
linnaeus university press

Lnu.se
ISBN: 978-91-88898-16-6 (print), 978-91-88898-17-3 (pdf )

Susanna N
ordm

ark

Linnaeus University Dissertations
No 336/2018

Susanna Nordmark

A Multimodal Seamless Learning  
Approach Supported by  
Mobile Digital Storytelling (mDS)

A
 M

ultim
odal Seam

less L
earning A

pproach Supported by 
M

obile D
igital Storytelling (m

D
S)



A Multimodal Seamless Learning Approach Supported 
by Mobile Digital Storytelling (mDS) 

 

 



   Linnaeus University Dissertations 
No 336/2018 

    

  A MULTIMODAL SEAMLESS LEARNING 

APPROACH SUPPORTED BY MOBILE 

DIGITAL STORYTELLING (MDS) 
 

    

 SUSANNA NORDMARK 

 LINNAEUS UNIVERSITY PRESS 
  



   Linnaeus University Dissertations 
No 336/2018 

    

  A MULTIMODAL SEAMLESS LEARNING 

APPROACH SUPPORTED BY MOBILE 

DIGITAL STORYTELLING (MDS) 
 

    

 SUSANNA NORDMARK 

 LINNAEUS UNIVERSITY PRESS 
  



Abstract 
Nordmark, Susanna (2018). A Multimodal Seamless Learning Approach Supported by 
Mobile Digital Storytelling (mDS), Linnaeus University Dissertations No 336/2018, 
ISBN: 978-91-88898-16-6 (print), 978-91-88898-17-3 (pdf). Written in English. 
 
The use of digital tools such as smartphones, tablets and laptops have shown potential 
to enhance teaching and learning in a wide variety of contexts. 21st century skills such as 
creativity, problem-solving and innovation as means for supporting learning and 
knowledge creation, are considered fundamental proficiencies in today's technology-
driven society, and they are therefore considered essential to promote, already from the 
earliest of school years. Hence, there are a number of challenges related to how to design 
and implement innovative and varied strategies 
for teaching and learning supported by mobile technologies in educational settings. 
Moreover, it is also crucial to think about how to actively involve teachers into the 
processes mentioned above, inspiring and inviting them to implement new methods and 
technologies into their everyday educational practices. 

The work presented in this thesis embodies a series of co-design and design-based 
research efforts aiming at exploring the interplay between design, information and 
communication technologies and learning through mobile digital storytelling, guided by 
the theoretical frameworks of constructivism, multimodality, new media literacies, 
mobile seamless learning, and technology enhanced learning. Two main research 
questions have been identified as formulated below, and have served as 

the basis that guided my efforts: 
What design features are necessary to scaffold mobile seamless learning approaches with the 
support of mobile digital storytelling? 

Considering the role of mobile digital storytelling for educational settings: which design factors 
and learning requirements could guide and support similar initiatives? 
Over the years of my doctoral studies, a progression of research interventions involving 
teachers, pupils, and museum staff have been co-designed, developed, tested and 
validated. These efforts have resulted in a method, a mobile application, and a web 
service for mobile digital storytelling in educational contexts, named the mobile digital 
storytelling (mDS) system. 

The mDS system introduces learning technology approaches aiming to support 
teacher and pupil digital inclusion, mobile seamless learning and multimodal aspects, 
and serves as a reflective instrument for both collaborative and individual work. The 
validation of mDS in different educational settings indicates that it can be independent 
of subject matter, user age, locality and previous knowledge of technology enhanced 
learning, and is easy to access and manage for teachers as well as pupils. Hence, it 
proposes several innovative means on multiple levels for meeting the 21st century skills 
required for supporting contemporary learning and knowledge creation. 
 
Keywords: co-design, constructivism, design-based research, digital cultural heritage, 
mobile digital storytelling, mobile learning, mobile seamless learning, multimodality, 
new media literacies, technology enhanced learning 
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 V 

Svensk sammanfattning 

Bruket av digitala verktyg som t.ex. smartphones, surfplattor och 
bärbara datorer har visat sig kunna förbättra och förstärka undervisning 
och lärande i en mängd olika sammanhang. De s.k. 21st Century Skills, 
dvs. 'nytida' kunskapsområden och färdigheter som t.ex. kreativitet, 
problemlösning och innovation i syfte att stödja lärande och 
kunskapsskapande, betraktas av många forskare som grundläggande 
färdigheter i dagens teknikdrivna samhälle och bedöms därför vara 
nödvändiga att förstärka, främja och fokusera på redan från de tidigaste 
skolåren. Det finns därmed ett antal krävande utmaningar relaterade till 
hur man utformar och genomför innovativa och varierade strategier för 
undervisning och lärande med stöd av mobil teknologi i olika 
utbildningsinstitutioner. Dessutom är det viktigt att tänka på hur man 
aktivt involverar alla pedagoger i ovan nämnda processer för att 
inspirera och uppmana dem att implementera nya metoder och tekniker 
i sitt dagliga arbete.  

De resultat som presenteras i denna avhandling belyser en flerårig 
progressiv och iterativ serie designbaserade forskningsinterventioner 
med syfte att utforska samspelet mellan design, informations- och 
kommunikationsteknik och lärande, genom att introducera ett komplett 
system bestående av arbetsmetod och stödtekniker för mobilt digitalt 
berättande (ENG: mobile digital storytelling) avsett för lärande och 
undervisning. Med stöd av de teoretiska ramarna för konstruktivism, 
multimodalitet, new media literacies, mobilt sömlöst (seamless) lärande, 
teknikförstärkt lärande och metoder som co-design och designbaserad 
forskning har forskare, lärare, elever, systemutvecklare och 
museipersonal bidragit till det presenterade systemets design, 
utveckling och validering. Dessa insatser har resulterat i en 
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 VI 

arbetsmetod, en mobilapplikation och en webbtjänst för mobilt digitalt 
berättande i olika pedagogiska sammanhang, under namnet "mobilt 
digitalt berättande, mDS" (ENG: The mobile digital storytelling system, 
mDS). 

Två huvudsakliga forskningsfrågor har identifierats och formulerats 
enligt nedan och har fungerat som det underlag som väglett det 
presenterade arbetet:  
 

Vilka designfunktioner är nödvändiga för att bygga mobila 
sömlösa inlärningsmetoder med stöd av mobilt digitalt 
berättande? 
  
Med tanke på rollen för mobilt digitalt berättande i olika 
utbildningssammanhang: vilka designfaktorer och användarkrav 
skulle kunna styra och stödja liknande initiativ?  

 
mDS-systemet erbjuder en introduktion till lärandeteknologiska 
tillvägagångssätt, med syfte att stödja digital integration för såväl lärare 
som elever, mobilt sömlöst lärande (ENG: mobile seamless learning) och 
aspekter av multimodalitet, dvs. i det här fallet möjligheten att 
kombinera bild, röst, text och musik till ett budskap. Systemet fungerar 
även som ett reflekterande instrument och för arbete såväl i grupp som 
individuellt. Utfallet och valideringen av mDS-systemets roll i olika 
lärandesituationer ger indikationer på att det kan användas oberoende 
av ämne, användares ålder, geografisk lokalitet och tidigare kunskaper 
om teknikförstärkt lärande. Systemet är avsett att fungera som första 
steg till vidare teknikstött lärande och är därmed lätt att tillägna sig och 
att hantera för såväl lärare som elever. Med bas i ovanstående, bidrar 
mDS-systemet med ett innovativt och flerdimensionellt sätt för lärare 
och elever att möta de 21st Century Skills som krävs för att stödja 
samtida undervisning, lärande och kunskapsskapande.  
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It's a dangerous business, Frodo, going out your door.  

You step onto the road, and if you don't keep your feet,  
there's no knowing where you might be swept off to. 

 
J.R.R. Tolkien. The Fellowship of the Ring (1954) 

 
The morning I walked out the door from my old office at Linnaeus 
University, and moved in at the (then) department of Media 
Technology, I think felt a little bit like Frodo in the citation above. Not 
that I like he had the fate of Middle Earth on my shoulders. Nah, I only 
had my own feet to keep, something that – at times – however has felt 
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Dedication - To My Family 

My own words are not enough to express what I would like to say to 
you. Literature and lyrics might do the trick, though. I love you to bits.  
 
Peo  "Sov du, så diskar jag."1 Tack älskade vän ❤ 
 
Rasmus  "I'm wide awake; I'm not sleeping."2 
 
Ellinor  "Stood on the edge 

tied to a noose 
and you came along 
and you cut me loose."3 

 
Alexander, in memoriam "Det kallas himlen och jag har aldrig varit där.  

Men när jag ser på alla stjärnor över himlen, 
så önskar jag att du var här."4 

… 
"Varje djup sorg har förlorad glädje till föremål. 
Tappa inte bort denna riktning. 
Låt inte sorgen glömma sitt ärende. 
Sorgen är den djupaste ära som glädjen kan få." 
 
Harry Martinson (1904 – 1978) 

 
                                                        
1 Stig Claesson, Slas: Sov du, så diskar jag (2004) 
2 U2. Bad. From: The Unforgettable Fire (1984)  
3 Coldplay. Amsterdam. From: A Rush of Blood to the Head (2002) 
4 Staffan Hellstrand. Lilla Fågel Blå. From: Regn (1993) 
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feedback, encouragement, support, help and advice, or just for sharing 
a quick hello, smiling eyes, and cordial warmth. Mentioning each and 
every one of you by name is unfortunately 'not within the scope of this 
thesis', so instead I express a great collective thank you!  
 
Yet, I do have a few special mentions I would like to share.   
 
First and foremost, a profound thank you to all teachers, pupils, and 
other school staff taking part in and contributing to my studies; sharing 
ideas, suggestions, expectations and experiences, and participating in 
design and evaluation discussions. Without your input and efforts, this 
dissertation would not have been possible.  
 
Marcelo Milrad & Anita Mirijamdotter. My most heartfelt thanks for 
everything you've done for me, from start to finish.  
 
Simon Winter. Thank you so much! And, just so you know, one cannot 
say thank you too many times. 

Nico Reski. Best friend. True rock. Endless fun. Love always!  
 
Håkan Nordmark, Kulturparken Småland. Knowledgeable. Hilarious. 
Outspoken. Genuine. Great friend. Thank you!  
 
Esteemed colleagues at the department of Computer Science and 
Media Technology – old and new. Cheers to you all!  
 
 
 
Växjö and Funäsdalen, 2018 
Susanna 
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Foreword 

The first time I encountered the nowadays quite well-known concept of 
Digital Storytelling (DS), was in a two-week, two-step summer course 
led by Joe Lambert from the Center for Digital Storytelling, (CDS)5 in 
Berkeley, CA. During the course, participants spent the first week on 
learning DS, i.e. to get acquainted with the various technologies and 
recommended software at hand, and to become proficient in the 
proposed work procedure. The second week concentrated on teaching 
DS to become a CDS certified DS instructor. In the course I took, the aim 
for the DS concept was not focused on education and learning, but rather 
on giving common people a 'public voice' by letting all interested tell 
their personal stories – sad or glad, facts or fiction, generic or specific – 
but by digitally combining more modalities and story elements than 
those a written  story (text) or a recorded message (voice) normally 
consists of; in other words, creating a multimodal, digital story.  

Having passed the course it rapidly dawned on me that DS could 
serve as an excellent instrument for introducing digital technologies in 
educational settings, and an even better instrument for meaning-
making, inclusion and commitment for all students, regardless of 
subject, grade or location. Having worked for a number of years in a 
series of endeavors striving to introduce and implement digital 
technologies supporting learning, both in the private sector and at the 
Department for Teacher Education at Linnaeus University 6  (former 
Växjö University), I felt that both the overall aim of storytelling as such 

                                                        
5 www.storycenter.org 
6 www.lnu.se 
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1. Introduction 

The beginning is the word and the end is silence.  
And in between are all the stories. 

 
Kate Atkinson, Human Croquet (1999) 

 
 

1.1 Background and Motivation 
Mobile technologies are an essential and self-evident part of the global 
society. Be it education, work, sports, communication, information 
seeking, health care or recreation, Information and Communication 
Technologies (ICT) have come to play a central role in the way people 
relate to their physical, social and cultural surroundings. In short, our 
relations to mobile technologies and the Internet have profoundly 
altered the ways in which we learn, communicate, and interact with each 
other. As everyday tools, the smartphone, the tablet, and the 24/7 
connectivity are considered just as natural and self-evident as turning 
on the tap to get running hot water, and today people carry around far 
more computer power in their pockets and bags than was available in 
total for the Apollo 11, the spacecraft that took the first humans to the 
moon and back in 1969.  

The 2017 report from the Swedish Internet Foundation, focusing on 
Swedish Internet use and online habits, present increasingly escalating 
figures on all fronts. Almost everyone in Sweden up to the age of 75 use 
the Internet in some way every day, and the report indicates a large 
number of 100% levels, both of using the Internet in general, as well as 

 XVIII 

(which by the way should not be confused with children's fiction only, 
such as fairytales), the DS technologies involved, the software available, 
the process and the aim, could work as a supporting learning approach, 
in order to make teachers interested in digital potentials for teaching and 
learning. Hence, the story of mobile Digital Storytelling (mDS) had 
begun.  

Together with Dr. Lisbeth Frølunde, and my soon-to-be main 
supervisor Professor Marcelo Milrad, I was given the opportunity to 
conduct a pilot study on DS set in a Teacher Trainee course; a study that 
was later presented at the SITE7 conference (Nordmark, Frølunde & 
Milrad, 2010). In short, the study, that addressed the paradigm shift 
towards increasingly multiple, and especially visual, digital modes of 
communication in society, and it delivered valuable practice-based 
research knowledge, together with strong indications that DS indeed 
was something to consider continuing working on in regards to teaching 
and learning. However, for that purpose, significant changes needed 
regarding the supporting technologies, as well as the overall work 
process. Those changes, methods, and processes are the main focus for 
this thesis.  

                                                        
7 SITE: The Society for Information Technology and Teacher Education 
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The work on the mDS system was inspired by the work of Joe Lambert 
at the Center for Digital Storytelling (CDS)10 in Berkeley, California (see 
e.g the Foreword section, and Lambert, 2013), and the guiding 
theoretical foundations for this effort are based on Seymour Papert's 
learning theory of constructionism (Papert, 1980; 1993), Mobile Seamless 
Learning, (e.g. Wong and Looi, 2011; Milrad et al., 2013), New Media 
Literacies, NML (Jenkins et al., 2010; New London Group), and 
Multimodality (Kress, 2010), as well as the research methodologies of 
Co-Design (Spikol et al., 2009), and Design-Based Research (DBRC, 
2003); all of which are presented in Chapter 2.  

1.2 General Context 
The importance of storytelling as both a part of, but also a vehicle for 
sharing and preserving cultural heritage has long been recognized as 
one of the most human of human traits (Lambert, 2007). When used in 
educational settings, the concept of Digital Storytelling (DS) offers 
learners ample means for utilizing a multimodal and creative approach 
in their everyday school work, which in its turn offers one mode among 
many to make meaning of their everyday school experiences and 
learning (Lambert, 2007; 2012; Nordmark, Frølunde & Milrad, 2010; 
Robin, 2016). However, the amount of hard- and software needed for DS 
(digital cameras, audio recording devices, video editing software, 
voiceover recording software, etc.) together with the static working 
mode which forces students to pause their creative flow when 
composing and planning the story, in order to find a computer, connect 
all things needed, open (and learn) the various software, and then 
finishing the story creation process within the limited time given for 
accessing the school computers, simply was not viable.   

With the above in consideration together with the experiences from 
the aforementioned SITE study (see the Foreword section), bringing DS 
to a mobile platform appeared as a consequential way forward. Mobility 
could offer unique affordances for facilitating meaning making, learning 
and self-expression. It would allow young users to participate, create 
and share their own 'digital voice' by using a familiar tool that they 
                                                        
10 www.storycenter.org 

 2 

using various digital services. Even in the top age group, 76 and older, 
more than half (56%) are Internet users. At the age of two, 79% of the 
children use the Internet, mostly for watching TV and video, but also for 
games and educational applications. Almost all 10-year-olds own their 
own smartphone, and among the 16 – 25-year-olds, the highest and most 
even Internet user levels are registered (Svenskarna och Internet 2017).  

With all of the above in mind, 21st century skills such as creativity, 
problem-solving and innovation as means for supporting learning and 
knowledge creation, are fundamental proficiencies much needed, and 
they are therefore considered essential to promote already from the 
earliest of school years (see e.g. The European Commission, 2006:962, 
The New Media Consortium 8 , The Partnership for 21st Century 
Learning9, and Niemi and Multisilta, 2015). Furthermore, to promote 
such initiatives, innovative and varied strategies for teaching and 
learning supported by mobile technologies need to be explored and 
developed in close cooperation with teachers, inspiring and inviting 
them to implement new methods and technologies into their everyday 
educational practices. 

In this context is where the work that has been accomplished within 
the scope of this dissertation positioned, i.e. the design, development, 
and validation of the mobile Digital Storytelling system (henceforth 
referred to as mDS). The mDS system (Fig. 1) consists of a workflow 
together with supporting mobile and web technologies. The system is 
intended to operate regardless of school subject, pupil age, learning 
context, or location, and promotes collaboration and reflection. The five 
interrelated phases of the mDS workflow together with the 
accompanying iOS application and web service (described in chapter 4), 
have all been developed during my research studies, and are co-
designed by me together with participating teachers, pupils and 
museum staff, and developed by my fellow software developers. The 
mDS system offers educators and learners the possibility to use mobile 
technologies such as tablets or smartphones, together with a designated 
methodology that encompasses multimodal and mobile seamless 
learning features. 

                                                        
8 www.nmc.org 
9 www.p21.org 
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versatility of the system, could get a foothold in teachers' everyday 
practices.  

The succeeding sections of this chapter will elaborate on the aims and 
scope of my work, and present the outline of the thesis.  

1.3 Research Aim and Scope  
Mobile digital technologies in combination with ubiquitous Internet 
access have forever changed our way of life. We can now access more or 
less what or who we need regardless of physical location or time of day, 
which, especially within educational settings could offer essential 
affordances. Still, how to design mobile seamless learning activities, 
given the risk for fragmentation of the learning experiences triggered by 
that same possibilities and tools, are important challenges that need to 
be addressed (see e.g. Wong and Looi, 2011).  

While the concept of teaching and learning have its self-explanatory 
place in this thesis, it is imperative to stress that this dissertation is 
academically situated at the Faculty of Technology. The Department to 
which I am affiliated – Computer Science and Media Technology – has 
however an established relationship with learning technologies and 
designs for learning, and the CeLeKT11 research group has long been a 
well-known actor in this particular field, with hitherto a number of 10 
dissertations on various technology enhanced learning approaches. 
Accordingly, the focus for this dissertation is to explore the interplay 
between design, information and communication technologies, and 
learning for creating conditions for learning (Gagne, 1985) in various 
settings, and not to evaluate the learning as such.  

Earlier experiences from working in the field of Technology Enhanced 
Learning (TEL) together with information in the yearly recurring NMC 
Horizon12 and Swedish Internet Foundation13 reports form the basis for 
the work presented. I have explored in what ways the use of mobile 
digital storytelling could facilitate user-friendly mobile seamless 
learning scenarios, and how it could help provide inspiration and means 

                                                        
11 Center for Learning and Knowledge Technology (at Linnaeus University, Sweden). 
12 https://www.nmc.org/publications/ 
13 www.iis.se/fakta 
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consider to be their personal property, and perhaps also is their foremost 
means for communication, a device they always carry with them 
wherever they go. Bringing the mobile dimension to digital storytelling 
could also provide unique opportunities for enacting and promoting 
mobile seamless learning (MSL) experiences. The concept of MSL 
suggests that learners can learn constantly and ubiquitously, i.e. 
regardless of where, when and how, effortlessly switching between 
different kinds of learning modes and scenarios, e.g. formal/informal 
learning, learning synthesis, and learning regardless of time and 
location, by using mobile devices such as smartphones and tablets etc. 
(Wong and Looi, 2011). These mentioned factors are significant for the 
work presented here, since the mDS concept offers similar possibilities, 
i.e. learning regardless when, where, with whom, and with teacher 
support or not. Furthermore, the SITE-study indicated the need for a 
straightforward, reflective, work-process or method, a workflow that 
was supported by mobile technologies, but that also supported the task 
at hand – learning. The above also stipulated an opportunity to 
contribute to an increased comprehension and use of ICT among 
teachers, thereby providing an increased access for pupils to 
purposefully use mobile technologies for learning. 

