & Robinson, 2009) through digital creation, where young people 

are positioned to share instructional authority and responsibility for the community’s 

knowledge improvement. 

The review provided strong evidence that students and teachers perceive SC-DLOs as 

supporting a range of valued outcomes: content learning, digital literacies and graduate 

profile or 21st century competencies such as collaboration, higher order thinking, creativity 

and autonomy. Pretest-posttest study designs largely supported perceptions of learning 

improvement with evidence across settings (e.g., sectors and subjects) and of positive impact 

on student recall, deeper understanding, higher order thinking and assignment or test scores. 

However, many of these studies represented longitudinal or single time point cross-sectional 

studies from action or practitioner research, and suffered from limited controls of prior 

achievement, and confounding variables that may have biased gain (e.g., a lack of 

independent moderation). This was particularly the case in tertiary contexts, suggesting the 

field would benefit from establishing experimental evidence for learning achievement 

(including relationships with 21st century skill outcomes). 

That said, there is an emerging base of evidence suggesting SC-DLO design of learning 

supports theories of deeper cognitive processing through both process and product effects: 

where process affords iterative, collaborative interaction for knowledge improvement aims 

and as a shared product, offering diverse conceptual and creative renderings of content for 

mediating learning conversations. This representational diversity was also found to pose a 

dilemma arising from accuracy anxiety by some students. Concerns about correctness 

underscore the importance of teacher pedagogical design for phased peer-to-peer review 

during the creation process and facilitated whole class, group and/or online discussion. These 

measures can build community accountability to knowledge, which is critically and 

respectfully built, and not just for social affirmation.  

The review suggested promising areas for future research by establishing pedagogical models 

for planning and implementing knowledge-building cycles and leveraging the learning 

community’s SC-DLOs to progress collective reasoning and generative potential (Campbell, 
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2005). As the first research question ascertained that SC-DLOs have primarily been 

researched in tertiary settings, there are also considerable opportunities to extend these lines 

of inquiry into K12 settings and to particular forms that may be discipline aligned, such as 

screencast use in mathematics. 

There were also cases of adverse effects on learning in tertiary contexts where technical 

difficulties, time-cost benefits and student questions of disciplinary legitimacy were 

constraints. It stands to reason that in tertiary contexts the relative size of cohorts and support 

for the considerable variability in digital capability presents greater challenges than in smaller 

classroom cohorts; particularly in the dangers of making assumptions about young adults’ 

expertise with authoring multimodality and versatility with digital applications. The growing 

knowledge base on slowmation animation offers guidance as a well-researched case in point 

(Hoban & Nielsen, 2012; Macdonald & Hoban, 2009). Conversely, fixation on the 

technological features of SC-DLO design was also shown to impede conceptual 

development, potentially hijacking attention resources. Student design frameworks, that 

tended to be scoring rubrics did support design-for-learning objectives but were the exception 

than the norm. Such frameworks would need to provide opportunity for differentiation and 

legitimacy in disciplinary areas, including a valuing of knowledge building irrespective of 

subject area as a desirable feature of professions (given some tertiary students questioned 

creation of multimodal objects in certain disciplines).   

Teasing out the complex relationships between the features of SC-DLO creation, 

achievement outcomes and the intrapersonal and interpersonal affordances will be some of 

the most compelling aspects of future SC-DLO research. This review suggests, like any form 

of learning - possibly more so where the valued outcomes appear connected to 

personalisation, creativity, high autonomy and performative interaction with peers - 

ascertaining which factors are pivotal to better outcomes and how to maximise their influence 

will be key. For example, it is no surprise that students appeared to be highly motivated by 

the intrapersonal features of SC-DLO work, which is a finding across the wider digital 

learning landscape. But an important question would be how reliant student motivation is on 

teachers engineering positive limits on choice such as creative latitude to enhance the 

instructional efficacy of SC-DLOs? This review supports findings of creativity as a 

complementary but different motivational affordance, particularly as use of video, 

photographic and audio modalities afford capture of students “actual”, or historical selves, as 

well as their imagined projections. That these modalities are being used to “inject something 
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of ourselves” into science and other complex subject matter promises transformational future 

knowledge work in the hands of students.                                 

Limitations 

This review faces some limitations. Firstly, studies where students created digital products 

predominantly for assessment of learning purposes were excluded as there was no indication 

the digital object was designed with the learning of a wider, or peer audience in mind. This 

decision may have restricted findings that further contribute to understandings of student 

multimodal creation with digital tools more generally. However, SC-DLOs are characterised 

by design for learning for others and inclusion of these studies could have diluted findings 

such as the student-teacher persona phenomena or the heightened awareness of student 

content accuracy. Judging by the range of terms used for the student digital object (e.g., 

student-generated content; student created tutorial) there is however the potential that studies 

were overlooked. 

Secondly, the lack of experimental studies including control groups means inferences about 

SC-DLOs cause and effect on cognitive, intra- and interpersonal outcomes cannot be made. 

That said, there is sufficient consistency across different domains and education sectors of 

pretest-posttest shift in achievement to warrant further investigation. As almost all of the 

studies of intra- and interpersonal affordance were derived through participant self-report 

(and mainly from students) this review offers a useful compass for identifying areas for 

future diagnostic investigation (or other empirically validated measures). Avenues include 

diagnostic measurements of the social-emotional and intrapersonal skills, which hardly 

featured, and to establish their effects on academic achievement, including through different 

SC-DLO mediums (e.g., screencast).     

Conclusion 

In this review we have synthesised the available research from databases of peer-reviewed 

journals on SC-DLOs with a particular focus on student design for others’ learning and 

support conditions. The review advances the field by establishing an empirical knowledge 

base from which to inform the learning design of educators, in signalling avenues for future 

research and a useful framework from which to develop a heuristic for supporting effective 

digital pedagogy. The review has also uncovered important cross-study findings suggesting 

SC-DLOs may be well suited to offering practitioners a means of empowering student digital 
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communities of knowledge generation through the cultivation of 21st century skills and for 

using the identified learning opportunities to good effect. 
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CHAPTER THREE – BUSINESS AS USUAL OR DIGITAL 
MECHANISMS FOR CHANGE? WHAT STUDENT-CREATED 

DIGITAL LEARNING OBJECTS (SC-DLOS) REVEAL 
ABOUT DOING MATHEMATICS 

Introduction 

Creating, sustaining and scaling change in classroom pedagogy is a recognised and ongoing 

challenge to learning innovation and outcomes improvement (Jesson, McNaughton & 

Wilson, 2015). In the subject area of mathematics, researchers and commentators continue to 

highlight barriers to change in mathematics teaching from prevailing attitudes and beliefs to 

active student participation in mathematical discourse (Boaler & Sengupta-Irving, 2016), 

problem solving investigation (Bailey, 2017) and collective knowledge building (Hunter, 

2005, 2008). Mathematics classrooms have a long history of what Boaler (2008) terms 

unidimensional character; where procedural routines dominate and the teacher is the expert 

and keeper of knowledge (Soto, 2015). Digital learning environments (DLEs) may offer 

creative mechanisms for “disruption” by providing opportunities for student design of 

conceptual artefacts and collaboration. Beyond the skill-and-drill of digital tools such as apps 

for practice and feedback routines, it will be argued that creation of digital learning objects 

(DLOs) can position students as both designers and sharers of knowledge (Cope & Kalantzis, 

2017) in line with desirable 21st century competencies and futures (Lai & Viering, 2012).  

Churchill (2007) describes DLO creation as utilising “different media modalities (and often 

interactivity) to represent data, information, reality, concepts and ideas…designed to afford 

educational reuse” (p. 484). A growing body of research features teachers’ use of DLO for 

instructional purposes, but there is only an emerging interest in student-created forms, and 

fewer studies that focus on building collective mathematics knowledge. In the interests of 

exploring ways student-created DLOs (SC-DLOs) may contribute to “change” practices 

advocated in mathematics research, a sample of SC-DLOs were qualitatively analysed from 

student blog sites in a 1:1 digital initiative in New Zealand to answer the question: “In what 

ways do SC-DLOs evidence “new” 21st century ways of doing mathematics?” The following 

literature review will formulate a theoretical framework for considering the digital 

mechanisms from a grounded analysis of mathematics SC-DLOs.   
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Literature  

This study is informed by theories that conceptualise learning as a socially mediated process 

(Vygotsky, 1978) wherein SC-DLOs can be conceived as supporting active knowledge 

construction through digitally mediated creation and interaction (Smith & Kennett, 2017). 

More specifically, student multimodal representation of concepts, understanding and critical 

reasoning can offer enhanced opportunities for engagement, personalisation and autonomy in 

digital environments (Jesson, McNaughton, Wilson, Zhu & Cockle, 2018). Arguably, SC- 

DLOs are more than artefacts, or the output from learning, but involve students in design-for-

learning decisions of how best to explicate knowledge by orchestrating modes multimodally 

(Kress & van Leeuwen, 2006).  

In mathematics classrooms, there is some evidence of the benefits of attending to the 

affordances of different modalities to more fully convey or emphasise mathematical 

meanings (Wilson, 2011). McVee, Bailey, and Shanahan (2012) found that students’ 

awareness of disciplinary multimodal features increased when composing multimodal digital 

texts but not when merely exposed to them through teacher instruction. Moreover, the 

“shareability” of forms such as screencast, animation, and slide presentation have been found 

to afford discursivity and accountability within the learning community (Filimowicz & 

Tzankova, 2012). Therefore, the term SC-DLO will be expressly used in this paper to 

indicate a type of authorship (distinct from the mere product of learning), to one in which the 

student is positioned as multimodal designer and sharer of digital objects for the advancement 

of others’ learning. The distinction is also made because DLO creation has an established 

tradition of design for instructional objectives and reusability (Churchill, 2007). Therefore, 

blogged screenshots of students’ Mathletics© progress, or photographs of groups using 

manipulatives to count are not considered SC-DLOs, as the artefacts represent no obvious 

instructional intent. On the other hand, a screencast explanation of how to balance an 

equation is instructionally explicit in both the choice of medium (e.g., screencast 

demonstration) combined with verbal guidance. In a semiotic sense the medium - in this case 

the screencast - is the means of distributing communicated meanings, having both material 

and social aspects. Medium is the substance or mechanism by which meaning is made 

available to others (e.g., paper; oil-on-canvas; screen) and the semiotic, sociocultural and 

technological practices by which meanings are instantiated (e.g., newspaper, billboard, 

screencast) (Bezemer & Kress, 2008). Where prior studies of SC-DLOs tend to reference 
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student digital creation primarily by medium (e.g., slide presentation) or app (e.g., “Explain 

Everything”) here the SC-DLO distinction is dependent on design-for-learning function.  

Student design for learning is theoretically associated with desirable 21st century skills 

because transformative design and redesign practices (New London Group, 1996) with online 

digital tools, requires critical reflection, collaborative reasoning, self-management, self-

motivation creativity and perspective taking, (Lai & Viering, 2012). Cope and Kalantzis 

(2017) argue it takes reflexive e-learning ecologies to promote these kinds of skills and 

dispositions. They maintain, in reflexive digital ecologies, learners are positioned with 

“considerable scope and responsibility for epistemic action”. Therefore, within a framework 

of planned learning students are involved in knowledge representation activities that “extend 

creatively socially acquired knowledge” (p. 11). Scardamalia and Bereiter (1995) maintain 

knowledge-building communities are those in which members are engaged in producing 

knowledge objects “much more modest than Newton’s theory” but which “lend themselves to 

being discussed, tested and so forth…and in which the students see their main job as 

producing and improving such objects” (p. 270).  

However, concerns have been expressed about the “correctness” of student-created digital 

objects and the potential impact of imprecise conceptual and procedural representation on 

peers (Croft, Duah & Loch, 2013). Cautions include the need to ensure proficiency with 

media tools (e.g., editing, captioning, replay) and the time cost for complex design projects. 

On the other hand, recursive community review and a degree of technological risk taking are 

increasingly recognised as everyday features of 1:1 learning design which can mediate these 

pitfalls (Kearney, 2010; Shafer, 2010; Yang & Wu, 2012). In fact, theories of knowledge 

building in digital contexts advocate collaborative, creative agency through open-ended tasks, 

accompanied by collective improvement to support accountability, both to other learners and 

to knowledge representation.  In this way, classrooms might act as self-auditing cultures, 

subject to peer review and to collective knowledge representations, for example in content 

curated on a class blog site.  

Three dimensions of learning within knowledge-building communities can be enacted 

through SC-DLOs while also aligning with the mathematics “change” practices identified 

earlier. The first dimension is diversity of representation. SC-DLO creation affords a process 

effect where student designers can create diverse multimodal representations of their 

reasoning and conceptual understandings using mathematical discourse. Such 

representational diversity potentially deepens learning by offering more than one avenue 



67 
 

   
 

“into” understanding through the creative use of modal combinations or multimodality (e.g., 

verbal, notational, visual). Synaesthesia is conceived as switching between modes in 

complementary ways to achieve a multifaceted understanding “through the juxtaposition and 

transposition of parallel or complementary modes of meaning” (Kalantzis, Cope, Chan & 

Dalley-Trim, 2016). Organising and arranging digital media content (including hyperlinks) 

into a “module” of multimodal meanings (Domingo, Jewitt and Kress, 2014) can reinforce 

key ideas and concepts. A review of SC-DLO research (Rosedale, McNaughton & Jesson, 

2019a) has found that when students are positioned to make these kinds of purpose and 

audience decisions, they adopt an authoritative voice or teacher persona (Soto, 2015), use 

mathematical discourse (Shafer, 2010), collaborate (Calder & Murphy, 2017), report deeper 

understanding and demonstrate perspective taking (Croft, Duah & Loch, 2013).  

The second dimension of knowledge building is discursivity. SC-DLOs offer opportunities to 

respond to others’ thinking from what Jewitt and Parashar (2011) term “shareable” 

affordances; joint access through online platforms (blogs, discussion boards, Google 

community) and characteristics that can promote critical interaction and visibility of thinking. 

With any collective approach to learning, mitigating social risks by cultivating dispositions 

and values of shared participation is fundamental. For example, Shafer (2010) has shown 

mathematics students valued critical discussion about the diversity of their peers’ problem 

solving, which they considered more beneficial to their learning than the creation of their 

own screencasts. Talk about mathematics SC-DLOs has been found to facilitate reasoned 

discourse and increased understanding afforded by the variety of others’ conceptualisations 

(Adams & Blair, 2014).  

Arguably, the above two dimensions provide both a dispositional and practice foundation for 

a third dimension, namely the ongoing collective improvement of a community’s knowledge 

artefacts. Here, Bereiter (2002) makes the distinction between conversation that “merely 

shares knowledge” (p. 183) and conversation that creates further knowledge. In this way, 

critical engagement is conceived to be as important as creative acts. For example, creating 

SC-DLOs has been found to heighten students’ awareness of collective improvement aims by 

enhancing performativity; that is, a context for inducing increased awareness of 

accountability to the learning community including a desire to “get things right” (Croft, Duah 

& Loch, 2013). Boaler’s (2008) seminal work advocating relational equity in mathematics, 

underscores a major factor contributing to the equitable results attained in the Railside studies 

as “the serious way in which students were taught to be responsible for each other’s learning” 
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(p. 11). This was achieved through the active pursuit of different perspectives and critique to 

further community understanding. In digital knowledge-building communities, SC-DLOs can 

also be intertextually referenced through hyperlink; generatively modified in light of others’ 

thinking; and reshared.    

Summary of Theoretical Integration  

The educational literature of contemporary, 21st century mathematics indicates calls for 

“change” practices that include active student participation in mathematical discourse (Boaler 

& Sengupta-Irving, 2016), problem solving investigation (Bailey, 2017) and collective 

knowledge building (Hunter, 2005, 2008). The research into SC-DLOs indicates a number of 

digital mechanisms which are aligned with these goals, namely, multimodal representation, 

shareability and collective critical improvement. Evidence from both literatures suggests that 

SC-DLOs might contribute to change goals prevalent within mathematics research to 

consider “new” 21st century ways of doing mathematics. A grounded investigation of these 

characteristics, using a corpus of mathematics SC-DLOs, was guided by three related sub-

questions: 

1. What forms of multimodality do students use in their SC-DLOs to actively participate 
in mathematical discourse use, conceptual representation and problem-solving 
investigation? 

2. How do SC-DLOs exhibit creative and diverse ways of sharing mathematics 
knowledge? 

3. How does critical interaction with SC-DLOs support knowledge-building practices 
that includes improvability? 

Methods 

Data collection 

A sample of 155 SC-DLOs were collected from students’ classroom blog sites in schools 

(n=9) comprising 1:1 school clusters (n=3) in New Zealand. One-to-one initiatives employ a 

ratio of one device to one student using a Chromebook or Netbook. Purposive sampling of 

SC-DLOs created by Year 7-8 students (aged 11-13 years) occurred over six months by 

determining the most frequent blogger, male and female, in each classroom per term. The 

rationale for selecting from a Year 7-8 sample was based on assumptions that senior primary 

students would have accumulated considerable experience across year levels in the 1:1 

programme and were therefore more likely to demonstrate accumulated skills in creating SC-

DLOs, and associated knowledge-building practices. Selecting the most frequent male and 
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female blogger in each classroom was expected to capture both range and engagement in 

digital creation of motivated bloggers. More frequent bloggers were also hypothesised to 

have more chance of exhibiting the full range of SC-DLO task opportunities offered by 

teachers.  

The participating schools were partnering in a digital improvement initiative that adopted a 

common programme of creating and sharing learning digitally. For example, each student 

had a personalised blog site which was used to upload, post and comment on digital artefacts 

representing classroom and home learning across subject areas. Artefacts included student 

writing (e.g., exposition, report), static image (e.g., poster, infographic, photograph), dynamic 

content (e.g., video, memes, animated GIFs) and SC-DLOs (multimodal authorship with 

design-for-learning features).  

SC-DLOs representing mathematics content were filtered from a larger corpus of SC-DLOs 

from 18 schools (including other subject areas) into a separate Excel database. Only data 

from the schools with available mathematics SC-DLOs were featured in the analysis: the 

remaining schools are not included in any of the frequency calculations. Titles and statements 

of learning intentions or objectives associated with the posted SC-DLOs showed a range of 

mathematics curriculum content including: number knowledge, algebra, measurement, 

geometry and statistics. 

Data analysis 

The resulting sample was analysed using a hybrid approach involving deductive 

categorisation of general characteristics (e.g., genre, media type, modality) and grounded 

induction (Corbin & Strauss, 2015). Open and axial coding were employed towards the 

generation of an overarching conceptual framework of design-for-learning principles 

representative of the SC-DLO corpus. The unit of analysis was an SC-DLO, so that each row 

in the database was dedicated to one SC-DLO posted to a student’s blog site (by school, 

classroom, year level, date) with columns representing the categories of features. Inclusion in 

the database was based on Churchill’s (2007) notion of DLO, applying the following 

selection criteria: (a) a contained, reusable digital object with multimodal content units (e.g., 

slide presentation, screencast, podcast, animation, video, film, interactive graphic); and, (b) 

curriculum-based instructional features (e.g., “My name is Josh and I’m going to show you 

how to do algorithm in standard written form”; modelling of worked mathematical 

examples).  
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As each subsequent SC-DLO was identified, a new row was added to the database. Any data 

representing a previously formed category was aligned with an existing category column and 

any newly encountered categories were created in new columns. Axial and back coding 

occurred as emerging patterns informed more precise categorisation and groupings of child 

within parent categories. Recursive cycles of careful, constant comparison between data, 

categories, and patterns was used to identify variability and consistency of data grouping 

(Corbin & Strauss, 2015). Following open coding, inquiry transitioned into reflecting and 

memoing relationships between and within categories; refocussing from “what’s there” to 

conceptual interactions, particularly differences within descriptions, context, 

presence/absence and possible causation. Theoretical perspectives holding explanatory power 

for the identified associations were then drawn upon and memoed, for example, multimodal 

constraint within student creations was associated with teacher templates constituting closed 

tasks. Open-endedness has been previously found to afford more complex engagement and 

ideas reorganisation in students’ multimodal composition (Jesson, McNaughton, Rosedale, 

Zhu & Cockle, 2018). 

Selected categories representing the core concepts of SC-DLO features formed a final 

framework: multimodal representation (form and level); language/concept amplification; 

personalisation; and collaborative interactions. This framework was used to consider 

evidence of the desirable change practices previously identified in the mathematics literature: 

student participation in mathematical discourse, problem solving investigation and collective 

knowledge building. Rich, and representative descriptions were tagged for illustrative 

purposes. All student names have been substituted to protect their identities and all 

screenshots of blog sites have been cleared of any attribution references. 

