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Abstract

Sanna Ruhalahti
Redesigning a Pedagogical Model for Scaffolding Dialogical, Digital and Deep
Learning in Vocational Teacher Education
Rovaniemi: University of Lapland 2019, 185 p.
Acta electronica Universitatis Lapponiensis 257
Thesis: University of Lapland, Faculty of Education, Centre for Media Pedagogy
ISBN 978-952-337-145-3
ISSN 1796-6310
The main goal of the study was to identify the type of pedagogical model that
scaffolds the construction of dialogical collaborative knowledge in digital
environments toward deep learning in vocational teacher education. Another goal
was to identify the type of framework that supports the evaluation of deep learning.
The research redesigned the Dialogical Authentic Netlearning Activity (DIANA)
pedagogical model. The specific aims of the research were to identify the challenges
and opportunities associated with adopting the DIANA model for blended and
mobile learning and to understand how student teachers reflect on and evaluate
the construction of authentic and dialogical collaborative knowledge. Additionally,
this study explores how digital personal learning environments are scaffolded and
determines authentic and dialogical collaborative knowledge constructions used
with the DIANA model.
Multiple research questions were set to meet these aims, and the case study used
qualitative research methods to answer these questions. The study population
included international, vocational teachers (n = 14) and Finnish vocational student
teachers (n = 76) who participated between 2013 and 2016. Data were collected
through online questionnaires, in-depth interviews, self-reflective accounts and
open blog entries (synthesis, artefacts). Data were analysed using qualitative
content, deductive and abductive analyses. In the third sub-study, the design-based
implementation research approach was used to provide a re-design process for
implementing scaffolding.
The principle result of this study is a redesigned Dialogical, Digital and Deep
learning (DDD) pedagogical model informed by educational theories and based on
both the previously developed DIANA model and studies about the construction
of authentic and dialogical collaborative knowledge. This information was used to
3
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develop specific design principles that scaffold dialogical, digital and deep learning.
The study provides a redesigned, pragmatic evaluation framework for deep-learning
activities that supports the design, construction and evaluation of dialogical
collaborative knowledge. The study results have several implications for learning
design, research and practice in vocational teacher education. The study indicated
that deep learning activities in authentic and dialogical collaborative knowledge
construction offer a promising approach to developing learning processes for
vocational teacher education, especially in the digital learning context. Vocational
student teachers ought to gain positive experiences in dialogical collaborative
knowledge construction, which requires deep learning in digital environments.
In addition, dialogical competences ought to be integrated more deeply into the
processes of teacher education to ensure acquisition of deeply oriented skills and
knowledge rather than disconnected add-on elements, and such competences
should be principle among teachers.
Keywords: dialogical collaborative knowledge construction, digital environments,
deep learning evaluation, pedagogical model, scaffolding, vocational teacher
education
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Tiivistelmä

Pedagogisen mallin edelleen kehittäminen dialogiseen, digitaaliseen ja
syväoppimiseen suuntaavaan ohjaukseen ammatillisessa opettajankoulutuksessa
Rovaniemi: Lapin yliopisto 2019, 185 p.
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Väitöskirja: Lapin yliopisto, Kasvatustieteiden tiedekunta,
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Tutkimuksen tavoitteena oli tutkia millainen pedagoginen malli ohjaa yhteisölliseen dialogiseen tiedonrakentamiseen syväoppimisen suunnassa digitaalisissa ympäristöissä ammatillisen opettajankoulutuksen konktekstissa sekä lisäksi tarkentaa
syväoppimisen arviointia tukevaa viitekehystä. Tutkimus kehitti eteenpäin DIANA
(Dialogical Authentic Netlearning Activity) pedagogista mallia. Tutkimuksessa
tarkasteltiin myös sitä, minkälaisia haasteita ja mahdollisuuksia DIANA-mallin
mukaisessa monimuotoisessa ja mobiilioppimisessa on. Tutkimus syvensi sitä, miten
opettajaopiskelijat reflektoivat sekä arvioivat omaa autenttista ja dialogista yhteisöllistä tiedonrakentamista. Tutkimus selvitti myös, miten ohjata henkilökohtaisten
oppimisympäristöjen käyttöä DIANA-mallin mukaisessa autenttisessa ja dialogisessa yhteisöllisessä tiedonrakentamisessa.
Tutkimuksessa määriteltiin useita tutkimuskysymyksiä, joilla pyrittiin vastaamaan tutkimuksen tavoitteisiin ja kysymyksiin laadullista tapaustutkimusta hyödyntämällä. Tutkimukseen osallistui kansainvälisiä, ammatillisia opettajia (n = 14)
ja suomalaisia ammatillisia opettajaopiskelijoita (n = 76), jotka osallistuivat ammatilliseen opettajankoulutukseen vuosien 2013 ja 2016 aikana. Aineiston hankintamenetelminä olivat verkkokyselyt, syvähaastattelut, itsereflektiot ja avoimet verkkoblogit (synteesit, artefaktit). Case-tutkimuksen aineisto analysoitiin laadullisin
menetelmin, teorialähtöisen ja abduktiivisen sisällönanalyysin avulla. Kolmannessa
osatutkimuksessa käytettiin DBIR-menetelmää (Design-Based Implementation
Research) ohjauksen uudelleen kehittämisen tukena.
Tutkimuksen keskeisena tuloksena syntyi uudistettu pedagoginen malli DDD
(Dialogical, Digital and Deep learning), joka perustuu oppimisen teorioihin,
aiemmin kehitettyyn DIANA-malliin sekä aiempiin tutkimuksiin autenttisesta ja
dialogisesta tiedonrakentamisesta. Edellä mainittuja hyödynnettiin myös DDD
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pedagogisen mallin mukaisten suunnitteluperiaatteiden luomisessa, jotka tukevat dialogista, digitaalista ja syväoppimista. Tutkimuksessa esitetään praktinen
syväoppimisen arvioinnin viitekehys, joka tukee dialogisen yhteisöllisen tiedonrakentamisen suunnittelua ja arviointia. Tutkimus osoitti, että syväoppimista tukeva
autenttinen ja dialoginen yhteisöllinen tiedonrakentaminen tarjoaa käytännönlähteisen lähestymisen, kun ammatillista opettajankoulutusta kehitetään digitaalisen
oppimisen kontekstissa. Myös dialogiosaaminen pitäisi integroida syvemmin ammatillisen opettajankoulutuksen prosesseihin. Näin varmistetaan opettajien osaamiseen kuuluvien syvätasoisten dialogitaitojen oppiminen, eikä pelkästään irrallisten
tekniikoiden opiskelua.
Avainsanat: dialoginen yhteisöllinen tiedonrakentaminen, digitaaliset ympäristöt,
syväoppimisen arviointi, pedagoginen malli, ohjaus, ammatillinen opettajankoulutus
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1

Introduction

Globally, the on-going process of digitalisation has required changes in educational
structures and learning environments. Digital technologies open a wide range of
possibilities for education but also present a need for pedagogical learning design.
According to Lonka (2015), the traditional individual knowledge acquisition
is moving towards collaborative knowledge construction; thus, diverse digital
environments must include more student-centred activities and collaboration to
meet these needs.
Teacher education and higher and vocational education face challenges when
attempting to bridge education and work. The on-going reform of Finnish
vocational education presents further challenges due to complex and technologydriven global thinking that requires a deeper level of learning (Ministry of Education
and Culture, 2017a). According to Wheeler (2015), future digital learning should
put pedagogy first and technology second, but to foster this development, digital
wisdom is necessary as information becomes more democratic and learning more
open and collaborative (Adams Becker et al., 2017; Lonka, 2015). The sociocultural
approaches to learning have influenced research and the wider discussion by
focusing on the interplay between digital technologies and deep learning (Gibson
2013; Ludvigsen, Lund, Rasmussen, & Säljö, 2011, p. 3). According to Traxler and
Kukulska-Hulme (2016, p. 2), the next generation of learning is context aware,
which requires new learning designs. Scanlon, McAndrew and O’Shea (2015, p. 7)
point out that the greatest benefits of learning design, learning analytics and open
education resources can be attained through an integrated approach that combines
design, technology and pedagogy.
This study investigates authentic and dialogical collaborative knowledge
construction in digital environments to understand learning processes and
competences development in deep learning. To be successful in the modern
working world, students must develop higher-order thinking skills, such as applying,
analysing, synthesising and evaluating information, all of which are products of
deep learning (Adams Becker et al., 2017; Anderson et al., 2001; Biggs & Moore,
1993; Gibson, 2013). To teach these skills, inquiry, problem-based and projectbased learning are important and capitalise on authentic professional practices
and problem solving (Brush & Saye, 2014; Hunt, 2015). This study contributes to
vocational teacher education by presenting current diverse digital environments and
authentic and dialogical collaborative content construction practices based on the
preferences and cultures of present student teachers and future vocational students.
16
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In this study, I combine sociocultural theory (e.g. Lave & Wenger, 1991; Palincsar,
1998; Rogoff, 1990; Säljö, 2004; Vygotsky, 1978) and authenticity (Shaffer &
Resnick, 1999) with authentic learning (Aarnio, 2006; Herrington, Reeves, &
Oliver, 2010) and dialogical collaborative knowledge construction (Aarnio, 1999;
Aarnio & Enqvist, 2001; Bohm, 2004; Enqvist & Aarnio, 2004; Lave & Wenger,
1991; Paavola, Lipponen, & Hakkarainen, 2002; Sfard, 1998). Furthermore, I utilise
scaffolding in learning (Lave & Wenger, 1991; Palincsar, 1998; Vygotsky, 1978),
deep learning evaluation (Anderson et al., 2001; Nelson Laird, Seifert, Pascarella,
Mayhew, & Blaich, 2014; Schraw, Flowerday, & Lehman, 2001), the DIANA
(Dialogical Authentic Netlearning Activity) pedagogical model (Aarnio & Enqvist,
2002; 2016), and previous research, in order to deepen a theory of the pedagogical
model and the deep learning evaluation framework. Sociocultural theory also forms
a theoretical framework for the assumptions of three metaphors of learning: learning
as individual knowledge acquisition, as participation in dialogue in a community
(Sfard, 1998), and as knowledge creation (Paavola et al., 2002). This study bridges
these three metaphors.