Consequently, the main area of interest for the research effort 
presented in this dissertation, has been to explore how to design, 
develop, and validate a system for mobile digital storytelling for 
educational purposes. The system comprises both a toolkit of easily 
managed mobile and web technologies, and five-phase workflow. The 
mDS system supports both collaborative and individual story creation 
processes, regardless of school subject or previous knowledge of 
technologies and/or software, and facilitates mobile seamless learning 
(MSL), i.e. learning taking place regardless of physical location, teacher 
presence, number of tasks, number or type of devices, etc.  

The mDS system is intended to either constitute a first introduction 
for teachers and pupils into the world of learning technologies, or to 
serve as a stepping stone to inspire and encourage further expansion of 
teachers' interest in technology-enhanced learning approaches. 
Hopefully, it will also act as an incentive that, due to the simplicity and 
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The mDS system is intended to either constitute a first introduction 
for teachers and pupils into the world of learning technologies, or to 
serve as a stepping stone to inspire and encourage further expansion of 
teachers' interest in technology-enhanced learning approaches. 
Hopefully, it will also act as an incentive that, due to the simplicity and 
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Two principal research questions with accompanying sub-questions 
have guided this effort:  
 
1. What design features are necessary to scaffold mobile seamless 
learning approaches with the support of mobile digital storytelling?  
 
1.1 How can seamless learning activities supported by mobile digital 
storytelling be designed and used to inspire digital inclusion for both teachers 
and pupils, and to promote and facilitate commitment and motivation, 
discussion, collaboration and reflection? 
 
2. Considering the role of mobile digital storytelling for educational 
settings: which design factors and learning requirements could guide 
and support similar initiatives?  
 
2.1 What is of importance for teachers and for pupils when using the mDS 
workflow and toolkit? 
 
The outcomes of the progressive studies (Chapter 3), published at 
international scientific conferences and in two books, have provided 
valuable insights on several levels, e.g. how mobile digital storytelling 
can be used in authentic contexts to support mobile seamless learning 
approaches, what teaching and learning affordances the mDS workflow 
can provide, and what technical functionalities and requirements are 
essential in terms of interaction techniques, content reusability, 
flexibility and scalability. All technical features, guided by theoretical 
aspects, are essential for supporting the different phases of the proposed 
workflow. The research efforts for this thesis (see each publication in the 
Appendices section), starting with the pilot study in 2011 are presented 
in chronological order, and each effort builds on the results and 
outcomes from the latter. 

1.4 Thesis Outline 
This thesis is based on five papers: three conference papers and two 
book chapters, all of which can be found in the Appendices section. Each 
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for teachers to incorporate mobile digital technologies into their 
everyday practices.  

 In this thesis I argue for the realization and implementation of a 
comprehensive system, consisting of a co-designed and versatile 
method and supporting mobile and web technologies, in order to inspire 
and encourage the introduction and use of mobile technologies in 
educational settings. The mDS system (Fig. 1) offers creative and 
versatile resources for encompassing pupils and teachers in mobile 
seamless learning approaches, regardless of age, school subject or 
previous knowledge of mobile technologies. It consists of three main 
components: the mDS workflow, which is a methodology facilitating the 
creation of mobile digital stories, and the mDS toolkit: a mobile 
application for story creation, sharing and presentation, and a set of web 
tools to complement the overall storytelling process and outcomes, and 
to support teachers and pupils by offering secure storage, access, and 
tools for reflection, presentation and reuse. The main instrument for the 
research studies has been the iteratively developed versions of the mDS 
workflow and the supporting technologies, followed by the validation 
in different educational contexts. These efforts are further described in 
Chapter 4. 

 
Fig. 1. Overview of the mDS system 
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Connectivity, Eds. L-H Wong, M. Milrad & M. Specht. (p. 353-376). 
Singapore: Springer Verlag. This is a book chapter that further develops 
topics from earlier papers, especially the mDS workflow (further 
described in chapter 4), mobile seamless learning, design-based research 
and co-design. 

 
Paper 5: Nordmark S. & Milrad, M. (2015). Influencing Everyday 
Teacher Practices by Applying Mobile Digital Storytelling as a Seamless 
Learning Approach. In Brown, T.H. and van der Merwe, H.J. (Eds). In: 
The Mobile Learning Voyages – From Small Ripples to Massive Open Waters, 
mLearn 2015, (p. 1-17). Switzerland: Springer International Publishing. 
This paper concentrates on assessing the fully developed mDS workflow 
and the two accompanying mDS technologies in a real-life context, with 
special focus on co-design, teacher practices, sustainability, and mobile 
seamless learning  
 
The forthcoming chapters of this thesis are structured as follows:  

 
Chapter 2: Foundations, introduces the major theoretical and 
methodological fundamentals relevant for this work, such 
constructivism and constructionism, new media literacies, 
multimodality, co-design, design-based research, mobile learning, and 
seamless learning, together with a short overview of related research 
efforts.  
 
Chapter 3: Empirical Efforts, outlines the details, settings and outcomes 
of the principal studies that form the basis for this dissertation, in 
relation to the foundations presented in Chapter 2.  
 
Chapter 4: Outcomes: comprises a description of the design and 
development of the mDS workflow, and the supporting mDS 
technologies: the iOS application and the web service. 
 
Chapter 5: Discussion contains an analysis and a discussion of 
outcomes and shared experiences and suggestions from the 
participating teachers, pupils and researchers.  

 8 

paper has been peer reviewed, and presents the outcomes of the studies 
made within the scope of this work.  The first study was part of the 
European lifelong learning research project CoCreat (2011 – 2013)14.  
 
Paper 1: Nordmark, S. & Milrad, M. (2012). Mobile Digital Storytelling 
for Promoting Creative Collaborative Learning. Proceedings of the Seventh 
IEEE International Conference on Wireless, Mobile, and Ubiquitous 
Technology in Education, WMUTE 2012, Takamatsu, Japan, March 27th-
30th 2012 (p. 9-16). CA; USA: IEEE Conference Publications. This paper 
represents the initial pilot study related to this work, and introduces 
perspectives of mobile digital storytelling, 21st century / new media 
literacies, technology enhanced learning, mobile learning, 
multimodality, seamless learning and design-based research.  

 
Paper 2: Nordmark, S. & Milrad, M. (2012). Using Mobile Digital 
Storytelling to Support Learning about Cultural Heritage. In: Gautam 
Biswas, Lung-Hsiang Wong, Tsukasa Hirashim & Wenli Chen (Ed.). 
Proceedings of the 20th International Conference on Computers in Education 
ICCE 2012. November 26-30 2012, Singapore (pp. 408-412). Singapore: 
Asia-Pacific Society for Computers in Education (APSCE). This paper 
elaborates on the perspectives of mobile seamless learning, collaborative 
approaches, and new media literacies. 

 
Paper 3: Nordmark, S. & Milrad, M. (2014). Promoting Sustainable 
Innovation in Technology Enhanced Learning: A Teacher & Pupil Study 
Using Mobile Digital Storytelling (mDS). Proceedings of the 14th IEEE 
International Conference on Advanced Learning Technologies, ICALT2014. 
July, 7-9, 2014, Athens, Greece (p. 194-198). CA, USA: IEEE Conference 
Publications. This paper focuses on sustainability, co-design, teacher's 
daily practices, and ownership. 

 
Paper 4: Nordmark, S. & Milrad. M. (2014). Tell your story about history 
– a mobile seamless learning approach to support mobile digital 
storytelling (mDS). Book chapter in Seamless Learning in the Age of Mobile 

                                                        
14 www.cocreat.wordpress.com 
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2. Foundations 

Education has too many consequences for too many groups  
to be handed over to professional pedagogues only.  

 
Jerome S. Bruner (1916 – 2016) 

 
or 

 
Var vänlig och lägg sig inte i gossens studier  

de övervakar jag själv. 
 

 Quote from the Swedish motion picture Vi Hemslavinnor (1942) 
 

2.1 A New Learning Landscape 
This chapter will introduce the major theoretical and methodological 
fundamentals relevant for this work, such constructivism and 
constructionism, new media literacies, multimodality, co-design, 
design-based research, mobile learning, and seamless learning, together 
with a short overview of related research efforts.  

The world has changed – it has in a sense become 'smaller', or rather 
more accessible. Nowadays, we can more or less carry it in the shape of 
smartphones or tablets, either in our pockets or our handbags, and 
always on standby for whatever we might need, whenever we need it, 
regardless of location, who we are or what we do (e.g. Sharples, Taylor 
& Vavoula, 2006). Internet access is more or less ubiquitous, and the 
demographics of our daily Internet use are changing rapidly. In Sweden, 
79 % of the country's two-year-old's now have access to the Internet for 

 10 

Chapter 6: Conclusion & Future Research encompasses a concluding 
reflection on the efforts and results presented in previous chapters. The 
chapter finishes with a short glimpse on possible future challenges.  
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Fig.2. The Digital Literacies17  

The practical and functional skills that many earlier TEL initiatives were 
focusing solely on, have now been complemented by several other 
aspects believed to be essential to understand and manage. Some of 
them have a more social approach, such as communication proficiencies, 
cultural and social understanding, and collaboration. Others represent a 
more cognitive mode, such as e-safety and the ability to curate information, 
e.g. to reflect, evaluate and think critically. Last but not least, the creative 
aspects also serve as an important part of 'the comprehensive citizen 
toolkit', something which can imply several things, such as for example 
problem-solving skills, and ways of personal expression.  

Even though information and communication technologies have been 
obtainable in one way or the other in Swedish schools for some odd 30 
years or so, the arguments for and against it has shifted over the years, 
and the implementation and innovation are sometimes still lagging 
behind in comparison to society in general. However, not so much so in 
acquiring new technologies, but much more so regarding teachers' 
overall digital competence, a lack of accompanying Technology 

                                                        
17 http://pomo.com.au/blog/digital-literacy/ 
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watching TV and video, play games, and for using different educational 
applications, and the overall Internet use in most age groups is 100% 
(SoI, 2017). We no longer solely rely on newspapers and news broadcasts 
as the dominating sources for local, regional, national or global tidings. 
Libraries are no longer the one place where you can search for and get 
quick access to both facts and fiction. Doctors and hospitals are not the 
only providers of healthcare services and information. Mobile 
applications and web services can be used to pay our bills and manage 
other financial matters. The boundaries between work and leisure have 
been blurred; many are available online 24/7 regardless of location, time 
of year or day, and many also interact accordingly. Location is no longer 
a major issue for where to carry out our work or where to meet with 
colleagues, and vacation time is used for working, and working hours 
are flexible for personal planning of the day. (Svenskarna och Internet, 
2017). Likewise, education is changing too, and school is no longer the 
only place where teaching and learning occur. 

This profoundly changing world requires new skills, new insights 
and new practices for communication, collaboration and interaction to 
mention only a few. Therefore, several associations and networks 
consisting of scholars, professionals and others, such as for example the 
New Media Consortium (NMC)15 and the Partnership for 21st Century 
Learning16 have long been advocating the need for the paradigm shift to 
also reach the educational system. The Digital Literacies Model (Fig. 2) 
is one of several similar models representing the core skills and 
knowledge citizens need to acquire in today's digitalized society.  

 
 
 
 
 
 
 
 
 

                                                        
15 www.nmc.org 
16 www.p21.org/ 
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2.3 Research Foundations 
In the first chapter of his 2018 book Contemporary Theories of Learning, 
Knud Illeris reflects on the three-dimensions necessary for learning and 
competence development: Content (knowledge, understanding, and 
skills) Incentive (motivation, emotion, and volition), and Interaction 
(action, communication, and cooperation), by stating that all 
contemporary education has to have "[…] acceptable, interesting and 
challenging content", "[…] contribute to an acceptable positioning in 
relation to contemporary trends on the youth lifestyle market", and "[…] 
be organized in ways and by teachers or other persons who are in 
harmony with the personal needs of the young learners" (Illeris, 2018). 

 Technology – liked or disliked – is an essential and sustainable part 
of our present and future society, with almost an incomprehensible 
impact on our everyday lives. Therefore school, as the central 
establishment for education, needs to take charge, and to remain in 
charge, thus making sensible, relevant, and effective use of what is 
currently 'on offer'.  

In the following sub-sections, the theoretical foundations that have 
guided the work addressed in this dissertation will be briefly introduced 
and presented. These are the motive as to why the proposed framework 
of the mDS system has come to be.  

In such a dynamic field as Computer Science and Media Technology, 
there is obviously an abundance of new words, abbreviations and 
acronyms of various implications and significance, each depending on 
which context or point of view you are relating to or coming from, see 
e.g. Chan et al., (2006). In other words, it is important to note that 
sometimes there can appear an overlap regarding denotation and 
connotation for the subsequent sections. 

2.3.1 Technology Enhanced Learning  
TEL is a complex and multidisciplinary field of research, and it can in 
many regards even be seen as the overall umbrella for most categories 
of research efforts involving technologies for education. Below, the three 
most significant for this work are introduced.  

Chan et al., (2006), defines TEL as "[…] research that utilizes digital 
technology to support human learning, including computer-assisted 

 14 

Enhanced Learning methodologies, and a general influence on everyday 
teaching practices (Fleischer and Kvarnsell, 2015). 

2.2 Design, Technology, and Learning – 
definitions 
The interplay between the concepts of design, information and 
communication technologies, and learning is of great importance for the 
work presented in this dissertation. However, they are all contextual, 
meaning that what values I have identified for each concept regarding 
this work, might not be applicable to other research contexts. Hence, 
they need to be clarified.  

In this context, Design is to perceive possibilities for learning, but also 
to create those possibilities by providing a scenario, a tool, and a 
method. Design is to understand your users, but also to involve them in 
the respective processes of design, development, and validation (DBRC, 
2003).  

Information and Communication Technologies are in this context 
considered as the catalyst and the bridge between the two latter. 
Technology influences the way we choose do something, e.g. solve a 
problem of some sort, by providing new and different ways of 
collaboration, interaction and experiences than those we might be used 
to. Having ubiquitous access to technology in schools can provide 
learners with a whole set of new tools, methods, and possibilities to 
inspire, motivate and accomplish.  

Last but not least, Learning is a lifelong, never-ending process, an 
incessantly busy building site with no final goal in sight. The build starts 
with what one already knows, and for every step one takes on the 
learning ladder, one acquires more building blocks to add to the original 
build, leaving one with more options and choices for the next step. 
Learning is also a dialogical and reflective process, meaning that it – just 
as design, is dependent on others, but also requires self-awareness and 
scrutiny. Obviously, the concept of learning as a self-constructive 
lifelong process rest on the shoulders of Piaget (1971), and Papert (1980; 
1993), see section 2.3.6.  
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interpret it, not only about the use of mobile devices as such, but also 
about the possibilities to make use of 'the mobile' as a possibility to shift 
and to personalize different entities: location, subject, tasks, teachers, 
and focus, to suit whatever you are currently trying to achieve. 

Sharples and Pea (2014) follow up on the learner mobility thought, 
stating "[…] learning interleaves with other everyday activities, 
complementing yet at times also conflicting with formal education." 
They advocate the need for more structured and supported mobile 
learning efforts, with close evaluations on users' personal integrity.  

In their book Mobile Learning – The Next Generation John Traxler and 
Agnes Kukulska-Hulme (2015) connect the concept of mobile learning 
to a wider outlook by incorporating context, which can be regarded as 
one step towards bridging the concept of mobile learning to those of 
seamless learning. By incorporating the user's contextual factors, the 
learner's history in that place or in relation to other people and objects 
nearby, one could enable and encourage learners "[…] "to use personal 
and social technologies to capture aspects of the environment as 
learning resources and to share their reactions to them" (ibid.).  

2.3.3 Mobile Seamless Learning 
The concept of Mobile Seamless Learning (MSL) accentuates new 
learning possibilities through the increasingly blurred boundaries in our 
daily lives, implying that we – with the aid of networked mobile 
technologies – can learn anywhere, anytime, with anyone. MSL focuses 
on "[…] personalized cross-contextual learning, and the importance of 
making contemporary education relevant and respondent to ongoing 
socio-cultural changes regarding interaction and communication." 
(Milrad et al., 2013). Life outside of school simply offers a more diverse, 
and richer learning experience (Sharples and Pea, 2014).  

In 2011, Wong and Looi proposed ten characteristics for mobile-assisted 
seamless learning (MSL), which are listed in Table 1: 
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instruction, educational technology, educational computing, 
information and communication technology in education, and more 
recently, e-learning, distributed learning, asynchronous learning, and 
networked learning."  

Tchounikine (2011) provides indicators for both the blurred and 
confusing terminology within the field of technology for education, but 
also for both the support of the term TEL being the umbrella denotation, 
and for the at the time budding interest in TEL design. He defines TEL 
as:  

Educational software concerns take place within a more general field that 
we will call Technology Enhanced Learning (TEL). Other terms convey 
similar meanings such as E-learning, Learning Technology, Computer 
Assisted Instruction, On-line Learning, Computer-Based Learning or 
Computer-Based Teaching. Using one or another of these terms may 
contextually denote a particular perspective such as when emphasizing 
the on-line or the teaching dimensions. […] TEL is an arena where 
different disciplines such as Computer Science (CS), education, 
psychology, philosophy, communication or sociology intersect. […] 

Tchounikine, 2011 
 

Goodyear and Retalis (2010) share their view on technology designs for 
TEL learning approaches in their introduction to the 2010 book 
Technology Enhanced Learning – Design Patterns and Pattern Languages, in 
which they especially emphasize the importance of well-informed 
learning designs to improve and increase the quality of all outcomes 
from TEL efforts.  

2.3.2 Mobile Learning 
Already in 2005, John Traxler identified mobile learning as a challenging 
field to define, but also as something that could either shape a wholly 
new format or form a subordinate field of research to that of e-learning 
(Traxler, 2005). With a sprouting interest in learning supported by 
mobile technologies, established through a number of research efforts, 
Traxler tried to overview the field and establish a preliminary definition. 
The suggestions he then came up with defend their place even today, 13 
years later. Mobility and mobile learning according to Traxler is, as I 
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attributes: mDS takes context into consideration, but operates regardless 
of location, time and type of activity. It provides possibilities for 
knowledge synthesis by letting its users gather, process, discuss, share 
and reflect on both their own and others' work. It is also a workflow well 
in line with collaborative incentives.  

2.3.4 Multimodality  
The concept of multimodality is not new as such. Throughout the history 
of humans, we have utilized the possibility to combine powerful 
meaning making representations into both forceful and compelling 
messages of all sorts. However, the scholarly and educational traditions 
have long relied almost solely on written text as the dominant carrier of 
meaning, and therefore also the only representation of knowledge. This 
means that for pupils and students that daily encounters multimodal 
impressions and influences available outside of school, such as for 
example TV, video, games, comics, and movies, the inside of school has 
focused solely on language, i.e. written and oral text, as the sole 
representative for both delivering and for measuring knowledge 
progression. (Selander & Kress, 2010). 
 

A mode is a socially shaped and culturally given resource for 
meaning making. Image, writing, layout, music, gesture, speech, 
moving image, soundtrack are examples of modes used in 
representation and communication. 

Kress, 2010  
Multimodality involves factors for representation, meaning-making, 
and interaction beyond text and language and investigates the 
multitudes modes of communication through the combination of 
images, voice, sounds, music, layout, gestures, body-posture, and space 
(see e.g. Bezemer & Kress, 2016; Jewitt, 2009; Kress, 2010). The 
innovation and development of multimodality as a concept for meaning 
making has challenged the world of language and communication such 
as we know it (Kress, p. 1, 2010).  