Results  

General features of SC-DLO creation practices 

Blog posting of SC-DLOs featuring mathematics content occurred more often on average in 

Term 1 (4.2 posts per student) than Term 2 (3.2 posts per student). In comparison to other 

subjects, mathematics was more represented than other curriculum areas such as reading, 

science, social studies (or integrated studies), health/PE and religious education. However, 

this was due to higher rates of mathematics SC-DLOs posted at one school. Frequencies of 

SC-DLO creation, excluding this school, showed student mathematics posting to blogs at 2.8 

SC-DLOs per student in Term 1 and 1.6 SC-DLOs per student in Term 2. Furthermore, 9 

schools (50%) were excluded from the corpus as there was no evidence of mathematics SC-
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DLOs. As such, frequency of students’ mathematics SC-DLOs shared to blogs demonstrated 

extreme variability across schools. These patterns suggested that for mathematics, SC-DLOs 

were not a salient feature of the wider blogging programme, and in at least half of the 

schools’ students were not posting mathematics SC-DLOs at all. These findings raise 

important questions about why students’ mathematics knowledge sharing is underrepresented 

across a sizeable cluster of 1:1 schools. In terms of leveraging digital affordances to further 

opportunities for knowledge-building interactions, it would also be important to consider how 

students may be motivated to engage with sharing practices that afford collaborative benefits 

including discussions about SC-DLOs.     

On the other hand, in terms of form, there was little variability in the tools used to create SC-

DLOs. The most common form were found to be of two mediums: presentation using Google 

Slides (88%), and screencasting (12%). Embedded within slide presentations were a few 

instances of direct video recording (n=3), but there was no evidence of other potential SC-

DLO media such as animation, podcast, film or interactive graphics (except by teachers 

where composition was scaffolded via a teacher-provided template). Therefore, given the 

overwhelming default to slide presentations, there appears to be considerable scope for 

encouraging other SC-DLO mediums. For example, podcasting provides specific learning 

affordances that target oracy and close listening.  

In terms of genre classification of SC-DLOs in mathematics, demonstration was the most 

prevalent followed by description, explanation and limited argumentation.  

What forms of multimodality do students use in their SC-DLOs to actively participate in 
mathematical discourse use, conceptual representation and problem-solving investigation? 

Findings related to variation in student use of multimodality to actively create meaning – by 

combing modes - are described as two interrelated aspects of form and level.  

Presentation form 
Slide presentation SC-DLOs created from a teacher template (67%) tended to constrain 

students to the use of print text with aesthetic or decorative components, typically 

constituting a transmission level of meaning making by worked examples. The transmission 

category of SC-DLOs included skill and drill routines through a type of digital worksheet 

with visual stimulus (e.g., pizza cut into slices). These template slide presentations did 

include opportunity for students to transpose numerical equations into word problems for 

peers to solve. But in both cases, transmission and transposition, multimodal compilation 

typically consisted of numerical or written text and image, where the images served as visual 
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links to everyday contexts, rather than amplification of mathematical meanings. Student 

contributions to the SC-DLO design could be categorised in these cases as low-level mashup.  

On the other hand, SC-DLOs that were supported by teacher templates but featured online 

inquiry to solve problems offered more opportunity to communicate strategic and critical 

thinking through multimodality. However, again the tight scaffolding tended to constrain 

student learning design. For example, students were directed to use the internet for “real 

world” problem solving in contexts that included house renovation, travel to a budget, 

scheduling flights factoring in time zones, and statistical surveys.  

In contrast to these teacher templated tasks, students also responded to open-ended task 

directives (33%) by authoring from the ground up, which allowed for considerably more 

variability in task interpretation, modal combinations and organisation. With open-ended 

opportunities for multimodal assemblage (Kalmbach, 2017; Märtsin, 2014) students were 

found to extend, or synaesthetically support meaning making with features such as 

complementary annotation and mathematical figures (e.g., graphs, diagrams, tables). Kress 

(2003) describes synaesthesia as the “shifting” of ideas across semiotic modes (p. 36).  SC-

DLOs also complimented mathematical discourse with social discourse as possible linguistic 

bridges to support understanding and in demonstrating empathy with a learner audience. For 

example, students were found to imagine themselves in the learner’s position (e.g., “I know 

how you feel…I will try to explain it again”), anticipate difficulties “if you haven’t noticed” 

and use relatable language to scaffold formal concepts (e.g., “Hey, there goes another car...”). 

Examples of variability in synaesthesia to support audience understanding are collated in 

Table 6. 

Diversity in student multimodal representation of content was further expressed through 

personalisation. In Figure 6, Matt and Malo’s SC-DLO design includes time series data using 

an informal bridge to the formal. This was achieved by a tally chart of traffic frequencies on 

consecutive mornings labelled “time series data” (formal) preceded by their head-shots 

superimposed on suited models (informal). They used conversation bubbles to demonstrate 

the sampling method using everyday talk (“Yeah ok, that makes it 20”). The rendering of 

context (with intertextual links to the Men-in-Black movie), and formal statistical procedure 

(time series), suggests appeal to the peer group, and a scaffold for the audience. In other 

words, they provide an everyday rendering of the mathematical method using a humorous, 

colloquial design that is mathematically instructional. 
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Figure 6. SC-DLO screen that provides a bridge from the informal content (“Hey there goes 
another car”) to the subsequent formal content (“Time-series data”). 

In summary, although slide presentations offered the means of embedding a variety of 

multimodal forms to augment and re-represent mathematical meaning in a coherent way, 

student design-for-learning choices were somewhat constrained by teacher templates. But 

opportunities to combine design with authentic investigation (using “real-world data”) and 

the agency of more open tasks, appeared to yield hybrid compilations which illustrated 

personalised meaning within a context. These designs supported formal mathematical 

understandings in an engaging, relevant way.  

  



74 
 

   
 

Table 6 

SC-DLO Demonstrating Variability in Synaesthesia to Support Audience Understanding 

Topic Genre Synaesthesia  Key entities Discourse features  Example 
number 
knowledge 

explanation verbal concepts 
amplified by 
colour adjacent to 
visual of 
descending 
number line 

number line scientific: 
“These are the equations…” 
social: 
“But if you haven’t noticed we don’t add 
a plus sign in front of the numbers…” 

 
geometry explanation annotation 

(arrows and 
circles) amplify 
concept:  
“Each bar has 
been translated 
upwards” 

photographs scientific: 
“In a translation, every point of the object 
must be moved in the same direction and 
for the same distance.” 

 
algebra explanation annotation (arrow) 

connects verbal 
(exponent) to 
visual: 
“the little two at 
the top” 

diagram scientific: 
“We know that five will show up in the 
equation twice…” 
social: 
“If this sounds confusing, I know how 
you feel…I will try to explain it again.”  

statistics argument verbal description 
juxtaposed with 
visual illustration: 
“This is the timing 
of our recording.” 

graph scientific: 
graphed data as frequency and trend 
social: 
“Hey, there goes another car.” “Yeah ok 
that makes it 20. 
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Screencast form 
By comparison with slide presentations, screencasts only represented 12% of mathematics 

SC-DLOs and included the following subject areas: operations on decimals, fractions and 

percentages (conversion, addition, and multiplication), results of statistical inquiry and using 

place value to solve problems.  

During screencast demonstrations students typically foregrounded a mathematics application 

in a browser such as MathsBuddy©, with a webcam in the right corner, or audio voiceover. 

These SC-DLOs tended to feature modelling, designed to enhance procedural visibility by 

pairing onscreen presentation of a mathematical equation (or word problem) and 

simultaneous student commentary (verbalisation). Recorded screencasts provided the 

additional modelled support for learning by including vocal intonation (e.g., “we divide 30 by 

the denominator, which is 3”), and the cueing of audience attention with the mouse pointer or 

draw tools to circle the denominator. Like the slide presentations, audience awareness and 

empathetic response were strong features of screencasts as students anticipated perceived 

difficulties or offered tips and cautionary advice. For example, “So 9.7 minus 2.2. Just have a 

little think. What would that be?” (pauses to offer wait time), and “These are fractions of a 

whole number, another Year 9 task…Year 9, it’s a bit harder than we usually do, but I think 

we can manage”.  

Conversely, there were cases where the needs of an audience were entirely overlooked and 

students appeared to focus on accelerating calculation, rather than anticipating audience need 

for understanding. Where students took the time to explain why procedural steps were 

warranted, conceptual understandings were made visible. For example, adding seven 

hundredths to eight hundredths Max pointed out he only added the numerator because the 

denominators were the same, and then “we’re going to simplify that by dividing by 5”. Detail 

provided in explain and describe genres of SC-DLOs promoted visibly of student “think 

aloud” which highlighted both what students may (and may not) have understood, offering 

potential areas for teacher (and community) intervention.   

Amplification of language and concepts 
Multimodal features used to focus audience attention on mathematics language were found to 

be more evident in slide presentations than screencasts. Design aspects such as colour and 

size were specifically analysed for use in signalling mathematical meanings: colour, 

annotation and movement were used as devices for drawing attention to mathematical 

language, and procedural steps. For example, “What you would do first is you would see the 
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word Multiplication in the word B.E.D.M.A.S, the M is before the A and the S…5x9 which 

equals 45”.  

In screencast SC-DLOs, students more often used tools-in-motion to circle or underscore 

numerical notation as they performed calculations in real-time but unlike in presentations, 

tended not to amplify attention to conceptual language. For example, screencast 

demonstrations of mathematical strategies (such as simplification and compensation) showed 

students talking about dividing by 2 till it could go no further or adding 3 to make 20 without 

taking the opportunity to formalise using mathematical discourse. Furthermore, although 

screencast tools for caption or highlighting were available, students were less likely to engage 

in post-hoc editing to emphasise key terminology. There appeared to be considerable scope 

for capitalising on app-specific design features as a means of accentuating mathematical 

discourse. Definitions of mathematical terminology were also almost exclusively provided in 

slide presentations and were almost absent in screencasts.  

Therefore, SC-DLOs revealed how features of mathematics discourse could be both 

amplified and rehearsed creatively using digital features. Communicating to students the 

significance of foregrounding mathematical language in their digital meaning-making could 

raise the profile of formal use of mathematics discourse in more precise, academic ways, and 

particularly in screencasting where it was less evident.    

How do SC-DLOs exhibit creative and diverse ways of sharing mathematics knowledge? 

Creative personalisation was found to be a salient feature of SC-DLOs. Using technologies 

students projected their identities through self-expression (thinking and artistic), and 

connection to their diverse funds of personal and cultural knowledge (Moll, Amanti, Neff & 

Gonzalez, 1992). References to students’ backgrounds including experience and identity were 

observed in the following ways: 

Digital self-representation 
Open-ended authorship of SC-DLOs consistently featured the embedding of students’ actual 

recorded voice, video capture and photographs as a form of digital embodiment. Self-

representation “within” everyday mathematics artefacts is a new phenomenon of 21st century 

digital classrooms and reflects sociocultural influences of contemporary social media. For 

example, evidence of YouTube culture was strongly evident in the way students assertively 

presented themselves as authorities in popular online how-to genres. Interactions between co-

presenters (particularly in video) were highly personalised with humour, acting-out and 
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taking on roles such as scientists and demonstrating “unstaged” explanation or modelling. 

Noticeable features included an “unselfconscious ethos” to admit mistakes, appeal for 

assistance and make recommendations based on prior experience. These real-time records of 

personalised, and peer-to-peer ideas exchange, present real opportunities for making thinking 

visible within communities for dialogue and critical reflection. Evidence of responsiveness to 

diverse representation is a theme that will be taken up in a later section.   

Creative thinking as analogical reasoning 
Perhaps because SC-DLOs offer a context for freedom of expressive thinking, unprompted 

analogous thinking was consistently observed. For example, an onscreen discussion shows 

Jessie turn back to the camera, as an after-thought, to suggest the viewer think about the 

decimal notation like a “digital clock”: where whole minutes or hours are positioned before 

or to the left of that which is “less than a whole”. Others suggested thinking of the BODMAS 

acronym like “Lol=Laugh Out Loud”, “where each letter stands for a certain word” and when 

ordering decimals, “Think of them [0.68 and 0.56] as money, one costs 68 cents and the other 

56 cents…and because six tenths is bigger than five tenths”. 

Connections to home 
Links directly with doing mathematics at home, or in making connections to cultural 

background, were scarce but took the form of homework inquiry. For example, 

parent/caregiver assistance with an investigation into plastic bag distribution at store 

checkouts leveraged connections to the parent’s employment. Frequency of plastic bag 

purchase was time sampled and graphed to support research statistics on ocean pollution: 

“This is the information my mother provided during five and a half hours at work…”. 

Creative artistic 
Personalisation was also observed as creative license in students’ choice of setting (e.g., 

playground; library; superimposed backdrops of photographs or mathematical symbols), 

soundtracks, and use of animation such as GIFS. Music backing tracks also served a 

functional purpose to eradicate the distraction of background ambient noise in the classroom.  
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How do interactions with SC-DLOs support knowledge-building practices that include 
collaborative improvement? 

Patterns of interaction were found to offer new mechanisms for collaborative improvement of 

students’ knowledge through “inside” and “outside” affordances. Inside SC-DLO 

interactional affordance occurred as: 

• co-authoring (e.g., attributions to peers as collaborators and co-designers); 

• student embodiment (e.g., videoed turn-taking with a partner to explain steps for 

solving an equation);  

• coded viewer selection buttons and intertextual hyperlinks (e.g., viewer selection of 

answers; hyperlinks to other digital texts).  

Outside SC-DLO interaction occurred as blog comments and provided a visible means of 

asynchronous feedback: “I think you explained this really well Rashaan. I also learnt 

something new, Standard Written Form.”  

Findings related to knowledge-building practices are presented hereafter as first inside and 

then outside interactions: 

Inside SC-DLO interaction 
Interactions that involved verbalised mathematical reasoning tended to occur inside the SC-

DLO as captured discussions, either as voice-over, or as video insert. This is an important 

finding as most SC-DLOs were individually (87%) rather than collaboratively authored 

(13%), and suggests capture tools (e.g., voice and video) do not of themselves promote 

reasoned explanation with the audience in mind. For example, although the screencast 

technology affords “getting inside students’ heads” during a video think aloud, task design 

limitations showed a default to procedural rehearsal rather than making reasoning visible to 

the audience. Screencasts also typically featured a lone student computing algorithms or 

equations for the camera, but where there was evidence of  screencasting with a partner, 

collaborative reasoning occurred more spontaneously. For example, Ana and Erena were 

explaining the ascending order of decimals and Erena corrected Ana’s interpretation of 

ascending – emphasising for the camera - “that’s from smallest to biggest”. Opportunities for 

more critical forms of argumentation did not occur naturally and suggested the need for 

teacher augmentation to promote these sorts of designs for learning.  
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The visibility of SC-DLOs on a blog platform also offered opportunities for noticing and 

providing collective assistance. For example, some students were surprisingly candid about 

having to do extra practice because they “didn’t get it” or suggested the viewer seek out other 

demonstrations because theirs was possibly limited compared to their peers. But reciprocity, 

by responding to other students’ expressions of need were somewhat overlooked by the peer 

community. For example, Jack’s reporting of the graphed frequencies of his team’s 

“basketball shots investigation” used a pie and bar chart to amplify the differences in the shot 

rates of 7 students. Jack reports “11 as the average, if everyone got 23” (the highest score). 

Community accountability to these sorts of errors, such as Jack’s misrepresentation of 

average, would require nurturing a classroom culture of regular, multi-faceted review 

routines. Other examples of imprecise working and confessions of difficulty suggested ample 

opportunity for peers to lend support, promoting the kinds of real world, academic peer 

review and accountability collective improvement efforts.    

Similarly, interaction in the form of embedding intertextual links to peers’ exemplars or other 

text models were scarce and primarily found in teacher templates. These digital texts, 

typically video, provided guided support in the form of exemplars such as YouTube videos. 

There were only a few instances where students included links to other SC-DLOs, or to 

mathematics texts they had sourced and evaluated themselves. There would appear to be 

opportunity to further promote students’ own text choices, both of peers and internet sources, 

to extend intertextual decision making, and referencing within SC-DLOs.    

 Outside SC-DLO interaction 
The posting of SC-DLOs to a blog platform also provided the means for interaction within, 

and beyond the classroom, in the form of blog commenting. But feedback comments were 

found to be infrequent across the sample (24%). Moreover, it was rare that comments 

developed into discussion strings, or criticality constituted knowledge building. Family was 

the occasional exception, with parents responding in both encouraging and evaluative ways 

(“… only a few mistakes which shows that you're getting the idea! Proud of you!”). By and 

large, students tended to offer general praise (e.g., “Keep up the great work!”) which was 

kind and encouraging but arguably offered little in terms of transforming knowledge 

collectively. If an established affordance of shared digital artefacts is “rewindability” and 

“visibility”, it would be important to build normative practices for accountability, and 

enhancement purposes: a critical purposing and repurposing of the community’s SC-DLOs. 
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Outside interactions within this sample revealed negligible examples of reasoned evaluation 

of this kind. 

Discussion  

Answering the overarching question, “In what ways do student-created DLOs (SC-DLOs) 

evidence ‘new’ 21st century ways of doing mathematics?” has yielded considerable evidence 

supporting the change practices called for in contemporary mathematics literature. The 

evidence, however, was variable across contexts and suggests that the creation and sharing of 

SC-DLOs to achieve collective knowledge-building aims is quintessentially a matter of 

purposeful pedagogical design. The digital tools and online platforms used by the student 

designers in the featured schools showed the digital ingredients existed for promoting these 

ambitious sorts of practices in mathematics; that is, creating multimodal representations that 

promoted student participation in mathematics discourse, investigative problem solving and 

community knowledge building. The balance of this discussion will consider how four key 

purposes, indicated by the findings, might provoke professional learning-design 

conversations to further advance these aims: 

Purpose 1 - Multimodal design for participating in mathematics discourse  

Student creation practices in this sample suggested SC-DLOs can build increased expectation 

for communicating mathematics with an audience. Apart from the potential of multimodal 

authorship to inject interest through creative appeal, raising the profile of audience provides a 

somewhat new communicative focus for mathematics students. By participating in 

mathematics discourse using digital tools, students are positioned to generate and deepen the 

mathematics knowledge of others; which in turn has the potential to develop the author’s own 

discourse competence. Progressing mathematics expertise in classrooms has historically 

focussed on repetitious practice routines, computing accurate answers, and the rules of logical 

thinking within procedures. Not negating the importance of these fundamentals in building 

mathematical fluency, SC-DLOs would appear to privilege communication with an audience 

as additional and different means of promoting capability; explanation and justification 

necessitated mathematical reasoning using complex discourse, and modal combinations, 

which arguably enhances discourse participation in ways educational change commentators 

advocate (Boaler, 2008; Hunter, 2005).    

Task open-endedness gave students opportunity to employ these multiple modes by 

incorporating personal expression and skill, alongside formalised representations of 
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mathematics. Open-ended did not imply unfettered agency, where students were left to their 

own devices as a form of unrestrained discovery. On the contrary, comparisons of SC-DLOs 

from the same classroom suggested increased diversity within wide parameters, which 

offered the potential to learn from representational difference. Teacher templates, on the other 

hand, typically positioned students in “retransmission” roles. The juxtaposition of these 

approaches suggested room for alternatives to templates, such as check lists or criteria 

frameworks to guide design support. More open approaches to task design might replace 

some of the tight templating which appeared to preclude students from communicating 

problem solving and making design decisions themselves. That said, creation from open-

ended tasks requires some design support. Representing mathematics knowledge with 

multimodality, including conceptualisation and increased accountability to the classroom 

community, are important, complex skills in 21st century contexts for learning.  

There is also an argument to be made for more scope and opportunity to create SC-DLOs. If 

the most frequent bloggers in these 1:1 initiatives were creating around one to four SC-DLOs 

a term (i.e. in 9-11 weeks), it is likely there are opportunities for substituting some worksheet, 

or practice app work for the more complex thinking of SC-DLO creation; particularly the 

kind that theorises SC-DLO practices as knowledge building, rather than artefacts that merely 

capture a record of the transmitted learning (covered further in Purpose 3 below).          

Purpose 2 - Tool choice and design support for amplification of language 

As a group, students used particular apps for creation in mathematics with the default being 

slide presentations. Predominant use of slide presentations narrowed the range of SC-DLO 

diversity in a number of ways which are hypothesized as follows: (1) Teachers preference for 

slide presentations to hold task and activity instructions for students was a strong pattern 

evidenced by slide use as templates. It may be that students have been socialized into using 

presentations by teachers use. Teachers were less likely to use a wider range of media forms 

for communicating tasks (e.g. screen cast, podcasts or video). However, this may be due to 

the affordances of using slide presentations (for mathematics teachers) including their 

versatility for embedding content and what Puentedura (2010) calls ‘augmentation’– in other 

words slides improve transactional efficiencies (e.g. students can make copies which 

facilitates the remix of the teacher task content to suit their own purposes; the slide 

presentations act as frames in the same way a writing framework scaffolds writing (2) Slides 

also offer students (and teachers) affordances for combining content multimodally such as 

embedding a range of other multimedia types (even other presentations) and structuring these 
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diverse media as a cohesive whole. Presentations also have inbuilt features ready made for 

presenting to an audience (e.g. present mode) (3) The ‘overuse’ of slide presentations could 

be related to the need for professional learning development (PLD) to broaden the scope of 

the media forms teachers offer and students use: positive constraints on use of slide 

presentations for use of other forms. Studies show teachers can default to less transformative, 

substitutional practices without PLD targeting transformative use and that even professional 

development may not necessarily shift engrained and constrained use of technology 

(Hennessey, 2013; ResearchNZ, 2014.) However, Miller (2010) found that “Teachers who 

have transformed themselves and their classrooms to enact student multimodal composing on 

curriculum concepts” using video (p. 197), co-designed social spaces for mediating their 

students’ multimodal composing activities which included design scope and authentic 

purposes. For example, teachers explored and encouraged students to draw on their media 

and community lives outside of school. However, the above hypotheses about possible 

constraints on student media choice, including teachers’ experiences and pedagogical beliefs, 

would need verification through questionnaires or interviews.  