1.1 Research Addressing the Gap
A range of former research has influenced the formulation of the research questions.
Previous studies from vocational education and teacher education have indicated
that the DIANA pedagogical model is a demanding model and entails difficulties
closely connected to a lack of dialogical competence (Aarnio & Enqvist, 2016).
Aarnio (1999, p. 217) concluded that there was a need to take care of vocational
student teachers’ dialogical skills and knowledge, in order to ensure their ability
to develop their own learning communities and society. Hence, as Aarnio and
Enqvist (2002) later concluded, in the field of vocational education, it is difficult
to identify authentic and dialogical knowledge construction based on the net
presence. Furthermore, Enqvist and Aarnio (2003) stated that increasing deeporientated learning through dialogical actions is the most challenging part of using
the DIANA model in vocational teacher education. A year later, they concluded
a study in vocational teacher education with the observation that there were
significant differences in the dialogical actions of study circles, and that dialogue
was a key element for constructing new knowledge (Enqvist & Aarnio, 2004).
Aarnio (2006, p. 68) broached the fact that further research on authentic and
dialogical learning process is necessary, as incompetent structuring can result in
authenticity and dialogical knowledge construction disappearing from the learning
process. Aarnio and Enqvist (2007a) also indicated that dialogical knowledge
construction in digital environments should be skilfully structured. Tillema
and van der Westhuizen (2006) concluded that dialogue is needed throughout
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collaborative knowledge construction to ensure tangible outcomes. However, little
research has focused on what learning outcomes authentic and dialogical knowledge
construction results in. The developers of the DIANA model point out that taking
a dialogical leap is a precondition for deep-orientated learning and that dialogical
actions are essential for creating a learning community (Aarnio, 2006; Aarnio &
Enqvist, 2002; 2007a; 2007b; 2016) as well as for achieving efficient learning in
the diverse digital environments. Although deep learning has been studied widely
since the 1970s, research in the context of vocational teacher education or teacher
education generally has been meagre.
My study seeks to fill the research gap by presenting scaffolding for deep learning
outcomes that utilises authentic and dialogical collaborative knowledge construction
in diverse digital environments. My work as a vocational teacher educator informed
the exploration of learning that benefits current vocational teacher education
outcomes through the learning and teaching processes for deep learning and
fostering a collaborative knowledge construction culture (Lonka, 2015). This
culture should support competences in dialogue, higher-order thinking skills and
learning dispositions that strengthen learning outcomes (Gibson, 2013, p. 462).

1.2 Background and Aims of the Study
My previous experience designing online and blended learning in vocational teacher
education provided a good starting point for the design, development and research
for the present work. Previous research revealed a research gap in understanding
design in relation to the DIANA model learning process (Aarnio, 2006; Aarnio
& Enqvist, 2002; 2004; 2007a). In 2013, the researcher was a teacher educator in
vocational teacher education in Finland tasked with redesigning the ‘Networks
in Vocational Education’ study module of the teacher education programme. The
participants (n = 76) in the module consisted of five vocational student teacher
implementation groups and the redesign took place between 2013 and 2016. The
participants came from diverse socioeconomic, cultural and vocational backgrounds
and had zero to more than 20 years of teaching experience in vocational education.
At the same time, I had an opportunity to co-design and implement a learning
process for a micro open online course (mOOC) as a part of a European Union
(EU) project. The course was implemented with Coleg Gambria (Wales, United
Kingdom) and the Häme University of Applied Sciences, School of Professional
Teacher Education (HAMK SPTE). International vocational teachers (n = 14)
participated in the course “Making Learning Personal”, which aimed to train teachers
how to develop individualised approaches in vocational education and training.
Against this backdrop, I faced a challenge of how to design a learning process
which constructed the student teachers’ knowledge from an authentic starting
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point and through dialogical actions in their learning community or study circles.
At this point, it became clear that I would have to redesign earlier learnings, and
thus, I adopted the DIANA pedagogical model as a framing for my study module
implementations and research process. This model guided the process, and the
knowledge gained during the different research phases directly inspired the redesign and further development of the model.
One of the main objectives of the present study was to redesign pedagogical
model scaffolding for dialogical collaborative knowledge construction and deep
learning in digital environments in vocational teacher education.
In particular, the present study aims to address the following.
1. How does the Dialogical Authentic Netlearning Activity (DIANA) model
support collaborative knowledge construction in a mOOC? (Sub-study I)
2. What are the challenges and opportunities of the adoption of the
DIANA model for blended and mobile learning, from the perspective of
student teachers? How do student teachers reflect on and evaluate authentic
and dialogical knowledge construction, based on their mobile learning
experiences? (Sub-study II)
3. How and by what means can learning in Personal Learning Environments
(PLEs) be scaffolded during an online learning process? (Sub-study III)
4. Towards what kind of authentic and dialogical collaborative knowledge
construction does the DIANA model direct students? (Sub-study IV)

1.3 The Research Process and the Researcher’s Position
I began to write up this research in the summer of 2015 and had collected the data
during 2013–2016. Three of the sub-studies comprising this thesis originated from
the vocational teacher education study module. The first sub-study originated from
the Mapping, a transfer of an innovation project which has been funded by the EU’s
Lifelong Learning programme. Participants (n = 14) were vocational education and
further education teachers from around the world. Figure 1 gives an overview of the
research process as a part of the DIANA model learning process.
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Figure 1. Dissertation study process following the DIANA pedagogical model cornerstones.

In the process, I had a triple role as a learning co-designer, teacher educator, and
researcher, which made my experience learningful. The research process gave me an
opportunity to delve deeper into each article, and that in turn ensured a broader
understanding of how to design a learning process which combines authentic and
dialogical collaborative knowledge construction with deep learning outcomes.
Table 1 describes the contributions made by the authors of the publications featured
in this thesis summary.
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Table 1. Description of authors’ roles and contributions in each research article.
S. Ruhalahti’s contribution

Other authors’ contributions

Study I

- collected and analysed the data
- interpreted the results
- wrote the major part of the manuscript
- wrote up and finalised the article
- revised the article based on the review
process

- second author contributed to the analysis
- third author revised the theoretical
background and results of the analysis,
provided methodological guidance

Study II

- collected and analysed the data
- interpreted the results
- wrote the majority of the manuscript
- wrote up and finalised the article
- revised the article based on the review
process

- second author contributed to the analysis
and results
- third author revised the theoretical
background and results of the analysis,
provided methodological guidance, and
participated in the revising process

Study III

- contributed to the DBIR process and
analysis
- took part in revising the theoretical
background
- revised the article based on the review
process

- first author wrote up and finalised the
article and conducted the review process
- third author revised the theoretical
background and results of the analysis,
took part in the revising process

Study IV

- collected and analysed the data
- interpreted the results
- wrote the majority of the manuscript
- wrote up and finalised the article
- revised the article based on the review
process

- second author contributed to the coanalysis, revised the theoretical
background and results of the analysis
- third author revised the theoretical
background and results of the analysis

Chapters 2 and 3 of this thesis summary describe the theoretical frames of the
study. Chapter 4 presents the research questions, and Chapter 5 addresses the
methodological approaches and research design. Chapter 6 summarises and provides
an evaluation of the sub-studies that form the basis for the redesigned pedagogical
model, design principles and deep learning evaluation framework. Chapter 7
presents the main results of the study. In the concluding chapter, I discuss the results
of the research, its limitations, and its practical implications. I conclude by providing
suggestions for future research.
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2

Theoretical Framework for Authentic, Dialogical
Collaborative Knowledge Construction

In this chapter, I introduce the theoretical framework which forms the basis of
the DIANA pedagogical model. The model consists of three different theoretical
frameworks: the sociocultural theory of learning, authentic learning, and dialogical
collaborative knowledge construction. In the following sections, the theoretical
perspectives supporting the research and the DIANA model are presented in more
detail. Sub-studies III and IV undertaken as part of the research path have influenced
the practical implications of the dissertation, and therefore, the theoretical
perspectives of scaffolding and deep learning evaluation are presented as a part of
this chapter.