However, if all modes carry equal status for making meaning in 
themselves, as opposed to the since long dominating view of text and 
speech as the governing carriers of meaning, we need to redefine our 
understanding of what language actually is and can be and include the 
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MSL 1: formal and informal 
learning 

MSL 6: the difference between 
physical and digital worlds 

MSL 2: individualized and 
collaborative learning 

MSL 7: multiple device type, 
multiple learning tasks 

MSL 3: learning across time 
MSL 8: switching between multiple 
learning tasks 

MSL 4: learning across location MSL 9: knowledge synthesis 
MSL 5: ubiquitous access to 
online learning resources 

MSL 10: multiple pedagogical or 
learning activity models 

 

Table 1. Mobile Seamless Learning Characteristics 

The MSL characteristics illustrate how learning can 'flow' between 
location, time, and learning conventions, in which the teacher rather 
becomes the orchestrator of the learning activity, instead of the sole 
provider of the information needed (Sharples and Pea, 2014). Sharples 
and Pea also deliver four reasons why seamless learning activities are 
more effective than their traditional counterparts:  
 

 Seamless learning is interwoven with everyday activities, 
which becomes resources for learning;  

 Control and management of the learning activities is 
distributed, i.e. shared between several actors;  

 
 Seamless learning always takes context into consideration, 

i.e. location, people, situation, time, resources, etc.;  
 

 Well-designed mobile applications will enable users to 
transform their context into moments of learning experiences 
by taking advantage of what is available, interpret it, 
collaborate with others, and reflect on the experience.  

 
Sharples and Pea, 2014 

 
For the mDS workflow presented in Chapter 4, the seamless approach is 
highly significant, since MSL answers to many of the inherent mDS 
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in practice". Furthermore, they state "[…] the design of innovations 
enables us to create learning conditions that learning theory suggests are 
productive, but that are not commonly practiced or are not well 
understood." (DBRC 2003). DBR harbors an iterative and cyclic, or rather 
forward spiraling manner, in which each step of the design process is 
conceptualized, tested, evaluated and re-designed, aiming at reaching 
an optimal outcome according to the comments and requests. In other 
words, methods, software and/or materials tested in each cycle, 
together with prospective research outcomes, are taken back from the 
testing environment to the design group in order to form the basis of the 
next design iteration, so as to impact the forthcoming work in the most 
constructive way possible. The main differentiation in comparison to the 
concept of co-design seems to be that in the DBR process, the end users 
are not necessarily involved in the ongoing design iterations, but only at 
the very end of each development stage.  

For the work presented in this dissertation, co-design and DBR have 
been guiding principles as how to set the research efforts in a real-world 
context with a user-centered focus, and promoting the active 
participation of involved stakeholders.   

2.3.6. Constructivism and Constructionism 
Seymour Papert's theory of Constructionism (1980; 1994), has its basis in 
the theory of Constructivism (Piaget, 1971), which implies that "[…] a 
learner's ability to learn relies largely on what they already know and 
understand, and the acquisition of knowledge should be an individually 
tailored process of construction." 18  Papert worked with Piaget for 
several years, and Papert's theory of Constructionism is based on Piaget's 
original theory of learning. Constructionism however focuses more on 
how learners construct things in order to make meaning, i.e. to learn: on the 
significance of the learners' active creation of artefacts when learning, 
and how those acts of creation and reflection could facilitate the 
construction of new knowledge, with the teacher acting as a facilitator, 
rather than an instructor. Papert stressed the importance of tools, media, 
and context in human development, and claimed that constructionism 
is to learn with something, e.g. technology, and not from it. Thus, for the 
                                                        
18 https://en.wikipedia.org/wiki/Learning_theory_(education)#Constructivism 
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multimodal as a vital contributor to the world of meaning making 
(Kress, p. 54, in Jewitt [ed.] 2009).  

For the mDS workflow, the multimodal approach is and always has 
been absolutely essential. In the empirical efforts carried out for this 
thesis, the multimodal features have provided possibility for 
creativeness and personal expression, alongside a sense of inclusion, 
reported by both teachers and pupils (Chapter 5). Moreover, the 
multimodal approach serves several of the mobile seamless learning 
criteria as stated above. 

2.3.5 Co-Design and Design Based Research 
Co-design is a set of principles described by Penuel et al., (2007) as a 
"[…] highly facilitated, team-based process in which students, teachers, 
researchers, and developers work together in defined roles to design an 
educational innovation". To that definition, Spikol (2010) has added: "In 
educational co-design, a group of researchers and teachers designs one 
or more prototypes, and evaluates the significance of each prototype for 
addressing an educational need." 

Hence, by involving the different groups of stakeholders in the design 
process (in this particular case teachers, students, museum staff, 
software developers and research colleagues), other than researchers 
only, the outcomes of the empirical efforts for this thesis compromise a 
wide-ranging set of data from the groups involved, and especially so 
their overall viewpoints and positions – positive as well as negative – 
and their suggestions and evaluation on each design iteration. This has 
in its turn contributed to a deeper and better understanding of the 
iterative design process that signifies Design Based Research (DBRC, 
2003). 

The concept of DBR forms the foundation for the co-design initiative 
described by Spikol (2010). DBR grants researchers a possibility to 
introduce and try out innovations in the real world, as opposed to 
testing them in a controlled context of a laboratory. According to the 
Design-Based Research Collective, DBRC (2003), "[…] design-based 
research, which blends empirical educational research with the theory-
driven design of learning environments, is an important methodology 
for understanding how, when, and why educational innovations work 
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Fig. 3 The Technology Acceptance Model TAM (Davis, Bagozzi an Warshaw, 1989) 

Mac Callum, Jeffrey, and Kinshuk (2014) describe a set of factors that 
complements and extends the Technology Acceptance Model (TAM) 
with three new variables: "[…] digital literacy, ICT anxiety, and ICT 
teaching self-efficacy". These added aspects in combination with the 
original TAM factors of perceived usefulness, perceived ease of use, and 
intention to adopt bring an amplified understanding of teachers' 
adoption of mobile learning approaches.  

Among others, their research showed that the three complementary 
variables in combination with the TAM aspects of perceived ease of use 
and usefulness were "critical factors for teachers' intentions to 
implement mobile learning", and that "digital literacy has a distinct role 
on acceptance." They also highlighted that digital literacy needs to be 
differentiated from the ability to use technology in class. "Teachers not 
only have to be digitally literate 19  but also able to implement the 
technology into the classroom", which in its turn indicates that the 
combination of ability and attitude deeply impacts the acceptance of 
mobile learning. Furthermore, anxiety when using technology in the 
classroom, previous experiences, and self-efficacy were factors that 
greatly impacted the perceived ease of use of mobile learning (Mac 
Callum, Jefferey and Kinshuk, 2014), all of which correlate rather well 
with the participating teachers' thoughts reported in this dissertation, 
see e.g. section 5.2.  

The experiences from the studies presented in Chapter 3 answered 
well to the above, especially so around the added factors of ICT anxiety, 

                                                        
19 See also section 2.1 
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learner to be an active knowledge creator, rather than the 'empty vessel' 
waiting to be filled and instructed, which is in line with constructivist 
ideas, but also in focus of David H. Jonassen's work on instructional 
design. (Jonassen, 1990). The theories of Constructivism and 
Constructionism are complementary, and both fit very well with the mDS 
system (Fig. 1), which focuses on the user's story creation – individual 
or collaborative – and reflection – on own and others' stories – providing 
possibilities for creating new knowledge. 

2.3.7. New Media Literacies and Multiliteracies 
In 2006, Henry Jenkins and colleagues published their white paper 
Confronting the Challenges of Participatory Culture: Media Education for the 
21st Century which recognized what participatory practices of children 
and adolescents, and provided an – at the time – first inventory of the 
skills these practices indicated and required: New Media Literacies 
(NML). The researchers' interest was not to identify whether pupils and 
students had access to the technologies, but rather of they had access to 
the competences needed to participate fully in their respective contexts 
– social as well as culturally. 

The model of Multiliteracies was introduced by the New London 
Group (NLG) in 1996. It is a pedagogical approach aiming to make 
teaching more inclusive of cultural, linguistic, communicative, and 
technological diversity, so that students will be better prepared for a 
successful life in a globalized world. (New London Group, 1996).  

2.3.8. TAM – Technology Acceptance Model 
The Technology Acceptance Model (TAM), has been used as an 
instrument to analyze and understand the outcomes. The work on TAM 
is an information systems theory by Davis, Bagozzi and Warshaw (1989) 
that explains how users perceive and accept new technologies.  
 

Because new technologies such as personal computers are complex 
and an element of uncertainty exists in the minds of decision makers 
with respect to the successful adoption of them, people form attitudes 

and intentions toward trying to learn to use the new technology prior 
to initiating efforts directed at using. 

Davis, Bagozzi and Warshaw (1989). 
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The next section of this chapter will present the related research 
efforts that became the starting points for the work presented in this 
thesis.  

2.5 Related Research Efforts 
At the time of the executive pilot study on mobile digital storytelling as 
a tool for supporting learning (see section 3.3.1), the concept of mobile 
digital storytelling in learning contexts was a relatively new field of 
research within TEL.  

Accordingly, the main aims were initially to test and evaluate a set of 
off-the-shelf mobile software technologies intended at supporting 
collaborative, explorative, seamless and innovative learning 
approaches, but also to find the 'flow' between the then merely 
conceptual mDS method and the supporting technologies, building on 
some of the experiences from the teacher trainee tryouts in 2010 
(Nordmark, Frølunde & Milrad, 2010).  

However, as things turned out, at the time there were no off-the-shelf 
mobile solutions available that could support the whole range of 
activities that constituted the main objectives to achieve. Subsequently, 
one of the challenges became to design and develop such a mobile 
application, with an accompanying and especially designated didactical 
method, or workflow.   

Consequently, the main inspirational sources for the consecutive 
work on designing the mDS workflow and the supporting technologies, 
are the below-mentioned sources, which all formed the first and 
foremost platform for starting out the mDS venture.  

The overall concept of how to tell a story in the light of emerging 
personal technologies such as blogs, wikis, websites, etc. was 
thoroughly discussed by Alexander and Levine (2008), where they focus 
on how factors of digital software, and web 2.0 social media are 
changing the traditional patterns of stories, in the sense that they – as 
opposed to traditional storytelling – now are more open-ended, 
diverging, participatory, and changeable. This might lead way to 
introducing a new set of directions for how we work with stories, and 
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and digital literacy. However, earlier experiences of TEL approaches 
were also discussed repeatedly as factors impacting anticipated 
perceived usefulness and ease of use.  

2.4. Summarizing the Theoretical Foundations 
and Methodological Approaches 
The relationship between constructionism, NML/NLG, MSL, and co-
design/DBR, serve as the theoretical foundations and methodological 
approaches that have guided the ideas behind the proposed the 
framework presented in this dissertation. This interplay is the motive as 
to why I chose to design and develop the mDS system, consisting of the 
workflow and the accompanying technologies. The intention was to try 
and form a 'joint solution' that could address some of the challenges of 
each field. Fig. 4 visualizes the relation of each major framework core 
and the mDS system.   
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The next section of this chapter will present the related research 
efforts that became the starting points for the work presented in this 
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Although the above-mentioned efforts all explored how mobile 
digital storytelling could be used to support different aspects of 
maintaining and sharing cultural heritage, or how to involve approaches 
of formal and informal learning, none of them explicitly investigated 
how to specifically support and provide a seamless learning experience, 
i.e. storytelling supporting learning regardless of subject matter, 
location, formality, and previous knowledge of and exposure to mobile 
technologies, and none offered a designated work-process supported by 
the applied mobile technologies.  

Since starting my doctoral studies, research on digital storytelling for 
educational purposes has developed and found new grounds. Recent 
studies have focused especially on factors such as achievement, social 
presence and online learning attitudes (Nam, 2017), social inquiry 
learning (Jong and Tsai, 2016), student engagement (Liu, Wang, Tsai, 
and Lin, 2017), and collaborative writing (Rubino, Barberis, and Malnati, 
2018). The work for this dissertation has however, through its co-design 
approach, maintained its focus on both learners and teachers. Firstly, to 
help fulfilling relevant curricula aims, and secondly to inspire pupil 
inclusion, and to provide possibilities for multimodal, seamless learning 
approach. Last but not least, through the co-design method the intention 
has also been to promote teachers in becoming interested, involved, and 
prepared to take continued steps on their TEL journey. 

The next chapter will introduce and describe the design of the 
empirical efforts that form the base for the mDS project, and the 
outcomes of those studies. 
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storylines, an opinion shared by Nack (2011), and Pachler, Bachmair & 
Cook (2010). 

Moving on to the work on the supporting technologies in the mDS 
workflow, the following examples constituted the foremost stepping-
stones on which to continue the work on the mDS system.   

Lombardo & Damiano (2012) developed a system supporting 
contextually aware storytelling units for sharing cultural heritage, using 
methods addressing both interactivity and movement to adapt the flow 
of stories as to how people actually move around in exhibition areas in 
a museum. In this case, the system, and not the user, acts as the 
storyteller, and the system delivers its stories depending on where the 
visitors choose to go, which is a significant difference to the mDS system, 
in which you can also choose who is telling the story – the pupils or the 
teachers. 

Callaway et al., (2012) presented a museum tour system delivering 
slightly different dramatic stories to participants of smaller visiting 
groups, encouraging the group to share their experiences through 
animated discussions. Here too, the system tells the stories, and users 
can neither contribute, nor reflect or remix/reuse any of the content 
provided.  

Druin, Bederson and Quinn (2009) developed a mobile application 
called StoryKit, intended at intergenerational storytelling. StoryKit is 
still available, but the outcome is that of mimicking a book, which makes 
it inflexible and difficult to present in groups, but also not as compelling 
for sharing, since you need the application to be able to view the 
outcomes properly. StoryKit was one of the off-the-shelf tools tried out 
in the mDS pilot study at the Kronoberg Castle 2011 (see section 3.3.1), 
and the groups of pupils using it found it "too similar to ordinary school 
work" considering the amount of text input needed, and the lack of 
proper voiceovers.  

Reitmeier, Bidwell and Marsden (2010) introduced StoryBank, a 
mobile tool aimed at cross-cultural storytelling. They deployed their 
system in the rural Adiedo community in Kenya, where oral storytelling 
together with dance and song has been the main modes of sharing the 
population's cultural heritage.  
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3. Empirical Efforts 

Det är med god poesi som med kyssar - 
möjligheterna är inte uttömda med ett försök. 

 

Frans G. Bengtsson (1894 – 1954) 
 
 

Chapter 3 describes the empirical efforts constituting the core work for 
this dissertation. In section 3.1, the settings pertaining to all studies are 
described, such as data collection, research group composition, design 
and development workflows, and ethical considerations.  

In section 3.2, the different study scenarios and settings are accounted 
for, followed by a study-by-study walk-through, all which of begin with 
a factual section of major settings and results for each study.  

3.1 Overall Considerations and Study Settings 
As previously stated, one of the main objectives of this work has been to 
provide a pedagogical workflow with accompanying mobile and web 
ICT solutions supported by the theoretical framework of multimodality 
(Kress, 2010), new media literacies (Jenkins et al., 2006), multiliteracies 
(NLG, 1996), and mobile seamless learning (Wong and Looi, 2011; 
Milrad et al., 2013), together with the methodological guidelines based 
on DBR (DBRC, 2003) and co-design (Spikol et al., 2009).  

From my own earlier experiences in meeting and working with 
teachers in TEL projects, it has been clear that an accompanying method 
- or workflow - seldom is provided when introducing new digital 
technologies for learning, which not only is counter-productive, but also 
has occasionally led to some teachers feeling a lack of inclusion and 
significance in their roles as professional pedagogues. On the one hand, 
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The above data have provided indications and proper requests related 
to the co-design aspect, i.e. the outcomes have impacted on the 
continued design and development process between each study.   
 
Design and Development Workflows 
It should be made clear that the entire development and design process 
has been conducted in a non-linear mode, meaning that the overall work 
method and the coming together of the outcomes was not a strict 
sequential manifestation with a series of beforehand established and 
scheduled milestones, but rather a modus operandi consisting of 
continuous parallel efforts, see e.g. papers 1 & 2 and 3 & 4 in the 
Appendices section. More than once, the implementation, alteration or 
exclusion of one feature often gave way to new ideas on what next steps 
to take, but also provided indicators for sometimes somewhat 
unexpected progress and development, such as a swift call for change, 
or for a distinctive focus or new direction. Therefore, since the 
forthcoming presentation of outcomes is divided into three distinctly 
defined sections: the empirical efforts, the workflow and the supporting 
technologies, the actual process of realizing those outcomes might 
appear to be more synchronized than it actually was. The choice of 
separating and presenting them the way that has been done in section 
3.2. was merely to simplify for the readers.  
 
Research Group Configuration 
For all studies conducted within the scope of this work, the following 
basic setup for the participating LnU staff has been effective:  

 
• 1 researcher (Susanna Nordmark – responsible for each study 

design, implementation, data collection, completion, and the 
follow-up sessions). 

• 1-2 software developers (varying over time) 
• 1-2 observers (video + photo)  

 
For the last part of the Bäckaslöv study (section 3.3.2) Susanna was 
joined by Professor Marcelo Milrad for the finalizing reflective sessions 
(see 3.2) with the pupils, since they were very young and needed more 
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they are responsible for their pupils' work-day and learning outcomes, 
but on the other they are left without a decent chance to influence what 
tools and innovations should be implemented in their daily teacher 
practices. It should however be noted that no teachers encountered 
throughout the work of this thesis have shared these opinions, rather a 
large number met in other circumstances, but as such still a significant 
number of teachers and pedagogues not feeling content with how things 
are done at their respective schools.  

3.1.1. Data Collection, Study Workflows, and Research 
Group Configuration  
The initial sections of this chapter will clarify the data collection made 
in each study, the workflow of the study realizations, and the 
configuration of the research group. 

The guiding theoretical aspects of constructivism, new media 
literacies, mobile seamless learning, and multimodality presented in 
Chapter 2, focusing on teachers as well as learners, factors of locality, 
inclusion, 21st century skills and knowledge creation, have – together 
with the methodological approaches of DBR and co-design – formed the 
basis of the study design and setup, presented in the following sections.  

 
Data Collection 
The data collected from the included studies have been of the following 
formats. Data was collected during studies, as well as at the before and 
after sessions involving the stakeholder groups.  

 
• storyboards/story planning notes, with drawings, keywords 

and/or manuscripts 
• video and audio sessions 
• photographs 
• teachers' notes and group settings for mDS workflow phase 

1activities  
• various recordings (notes and summary minutes + audio 

recordings) of the before and after discussion sessions. 
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with its content and aims. Furthermore, participating teachers were 
invited to join in the co-design / development process, both regarding 
the mDS workflow and the supporting technologies. In the co-design 
sessions they could ask questions and deliver suggestions and requests 
related to their roles as teachers. Also, during the before sessions we 
discussed how to best set up the upcoming school visits in order to make 
the intervention as seamless as possible, regarding the pupils' everyday 
schoolwork and other assignments, and to adapt the study content to 
the subjects and curricula involved, and to the overall time frame.  

When each study was concluded, teachers and other staff gathered 
for the after sessions, which acted as informed experience exchanges / 
semi-structured interviews, in which the summarizing views on what 
had taken place were delivered, the positives and the negatives were 
shared, and discussions on how to solve or work-around encountered 
external issues, such as municipality infrastructure restrictions, and 
some financial matters. Finally, all joined in discussing ideas and 
suggestions for system related extensions, changes, and future work. 

The teachers' experiences during the ongoing study events were often 
more practically bent (i.e. "this particular thing works and this does not") 
and were delivered on the fly for researcher and developers to adjust 
equally on the fly in order to continue the activity. Nevertheless, the 
collected input from the participating teachers on topics such as how 
they orchestrate their lectures, what time frames that apply, what 'road 
bumps' of various kinds that sometimes get in the way of an activity, 
and what learning outcomes that are requested and/or expected, were 
of great importance for the development iterations. The characteristics 
of the information given by participating staff other than teachers, such 
as librarians (school and municipality), and staff from schools and the 
museum were presented along the same lines, excluding the expected 
learning outcomes and the subject and time schedule frames. 

As for the pupil sessions, after the pilot study in 2011 (see section 
3.3.1) it became clear that the pupils were more or less already in stand-
by mode and prepared to start working just by their teachers letting 
them know that something was going to happen, and that they were 
invited to be part of it. Overall, no pupils have ever needed technical 
walk-throughs, or of extensive study explanations at all; it early became 
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support than usual for the after discussions. All other follow-up after 
discussions Susanna completed in various group settings together with 
participating teachers, pupils and other staff.  