On the other hand, use of slide presentations did facilitate embedding of objects, including 

screencast video, aimed at remixing content into what Domingo, Jewitt and Kress (2014) call 

a “module” of multimodal meanings: hyperlinks and embedded objects that both cohere, and 

amplify the content of the SC-DLOs key ideas and concepts. Mayer (2014) has found that 

cueing, to amplify meaning, is an important feature of cognitive processing to attend to key 

messaging, which strengthens recall. On the whole the use of cueing devices was limited. 

Like Soto (2015), these findings suggest default to mainly the pen tool in screencasts. Graves 

and Watts-Taffe (2008) refers to word consciousness as generating metacognitive awareness 

and interest in words. Arguably there are opportunities for broadening the range of SC-DLO 

form (e.g., podcast, animation) and in-app digital tool use (e.g., caption; highlight) to build 

awareness of cueing principles, and appreciation of the importance of language as the carrier 

of mathematical meanings.  

Intertextual resources, provided by teachers, demonstrated strong examples of such 

amplification, as typified by a well-used algebra video, indicated in Figure 7 (e.g., red arrow 

to signal algebraic expression). These sorts of editing - used to overlay key conceptual terms - 

did not appear to have transferred to the design features of student screencasts but are easily 

executed with editing apps: 
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Figure 7. Screenshot of Algebra Basics video demonstrating post-editing with text overlay. 
Reprinted from YouTube, n.d. Retrieved 17 January 2019 from 
https://www.youtube.com/watch?v=l3XzepN03KQ. Copyright 2019 by Math Plus Motion 
LLC. Reprinted with permission. 
Purpose 3 - Interactions that foster critical purposing and repurposing 

Interactions, both with hyperlinks in SC-DLOs to other mathematics texts (intertextual), and 

with peers (interpersonal), were few, and therefore constrain interpretations of collaboration 

and co-authorship. Intertextual links in SC-DLO templates were almost exclusively 

contributed by teachers to web-based videos from YouTube and Khan Academy. As these 

texts demonstrated principled use of mathematics, such as strategy use, there was no apparent 

cause, or indeed any noticeable directives for students to engage in acts of critical reasoning 

about the texts. Possible avenues for such engagement could be: to offer more than one text 

for comparison such as DLOs of the same concept by different educational resource 

providers; students source their own texts and evaluate according to pre-agreed criteria; or 

students remix parts of texts (e.g., screenshots or screencast recordings that integrate their 

own commentary and language cues comparing these exemplar texts). Despite the perceived 

complexity of this sort of authoring, it can be fairly easily achieved with current 

screencasting tools.  

The absence of interpersonal interactions, either with other students’ SC-DLOs - as texts 

worthy of referencing and discussing - or via forms of collaborative recording is also 
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discordant with the aims of collective knowledge building. Where students used 

screencasting together, they were more likely to “accidently” capture disagreement on 

camera, or alternate elaboration roles: the partner providing further detail, or complementary 

analogy. These are important findings that might suggest the value of substituting some of the 

lone student screencasting for collective recordings to promote the kinds of collaborative 

reasoning advocated in the growing dialogic knowledge base (Hunter, 2005; Mercer & Sams, 

2006). Fostering a culture of collective improvement means capitalising on the affordances of 

shareability in digital environments. Therefore, enculturation into ways of contributing to, 

and appreciating differences in other knowledge representations could in turn influence 

accountable and responsible interactions inside and outside SC-DLOs. The use of blog 

commenting to achieve these aims was minimally represented in this sample. How much 

face-to-face classroom interaction is occurring about SC-DLOs cannot be determined here 

although if the affordance of rewindable learning is a valued feature, one would expect these 

interactions be more purposefully designed for archive on the students’ blogs. A blog 

arguably provides a platform for conversation beyond the goal of reaching a publishable 

standard before posting. 

There is however, another important reason for more intentional focus on students using blog 

commenting and joint screencast recordings, especially if task design purposes critical 

engagement; that is, the need to adopt prosocial but critical engagement with others online. 

From a wider imperative to grow a discerning but tolerant citizenry, young people require 

opportunities across all subject areas to interact responsibly during critical exchanges in 

online contexts.  

Purpose 4 – A “non-template” scaffold to support student design agency 

As the above three purposes suggest, digital creativity for knowledge building need not be a 

distraction from legitimate mathematics, nor necessitate unduly long-term design projects. 

Videoed discussion and editing for digital amplification of mathematical language and 

concepts can constitute focussed discourse work. Students did not appear to be drawing on 

negotiated design principles that furthered these, and other important aims as a community to 

optimise mathematics learning. Employing design features for learning tended to be rather 

haphazard and warrants student-friendly conceptual tools to support knowledge design in the 

hands of students. This would look less like teacher design structures, where students fill in 

the gaps, and more like guiding principles, which are co-constructed, and include specific 

task criteria for students’ interpretation.  
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From a constructivist perspective (Ackermann, 2002; Vygotsky, 1978) features of the SC-

DLOs that may be meaningful to mathematics teachers for engaging students in active 

learning design work include: (a) connecting new knowledge to existing knowledge as 

students construct digital representations for an audience (b) potential for cognitive 

processing benefits by combining visual, verbal and other modes to enhance understanding 

through explanation (c) social interaction ‘inside’ and ‘outside’ SC-DLOs as shared objects 

for reasoned collaborations (d) and, potential for increased engagement as students creatively 

use digital media to represent and teach mathematics content to peers, including concepts and 

procedures. The affordances of shared media such as screencast and video have a growing 

research base (Soto, 2015; Shafer, 2010) and appear to be well-suited to mathematics 

learning, particularly where recordings can capture student demonstration of problem solving 

that combines think aloud.       

Limitations 

The SC-DLO sample in this study represents authorship uploaded by students to their blog 

sites and therefore may not reflect the full range of creation practices in unpublished artefacts 

stored in offline student learning folders. Similarly, classroom practices would only be 

available for analysis where recorded interactions, such as group or whole-class discussions 

about SC-DLOs, were posted to blog sites. Therefore, it is acknowledged that knowledge 

building with SC-DLOs for improvement purposes may be understated, given teachers could 

be promoting SC-DLOs as exemplars to support face-to-face instruction. It would be 

important therefore, to explore teacher and student beliefs and experiences of incorporating 

SC-DLOs into cycles of learning and inquiry in classrooms. Furthermore, the sampling 

method used in this study purposively selected the most frequent bloggers in each classroom. 

This decision to increase quantity may have been at the expense of quality design by less 

engaged bloggers, not included in the sample. Stratified sampling will be employed in any 

future studies to mediate this limitation. 

Conclusion 

This study sought to investigate how SC-DLOs may indicate “new” mechanisms for doing 

mathematics in 1:1 classrooms. The corpus of SC-DLOs indicated multimodal authorship 

was being used to communicate mathematics knowledge in ways that promoted student 

discourse participation, problem solving investigation, and to a much lesser extent, 

interactions for knowledge building (Bereiter, 2002). Evidence of audience awareness, 
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multimodal hybridity and personalisation were strong characteristics of mechanisms for 

communicating mathematical understanding and promoting interest, whereas features such as 

amplifying language, critical interactions and student design agency were considered to be 

more limited. The findings contribute to an emerging framework for “retooling” SC-DLO 

practices to broaden students’ design scope and collective criticality. The prevalence of 

multimodal creation and student co-authorship in classrooms has recently been found to be a 

feature in the pedagogy of effective teachers of writing (Jesson, McNaughton, Rosedale, Zhu 

& Cockle, 2018). Extreme variability of mathematics SC-DLO in this study – frequency and 

design choices - may also be related to practitioner experience, and a willingness to open up 

design work to students as legitimate mathematics practice. Further investigation is needed to 

determine teacher and student views of creating SC-DLOs in mathematics and the influence 

on achievement outcomes. However, it appears that promoting SC-DLO design for learning 

to raise the profile of communicating mathematics to an audience offers some promising 

mechanisms for disrupting business as usual. 
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CHAPTER FOUR - STUDENT-CREATED DIGITAL 
LEARNING OBJECTS (SC-DLOS): A CORPUS ANALYSIS OF 

STUDENT MULTIMODAL DESIGN IN E-LEARNING 
ECOLOGIES 

Background 

Much has been made of the potential for e-learning ecologies to promote improved creativity 

(Wegerif, 2010), knowledge-building practices (Bereiter, 2002) and cognitive challenge (Kiili 

et al, 2018). For example, the Knowledge Forum© (Scardamalia & Bereiter, 2010) and 

Scholar platforms (Cope & Kalantzis, 2017) are researched digital ecologies where online 

communities centre learning on digital knowledge artefacts. The concept of e-learning 

ecologies suggests transformative configurations of space, relationships (e.g., learner-to-

learner) and texts considered by some to be the “largest shifts in the systems of modern 

education” (Cope & Kalantzis, 2017, p. 1). Use of the term transformative is not intended as 

optimistic hyperbole but signals the changes in semiotic materials and social-pedagogic 

affordances within digital learning environments. Affordance is conceived as action potential 

(Gibson, 1979) which hinges on perception of transformative possibilities in the complex 

interplay of pedagogical design, resourcing, and learner backgrounds. This study investigates 

student-created digital learning objects (SC-DLOs) (n=519) as resources within the e-learning 

ecologies of classrooms offering knowledge-building potential.  

A key ecological assumption considered integral to transformative learning is the marshalling 

of digital affordances for collective thinking and community knowledge improvement. As yet 

there is no well-developed corpus-based system for categorising this “marshalling”; that is, 

features that potentially promote (and constrain) these affordances. Through systematic 

analysis of a sizeable corpus of SC-DLOs we identify and describe features to propose such a 

framework (MAPIC). In considering the framework’s validity we also make comparisons 

with social semiotic accounts of designs for learning (Bezemer & Kress, 2008) and 

multimedia learning principles (Mayer, 2009) in relation to reflexive e-learning ecologies 

(Cope & Kalantzis, 2017).  

Research Contexts for SC-DLOs 

Although considerable research on digital learning now exists where students are positioned 

as both producers and consumers of knowledge (McLoughlin & Lee, 2008) there are few 

studies describing the features of student design for learning that can be characterised as DLO 
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(Crow, 2006). The term DLO refers to learning design work of reusable multimedia objects, 

often including interactivity, for pedagogic purposes (Churchill, 2007). Educational research 

has tended to use the term DLO in relation to teachers’ creation and use of reusable 

multimodal objects for enhancing instruction. We propose the need for critical reflection in 

recognising the student-created form: student-created DLOs (SC-DLOs). In terms of design-

for-learning potential not all resources are created equal. We argue, like Kearney (2011), that 

there is a paucity of frameworks for guiding student digital creation and an even wider gap in 

the literature of ways to support student design for learning with multimedia: namely, the 

learning of peers.  

Our review of the literature (Rosedale, Jesson, & McNaughton, 2019a) shows research has 

focused on SC-DLOs as instructional interventions related to student achievement and 

motivation. There is considerable scope for investigating the nature of SC-DLO design-for-

learning features. In such cases digital artefacts are typically shared to online platforms to 

leverage the collaborative affordances of digital environments (Blaken-Webb, 2017). There 

are only a handful of studies we have identified which describe the design features of SC-

DLOs such as screencasts in mathematics (Soto, 2015), genre distributions (Halter & Levin, 

2014; Powell & Robson, 2014), cognitive demand in video artefacts (Rodriguez, Frey, 

Dawson, Liu & Rizhaupt, 2012) and use of rubrics (e.g., for assessment in tertiary settings) 

(Nielsen, Hoban & Hyland, 2017; Pereira, Echeazarra, Sanz-Santamaría & Gutiérrez, 2014;). 

Therefore, we seek to extend scholarship in this area through systematic analysis of a sample 

of cross-curricula SC-DLOs at the K-12 level with attention to features supporting student 

learning design. 

The study was situated in schools that were in a 1:1 (one-device-one-student) digital initiative 

with a shared pedagogy. Central to the cycle of learning was students’ building of curriculum 

knowledge by creating, collaborating and sharing SC-DLOs to classroom blog sites. Students 

accessed activities and other learning resources via the class site but also managed a learner 

blog where SC-DLOs were visible to teachers, peers, and the wider community, including 

parents and global visitors. We have reported elsewhere on the impact of a 1:1 research 

practice partnership on student achievement (Jesson, McNaughton, Wilson, Zhu & Cockle, 

2018), particularly student writing (Jesson, McNaughton, Rosedale, Zhu & Cockle, 2018) and 

related to the creative activity of sharing digital artefacts online. Although limited to case 

study teachers of high-gain students, these teachers’ perceptions of SC-DLOs were of 

complex compositional tasks contributing to transparency and critique within the classroom 
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community. We investigated the nature of SC-DLOs, in their own right, and the features that 

may inform design for learning in classrooms where digital tools are a part of everyday 

teaching and learning. 

Theoretical Perspectives 

The learning affordances we assumed to arise from student design of digital objects and 

associated online patterns of interaction are guided by the following theoretical perspectives: 

multimodal design for learning (Bezemer & Kress, 2008), Mayer’s (2009) Cognitive Theory 

of Multimedia Learning (CTML), knowledge building (Bereiter, 2002) and affordances in the 

context of reflexive e-learning ecologies (Cope & Kalantzis, 2017).  

Multimodal design for learning 

Although authorship with multimodal semiotic resources (or multimodality) (Kress & van 

Leeuwen, 2001) is not new to meaning making processes in classrooms, digitization of 

composition and the 1:1 ratio of student to device has influenced shifts from predominantly 

print, to an expanded array of textual forms (Sandretto & Tilson, 2013). No longer confined 

to mainly visual-verbal composition, digital tools make it possible for combining other 

sensory modalities (e.g., auditory) that have “a material and a social aspect” (Bezemer & 

Kress, 2008, p. 172). The term medium denotes the substance in which meaning is 

instantiated (e.g., screen, paper-and-print) and the result of semiotic, sociocultural and 

technological practices (e.g., podcast; film; animation). Screencast, for example, has been 

shown to be a digital medium well-suited to real-time capture of modelling mathematics 

onscreen, even for young students (Soto, 2015) and slowmation as a medium for crafting 

animated effects in the learning resources of initial teacher educators (Nielsen & Hoban, 

2015).  

In 1:1 digital learning environments, educators are questioning how students might be 

supported to recontextualise the skills of analogue genres, combined with “new” digital 

modalities, to optimise design potential (Luckin, 2010; Selfe, 2007). A guiding framework of 

the functional design principles in teacher-resource materials has been investigated by 

Bezemer and Kress (2008).  Four rhetorical/semiotic principles were found to be operating in 

the process of pedagogic re-contextualisation of instructional materials for student learning: 

(1) selection - modes for re-representing meanings (2) arrangement – the order, layout and 

combination of the semiotic elements (3) foregrounding – assigning salience to elements 

regarded as particularly significant both at level of meaning and representation, and (4) social 
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relations – the social interactivity and repositioning as a consequence of engagement with the 

resource. The distinctive epistemic and pedagogical affordances of the four principles 

emphasises both multimodal combinations and the site (or medium).  

More generally these social semiotic principles are grounded in the metafunction of Systemic 

Functional Linguistics (SFL) (Halliday, 1994) as ideation, interpersonal and textual but can 

be extended to emphasise the function of different modes (and media) for pedagogic effect.  

In the case of digital environments, where students compose, share and interact with SC-

DLOs for academic purposes (e.g., via blogs; forums), we will show that these principles 

require nuancing to accommodate the compositional purposes, identities and competencies of 

student designers.  

From a cognitive processing perspective, Mayer (2009) has identified twelve principles 

shown to optimise design for learning with multimedia which further inform student design 

potential. These can be grouped as three overarching tenets: (1) reduce extraneous processing 

that does not serve the instructional goal (e.g., avoid modal redundancies such as “seductive” 

distraction and maintaining the spatial contiguity of image and text) (2) manage essential 

cognitive processing (e.g., signalling cues to highlight essential material), and (3) increase 

generative processing to help the learner organise and make sense of the material (e.g., 

narration in a personal voice). An essential principle of Mayer’s (2009) work is based on the 

dual channel assumption (Paivio,1986): that people learn better from words and pictures than 

words alone. Additionally, experimental research consistently upholds the personalisation 

principle of multimedia learning, where the human factors of a conversational style and tone 

of voice, influence deeper processing effects (Clark & Mayer, 2011; Nass & Brave, 2005).  

An evolving metalanguage of multimodality is also emerging to describe the intersection of 

modalities for pedagogic potential such as Unsworth’s (2006) systems of image-text 

relations: concurrence (e.g., ideational equivalence between text and image); 

complementarity (e.g., text and image contribute different but augmented/divergent 

meanings); and, connection (e.g., causal, temporal or spatial relations between text and 

image). Unsworth (2006) has called for further research work contributing to text 

descriptions to facilitate the development of multiliteracies pedagogy appropriate to the 

“multimedia world of our children in the Twenty-First Century” (p. 72).  
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This study’s analysis of over five hundred SC-DLOs is sensitive to the potential uniqueness 

in student designs, while drawing on the principles and metalanguage of existing design-for-

learning frameworks. 

Knowledge building as dialogic interaction  

Theories of multimodality and CTML are not only extending scholarship of design for 

learning through digital representations but of classroom approaches that promote dialogue 

(Wilkinson & Son, 2011, p. 361).  Digital platforms offer architectures of participation where 

sharing and networking in learning communities can support the dialogic improvement of 

digital knowledge products (Blaken-Webb, 2017). Technically and pragmatically, platforms 

such as blogs, wikis and other interactive apps (e.g., VoiceThread) offer spaces for going 

beyond the aims of co-operation, to collaborative knowledge building as a shared philosophy. 

As Kuhn (2015) points out: “it is not enough to simply put individuals in a context that 

allows for collaboration and expect them to engage in it effectively” (p. 6). Knowledge 

creation and knowledge-building metaphors involve going beyond making multimodal 

creations available to others online; rather student-designers enact and promote both attitudes 

and practices for learning as ideas exchange and a social-critical climate for growing 

knowledge networks with SC-DLOs.  

In contexts of SC-DLO sharing, knowledge building affords “windows” into what students 

understand individually and collectively. The visibility achieved by sharing SC-DLOs online 

offers the means of promoting learning transparency not possible in 20th century classrooms: 

the thinking embedded within the artefact “should become something we can talk about, 

explore, push around, challenge and learn from” (Ritchart, Church, & Morrison, 2011, p. 30). 

If SC-DLO design for learning positions students as agents in constructing knowledge with 

and for others, the potential for raising meta-awareness of thinking is also arguably more 

likely. It has been suggested that the more a learner is enabled to “think aloud” the more they 

will be accountable for explaining and evaluating their assumptions and representational 

understandings of what they know (Barnes, 1976, p. 29). For example, audio and video 

recording of conversations can signal that student voices have value in the knowledge 

community; that they are worthy of reflective examination and repurposing for ongoing 

knowledge building over time (Scardamalia & Bereiter, 2006).  Of course, these approaches 

carry risk, in ways that the broadcast material is respectfully handled, and the dispositions (or 

cybersmarts) necessary to create safe, intellectual and creative online cultures. Furthermore, 

if SC-DLO practices require both dialogic, and cybersmart protocols, agreed principles of 
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communication will not only be a necessary prerequisite but complement 21st century skills 

frameworks (Lai & Viering, 2012) promoting collaborative ecologies for learning.    

E-learning ecologies  

The Ecology of Resources model (Luckin, 2010) and affordances of e-learning ecologies 

(Cope & Kalantzis, 2017) are perspectives that explore the importance of context and its 

relationship to technology in mediating learning. Each underscores the role of teachers in 

pedagogic design that extends knowledge sources to other actors such as peers, student 

artefacts and notably, at the intersection between resource elements (learning, context and 

technology). Cope and Kalantzis (2017) argue the reflexive nature of ecological design as 

shifts in the balance of agency (teacher to student, student to student) and a focus on student 

knowledge representation as multimodal, social and recursively evaluated in communities. 

SC-DLO practices depend on reflexive digital pedagogies to yield transformational outcomes 

because, as Luckin et al. (2010) emphasise, affordances of Web 2.0 ecological features are 

reliant on institutional practices that can either “support or retard their development” (p. 70). 

So how viable are SC-DLOs for identifying ecological influences on learners as multimodal-

knowledge-generators? We will show that methodological conditions exist for comparisons 

between SC-DLO designs within the same classroom to make grounded inferences about 

students’ creative agency as digital pedagogues. To a lesser extent, shared engagement with 

SC-DLOs as knowledge tools can be investigated through the commenting feature of the 

online blogging platform, and evidence of co-authorship.      