2.1 Sociocultural Theory as an Explanatory Conceptual Framework
Sociocultural theory provides the main explanatory framework for this research,
where learning is seen as an integral aspect of social activity in and with the world
(Vygotsky, 1978). The genesis of sociocultural theory is usually attributed to
Vygotsky, and the theory posits that learning is a process of the internalisation of
cultural settings such as tools, ways of speaking, acting, thinking, and the product
of a collaborative construction (Vygotsky, 1978; Säljö, 2004). In this study, these
cultural settings are seen as digital environments which are used as part of dialogical
knowledge construction, in the way students speak, act, write, think together and
construct shared artefacts. Learning is seen as a social process and the origination
of human intelligence in society or culture (Bereiter, 2002, p. 437; Säljö, 2009;
Vygotsky, 1978). As Wegerif (2013, p. 24) noted, dialogic theories of education have
roots in sociocultural theory, but dialogue should be understood as development
from within. In the theoretical framework, social interaction plays a fundamental
role in the development of cognition. According to Vygotsky (1978), learning is
seen on two levels: social (through interaction with others, inter-psychological) and
individual (internal, intra-psychological). In contrast, Säljö (2004) pointed out that
this type of thinking might decrease our understanding of learning.
According to Vygotsky (1978), complex transformations require active
participation by students in order to achieve understanding, and this cognition
should be understood in a social and human development context, treated as a
process of acquiring culture through social interaction. By this reasoning, the zone of
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proximal development (ZPD) is one of the crucial concepts of Vygotsky’s sociocultural
theory. Vygotsky formulated the concept in two parts; an actual development level
(ADL) and a potential development level (PDL). ADL means that the student is able
to work and learn on his or her own, whereas PDL is the higher level of potential
development determined through problem-solving under guidance or in dialogue
with peers (cf. Palincsar, 1998). ZPD is defined that the distance between an
actual developmental level as determined by independent problem-solving and the
potential level of development as determined in collaboration with peers. (Vygotsky,
1978, p. 86.) This development process can be supported by providing scaffolding to
support the student in developing an understanding of knowledge or developing
complex competences and through cognitive apprenticeship (Brown & Palincsar,
1989; Rogoloff, 1990).
Sociocultural theory advocates learning in collaborative groups that are engaged in
an inquiring approach to authentic assignments related to the real world rather than
in learning component knowledge and skills (Hmelo-Silver & Chinn, 2016). This
forms an application of the concepts, and in the sociocultural approach, symbolic
cognitive artefacts are seen to mediate human actions (Palincsar, 1998; Säljö, 2004;
2009; Vygotsky, 1978). The latest research recommends that study circles produce
public artefacts so that the intellectual outputs produced can stimulate further
inquiry in the entire group (Hmelo-Silver & Chinn, 2016). Miettinen and Paavola
(2018) conclude that artefacts develop and call for constant collaboration with
other students. Furthermore, cognitive tools scaffold knowledge construction and
internalisation in order to achieve complex learning skills (Palincsar, 1998).
Sociocultural theory also forms a theoretical framework for the assumptions
of three metaphors of learning: learning as individual knowledge acquisition, as
participation in dialogue in a community (Sfard, 1998), and as knowledge creation
(Paavola et al., 2002). According to Sfard (1998), the metaphor of acquisition is
an individual activity of knowing and learning, which is seen in this study as an
activity strengthening the student’s ADL, whereas the participation metaphor is
seen as learning in communities (Lave & Wenger 1991; Sfard 1998), and the process
involved is a social one through dialogue. The students learn in their PDL. The third
metaphor, the knowledge creation metaphor, emphasises learning not as individuals
or in communities, but as students collaboratively constructing artefacts (Paavola &
Hakkarainen, 2005).
By applying sociocultural theory in the context of vocational teacher education,
new skills and knowledge are learned through an authentic and dialogical
collaborative knowledge construction learning process, with the scaffolding being
provided by peers (Lave & Wenger, 1991) and teachers. Learning is seen as a realworld objective that involves a transformation by students regarding inquiries and
activities (Säljö, 2009). The role of the teacher is to provide appropriate scaffolding
that reinforces the learning.
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Sociocultural theory has made an impact on research and the wider discussion by
focusing on the interplay between digital technologies and learning (Ludvigsen et
al., 2011, p. 3); hence, there is a need for a better understanding of learning processes
at the individual and community levels. Diverse digital environments enable learning
to be designed from the sociocultural perspective in new, more transparent ways.
In this research, learning is approached from the perspective of sociocultural
theory. In the Dialogical, Digital, and Deep Learning (DDD) redesigned pedagogical
model presented here, sociocultural theory was used as a framework for the learning
process to make working in the student’s zone of proximal development (ZDP)
more transparent and to promote the internalisation of knowledge (Vygotsky,
1978). Theory supports scaffolding in instructional contexts, allowing individual
student needs to be accommodated, while design increases student responsibilities
(Palincsar, 1998, p. 373). To emphasise individual knowledge acquisition, I placed
three metaphors of learning inside the redesigned pedagogical model (Sfard, 1998).
In addition, dialogical participation in learning communities (Aarnio 1999; Sfard,
1998; Lave & Wenger, 1991) and construction of dialogical collaborative knowledge
as knowledge creation influenced my research process (Aarnio & Enqvist, 2016;
Paavola & Hakkarainen, 2005). All this together provides a basis for seeing learning
from the perspective of sociocultural theory and for exploring how authenticity can
be a part of the process.

2.2 Authentic Learning
Authenticity is seen as extensive and complicated, and the term is generally used to
refer to something which is real, true, or genuine, or something that is not a fake or
forgery. Authenticity is seen as a concept which is rooted in philosophy (Golomb,
1995, p. 201; Heidegger, 1993). Doyle (2000) defined authenticity from three
perspectives. For students it refers to learning content that is genuine and meaningful,
subject-oriented authenticity connects assignments to current learning topics and
authentic learning is the result of situated, real activities. According to Shaffer and
Resnick (1999), authenticity arises when an activity is seen as meaningful and
when the learning target is defined and interpreted from the students’ point of view
(cf. Keskitalo, Pyykkö, & Ruokamo, 2011; Resnick, 1987). Authenticity requires
creation, construction, and finding through dialogue (Taylor, 1995, pp. 95, 102).
Shaffer and Resnick (1999) stated that more comprehensive views of authenticity
combine learning environments with all aspects of authentic learning; they are
personally authentic for the learners, are related to the real world, and provide an
opportunity to think in an authentic mode of a particular discipline. Vocational
teacher education studies have revealed that students have difficulties understanding
the concept of authenticity (Aarnio, 2006; Ruhalahti, Korhonen, & Ruokamo,
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2016); therefore, students’ commitment and the feeling that they own their learning
are strongly linked to how feelings of authenticity are born and maintained during
a learning process.
According to Aarnio and Enqvist (2016), authentic learning is viewed too
narrowly, and the process of finding and constructing authentic knowledge by
integrating theory into practice has often been designed and implemented in a
weak way. Furthermore, they note, authentic learning is often seen only as authentic
learning tasks pertaining to work or everyday life, a perspective which disregards
individual- and group-specific authenticity, the use of authentic sources, and the
production of authentic materials and fails to connect authenticity to evaluation.
Sources and materials are authentic when they are required in order to understand
a topic, stemming from a practical approach to inquiring or creating a product
or artefact (Aarnio & Enqvist, 2002, pp. 29–30). Herrington et al. (2010, p. 18)
listed nine elements of authentic learning: 1) authentic context that reflects the way
knowledge is used in real life, 2) authentic tasks, 3) access to expert performances
and the modelling of processes, 4) multiple roles and perspectives, 5) collaborative
knowledge construction, 6) reflection to enable abstractions to be formed, 7)
articulation to enable tacit knowledge to be made explicit, 8) scaffolding by the
teacher at critical points, and 9) authentic assessment of learning with tasks.
When the learning process is based on authentic settings, authentic evaluation
coincides with the learning process and becomes part of the learning process itself
(Shaffer & Resnick, 1999). Herrington et al. (2010, p. 1) stressed that designing
learning settings that use authentic activities as anchoring assignments can be a
difficult process if the previous design was based on a teacher-centred approach.
Assessments should include authentic reflections on the learning process itself.
Authentic learning becomes deeply meaningful when the students create questions
and when the learning process is shared. For example, in the field of the science
education, Fleer and Canhill (2001) pointed out that using authentic questions
formed by the students creates a stimulating learning environment. Furthermore,
Rahm, Miller, Hartley, and Moore (2003) showed how authentic learning emerges
when interaction and collaborative activities are included in the process (see also
Adams Becker et al., 2017).
Studies have also indicated that teachers and students have difficulty understanding
the concept of authenticity, and it is therefore necessary to enhance the pedagogical
learning design, as well as to improve student-centred scaffolding (Aarnio, 2006;
Ruhalahti et al., 2016). To support authentic learning design, Aarnio (2006, pp.
58–62) developed a method for supporting authentic knowledge construction in
online environments. Designing and implementing authentic learning also requires
teachers to take risks; hence, an authentic approach requires more effort than
standard academic lectures. Moreover, scaffolding is seen as a crucial activity for
generating authentic learning (Aarnio, 2006; Teräs & Herrington, 2014).
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In addition, authentic learning promotes deep learning (Czerkawski, 2014; McGee
& Wickersham, 2005), as well as knowledge-sharing when learners collaboratively
construct conceptual artefacts based on authentic learning settings (Tillema,
2006). When the goal is to achieve deep learning, a sense of community is seen as
a motivating factor (Ryan & Deci, 2000), and authenticity influences the desire to
construct knowledge with students from various fields (Herrington et al., 2010, p.
18). If the learning process specifies higher-order thinking outcomes, it should be
aligned with the learning outcomes as authentic learning settings change during the
process and may vary at the individual and community levels (cf. Herrington et al.,
2010, p. 136; Williams, 2017).
In sum up, authenticity creates a basis for socioculturally based learning design.
As a starting point, authenticity combines the opportunity to construct meaningful
knowledge from authentic settings, which are related to the real world and based on
existing competences. Thus, the content of learning is assumed to become relevant,
engaging, genuine, and meaningful. In my point of view, this can be accomplished
through inquiring authentic questions developed individually and collaboratively
through scaffolding, using authentic sources, and then dialogically constructing
collaborative knowledge (cf. Aarnio & Enqvist, 2016). Relatedly, genuine authentic
learning demands skills and knowledge of dialogue (Taylor, 1995).