3.1.2. Ethical Considerations 
For all studies conducted within the frame of this thesis, parental 
consent has been an imperative and major issue to deal with. No child 
below the age of 18 in Sweden can participate in a research study 
without parental consent, according to the research codex of 
Vetenskapsrådet 20  (research guidelines from the Swedish Research 
Council). The consent forms have informed all participants and their 
parents on the aim of the study, what data that will be collected, how 
and when, and how that data will be used and for what purposes. All 
participating teachers have taken a major role introducing and 
presenting the respective studies to the parents involved, something 
which has helped greatly to achieve a very high overall participation 
rate.  

As for the names of the schools involved, they have been published to 
show appreciation for their earnest participation and engagement. 
However, the naming of the schools entails that any identifiable 
transcribed material is impossible to use without revealing the 
informant's identity, which is protected by the parental consent forms. 
The overall signifying quotations used in Chapter 5 are therefore stated 
so that no identifying indicators remain.  

3.2 The Studies – Overall Considerations 
The empirical research efforts carried out within the scope of this thesis 
comprises almost 200 children, 16 teachers, and 4 schools. Each study 
idea has been thoroughly discussed and co-designed with participating 
teachers, and they have been an imperative part for adapting the pupil 
challenges included in the studies. Each study has been prepared and 
finalized with initial presentations and deliberations, so called before 
sessions, and summarized and evaluated in so-called after sessions. 
During the before sessions, the research study was presented together 
                                                        
20 http://www.codex.vr.se/manniska1 
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Study no. / 
presented 
at / in paper 
no. 

No. of 
Teachers  

No. of 
Pupils / 

Age 

Other 
staff 

actively 
involved 

Locations and activities for 
each mDS phase 

Papers 3 & 4  principal, 4 
cathedral 
staff (for 
tour only) 

4) KarlOskar 
 
Unpublished 
material 

2 25 / 13-15 - 
School for all phases 
(classrooms + group rooms) 

5) Pilbäck 
 
@: mLearn 
2015 
Paper 5 

4 54 / 11-13 

2 school 
assistants; 
school 
principal 

School surroundings for all 
phases (classrooms + other 
facilities) 

 

Table 2. Overall Study Settings.  

The following sections present the studies. Each section opens with a 
segment of short study facts and list of outcomes, followed by a larger 
section covering the main design characteristics of each study. In two of 
the five studies, however, some pupils for whom we did not get parental 
consent to photograph or videotape were participating, which is why 
there are no URLs to sample study videos included in studies 2 and 4.  
However, these pupils still participated in the studies. 

3.2.1 MyStory – HiStory; Pilbäckskolan, 2011 
In papers: 1 & 4 
School subjects: Swedish, History, Geography, Physical Education, 
English.21 
Learning objectives: Study of medieval Växjö by visiting a former 
defense outpost. Collaborate with other pupils from different grades. 
Create two stories: one on the actual events through assignment co-
designed with participating teachers; another to reflect on the work 
process creating the stories. Translating final story to English for sharing 
with international partner school.  
                                                        
21 The participants in all studies used an English version of the various mDS iOS applications, 
as for the commercial applications used in study 1. 
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clear that that sort of activity was considered a plain boring and negative 
experience. However, in all cases I as the lead researcher obviously met 
with all pupils before each study was initiated, just to say hello and to 
shortly present myself and my colleagues, and the upcoming events. 
The afterwards evaluation/discussion sessions with the pupils usually 
consisted of a whole or a half class discussion and experience exchange 
after the study was concluded, mostly so because of the time restrictions. 
No beforehand information that could potentially risk creating bias of 
some kind was handed out. 

Five major mDS studies have been selected to be included in this 
thesis. In the sections following, a presentation of content and results, 
focusing mainly on surrounding circumstances and the overall design 
of each study. Beginning each presentation is a short list of settings and 
outcomes. This has been done in order for the reader to easily overview 
the progression of each iterative design cycle. Each study builds on the 
latter, with results taken into consideration on how to progress. 
Published studies are further described in the Appendices section. 

Table 2 outlines the overall settings of the five included studies.  
 

Study no. / 
presented 
at / in paper 
no. 

No. of 
Teachers  

No. of 
Pupils / 

Age 

Other 
staff 

actively 
involved 

Locations and activities for 
each mDS phase 

1) Pilbäck  
  
@: WMUTE 
2012  

 
Papers 1 & 4 

3 24 / 9-12 

1 school 
assistant; 1 
museum 
pedagogue, 
school 
principal 

The Kronoberg Castle Ruin for 
all steps of the story creation 
(mDS phases 1-3). Presentation, 
discussion, reflection and 
evaluation in collaborative 
environment at school 
auditorium (mDS phases 4-5). 

2) Bäckaslöv  
 

@: ICCE 2012  
 

Papers 2 & 4 

3 54 / 6-7 

1 museum 
pedagogue 
1 school 
assistant 

School vicinity for the 5 points 
of interest and for mDS phases 
1-4.  School yard for part of 
reflection phase 5. Reflection 
and evaluation (phase 5) in 
school setting (not classroom). 

3) Ulriksberg 
 

@: ICALT 
2014 

 

4 45 / 11-12 

1 school 
librarian, 1 
pupil 
assistant, 
school 

Växjö Cathedral for mDS phases 
1-3. School surroundings 
(classroom + other facilities) for 
phases 3-5 
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Study no. / 
presented 
at / in paper 
no. 

No. of 
Teachers  

No. of 
Pupils / 

Age 

Other 
staff 

actively 
involved 

Locations and activities for 
each mDS phase 
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cathedral 
staff (for 
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4) KarlOskar 
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2 25 / 13-15 - 
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(classrooms + group rooms) 

5) Pilbäck 
 
@: mLearn 
2015 
Paper 5 

4 54 / 11-13 

2 school 
assistants; 
school 
principal 
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phases (classrooms + other 
facilities) 
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sense that the most common tools used for this purpose were desktop 
or laptop computers only available in designated computer rooms, 
separate digital cameras and microphones (which you had to reserve 
and borrow), and an array of various software which separately handled 
image editing, story creation (by using video editing software), and 
voiceover recording. Also, there was no specifically designed 
educational methodology accompanying the activities. In other words, 
to know how to make relevant use of all of these components you 
needed time, extensive tutoring, and support.  
 
Reflections 
In the study, the pupils worked in diverse age groups of three, each 
pupil with an individual responsibility to the tasks ahead, but all group 
members sharing a collaborative responsibility for the assignment as a 
whole. After establishing a research collaboration with the school, the 
group of teachers and researchers decided on combining an interactive 
castle tour guided by a museum pedagogue and historian from the local 
museum22, together with three points-of-interest movies scripted by the 
historian and cast with a professional actor from the local theatre 
group23, and then letting the pupils see the movies, meet the museum 
staff (in relevant costumes), and take part in several hands-on activities 
distributed in the tour. All groups had designated story themes to keep 
to, devised by their teachers to match all applicable syllabi.  

Generally, all stakeholders' after-session feedback on the content and 
study design came out highly positive, the children's especially so, and 
also especially regarding the use of technology. However, one need to 
keep in mind that during this first study, the pupils were not at all used 
to mobile learning technologies and therefore appeared somewhat over-
excited during the story creation process; even after their initial 
'technology-tipsy' behavior had settled. Nevertheless, on the whole all 
groups acted very responsibly in regards to participation and attention, 
as well as in gathering and sharing ideas, facts and images for the 
upcoming story creation. Most children were also sincere and eager to 
complete their stories, even if a touch of afternoon fatigue sometimes 

                                                        
22 www.kulturparkensmaland.se 
23 http://www.regionteatern.se/ 
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mDS components: mDS workflow v.1. 
Other technologies: iPod Touch, commercial iOS applications 
StoryRobe and StoryKit; pen, paper, storyboard, paper instructions, 
preparatory lessons, inspirational story movies available in mobile 
device and shown on 3 sites at the castle, guided, interactive museum 
tour.  
Indicators for upcoming design iterations: Perceptible pupil interest 
and commitment. Free use of mobile technology a great motivator to 
participate. Neither commercial software assessed as applicable for 
educational settings; nor did they meet teachers requests or researchers 
demands. Significance of accompanying methodology strongly 
indicated. Sharing/presenting and reflective sessions were appreciated 
by both pupils and teachers. Children generally showing confidence 
with and understanding of technology; teachers more reluctant, mainly 
so due to scheduling and time management issues, lack of tech 
knowledge and confidence, and earlier, non-successful experiences, etc. 
URL study video: https://vimeo.com/30019886 

 
Design aspects and technical considerations 
The first of the mobile digital storytelling field tests was a pilot study 
conducted in the late spring of 2011, in which participating teachers and 
students were introduced to a conceptual version of the mDS workflow 
together with two at the time available commercial iOS applications 
aimed at storytelling and downloaded from the iTunes AppStore: 
StoryRobe and StoryKit.  

The main aim for this study was to investigate mobile digital 
storytelling in an educational context as a first step towards an 
innovative technical solution with an accompanying workflow, in order 
to inspire, encourage and support a seamless learning approach. By 
letting participating teachers and pupils test and evaluate two available 
commercial solutions in combination with the first prototype of the mDS 
workflow, the intention was to acquire information on which steps to 
focus on for the upcoming software and workflow design and 
development, and how to plan and organize for forthcoming studies.  

As previously mentioned, up until then digital storytelling for 
educational purposes had neither been mobile nor very versatile, in the 
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to inspire, encourage and support a seamless learning approach. By 
letting participating teachers and pupils test and evaluate two available 
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As previously mentioned, up until then digital storytelling for 
educational purposes had neither been mobile nor very versatile, in the 
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confidence, in combination with lack of tech support from school / 
municipality. 

 
Design aspects and technical considerations 
Following up on the first mDS study, the next took place at the primary 
school of Bäckaslöv in the spring of 2012. After the initial study, the 
design and development of a designated mDS application supporting 
the mDS workflow had taken place, further described in chapter 4. The 
research efforts connected to this study involved different aspects of TEL 
design and implementation in relation to Mobile Seamless Learning 
(MSL) (see section 2.2.3). 

The purpose for developing a designated mDS application carried 
several motives, the main two being to provide application functionality 
not supported by existing commercial applications, and to create a 
mobile application that harmonized with the mDS workflow. Thus, one 
step towards a comprehensive mDS system was taken: an approach that 
could support the entire experience of mDS: from the workflow of 
learning and story creation activities, via relevant technical features and 
scaffolding tools, to a co-op web service for sharing, storing and 
retrieving stories, and for reflections, comments and peer-discussions.  

At this initial stage, another aim was to create a cross-platform mobile 
application that was not contextually restricted or bound to a certain 
subject or activity, but rather dynamically adaptive to whatever purpose 
it was used for; an aim that was later discarded due to too many 
technical concerns.  

In this particular study, focus lay on providing support for teachers 
and younger learners using new educational practices of individual and 
collaborative interaction in the specific topic of cultural heritage. The 
main learning objective for the children was to achieve a deeper 
understanding about the notions of time and space by exploring and 
sharing historical sites and events in their school neighborhood. For the 
mDS phases 1 – 3 (Experience & Collect, Plan & Process, and Create) we 
were again collaborating with the historians and museum pedagogues 
from Kulturparken Småland. Divided into groups of 3, the children took 
a guided tour to learn about some of the historical features in their close 
school vicinity. The tour content was augmented using iPod Touch with 
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overwhelmed some of them. The teachers were however more 
apprehensive in regards to the technology, which they due to previous 
TEL experiences could not trust to be either sustainable or manageable. 
This apprehensiveness lingered despite them all recognizing and 
appreciating the focus and the commitment with which their pupils 
ventured into the assignments ahead. Even though there were paper 
materials such as manuals and time schedules for easy time 
management available, not many made use of these. Lastly, privacy 
issues were briefly discussed, in the sense that some children wanted to 
know more about how their stories would be seen, used and published, 
and if they would be visible for all everywhere or restricted only for 
research purposes.  

3.2.2 Time and Space; Bäckaslövskolan 2012  
In papers: 2 & 4 
School subjects: Swedish, History, Geography, English.  
Learning objectives: Learn about selected points of interest in the 
historical vicinity around own school. Find out history about one's own 
house. Learn to collaborate with others. First glimpse on how to create a 
story / convey a message.  
mDS components: mDS workflow v.2.5 + mDS iOS app v.1 
Other technologies: iPod Touch, preparatory subject lessons, image 
mind-map, paper storyboard, guided and interactive museum tour, 
smiley form for the reflection and discussion sessions.  
Indicators for upcoming design iterations: Overall strong pupil interest 
and motivation to work with mobile technologies, mobile digital 
storytelling and possibility to watch others' stories and share own 
stories. Multimodal approach much appreciated by both teachers and 
pupils. When working with children that young (ages 6-7), thematic 
mind-maps and storyboards with keywords was a helpful addition, co-
designed with participating teachers. Voiceover UI reported needing 
redesign in next iteration. Built-in help feature turned out to be an 
unnecessary option. Children had no problems working with the 
technology other than handling the voiceover recordings, teachers 
however more reluctant, mostly so due to lack of overall knowledge and 
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overwhelmed some of them. The teachers were however more 
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teachers' earlier TEL experiences were identified as the main reason for 
not daring to try educational technologies in their own teacher practices, 
but the lack of accessible tech support, and a deeper personal 
understanding on how, when and why technologies could play a vital 
part in education were also described as being main concerns for TEL 
efforts on the whole. 

The technical issues encountered during this iteration led to several 
important decisions on how to pursue the continued development of the 
mobile application, of which the most important was to abandon the 
thought of creating a cross-platform application and instead focus on 
developing for a single platform in order to maximize functionality and 
stability. Also, it was decided that the redesigned application should be 
divided into two separate workflows, one basic and one advanced, in 
order to provide as many of the hitherto requested optional features as 
possible, without risking to confuse the not so advanced users, teachers 
as well as pupils.  

3.2.3 The Växjö Cathedral; Ulriksbergskolan 2013  
In papers: 3 & 4 
School subjects: Swedish, English, History, Religion, Social Sciences. 
Learning objectives: A study of Växjö over 1000 years. Collaborate with 
others and from other grades. Create two stories: one on actual 
assignment co-designed with participating teachers; second reflecting 
on work process. To try out the EDU.Tube video commenting system in 
for the reflective session on work process24. Translating final story to 
English for sharing with international partner school.    
mDS components: mDs workflow v. 3 + mDS app v. 2 
Other technologies: iPod touch + iPad 2, preparatory subject lessons, 
paper storyboard and instructions, guided cathedral tour; EduTube 
interactive video commenting system.   
Indicators for upcoming design iterations: Again, sincerely committed 
and motivated participating pupils, happy to be offered mobile 
technologies supporting learning. The combination of a workflow with 
supporting technology a most welcome change in relation to earlier TEL 

                                                        
24 http://edutube-hit.telem-hit.net/index.aspx 
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a special tour-guide application developed by the research team. The 
guide application provided a tour map of the area with five points of 
interest (POI), each revealing a series of historical images, and 
accompanied by sound where applicable. At each POI, the groups used 
teacher-prepared mind maps instead of note-books to collect (a 
minimum of) four keywords primarily intended for the later 
storyboarding and scripting sessions, but also for facilitating the overall 
learning activity as such.  What clearly had become obvious during co-
designing the study with the teachers, was namely that mDS phases 1 
and 2 needed to be slightly modified due to the users' young age. It 
turned out that not all of the participating pupils had sufficient writing 
and reading skills. The solution was to design thematic mind-maps for 
the POI data collection, and to provide ample support for the scripting 
of the voiceover recordings, for the pupils to come up with a coherent 
story.  

The technical concerns that occurred did were not related to the user 
experiences as such but were more of the bug-kind such as a 'sudden 
death' or a freeze. The voiceover UI was however conceived as 
indistinct, and in need of a re-design. Again, giving instructions in direct 
relation to starting the tour, instead of through a continued series of 
preparatory meetings, turned out to be of great importance, and – 
maybe so because of the participants' young age – that same instructions 
also needed to be repeated several times during the actual activity. 
Another thing that was clear when analyzing the events was that the 
pupils ended up not having a clear explanation as to why they had 
chosen the images they ended up using in their stories, and how those 
images were intended to correspond with the script the created to tell 
the story.  
 
Reflections 
Participating teachers and assistants had no problems in connecting to 
the mDS workflow / method, and they found it a very helpful asset to 
use also when co-designing the events and connecting them to the aims 
of involved syllabi. However, as in the previous study it was clear that 
the teachers' foremost apprehension was that of implementing and 
using mobile technologies for teaching and learning. As before, the 
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followed meetings covering the mDS workflow phases, meetings 
dedicated to introduce and use the iOS application and the EDU.Tube 
system, and a session designated to possible challenges, problem-
solving and support. The preparation period concluded with two 
sessions devoted to the planning and co-design of the upcoming pupil 
activity.   

This time, due to school and cathedral scheduling, the pupil activity 
was split in two parts. The morning part, covering mDS phase 1, 
Experience & Collect, took place at Växjö Cathedral, where a team of 
parish pedagogues and a cathedral clergyman actively participated by 
providing a combined guided tour and live enactment, thus telling the 
story of the more than 1000-year-old cathedral, and its importance for 
Växjö as a city through the ages. The afternoon part covered the 
remainder of the mDS phases, and were conducted later that same day, 
back in school. The children worked in groups of three, and their 
teachers had provided each group with a beforehand set story theme, in 
which they were free to tell their story as they preferred, as long as it 
corresponded to the overall learning aims for the day, and also to each 
appointed story theme.  

In this study, the pupils were a bit older (11-12 years) than in the 
previous study, so there were no major problems with reading, writing 
or gathering information. However, listening and taking instruction was 
a challenge; the teachers had to repeat several steps several times, 
causing unnecessary time delays. Many of the pupils were also too hasty 
when photographing, which unfortunately ended up in some blurred 
and unusable images. The re-designed iOS application worked 
satisfactorily, but the two workflow features (basic and advanced) turned 
out to be redundant, sometimes even confusing. Also, the EDU.Tube 
interactive video commenting system was perceived and considered too 
challenging to handle for both teachers and pupils. Unfortunately, it also 
came with too many technical problems to be of use at this stage. 
However, a suggested concept concerning a dedicated tool for 
reflection/commenting/discussion was warmly welcomed, especially 
so by the teachers, a suggestion which initiated the design and 
development of the later added mDS web services. 
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initiatives, according to participating teachers. Children overall 
comfortable with mDS application and workflow; 3 out of 4 
participating teachers however generally disinclined towards learning 
technologies. Fear of tech failure, overall lack of time, lack of school tech 
support, and previously unsuccessful experiences from earlier TEL 
experiences, weighed in on reluctant teachers' attitudes and motivation. 
iOS UI design a struggle for some of the pupils. The new, more linear 
build did not fully match story creation needs. The two different 
workflow features (basic and advanced) added after the last study was 
not as essential as expected. The use of the EduTube interactive video 
commenting system intended for the reflective process was perceived 
an extra chore to learn and master, mainly due to the experienced 
technical issues. Suggestions on other ways of achieving the same 
activities were discussed for next design iteration.  
URL to study video: https://vimeo.com/69093195 
 
Design aspects and technical considerations 
The third study focused on three major areas: testing and evaluating the 
newly implemented version of the mDS application, introducing a new 
web-based tool for collaborative story reflection, and an effort to 
encourage and empower participating teachers to take charge of the 
mDS activities as much as possible. The latter was implemented as a 
possible solution to outcomes from earlier studies and experiences, so 
that the teachers thus would achieve a greater feeling of ownership, self-
confidence and trust in using learning technologies: in this particular 
case the mDS workflow in combination with the accompanying 
technologies. In order to achieve that, the time for introduction, co-
design and preparation of the activities was extended over a series of 
sessions taking place over the time of five months before the activities 
involving the pupils was initiated.  

Throughout the months of preparation, participating teachers and 
staff had 24/7 access to the department's iPod Touch devices with the 
implemented redesigned mDS iOS application, and they were also given 
personal EDU.Tube user accounts to be able to explore and test and 
evaluate the system on their own. During the preparatory meetings, the 
concept of the mDS system was introduced and explained in detail, 
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with involved technology; participating teachers surprisingly more 
reluctant, especially considering the overall technology implementation 
present at the school in question. Relevant and useful feedback on iOS 
application – functional as well as graphical.  
 