Aims of the Study 

Despite increasing access to digital infrastructure in schools and a growing knowledge base 

informing pedagogy, there is still limited research describing multimodal digital objects 

created by students for resourcing learning. An analysis of SC-DLO designs and practices, 

co-ordinated with a discussion of selected social semiotic frameworks, enables insight into 

the ways design for learning with SC-DLOs may be potentially supported and enhanced.  

With the aim of addressing these purposes, the present study collected samples of SC-DLOs 

from 1:1 schools to generate a substantive corpus for analysis. The aim was to investigate the 

forms, features and variability in SC-DLO designs and the ways in which the multimodal 

affordances support theories of knowledge building and design for learning in e-learning 

ecologies by students.   

Therefore, this study posed the following research questions: 
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1. What is the general nature of SC-DLOs in 1:1 e-learning ecologies by creation 
frequency, subject area and medium?  

2. What are the features of design-for-learning potential of SC-DLOs in 1:1 e-learning 
ecologies? 

3. How can the features of SC-DLO design for learning be represented within a model of 
ecological support?  

Methods 

The study employed a mixed-methods design, amalgamating qualitative aspects of Grounded 

Theory (Glaser, 1978) and descriptive statistics such as frequency counts of general features 

of SC-DLOs (e.g., subject area). SC-DLO corpora were included from two time points in the 

school calendar at Term 1 and Term 2 (the first two terms of the four-term school year) in 

New Zealand. The findings were drawn from across both databases of each corpus.   

Setting and participants 

The SC-DLO data (n=519) were collected from the online classroom blog sites of five 

clusters of New Zealand schools including Year 7-8 primary classrooms (n=30) in a 1:1 

digital initiative. The clusters have adopted a shared digital pedagogy that features students 

learning, creating and sharing within digital environments including classroom and home. 

The archiving and commenting functionality of the blog sites afforded “rewindable” practices 

such as peer-to-peer feedback, reflection and revision. Students curated their own blog sites, 

but teachers had oversight as moderators of the posted content which is publicly accessible 

online and distributed under information commons licensing. In terms of digital history, 

schools also varied according to experience in 1:1 learning practices. At the time of data 

collection, the digital experience of the Year 7-8 students in the 1:1 programme ranged from 

approximately two to four years.  

Data collection 

The primary source of the corpus data were individual posts made by students to their 

classroom blog sites comprising a blog-post topic, uploaded SC-DLOs and any associated 

comments from visitors such as peers, teachers, family and others. Each of the SC-DLOs in 

the sample (n=519) was hyperlinked within an Excel database for analysis from the 30 

classrooms located geographically across the North and South Islands of New Zealand.  

Sampling adopted a purposive approach of Year 7-8 students (n=108) over two school terms 

(6 months) by selecting the most frequent blogger, male (n=56) and female (n=52) from each 

classroom per term. The rationale for selecting the most engaged bloggers (based on 
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frequency) was that these would offer the greatest range of SC-DLO tasks and forms. The 

selected bloggers were identified from all Year 7-8 classrooms in each of the five clusters of 

schools in the 1:1 initiative to increase the validity of the sample: a larger number of cases in 

varying contexts marked by classroom, school and wider geographical location. The clusters 

of schools predominantly serve lower to middle income families, with large populations of 

Pasifika and Māori students, where improved educational outcomes are operationalised as 

cluster-wide goals.    

Data analysis 

Each of the blog posts for the selected bloggers were first read to identify uploaded SC-

DLOs. The associated hyperlink and general features of the SC-DLOs (e.g., classroom code, 

student de-identifier, medium, month created) were included in the corpus database where the 

SC-DLO demonstrated evidence of the following: (1) a reusable digital object as video, 

animation, slide presentation, podcast, screencast, film, e-book or interactive graphic (2) 

student design or co-design (e.g., with a peer or teacher) (3) some explicitness of learning for 

others in design purpose, genre or activity description (e.g., not for teacher assessment alone), 

and (4) using digital multimedia or multimodality within the SC-DLO composition (e.g., not 

merely photographs). Therefore, the following were deemed student-created digital learning 

artefacts (SC-DLA) and excluded: those only featuring a performance (e.g., dance), personal 

recount or digital story (e.g., narrative) with no obvious attempt to explain concepts or ideas 

to others) and games. Where a students’ pedagogic intention was considered borderline (e.g., 

blog post signifies a warning against polluting local streams, but animated narrative includes 

only indirect reference in the storyline) the digital object was included as a means of erring 

on the side of inclusion (than exclusion). These cases were found to be infrequent as most 

embedded media objects were found to be skill demonstration or conceptual explanation and 

therefore well aligned with SC-DLO instructional purposes. 

Quantitative 
To quantify the opportunities students had for creating SC-DLOs, distinct from other forms 

of digital artefacts (e.g., narrative writing; musical performance) frequency counts were 

undertaken comparing SC-DLAs to SC-DLOs (as operationalised in the previous section). 

SC-DLOs were conceptualised as a specific form (or sub-classification) of DLAs having 

explicit instructional design features. Descriptive statistics were conducted to determine 

trends in SC-DLO creation by variable such as location (school and classroom), subject area, 

media type and text genre. 
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Qualitative 
The qualitative analysis proceeded as a systematic, grounded analysis of the data, adopting 

GT methods of enhancing “theoretical sensitivity” (Glaser, 1978). In keeping with strategies 

to achieve theory building as an outcome of analysis, the researchers avoided a preformulated 

set of hypotheses for verification. As much as was possible, given the influence of prior 

knowledge, emergence of ideas rooted in the data were afforded attention in the first instance, 

and interpretations informed by the literature only after becoming “steeped in the field of 

investigation” (Urquhart, Lehmann & Myers, 2010, p. 360). Therefore, rather than deductive 

application of a design for learning (Bezemer & Kress, 2008) or CTML (Mayer, 2009) 

framework, as the starting point for investigating features of SC-DLOs, we have begun with 

the SC-DLOs themselves. One of the reasons for adopting this bottom up approach has been 

an attempt to reduce foregrounding principles derived in contexts other than classrooms (by 

subject matter or design experts) and not with students as learners. 

The GT principles of coding, questioning, constant comparison, and selective category 

grouping were followed to achieve a conceptual “intimacy” with the studied phenomena 

(Charmaz, 2006). To do this SC-DLOs were first sampled from one classroom in each of the 

five clusters as “slices of data” (Urquhart, Lehmann & Myers, 2010, p. 359). As the unit of 

analysis, each SC-DLO was afforded a row in the database and a process of microanalysis 

was initially undertaken to account for each modal entity encountered during an open coding 

stage. The SC-DLO was read through once (e.g., line by line or frame by frame). Category 

labels were first assigned to: general descriptive features (e.g., author, school and cluster 

identifiers, gender, year level, term); subject area and any stated learning intention (e.g., 

science; fungi life processes); SC-DLO medium (e.g., slide presentation, video, podcast); 

mode types used in the composition (e.g., textual, visual, audio); genre (e.g., demonstration, 

explanation). Table 7 summarises the categories and sub-categories of general SC-DLO 

features: 
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Table 7 

General Features of SC-DLOs  

Category Description Sub-categories 

identifiers general demographic 

descriptors 

author, school, school 

cluster, gender, year level, 

school term 

subject area curriculum area  mathematics, reading, 

writing, integrated 

curriculum (e.g., science and 

social science), health and 

physical education, art and 

music 

learning intention stated purpose for the learning  

SC-DLO medium digital delivery mechanism or 

“materiality” of SC-DLO as a 

text  

slide presentation, video 

(live recording), podcast, 

screencast, film, animation, 

e-book, and interactive 

graphic 

SC-DLO genre main purpose of content demonstrate, describe, 

explain, inquire (e.g., 

research inquiry), Q&A 

(e.g., comprehension 

question/answer), argue 

(persuade or 

discussion/dialogic)  

SC-DLO modes range of mode types  writing, visual (e.g., 

illustration, graph, table, 

moving image), audio (e.g., 

voice over/music/ambient 

sound), transition effects 
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Based on coding of the initial data slice, further SC-DLOs by classroom and school were 

selected and coded according to the initially derived patterns such as: modal combinations 

(e.g., decorative; mashup; remix); modal effects (e.g., language or visual stress; movement; 

rehearsal); learning design features (e.g., creative autonomy as a consequence of open task 

directives) or more complex digital creativity (e.g., animated scientific processes); links to 

students’ personal lives (e.g., family; culture; tradition); and other interactions (e.g., co-

authorship; peer feedback). 

These patterns and ascribed relationships between codes were described in analytic memos 

(Urquhart, Lehmann & Myers, 2010) and grouped into more meaningful abstractions of 

learning design. For example, students consistently used visual effects in conjunction with 

language to amplify meanings, ostensibly to direct learner-audience attention, and for 

emphasis or clarification (e.g., use of replay and annotations). Conversely, patterns of 

incoherence in learning design were identified where decorative use of entities (e.g., 

animated gif or discordant background) were regarded as distraction from the perceived 

instructional aims.  

Grouping of categories into selective concepts informed a substantive theoretical framework 

(Glaser, 1978) of design-for-learning potential. The final form is presented in the Table 8 

where categorical alignment is indicated with existing social semiotic (Bezemer & Kress, 

2008) and functional linguistic frameworks (Halliday, 1994). The selective categories were 

judged to be representative of relationships between core categories demonstrating potentials 

for learning and derived from constant comparison across the dataset. Fit is considered a 

central criterion of proposed relationships between inductive groupings of represented 

phenomena and the resulting substantive theory (Corbin & Strauss, 2015): a theory relating to 

particular contexts than more universal application. The substantiveness of the theory, as an 

explanation of SC-DLO potentials for learning, can be judged in relation to (a) 

correspondence (Lomborg & Kirkevold, 2003) with social semiotic and multimodal, design-

for-learning frameworks (b) rational judgements concerning the relevance of core processes, 

and problems of student design-for-learning (e.g., those features not evident in existing 

frameworks but considered predictive of learning in the context of SC-DLO design), and (c) 

workability - that the proposed theory was considered to provide the most plausible 

explanation and interpretation of these corresponding features-in-action. Judgements of a 

theory’s fit within a GT methodology are consistent with these collective notions of 
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relevance, workability and modifiability (that a grounded theory may need to go through 

changes when new data emerges in generating further qualifications). 

This substantive theory (Glaser, 1978) of SC-DLO design for learning proposes five co-

ordinated features that offer potentials for learning – MAPIC: (1) Multimodal mapping of 

ideas – attention to how genre, mode selections, and multimodality influence the 

representation of ideas for learning to occur (2) Amplification - attention to the intentional 

and creative use of effects to signify and intensify meanings (3) Personalisation - making 

connections to background, identity, & personal experience (4) Interaction - attention to 

communication with a learner audience (outside SC-DLOs) and co-featuring or co-authored 

collaboration (inside SC-DLOs), and (5) Coherence - attention to the relatedness between and 

across multimodal assemblages to support and build on learning connections.
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Table 8 

Proposed Substantive Theory of SC-DLO Design for Learning (MAPIC) Including Summarised Rationale for Theoretical Impact of the Core 
Categories on Selective Concepts 
 
Proposed 
substantive 
theory 

Selective 
category as 
potential 
design-for-
learning 
affordance 

Supporting categories Rationale for theoretical impact 
of supporting categories on 
selective concept 

Alignment with 
existing 
framework 

Five co-
ordinated 
features of SC-
DLO design for 
learning with 
potentials for 
learning - 
MAPIC 

Multimodal 
mapping of 
ideas 

A potential function of: 
- SC-DLO genre (e.g., demonstrate, describe, 

explain) 
- multimodal re-representation of ideas (e.g., 

writing, picture, audio) 
- multimodal re-organisation of ideas (e.g., 

transmission, transposition, multimodal 
synthesis, openness of task)  

Attention to how genre, mode 
selections, and multimodality 
influence (via “mapping”) the re-
representation of ideas, for 
learning to occur.  

Selection (Bezemer 
& Kress, 2008) 
 
Ideation (Halliday, 
1994) 
 
 

Amplification A potential function of: 
- stress (e.g., colour, rehearsal; circle),  
- spatial (e.g., resize; animate; isolate) 
- connective or symbolic links (e.g., annotate; 

arrow; symbols) 

Attention to the intentional and 
creative use of effects to signify 
and intensify meanings. 

Foregrounding 
(Bezemer & Kress, 
2008) 
 
 

Personalisation A potential function of: 
- identity (e.g., culture or background, prior 

experience incl. advice, and personality 
traits (e.g., humour)  

- self-embodiment (e.g., media use for self-
capture or recording) 

Attention to informal, self-
representations of knowledge by 
making connections to 
background, identity and personal 
experience 
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Proposed 
substantive 
theory 

Selective 
category as 
potential 
design-for-
learning 
affordance 

Supporting categories Rationale for theoretical impact 
of supporting categories on 
selective concept 

Alignment with 
existing 
framework 

Five co-
ordinated 
features of SC-
DLO design for 
learning with 
potentials for 
learning - 
MAPIC 

Interaction A potential function of: 
- collaborative co-design (inside SC-DLOs) 

(e.g., designers make recorded appearances 
in the object) 

- collaborative co-design (outside SC-DLOs) 
(e.g., designers co-author)  

- embedded devices (inside SC-DLOs) (e.g., 
user button to make choice of answer)  

- embedded devices (outside SC-DLOs) (e.g., 
anticipate audience reading pathway from 
hyperlinks) 

- review (inside SC-DLOs) (e.g., 
broadcasting personal advice) 

- review (outside SC-DLOs) (e.g., reviewers’ 
comment and give feedback) 

Attention to communication with 
a learner audience (outside SC-
DLOs) and potential for co-
featuring or co-authored 
collaboration (inside SC-DLOs) to 
afford learning. 

Social relations 
(Bezemer & Kress, 
2008)  
 
Interpersonal 
(Halliday, 1994) 
 

Coherence A potential function of: 
- organisational structures (e.g., content 

summary followed by detail; detail then 
summary) 

- cohesive ties (e.g., visual motif; colour 
themes; synthesis) 

- parallel representation (e.g., co-ordinated 
use of complementary multimodal 
assemblages) 

Attention to the relatedness 
between and across multimodal 
assemblages to support learning 
connections.  

Arrangement 
(Bezemer & Kress, 
2008) 
 
Textual (Halliday, 
1994) 
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Results and Discussion 

What is the general nature of SC-DLOs in 1:1 e-learning ecologies by creation frequency, 
subject area and medium?  

As there are only a few studies investigating SC-DLOs at the school level (and none that we 

know of describing longitudinal patterns in digital initiatives), descriptive statistics were used 

to determine both opportunity and SC-DLO medium over 6 months: Term 1 and Term 2.  

Students determined as top bloggers, posted on average 13 student-created digital learning 

artefacts (SC-DLAs) to their classroom blogs in Term 1 (1.2 a week), increasing to an average 

of 15 in Term 2 (1.5 weekly). However, only 21% of the total artefacts were categorised as 

SC-DLOs. Figure 8 shows the percentage SC-DLOs compared with other digital learning 

artefacts (SC-DLAs) posted to students’ classroom blog sites.  

 

Figure 8. Percentage SC-DLOs posted to learner blog sites compared with other digital 
learning artefacts (SC-DLAs). 

These frequency data provide initial evidence that SC-DLOs are a fairly consistent 

multimodal text type in 1:1 DLEs, albeit far less representative than more traditional literacy 

artefacts such as extended writing, cloze activities and photographs (SC-DLAs). These data 

suggest there is opportunity to raise expectations of designing learning for others, arguably as 

a more transformative practice of knowledge representation (Tytler, Prain & Hubber, 2018) 

and knowledge building (Scardamalia & Bereiter, 2006).  
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Analysis of SC-DLO mediums also suggested the potential for extending the range to give 

students opportunities to evaluate compatibility of medium with learning goal. For example, 

distributions of SC-DLO mediums showed the most common forms were slide presentations 

(85%), followed by screencast (6%), video (4%), animation (2%) and film, interactive 

graphic, and e-book (1%). Diversity of digital mediums was particularly narrow across 

classrooms, even when accounting for those embedded within slide presentations (i.e. video 

or animation).  

Figure 9 shows the distribution of SC-DLOs by medium. These distributions suggest there is 

preferential use of slide presentations associated with substitution practices (i.e. as templates 

for worksheets or skill-and-drill activities) - some evidence of which will be explored in the 

next section – where transformational design could be “pushed” through extending the 

mediums available to students. For example, podcasting can place positive constraints on 

students’ use of oral language and audio modalities (Jones, 2010). 

 

Figure 9. Percentage distribution of SC-DLOs by medium. 

Aside from the possibility of perceived affordances by teachers of slide presentations as a 

suitable medium for distributing learning activities, other reasons for these similarities of 

form include: (a) teacher modelling of slide use to incorporate learning activities may be 

having a constraining influence on students’ creative risk-taking with other forms (b) teachers 

may perceive student creation of other forms (e.g. screencast, video and animation) to involve 

additional transactional costs that divert time or attention away from curriculum or ‘real’ 

85%

6% 4% 2% 1% 1% 1%
0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

slide
presentation

screen cast video animation film e-book interactive
graphic

Pe
rc

en
ta

ge
 S

C-
DL

O
s

SC-DLO medium



103 
 

   
 

literacy or other learning (c) there may be licensing and associated financial or access 

constraints on using applications to create more diverse forms of SC-DLOs.  

Further investigation of school leader, teacher and student experiences of using a more 

diverse range SC-DLO forms would be needed to determine constraints and enablers. Teacher 

professional development opportunities and further research into time-cost benefits of 

learning through SC-DLO would be necessary to determine how diversity could extend 

opportunities for student creativity without jeopardising curriculum learning outcomes.           

Distributions of SC-DLOs by curriculum area showed the highest creation frequency in 

mathematics (31%), followed by integrated curricula (e.g., social and general science) (25%), 

reading (18%), writing (11%), religious education (5%), health, art and music, and home 

learning (< 5%).  Figure 10 shows the distribution of SC-DLOs by curriculum area. 

 

Figure 10. Percentage distribution of SC-DLOs by curriculum area. 

Further comparisons of SC-DLOs by curriculum area, apart from slide presentation, indicates 

screencasting was the most dominant in mathematics, animation and video in art and music, 

and video in home learning. These initial findings of medium preference by subject may 

indicate particular affordances aligned with curriculum learning. For example, screencast is 

useful for narrated demonstration where the steps of written mathematical calculation are 

onscreen in real time while the student simultaneously captures a recorded “think aloud”. 

Similarly, slide presentations were more prevalent in writing or reading which supports the 
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embedding of extended printed text. These associations would need further investigation, but 

our qualitative analysis shows default to specific medium, particularly slide presentations, can 

also hamper student mode choices and creative agency.     

What are the features of design-for-learning potential of SC-DLOs in 1:1 e-learning 
ecologies?  

Five features were identified as likely to promote student design-for-learning potential. The 

features are ordered to support a mnemonic aid (MAPIC) rather than in a hierarchy or to 

imply sequence; there is no way of knowing where students began the creative design process 

or how order may have impacted design. Our findings suggest choice of medium afforded 

certain modal choices, so we begin our reporting with Multimodal mapping of ideas and 

Amplification as features more closely related to SFL notions of Ideational representation 

(Halliday, 1994). This pragmatic ordering of the features is then followed by Interpersonal 

(personalisation; interactions) and Textual features (coherence):  

MAPIC Feature 1 - Multimodal mapping of ideas  
The ways students represented content within their SC-DLOs showed evidence of a type of 

multimodal “mapping” in their choice of medium and modalities for learning design 

purposes. Mapping ideas to modes was prevalent in: the use of macro-genres (Grabe, 2002); 

the extent to which ideas were multimodally reorganised; and, the associated patterns of 

assemblage (Kalmbach, 2017; Märtsin, 2014): 

SC-DLO genre 
The functional purposes of SC-DLOs revealed similarities in the multimodal patterns of 

possible “macro-genres”. Grabe (2002) conceives macro-genre as recurrent configurations 

across families of genre. Classification of SC-DLO genres showed design for learning was 

mainly structured using multimodality for: demonstration (38%) and description (25%) 

followed by explanation (20%) and inquiry (7%), persuasion (3%) and argumentation (3%). 

Patterns in the macro-genre of demonstration and description generally showed verbal-visual 

arrangements confined to procedural directives (e.g., steps to take) or detailed accounts 

supported by concrete visuals as seen in Figure 11.   
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Figure 11. SC-DLOs illustrating demonstration and descriptive genre. 

On the other hand, the macro-genre of explanation and inquiry tended to extend the 

complexity of learning design by making conceptual connections. Causal reasoning, 

experimental prediction and classification of phenomenon were also linked through 

abstraction using visual metaphor and symbolic figures (e.g., diagram; model). Figure 12 

shows screenshot examples of SC-DLOs of the explanation and inquiry genre with use of 

symbol and metaphor.  

 

Figure 12. SC-DLOs illustrating explanation and inquiry genre. 