2.3 Dialogical Collaborative Knowledge Construction
Dialogical collaborative knowledge construction is another key characteristic of the
framework which is closely linked to authentic learning settings. As noted earlier,
learning demands social interaction and knowledge construction is fundamentally
seen as a social process (e.g. Lave & Wenger, 1991; Vygotsky, 1978) and gains personal
and culture-specific meanings. This is primarily linked to the participation and
action in learning communities (Wenger, 1998), but simply putting students into
groups will not necessarily lead to collaborative knowledge construction through
dialogue. In the following section, I introduce the characteristics of dialogical
collaborative knowledge construction, which, in this thesis, are a combination
of dialogue, dialogical participation, collaborative learning, and collaborative
knowledge construction. The approach in the study is that knowledge is constructed
through dialogue in learning communities, and authenticity and authentic learning
settings create the grounds for this to take place.
The term dialogue is commonly found in the research literature. According to
Bohm (2004) and Isaacs (1999), dialogue does not simply mean talking or discussing.
Discussion can consist of many monologues rather than shared thinking (Enqvist
& Aarnio, 2004). In contrast, dialogue is defined as the chaining of utterances
and shared thinking through different perspectives (Bakhtin 1986; Phillipson &
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Wegerif, 2017, p. 188). As Bohm (2004) has pointed out that in dialogue, active
participation is required, and this has two meanings: to take part both ‘of ’ and ‘in’.
Bakhtin (1986) pays attention to the resicprocity, which creates common and shared
understanding, which in turn leads to a type of polyphonic thinking that creates
and constructs new knowledge (cf. Bohm, 2004). Dialogue requires humility while
learning and acting and furthermore requires an intense faith in community (Freire,
2001). According to Isaacs (1999), dialogue enables a person’s attitudes and selfknowledge to undergo changes, and improves our ability to listen and familiarise
ourselves with others’ points of view. This is in line with Asghar’s (2016) and Dueñas
(2013, p.88) findings that dialogue supports constructive conversation and develops
social conscience among students.
When collaborating through dialogical action, it is essential to be equally and
consciously present, engaged, listening, participating, and suspending utterances.
Likewise, Isaacs (1999) noted that dialogue involves thinking together, although as
a phenomenon, dialogue is more extensive and complex. In the context of teaching
and learning, Aarnio (1999) emphasised in a teacher education study that the start
of a dialogue was mostly about opening one’s own thoughts and relating events in an
informative manner. According to Enqvist and Aarnio’s (2004) definition, dialogue
is based on an equal co-construction of understanding. Dialogue requires equal
participation, which is based on thinking together and familiarising oneself with
a particular topic, matter, or activity. Students and teachers need skills in dialogue,
so that shared knowledge construction can take place. Aarnio and Enqvist (2001,
p. 19) viewed that dialogical participation consists of active and equal participation,
engagement and reciprocal reaction, and the letting go of egocentricity. In practice,
it means that a student is active in providing his or her own contributions, is
responsive, develops ideas, inquires, opens the meanings of utterances, continues the
utterances of others, and engages in the often time-taking process of constructing a
shared understanding (Enqvist & Aarnio, 2004). Furthermore, Wegerif et al. (2017)
use interpretative analysis to conclude that empathy and understanding others’
perspectives are key dialogical change factors in team blogging.
The key concept in online and blended learning is dialogue (Aarnio & Enqvist,
2001; 2002). The research literature on dialogicality in blended and online teacher
education and higher education has focused primarily on dialogical discourse,
interaction, and teaching (e.g. Cramp, Lamond, Coleyshaw, & Beck, 2015; Ligorio,
Loperfido, & Sansone, 2013; Sedova, Sedlacek, & Svaricek, 2016; Reznitskaya,
2012). Moreover, Bound (2010) developed and implemented the Map of Dialogic
Inquiry model to improve online dialogue in the context of adult and vocational
education. The results showed that the model supported and scaffold dialogical
inquiry. Similarly, in Canada, a dialogic learning community model which
emphasised dialogue focused on real-world inquiries was used to instruct adult
learners. Aarnio (1999) indicated that when seeing dialogue as a specific action, it
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may help students to reach a competence. To support the awareness of dialogical
actions, Aarnio, Enqvist, Sukuvaara, Kekki, and Kokkonen (2008) created a webservice to promote deep learning through dialogical actions. Furthermore, based on
the web-service piloting results and to make dialogical actions more concrete, Aarnio
(2012) developed a scheme of dialogical methods. The aim was to create practical
methods to foster teachers’ skills and knowledge of the use of dialogical actions in
practice. The dialogue method’s sub-areas are dialogical attitude, making dialogue
non-fuzzy, creating a dialogical moment, and creating an overall view and new
understanding through dialogue. Furthermore, beyond these dialogical methods
developments are Huttunen’s (1995) re-formulated norms of how dialogical factors
are actualised in practice. These include 1) the rule of participation, 3) the rule of
commitment, 3) the rule of reciprocity, 4) the rule of appreciation, and 5) the rule
of reflectivity (cf. Burbules, 1993, pp. 80–82; Mezirow, 1995). In addition, Aarnio
(1999) pointed out that these are not external rules, but rather seen as a skills which
are needed in the dialogue process.
The education literature defines collaborative in numerous ways; for example,
Dillenbourg (1999) stated that ‘any situation can be labelled collaborative’ (p.
1). Understanding the collaborative grounds of this study context calls for an
examination of the concept of collaborative learning, which is an umbrella term for
a variety of educational approaches in which teachers divide students into groups
to work together (Barkley, Major, & Cross, 2014). When designing learning, it
is important to be aware of these definition and not to oversimplify the concept.
According to Dillenbourg (1999, p. 5), collaborative learning involves distinct
forms of interaction among students that trigger learning, but there is no guarantee
that the expected interaction will occur. Collaborative learning interactions can be
designed through deeper understanding of knowledge construction (Dillenbourg
& Fischer, 2007).
Collaborative knowledge construction can be understood as a gathering term
referring to a variety of practical implementations and approaches. During the
learning process, peers depend on others with more experience, which increases
the need for joint participation in learning (Lave & Wenger, 1991), and group
members share a goal and contribute new knowledge in order to create a common
understanding through interaction. This leads to collaborative knowledge
construction and is achieved by creating questions, evaluating knowledge, and
modifying the collaborative approach (see also Dillenbourg, 2002). Collaboratively
constructed real-world and open-ended questions engage students in the process
of developing new artefacts (Eklund, Mäkitalo, & Säljö, 2011, p. 124; Fredriks,
2014; Muukkonen, Lakkala, & Paavola, 2011, p. 172). Unique products and new
knowledge are the results of collaborative knowledge construction. This, however,
requires reciprocal, committed, goal-orientated, and shared activities (Byman,
Järvelä, & Häkkinen, 2005; Resnick, 1991). Students should employ approaches
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which facilitate deep learning by creating and constructing meanings through
collectively-shared artefacts that expand the students’ expertise (Paavola, Engeström,
& Hakkarainen, 2012; Paavola, Lipponen, & Hakkarainen, 2004). In research on
higher education, Aarnio (2015) concluded that students cannot achieve deep
learning without the skills and knowledge of collaborative knowledge construction.
Since social interaction and dialogical participation have been emphasised in
learning (Vygotsky, 1978; Wells, 2000), it cannot be ignored in digital learning
environments. Engeström and Toiviainen (2011, p. 33) challenged learning designers
to consider how to integrate demanding theoretical principles of productive
learning, communities and technological solutions into one process and develop a
meaningful product. According to Blumenfeld et al. (1991), providing students with
opportunities to represent their knowledge in different ways, to solve open-ended
questions, and to create artefacts that are shared with their peers creates authenticity
and engages students in learning. Technology is seen as a possibility that enhances
collaborative knowledge construction and learning through dialogical actions
and can result in better engagement and collaboratively shared artefacts (Aarnio
& Enqvist, 2016; Enqvist & Aarnio, 2004; Wegerif, 2006). However, dialogical
collaborative knowledge construction in digital learning environments is feasible
(Aarnio & Enqvist, 2016). Gibson (2013, pp. 459–460) stated that open learning
environments provide students with new possibilities by engaging them in practices
such as learning communities, learning from others, and publishing one’s work for a
peer audience. Herrington et al. (2010, pp. 27–28) stated that the opportunity for
learners to collaborate is an important design element, especially when it comes to
distance learning. Collaborative knowledge construction is an important element of
authentic online learning and can be encouraged through various assignments.
In this study, I view that dialogical collaborative knowledge construction means a
social learning process where students, through dialogue, equal participation, and
collaboration construct a shared understanding and knowledge. It is important to
notice that competence of dialogue is seen as a crucial element for creating a base for
dialogical collaborative knowledge construction and that, therefore, the integration
of dialogical methods is seen as crucial. These elements deeply divide collaborative
learning from dialogical collaborative knowledge construction by leaning toward
deep learning activities. Two metaphors of learning are closely intertwined with the
process: participation through dialogue competence (Sfard, 1998) and knowledge
creation (Paavola & Hakkarainen, 2005) through collaborative shared artefacts.
Previous research (Aarnio & Enqvist, 2002; Aarnio, 2006; Ruhalahti, Korhonen,
& Rasi, 2017) clearly demonstrated that dialogical collaborative knowledge
construction does not happen by itself and requires pedagogical learning design and
structuring.
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2.4 DIANA Model as a Framework for the Learning Design
In the study, I use the term learning design to refer to choosing a pedagogical model,
planning and developing the structure, and implementing the process. Dalziel
(2016) defined learning design as a practice and a verb, rather than just a static
concept. In that way, an educator can design teaching and learning activities which
may be based on various pedagogical models. The same principle was advocated by
Laurillard (2012, p. 66), who stated that it is more apt to talk about designing for
learning than learning design.
Education is being challenged by complex, collaborative, and technology-driven
global thinking which requires certain competences to achieve a major amount of
deep learning. Interdisciplinary teaching requires integrative and transdisciplinary
learning, which is closely entwined with collaborative thinking and collaborative
problem solving, and independent of culture, substance, or fields of study (Stokols,
2014). Intrinsically, this skill and knowledge includes evaluating information and
arguments, understanding connections, constructing meaningful knowledge, and
applying that knowledge in work settings. In addition, professional and vocational
work requires students to be competent in higher-order thinking skills (see Brookhart,
2010; West, 2015). Moreover, students should be capable of collaboratively dealing
with the complexity of the assignments in which they will engage in professional
situations. Obviously, when scaffolding deep learning, a learning design is required
that inevitably involves curriculum implementation.
In order to design learning settings, teachers should consider which pedagogical
model would be most appropriate for their specific teaching and learning context.
Competence-based education requires authentic learning settings, and furthermore,
dialogical collaborative knowledge construction to achieve deep learning. When
the goal is to achieve deep learning through constructing knowledge of complex
competences, the DIANA model creates a basis for the learning design. According
to the principles of the DIANA model (Fig. 2), learning requires the development
of higher-order thinking skills. Learning is based on the construction of authentic
and dialogical knowledge in a learning community. The entire learning process has
to be designed to encourage learners to act in ways which guide them towards deep
learning (Aarnio & Enqvist, 2002; 2016).
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Figure 2. Structure of the revised DIANA model (Aarnio & Enqvist, 2016, p. 44).