Design aspects and technical considerations 
This study was initially designed with a significantly larger group of 
participating teachers and pupils, and with a slightly different focus and 
time plan. However, several issues concerning the overall school 
organization and ownership, thoroughly unanticipated at the time, 
made a re-design necessary to conduct, along with a significant 
reduction of the number of participants. Still, the way in which the mDS 
system was deployed and by the outcomes received, it should be 
considered as one of the key studies since it led to a total redesign of the 
iOS application (further described in Chapter 4). 

The examination in focus for the pupil activities revolved around the 
subject of History, but the multimodal study approach made the activity 
an interdisciplinary effort, involving also the above-mentioned subjects. 
KarlOskarskolan was – in contrast to all other schools I have worked 
with –privately owned and part of a cluster of schools financed by a 
business corporation. However, since it is being part of the Swedish 
compulsory school system, and thereby granted subsidiaries and 
governmental support, no student fees were needed to attend the 
school.  

All students obtained iPads when they began first grade, the whole 
school had limitless access to high-speed Wi-Fi, all classrooms were 
equipped with top-of-the-line interactive whiteboards projectors, and 
sound-systems. The school also collaborated closely with several 
companies, among them Gleerups Publishing, a well-established 
provider of e.g. various e-learning materials. All teachers were 
encouraged to incorporate as much technology as possible in all their 
teachings, whenever possible. It should however be noted that at the 
time I conducted the study, only one of the initially involved teachers 
was, in their own words, truly "technology comfortable". The others still 
shared a general positive view on learning technologies, and were fairly 
confident users of their classroom equipment, but also of Google Drive, 
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Reflections 
Despite the increased emphasis on teacher empowerment, self-
confidence and activity ownership in this study, the prevailing teacher 
opinion from the concluding after-seminar and experience discussions 
was that to risk implementing an everyday work mode involving mobile 
technologies in their teacher practice, they would still need extensive 
external support. The support as such was proposed to include a 
generous amount of time to explore, learn and accumulate a deeper 
sense of technology knowledge in order to increase a general sense of 
courage, grit and self-confidence to dare explore further. 

 Again, despite the overall successful activities and outcomes in the 
just finished study, previous negative TEL experiences still stood out as 
the main reasons for the teachers' tentativeness. Yet, all participating 
teachers together with other participating school staff acknowledged the 
increased levels of focus, motivation and commitment shown by the 
pupils, and they also declared that their overall perception of the 
activities and learning outcomes was positive, even surpassing their 
preceding expectations.  

3.2.4 Collaborative Examination; KarlOskarskolan 2014  
In paper: unpublished material 
School subjects: Swedish, History, Arts, Social Sciences, English.  
Learning objectives: Accomplish an examination in History, through 
collaboratively creating a series of thematic stories that together 
represented an era in Swedish history. All subjects involved shared 
responsibility for providing time and assets for pupils to create story 
content in various ways. Translate all stories + the compiled end-story 
to English for sharing with international partner school.  
mDS components: mDS workflow v.3 + mDS iOS app v. 2.5. 
Other technologies: iPod Touch, iPad 2, paper storyboard, preparatory 
subject lessons, Google Docs for collaboration on story materials and for 
reflection of story creation process.  
Indicators for upcoming design iterations: Multimodal approach much 
appreciated. Significant pupil interest and commitment from most 
groups to participate, even though mobile technologies were not 
considered a novelty to this particular school. Children very confident 
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involved teachers themselves fully lead the first two phases, Experience 
& Collect and Plan & Process, which was a significant difference from all 
previous studies and tests. For phases 4 and 5, Store, Share & Present and 
Reflect, Remix & Reuse, the mDS web services were not fully finished, 
why a conclusive classroom focus group discussion was accomplished 
instead.  
 
Reflections 
It was the general opinion that mDS was a very versatile and appealing 
way of working for this school. Neither pupils nor teachers had any 
objections to the workflow, but instead found it very useful. The 
teachers also greatly appreciated the offered combination of workflow + 
technology. Regarding the iOS application, several features came into 
the line of fire: mostly so the hard-to-overview linear story creation 
process, requests to add video, the UI layout and graphics etc. The 
research team had however anticipated the altogether justified critique 
and had therefore already initiated some steps towards a full application 
re-design from scratch, meaning that the existing version was 
abandoned, and replaced by a new, hub-centered iOS-native build, i.e. 
the final major redesign of the mDS application (Nordmark, 2014). 

3.2.5 To Tell a Story; Pilbäckskolan 2015 
In paper: 5 
School subjects: Swedish, Arts, Social Sciences, English.  
Learning objectives: Learn about how to tell a story / convey a message. 
Involved school subjects provided different takes and views on 
storytelling, e.g. copyright issues (Social Sciences), creating own pictures 
for story creation (Arts), etc. Translating final story to English for 
sharing with international partner school. 
mDS components: mDS workflow v. 3 + mDS app v. 3 + mDS web 
iteration 326 
Other technologies: iPad 2, preparatory subject lessons, paper 
storyboard, Google Docs for collaboration on story materials.  

                                                        
26 Due to overall time restraints, iterations 1 & 2 were tested exclusively with researchers and 
teachers prior to actual study. 
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which they utilized on a daily basis with both pupils and colleagues. 
They were however all clear on that they were still learning and needed 
more inspiration and input from other areas to reach a higher level of 
understanding and practice.  

The teachers subscribed easily to the whole concept of mDS and its 
multimodal approach, which made the introduction and planning 
sessions informal and easy-going. The main aim after the study re-
design was to let two classes of 13 – 15-year-olds accomplish an actual 
exam using mDS as the delivering tool. After taking the preparatory 
lessons needed, they worked in groups of 2-3 to research the historical 
period called Stormaktstiden25 (1611-1718), a period in Swedish history 
when the country was considered exceptionally powerful. Each group 
was to create a story that covered one, by their teacher chosen, share of 
the era of Stormaktstiden. The story should also explain who in the 
group had done what and how, and all groups' stories had to have a 
"cliffhanger linkage" to the overall concept of Stormaktstiden, making 
all stories possible to remix into one, coherent story covering all 
designated shares, resulting in their individual and group 
responsibilities also needed a further dimension of collaboration, i.e. 
that of each group working together with all groups in order to create 
and complete the last, comprehensive story of Stormaktstiden as a 
whole.  

The teacher would then assess and grade how each individual part 
had been made, how well it related to the overall theme and to the other 
stories, and how the overall end outcome turned out. Also, he took into 
consideration how well the groups used the multimodal possibilities, as 
well as the interdisciplinary ones: Arts for the imagery (own creations 
and borrowed) and composition, Swedish for the overall story creation, 
planning and voiceover script etc., English for the added subtitle 
translation, Social Sciences for learning about copyright etc., and of 
course their preparatory lessons in History, their subject research and 
the gathering of facts. 

All mDS phases were conducted at the school, in which the research 
and observation team actively participated only in phases 3 – 5. The 

                                                        
25 https://en.wikipedia.org/wiki/Swedish_Empire 
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report, a book review, an instruction of some kind or how to explain a 
process. However, pupils were also allowed to tell a purely fictional 
story if so desired, as long as it followed the syllabi aims and the 
teachers' directions.  

 
The main objectives of this user study were to:  

1. test the whole mDS system in a real setting, i.e. with teachers 
and pupils actively using all parts of the system as part of their 
everyday schoolwork.  

2. to test and evaluate the new mDS application 
3. to test and validate the mDS Web UI and collect feedback from 

its potential users for possible improvements and further 
extensions as described below.  

 
The teachers and pupils used the now full set of mDS features, i.e. the 

mDS workflow for all phases, the iOS story creation application for 
phases 1-3 and the accompanying mDS web services for phases 3-4. The 
teachers were encouraged to run as many steps of the process as possible 
on their own, i.e. without active classroom support or preparatory pupil 
introductions involving the research group.  

Consequently, the teachers were given a thorough pre-study 
introduction together with rich possibilities to test and evaluate the 
whole mDS concept on their own, ending up with a finishing tech 
walkthrough with accompanying Q&A session just before starting up 
the study.  

It is important to point out that from the very beginning of this final 
study it was absolutely vital to focus the teachers' attention on the 
simplicity of the provided technologies, and how the co-design efforts 
and development had turned out, i.e. from the close cooperation with 
teachers, pupils and museum pedagogues throughout the whole mDS 
project. This was to ensure that all participants realized that the involved 
technologies and workflow were not only products engineered by a 
closed research group without empirical input, insights or user 
participation, but with considerable amounts of collaborative design 
merits included, something that from my own experience has been 
crucial to clarify when testing and implementing technology for 
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Indicators for upcoming design iterations: Teachers warmly welcomed 
the combination of technology & methodology and the multimodal and 
seamless approach. All teachers stated that the mDS concept was 
sustainable and well worth to pursue with other classes and in other 
subjects, mathematics in particular, where the need for a story-based, 
reflective tool was wanted. Teachers also acknowledged significant 
differences regarding pupils' achievements compared to when teaching 
the same sessions without the involvement of mDS. All pupils very 
confident and fearless regarding mobile technologies throughout; some 
teachers were however reluctant beforehand due to previous negative 
incidents with learning technologies, but they afterwards changed 
opinion when concluding the study in the after-discussions. Pupils 
suggested color changes to the UI, as well as access to several additional 
languages, Swedish being only one of them. Teachers happy with tech 
features as they were and admitted all to seeing several advantages with 
letting the application and web service UIs keep English as default 
language. The sturdy iPad covers used by the school unfortunately 
caused the microphone for the voiceover recordings to become muffled, 
which led to pupils avoiding adding an otherwise wanted background 
soundtrack to the stories, in order to keep the voiceover recordings 
premium. Also, valuable insights on how to best tag all uploaded stories 
to the mDS web were shared. Finally, the school's Internet access proved 
to be tiresome and troublesome, but something that we could finally 
solve by using a mobile router. 
URL to study video: 
https://lnu.box.com/s/mav02dyyqyuopicvunz6apjsu4a9h8xc 
 
Design aspects and technical considerations 
In 2015, the mDS project returned to Pilbäckskolan for a concluding 
study at the school where it once started with the MyStory – HiStory 
study in 2011.  

This time however, we did not go for an excursion for mDS phases 1-
3 but instead stayed within the school vicinity, using different rooms 
and settings depending on what phase was being conducted at the time. 
The overall pupil assignment was to practice how to tell a story, i.e. how 
to effectively convey a message of some sort, for example a school 
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Design aspects and technical considerations 
In 2015, the mDS project returned to Pilbäckskolan for a concluding 
study at the school where it once started with the MyStory – HiStory 
study in 2011.  

This time however, we did not go for an excursion for mDS phases 1-
3 but instead stayed within the school vicinity, using different rooms 
and settings depending on what phase was being conducted at the time. 
The overall pupil assignment was to practice how to tell a story, i.e. how 
to effectively convey a message of some sort, for example a school 
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3.3 Summarizing the Empirical Efforts 
The mDS system offers a combined approach of a workflow and 
supporting technologies that together provide teachers and pupils with 
a co-designed method and tools for accomplishing learning activities 
supported by mobile digital storytelling, regardless of school subject, 
grade, pupil age, location, and previous knowledge. Whether choosing 
a collaborative or individual approach, in formal or informal settings, 
the workflow and the technologies jointly support a multimodal 
approach and the tasks ahead.  

To achieve the above, the mDS workflow and technologies have been 
designed with the requests of simplicity, usability and sustainability in 
focus, so as to display that digital and mobile technologies in schools has 
a self-evident place, but that they need not necessarily "take over" or 
steal valuable time for learning, i.e. that learning technologies can fill a 
complex pedagogical purpose, and still be easy to manage. With that 
understanding in mind, there is ample room for innovation, and 
inspiration for the participants – both teachers and pupils – to continue 
using learning technologies, to learn more, and get self-confident 
regarding ICT for education, and thereafter hopefully move on to new 
and perhaps more advanced TEL endeavors. The insight that technology 
does not have to be time consuming, complex or complicated at all times 
could therefore subsequently serve as a breaking point for what has 
unfortunately been experienced and discussed more than once, i.e. that 
recurring failures have in many cases lead to determent and 
disheartenment, followed by suspicion, and sometimes even rejection 
(see e.g. Alexandersson and Davidsson, 2016). 

Hence, this led to the intention to try to provide a comprehensive 
workflow, consisting of a multimodal, co-designed method integrated 
with the scaffolding technologies, created with a strong influence of 
input from involved stakeholders.  

As a general addition to the outcomes described in each study above, 
it turned out that the initially welcomed and collaboratively planned 
individual concluding discussions, and the exchange-of-experiences 
sessions actually turned out to be the most challenging part of each 
study iteration to realize with the participating teachers, mostly due to 
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educational purposes. When the study was concluded, as it turned out 
even the most 'tech reluctant' of the participating teachers stated to feel 
sufficiently confident on using the mDS system, regardless of grade or 
subject.  
 
Reflections 
Commencing this study, the iOS application had been redesigned from 
scratch, which is thoroughly described in the following chapter. Also, 
the mDS web, serving as the interconnecting glue between all the 
learning activities involved in the mDS workflow, but especially aimed 
at phases 4-5, was ready for an end-user usability test in a real setting. 
Since all user data and story elements are saved to the mDS web both as 
complete stories, but also as unique features such as images, voiceover 
recordings, soundtrack, transitions etc., the mDS web also serves as a 
platform for storing all story elements. By re-watching, reusing and/or 
remixing stored story elements, the pupils can revisit earlier made 
materials and continue to build on, or choose to rebuild existing stories.  

All participating teachers concurred that the full mDS experience had 
given them an 'all-inclusive' and easily managed workflow and toolkit, 
thereby providing something that had made their pupils commit to the 
assignment given, and to finishing the task as asked. They also pointed 
out that during the non-mDS earlier sessions on the subject of how-to-
tell-a-story, where writing had been the only story creation modality the 
pupils could use and the method of progressing through the assignment 
had been very differently planned, many pupils had lost interest and 
focus at an early stage, and a large number consequently not passed the 
given assignment. With the mDS workflow and technologies, the levels 
of pupil motivation, focus, commitment and fulfillment had been greatly 
improved in comparison to the ditto learning sessions without mDS. The 
teachers also agreed that the present versions of the mDS workflow and 
accompanying technologies had been easy to understand, follow and 
handle for both learners and teachers; factors they acknowledged to be 
the strongest indicators for a continued use of the mDS system, but also 
for daring to scale up, the latter a sought-after prospect for educational 
innovations (Looi & Teh, 2015).  
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4. Outcomes 

Hokey religions and ancient weapons are no match for a good blaster. 
 

Han Solo. Star Wars Episode IV: A New Hope (1977) 
 

 
Chapter 4 will describe the three interrelated mDS parts (see Fig. 1) that 
have been conceptualized, designed, developed and validated within 
the scope of this research effort, based on iteratively collected data from 
the studies described in Chapter 3.  
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their narrow time limits, and their overall work-load. Time management 
issues has been reported to be one of the key factors as to why Swedish 
teachers might not welcome and embrace learning technologies in their 
everyday teaching practices (Alexandersson and Davidsson, 2016). 

Due to the general time issues, what was possible to accomplish were 
whole group sessions before and after the studies, instead of the more 
frequent and individual ones initially planned. These before and after 
sessions were therefore configured as "informed exchange and 
discussion meetings", i.e. more or less like expert round-table-talks, in 
which participating teachers and research staff were able to discuss and 
share their views and opinions, but also get insight into what could be 
offered and done from a technical point of view. 

The following chapter describes the outcomes related to the mDS 
system: the mDS workflow, and the supporting technologies: the iOS 
application, and the web services. 
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desired, or as a series of focused learning sessions. Events like these 
often serve as an overall inspirational resource for the upcoming story 
process and creation phases.  

Phase 2 Plan and Process is intended for sorting, selecting, discarding, 
and organizing collected images and data, in other words: to storyboard. 
This can be done in several ways, some prefer to do it in the mDS 
application; others prefer to think things over at bit longer and to 
arrange the story using a storyboard paper template, or just with post-it 
notes on the whiteboard or wall. Phase 2 is also where you write either 
a script or just keywords for your upcoming voiceover recording. This 
is a task many younger pupils require a bit of help with, otherwise the 
script and the final voiceover recording tends to end up either too short, 
too repetitive, or both.  

The third mDS phase, Create, is normally the one that most pupils 
cannot seem starting with fast enough. Depending on the assignment 
given, there is however always a stretch of preparatory work in need to 
be done before they can start creating their story on the mobile devices. 
In phase 3, the story is named and the author(s) names are stated, after 
which one can start arranging selected images 

Phase 4 is called Store, Share and Present. The storing of the story data 
is automatic throughout the story creation process. The word store in this 
phase therefore represents the storing on the mDS Web Platform, see 
section 4.3.2 for more information. Sharing is possible to the platform, to 
the mobile unit's media library or to various social media services, such 
as Youtube, Vimeo and Facebook. Sharing is also a part of the presentation 
process, in which pupils' can present their work to peers and teachers.  

The fifth, and final mDS phase is called Reflect, Remix and Reuse and it 
focuses on the overall reflective processes of the storytelling activity. Via 
the mDS web platform, pupils are given the opportunity to comment on 
own or others' stories, and to reflect more deeply on the same issues, but 
also on the work process itself, both regarding themselves and their 
peers. The reflective parts, either on the work content or on the overall 
work process, are something participating teachers were very keen on 
including in the web services, to keep all information regarding a certain 
story in one place, accessible over time. In the first studies, we used an 
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4.1 The Mobile Digital Storytelling Workflow 
The mDS workflow comprises five interconnected phases that can be 
carried out either as a complete cycle in one go, or as separate phases 
depending on time management and activity settings. The workflow is 
inspired by the thought-provoking concept of Learning Cycles, see e.g. 
Dewey (1933); Honey & Mumford (1992), Barron et al., (1998), and the 
NASA 5Es (2012), and can be used either collaboratively or individually, 
depending on what the teacher prefers or aims for. Fig. 5 outlines the 
workflow cycle. 

 
Fig. 5. The mDS workflow 

The purpose of mDS phase 1, Experience and Collect, is to provide time 
for instruction and exploration, for collection of facts, and for 
photographing, searching and/or creating images. It is also an 
opportunity to start the activity as a special event of some kind if so 
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Workflow  
Phase 

Overall Purpose 
Supporting 
Technologies 

Main 
MSL 
Features 
Involved 

Phase 3 Create 

Add story title and author name 
(optional) 
Add and arrange images in 
application in chosen order 
Recording and editing voiceover 
Adding subtitles (optional) 
Add soundtrack (optional) 
Add end credits screen (optional) 
Watch, edit and finalize story 

Mobile unit 
mDS application 
Storyboard (if 
used in phase 2) 
Voiceover script 
or keywords 

MSL 1–2, 5,  
7–10 

Phase 4 Store, 
Share & 
Present 

Store / share story to mDS web and 
to mobile unit's media library. 
Share story by e-mail, or to social 
media channels or websites, such as 
Youtube, Vimeo or Facebook. 
Present story to peers and 
teacher(s). 

Mobile unit 
mDS application 
mDS web 
Projector / 
interactive 
whiteboard (for 
presentation) 

MSL 1–4,  
6–10 

Phase 5 Reflect, 
Remix & Reuse 

Search stories on mDS web 
Watch and comment stories 
Reflect on stories (e.g. as part of 
assignment) – own and peers' 
Reflect on story work process (own 
and peers') 
Search for stories or story elements 
to reuse in own story 
Search for stories or story elements 
to remix to new story 

Mobile unit 
mDS application 
mDS web 

MSL 1-3, 
5 – 10 

 

Table 3. mDS Workflow Characteristics 

MSL3, Learning across time, present in phases 1, 3 and 4, is one of the least 
utilized of the MSL characteristics as can be seen in Table 2. The meaning 
of across time in this context, has been set to indicate either to experience 
something in or related to a historical context (related to phase 1), or 
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additional story as means for reflection, something that is also possible 
to practice if so desired. 

The five phases comprise many pupil actions and learning objectives 
essential both from a life-long learning perspective, but obviously also 
from the current situation the pupils are at: at school, learning.  