These genre patterns suggested students would benefit from guidance on how to extend 

features of demonstration and description to the abstracted and generalised connections of 

associated concepts with multimodality. Although concrete demonstrations are educationally 

valuable, in SC-DLO terms, helping a learner-audience make conceptual connections (e.g., 

scientific or social significance) is likely to “push” language and discourse into more 

academic forms. Furthermore, the limited inclusion of critical genre such as argumentation 

and inquiry suggested further opportunities to extend students’ genre range to designing 

multimodal critical discourse.  

Re-representation of ideas 
The digital medium (e.g., screencast; slide presentation) chosen as the primary “material” for 

SC-DLOs also exerted considerable influence on the types of modal combinations students 



106 
 

   
 

could use to represent learning. As the most represented medium, slide presentations showed 

positive evidence of the multimedia learning principle at play (Mayer, 2009): words 

accompanied by image rather than words alone. In slide presentation software, design styles 

tend to default to a text-image template which students consistently used to good effect 

through writing alongside a complementary image (see previous Figure 11) or in the use of 

projection (e.g., annotated definitions alongside an image).  

However, the default style also constrained inclusion of other modes such as audio. Raising 

awareness of mode choices and their availability within particular media would assist students 

to make choices about which medium best served their learning design purposes. Some 

students demonstrated considerable innovation by layering medium to extend their 

multimodal design options to include audio. They first created a slide presentation and then 

employed a screencast application to simultaneously incorporate voiceover for pedagogic 

effects (e.g., vocal intonation and personalised explanation). Narration offered opportunities 

for the student authors to practice oral language skills and use subject discourse, whilst 

referencing the slide content. Similarly, the use of video facilitated live recording of learning 

experiences to elucidate ideas and practices in natural settings, where the video editing tools 

furthered students’ pedagogic agency. Video editing offered tools for adding text captions and 

replays. Edits to segment video also allowed students to arrange static writing frames before 

or after moving images to clarify or emphasise their relevance.  

Re-organisation of ideas 
Comparisons of SC-DLOs from the same task within a classroom also revealed the extent to 

which students re-organised their ideas subject to teachers’ design for learning. Almost half 

of SC-DLOs were classified “closed task”, affording limited reorganisation of ideas as direct 

transmission (e.g., copies of content) or some transposition (e.g., coming up with different 

examples but replicating the base content). Transmission is not necessarily problematic when 

laying down foundational knowledge or with the instantiation of threshold concepts. But the 

perceived strength of multimodal assemblage is in the diversity and visibility of learner 

multimodal re-representation as they “inject something of themselves” into conceptualisation 

(Jarman & McClune, 2012, p.126). However, in these cases students were routinely 

positioned as “decorators” affording relatively superficial attention to colour, font and the cut-

and-paste of images that functioned as an aesthetic prop, rather than a more purposeful 

attempt at elaborating or extending understanding. Releasing more epistemic responsibility to 

students, which is a proposed affordance of e-learning ecologies (Cope & Kalantzis, 2017), 
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would mean exchanging some of these “closed” tasks for more “open ended” opportunities. 

The deeper processing affordances of selecting and mapping modes to enhance elaboration 

and synthesis during multimodal representation of ideas (Tytler, Prain & Hubber, 2018) can 

be designed as more substantive SC-DLO rendered knowledge. Our systematic review of SC-

DLO empirical studies, using a 21st century skills framing (Rosedale, Jesson & McNaughton, 

2019a), suggests there are cognitive affordances of SC-DLO practices which include deeper 

understanding and improved recall. Open tasks improved levels of reorganisation and 

remeaning by paraphrase, visual model, table and contrasting representations. These forms of 

assemblage (mashup, remix and combinations thereof) demonstrated active processing of 

content through reorganisation of ideas. For example, in his video demonstration of chord 

formation a student structured the video with edited close ups of guitar play, audio narration 

and pictures of chord notation. From a multimedia design-for-learning perspective the edited 

sequences showing chord notation following demonstration (difficult C chord) served as 

sophisticated cognitive processing supports for learning and recall. Video editing and 

animation were the SC-DLO medium where students demonstrated the most complex 

multimodal reorganisation of ideas in their design-for-learning practices.  

MAPIC Feature 2 - Amplification as creative signifier  
A feature of SC-DLOs that offered more substantive evidence of students’ intentional design 

for learning was the use of effects to amplify essential material. Students used particular 

techniques to focus attention such as stress (e.g., rehearsal; colour), spatial effects (e.g., 

resize; animate; isolate) and establishing symbolic or connective links (e.g., figurative; call 

out; circle). They were not always aware of, or perhaps able to manage, where tensions arose 

between effects extraneous to the learning goal and the competing demands of their own 

creative expression. For example, animated gifs, photographic backgrounds and 

uncoordinated use of colour were ways in which attention was variously diverted from 

essential meanings, although obviously creatively appealing to the author. Supporting 

students to capitalise on the affordances of amplification as an essential signalling mechanism 

(Mayer, 2009) while not undermining creative motivation would require guidance and care. A 

danger, for example, would be advising against the use of pictorial backgrounds, rather than 

using transparency effects i.e. increasing the text brightness (foreground) and shadow the 

image (background). The most productive use of amplification was targeted use of colour 

(e.g., highlighting), labels (e.g., annotation; terminology) and shape (e.g., arrow direction). 

These were considered particularly effective where more than one method was co-ordinated 



108 
 

   
 

in a multimodal assemblage to strengthen understanding. Guidance towards reinforcing these 

principles suggests productive steps to enhancing learning by channelling creativity in the 

service of amplifying essential meanings.    

MAPIC Feature 3 - Personalisation  
SC-DLO features exerting a personalising influence on student’s representation of knowledge 

went beyond superficial forms of expression, such as decorative borders and backgrounds, to 

expressions of identity employed in the service of learning. Personalisation was found to 

extend design diversity by connection to students’ lives including personality, experiences 

(inside and beyond the classroom) and cultural identities (e.g., traditions and beliefs). One of 

the technical enablers for leveraging identity in the service of learning was the students’ use 

of media for self-capture (e.g., photography; video; audio recording). Use of these media 

extended deeper meanings to the notion of student voice (Taylor & Robinson, 2009). For 

example, photos or videos (self or peers) were employed to give personal advice from 

experience (e.g., difficulties encountered in playing a musical instrument; recommendations 

on performing a calculation), connectedness to place (e.g., water sampling at a local stream), 

and valuing significance (e.g., how to perform a Māori haka). Mayer (2009) cautions against 

personalisation that distracts attention from essential material (e.g., the split attention caused 

by a webcam picture in the corner of a screencast while attempting to watch modelling centre 

screen). However, our evidence suggests that students tended to mainly use media for 

“embodied” effects that complemented learning objectives, particularly audio recording as 

voice over. A human, informal tone has been previously found to have a positive influence on 

deeper cognitive processing as a multimedia learning principle (Clark & Mayer, 2011) and 

systematic review of SC-DLO studies suggests personalisation has a motivating influence on 

students (Rosedale, Jesson & McNaughton, 2019a). Students used audio typically to introduce 

themselves, adopt a welcoming teacher persona (particularly in screencasts) and addressing 

their learner audience directly (e.g., “Hi, my name is Tyron and I’m going to teach you about 

the water cycle”.  

Personalised accounts of learning were also shown as expressions of frustration, 

acknowledging challenge and the visibility of misunderstanding afforded by recorded think 

alouds. These instances signalled opportunities for intervention and community support. For 

example, students were candid and vulnerable in screencast videos about conceptual 

difficulties, particularly in mathematics. There were no obvious signs of writing to 
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communicate vulnerability, which suggests audio narration offered reflective affordances 

which could have considerable scope for intervention by teachers. 

MAPIC Feature 4 - Interactions as inside-outside dimensions 
A primary function of SC-DLOs is that design features are co-ordinated to promote learning 

for interpersonal purposes; the would-be SC-DLO users. However, patterns of interaction 

were evident both inside and outside the SC-DLOs, typically in three ways: collaborative 

creation, embedded interactional devices and discursive interaction through review. Table 9 

describes the interactional forms: 

Table 9 

Examples of Inside and Outside Interactions of SC-DLOs 

Interaction form Inside dimension Outside dimension 

collaborative co-
design 

designers make appearances 
in the object (e.g., record 
their live discussion)  

designers co-construct the 
object (e.g., co-ordinate 
design approach)  

embedded devices  designers include hyperlinks 
(intertextual pathways), or 
other interactional buttons 
(e.g., user can choose an 
answer that is evaluated by 
the SC-DLO) 

designers anticipate audience 
decisions and outcomes (e.g., 
reading pathway) 

review designers broadcast personal 
advice or own learning needs  

designers receive responses 
such as reviews (e.g., user 
comments)   

 

The inside-outside dimensions of student interactions with SC-DLOs suggested considerable 

collaborative potential for learning which have been found to be particular affordances of SC-

DLO practices (Rosedale, Jesson & McNaughton, 2019a). For example, students 

acknowledged co-design at the beginning of the SC-DLO (e.g., opening slide beneath the 

title) or at the end (e.g., rolling credits) and was often evident in the splicing together of 

authored segments by transition effects. SC-DLOs pushed interactive affordance further by 

capturing inside collaboration as cameo roles (e.g., photographic sequences of the embodied 

authors; on-camera discussion). These techniques afforded incidental acts of learning during 

think aloud or evidence of annotated reflection post-recording. Making co-thinking visible 

presented opportunities for peers (and teachers) to respond to what students demonstrated 
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they knew and how they knew. On the whole, across subjects, creation by individual students 

was still found to be more prevalent than co-creation practices which indicated opportunities 

to extend and encourage co-design practices.  

Judging by the generally high levels of accuracy, SC-DLOs appeared to have been through 

quality assurance checks before upload, but critical review or generative feedback by the SC-

DLO user was far less apparent.  Studies show that providing students with task criteria or 

assignment rubrics that focus on assessment of conceptual content serve as mechanisms for 

enhancing conceptual development (Schuck & Kearney, 2006). There were few references in 

the corpus to rubrics to guide interactions for generative SC-DLO review, nor shared 

reflective judgements concerning improvement as a community. Both suggested purposeful 

avenues for transformative interactions around SC-DLOs.  

The use of interactive devices to generate intertextual hyperlinks was also a prominent feature 

which functioned to supplement or elaborate content (e.g., YouTube video; news article), and 

some coded routines (e.g., evaluating user responses such as clicking the correct mathematical 

answer). Hyperlinks to referenced material was mainly evident where teachers had supplied 

templates which suggested student-designers needed support with including links to extend 

reading, and support with any associated synthesis. For example, there was little evidence of 

designers supporting an SC-DLO user’s overall comprehension as they “leave” (e.g., reading 

outside the SC-DLO) and “return” to the SC-DLO (e.g., integration of material encountered). 

There was generally limited evidence of how well designers as learners had assimilated 

supplementary information, even where the learning objective was stated as a reading 

synthesis goal.  

Outside interactions initiated by the SC-DLO users’ comments (shared to the blog platform) 

were determined to be a quarter of SC-DLOs. Like other studies (Lazzari, 2009; McClean et 

al., 2016) we found comments tended to exhibit patterns of encouragement or praise (65%) 

with much lower frequency of generative feedforward or critique (35%). Responses were 

mainly limited to a single string, rather than developing into dialogue. As a percentage of total 

SC-DLOs, comments by family (or others such as students within or beyond the cluster) were 

evident but infrequent (10%), whilst comments by peers was higher (15%). There is some 

evidence therefore that students engaged with SC-DLOs via asynchronous written interaction 

but further investigation is needed into what role a blogging medium plays in affording (or 

constraining) shared SC-DLO discussions and how the affordance of online sharing can be 

leveraged to promote dialogic interaction for improved academic purposes.  
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MAPIC Feature 5 - Coherence 
The final feature of student design for learning describes the relationships between the 

multimodal assemblages of SC-DLOs identified as having three main unifying features: (a) 

organisational structures (b) cohesive ties, and (c) parallel representations.  

Organisational structures 
Markers of attempts to structure SC-DLOs were found to be contextually related to choice of 

medium. SC-DLOs were mainly organised in similar ways to written reports (e.g., by title and 

subtitles) with a general beginning, middle and end, although there was considerable evidence 

of SC-DLOs which lacked any type of conclusion (e.g., synthesis of ideas), or staged 

summation (e.g., segmenting to aid comprehension of complex content). This has important 

consequences both for the learning of the designer, and the learner audience. If SC-DLOs are 

to be optimised for learning affordance as process, and product, students will need to be made 

more aware of the mental processing demands of multimedia (Mayer, 2009) and the 

importance of deliberate mechanisms of consolidation. Exceptions were non-linear 

organisation afforded by animation where iterations of zooms-in, zoom-out (to the 

overarching theme or concept) supported relational links and rehearsal. Similarly, the 

prefacing of summarised content in the form of a diagram, model or table, followed by 

detailed attention to each segment and a return to the complete system at the end, served to 

organise discrete parts into a meaningful, connected whole. The use of hyperlinking as an 

organisation device was generally underutilised. Making these multimodal organisational 

structures apparent (or available to students as models) would potentially support purposeful 

ways of organising across SC-DLO elements.         

Cohesive ties 
One way of linking elements was through the use of cohesive ties between and within modal 

assemblages. Visual motifs functioned to connect, reinforce or break with patterns of 

meaning. These motifs involved colour signifiers (e.g., red keyword) or other semiotic tools 

such as symbolic representation (e.g., image of cloud + water droplets = precipitation). 

Another stylistic method of creating semantic ties was maintaining stylistic consistency (e.g., 

background) to reduce extraneous processing reserved for learning material. These efforts 

were undermined where students co-authored SC-DLOs and “glued” their contributions 

together as a mishmash of designs.  There were also patterns of breaking with design rule of 

thumb by including unedited video streaming of experimentation, field trip and performance 
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which suffered from lengthy screen capture absent of signposts to segment and link content 

thematically or conceptually.        

Parallel multimodal rerepresentation 
A more sophisticated method of coherence building was parallel use of multimodal 

assemblages – content represented by multimodal combination in one way, followed by re-

organisation another way. Tytler and colleagues (2018) have written extensively about student 

re-representation of science as they draw from a collection of diverse models and the effects 

on understanding and improved achievement. As a complex form of multimodal re-

representation, some students complemented one assemblage with another such as a table of 

ordinal categories (e.g., counts of basketball shots) followed by a video where the student 

graphed the same table of numbers.  

Less potential was afforded by tasks where students were directed to “make a poster” out of 

the content at the end of a teacher supplied SC-DLO template. These kinds of parallel 

representation may be perceived by students as merely more work (as they were often 

incomplete) and potentially position students’ creativity as an afterthought and not a create-to-

learn action in itself. Posters have obvious agency in summarising or synthesising content, but 

authentic integration within an SC-DLO may look more like developing student-designer 

understandings of summary and synthesis to support learning for an audience.     

How can the features of SC-DLO design for learning be represented within a model of 
ecological support? 

 Systematic analysis of the SC-DLO corpus has identified at least five salient features of 

student design practices influencing the potential for making complex, co-ordinated design-

for-learning decisions. The MAPIC features demonstrate some alignment with social semiotic 

frameworks (Bezemer & Kress, 2008; Halliday, 1994) and with various multimedia learning 

principles, although any similarities and differences need to be read in the context of student 

e-learning ecologies. Consistent with social semiotic frameworks the MAPIC features of 

Mapping Ideas to Modes, Interaction and Coherence correspond more generally to the 

Ideational, Interpersonal and Textual metafunction of SFL. These are in turn, closely aligned 

with Selection, Social Relations and Arrangement of the social semiotic grammar of 

multimodal design (Bezemer & Kress, 2008). However, in the proposed MAPIC model, a 

point of emphasis is attendance to modes, and modal combinations, for enhancing design-for-

learning purposes – a function of mapping how ideas could be represented and interact with 
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other modes for and “that seems most apt for the purposes of representation and 

communication” (Kress, 2005, p. 19).     

A subtler point of difference is the Amplification feature (MAPIC) which corresponds with 

Foregrounding in the multimodal design model (Bezemer & Kress, 2008). In relation to 

design for learning, the student corpus of SC-DLOs seemed to demonstrate more of an 

amplification in both a spatial sense (foreground/background) and as semantic modulation: 

the ways students heightened specific attention to meanings with tools such as colour, arrows 

and annotations. Mayer (2008) regards this feature in a cognitive processing sense as 

signalling to elevate or prompt attention. 

Neither SFL (Halliday, 1994) nor multimodal design-for-learning principles (Bezemer & 

Kress, 2008) gives selective attention to personalisation (MAPIC). Digital technology affords 

ways of personalising students’ knowledge representations as real-time recordings with video 

and audio as a naturalistic means of student self-capture and interaction. Diversity in students’ 

personal representations of knowledge in the corpus were more salient where modalities other 

than writing were in play, when mannerisms, cultural connections and other features of 

identity were embedded into SC-DLOs (such as oral narration). Having a dedicated 

component of the framework for personalisation is also consistent with making connections 

with learners’ experiences and prior knowledge, including links to family histories outside of 

the classroom. Personalised representations of knowledge has been found to have particular 

motivational affordances for learning (Rosedale, Jesson & McNaughton, 2019a) when 

students have opportunity to discuss the diversity in conceptual representation (Shafer, 2010) 

and to inject “something of themselves” within the SC-DLO (Jarman & McClune, 2012, 

p.126). Personalisation has also been established as a key principle of multimedia learning 

(Mayer, 2009).    

In light of no other SC-DLO conceptual frameworks informed by student authorship that we 

are aware of, we offer MAPIC as a student heuristic for the reasons outlined above. We 

propose elevating awareness of each feature in relation to the other four for generating 

knowledge-building potential in e-learning ecologies. Co-ordination of MAPIC practices 

suggests transformation is likely to be based on managing trade-offs between the affordances 

of the features (e.g., creativity in the service of learning), and contingencies of ecological 

features (e.g., optimised reflexivity in the classroom). Unlike the relatively unconstrained 

creativity students can employ for example in arts or language work such as painting or 

writing, digital design-for-learning would mean raising awareness of creativity employed in 
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the service of learning, and not the other way around. Although digital tools offer 

considerable creative and personalised affordance - aesthetic effects and expression - that 

these would need to be channelled, and even perhaps tempered, to knowledge-building aims 

for a learner audience. Similarly, just because an SC-DLO design can draw on the affordances 

of all possible modal forms, judicious use to promote, rather than distract attention, may limit 

modal range. Writing is a case in point. Opportunity to extend students’ writing mileage has 

been shown to be an affordance of digital learning environments, but particular SC-DLO 

medium such as screencast offer enhanced potentials for learning using verbal explanation 

and dialogue. Therefore, in terms of the reflexive affordances of e-learning ecologies, it is 

predicted that teachers would have to be prepared to transition from highly templated designs 

(which can privilege writing) for more open tasks and greater scope for student choice of 

other modal combinations (e.g., that privilege speaking and visual modes). It is not suggested 

that students make these sorts of changes without a framework of support to highlight the 

necessary qualifications of trading particular modes and affordances, in what contexts, for 

what purposes.              

As such, Figure 13 provides an illustration of a compass representing the MAPIC framework 

of SC-DLO design support within the context of a reflexive e-learning ecology. The metaphor 

of a compass draws on various connotations of navigation in setting a direction for SC-DLO 

support by teachers for students. Important conditions of reflexive e-learning ecologies have 

been described by Cope & Kalantzis (2017) as shifts in the balance of agency (teacher to 

student, student to student) that improves opportunities for student knowledge representation 

as multimodal, social and recursively evaluated in communities. In the illustration, the MAP 

features of the MAPIC framework signify inner mechanisms (or cogs) of SC-DLO design-for-

learning practice (Mapping Ideas to Modes, Amplification and Personalisation). The corpus 

analysis suggests (1) openness of task, and (2) a framework of design support to be important 

ecological conditions for extending potentials for learning with SC-DLOs. The IC features 

(Interact and Cohere) are positioned closer to the outer perimeter of the compass, signifying 

the possibility of greater dependence on the reflexivity of the ecology. For example, 

interactions (inside and outside the SC-DLOs) are dependent on an e-learning environment 

where there is learning culture of collaboration, critical dialogue and knowledge-building 

practices. Similarly, the feature of Coherence requires student co-ordination of all other 

features (including outcomes of interaction such as feedback) into a unified product to 

optimise potentials for learning: these are also considered dependent on e-learning ecologies 
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with opportunities for reflection and rewindable learning. The compass as a visual model is 

intended to stimulate research and practitioner inquiry into the necessary reflexive support.  

 

Figure 13. A visual model of a compass for incorporating the MAPIC framework of support 
for SC-DLO design for learning indicating dependency on a reflexive e-learning ecology.  

Limitations 

The approach to data collection and the 1:1 context of this study restricts somewhat the 

generalisation of design-for-learning features. The features represented by these SC-DLO data 

are likely to reflect multimodal digital composition of a particular level of expertise, given the 

students were participants of a 1:1 digital initiative. Students in these contexts utilise digital 

devices in ubiquitous fashion as a part of everyday instruction, where creating and sharing 

SC-DLOs is commonplace. Therefore, the MAPIC features are possibly reflective of design-

for-learning support that may go beyond the level of transformational learning by student 

creation in other “less digital” classrooms. Furthermore, in terms of adopting a purposive 

approach to collecting SC-DLOs of student bloggers with the highest monthly frequencies 

means there is the potential for sacrificing quantity for quality. Follow up studies would be 

needed to draw comparisons with less engaged student bloggers. This study also does not take 

into account teacher and student perspectives of design for learning with SC-DLOs, which 
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would be crucial to future research aimed at developing a more encompassing theory of SC-

DLO learning.      