The model is based on the elements of authenticity, dialogical and collaborative
knowledge construction, and a pedagogical model which is suitable for all kinds
of digital learning environments (Aarnio & Enqvist, 2016). In the DIANA model,
four components constitute authenticity: learning is connected to everyday life or
work, learning assignments have been personalised either at an individual or group
level, authentic sources and materials are required to construct knowledge and to
create products, and an authentic evaluation is included in the learning process
(Aarnio & Enqvist, 2016). Achieving a genuine authentic process requires skills
and knowledge of dialogue (Taylor, 1995). The developers of the model (Aarnio &
Enqvist, 2001; 2002) refer to online teaching, but the model is equally well-suited to
modern, digital learning environments. In the model, peers in the study circles have
an important role. The model development is based on dissertation studies (Aarnio,
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1999; Enqvist, 1999), was first published in 2001 (Aarnio & Enqvist, 2001), and has
been further developed with piloting and developments until 2016 in higher and
teacher education settings, as well in vocational education (Aarnio, 2006; Aarnio &
Enqvist, 2007b; 2016; Enqvist & Aarnio, 2004). Table 2 gives a practical overview
of the model and its operative dimensions.
Table 2. An overview of the pedagogical learning design of the revised DIANA model (Aarnio &
Enqvist, 2016, pp. 41–46).
Cornerstone of the
DIANA model

Operative dimensions

A. Creating a
common ground for
collaborative learning

A1. The idea of authentic and dialogical learning
A2. Preparing for dialogical participation in the learning community
A3. Structuring and starting the collective work

B. Enabling
authenticity in
learning

B1. Deriving authentic learning tasks, learner-centred from real life and
work situations, formulating and inquiring open learning questions using
the language used by students, the starting point being their everyday
conceptions
B2. Using authentic sources and materials or data to create content and
products

C. Increasing deeporientated learning
through dialogical
actions

C1. Inquiring and constructing knowledge through dialogical actions
C2. Working as equals, participating reciprocally and symmetrically, listening to
others, open and constructive inquiry, and weaving syntheses
C3. The focus is on open, inquiring questions which are used to find solutions
and create content

D. Integrating theory
and practice in
learning situations

D1. Alternating theory and practise, weaving a synthesis, finding gaps in
thinking and actions, formulating new questions on the basis of those gaps
D2. Continuous reflection and evaluation throughout the learning process;
individually and collectively

As described in Table 2, the revised DIANA model’s operational dimensions
begin from cornerstone A. In practice, this means that cornerstone A creates the
common ground for authentic, dialogical, collaborative knowledge construction in
study circles or the learning community. Afterwards, developed dialogical methods
are suggested to enhance students’ dialogical skills and knowledge (Aarnio, 2012).
Dialogue creates the grounds for a learning process where, for example subjectspecific knowledge from various disciplines is combined. Dialogue is seen as a form
of conversation that supports deep learning. Cornerstone B deepens the process
by formulating authentic learning questions which are connected to and derived
directly from the learning objectives of the study module. The teacher’s role is to offer
scaffolding and guide the students’ learning in the right direction. The objective is
to establish authenticity in learning related to real life, in a process which promotes
inquiry and helps to formulate authentic learning questions or assessments. Through
specific dialogical actions and collaborative knowledge construction, deep learning is
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at the heart of cornerstone C. In practice, this entails answers to the questions which
have been earlier set out, providing the opportunity for individual contributions,
clarifying and opening up the meaning of utterances, having a continuing focus on
the utterances of others, and engaging in collaborative knowledge creation and the
construction of a shared understanding, based on dialogical skills and knowledge.
Cornerstone D integrates theory into practice and invites students to weave a
collaborative synthesis of the knowledge they have derived, in order to create a
shared artefact and define new learning questions based on the missing pieces
of information pertaining to the learning goals of the study module. Dialogical
evaluation forms the other part of the cornerstone and enables dialogical reflection
and the development of new contextual understandings (Aarnio & Enqvist, 2016).
To combine all of these elements and to make learning design more concrete, in the
first sub-study, scaffolding was found to be a crucial issue to achieve better learning
outcomes.

2.5 Scaffolding of Learning
In this study, creating the context for authentic and dialogical collaborative
knowledge construction occurs in part through scaffolding and social interaction.
A key component in this is Vygotsky’s (1978, pp. 84–91) ZPD, which offers an
opportunity to deconstruct the learning actions within the learner’s zone of proximal
development. Work on proleptic instruction has been influenced by Vygotsky’s
(1978) developmental theory. According to Vygotsky (1978), expert coaching
was pivotal issue, and when students are assisted by more experienced others, a
student can experience new models or participate more meaningfully in complex
social activities (cf. Lave & Wenger, 1991). This kind of circumstance creates zones
of proximal development for individuals and offers them the chance to engage in
mutual scaffolding.
Scaffolding is seen as an instructional process which has become synonymous with
the expert–novice relationship and inquiry-based learning (Palincsar, 1998), and
with equal knowledge construction, such as that seen in a group of students who are
working on a shared assignments (Donato, 1994). In a large literature review, Van de
Pol, Volman, and Beishuizen (2010) noted that the term scaffolding does not have
a consensus of definition. Scaffolding is closely related to the whole learning process
as interaction was mostly referred to as collaborative work (Howe & Mercer, 2010).
According to Stone (1998), scaffolding is viewed as an interactive process that occurs
between teacher and student, who must both actively participate. Scaffolding refers
to guidance given to students in accordance with students’ individual need (ADL)
or learning community level (PDL to achieve learning goals the student might not
otherwise have accomplished. Stone (1998) concluded that trust and reciprocity
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are keys to successful scaffolding, and this conclusion is in line with Palincsar’s
(1998) findings that scaffolding is most effective within the context of reciprocal
teaching. Previous studies have indicated that scaffolding is seen as a crucial activity
for generating authentic learning (Aarnio, 2006; Teräs & Herrington, 2014), but
as students have difficulty understanding the concept of authenticity, it is therefore
necessary to enhance the concept of student-centred scaffolding (Sub-study I; Teräs,
2016).
For the support of collaborative online learning and scaffolding, Salmon (2011, p.
32) designed a Five-Stage model, based on her years of action research that offers a
practice-orientated approach to online scaffolding. The Five-stage model provides
a framework for scaffolding a structured process through teacher education of
scaffolding collaborative learning processes, increasing students’ independence and
responsibility for their own learning process. The first stage sets up learning. The
second stage focuses on socialising with online learners to bridge cultural, social and
learning environment differences. The third stage is to exchange information about
personalising software, scaffolding assignments and the use of learning resources.
The fourth stage involves constructing knowledge, and the fifth stage involves the
teacher supporting students’ further development. At higher stages of the model,
students should become self-directed in their own learning. (Salmon, 2011, pp.
31–32.)
In this study, scaffolding is seen as a dynamic activity which needs to be tuned to
the students’ on-going learning process. Dialogue is seen as providing quality and
depth for an online scaffolding process (Aarnio & Enqvist, 2016). Especially, the
scaffolding provided by the teacher depends on the situation (such as the type of
learning assignment) and the dialogue between the students or in the study circle’s
learning community. Therefore, based on my understanding, scaffolding never looks
the same and is not a ‘technique’ which can be applied in the same way to every
situation (Sub-study III).