As shown in Fig. 4, the theoretical aspects of the contemporary social 
and cultural competences represented by New Media Literacies, the 
multimodal and constructivist ideas on knowledge creation and 
meaning-making, and the importance of user inclusion and user 
centered aspects of co-design and DBR, all relate to the five phases of the 
mDS workflow, from the mobile learning experiences and overall 
knowledge build-up, to the creative elements of multimodality. Table  3, 
complements  these aspects by outlining the five mDS phases, their 
overall purpose, the supporting technologies involved, and the 
addressed MSL characteristics from Table 1.  

 

Workflow  
Phase 

Overall Purpose 
Supporting 
Technologies 

Main 
MSL 
Features 
Involved 

Phase 1 
Experience & 
Collect 

Inspiration and instruction 
Collection / creation of images 
Research / gather facts 

Mobile unit 
camera & 
microphone 
(optional) 
Paper & pen for 
notes 

MSL 1 – 10 

Phase 2 Plan & 
Process 

Plan and structure gathered 
materials 
Discuss what to use and when and 
how to use it 
Create storyboard (optional) 
Write voiceover script or key-
words 

Mobile unit 
Storyboard 
(paper template) 
Notes 
A Storytellers' 
ABC (optional) 

MSL 1 –2,  
4 – 5,  
7 – 10 
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4.2 The mDS Supporting Technologies 
The process of designing and developing the mDS software components 
has been a major collaborative effort; stretching over three main design 
iterations with adjustment interventions in between, and actively 
involving researchers, software developers, teachers, pupils, and school- 
library-, and museum staff in the design process. Fig. 6. shows a short 
overview of the major characteristics of the three main iterations. 

4.3 The iOS Application  
This section will provide insights into the design and implementation of 
of the mDS mobile application. The application's concept and interface 
design are described, and functional requirements derived from the 
design are stated subsequently. A comparison to the earlier major 
iterations of the mobile application is described in more detail. Finally, 
insights in regards to the practical implementation are provided.  

For the software development of the third and latest major iteration 
of the mDS application development, Nico Reski, LnU CeLeKT, has 
been responsible. 

The mobile application is an essential part of the overall mDS 
workflow (see section 4.1), enabling the storyteller to create narratives 
within different contexts and in different environments regardless of 
school subject, age, grade or previous experience.  

The overall design objective for creating the mDS mobile application 
was to design a user experience particularly tailored towards a 
straightforward and smoothly managed workflow for mobile story 
creation. To apply a minimalistic and well-defined user interface (UI) 
design, focusing on the essential tasks of image and personal voice, 
could provide accessibility for all potential users, whether experienced 
storytellers or not.   

Generally, a digital story is a complex construct of different visual and 
audio elements, such as images, text and voice, which requires some 
kind of preparation (see e.g. the preparatory steps in workflow phases 1 
and 2). Within the mDS context, a digital story can also be described as 
a compilation of individual story elements, ultimately presented in a 
slideshow-like video format with images and sound. The final story 
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finishing up work at separate times, (related to phases 4 & 5) which 
might explain the above. 

The next section will provide an overview over the supporting 
technologies developed within the scope of this thesis. The latter and the 
following sections together form the basis for the main focus of the 
research efforts presented in this thesis: the interplay between design, 
technology and learning for creating conditions for learning in various 
settings, and not to evaluate the learning as such (Gagne, 1985). 

2728Fig. 6. The Three Main Design Iterations 

                                                        
27 The linear workflow was to be carried out in a sequential order, progressing from one task 
to another in a series of subsequent steps. 
28 The non-linear story hub screen serves as the knave from which all story elements are 
accessible and editable. 



 59 

4.2 The mDS Supporting Technologies 
The process of designing and developing the mDS software components 
has been a major collaborative effort; stretching over three main design 
iterations with adjustment interventions in between, and actively 
involving researchers, software developers, teachers, pupils, and school- 
library-, and museum staff in the design process. Fig. 6. shows a short 
overview of the major characteristics of the three main iterations. 

4.3 The iOS Application  
This section will provide insights into the design and implementation of 
of the mDS mobile application. The application's concept and interface 
design are described, and functional requirements derived from the 
design are stated subsequently. A comparison to the earlier major 
iterations of the mobile application is described in more detail. Finally, 
insights in regards to the practical implementation are provided.  

For the software development of the third and latest major iteration 
of the mDS application development, Nico Reski, LnU CeLeKT, has 
been responsible. 

The mobile application is an essential part of the overall mDS 
workflow (see section 4.1), enabling the storyteller to create narratives 
within different contexts and in different environments regardless of 
school subject, age, grade or previous experience.  

The overall design objective for creating the mDS mobile application 
was to design a user experience particularly tailored towards a 
straightforward and smoothly managed workflow for mobile story 
creation. To apply a minimalistic and well-defined user interface (UI) 
design, focusing on the essential tasks of image and personal voice, 
could provide accessibility for all potential users, whether experienced 
storytellers or not.   

Generally, a digital story is a complex construct of different visual and 
audio elements, such as images, text and voice, which requires some 
kind of preparation (see e.g. the preparatory steps in workflow phases 1 
and 2). Within the mDS context, a digital story can also be described as 
a compilation of individual story elements, ultimately presented in a 
slideshow-like video format with images and sound. The final story 

 58 

finishing up work at separate times, (related to phases 4 & 5) which 
might explain the above. 

The next section will provide an overview over the supporting 
technologies developed within the scope of this thesis. The latter and the 
following sections together form the basis for the main focus of the 
research efforts presented in this thesis: the interplay between design, 
technology and learning for creating conditions for learning in various 
settings, and not to evaluate the learning as such (Gagne, 1985). 

2728Fig. 6. The Three Main Design Iterations 

                                                        
27 The linear workflow was to be carried out in a sequential order, progressing from one task 
to another in a series of subsequent steps. 
28 The non-linear story hub screen serves as the knave from which all story elements are 
accessible and editable. 



 61 

From within the hub the user can access, adjust and apply all settings 
related to the story itself, such as editing the story's title screen and 
author name, selecting a soundtrack, adding and deleting tags (which 
allow users to search for specific content, depending on the tags 
registered), as well as editing the end credits screen information. 
Furthermore, the hub provides features to view a story, share it with the 
mDS web platform (see section 4.3.2), and save the video outcome to the 
mobile device's media library. Most importantly however, from the hub 
screen, the user is able to access the list of story elements, see Fig 8.  

 

 
 

Fig. 8 Story Elements Screen 

Here, individual story elements are displayed using a small preview 
image (and the image subtitle, if the user has added one) in an ordered 
list, clearly representing the consecutive order of the elements in each 
story. From within this list, the user is able to add, delete and rearrange 
individual story elements together with its added attributes, such as for 
example the voiceover recording.  

Once a new story element is created by either selecting an image from 
the mobile device's media library or by taking a new one directly with 
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itself, as well as each unique story element, consists of a set of 
collaborating attributes. A complete mDS story holds information about 
its title and author, a soundtrack running as optional background music, 
tags to add for further characterization, as well as textual information 
used for the title and credits screens. The story elements together make 
up the complete mDS story. Each story element consists of a mandatory 
image, textual information for optional subtitles, and audial information 
for the voiceover recording; options that can be utilized freely by the 
storyteller to tell the narrative. For story presentation, the story elements 
information is processed and rendered into a slideshow-like video. 

Based on the insights and experiences gained from testing the second 
main iteration of the mobile application, the decision was made to move 
away from the linear story creation strategy.  

4.3.1 Overall Interface Aspects of the 3rd Design Iteration 
Once a story is selected from the initial story overview list, or a new 
story is prepared, the user would be located in the story's control-center, 
or the main hub, see Fig. 7. 
 

 

Fig. 7. Story Hub Screen 
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From within the hub the user can access, adjust and apply all settings 
related to the story itself, such as editing the story's title screen and 
author name, selecting a soundtrack, adding and deleting tags (which 
allow users to search for specific content, depending on the tags 
registered), as well as editing the end credits screen information. 
Furthermore, the hub provides features to view a story, share it with the 
mDS web platform (see section 4.3.2), and save the video outcome to the 
mobile device's media library. Most importantly however, from the hub 
screen, the user is able to access the list of story elements, see Fig 8.  

 

 
 

Fig. 8 Story Elements Screen 

Here, individual story elements are displayed using a small preview 
image (and the image subtitle, if the user has added one) in an ordered 
list, clearly representing the consecutive order of the elements in each 
story. From within this list, the user is able to add, delete and rearrange 
individual story elements together with its added attributes, such as for 
example the voiceover recording.  

Once a new story element is created by either selecting an image from 
the mobile device's media library or by taking a new one directly with 

 60 

itself, as well as each unique story element, consists of a set of 
collaborating attributes. A complete mDS story holds information about 
its title and author, a soundtrack running as optional background music, 
tags to add for further characterization, as well as textual information 
used for the title and credits screens. The story elements together make 
up the complete mDS story. Each story element consists of a mandatory 
image, textual information for optional subtitles, and audial information 
for the voiceover recording; options that can be utilized freely by the 
storyteller to tell the narrative. For story presentation, the story elements 
information is processed and rendered into a slideshow-like video. 

Based on the insights and experiences gained from testing the second 
main iteration of the mobile application, the decision was made to move 
away from the linear story creation strategy.  

4.3.1 Overall Interface Aspects of the 3rd Design Iteration 
Once a story is selected from the initial story overview list, or a new 
story is prepared, the user would be located in the story's control-center, 
or the main hub, see Fig. 7. 
 

 

Fig. 7. Story Hub Screen 



 63 

4.3.2 Functional Requirements 
Based on the research questions, the outcomes from the iterative co-
design cycles, and the concept and interface aspects as described above, 
a set of functional requirements were identified in order to support the 
implementation of the mobile application. These requirements are listed 
in the remainder of this section. 

 
mREQ-0129: The mobile application should provide functionalities to 
create, edit, store and delete content (whole story or unique story 
elements) persistently. 

o Content created and edited using the mobile application will 
be stored and deleted persistently in the mobile device's 
storage. 

 
mREQ-02: The mobile application will provide a story hub. 

o From within the story hub, the user will be able to edit all story 
related attributes, such as title, author, soundtrack, tags, and 
individual story elements. 

 
mREQ-03: A story can – if the user so desires – feature a soundtrack 
(background music). 

o Using one of multiple predefined audio soundtracks, the user 
will be able to select one that will be rendered in the 
background of the final video outcome. 

o The user will be able to adjust the volume of the soundtrack. 
  
mREQ-04: The mobile application will provide a story element hub. 

o From within the story element hub, the user will be enabled to 
edit all story element related attributes, such as subtitle and 
voiceover recording. 

 
mREQ-05: The mobile application will enable camera and photo library 
access. 

                                                        
29 mREQ-No: mobile Requirement-No. 
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the mobile device's camera, the user is presented with the story 
element's hub, following the same principle as the story's hub. The story 
element hub enables the user to further customize the selected story 
element, concretely through editing and placing a subtitle either at the 
top, middle or bottom of the image, as well as attaching a new voiceover 
recording using the mobile device's microphone. Furthermore, the user 
is able to preview the current story element, being presented with image, 
subtitle and voiceover recording, as it would appear in the final video 
outcome, see Fig. 9 and 10.  

 

  
Fig. 9 Edit Image Screen Fig. 10 Voiceover Recording Screen 

Following the overall hub strategy for editing stories as well as their 
individual elements, the user is able to apply changes at targeted spots, 
regardless of where in the story the changes need to be done, and 
regardless of if the changes apply to the voiceover, soundtrack, image, 
subtitles or the general story chronology. 
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mREQ-10: The mobile application will provide functionalities to share 
all created content to the mDS web platform. 

o In order to upload all created content to the mDS web platform, 
the mobile application should be able to connect to the web 
platform's RESTful API30 and upload story and story elements 
in JSON31 format, as well as media data (images, voiceover, 
video) accordingly.  

 
mREQ-11: The mobile application will provide functionalities to export 
the video outcome to the mobile device's media library. 

o In order to further share the rendered video outcome, the 
mobile application will access the media library of the mobile 
device to export the rendered video to the library. 

4.3.3 Comparison to the 1st and 2nd Design Iterations  
The first main iteration cycle of the mDS application development, 
carried out in 2011-12, aimed at developing a cross-platform application 
using HTML532, PhoneGap33, JQuery34, JQueryUI35, and JQuerymobile36, 
which would be interdependent of whatever mobile unit used.  

However, the cross-platform aim turned out to be too complex to 
manage at the time, so for stability and usability reasons it was decided 
that the subsequent design and development iterations should be 
focusing on one platform only, Apple's iOS37. The reason for choosing to 
develop for iOS was twofold: firstly, iOS mobile units were at the time a 
commonly used mobile device in Sweden, and secondly, the CeLeKT 
research group could provide access to the necessary hardware, and in-
house developers.  

The concept and design as described in section 4.3.1 shows the third 
and latest major iteration of the mobile application. Based on the 
                                                        
30 Application Programming Interface 
31 Java Script Object Notation 
32 http://w3c.github.io/html/ 
33 http://phonegap.com/ 
34 http://jquery.com/ 
35 http://jqueryui.com 
36 http://jquerymobile.com 
37https://developer.apple.com/library/content/documentation/iPhone/Conceptual/iPhon
eOSProgrammingGuide/Introduction/Introduction.html#//apple_ref/doc/uid/TP4000707
2  
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o Using the mobile device's camera and/or media library, the 
user will be enabled to create a new story element with content 
from either one of these image sources. 

 
mREQ-06: The mobile application will enable microphone access. 

o Using the mobile device's microphone, the user will be enabled 
to record, listen and delete an audio voiceover recording for 
individual story elements. 

 
mREQ-07: The mobile application will feature text-rendering 
functionalities. 

o In order to create title and credits screens as well as displaying 
a subtitle for individual story elements, the mobile application 
should be able to visually render textual information on top of 
images. 

 
mREQ-08: The mobile application will provide a preview of created 
story elements. 

o So as to get a better impression of an individual story element 
and its attributes (subtitle, voiceover), the mobile application 
should enable the user to preview a story element without the 
need to completely render the final video outcome. 

 
mREQ-09: The mobile application will provide functionalities to tag a 
story. 

o In order to characterize a story's content and/or overall theme, 
the mobile application will enable the user to add and delete 
one or multiple tags to a story. 

 
mREQ-09: The mobile application will render a video based on all 
information in a created story. 

o The mobile application should be able to process all 
information about a story and its elements and produce a 
single video file as story outcome. 
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iteration it was reduced to three gray shades (black, gray, white). 
Furthermore, there were practical implications with the process of 
adding images within the first two iterations. Concretely, storytellers 
would end up taking pictures in both landscape and portrait format 
using their mobile device's camera. In order to support both orientations 
within the final video outcome, either image parts of one orientation 
would have needed to be cut or black side- or top/bottom filler bars 
would have been necessary to introduce. Both solutions resulted in 
visually unsatisfying outcomes. This problem was entirely avoided 
within the third iteration through introducing a square-sized format as 
default for all images and thus the rendered video outcome. Already at 
the creation of a new story element, the user is presented with an 
adherent interface to select a square-sized part of an image in order to 
crop it accordingly.  

4.3.4 Implementation of the 3rd Design Iteration  
The third iteration of the mobile application was developed natively for 
Apple iOS devices and is compatible with all devices running iOS 7.0 
and later. The entire source code is written in the programming 
language Objective-C, applying the Model-View-Controller (MVC) 
pattern, and overall following Apple's CocoaTouch framework coding 
guidelines 39 .Two third-party libraries have been used. The 
ASIHTTPRequest library40  is a wrapper to simplify the handling of 
HTTP requests, which are needed to upload stories to the mDS web 
platform. The GKImagePicker library41 was used to display an interface 
to the user in order to crop selected images to a square-sized format (as 
this was not natively supported through Apple interfaces at the time of 
development). Figure 11 illustrates various view controllers of the 
implemented iOS application. The remainder of this section describes 
noteworthy components of the implementation in more detail. 

                                                        
39https://developer.apple.com/library/content/documentation/Cocoa/Conceptual/Coding
Guidelines/CodingGuidelines 
40 ASIHTTPRequest documentation; https://allseeing-i.com/asihttprequest 
41 GKImagePicker; https://github.com/gekitz/GKImagePicker 
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evaluation and validation from the co-design sessions with participating 
stakeholders, testing the main iterations of the mobile application , some 
fundamental changes were made. These alterations are described in the 
remainder of in this section.  

The interface design of the latest major iteration features an overall 
hub approach, enabling the user to quickly reach and apply targeted 
changes on single stories or their individual story elements. The hub 
approach follows the object-action interface model as described by Khella 
(2002), where the user first selects an item to change, e.g. story or story 
element, and then applies changes consecutively, e.g. adding a 
voiceover and a subtitle. The first and second iterations of the mobile 
application featured a rather action-object characteristic interface 38 , 
leading the user in a sequential mode through the story creation process 
of editing each attribute for all story elements. Both approaches sound 
valid in theory. However, in the context of mDS, the linear story creation 
process presented some major obstacles in practice, since the process 
itself of creating and editing a story seldom is linear. As observed during 
the trials, users tend to jump around between different objects, adding, 
deleting and editing accordingly. Hence, the linear action-object 
interface approach demonstrated to be suboptimal since it slowed down 
the creation process, and also made some users frustrated by the 
constant flipping of screens. The users perceived that the object-action 
interface gave a clearer indication on how to edit the story, since they 
through that easily could pinpoint a specific story element, apply 
multiple changes at once.  

In addition to changing the overall interface design concept, minor 
changes were applied to further simplify the story creation process. 
Within the first iteration, different transition effects when displaying the 
next story element could be selected. In practice, the users tended to 
keep the default one, as it would not dramatically impact their story 
outcome. Consequently, this feature was cut from the second iteration 
to further simplify the story creation process. A similar behavior was 
observed when choosing different colors for the subtitles. Whereas the 
2nd iteration featured a palette of eight different colors, in the third 

                                                        
38 Object-Actions Interface model: 
http://www.cs.umd.edu/class/fall2002/cmsc838s/tichi/oai.html 
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38 Object-Actions Interface model: 
http://www.cs.umd.edu/class/fall2002/cmsc838s/tichi/oai.html 
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The mdsServerConnector class is responsible for uploading story data 
to the mDS web platform described in section 4.1.2. The web platform 
provides a RESTful API, which requests story data in JSON format as 
described in the same section. Therefore, the story data on local mobile 
device is mapped into a JSON formatted data structure, which is then 
uploaded to the mDS web platform, including all media files (images, 
audio, video).  

All stories and story elements can be uniquely identified using a 
universally unique identifier (UUID)42 which is created upon story or 
story element creation.  

The process of uploading story data from the mobile application to 
the web platform is presented in Figure 13:  

                                                        
42 A Universally Unique Identifier (UUID) URN Namespace; 
http://www.ietf.org/rfc/rfc4122.txt 
 

 68 

 

Fig. 11 Various View Controllers from the 3rd mDS implementation 

The persistent storage of the mobile application's story and its story 
elements is implemented using NSData/SQLite of CocoaTouch's 
CoreData framework. Model entities with various attributes describing 
story, story element and story tags have been created accordingly, see 
Fig. 12.  

 
Fig. 12 iOS Data Structure (From Reski, 2016. Reprinted with permission.) 

The CoreData framework automatically handles the internal storage of 
media files, such as images as well as audio and video files.  
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The video rendering itself has to be processed in two steps. All images 
are first rendered into a video file in .mp4 format. This process considers 
the length of recorded audio voiceovers, dynamically adjusting the 
presented duration of individual images according to the voiceover 
length. Once the video file containing all visual information is created 
and saved, the audio track, based on the story's soundtrack and all 
voiceover recordings, is processed and finally attached to the video file.  

This design provides the user with an opportunity to edit each story 
element individually, directly form the story hub, without having to 
delete either the whole story (all images, subtitles etc.), or the entire 
voiceover recording. It also allows reuse of individual story elements in 
new stories, accessible from the mDS web service, described in the next 
section.  

4.4 The mDS Web Platform 
The mDS web platform was added to the third main iteration of the 
software development process, mainly so as to provide a facilitator for 
schools, teachers and pupils to be able to gather, process, and store all 
created stories and story elements in a controlled environment. As much 
as it is possible to share the mDS stories to various communities on the 
Internet, it is sometimes also equally needed to restrain the sharing of 
information, that for particular causes cannot / should not be shared, 
e.g. due to integrity issues of different types, etc.  