Conclusion 

As students in classrooms, and tertiary institutions, increasingly employ digital tools for 

learning, both opportunity and guidance to foster transformative knowledge practices are 

paramount. Although digital affordance can be gainfully taken up in “old” ways (Hughes, 

2005) such as substitution, the potential arguably lies in redesign for learning improvement.   

Examination of a corpus of SC-DLOs shows students in clusters of 1:1 schools are designing 

shared learning across digital media, and curriculum area, albeit with variability in range, 

frequency and co-ordination of design-for-learning features. Certainly, the dual architecture of 

a visible online platform (e.g., classroom blogs) and shared SC-DLOs, demonstrate 

opportunities for new epistemic structures in classrooms. The corpus shows evidence of 

increased visibility around student design-for-learning work and opportunities to engage with 

diverse learner representations of knowledge. Designs considered high potential were found 

to co-ordinate creativity and personalisation in the service of instructional objectives, 

amplifying the conceptual relevance and cohesive links. Low-potential designs tended to 

serve up teacher-provided content in copied templates or demonstrated inattention across 

MAPIC features. 

The extent to which students engaged in dialogic interactions at the site of sharing and of the 

kind that improve shared knowledge - to challenge assumptions and give critical feedback - 

was less evident. However, interaction was only one of five features perceived to be exerting 

influence on design-for-learning potential. In the same way that planned, strategic approaches 

to writing, and other discursive literacies supports composition, digital approaches to planning 

and design of digital artefacts are necessary. In light of the findings from this corpus analysis, 

we are developing a digital version of MAPIC as an online application to support SC-DLO 

practices.  
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CHAPTER FIVE – GENERAL DISCUSSION 

This final chapter summarises and co-ordinates findings from across the studies to answer 

three overarching research questions. Then, plausibility of the findings is discussed by 

backward mapping to the overall aim of illuminating potentials for learning with SC-DLOs in 

e-learning ecologies. The significance of teacher learning design for transformative SC-DLO 

practices follows, and the thesis finishes with a set of recommendations for future research. 

In review, motivation for this research coincides with the new digital curriculum Hangaro 

Matihiko (MoE, 2018) to be implemented nationally in New Zealand by 2020. The 

researcher’s prior work with local digital initiatives has identified the Designing and 

Developing Digital Outcomes area of the curriculum to be well aligned with improving 

support for student creation of knowledge artefacts, particularly as SC-DLOs involve 

knowledge-building practices that can be implemented across subject areas. To realise the 

promise of digital technology, international reports underscore the importance of 

transformative digital practices in classrooms (OECD, 2015), as technology can dilute or even 

distract from interactions that foster conceptual learning and higher order thinking. In 

response to these intentions a framework was developed to support SC-DLO design (MAPIC) 

and constitutes an emerging theory of learning affordances. The metaphor of a compass was 

used in Chapter 4 to illustrate a visual model for teachers. The model situates MAPIC within 

a reflexive e-learning ecology to signal dependency on teacher design of tasks to support SC-

DLO design-for-learning practices. 

What follows is a summary of the relevant findings for each of the three overarching research 

questions which are discussed in relation to implications for: a) the framework of design-

support (MAPIC); (b) teacher pedagogy in e-learning ecologies; and, (c) contributions to 

research. 

What are the 21st century learning affordances of SC-DLOs? 

Although traditional literacy and numeracy skills continue to be fundamental to learning, 

those skills regarded as 21st century competencies are increasingly considered important in an 

age of unprecedented technological advancement and knowledge-based global economies 

(Kautz, Heckman, Diris, ter Weel & Borghans, 2014). SC-DLO practices are relevant to 

supporting both imperatives through creation with Web 2.0 digital technologies and as re-

useable artefacts for sharing and improving knowledge. An exploratory, systemic review of 
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empirical research was first carried out to determine how SC-DLO practices might support 

students’ development of 21st century skills (Chapter 2). Because SC-DLOs are an emerging 

area of research, the only prior published review that could be located was a narrative 

synthesis with a special education focus (Pandya & Ávila, 2017).  

Establishing the 21st century affordances of SC-DLOs requires developing research and 

theoretical models. The thesis proposes three overarching learning affordances (cognitive, 

interpersonal and intrapersonal) (Lai & Viering, 2012) used to structure the exploratory 

systematic review (Hallinger, 2013).  

Summary of 21st century learning affordances  

The fifty-nine studies in the exploratory systematic literature review were found to include a 

diverse range of SC-DLO media where video, podcast and animation were dominant. These 

were primarily created as assignments in tertiary course settings and in the domains of 

science, initial teacher education and business studies (including information technology). 

SC-DLOs were not restricted to tertiary environments as the review found promising evidence 

of SC-DLOs in both secondary and primary settings in the subject areas of science and 

mathematics. The empirical studies, though more prominent in undergraduate settings, 

provide a range of evidence supporting digital authorship that goes beyond creation for 

assessment but where reusable digital objects are employed for knowledge sharing and 

improvement purposes within a learning community of peers, typically via online platforms.  

The review findings, framed as 21st century skills, show the cognitive affordances of SC-

DLOs tend to support improved achievement gains on pretest-posttest measures (including 

tests of delayed recall), student perceptions of improved or deeper understanding and to a 

lesser extent higher order thinking such as criticality. The review found that interpersonal 

affordances emphasised performativity effects, where students reported a heightened 

awareness of “getting things right” for others and the efficacy of collaboration and co-

creation. Sharing of SC-DLOs included whole-class discussion of students’ different 

representations of knowledge and being able to seek clarification, particularly where the 

provision of a rubric supported critical reflection and feedback. The intrapersonal affordances 

centred on affective tendencies of engagement related to agency which included creativity in 

re-representing content using multimedia and personalisation (such as connections to 

background and identity).  
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These positive affordances would need to be considered together with caveats where 

unsupported technical difficulties and time-creation costs were reported to outweigh benefits. 

Furthermore, exchanges online generally strengthened student relatedness, and not necessarily 

higher order interactions involving critical thinking and perspective taking.  

Implications for a framework of student design-support 

Any estimation of the relative importance of these findings to a framework of SC-DLO design 

support needs to take into account the high proportion of self-report measures in the review, 

and conversely, the low number of experimental designs. Repeated findings of high affective 

affordance such as engagement and motivation were associated with students’ performativity, 

creativity and personalisation. These affective dimensions are also potentially associated with 

students’ self-efficacy and agency but the relationship as yet is unsupported by experimental 

testing, and therefore the findings are considered tentative. Some measure of confidence can 

be taken from a relatively large sample of self-report studies where young people report 

agentic affordances, such as creative and personalised choices, when creating SC-DLOs. In 

other words, it is plausible that students are highly engaged and motivated by making 

multimodal representations of their knowledge, which is likely to be related to: creative 

expressions of subject content; being able to create links to their lives and experiences 

(including prior knowledge); and an awareness that doing so elevates epistemic responsibility 

in a community of learners. In turn, it is considered plausible that a conceptual framework of 

SC-DLO support should include both personalisation and creative use of modes as design 

features. These findings are consistent with the corpus categories of Mapping Ideas to Modes 

and Personalisation as creative, agentic acts of design with multimodality and are in line with 

constructivist (Dewey, 1938; von Glasersfeld, 2012) and social semiotic theories of learning 

(Bezemer & Kress, 2008). 

As the systematic review revealed SC-DLO creation in at least five media (e.g., podcast, 

screencast, animation, slide presentation, video), raising student awareness of the potential 

range of choices could also extend the diversity of creative authorship and evaluations of 

certain medium for particular communicative purposes. For example, screencast was used 

predominantly in studies of mathematics and podcast as an innovative idea-primer for 

discussion about writing (Chapter 2). Offering students choice of a wider range of SC-DLO 

media could present opportunities to discuss the affordances of one medium over another for 

learning particular subject content and skills.  
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Implications for teacher pedagogy in e-learning ecologies 

There were only a handful of studies detailing the actual multimodal features of SC-DLOs 

which limited findings of teacher pedagogy aimed at improving features of student design for 

learning. However, indicators of broader ecological significance were related to teacher 

design of task. Firstly, assumptions about students’ capability with digital applications (e.g., 

creation tools) and insufficient technical support was found to distract from curriculum-based 

learning and was associated with student disengagement. From a cognitive processing 

perspective, managing the introduction of new technological tools alongside new curriculum 

content imposes trade-offs in focus and time. Trade-offs were also implicated with lengthier 

projects imposed by the choice of medium (e.g., animation). Both findings suggest the need 

for teacher learning design that is fit for purpose; balancing, for example, new learning with 

some positive constraints on creative digital agency to hone attention on subject-content 

learning. Extensive use of slide presentations in the later corpus analysis suggests there would 

be considerable potential for teachers to consider diversification of media including screencast 

and video.   

The second issue of significance for teacher learning design is the nature of feedback and 

opportunities to affect ongoing improvement. The reviewed studies associate teacher 

provision of rubrics (including co-construction with students) with support for: critical 

interaction between students about SC-DLOs to provide more substantive feedback online; 

influencing reasoned discussion; and more conceptual depth. Whole class, teacher mediated 

discussion, with opportunities for clarifying differences in conceptual representation between 

diverse SC-DLOs, showed positive impact on student engagement (Hilton, 2011; Schuck & 

Kearney, 2006) and possible support for transfer (Shafer, 2010). Therefore, findings suggest 

teacher learning design that plans for student interactions of a guided critical nature, which are 

mediated by SC-DLOs, would constitute an important and reflexive, ecological dependency 

(Cope & Kalantzis, 2015); that is, critical interactions in the classroom community about SC-

DLOs would be dependent on teachers building a digital learning environment - an ecology -

that values and resources these practices.  

A final issue relates to patterns of SC-DLO forms that appear well aligned to the epistemic 

practices of particular disciplines, namely: (1) Screen capture as a means of making visible 

procedural demonstration and think aloud was identified in mathematics (Shafer,2010; Soto, 

2015). In Soto’s (2015) study, an important finding was mathematics teachers appreciated the 

visibility of students’ thinking aloud in recorded screencasts which revealed misconceptions 
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that had not been picked up in formative forms of student assessment. Likewise, in disciplines 

where procedure or performance were valued outcomes it is possible that elements of direct 

video capture with commentary or narration would have disciplinary value. An example from 

the corpus was in music, where a student compiled a highly sophisticated use of film 

techniques to record chord proficiency when playing a guitar. The student combined close-up 

visuals of fret work, images of musical notation and a large dose of humour to encourage 

learning proficiency (and enjoyment) of the difficult C chord. (2) In the literature review, 

studies of field work in geography and tourism show the ability to capture videoed examples 

of geographical landscapes (Kemp et al, 2012) and landmarks (Dale & Povey, 2009) which 

was considered an affordance by instructors. (3) Similarly, in science and particularly health 

science, videoing of laboratory experiments and protocols in laboratories was indicated as a 

real-time recording affordance (Kemp et al, 2012). (4) In English (and specifically writing) 

the notion of performativity (as a feature of audience awareness) was identified as an 

affordance of podcasts for enhancing ideas generation for creative writing students. 

Implications for the research contribution  

The exploratory systematic review (Chapter 2) constitutes the first to scope prior peer-

reviewed publications examining the learning affordances of SC-DLOs. In so doing, the 

review makes a further contribution to research by ascertaining the need for building a clear 

and more united definition of SC-DLOs and by offering a tighter designation as process and 

product. These features are considered central to enhanced learning for student designers in a 

wider community of learners and specifies SC-DLOs as:  

a process wherein students learn as they design for the learning of others (e.g., 

designing for teaching and knowledge building) and as a reusable digital entity (or 

object) designed with the affordances of different media modalities (e.g., textual, 

audio, visual, spatial, kinaesthetic). 

Previous researchers in the general field of learning objects continue to work on refining “the 

ill-defined nature of the learning object” (Churchill, 2007, p. 481). Delineations can present 

further challenges when related to creation by learners. Namely, authors contributing to the 

theory of learning objects have focussed attention on features of the object component (or 

product), so that limited attention has been given to learner-design processes. Wiley (2002), a 

substantial contributor to learning object theory, calls for a concerted effort “to understand the 

instructional issues inherent in the learning objects notion”. He maintains the potential of 

DLOs “as an instructional technology will never be realised without a balanced effort in 



122 
 

   
 

technology and instructional design areas … We need more theorists” (p. 20). The literature 

review suggests there are tentative steps being made by educational researchers in tertiary and 

school sectors to research learner-created DLOs but the notion of SC-DLO is even less 

established or unified than that of learning objects as a general instructional technology.  

Furthermore, the review determined there are only a small number of studies where the design 

features of SC-DLOs have previously been examined. One multi-group study (Schuck & 

Kearney, 2006) describes a sample of cross-curricula student-created videos conducted over a 

decade ago when computers were only emerging in schools. With the increase in 1:1 digital 

device use such as Bring Your Own Device, the need for further investigation of the nature of 

SC-DLOs and learning improvement is necessary. Furthermore, with the association between 

transformative digital practices and 21st century skills, research into the nature of SC-DLOs 

arguably requires more holistic approaches encompassing cognitive, interpersonal and 

intrapersonal aspects of learning.  

The initial formulation of an SC-DLO definition in this study and establishing the pressing 

need for a conceptual framework of student design support laid the foundations for an 

emerging theory of learning. This was the focus for the second study.   

What are the design-for-learning features of a corpus of SC-DLOs? 

In Chapters 3 and 4 a sizeable corpus was analysed to determine the general, and design-for-

learning features of the SC-DLOs. The corpus was generated from online SC-DLOs in 5 

clusters of schools, comprising 30 classrooms and 108 students. In Chapter 3, SC-DLOs with 

a mathematics focus were investigated, being the largest sub-sample by subject area. Chapter 

4 followed by extending analysis and discussion of findings to the entire corpus. Taking into 

account the findings from the literature review and co-ordinating these with a discussion of 

findings from the corpus generated implications for: (a) the framework of student design 

support (b) teacher practice (c) and the research contribution. Each will be considered in turn, 

firstly in relation to the mathematics subset and then for the corpus as a whole. 

Summary of design-for-learning features of the mathematics SC-DLOs 

Adopting a grounded theory (GT) methodology, general and design-for-learning features of 

the SC-DLOs were analysed in relation to change practices advocated in contemporary 

mathematics educational literature, namely: student active participation in mathematical 

discourse, problem solving investigation and collective knowledge building. Slide 

presentations and screencasts were found to be the primary medium in the corpus of 
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mathematics SC-DLOs. Narration was used by students to address the audience and found to 

afford authentic practice of mathematics discourse. In relation to knowledge building as a 

change practice, more open-ended SC-DLO tasks appeared to raise the profile of audience as 

students combined multimodal representations of procedures and concepts for instruction. 

Problem solving was enabled by use of authentic online data (e.g., calculations involving time 

zones or budgeting).  

On the other hand, evidence of collaborative problem solving (including interactions with the 

SC-DLOs of peers) was limited and therefore potentially constrained community knowledge 

building. These interactions could be taking place face-to-face, although unpublished research 

in the wider 1:1 initiative suggests critical dialogic interactions with peers’ SC-DLOs is 

emergent (McNaughton et al, 2019). Like the findings of the exploratory systematic literature 

review (Chapter 1) where rubrics were found to support design that promotes critical 

conversations, the need for open-endedness is an important attribute of any SC-DLO design-

for-learning framework. More open-ended forms of digital composition have been previously 

associated with high-gain teachers in 1:1 digital settings (Jesson, McNaughton, Rosedale, Zhu 

& Cockle, 2018).     

Implications for a framework of student design support 

Detailed analysis of mathematics SC-DLOs suggests a general framework of design support 

would need to encourage students’ choice of medium beyond presentation slides. The 

exploratory systematic literature review showed considerable potential for students’ creation 

with screencast, video and podcast, but particularly with screencast. Screencast was far less 

represented in the mathematics sample, however, capture of on-screen interactions between 

students as they targeted a specific skill for demonstration, suggests promising features for 

students to consider in their designs. On the other hand, even use of screencast often 

demonstrated a solo student recording themselves going through the motions of unelaborated 

calculation. Therefore, if students are going to expend time and effort screencasting their 

mathematical practice routines, it would be important to emphasise design features likely to 

increase potentials for learning for peers. It is anticipated that peers (and other online 

audiences) are less likely to be motivated to watch someone rehearsing mathematical 

procedures without articulating rationales for why, and how or when.  

Analysis of the mathematics sample shows, in addition to improving interaction, there were 

two other implications for design-support: amplifying language (and concepts) and 

personalising learning such as making links to background knowledge, experiences and life 
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beyond the classroom. Firstly, raising student awareness of how multimodal features can be 

employed for the amplification of mathematical concepts suggests that one element in any 

framework should be set aside for this purpose. This finding aligns with both the design-for-

learning principle of foregrounding (Bezemer & Kress, 2008) and the multimedia design 

principle of cueing (Mayer, 2009). Students who were found to purposefully use these 

amplification techniques in their SC-DLOs (e.g., highlight, annotate, arrows for pointing) 

demonstrated increased potentials for learning. Secondly, and relatedly, students’ 

personalisation of mathematics content by making relevant links to their lives and 

experiences, opened opportunities to elaborate understanding by making connections to the 

known. International (Boaler, 2008) and New Zealand research (Hunter, 2005, 2008) 

emphasises that mathematics can be a uni-dimensional and alienating experience for some 

students. Arguably, including the element of personalisation in a framework of design support 

could encourage and even legitimise students’ connections within personal frames of 

reference. These aims also align with constructivist notions of learning (Dewey, 1938; von 

Glasersfeld, 2012) and the Three P’s of Pedagogy 2.0 (McLoughlin & Lee, 2008) – a model 

of digital participation more broadly. The Three P’s model (McLoughlin & Lee, 2008) 

emphasises the notion of personalisation as giving the learner more control over and 

responsibility for their own learning. However, this investigation shows the potential of 

modalities for personalised expression of disciplinary content which could gainfully connect 

to students’ lived worlds. These connections are not only a matter of conceptual relationship 

to background and everyday living. They also include advice in anticipating difficulty that the 

learner has faced in the past with particular mathematical processes or meanings and in the 

candour of voiced misunderstanding. It will be the task of future research to determine how 

these features of student designs become potential opportunities for further learning and 

intervention within a learning community. 

On a related matter, mathematics SC-DLOs pointed to learning affordances as both “inside”, 

and “outside” interactions. Inside interactions included captured dialogue such as recordings 

and co-authorship embedded within the SC-DLO. Outside interactions occurred through 

feedback comments and buttons programmed to respond to choices by the SC-DLO user. It 

would be important that a framework of support highlights these distinctions because findings 

from the literature review corroborate the importance of outside interactions for: (a) 

accountability to the knowledge of the community (e.g., accuracy checking), and (b) 

interaction as discussion of the diversity in SC-DLO representation. There is general 
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agreement between the literature review and findings of the corpus that any online discussion 

(outside interaction) such as blog comments, tended to be one-off and socially supportive 

rather than critically reasoned. Therefore, it would be important to foster more academically 

aligned interactions around SC-DLOs such as extended discussion. Inside interactions, where 

students related dialogically as a feature of the captured content (e.g., videoed discussion) are 

entirely new and potentially transformative ways of innovating SC-DLO design in 

mathematics. These interactions inside SC-DLOs contrast with traditional closed-task models 

that overemphasise instructor and institutionalised approaches (Lee, 2005).        

Implications for teacher pedagogy in e-learning ecologies 

In the subject area of mathematics, teachers tended to exert considerable influence over 

students’ use of slide presentations as the most common form of SC-DLOs, unlike the 

literature review which featured other media (e.g., podcast, screencast and animation). 

Possible reasons point to the slides serving as templates to embed practice exercises and 

model examples such as You Tube videos. In other words, the presentation technology 

functioned more like replacement (Hughes, 2005) or substitution practices (Puentedura, 2010) 

than affording transformation. Teachers would need to bear in mind that students can be 

positioned with far less agency to creatively re-represent their mathematics knowledge and 

plan design for learning features using slide presentations. While it is reasonable for students 

to be undertaking repetitive, practice-based activities that a deck of slides may afford, 

arguably some of these practices that could be exchanged for higher-order SC-DLO activities 

– ones with the additional affordances of explaining, collaborating and sharing SC-DLOs for 

knowledge improvement purposes.  

Teachers who gave students opportunities for more open-ended tasks (e.g., “Screencast your 

understanding of standard written form…”) leveraged technologies such as screencast in 

creative, personalised and arguably more comprehensive ways. Using screencast (or video) 

students were able to model and explain their thinking, which not only affords opportunities 

to make conceptual understanding more visible but as already indicated, studies show these 

diverse renditions of students’ understanding can become objects for discussion. Classroom 

teachers play a pivotal role in designing the nature of such tasks and a general design 

framework (e.g., MAPIC) in the hands of students, could promote such diversification.      