2.6 Towards Deep Learning and Evaluation Taxonomies
The question of what promotes deep learning has been researched for decades.
Marton and Säljö (1976; 1984), Entwistle and Ramsen (1983) and Biggs (1987) all
attempted to develop both deep and surface approaches to learning. The shift from
passive to active learning activities promises to guide students towards deeper levels
of understanding, thinking and reasoning as students apply what they are learning to
real working life situations (Lave & Wenger, 1991; Tagg, 2003). In this section, deep
learning approaches and evaluations are discussed, leaving aside surface approaches.
Deep learning is defined as the achievement of higher-order thinking skills,
such as analysing, interpreting, inquiring, comparing, evaluating, producing, and
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creating knowledge (Anderson et al., 2001; Nelson Laird et al., 2014; Paavola, et
al., 2002; Schraw et al., 2001). Deep learning involves a higher level of cognitive
processing (Craik & Lockhart, 1972; Garrison & Cleveland-Innes, 2005), in
contrast to superficial learning (Lucas, 2001; Marton & Säljö, 1976), which is
associated with memorisation and lower-level cognitive processes, such as recalling
and comprehending facts. The theory of deep learning has been used to develop
pedagogies that promote comprehensive educational outcomes for students (Howie
& Bagnall, 2015).
Biggs and Tang (2011, p. 26) found that deep learning occurs when students engage
in assignments in meaningful ways by using cognitive activities most appropriate
to each task. Schraw et al. (2001) suggested that the degree of situational interest
among students can be increased by offering autonomy, more engaging texts and
helping students’ process information at a deeper level. According to the progressive
inquiry model, learning as knowledge construction is a process that enrich itself and
changes considerably (Paavola et al., 2002).
In the field of teacher education, Lynch, McNamara and Seery (2012) concluded
that self and peer assessments play a significant role in promoting deep learning.
Dialogue is also a key factor of learning and supports and encourages deep learning
in learning communities (Bohm, 2004; Isaacs, 1999; Aarnio, 2006; Chapman,
Ramondt, & Smiley, 2005; Enqvist & Aarnio, 2004; Mercer & Howe, 2012;
Ruhalahti et al., 2017; Smith & Colby, 2007); in addition, community-based
learning results in deep learning (Bereiter, 2002; Enqvist & Aarnio, 2004; Näykki,
2014). In the field of teacher education research, Korthagen and Kessel (1999)
suggested that giving students an opportunity to personally construct knowledge,
meaning and theory through experience has a positive impact on teaching. Creating
and finding meaning through one’s own experience is itself an example of deep
learning, which is further strengthened by authentic learning (Czerkawski, 2014;
McGee & Wickesham, 2005). Osman and Herring (2007) found that synchronous
chatting can be used to scaffold deep learning by increasing collaborative and online
interactions (see also Offir, Lev, & Bezalel, 2008). Hill and Woodland (2002)
indicated that deep learning can be achieved through problem-solving activities that
are individually constructed and often assessment driven. The shift from passive,
teacher-centred pedagogy to active, student-centred activities promises to help
students achieve deeper levels of understanding, thinking and reasoning as students
apply what they are learning to real work situations (Cho & Rathbun, 2013).
This study also focuses on deep learning outcomes. Smith and Colby (2007)
examined teaching practices and students’ learning outcomes and found that the
majority of students learned only at a superficial level. They argued that these results
were due to the instruction provided by the teachers, which resulted in students
memorising, reproducing and repeating information without understanding it.
Their study provided evidence that deep learning requires teachers to engage
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and reconsider their teaching practices and the resultant learning, by rethinking
classroom assessments with a deep learning approach in mind. Nelson, Laird,
Shoup, Kuh and Schwarz (2008) argued that it is important to take into account
how deep learning outcomes vary between disciplines, while Fredriks (2014)
stated that learning assignments requires recall and repetition of abstract and
decontextualised knowledge, while understanding requires solving open-ended and
real-world questions and creating shared artefacts. Whilst learning outcomes are
essential in the context of deep learning, interaction and collaborative engagement
present additional topics of consideration. Serby’s (2011) research revealed that
online collaborative learning with peers resulted in deep learning outcomes.
Thus, authentic and digital online-learning settings and collaborative knowledge
construction through dialogue promote deep learning. To enhance these settings,
a focus on social processes helps students bridge the gap between the known and
the unknown (i.e., the ZPD) and form key processes in personal development of
higher-order thinking skills.
Higher education integrating deep learning pedagogies is a growing area of
development (Adams Becker et al., 2017). However, vocational student teachers
come from various disciplines that should be taken into account when making
broader conclusions about deep-learning outcomes. Better understanding of
learning design is needed to achieve these outcomes, which raises the question: how
can deep learning and outcomes be evaluated?
Several taxonomies (see Table 3) have been developed for promoting deep learning
evaluation (Anderson et al., 2001; Biggs & Collis, 1982; Marzano, 2001). The most
widely used is the taxonomy framework developed by Bloom (1956). By definition,
a taxonomy is simply a tool used in a classifying process. Bloom’s taxonomy dates
back to 1956, but it has been updated to reflect 21st-century learning and teaching
(Anderson et al., 2001). The taxonomy classifies objectives, which contain a verb
and a noun. The verb and noun describe the knowledge that students are expected
to acquire or construct. The taxonomy’s cognitive dimension contains six categories
which lie along a continuum (Anderson et al., 2001). In order to understand teachers’
classroom practices and the depth of teaching and learning outcomes, Biggs and
Collis (1982) designed a research-based framework for observing these dimensions.
This taxonomy named SOLO, Structure of the Observed Learning Outcome
describes five levels of learning outcomes and is suggested for use in determining
learning outcomes and promoting deep learning for teaching activities. Marzano’s
framework is seen to facilitate the development of higher-order thinking skills by
offering an operational definition of the difference between lower- and higher-order
thinking skills: lower-order thinking skills involve accessing and making sense of
existing knowledge, and higher-order thinking skills elicit the construction of new
knowledge (Marzano & Kendall, 2008).
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Table 3. Deep learning evaluation taxonomies.
Author

Process categories and cognitive processes

Bloom’s
Taxonomy
(As revised by
Anderson et al.,
2001, p. 31)

•
•
•
•
•
•

Biggs and
Collis’s (1982)
SOLO Taxonomy

•
•
•
•

Marzano’s
New Taxonomy
(Marzano &
Kendall, 2008)

•
•
•
•

Remember (recognise, recall)
Understand (interpret, classify, summarise, infer, compare, explain)
Apply (execute, implement)
Analyse (differentiate, organise, attribute)
Evaluate (check, critique)
Create (generate, plan, produce)

Pre-structural: No logical relationship to the display
Uni-structural: Contains one relevant item from the display (state, describe)
Multi-structural: Contains several relevant items (classify, comment upon)
Relational: Most or all of the relevant data are used (explain, analyse, compare,
apply)
• Extended abstract: New understanding (theorise, generalise, reflect, evaluate)
Retrieval: recognising, recalling, executing
Comprehension: integrating, symbolising
Analysis: matching, classifying, analysing errors, generalising, specialising
Knowledge utilisation: making decisions, problem solving, experimenting,
investigating
• Metacognition: specifying goals, process monitoring, monitoring clarity,
monitoring accuracy
• Self-system thinking: examining importance, examining efficacy, examining
emotional response, examining motivation

Table 3 shows that the SOLO taxonomy is functionally close to Bloom’s
taxonomy and includes many similarities, as does Marzano’s new taxonomy, which
focuses on examining ongoing learning processes (Biggs, 1992; Marzano & Kendall,
2008). Bloom’s taxonomy is a more broadly used set of cognitive skills, which,
at higher levels, promote deep learning and evaluation of outcomes, whereas the
SOLO taxonomy focuses on evaluating quantitative competences (Hermida, 2014,
p. 26). In this study, the objective was not to make detailed comparisons between the
different taxonomies but to introduce taxonomies that can serve as a methodology
for deep learning evaluation. The presented taxonomies represent very individual
approaches to learning; however, deep-learning research has shown the great
importance of collaborative and dialogical learning communities when constructing
complex knowledge (cf. Aarnio, 2006; Bohm, 2004; Bereiter, 2002; Enqvist &
Aarnio, 2004; Isaacs, 1999; Mercer & Howe, 2012). The deep learning evaluation
framework has also evolved by becoming less structured, and learning designers have
used more digital and learning environments.
To give an outline, when learning is based on the DIANA model, students define
inquiring learning questions themselves, derived from the learning objectives.
They search for meanings, and they investigate the phenomena and principles
either individually or in groups by familiarising themselves with the theory and by
applying it to practice. Through dialogue, they further analyse, compare, inquire,
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evaluate, and test new knowledge and procedures in real-life situations, evaluating
what they have learned by formulating new learning questions and constructing
syntheses, understanding, and artefacts. The entire learning process has been
designed to encourage learners to act in ways that direct them towards deep learning
outcomes (Aarnio & Enqvist, 2002; 2016). Furthermore, self- or peer assessment
procedures are integrated with teaching and learning processes to result in deep
learning (Czerkawski, 2014), as the framework is included in the DIANA model.
According to Ludvigsen, Cress, Law, Rose, and Stahl (2016), teachers need to design
activities which will encourage students to construct their knowledge using digital
tools (Ludvigsen et al., 2016). From my point of view, all of these elements require
higher-order thinking skills in relation to use in diverse digital environments.
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3

Diverse Digital Settings in the Study Context

On-going digitalisation has required us to renew our educational structures and
learning environments. Accessible digital technology offers new opportunities for
the design of learning processes. Distance, blended, e-learning, and other online
forms of digital learning have a rich history of research, development, and pedagogy.
However, there is still a need to rethink pedagogical learning design practices and
how to seamlessly integrate digital technology with the goal of combining classroom
and online teaching processes (see also McLaughlin et al., 2014; Pearson, 2012;
Tune, Sturek, & Basile, 2013). Online learning environments need to include
more student-centred activity, yet there are too many open online courses that are
excessively technology driven.
As mentioned previously in this study, the sociocultural theory and cultural
settings of learning have influenced research and developments by focusing on the
co-actions which occur between digital environments and learning (Ludvigsen et al.,
2011, p. 3), and it is obvious that the tools employed may affect the depth of learning.
The developments in digitalisation have caused us to change our understanding of
digital environments. However, these changes also create new possibilities. A recent
New Media Consortium report foresaw that if higher education institutions do not
already have robust strategies for integrating comprehensive approaches, then the
institutions simply will not survive. Hence, it is important to evaluate how the use
of digital environments actively enriches learning outcomes (Adams Becker et al.,
2017).
The role of vocational teacher education has never been as compendious within
this new context, as teachers must be qualified and agile users of pedagogically
meaningful new digital environments. Digitalisation in education is not a goal per
se, but rather, it creates a foundation for modern society by offering flexible and
personalised learning, and at the same time, the massive digital transformation we
have witnessed invites us to make learning and teaching open. In this chapter, I
introduce the digital learning settings and environments that are used in this study.
In using the term digital environments in the study, I cover a wide variety of learning
settings, such as blended, mobile learning, and open online courses. Moreover, the
study draws on the framework for use which covers personal learning environments
which varies from the social media applications to closed learning management
systems.
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3.1 Blended Learning Settings
As a part of the framework of this study, the term blended learning is currently used
in learning settings that combines face-to-face and online instruction (Graham,
Woodfield, & Harrison, 2013; Archambault & Kennedy, 2014; Wagner, 2006).
Blended learning is seen as one of the more effective settings (Graham, 2006) which
encompasses active learning, peer learning, and student-centred strategies (Morgan,
2002). Some empirical studies have indicated that blended learning may enhance
student engagement and learning outcomes (Means, Toyama, Murphy, Bakia, &
Jones, 2010; Tay, 2016) and promote flexibility and self-pacing ( Jung & Ling, 2011;
Sardessai & Kamat, 2011).
In the context of teacher education, blended teaching and learning approaches
have become more common and have attracted increasing interest from researchers
(Hunt, 2015; Tomas, Lasen, Field, & Skamp, 2015). Tomas et al. (2015, p. 101)
found that “a powerful blended learning design can be achieved by using online
affordances to scaffold students’ learning in their physical environment”. An example
is the online experiential activities students can undertake in their local environment
and share, for example, through video blogs, which can in turn become shared
artefacts for learning.
For a successful blended learning process to occur, it is important to apply an open
structure by providing different learning resources. In this study, blended learning is
understood as a process which integrates face-to-face and online teaching activities
by using open and diverse digital environments in a seamless manner.