The development of the web services was consequently aimed to 
serve as the controlled storage environment, and as the obvious 
instrument to easily gather all stories and story elements. Via the web 
platform, pupils can search, watch, discuss, comment, and reflect on 
own and peers' stories and story creation processes, but also continue 
working on their stories if so desired, see detailed description of the 
mDS workflow phases 4 - 5 in Chapter 4. 

4.4.1 Requirements 
The main requirements for the mDS web have been discussed and 
developed by the mDS stakeholders, in this case mainly the researchers, 
the participating teachers, and the system developers. These core 
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Fig. 13. mDS Mobile Client: Upload story to Database Routine – simplified (From Reski, 
2016. Reprinted with permission.)  

For the image and video processing features of the mobile application, 
two separate classes named ImageFactory and VideoFactory have been 
implemented. The ImageFactory class handles the rendering of the 
subtitle of a story element on top of the corresponding image, as well as 
creating the title and credits screen based on the author's entered textual 
information. This process is necessary in order to create visual image 
information that can be used within the video creation process.  

The VideoFactory class is responsible to accumulate all media files 
according to the data of the story, and create the final video outcome. 
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creating the title and credits screen based on the author's entered textual 
information. This process is necessary in order to create visual image 
information that can be used within the video creation process.  

The VideoFactory class is responsible to accumulate all media files 
according to the data of the story, and create the final video outcome. 
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basically separated into three layers: the client layer, the service layer 
and the data layer, each described in the following subsections.   

For the work on developing the mDS web back-end and front-end 
solutions, the main responsible system developers have been Josef Eiter 
and Christian Anders, LnU CeLeKT45. 
Figure 14 shows the entire architectural design of the mDS web. 
 

 

Figure 14. Architectural Overview of the mDS web. (From: Eiter, 2016. Reprinted with 
permission) 

The Client Layer 
The Client Layer contains all the client applications of the mDS web. 
Those applications interact with the Data Layer through web services in 

                                                        
45 https://lnu.se/forskning/sok-forskning/center-for-learning-and-knowledge-technologies/ 
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features define the main functionality of the system. Furthermore, user 
centered techniques such as personas, and the iterative Scenario Based 
Design Framework (Stanford, 2015) have been applied to identify 
complementary requirements in order to make the mDS web a complete 
and mature system. 

The requirements are divided into functional and non-functional 
requirements. All of the functional requirements are written as user 
stories43. "A user story describes functionality that will be valuable to 
either a user or purchaser of a system or software." (Cohn, M. 2004).  

 
The crucial functional requirements of the mDS web are: 

 
wREQ-144: As a pupil, I want to upload a story created as a part of a 
certain school activity to the platform, so that I can present my work to 
the teacher and other pupils once I am done editing. 

 
wREQ-2: As a user, I want to find stories on the mDS web, so that I can 
watch them and find relevant story elements to reuse. 

 
wREQ-3: As a pupil, I want to search for and watch stories on the mDS 
web, so that I can comment and/or reflect on them as part of a school 
assignment. 

 
The non-functional requirements are supporting the system's architectural 
design process. The architectural design, which is described in the 
following section, mainly focuses on scalability and availability. 

4.4.2 System Architecture 
A robust design is essential for the mDS web. The system's architecture 
is therefore represented by a multi-layered approach, which separates 
data, business logic and views. This is in its turn is a flexible method 
particularly regarding scalability and availability. The system is 

                                                        
43 Structure of a functional requirement story: "As a <role> I want to <goal>, so that 
<reason>". 
44 wREQ-No: web-Requirement-No 
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The API communicates through objects in JSON 48  format with 
applications in the client layer. As mentioned above, it is essential and 
therefore mandatory that client applications interact with the Data Layer 
through the Service Layer to guarantee the consistency of the stored 
data. In order to maintain a flexible and scalable architectural design, 
the API is divided into three components besides the logging and helper 
modules as shown in Figure 15. This type of architectural structure is 
also called Passive View (Fowler, 2006). 

 

 

Figure 15: Architectural Design of the mDS Application Programming Interface (Eiter, 
2016. Reprinted with permission.) 

The IService component is an interface that offers the service method to 
the client applications. The IService currently holds 36 service methods, 

                                                        
48 Java Script Object Notation  
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the Service Layer. Communicating directly with the elements of the Data 
Layer is not allowed in order to assure data consistency and quality. 
 
The Service Layer 
The Service Layer controls all interaction between the client applications 
(e.g. the iOS app, the mDS web user interface, etc.) and the Data Layer. 
Additionally, the web services contain the business logic for the client 
applications. Important components of this layer are the mDS 
application programming interface (API) and the back-end web service.  

The mDS API mainly delivers story data from the Data layer and offers 
functionality to add, modify and delete user-generated content. A 
description of the mDS API can be found in section 4.3.3. The intended 
use of the back-end web service is user and group management for 
schools. The Service Layer is constructed in a modular manner so it can 
easily be extended in the future, with features such as for example 
server-side video rendering and social analysis tools.  
 
The Data Layer 
Story and user data are persistently stored in the Data Layer. This layer 
contains two main components: the mDS database and the file 
repository. The mDS database is responsible for all user and metadata 
of stories. It also contains the relations between stories and story 
elements. The file repository stores the image-, audio- and video files of 
the stories, and all of the unique story elements, such as tags, subtitles, 
voiceover recordings etc. 

4.4.3 The mDS Application Programming Interface 
The previous section described the overall architectural structure of the 
mDS web system. A crucial part of the system is the mDS API, which 
offers several functionalities to client applications, such as the mDS iOS 
app or the mDS web UI. This web service is based on RESTful 46 

technology and uses the standard HTTP 47  methods like GET, PUT, 
POST and DELETE, in order to communicate with the client 
applications, and to maintain a high compatibility.  

                                                        
46 Representational State Transfer 
47 Hyper Text Transfer Protocol 
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It was considered vital to adapt the web UI to also suit mobile devices 
such as smartphones and tablets by using HTML5 and CSS3 as a good 
practice for a responsive design. Other technologies applied are e.g. the 
JavaScript high-level framework AngularJS. The original design of the 
UI was tested and validated as a separate part of the last of the mDS 
trials, see section 3.6.  

To sum up, the individual components of the mDS system described 
above have been designed and developed to support and complement 
each other. However, the system could – if any user so desires – be 
implemented as individual parts rather than a complete system, if 
certain particular learning objectives and/or aims to be achieved so 
require. However, as aforementioned, the teachers' accounts of the 
common absence of distinctive and designated methods in combination 
with new learning technologies, need to be considered. The mDS system 
proposes an especially designated, validated, and peer- and co-designed 
option, based on relevant theoretical and methodological frameworks, 
thus taking aim at some of the educational challenges that have emerged 
in contemporary society. Therefore, it needs be thoroughly tried and 
tested, before discarding any of the individual parts.   

The following chapter will discuss the outcomes presented in this 
chapter as seen from three different perspectives: teachers, pupils and 
researchers.
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such as uploadStory(), getAllStories(), uploadSound() etc. Furthermore, the 
controller component contains the business logic of the service methods. 
Data from the client application and from the database will be processed 
there; data cannot be modified or deleted outside of this component.  

The mDS data model includes all business objects of the system. Data 
in the database can be treated as concrete objects. It has the same data 
structure as the database. 

4.4.4 The mDS Web User Interface 
Another important component of the mDS web platform is the mDS web 
user interface (UI). This web application presents the content of the mDS 
database and constitutes a collaboration platform for all users. Users can 
watch stories, search for stories and story elements, and add comments 
and reflections on stories, story content, and story creation processes, 
both their own and their peers'. The mDS web user interface (the Start 
Screen) is shown in Fig. 16. 

 

 

Figure 16: Mock-up of the mDS web Start Screen 
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5. Discussion  

Det är ingen konst att vara modig om man inte är rädd. 
 

Tove Jansson (1914 – 2001) 
 

 
This chapter commences with a general reflection on the overall 
considerations for the work conducted within the scope of this thesis, 
followed by a discussion of the outcomes of the empirical efforts, and 
the before and after sessions described in earlier chapters. The discussion 
is divided into three sub-sections, related to the main stakeholder 
groups: Teachers, Pupils and Researcher, in order to provide answers to 
the research questions discussed in Chapter 1, and the interplay between 
Design, Technology and Learning, discussed in Chapter 2. 

5.1 Opening Considerations 
When looking back at my years of work experience in the TEL field, and 
the years of research in that same area, an almost palpable divide has 
become decidedly apparent. There seems to be a gap between, on the 
one hand, teachers and staff that welcome and embrace learning 
technologies, and on the other hand, teachers that are more or less 
unconcerned by 'all-things-technology', regardless of their aim or 
purpose.  

Schools in general, and therefore teachers in particular, bear the main 
responsibility for the education and cultivation of future citizens of our 
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as well as on learners. The co-design/DBR methodological approach 
and the theoretical foundations, have indicated the outcomes to 
correspond to and validate learning objectives and shared teacher 
expectations and requirements, which proposes a coherent, customized 
approach for teachers and pupils starting to explore ICT technologies for 
learning.  

In sections 5.1.1. – 5.1.3 follow a discussion of the outcomes of the 
empirical efforts as described in Chapter 3. The discussion is divided 
according to the ideas and concepts presented at the introduction of this 
chapter.  

5.1.1 Teachers' Thoughts 
The collective perception of the participating teachers' impressions and 
experiences has been overall positive, enthusiastic, and welcoming (see 
e.g. Chapter 3). However, when the initial responses settled down, 
several teachers shared what could be called 'areas of concern' in need 
of attention, in order for this or any similar efforts to be firmly and 
sustainably implemented. Several of the reported dilemmas are in many 
cases the result of resource conflicts, which are beyond the scope of this 
dissertation. However, some concerns are directly in line with the 
findings of Davis, Bagozzi and Warshaw (1989), and Mac Callum, 
Jeffrey and Kinshuk (2014) presented in Chapter 2, which is why the 
following is of special interest for efforts similar to this.  

The following four main areas, represented by a signifying quotation 
for each dilemma, represent the key themes and design factors for the 
participating teachers. 

 
1. Time Management ("I really don't have time, you know.") Reported in 
all before and after discussions. 

Time is of essence for all professionals today, regardless of mission, 
location or vocation, and Swedish teachers are under the clock, as well 
as the rest of us. However, in their particular case, time management 
issues could imply something further: to dare spending precious 
teaching time for something as uncertainly perceived for some as mobile 
learning approaches and other digital technologies for learning, might 
jeopardize the overall task and responsibility given to pedagogues on all 
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society, and as such you simply cannot choose "not to play"49 . The 
educational challenges regarding contemporary societal demands for 
adaptive skill-sets and 'new' knowledge, such as for example digital 
literacies, need to be taken most seriously, and addressed accordingly 
and with an open-minded attitude.   

Nonetheless, it is true that over the past decades, the Swedish 
compulsory school introduced a wide range of approaches utilizing ICT 
for teaching and learning. Things have been happening in classrooms, 
at teacher conferences, at teacher/school-leader networking events, and 
a selection of courses for competence development have been offered by 
universities and other actors. Inch by inch, digital technologies have 
made their way into teachers' everyday practices. Several national 
projects to raise teachers' digital literacy have been instigated and 
accomplished; PIM (Practical IT and Media Competency), ITiS (IT at 
School), and the various efforts of the Swedish Knowledge 
Foundation50, to mention a few of the later ones (see e.g Hylén 2011, 
Fleischer 2013 and Skolverket, 2016b). All of these efforts however 
focused more on ICT as a technology in itself, rather than on the 
combination of relevant digital technologies with a similarly relevant 
method. Recent efforts in the same field are fortunately more 
differentiated, with a clearer pedagogical focus, and a focus on what 
could be constructive, and how to scaffold learning in diverse settings, 
instead of just concentrating on what types of technology in which to 
invest (Tallvid, 2015). 

Research on digital storytelling for educational purposes has taken 
new and other directions, since when I began my doctoral studies. 
Recent research studies have concentrated on factors such as 
achievement, social presence and online learning attitudes (Nam, 2017), 
social inquiry learning (Jong and Tsai, 2016), student engagement (Liu, 
Wang, Tsai, and Lin, 2017), and collaborative writing (Rubino, Barberis, 
and Malnati, 2018).  

The work achieved within the scope of this dissertation has, however, 
through its emphasis on the interplay of design, information and 
communication technologies and learning maintained its focus on teachers 

                                                        
49 Quote from motion picture WarGames (1983). Courtesy of United Artists / MGM. 
50 www.kks.se 
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see the succeeding footnotes for examples of the current debate. 51.52 53 54 
55 
 
3. Tech Support and Implementation ("…and who is going to help me do 
this when you're not here to help?") Reported in all before and after 
discussions. 

As mentioned earlier, these factors are closely related to others, 
especially those of time management (point 1), of earlier tech 
experiences (point 4), together with the above-mentioned level of digital 
literacy, including the factor perceived ease of use (Davis, Bagozzi and 
Warshaw, 1989) and ICT anxiety (Mac Callum, Jeffrey and Kinshuk, 
2014). As reported in the latter study, the combination of ability and 
attitude deeply impacts the acceptance of mobile learning, and thereby 
also the implementation into everyday teacher practices. Without the 
confidence and feeling of ownership and control, the task of trying out, 
assessing, evaluating, and implementing new technologies in one's 
teacher practice, becomes a hard task to carry out.  

 
4. Tech Credibility ("I just KNOW this isn't going to work.") 
Reported in all before and after discussions, however not expressively so 
in studies 4 and 5. 

How we as humans handle earlier events in life are of course highly 
individual, but whatever we choose to do or not, it is a challenging task 
to eradicate the more negative events or episodes from one's memory. 
Therefore, in relation to the above-mentioned study, this would imply 
that the ICT anxiety (McCallum, Jeffrey, and Kinshuk, 2014) as such 
provides significant hindrance as to where and when TEL efforts 
actually get accepted and implemented. 

                                                        
51 https://www.nt.se/asikter/debatt/fel-med-mobilforbud-i-skolan-om4445320.aspx 
52 https://www.metro.se/artikel/sveriges-l%C3%A4rare-vi-vill-ha-mobilf%C3%B6rbud-i-
skolan 
53 https://www.metro.se/artikel/socialdemokraternas-f%C3%B6rslag-inf%C3%B6r-
totalf%C3%B6rbud-mot-mobiler-i-klassrummen 
54 https://www.stockholmdirekt.se/nyheter/mobilforbud-i-skolan-en-het-
valfraga/repdpnrdi!1YQsywNlofIy2XqyN@M6w/ 
55 https://www.svt.se/nyheter/inrikes/debatt-ska-vi-forbjuda-skolbarn-att-ha-sina-
mobiltelefoner-i-skolan 
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levels, that is to take responsibility for other peoples' learning and 
knowledge creation. The time management issues are also closely 
related to the tech support and implementation factors discussed in 
point 3 below. With little or no tech support, and little or no help with 
implementation, the time management issue grows too big to handle. 
The ease of use and perceived usefulness factors (Davis, Bagozzi and 
Warshaw, 1989) in combination with the complementary variables of 
ICT anxiety and self-teaching efficacy and digital literacy from Mac Callum, 
Jeffrey and Kinshuk (2014), and factors of NML (Jenkins, et al., 2006), or 
rather lack thereof, just makes it all too complicated to handle in a 
classroom situation. 
 
2. Engagement and Motivation ("I really don't see the point.") Reported 
mainly in study 2 and study 3. 

Here, the factors of perceived usefulness (Davis, Bagozzi and Warshaw, 
1989) play the larger part of the teachers' experiences. When you – 
regardless of role and for whatever reason – cannot see or envision a 
possible, encouraging, constructive outcome, it is easier to shrug your 
shoulders and go about your business as per usual, instead of engaging 
in any innovative venture, whatever the kind. Related to the perceived 
usefulness, are also factors such as pedagogical value and perceived ease of 
use / accessibility.  

A reflective thought that was discussed in the before and after sessions 
with some of the participating teachers: In Swedish schools, the pen or 
ballpoint pen was prohibited to use for a long time, even so when I 
myself went to compulsory school during the 70's and 80's. The 
calculator met the same fate – for long it was used merely under teacher 
supervision and for selected assignments, marked with a special 
calculator icon in the math books. In a way, school children are 
experiencing the same thing with their smartphones today. Pupils are 
often greeted with a box and a summon to hand over their phones, not 
to be used until the school day is over. Newspapers and other media 
frequently report either suggestions to prohibit smartphones as a means 
for learning, or to at least limit the use, instead of seeing the potential, 
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51 https://www.nt.se/asikter/debatt/fel-med-mobilforbud-i-skolan-om4445320.aspx 
52 https://www.metro.se/artikel/sveriges-l%C3%A4rare-vi-vill-ha-mobilf%C3%B6rbud-i-
skolan 
53 https://www.metro.se/artikel/socialdemokraternas-f%C3%B6rslag-inf%C3%B6r-
totalf%C3%B6rbud-mot-mobiler-i-klassrummen 
54 https://www.stockholmdirekt.se/nyheter/mobilforbud-i-skolan-en-het-
valfraga/repdpnrdi!1YQsywNlofIy2XqyN@M6w/ 
55 https://www.svt.se/nyheter/inrikes/debatt-ska-vi-forbjuda-skolbarn-att-ha-sina-
mobiltelefoner-i-skolan 
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levels, that is to take responsibility for other peoples' learning and 
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expressed their overall satisfaction and excitement of being able to use 
mobile devices for their school work. In general, the children also 
claimed that they approved of the possibility to use other modalities 
than "just text", which was widely regarded as the dominant norm for 
most of the assigned school work and exams. Also appreciated was the 
collaborative approach, especially so when pupils were mixed in groups 
containing new acquaintances coming from other grades and ages. The 
initial 'new-friends-shyness' was claimed to be quickly conquered. 

However, the operational or hands-on outcomes as described above 
tended to be shared in a more heartfelt, unrestricted, or maybe 
instinctive manner, whereas the more analytical and reflective opinions 
on group composition, etc. needed more coaching for the pupils to 
express, why these statements seem more tentative than the others.  

The following six areas therefore represent the main outcomes from 
the pupil sessions with focus on the hands-on side as described above. 
In each headline an anonymized transcribed citation from the sessions 
signifies each main feature.   
 
1. A non-linear story-creation-process ("This scrolling back and forth 
really makes me tired.") 
The first iterations of the mDS application design was built around a 
linear storytelling approach, in order to guide the users through the 
steps of the 3rd mDS workflow phase: Create. However, this approach 
did not comply well with the ways in which the pupils chose to tell their 
stories. Since they tended to jump back and forth between different 
tasks, and different ideas, the linear 'progression mode' rather made 
them frustrated by having to scroll quite extensively back and forth. 
Hence, the idea of a central story-hub from which you could access and 
edit all story elements, and reach all options by just one or two clicks, 
was born and implemented. The children and teachers who evaluated it 
in the final trial, unanimously agreed that it was a straightforward and 
natural way to handle the story creation process, and well in line with 
the workflow phases, even though none of them actually could compare 
the hub mode to the linear mode used in earlier trials.   
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Overall, concerns about the design factors of perceived usefulness, 
perceived ease of use, and ICT anxiety seemed to dominate the teachers' 
preconceived notions of learning technologies efforts as such. What is 
more, even though they appreciated being co-designers influencing both 
technology development and methodological aspects, and even though 
they perceived and validated the benefits, advantages, and pupil 
satisfaction and achievements, the majority still remained tentative 
towards handling a similar system by themselves.  

The following section will discuss the pupils' key suggestions and 
ideas. 

5.1.2 Pupils' Proposals 
The complete enthusiasm, joy and motivation met in the empirical 
efforts and that were shared in the before and after discussions by both 
participating pupils and their teachers, have been very satisfying to 
experience. One could obviously argue that the delight and zeal shown 
by the participating pupils only originated from an overall sense of 
novelty and innovation, especially so regarding the earlier studies when 
mobile devices used for learning were even more uncommon.  