Unlike the ephemeral nature of talk such as think-pair-share routines SC-DLOs are 

rewindable resources that can be played back, paused and reviewed at one’s own pace. Where 

student designers demonstrated a heightened sense of audience by elaborating, predicting 
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difficulty, and even when requesting audience-community assistance, socialising community 

receptivity is likely to strengthen knowledge building within the ecology of e-learning. For 

example, teachers could capitalise on the affordance of rewindability to review model 

examples of SC-DLO features for the learning community and to foster a culture of 

responsiveness by students. In mathematics where applied numerical procedures can become 

routine and potentially mask misunderstandings, opportunity to engage in conversations that 

clarify and compare diverse mental representations offer potential improvement opportunities. 

There was little evidence of these sorts of practices on students’ classroom blog sites and yet 

the literature underscores students’ performativity and reflection as key affordances: a sense 

of wanting to “get things right” for others. As SC-DLOs are a public resource, in ways 

traditional mathematics practice routines have not generally been in the past, the affordance of 

rewindability presents opportunity for teachers (and researchers) to give attention to ways of 

supporting and giving guidance for such routines.    

Implications for the research contribution  

Systematic investigation of students’ mathematics SC-DLOs has yielded support for prior 

research findings and uncovered important new, context-specific ones. Firstly, the exploratory 

systematic literature review identified four prior studies describing mainly SC-DLO 

mathematics interventions, all but one in tertiary settings. Three were screencasts with one 

use of podcast. A primary school study included a large sample of SC-DLOs (n=47) (Soto, 

2015) asking students to imagine creating screencasts for peers than actual online rewindable 

use. As such this thesis extends the study of SC-DLOs by analysing the largest study sample 

to date which details the multimodal contents of students’ designs and evidence of 

performative effects in mathematics (Rosedale, Jesson & McNaughton, in press). Consistent 

with prior studies this study has found students adopted a teacher persona, anticipated 

difficulties of fellow students based on personal experience and integrated more concrete 

explanations of abstract (or difficult) concepts in a personalised, student-friendly way. These 

findings suggest a more generalised affordance in that the audience effects have been found 

across contexts (e.g., tertiary and school-aged students) which warrants further investigation.  

Another avenue for inquiry is ascertaining conditions for optimising SC-DLO rewindable 

learning through discussion, online and face-to-face as a whole-class (which has shown 

promising qualitative evidence for critical forms of discussion) (Shafer, 2010). As mentioned 

earlier, both types of interaction (inside and outside) also offer lines of future testing of the 

potential benefits for learning.  
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Establishing the extent to which findings from the mathematics sub-corpus were relevant to 

cross-curriculum SC-DLO practices, was the focus of the third, and final study. 

Summary of design-for-learning features of SC-DLOs across subject areas 

In Chapter 4 analysis and discussion of SC-DLO practices were expanded to the whole 

corpus. Adopting a GT methodology, general and design-for-learning features were identified 

to inform a conceptual framework for SC-DLO design support. Like the mathematics sample, 

slide presentations and screencast were again found to be the primary medium but with video 

and animation more prominent in art and music. Students were also found to create SC-DLOs 

across the curriculum including literacy studies, health and physical education, religious 

education and home learning. Five features of SC-DLO practice (MAPIC) were consistently 

identified as affordances likely to promote potentials for learning. These five features were 

represented as a visual model of a compass suggesting the theoretical direction for student 

design-for-learning with SC-DLOs (see Figure 13). MAPIC denotes: (1) Mapping ideas to 

modes (2) Amplification (3) Personalisation (4) Interaction (5) Coherence.  

The five design-for-learning features of MAPIC have congruence with the language 

metafunctions of Systemic Functional Linguistics (Halliday, 1994) and social semiotic 

design-for-learning principles (Bezemer & Kress, 2008). The elements of Mapping Ideas to 

Modes, Interaction and Coherence correspond more generally to Ideation, Interpersonal and 

Textual metafunctions of SFL. In turn, these are closely aligned with Selection, Social 

Relations and Arrangement of the social semiotic grammar of multimodal design (Bezemer & 

Kress, 2008). However, a point of emphasis in the proposed MAPIC model is that learners not 

only select ideas and other semiotic entities to compose with, but emphasis is placed on modal 

interactions best suited to content to be learned by the SC-DLO user. As Kress (2005) 

maintains: “The new media make it possible to use the mode that seems most apt for the 

purposes of representation and communication” (p.  19). Therefore, student designers of 

DLOs have to consider representational purposes that take into account learning objectives 

and how modal mapping can optimise instructional efforts.  

 
A further, more subtle point of difference is the Amplification feature (MAPIC) which aligns 

with Foregrounding in the social semiotic model (Bezemer & Kress, 2008). In the corpus 

analysis, the term amplification captures SC-DLO features of salience in a spatial sense 

(foreground/background) and as semantic modulation: the ways students heightened attention 

to meanings with tools such as colour, arrows and annotations. Mayer (2009) has shown this 
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feature to be a key multimedia principle founded on repeated experiments of cognitive 

processing where signalling (or cueing) amplifies noticing.  

Neither SFL, nor social semiotic design for learning give specific attention to student 

personalisation (MAPIC) for instructional purposes. The personalising influence on students’ 

representations of knowledge is in many ways afforded by the digital technology and a key 

finding of both the systematic review and corpus analysis. For example, video and audio 

enabled real-time, naturalistic means of student self-capture and interaction. Diversity in 

representations of knowledge were often more prominent using modalities other than writing, 

as young people’s personal mannerisms and backgrounds were found to be “materially” 

embedded into the corpus SC-DLOs such as oral narration. Having a dedicated component of 

the framework for personalisation is consistent with SC-DLO practices of learners, for 

learners, and in keeping with constructivist notions of making connections with learners’ 

experiences and prior knowledge. Personalisation also signifies the importance of student 

identities and promotes important links to histories including culture, ethnicity and family 

(Knobel & Lankshear, 2007; Street, 2008). 

Implications for a framework of student design-support 

Given that the cross-curricula corpus of SC-DLOs demonstrated varying patterns of 

alignment with linguistic metafunctions and social semiotic potentials for learning, the next 

question may be what are the implications for students’ strategic use of the MAPIC 

framework: (a) teacher guided (b) and, independently? How might MAPIC have a positive 

influence on SC-DLO practices in ways that supports, and optimises potentials for learning? 

Firstly, in Chapter 4, it was pointed out that individual SC-DLOs demonstrated variability in 

the use of design-for-learning features. Various conditions were hypothesised for this 

variability including the medium chosen for the SC-DLO and the extent to which students 

were aware of, or even technically competent to action particular features. For example, 

foregrounding or amplifying new vocabulary terms for an audience and what Mayer (2009) 

terms cueing, can be done in a variety of ways. Students may (or may not) be aware they can 

efficiently do this with intonation using voice over, or to further optimise the potentials for 

learning by providing both a verbal and visual lexical stimulus. Visually decoding the term on 

screen as the word is spoken capitalises on dual processing affordances (Mayer, 2009; Paivio, 

1986) but would require students are made aware of these multimodal benefits. Mapping, 

amplifying and combining modes through simultaneous presentation could be usefully 

prompted by student-friendly resources with associated examples. This is where a digital tool 



129 
 

   
 

to support SC-DLO design planning and the related tutoring is theorised to have utility (and 

will be discussed in further detail in the following section).  

Secondly, the MAPIC framework prompts students to consider all five features as a 

memorable mnemonic. In this way the framework supports transfer to independence, also 

theorised to support efficient cycling through features as a type of metacognitive prompt. 

Across the corpus, the SC-DLOs that demonstrated increased potentials for learning leveraged 

the five elements. Raising students’ awareness of this collective utility is hypothesised to 

support intentional crafting for improved design-for-learning. As with any framework - for 

example formulaic use of a writing frame which can curb authentic writing - the MAPIC 

framework has the potential for negative effects, such as curbing creativity. Therefore, steps 

would need to be taken to keep the focus on improving SC-DLO learning objectives with the 

framework as a tool in service of these outcomes, not as the object of learning (although some 

initial familiarisation would be necessary).  

As the MAPIC features represent higher abstractions of design and therefore offer more 

versatile application across subject areas, the implications are that students could generalise to 

use of medium (e.g., video, screencast, presentation) and in ways of representing content. If 

the Interactions feature is optimally engaged in classrooms these diverse, personalised 

designs are theorised to provide considerable scope for discussion and in any curriculum area. 

Shafer (2010) describes dialogue about differences in student knowledge representations as 

opportunities for systematisation where exposure to diverse representations of the same 

concept helps to sharpen understanding.  

From a constructivist perspective the model accounts for material and emotive (or agentic) 

dimensions of learning within each of the MAPIC components. The ‘M’ of the model 

(multimodal mapping of ideas) represents ‘material’ choices including the artefacts students 

make as they combine modes in ways that increase the potential for learning – a design-for-

learning aspect. This aligns with constructivist principles of forming more stable cognitive 

structures but is also associated with constructionist affective principles of creating socio-

cultural artefacts. Like any material output of creative endeavors SC-DLOs have inherent 

properties aligned with personal, cultural, creative representations of knowledge (or what a 

student described as “injecting something of ourselves”) (Jarman & McClune, 2012). Papert 

and Harel (1991) attribute this kind of response to inner satisfaction and the motivation 

associated with creating a public entity as everyday as a sandcastle or as significant as 

Newton’s laws of motion. In this way M (multimodal mapping of ideas) is connected with P 
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or personalized representations of the SC-DLO content which is conceived as having a 

positive relationship with emotional and motivational affordances.  Similarly, the creative 

ways in which A for amplification  (or cueing attention) and Interactions through SC-DLO 

practices is predicted to have social-emotional and agentic associations. To amplify meanings 

for an audience arguably one has to put oneself in their position which has empathetic 

considerations. The I in the model has the potential to optimise learning through interactions - 

inside and outside the SC-DLOs - but would require knowledge of protocols for talk beyond 

collaboration to building knowledge mediated by the SC-DLOs. Where protocols have been 

established the agentic and affective aspects of peer interactions are considered to hold 

motivating, social-emotional affordances for young people. Planned future research with 

teachers and students will aim to establish productive norms for SC-DLO interactions which 

will draw on a much wider literature associated with principled dialogic collaboration.  

Implications for teacher pedagogy in e-learning ecologies  

Moves towards students’ independent use of MAPIC to enhance the aforementioned 

affordances, would mean some shift towards a more open framework of SC-DLO design 

agency on the part of students. In terms of e-learning ecologies this would mean establishing 

and then developing release of some responsibility for knowledge sharing and improvement 

to students. It would also include decisions about which tasks, subject matter and stage in the 

learning journey are best suited to leveraging the learning affordances of a MAPIC approach. 

Initially students would require an introduction to the elements of MAPIC and how the 

features collectively support SC-DLO potentials for learning. It is expected that through some 

guidance and release the students would collectively achieve independence with the 

framework.  

In Chapter 1, reference was made to the report Students, Computers and Learning: Making 

the Connection (OECD, 2015) and to transformative use of digital pedagogies. If students are 

to be supported with developing increased autonomy over creative, collaborative knowledge 

sharing with digital tools, teachers play a quintessential role in facilitating classroom 

conditions for this to occur. Reflexive classroom ecologies are ones in which students assume 

some of the epistemic responsibility for diverse representations of the curriculum, facilitated 

by interaction and knowledge improvement aims within their learning community. Both 

inside and outside interactional affordances of MAPIC advance these learning principles but 

are dependent on a learning environment where students have sanction and are encouraged to 

develop these competencies.  
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Another implication for teacher pedagogy pertains to student design for learning beyond 

presentation slides, and in modes that include and combine audio voiceover. For example, 

according to the review, although podcasting is a versatile, accessible medium with learning 

and interaction benefits in a variety of subject disciplines (Jones, 2010; Lazzari, 2009), there 

was no evidence of this medium in the corpus. The MAPIC model in Chapter 4 illustrates that 

students commence SC-DLO design by establishing the material ideas and modes best suited 

to learning those ideas, which are subjected to amplification and personalisation using the 

semiotic materials of a particular medium (i.e. MAP). With a podcast, audio is the primary 

medium. Students’ use of visual words and images are positively constrained, whilst 

narration, ambient sound and possibly soundtrack are positively enabled. The question is 

therefore, what implications and learning affordances might there be for extending student 

choice of medium to include podcast (or indeed a yet-to-be discovered media) and how open 

would teachers be to keeping abreast of new choices? Miller (2010) maintains that reframing 

multimodal composing in the classroom involves a co-construction of digital design spaces 

about curricular between teachers and students. Principles include attention to multimodal 

design, critique of multimodal texts and opportunities to draw on students’ identities and 

lifeworlds. Teacher-student co-design arguably holds promise for informing teachers of the 

trends in young people’s digital practices outside the classroom. In turn co-design promotes 

creative diversity of SC-DLO forms in the service of curriculum learning and therefore 

potential from increased student engagement.             

The inside and outside interactional affordances of SC-DLOs have further implications for 

reflexive e-learning ecologies but in relation to dialogue. This study suggests the SC-DLO 

potentials for learning would be enhanced should conditions be fostered for discussion within 

and about SC-DLOs as tools to think with. The latter elements of MAPIC target Interaction 

and Coherence which would place different kinds of demands on teachers’ design for learning 

depending on the medium. Again, taking podcast as an example, how might teachers assist 

students to plan the design of a podcast as a text, which in genre terms is more in line with the 

script of a play? How might teachers support inclusion of inside student interactions and 

overall coherence including cohesive ties between voice recordings and special effects? 

Although some professional resource support can be transferred from related genres such as 

play and film, tools like a MAPIC app can assist instruction by highlighting the modal choices 

in SC-DLO exemplars, across different media forms and using the associated metalanguage 

of design for learning.      
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Implications for the research contribution 

For the most part, prior studies of SC-DLOs have tended to focus on a specific medium (e.g., 

video) in a single setting (e.g., course or classroom) and subject area. The MAPIC framework 

is a first attempt at representing the general features of SC-DLO practices, across contexts and 

medium types, where students are using digital devices as a matter of course. As a first 

attempt and considering the increasing ubiquity of devices in educational settings, MAPIC 

offers a research-based framework for future testing by students and teachers.  

The five MAPIC features are hypothesised to be useful in a generalizable way, to support SC-

DLO practices across subjects and educational settings, as they show congruence with 

established language and semiotic frameworks. However, they are likely be more closely 

aligned to learning practices in 1:1 digital initiatives. It is anticipated that the MAPIC model 

and framework will contribute to theoretical research by answering calls for frameworks to 

guide digital creation in education (Kearney, 2011).  

Although prior research, mainly in tertiary settings has included rubrics to guide and influence 

improved SC-DLO practices, these have been closely tied to particular course assignments 

(Beach & O'Brien, 2015; Halter & Levin, 2014; Pereira et al., 2014). MAPIC aims to 

influence inside and outside SC-DLO practices within classroom learning ecologies, 

recognising that design for learning in classrooms is not just a matter of students’ technical or 

design capabilities but of wider conditions for realising affordance potential. 

Future directions 

The findings of these collective inquiries indicate there are cognitive, intrapersonal and 

interpersonal affordances to be gained from SC-DLO practices, and furthermore, that SC-

DLO design for learning can offer a means of enacting transformative digital practices. 

MAPIC offers an initial conceptual framework for theorising SC-DLO practices as process 

and product within e-learning ecologies and is hypothesised to exert transformative influence 

beyond student achievement to 21st century skills and competencies.  

In answering the third overarching research question for this doctoral project, a hypothetical 

digital prototype will be used as an illustrative first step at operationalising the MAPIC 

framework for future classroom use and for future testing of possible effects on valued 

learning outcomes.  
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How might 21st century learning affordances and design-for-learning features inform a 
digitised framework of support for SC-DLO practices? 

Screens from an initial prototype for future development will be shown here as a scaffold for 

co-ordinating a discussion of both sets of findings in action: the 21st century learning 

affordances identified in Chapter 2 and design-for-learning features of SC-DLOs described in 

Chapters 3 and 4. The screenshots will structure the discussion, following the MAPIC logic, 

where each of the five design-for-learning affordances will be considered in relation to the 

sets of 21st century skills identified in the exploratory systematic literature review.  

Firstly, it must be acknowledged that the future prototype app has been conceived as a student 

support for SC-DLO planning, to foster awareness of learning affordances and the use of 

design-for-learning features central to the findings of this study. To remediate an over-

templated approach, which was found to curtail students’ creative agency in the corpus 

analysis, a more open-ended, drop-down menu system has been designed. This is congruent 

with the 21st century intrapersonal affordances of agency and empowerment reported by 

students in the reviewed studies (Chapter 2) and because the use of menu options can serve to 

legitimise the choice of items on the menu list to promote awareness of scope. For example, if 

students are offered the opportunity to choose from an extended range of media to create SC-

DLOs this may encourage a wider range of diversity in students’ representation of knowledge 

as SC-DLOs. This in turn affords potential conditions for dialogic difference, reported to 

promote discussion and deeper learning (Hoban & Nielsen, 2012; Shafer, 2010). Figure 14 

illustrates an example drop-down menu of medium selections. 
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Figure 14. Dropdown menu demonstrating choice of medium. 

Central to design support is raising students’ meta-awareness of multimodality including the 

differences in semiotic potential of modes and modal combinations. This feature of design for 

learning is anticipated to present challenges in operation, particularly striking a balance 

between instruction that supports enhancement of planning design but may constrain student 

creativity to a greater or lesser degree. A MAPIC tool, such as this prototype app would be 

designed to support creative design of SC-DLOs and to augment teachers’ guidance and 

instruction of student multimodal design-for-learning. It is not suggested the MAPIC digital 

app would be used with every SC-DLO task (which would certainly curtail creative freedom) 

but for co-ordinated and intentional use in the initial stages: a phase of laying foundations for 

principled design work or in revisiting design concepts for further attention. Care would also 

need to be taken to ensure students are made aware they are employing creative design work 

in the service of instructing, understanding and learning curriculum content, not the other way 

around.  

Storyboarding has been reported to be a useful tool in prior studies for planning multimedia 

projects and therefore a graphic organiser would potentially be employed as a means by 

which students could draft main ideas and associated content into a multimodal plan. For 

example, in Figure 15 below, the icon representing sound has been chosen from available 

modes, based on the initial choice of medium (e.g., animation) and associated content has 

been inserted into an organisational node. If podcast, only ambient sound, soundtrack and 

narrated audio would be available for selection. 
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Figure 15. Example of planning screen showing the capture of key idea mapped to an 
organisational node representing the mode of sound. 

Once the key idea and any associated content has been captured, it could be represented in an 

overarching diagram of the SC-DLO plan. In this case a tree structure illustrates order and 

hierarchical relationship of the nodes, as shown in Figure 16.   

 

Figure 16. Example of the planning screen showing the initial idea nodes of an SC-DLO using 
a future prototype app. 

As key ideas are mapped to modes (MAPIC) and added to the organiser, the student designer 

builds a multimodal plan of their selected, re-represented knowledge of the topic. Nodes can 

be dragged and dropped to trial and reflect on the coherence of the overall map (MAPIC).  
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Figure 17. Example of a planning screen showing the structure of idea nodes using a future 
prototype app. 

Similarly, menu choices can be used to extend thinking about multimodal design related to 

Amplification (MAPIC) to foreground importance (Bezemer & Kress, 2008) and cue user 

awareness of meanings or links between meanings (Mayer, 2009). For example, in Figure 18 

the screen dedicated to Amplification supports programmed presentation of keywords so that 

students can practice consideration and selection of vocabulary or other elements requiring 

certain kinds of emphasis to form cohesive ties (e.g., highlighting; colour co-ordination).   

 

Figure 18. Example of an amplification screen of a future prototype app. 
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Following the steps of Mapping Ideas to Modes and Amplification the prototype app could 

recommend critical Interaction with others such as peers and the teacher using a pop-up 

reminder system. The Interaction sub-system would prompt students to share their design plan 

with elected others (e.g., by designating access via Google or other email account). Once 

shared, interactions could take the form of two types such as: commendations and open-ended 

comment. The commendation function would allow a reviewer to commend the author for use 

of any or all the MAPC features. For example, Figure 19 illustrates (reading the icons left to 

right) that this node has been given three commendations for good idea mapping, 

personalisation and coherence but no commendations for amplification. The student would be 

able to check the associated comments button for any written feedback which could include 

possible suggestions on how to make enhancements.     

 

Figure 19. Example of a commendations screen of a future prototype digital app. Note: The 
commendation icons (bottom left to right) represent MAPC features of the framework.  

Pop-up Reminder and Help systems would support some automated guidance which due to 

funding constrains, currently extends to the features described above. 