3.2 Open Online Courses
Massive open online courses are defined by various prefixes whose purpose is to
describe the implementation methods or pedagogical approach of a particular
course. In this study, I use the term micro Open Online Course (mOOC) which is
based on the same principles as MOOCs (Massive Open Online Courses), but where
the number of participants is limited. The term MOOC originates from American
universities where the first course was launched in 2008 (Haber, 2014, p. 37). The
words describing this new form of online courses have specific meanings. Massive
means that the number of participants is unlimited, and open means that there are
no entry requirements or tuition fees. Haber (2014) gave a concise interpretation
that open means a free of cost or entrance requirement, and with no barriers to
entry and are reliant on eLearning (p. 83). The courses function entirely as online
courses and are structured in the form of goal-directed teaching (McAuley, Steward,
& Siemens, 2010). Sanchez-Gordon and Luján-Mora (2017) concluded in their
findings that MOOCs have five different development roots: distance education
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and online learning, testing/teaching machines and computer-assisted instruction,
learning management systems, open education and open educational resources, and
online massive teaching.
One of the MOOC pedagogy branches is the cMOOC, and is based on
collaborative and community-orientated learning where learning is viewed as a
social and collaborative learning event, enabled by technology (Haavind & SistekChandler, 2015; O’Toole, 2013). Siemens (2005) stated that connectivism as a
learning theory is driven by the understanding that decisions are based on rapidly
altering foundations, and that new information is continually being acquired.
This concept has been adapted to the digital learning settings, and Grünewald et
al. (2013) used it to describe learning as the construction of connections between
information, and view that Web 2.0 functionalities lend support for this process.
Connectivist knowledge and connectivism (Downes, 2012; Siemens, 2005) include
insights into the cycle of collaborative knowledge construction. This means that
individuals can provide the community with knowledge and gain knowledge from
the community. Means, Bakia and Murphy (2014, p. 55) describe cMOOCs as
endeavouring to generate online discussion and collaboration, through which
the networked community of students will construct their knowledge and
understanding. According to some researchers, the MOOC pedagogy is based on the
principle of student-centricity. In this, the students decide, for instance, what, when,
and where they study and to what extent they commit themselves to the learning
community (Grünewald et al., 2013; McAuley et al., 2010).
MOOCs as a brand form an important way of learning and of acknowledging
learning, and also offer challenges to our pedagogical thinking and critically thinking
about learning design. There are several major criticisms according to MOOC
pedagogy in general and the low completion rate (Daniel, 2012). Means et al. (2014,
p. 69) argued that many MOOC designers neglect basic knowledge acquisition
processes among learners. Toven-Lindsey, Rhoads, and Lozano (2015) have concluded
in their MOOC research that learning designers should strive for more creative
and empowering forms of courses. However, online learning based on dialogical
collaborative knowledge construction requires carefully-planned structures and
scaffolding processes (Ruhalahti et al., 2016). The roots of mOOC learning design
originate in New Zealand, where at Otago Polytechnic pedagogic leader John Daniel
created a new way to combine open educational resources and open online learning in
a smaller scope. Those courses were highly targeted, and one of the aims was to offer
high-quality teaching and guidance, thus creating more flexibility to manage learning
around students’ commitments and learning interest (Hiidenmaa, 2014).
In the future, open learning settings ought to attain an integrated approach that
combines design, technology and pedagogy (Scanlon, 2017, p.7). In this study, the
mOOC learning design principles agreed with those for cMOOCs. Open online
courses and their open pedagogical decisions can promote the development of
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digitalisation on many levels, thus offering an opportunity to integrate more mobilebased technology for learning purposes.

3.3 Mobile Learning
The concepts and definitions of mobile learning (mLearning) design vary. Many
researchers agree that technology is not the central concept when defining mobile
learning (see also Glahn, 2016; Sharples, Taylor, & Vavoula, 2005; Traxler, 2007).
Bachmair and Pachler (2015) have indicated that mobile learning is proceeding to
a new state as a result of tablet devices being accepted for use in schools, and the
growing amount of practical experience in their use. According to Shuler, Winters,
and West (2013), mobile learning is a process of learning mediated by handheld
devices. Mobile learning is an extensive concept, which at its simplest refers to
learning and teaching with the help of mobile devices. In future, it is estimated that
mobile devices will be significantly more affordable and accessible in the year 2030,
and data will be transferred more seamlessly, but it is difficult to predict what new
mobile devices might look like 12 years from now (Shuler, Winters, & West, 2013).
Traxler and Kukulska-Hulme (2016, pp. 1–2) believe that the next generation
of mobile learners is becoming context-aware, and that the design of learning will
have a significant role. Bachmair and Pachler (2015) have pointed out that the focal
points for designing mobile learning are more individualised and flexible learning
(the use of informal learning strategies and learning environments, situated learning,
collaborative knowledge construction, context-aware learning, and learning as a
conversation) has become more common. Glahn (2016, p. 180) has emphasised
learning design factors as follows: “Mobile learning refers to technology-supported
learning process and practices that take advantage of mobility of people and consider
learning opportunities that are created by context as well as relations and transitions
between those contexts”. It is therefore necessary to develop and realise transparent
learning processes.
In the field of teacher education, knowledge and technology have been identified
as critical for understanding the future. Royle, Stager, and Traxler (2014) have
challenged the relevance of the existing teacher education programmes which
fail to consider major adaptations as a result of emerging technologies, and in
particular, the increased mobility arising from learning with mobile technologies.
Teachers’ willingness and acceptance to integrate mobile learning are only the first
step (Christensen & Knezek, 2017). In the field of teacher education, Foulger et al.
(2013) have found that innovators are using a variety of methods as they explore
possibilities, but have not reached the tipping point necessary for the wide-scale use
of mobile technologies. Knowledge is sought, applied, and created collaboratively
from authentic starting points, and possibilities for this are created by new mobile
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environments, learner-centred approaches, authenticity, and dialogical collaborative
work. However, learning design and structuring are still necessary for teaching.
One element in the study was openness as seen in mLearning. Environments
must be open, easy to access, and be portable, but openness also applies to the way
that the technology used has to be open software and use open content. Iiyoshi
and Kumar (2008) pointed out that there are three main subcategories regarding
educational openness. The first is open educational technologies and software, the
second category is open content, and the final category is open knowledge-sharing
and construction. Open social software is specified as software that enables people
to easily collaborate, interact, and create online communities (Özkan & McKenzie,
2008). As Iiyoshi and Kumar (2008) stated, educators should use more pedagogical
know-how to design this openness as a process and share public educational content.
To sum up, the desired type of design are the achievement of a more individualised
and flexible style of learning and the use of informal learning strategies and
environments, situated learning, collaborative knowledge construction, contextaware learning, and learning as a conversation (Bachmair & Pachler, 2015). Rasi and
Vuojärvi (2017) explored audio feedback in collaborative case-based mobile learning
in an inter-university course and found that formative audio feedback promoted
student’s emotional engagement and personal connectivity with course content.
Other studies have noted that mobile learning is increasing students’ motivation
and scaffolding for collaborative learning (Geer, White, Zeegers, Au, & Barnes,
2017; AlEmran, Elsherif, & Shaalan, 2016). As Holley and Sentance (2015) stated,
the use of mobile devices should be included in university studies, especially in
teacher education. In this study, mLearning and its applications increased students’
ownership of learning, therefore making it more personalised and motivational.

3.4 Personal Learning Environments
There is no clear consensus about the conceptualisation of the personal learning
environment (PLE) or the tools teachers can use to best support learning in these
environments. PLEs must meet the varied needs of students (Attwell, 2007). Sahin
and Uluyol (2016) have found that the use of PLEs tends to focus more on access
and sharing purposes, rather than knowledge construction. PLEs are seen as an
opportunity to support personal learning and collaborative knowledge construction
in learning communities (Attwell, 2007; Korhonen, Ruhalahti, & Veermans, 2019;
Rahimi, van den Berg, & Veen, 2012).
In future, PLEs will likely be central to lifelong learning, and therefore, teachers
must design learning processes based on this premise. As noted by Rahimi, van den
Berg, and Veen (2015), the use of PLEs in learning requires a clear pedagogical
design and should ensure that students have the competences to deal with their
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own personal learning environments. These PLEs are web, digital, or online tools,
so teachers need to have knowledge of web tools in order to be able to recommend
suitable ones to students for use as their personal web tools (PWTs). These web tools
should be open and consist of applications that are easy and free to use (Wheeler,
2015, p. 124). Open social software enables students to collaborate, interact, and
easily create online communities (Özkan & McKenzie, 2008). Wheeler (2015, p.
79) has emphasised that open web tools are not only for sharing and constructing
something but also shape our minds in new ways. Examples of good tools which
combine content-generating and -sharing are blogs and wikis (Bassani & Barbosa,
2014; Wheeler, 2015, p. 127). It is good to notice that as a tool, blogs combine
several functions for writing, sharing, collaborating, and constructing knowledge
(Bassani & Barbosa, 2014). According to Deng and Yuen (2011), blogs make
educational affordance an expressive, reflective, and collaborative medium
amongst student teachers. Määttä, Järvenoja, and Järvelä (2012) concluded that
blogs are a collaborative learning content where students are actively constructing
and reflecting knowledge. According to Yang, Quadir, Chen, and Miao (2016),
cognitively effective blog learning requires active dialog amongst peer students with
the teacher as the discussion moderator. In this study, blogs were used as study-circle
environments for group-blogging that offered a tool for both online scaffolding
activities and constructing dialogical collaborative knowledge. During various stages
of learning, blogs were used following the DIANA model, a structured process of
learning that requires teachers and students to interact throughout the process. The
blogs were seen as dialogical spaces, as Wegerif (2018) has defined them.
However, further research is needed to improve scaffolding and to discover
more scaffolding tools to enhance learning outcomes in this context. PLEs (and
especially blogs) offer opportunities for students to become self-directed learners
with specific learning activities, such as generating learning goals, planning how to
tackle problems, evaluating whether the learning goals have been met, and finally,
documenting the evaluation (Robertson, 2011).
To summarise, in this study, a PLE is not only a digital environment, although
digital technologies are needed to construct the base system. The personal learning
environment must be clarified as they are not meant to be used alone by a student
during the learning processes. As part of the study (sub-studies II–IV), the authentic
and dialogical collaborative knowledge construction was organised in study circle
based digital environments, and the ownership belonged to each member of the
circle. In this study, I used blogs as the main environment, in addition to suitable
mobile and social media applications and easy-to-access cloud services as a part of the
blended online learning process. To conclude this chapter, I gain an understanding
of a diverse range of contemporary digital environments. It is clear that terms vary,
and the digital environments originally developed for other uses are now deployed
in teaching and learning.
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4