However, in the later trials, several of the participating schools used 
iPads for various assignments, i.e. mobile technologies were no longer a 
novelty as such. The mDS system, formulating the activities that the 
pupils took part in, was however completely new to all participants, 
regardless of year, school or learning settings, so the novelty effect 
evidently has to be taken into consideration. Future, more longitudinal, 
research efforts might shed light on how the system will be used, 
perceived and thus survive over time and in competition with the newer 
and more recent opportunities and possibilities.  

The participating pupils spontaneously shared their impressions and 
experiences of the mDS approach in the after session discussions, from 
the youngest (with the help of emoticons and mind-maps) to the oldest. 
As earlier mentioned in Chapter 3, their input was mostly of a hands-
on, operational and graphical type, i.e. that they shared their direct 
points of view on how they thought things should work, what should 
and should not be included, and how the UI should look in terms of 
colors, etc. Still, quite a few, and especially so in the earlier studies, also 
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levels to use, how to cut and trim, what timing to apply and what to 
choose from such an immense repository as 'the Internet', as the pupils 
referred to. Implementing such advanced options would also make the 
mDS concept of being an instep-tool stray from its main aim. 
 
4. Language/Localization options ("We think it would be really good for 
our friends from other countries to be able to use their own language.")  
In the final study, several pupils came up with a wish for their fellow 
classmates and school friends of foreign descent to get access to their 
respective mother tongues when using the mDS application. It is a 
brilliant idea and a most valued input to receive. It was unfortunately 
impossible to develop and implement this in the current mDS version 
but could very well serve as an accurate and most welcome addition to 
future design iterations. To be able to use one's mother tongue to tell 
one's story, and especially so in these turbulent days of global migration 
is a crucial feature to add. 
 
5. Video ("It would be sooo cooool to include video, like from Youtube or so.")  
The built-in automatic saving of, and access to all individual story 
elements (e.g. images and voiceover-recordings) allows the user to edit 
either option regardless of length or position in story, which 
significantly adds to the time efficiency design factors, and facilitates all 
editing and remixing sessions.   

Clips from motion pictures, film, video, etc. are great features in 
digital stories. However, they come with difficulties. Firstly, the 
copyright issues, similar to the soundtrack options in section 3. 
Secondly, the technical implications in combination with design factors 
regarding usability, stability and accessibility. Including moving images 
with sound in a mobile digital story implies a great deal more to bite off 
for the users than most are ready to chew. On a technical basis it would 
for example incorporate a third, separate audio-track in order to 
implement video editing features, and a second image track together 
with the need to control and keep track of e.g. recording times, and 
audio- / video tracks. Furthermore, editing options such as e.g. time 
controls, and advanced image editing features would also be necessary 
to implement. Finally, and in correlation to the soundtrack options in 
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2. Voiceover recording interface ("It wasn't as easy as we thought it would 
be.") 
The voiceover recordings presented themselves to be one of the more 
challenging of the many mDS workflow tasks for the pupils to 
understand and control. The voiceover recording as such does not only 
comprise creating a script to record, you also need to understand how 
to connect that script to the chosen images, how to set up the recording 
surroundings, and how adapt the speaker voice to match that same 
surroundings, the overall theme of the story, and the image currently in 
focus. You also need to adapt your recording to an appropriate pace (e.g. 
you must not speak too fast), and to speak clearly but not in a mannered 
or artificial voice. Obviously, all of the above cannot be taken into 
consideration every time; what one focuses on and deems important has 
to depend on the users' earlier storytelling experience and the overall 
aim for the assignment given.  

However, the two major things to always keep in mind are the 
recording surroundings, and voice control, i.e. tempo and clarity. Even 
though the pupils were reminded about these two things in particular, 
both before and during the trials, many of them failed to remember 
them, why they had to go back and re-record. The re-recording proved 
to be hard to handle in the initial versions of the application. It became 
clear that a message, prompting the user that the previous recording for 
the image chosen (N.B. Every image carries a separate audio track, see 
section 4.4.1) would be overwritten, an overall recording progress-bar, 
and easy-to-understand controls without too many options at hand 
were of essence. All those features were therefore implemented in the 
latest app version.  
 
3. Soundtrack options ("I want to access my own music.")  
Music and sound effects are an essential when telling visual stories such 
as documentaries or motion pictures, for example. No movie or TV-
series would work out sufficiently today without a soundtrack and/or 
well-placed sound effects. However, to incorporate a free choice of 
music to add as soundtrack, background music or sound effects would 
not only comprise severe concerns regarding copyright issues, but also 
concerning application management. It takes skill to know what sound 
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5.1.3 Researcher Reflections 
The combination of the guiding theoretical frameworks and 
methodological approaches in relation to the work on mobile digital 
storytelling in educational contexts presented in this thesis, suggest the 
following: New media literacies, multimodality, and mobile seamless 
learning, influenced by constructivist concepts of progressive 
knowledge creation based on one's own experiences and with apt 
professional guidance as presented in Chapter 2, combined with co-
designed, developed and validated methods and tools, all correspond to 
the fundamental idea the mDS system embraces. The system responds 
to a variety of learning conditions, and it can be utilized in cross-
disciplinary settings or not, collaboratively or individual, regardless of 
previous knowledge of learning technologies, and regardless of user 
age.  

Table 4 represents an overview of the path towards the outcomes for 
this work, based on the relation to the theories and methods presented 
in Chapter 2 (see also Fig. 4), and represented by the general teacher 
requirements shared in the before and after sessions, the pupil challenges 
provided in the mDS phases, and the major design factors involved, 
discussed in Chapter 5. 
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section 3, implementing such advanced options would make the original 
mDS concept too complex. 
 
6. UI Colors ("Colors are nice, you know. I really like green.") 
Color themes are something on the easier side to adapt to user 
preferences, and to provide as a user-controlled option. However, no 
significant UI controllers can be color-dependent, see e.g. Rogers, Sharp 
& Preece (2011).  

The most outspoken color wishes emerged during the very last trial, 
after some of the pupils was acquainted to the mDS application, as well 
as the mDS web platform. The mDS web color is a somewhat darker and 
muddled green, whereas the former follows one of the Apple standards 
for native applications, Teal blue56. The color choice for the mDS web 
was something that was never discussed during that last intensive 
period of development and tryouts, but rather something that was just 
chosen and used without extensive deliberation. However, the green 
features in the web UI turned out to be the pupils' first choice too. For 
any future work on the mDS system, UI colors are something that need 
to be considered thoroughly.  
 
A closing reflection on the overall challenges for setting up the general 
study criteria need to be mentioned here. Even though the after sessions 
showed great bias towards the collaborative aspect of the pupil 
assignments, a few of the pupils reported difficulties during some of the 
earliest studies, mainly so regarding ownership of the mobile 
technologies provided by the researcher team. These issues were of the 
"when will it be my turn?" kind, and reflected the fact that each group 
of pupils shared one mobile unit, with the intention to take turns using 
it, since they all had different management roles to fulfill, e.g. 
photographer, facts collector, etc. However, as time progressed, those 
issues became less noticeable, perhaps so because mobile units no longer 
seemed as 'rare' as then.  

                                                        
56 https://developer.apple.com/design/human-interface-guidelines/ios/visual-
design/color/ 
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Phases 4 & 5  
Share, Store, 
Reflect, Remix, 
Reuse 
 
iOS 
Application 
& mDS web 
services 

Present 
Share 
Listen 
Constructively 
criticize. 
Discuss  
Rethink 
Restart 
Reflect 
Remix 
Reuse 

To be able to work 
over a longer period 
of time (e.g. for 
thematic work) with 
mDS projects that 
can be remixed 
and/or reused for 
various purposes, in 
order to deepen 
progression and 
insights.   
 

Usability. 
Accessibility. 
Stability. 
Individual story 
elements for easy 
remix and reuse. 
Voiceover 
recording general 
understanding. 

ALL mDS 
Phases  
 
iOS 
Application 
& mDS web 
services 

Collaborate 
Discuss 
Reason  
Reflect 
Argue 
Compromise 
Problem-
solving. 
Creativity 
Focus on tasks 
Time manage-
ment. 
Knowledge 
creation. 

For (teachers) to 
realize that, 
regardless of 
previous experiences, 
digital technologies 
for teaching and 
learning need not 
necessarily to be 
intricate, complex or 
time consuming to 
understand, set-up 
and use in different 
learning situations. 
 
To gain courage and 
experience in order 
to "step up one's 
game", so as to dare 
try and implement 
other / new / 
additional learning 
technologies.  

Usability. 
Time efficiency. 
Stability. 

 

Table 4. Design Factors in Relation mDS Phases, Teacher Requirements, Pupil Challenges, 
and Major Design Factors Addressed  

Last, but not least, a quite interesting 'on-the-side-observation' derived 
from the participation of the museum staff, who primarily took a full 
active part in studies 1 and 2, but also in the preparations and follow-
ups for study 3 (see Chapter 3). The recurring staff actually expanded 
their own, hitherto quite nominal interest in mobile technologies, 
resulting in investments in digital equipment (a set of iPads), as well as 
in the integration of some of the methodological approaches included in 
the studies into their own educational activities at Kulturparken 
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mDS Phases & 
Supporting 
mDS 
Technologies 

Pupil 
Challenges / 
Cognitive and 
Social Skills 

General Teacher 
Requirements & 
Learning Strategies 

Major Design 
Factors Involved57 

Phase 1 
Experience & 
Collect 
 
iOS 
Application 

Listen 
Annotate  
Record 
Sort 
Select 
Arrange 

Cross-disciplinary 
work mode 
regardless of age.  
Set up mDS activities 
either for individual 
or collaborative 
approach. 

Usability. 
Accessibility. 
Time Efficiency. 
Tech support. 

Phase 2 Plan & 
Process 
 
iOS 
Application 

Write (a script)  
Spell 
Arrange 
Adapt 
Constructively 
criticize.   
Argue 
Reflect 
Revise 

To be able to offer 
pupils a multimodal 
and seamless work 
approach, in order to 
provide digital 
inclusion, and for 
supporting 
individual expansion 
of teaching and 
learning 
opportunities 
supported by mobile 
technologies.  

Usability. 
Multimodality. 
Seamlessness. 
Non-linear story 
creation workflow. 
 

Phase 3 Create 
 
iOS 
Application 

Adapt to 
recording 
surroundings. 
Record a 
voiceover. 
Listen  
Discuss  
Argue  
Modify  
Reflect 
Revise 
Enhance 

To be able to feel 
secure when using 
the system, so no 
time is wasted on 
unnecessary hang-
ups or other 
unforeseen technical 
incidents.  
 
To feel adequately 
proficient when 
using the system and 
when supporting the 
pupils. 

Stability. 
Usability. 
Time Efficiency. 
Non-linear story 
creation workflow. 
Clear and easily 
understandable UI. 
Well-defined 
voiceover 
recording controls. 
Voiceover 
recording general 
understanding. 
Tech support.  
Language options. 
Individual storage 
of story elements to 
ease editing. 

                                                        
57 In relation to the Teachers' Thoughts, Pupils' Proposals, and Researcher's Reflections 
discussed in Chapter 5. 
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Phases 4 & 5  
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Phases  
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& mDS web 
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Problem-
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Table 4. Design Factors in Relation mDS Phases, Teacher Requirements, Pupil Challenges, 
and Major Design Factors Addressed  

Last, but not least, a quite interesting 'on-the-side-observation' derived 
from the participation of the museum staff, who primarily took a full 
active part in studies 1 and 2, but also in the preparations and follow-
ups for study 3 (see Chapter 3). The recurring staff actually expanded 
their own, hitherto quite nominal interest in mobile technologies, 
resulting in investments in digital equipment (a set of iPads), as well as 
in the integration of some of the methodological approaches included in 
the studies into their own educational activities at Kulturparken 
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mDS Phases & 
Supporting 
mDS 
Technologies 

Pupil 
Challenges / 
Cognitive and 
Social Skills 

General Teacher 
Requirements & 
Learning Strategies 

Major Design 
Factors Involved57 
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discussed in Chapter 5. 
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6. Conclusions and Future Research 

School is a conservative institution.  
A bit exaggerated one can say that it tries to convey  

the wisdom and knowledge of generations in a more general form  
than what families and institutions outside of school usually do. 

Moreover, it has done so in more or less the same way ever since the 
Middle Ages. This is in principle something positive.  

Nothing survives in society for such a long time 
 if it is not genuinely beneficial.  

 
The 'fault' with school cannot be that it does not change at the same 
 speed, and in the same way that everything else in our society does.  
On the contrary, the relative perpetuity that school represents is an 

 asset. It provides space to breathe and opportunity to reflect.  
 

But only so if everyone who has been assigned or taken on the role as  
teachers themselves follow what is going on in the world outside,  
and strive to relate and incorporate that into the basic skills and 

knowledge that school first and foremost should provide.  
 

It is crucial to be very clear about what it is in the old, tested and 
reliable that is of actual value and how that can be put in to use  

to contextualize that what is new. 
 

Winter and Johansson, (2009). Digitalis Filosofi 
(my translation)  
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Småland. Both iPads and procedures are now part of their own practices 
as museum pedagogues, in which they regularly meet school classes and 
children outside of school; the latter taking part in leisure time or 
holiday activities offered (Nordmark, H., 2018, personal 
communication). 

All of the above together represent the foundation for the mDs 
workflow and the software development processes described in Chapter 
4. It also serves as base for answering to the research questions, see 
Chapter 6. The findings all contributed to a less cluttered app and web 
UI, a smoother and more intuitively managed story creation process, 
and a more flexible mDS workflow.  

The following and last chapter, will conclude the thesis and provide 
ideas on possible future work.  
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The research questions stated in chapter one were: 
 
1. What design features are necessary to scaffold seamless mobile 
learning approaches with the support of mobile digital storytelling?  
 

1.1 How can seamless learning activities supported by mobile digital 
storytelling be designed and used to inspire digital inclusion for both 
teachers and pupils, and to promote and facilitate commitment and 
motivation, discussion, collaboration and reflection? 

 
In the light of the theoretical frameworks, the methodological 
approaches, the strategies, experiences, and outcomes described and 
discussed in earlier chapters, the mDS system responds to the first 
question by offering straightforward, multimodal, seamless possibilities 
in line with requested design factors, e.g. usability, time efficiency, validity, 
and value, combined with scalability, which in this particular context 
implies that the system is oriented towards cross-disciplinary and cross-
age efforts, collaborative or individual. By its iterative co-designed 
adaptation to stakeholder requirements and needs, the mDS system 
provides opportunities for pupils to feel inspired, motivated, and 
included in their everyday school work, and for teachers to feel 
encouraged to try new endeavors involving learning technologies, in 
order for them to support their pupils in becoming digitally literate, 
which combined rationalize the earlier discussed interplay between 
design, ICT technologies and learning. 
 
2. Considering the role of mobile digital storytelling for educational 
settings: which design factors and learning requirements could guide 
and support similar initiatives?  
 

2.1 What is of importance for teachers and for pupils when using the mDS 
workflow and toolkit in an educational context? 

 
As stated in Chapter 5, the main design factors responding to the 
predominant requests regarding usability, time efficiency, and stability, 
all derived from the before and after sessions, and to which the following 
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The progressive mDS research studies and outcomes (Chapters 3 & 4), 
published at international scientific conferences and in two books, have 
provided valuable insights on several levels, e.g. how mobile digital 
storytelling can be used in authentic contexts to support mobile seamless 
learning approaches, what teaching and learning affordances the mDS 
workflow can provide, and what technical functionalities, design factors 
and requirements are essential in terms of interaction, content 
reusability, flexibility, sustainability, scalability, and user focus. The 
following sections will conclude the work conducted within the scope 
of this thesis, and end with an outlook on future research possibilities.  

6.1 Conclusions 
To conclude all of the work included in this effort in a few short 

sentences is a truly daunting task in itself, almost as the one I set out to 
accomplish when I first started this journey, described in the Foreword 
section. Did it turn out the way I hoped it would? Did I achieve what I 
set out to do? To this, I dare to say yes. Unsurprisingly, I have also 
encountered challenges, some of which I've described in the previous 
sections, and some of which will be discussed in the Future Research 
section. 

I have also learnt a great deal during these years. Theoretically 
obviously, but indeed also practically – human-wise, design-wise and 
method-wise. To try and – in one person – represent the roles of 
researcher, teacher, pupil, doctoral student, designer, former pupil, 
'CEO', etc., is a true challenge in itself. However, one changes and 
develops over time, and so do the roles one has to match.  

I initially set out to explore and develop a combined 
method/workflow and toolkit for mobile Digital Storytelling in 
educational contexts, but realized – even before the initial mDS pilot 
study was launched – that a close stakeholder focus and involvement 
was fundamental for all upcoming efforts. Furthermore, to closely 
listening in to the stakeholders' needs, ideas, fears, experiences, and 
suggestions on what would and could work, and not, has truly been an 
eye opener that I wish many researchers in my field could, and will 
experience.  
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6.2 Future Research 
The mDS system was designed and developed to be unreservedly 
accessible for all teachers and pupils interested, in order to offer a sincere 
and easy-to-handle possibility to broaden digital literacy in general. 
However, in order to maintain that intention, for Swedish conditions a 
national organization, or authority such as Skolverket, has to step in and 
take over both dissemination, distribution, and necessary software 
updates, since the regulation of the Swedish school nowadays relies on 
each municipality respectively, and not the Swedish state 
(Skolinspektionen, 2015). Another way would be to hand over the mDS 
system to a regional organization, such as e.g. Region Kronoberg, or a 
similar representative organization. Therefore, initial talks with a local 
municipality organization closely connected to the CeLeKT research 
group, have been held as a first step.  

The main technical features for future development are up-to-date 
mDS iOS and Android applications with an upgraded UI, and an 
extended version of the accompanying web platform.   

From the outcomes of the studies, multiple language options, UI color 
adaptation, and to find a way forward to include video, without having 
to deal with too much post-production factors, together with the task of 
how to manage a 'free choice' of one's own soundtrack, or background 
music, are major indicators for any future mDS work.   

Another point of interest for future development could be to connect 
the mDS system to the overall emerging interest for and efforts on 
coding, or programming, in schools, especially so in regards to the 
STEM 58  approach, in which the mDS system could serve as an 
explanatory and reflective facilitator on several levels, for teachers as 
well as learners.  

Other points of interest for future research would be to further 
develop the Penuel (2007) and Spikol (2010) co-design approach, by 
complementing it with the findings from e.g. Illeris (2018) and Mac 
Callum, Jeffrey, and Kinshuk (2014) in order to attain an updated, 
contemporary foundation and method for well-grounded and 
applicable outcomes, aimed at future efforts searching to implement 

                                                        
58 http://stemtosteam.org 
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main implementations were deployed: the story hub for non-linear story 
creation approach, an easy-to-grasp UI for the voiceover recording (with 
features such as a recording progress-bar and easy-to-understand-
controls), and a limited amount of eligible options when creating stories. For 
the stability factors, measures had been taken already in between 
development iteration 1 and 2, and then taken even further for iteration 
3 through the native iOS approach, see Chapter 4. 

Also, the issues of time management and technology support have among 
been the most discussed throughout the studies, which indicates that the 
users regard those areas as some of the most important to deal with 
when engaging in similar initiatives.   

So again, in the light of the above sections and subsections, the 
overviews, presentations, discussions and conclusions combined – the 
main contribution of this doctoral thesis is a co-designed and co-
validated comprehensive system for mobile digital storytelling in 
educational contexts, consisting of a workflow with accompanying 
customized supporting mobile technologies. The mDS system 
introduces a learning technology approach aiming to support teacher 
and pupil digital inclusion, mobile seamless learning, and multimodal 
aspects, and to serve as a reflective instrument for both collaborative and 
individual work. The stakeholder validation of the mDS system in 
different educational settings indicates that it can be used independent 
of subject matter, user age, locality and previous knowledge of 
technology enhanced learning, and that it is easy to access and manage 
for teachers as well as pupils. It also confirms that the inherent support 
of the mDS workflow proposes a comprehensive and accessible 
approach for addressing contemporary educational challenges, as 
described in Chapter 2. Hence, the mDS system as a whole, proposes a 
toolkit of innovative modes on multiple levels, for meeting the skills 
required for supporting contemporary knowledge creation, and 
providing a supplementary understanding on the interplay of design, 
technology, and learning.   
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