The literature review and design-for-learning affordances of the corpus suggest accessing the 

range of affordances to be gained from SC-DLO practices is fundamentally dependent on 

knowledge building within the learning community. The prototype app is only one of a wider 

pool of resources that could be used to promote the principle components of the SC-DLO 

practices model (the compass): namely, opportunities for design-for-learning guidance 

(MAPIC features) and practice in a reflexive e-learning classroom ecology. As it stands, the 
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app is under resourced in the area of explicit guidance in features such as Personalisation and 

Coherence. But these framework components, along with augmented teacher instruction are 

areas for both future app development and teacher design for learning. For example, although 

rubrics have been shown to support criteria-based feedback and discussion for the 

improvement of SC-DLOs, students consistently report learning and discussion mediated by 

other students’ DLO to have the most efficacy. A future feature of the app could include 

student curation of screenshots as examples of design for exemplification. It is planned 

opportunities to close read, analyse and evaluate SC-DLOs of peers, and online exemplars, 

that are anticipated to best promote designs that enhance affordances for learning. A prototype 

app is considered to offer a means of raising and researching metacognitive awareness of 

design for learning as a multimodal SC-DLO practice. 

Future research steps  

Despite the framework’s potential, there are a number of caveats for consideration which have 

particular relevance for further areas of research. The first relates to MAPIC validation and 

input from primary stakeholders beginning with teachers and students. Although the three 

articles submitted to academic journals (Chapters 2-4) serve as professional resources for 

teachers, ascertaining teacher and student views of MAPIC for classroom use is an important 

next step. It would be essential, in readying the framework for pilot testing in classrooms, that 

an approach such as design-based research collaboration (DBR) (Anderson & Shattuck, 2012) 

be employed. A DBR approach supports co-construction with teachers’ of how the framework 

could be implemented within units of learning and in ways that would optimise learning 

potential. Essential dialogue with teachers and students would include their views of 

affordance (positive and negative) towards framework refinement. A limitation of this study 

has been the absence of teacher and student perspectives of the SC-DLO corpus, the model 

(Chapter 4) and MAPIC framework. Practical constraints of budget and time did not allow for 

a systematic approach to collecting teacher and student voice. However, a way of addressing 

this limitation in the future would be to partner with classroom communities, including 

teachers and students before, during and after initial testing of framework use in the 

classroom. This would also necessitate inquiry into teachers’ knowledge and views of 

reflexive ecologies of e-learning (Cope & Kalantzis, 2017) where environmental 

dependencies go beyond digital access, to the intersection of learning contexts, resourcing and 

learner backgrounds (Luckin, 2008). For example, it would be important to investigate 

teacher and leader perspectives of the similar patterns of SC-DLO designs in relation to 
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creativity (including the limited range of form) and the possible influences of teacher 

modelling, time-cost benefits to learning and professional development.  

To maximise efficacy, it may be necessary to first attend to one subject area, such as 

mathematics, which had the highest frequency of SC-DLOs in the corpus and then extend the 

curriculum focus. Tailoring a subject-specific approach would positively constrain variability 

such as the inherent differences in knowledge representation of particular disciplines and 

thereby honing design-for-learning practices. It would also mean a staged approach to 

technical support, perhaps commencing use of MAPIC with digital tools students are familiar 

with and a positive withholding of new tools or medium choice until there is some familiarity 

with the five design-for-learning features. In this way, limitations are placed on extraneous 

working memory (Mayer, 2017). More general support for a classroom culture where 

cybersmart values and interpersonal well-being is fostered would be important for elevating 

knowledge building while minimising social-emotional risk.         

An additional line of inquiry would be testing predictions of improved achievement from a 

MAPIC approach, using standardised measures. The GT methodology undertaken in this 

research study was employed to facilitate hypothesis generation for follow up confirmatory 

testing. For example, a strength of prior studies - particularly in mathematics - established the 

potential of SC-DLOs as tools to think with and specifically in learning from the SC-DLOs of 

others. What has not been quantified is the weight interactional elements offer SC-DLO 

practices to affect improved achievement outcomes. Is it a case of critical dialogue exerting 

influence, or elements of multimodal creation, or more likely the interactional effect of both?  

In school contexts, the above aims align with Hangarau Matihiko aspirations of the New 

Zealand curriculum which, as previously discussed, also link the front of the curriculum 

(aligned with 21st century competencies and values such as collaboration) to the back (subject 

area knowledge). Although prior studies have to some extent, established support for SC-

DLO impact on key competencies (e.g., student and teacher perspectives of SC-DLOs as 

motivating, collaborative and agentic) (Rosedale, Jesson & McNaughton, 2019a) there is still 

considerable research to be done to determine conditions for optimisation using experimental 

methods. These would include standardising and controlling variables to afford criterion-

based comparisons for hypothesis testing. 

Other valuable testing possibilities include the relationship between SC-DLOs and 

improvement in higher order thinking including the interplay between critical thinking, 
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curriculum knowledge and social-emotional skills such as motivation and well-being. The 

only quasi-experimental study from the literature review involves student digital storytelling 

(Chapter 2). Yang and Wu (2012) have determined there are positive, measurable influences 

on literacy, critical thinking and motivation from iterative student interactions during 

animation creation. However, a limitation of this study is the potential confound of narrative 

story telling as distinct from digital creation. If students in the control group had been 

afforded the opportunity to write and collaborate with others on narrative fiction when 

creating their slide presentations (while incorporating criticality argued science content) 

would significance in the experimental outcome have held? In other words, an important 

follow up would be designing tighter controls of the conditions related to openness in choice 

of digital tools and critical framing of the teacher-generated task. Further research that is able 

to isolate the factors of SC-DLO practices would also be important to inform instructional 

cost and benefit analysis. For example, the timeframe for the aforementioned study took 

eleven weeks as a long-term project, which at a tertiary level, has previously been criticised 

by students (McClean, et al, 2016; Reyna & Meier, 2018). Perhaps the established use of a 

digital prototype (such as a MAPIC app) could minimise time costs and other potential threats 

to learning such as uncritical interactions, particularly in the initial stages of establishing 

research-based principles for SC-DLO practices.      

A second, related topic for future research involves developing and extending MAPIC 

resources for cross-curricula use and in relation to digital medium that have demonstrated 

evidence of some subject-alignment. Corpus analysis shows patterns of media preference may 

be associated with particular subject disciplines. It seems plausible that video, for example, 

holds specific affordances for demonstrating and elaborating subject-specific skills in art and 

music – particularly as artistic and musical performances are integral to key learning 

objectives which can be facilitated by live video-capture, sharing and reflection. 

Screencasting seems to hold affordances aligned with demonstrating mathematics practices 

because onscreen software applications can be recorded simultaneously with student 

commentary. For example, a practice application plays the role of digital tutor while the 

learner’s voiceover affords a personalised explanation during the enactment.        

A third aspect for future research is investigating the relationship between the framework 

elements and sequence. As indicated in Chapter 4, the MAPIC model implies a somewhat 

linear enactment, commencing with identifying and Mapping Ideas to Modes (including 

medium choice). This may impose limitations as arguably design could more gainfully 
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commence with Interaction (e.g., co-planning of ideas) or with Coherence (e.g., decisions 

relating to the overall structure of content from macro to micro levels of detail). Framework 

operationalisation and the importance of open-ended guidance, augmented by the teacher and 

digital app, is essentially a matter of planned design-for-learning. Further research could 

control for the sequence of design enactment.   

Based on this study, a final, important avenue for further research is who the SC-DLO 

practices work best for. There is some prior evidence to suggest SC-DLOs support learning 

improvement for “low achievers” and can be detrimental to improved outcomes for “high 

achievers” (Fuller & France, 2015). There are important reasons for further testing given the 

authoring and not just the reading of multimodal text forms is likely to influence the future of 

literacies across subject areas. One reason would be to understand the limitations on improved 

outcomes for more academically capable students. Variables would include the nature of task 

(e.g., ensuring both disciplinary legitimacy and sufficient challenge) but also ensuring 

students are aware of the important affordances of knowledge improvement aims with digital 

tools in knowledge economies. If students are to be fully prepared for futures where 

multimodal literacies are already being employed to collectively advance knowledge, it would 

be important their perceptions are not of multimodal text production as an inferior form of 

assignment.   

Conclusion 

This research has drawn on the metaphors of compass and map (Chapter 4) as potentially 

useful representations for understanding, planning and enacting SC-DLO practices. A map 

denotes the geographical or conceptual representation of an area or domain which, in this 

case, is the theoretical proposal of MAPIC: five features of design support associated with 

student potentials for learning. By extension the metaphor implies that only attending to 

individual features (or landmarks) would be insufficient for navigation purposes because key 

features must be observed in relation to others. In the same way, it is anticipated that students 

will apply all five MAPIC concepts collectively and relationally - as research-based SC-DLO 

practices - to support development of curriculum knowledge and wider 21st century skills. 

Furthermore, the ecological model of SC-DLO practices represented as a compass (Chapter 4) 

denotes student MAPIC practices that are situated within a reflexive e-learning landscape. 

The visual model is designed for teachers to signal the importance of ecological 
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dependencies, and particularly the influences of instructional reflexivity, on transformative 

SC-DLO practice outcomes.  

Findings from this study suggest a further refined and tested MAPIC framework has the 

potential to assist students and teachers in transformative SC-DLO approaches to learning: 

ones that may further realise the promised affordances of digital technologies. 
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APPENDIX 

Overview of the composition of studies selected and reviewed 

Study Design Context Subject area SC-DLO 
medium Participants Data source 

Adams & Blair, 2014 Longitudinal, 
mixed methods post-graduate mathematics podcast 

3 students 
 

Questionnaire (S) 
Assessment (S) 
Focus Group (S) 
Other (S) 

Anderson, Stewart & 
Kachorsky, 2017 

Case study, 
qualitative 
(interpretive) 

secondary English 
language digital video 17 students DLO (S) 

Bartle, Longnecker and 
Pegrum, 2011 Mixed methods under-

graduate science podcast 352 students Questionnaire (S) 

Beach & O’Brien, 2015 
Case study, 
qualitative 
(descriptive) 

elementary 
school science screencast 

21 presentations 
(student pairs) 
 
 

Focus Group (S) 
DLO (S) 
Interview (T) 

Campbell & Cox, 2018 
Case study, 
qualitative 
(interpretive) 

post-graduate teacher 
education digital video 10 students 

Questionnaire (S) 
DLO (S) 
Other (S) 

Croft, Duah & Loch, 2013 
Case study, 
qualitative 
(descriptive) 

under-
graduate mathematics screencast 

4 students 
5 lecturers 

Focus Group (S) 
Interview (L) 
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Study Design Context Subject area SC-DLO 
medium Participants Data source 

Cumming, Higgins, Pierce, 
Miller, Boone & Tandy, 2008 

Longitudinal, 
mixed methods 
(quasi-
experimental) 

middle 
school 
 

special 
education digital video 

25 students  
25 parents 
2 teachers 

Questionnaire (S) 
Assessment (S) 
Questionnaire (P) 
Questionnaire (T) 
Observation (T) 
Interview (T) 

Dale & Povey, 2009 
Case study, 
qualitative 
(descriptive)  

under-
graduate 

information 
technology podcast single cohort 

(unspecified) 
Focus group (S) 
Other 

Dyson, 2014 Longitudinal, 
mixed methods 

under-
graduate 

information 
technology digital video 96 students 

Questionnaire (S) 
Other 

Engin, 2014 
case study, 
qualitative 
(interpretive) 

under-
graduate 

English 
language digital video 18 students 

Questionnaire (S) 
Interview (S) 

Ernst, McGahan, & Harrison, 
2015 

Longitudinal, 
(multigroup), 
mixed methods 

under-
graduate health science animation 

(slowmation) 

3 to 5 students per 
cohort: 2013=11 
cohorts; 2012=14 
cohorts  
 

Questionnaire (S) 
Assessment (S) 
Focus Group (S) 

Forbes & Khoo, 2015 
Case study, 
qualitative 
(interpretive) 

under-
graduate 

initial teacher 
education podcast 

43 students 
1 lecturer 

Focus Group (S) 
Other (S) 
Interview (L) 
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Study Design Context Subject area SC-DLO 
medium Participants Data source 

Fralinger & Owens, 2009 Mixed methods 
under-
graduate & 
graduate 

teacher 
education digital video 81 students Questionnaire (S) 

Frawley, Dyson, Wakefield & 
Tyler, 2016 Mixed methods under-

graduate accounting screencast 124 students 
Questionnaire (S) 
DLO (S) 

Frydenberg, 2008 Mixed methods under-
graduate 

information 
technology 

podcast 
(enhanced) 54 students Questionnaire (S) 

Fuller & France, 2015 
Longitudinal 
(multigroup), 
mixed methods 

under-
graduate geography digital video 

93 students (2013) 
(incl. assessments 
from 2010-2012) 

Questionnaire (S) 
Focus Group (S) 
Assessment (S) 

Greene & Crespi, 2012 Mixed methods under-
graduate business digital video 33 students Questionnaire (S) 

Hafner & Miller, 2011 
Case study, 
qualitative 
(interpretive) 

under-
graduate science digital video 67 students 

Questionnaire (S) 
Focus Group (S) 
Other 

Halter & Levin, 2014 
Longitudinal 
(multigroup),  
Mixed methods 

under-
graduate 

initial teacher 
education digital video 58 students 

Questionnaire (S) 
DLO (S) 
Other (S) 

Hechter & Guy, 2010 Mixed methods under-
graduate science digital video 121 students 

Questionnaire (S) 
Interview (S) 
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Study Design Context Subject area SC-DLO 
medium Participants Data source 

Hilton, 2011 Mixed methods primary Science digital video 43 students 

Assessment (S) 

Interview (S) 

DLO (S) 

Hoban & Nielsen, 2012 
Case study, 
qualitative 
(descriptive) 

under-
graduate 

initial teacher 
education 

animation 
(slowmation) 24 students 

Interview (S) 
DLO (S) 
Assessment (S) 

Hoban, Nielsen & Hyland, 
2016 

Case study, 
qualitative 
(descriptive) 

under-
graduate 

initial teacher 
education 

animation 
(slowmation) 3 students 

Interview (S) 
DLO (S) 

Howard & Wood, 2016 Mixed methods  under-
graduate 

information 
technology various 48 students 

DLO (S) 
Other (S) 

Jarman & McClune 2012 
Case study, 
qualitative 
(interpretive) 

secondary 
school science podcast 

19 students 
5 teachers 

Focus Group (S) 
Interview (T) 

Jones, 2010 
Case studies, 
qualitative 
(descriptive) 

under-
graduate 

English 
Language 
Learning 

podcast 2 cohorts 
(multigroup) DLO (S) 

Kearney, 2013 
Case study, 
qualitative 
(interpretive) 

under-
graduate 

initial teacher 
education digital video 

33 students 
(multigroup) 
2010=17; 2011=16 

Questionnaire (S) 
Focus Group (S) 
DLO (S) 
Other (S) 
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Study Design Context Subject area SC-DLO 
medium Participants Data source 

Kemp, Mellor, Kotter & 
Oosthoek, 2012 

Longitudinal 
(multigroup),  
Mixed methods 
(MG) 

under-
graduate geography podcast 

40-61 students in 
each cohort  
(2008-2010) 

Questionnaire (S) 
DLO (S) 
Assessment 

Lazzari, 2008 
Longitudinal 
(multigroup),  
Mixed methods 

under-
graduate 

information 
technology podcast 

194 students  
(2004 - 2006) 

Questionnaire (S) 
Interview (S) 
Assessment (S) 

Lee, McLoughlin & Chan, 
2008 Mixed methods under-

graduate 
information 
technology podcast 5 students Focus Group (S) 

Marley, 2014 Mixed methods under-
graduate 

information 
technology digital video 63 students 

Questionnaire (S) 
DLO (S) 

McClean, McCartan, Meskin, 
Gorges & Hagan, 2016 

Longitudinal,  
Mixed methods 

under-
graduate science digital video 154 students 

Questionnaire (S) 
Interview (S) 

Macdonald & Hoban, 2009 
Longitudinal,  
Mixed methods 

under-
graduate science animation 

(slowmation) 14 students 
Interview (S) 
DLO (S) 
Assessment (S) 

McGahan, Ernst & Dyson, 
2016 Mixed methods under-

graduate health science animation 131 students 
Questionnaire (S) 
Focus group (S) 
Assessment (S) 
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Study Design Context Subject area SC-DLO 
medium Participants Data source 

McVee, Bailey & Shanahan, 
2008 

Case study, 
qualitative 
(interpretive) 

under-
graduate 

initial teacher 
education 

slide 
presentation 16 students 

DLO (S) 
Other 

Mitchell, 2003 Case study, mixed 
methods post-graduate initial teacher 

education 
slide 
presentation 2 courses 

Questionnaire (S) 
DLO (S) 

Nielsen & Hoban, 2015 
Case study, 
qualitative 
(deductive) 

under-
graduate 

initial teacher 
education 

animation 
(slowmation) 3 students 

Interview (S) 
Observation (S) 
DLO (S) 

Nielsen, Hoban & Hyland, 
2017 

Case study, 
qualitative 
(descriptive) 

under-
graduate health science slide 

presentation 
3 students 
1 lecturer 

Interview (S) 
DLO (S) 
Interview (L) 

O'Neill, 2005 
Case study, 
qualitative 
(interpretive) 

primary science digital video 
10 students 
Teachers (number 
not reported) 

Observations 
Interviews (S) 
Other (S) 
Other (T) 

Orús, Barlés, Belanche, 
Casaló, Fraj & Gurrea, 2016 

Quasi-
experimental, 
mixed methods 

under-
graduate business digital video 

221 students 
(multi-group) 

Questionnaire (S) 
Other (S) 

Paige, Bentley & Dobson, 
2016 

Case study, mixed 
methods 

under-
graduate 

initial teacher 
education 

animation 
(slowmation) 31 students Questionnaire (S) 

Pegrum, Bartle and 
Longnecker, 2014 

Case study, 
quantitative 

under-
graduate science podcast 352 students 

Assessment 
Other (S) 
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Study Design Context Subject area SC-DLO 
medium Participants Data source 

Pereira, Echeazarra, Sanz-
Santamaría & Gutiérrez, 2014 

Case study, mixed 
methods 

under-
graduate health science digital video 29 students 

Questionnaire (S) 
Assessment 

Pirhonen & Rasi, 2017 Case study, mixed 
methods post-graduate science digital video 19 students 

Questionnaire (S) 
Other (S) 

Powell & Robson, 2014 
Case study, 
qualitative 
(deductive) 

postgraduate information 
technology podcast 53 students 

DLO (S) 
Other (S) 

Reyna & Meier, 2018 Case study, mixed 
methods 

under-
graduate science digital video 274 students 

Questionnaire (S) 
Other (S) 

Ryan, 2013 
Case study, 
qualitative 
(interpretive) 

under-
graduate science digital video 100 students 

Questionnaire (S) 
Focus group (S) 
Other (S) 

Schuck & Kearney, 2006 
Case study, 
qualitative 
(interpretive) 

primary & 
secondary cross curricula digital video 5 schools 

(multigroup) 

Questionnaire (S) 
DLO (S) 
Interview (T) 
Observation 

Seow & Pan, 2018 Case study, mixed 
methods 

under-
graduate business animation 308 students Questionnaire (S) 
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Study Design Context Subject area SC-DLO 
medium Participants Data source 

Shafer, 2010 
Case study, 
qualitative 
(interpretive) 

under-
graduate mathematics screencast 

11 students 
6 lecturers  

DLO (S) 
Other (S) 
Observation (S) 
Other (L) 

Smith, 2014 Longitudinal, 
mixed methods 

under-
graduate science digital video 

155 students 
(multi-group) 

Questionnaire (S) 
Other (S) 

Snowball & McKenna, 2017 Case study, mixed 
methods 

under-
graduate economics digital video 597 students 

Questionnaire (S) 
DLO (S) 

Soto, 2015 
Case study, 
qualitative 
(interpretive) 

elementary mathematics screencast 45 screencasts DLO (S) 

Stratton & Julien, 2014 
Case study, 
qualitative 
(interpretive) 

under-
graduate health science animation 

210 students  
(multi-group) 

Questionnaire (S) 

Waldrip, Prain & Carolan, 
2006 

Case study, 
qualitative 
(interpretive) 

secondary science slide 
presentation 

2 classrooms 
2 teachers 

Questionnaire (S) 
Focus Group (S) 
Interview (T) 
Observation (S) 
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Study Design Context Subject area SC-DLO 
medium Participants Data source 

Wang, Kedem & Hertzog, 
2004 

Case study, 
qualitative 
(interpretive) 

primary cross curricula slide 
presentation 

14 students 
1 teacher 

DLO (S) 
Interview (T) 
Observation (S) 

Willmott, 2015 Longitudinal, 
mixed methods 

under-
graduate health science digital video 

210 students  
(2 courses: 2008-
2012) 

Questionnaire (S) 

Yang & Wu, 2012 
Quasi-
experimental, 
mixed methods 

secondary 
English 
Language 
Learning 

digital video 
(DST) 

2 classrooms 
110 students  
2 teachers 

Focus Group (S) 
Questionnaire (S) 
Assessment (S) 
Interview (T) 

Yaseen, 2018 Case study, mixed 
methods secondary science animation 

28 students 
1 teacher 

Interview (S) 
DLO (S) 
Assessment (S) 
Interview (T) 
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