Research Design

The goal of the study was to explicitly identify the additional elements of the
DIANA model in order to scaffold deep learning, to examine what kind of learning
is produced by a sociocultural approach where learning is seen as an authentic
and dialogical collaborative knowledge construction, and finally, to redesign a
pedagogical model which is adapted from the DIANA model with the study
findings and enhances students’ potential to achieve deep learning. Based on the
stated aims and theoretical framework review in the preceding chapters, the main
goal of the study was to answer the following research questions:
1. What kind of pedagogical model scaffolds dialogical collaborative knowledge
construction in digital environments, towards deep learning in vocational
teacher education?
2. What kind of framework supports deep learning evaluation?
The aim of the first sub-study was to investigate how the DIANA model supports
collaborative knowledge construction in an open online course. The study addressed
one main research question and five sub-questions. The second sub-study looked to
identify the challenges and opportunities inherent in the adoption of the DIANA
model and to examine student teachers’ reflections concerning authentic and
dialogical knowledge construction. The study addressed two research questions.
After the second study was conducted, we became more interested in scaffolding
processes based on the DIANA model implementations. Personal learning
environments were the focal issue. In the third sub-study, we posed one main
research question and three specific sub-questions. Based on sub-studies I–III, I
continued to explore the learning process based on the DIANA model, and more
specifically, to study deep learning evaluation. Hence, the fourth sub-study pursued
deep learning activities through authentic and dialogical knowledge construction.
In this study, there were two specific sub-questions in order to answer the main
research question.
Each of the four sub-studies contributes to answering the study’s overarching
research questions (see Table 4). The study includes four sub-studies, which have all
contributed to the redesigning the pedagogical model. All of the studies have been
reported in peer-reviewed international scientific journals. In this chapter, I present
a more detailed description of the research design, including the qualitative research
methods, research context, data collection, and participants. As Schreier (2012)
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pointed out, the key features of qualitative research are interpretive, naturalistic,
situational, reflective, flexible, inductive, and case-orientated and emphasise validity
(p. 21). These features intertwine with this study’s qualitative methodology.

4.1 Research Context and Participants
This study was conducted as a part of HAMK SPTE’s normal teaching and
developing processes, through vocational teacher education programs and one
developing international project. The Finnish vocational teacher education entrance
demand at least master or bachelor level education completed, some exceptions may
accepted. Furthermore, at least three to five years of working experience is required in
their own specialty or discipline (sub-studies II-IV). Accordingly, the intertwining
theme was the DIANA model, which was used in each sub-study as a pedagogical
model, to pursue the study aims. The teaching and learning environments were
partly classrooms but mainly online, digital platforms and mobile applications. It
should also be noted that the DIANA model was originally developed for online
and on-the-job learning in vocational education (Aarnio & Enqvist 2001; 2002) but
has been extensively used and researched in the field of vocational teacher education
(e.g. Aarnio, 2006; Enqvist & Aarnio, 2003; 2004).
The context of the first sub-study was a seven-week international online course
which was carried out in the Canvas MOOC learning environment. The HAMK
SPTE (Finland) in cooperation with Coleg Cambria (United Kingdom) created
and implemented a mOOC the learning design of which was based on the DIANA
model. The course was titled “Making Learning Personal: How to Develop
Individualised Approaches in Vocational Education and Training”, and its value was
two European Credit Transfer System (ECTS) credits. Research was conducted as
a part of a Mapping project. The course consisted of four modules. The first two
modules had been designed according to the DIANA model. The course was
designed for vocational education teachers who wished to deepen their knowledge
of individualisation and individual study plans. A total of 155 international
participants enrolled on the course and were divided into 14 study groups of 8–10
people. The study groups were free to choose from various social media platforms
which foster dialogical and collaborative knowledge construction (e.g. Facebook,
Google Drive, Padlet, and Hackpad). Throughout the process, the teachers could be
contacted via the learning environment and in a Facebook clinic, enabling learners
to deepen their knowledge of dialogical guidance and scaffolding. Active, dialogical,
and collaborative participation was expected from the students.
In the second, third, and fourth sub-studies, the context was the study module
“Networks in Vocational Education” (4 ECTS credits) in the Finnish Vocational
Teacher Education programme (1–1.5 years, 60 ECTS credits), delivered by the
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Research questions

1. How does the Dialogical Authentic Netlearning Activity (DIANA)
model support collaborative knowledge construction in a mOOC?
1.1. What is the significance of group formation for a learning
community in a learning process?
1.2. How did the participants experience the formulation of
authentic questions?
1.3. How does dialogical participation work in an open online
course?
1.4. Which factors facilitate collaborative learning and knowledge
creation?
1.5. How does a pedagogical model structure learning on a micro
open online course?

1. What are the challenges and opportunities of the adoption
of the DIANA model for blended and mobile learning, from the
perspective of student teachers?
2. How do student teachers reflect on and evaluate authentic and
dialogical knowledge construction, based on their mobile learning
experiences?

1. How and by what means can learning in Personal Learning Environments (PLEs) be scaffolded during an online learning process?
1.1. Which web tools are useful for Personal Learning
Environments during an online learning process?
1.2. How are scaffolding elements shown in the DIANA model?
1.3. Which web tools are needed in order to reach scaffolding with
the DIANA model, and what are the critical points accordingly
during an online learning process?

1. Towards what kind of authentic and dialogical collaborative
knowledge construction does the DIANA model direct students?
1.1. What kind of authentic learning questions are formulated
collaboratively by the study circles?
1.2. What kind of learning activities and results does authentic
and dialogical collaborative knowledge construction prompt in
superficial and deep learning-orientated study circles?

Aims

Sub-study I:
To investigate how the
Dialogical Authentic
Netlearning Activity
(DIANA) model supports
collaborative knowledge
construction in an open
online course.

Sub-study II:
To identify the challenges
and opportunities inherent
in the adoption of the
DIANA model, and to
examine student teachers’
reflections concerning
authentic and dialogical
knowledge construction.

Sub-study III:
To study the scaffolding
process used within a
pedagogical model and
to explore possibilities for
scaffolding activities and
tools.

Sub-study IV:
To investigate what kind
of dialogical knowledge
construction demonstrating
characteristics of deep
learning can be observed in
a learning process based on
the DIANA model.

Table 4. Summary of the research design.

Online open blog entries
by Finnish vocational
student teachers (n = 76)

Additional online
questionnaire during the
third phase: Participants
(n = 13)

Online questionnaire:
Finnish student teachers
(n = 63)

Online
questionnaire by Finnish
student teachers
(n = 63) and participants’
(n = 16) self-reflective
accounts

Semi-structured in-depth
online interviews: (n = 4)

Online questionnaire:
international teachers
(n = 14)

Data collection, methods
and research data

Case study
approach:
Quantification
of qualitative
data, abductive
analysis

Design-Based
Implementation
Research
approach:
Qualitative
deductive
content analysis

Case study
approach:
Qualitative
deductive
content analysis

Case study
approach:
Qualitative
content analysis

Data analysis
methods

Ruhalahti, S., Aarnio, H., & Ruokamo, H.
(2018). Evaluation of deep learning in
vocational teacher education: Conducted on the principles of authentic and
dialogical collaborative knowledge construction. Nordic Journal of Vocational
Education and Training, 8(2), 22–47

Korhonen, A.-M., Ruhalahti, S., &
Veermans, M. (2019). The online
learning process and scaffolding
student teachers’ personal learning
environments. Education and
Information Technologies, 24(1),
755–779.

Ruhalahti, S., Korhonen, A.-M., &
Rasi, P. (2017). Authentic, dialogical
knowledge construction: A blended and
mobile teacher education programme.
Educational Research, 59(4), 373–390.

Ruhalahti, S., Korhonen, A.-M., &
Ruokamo, H. (2016). The dialogical
authentic netlearning activity (DIANA)
model for collaborative knowledge
construction in mOOC. The Online
Journal of Distance Education and
e-Learning, 4(2), 58–67.

Publications /
Refereed international scientific journal

HAMK SPTE. The vocational teacher education curriculum is competencebased, and the implementation plan is built on five competence-based modules,
each with its own learning outcomes. The learning outcomes will give student
teachers the required competence for their future work as a teacher, as well as keys
to personal and professional development in their teaching career (HAMK SPTE,
2013). The aim of the study module was that the students would be able to do the
following: 1) build and utilise different national cooperative networks in the field
of vocational education and training, 2) function in international networks, 3)
understand the administration, financing, and management of an institution of
vocational education, and 4) apply in their work plans and documents guiding the
activities of such organisations (HAMK SPTE, 2013). The represented student
teachers were from various fields of vocational education (Figure 3), with some
already working as teachers. Those who were specialists in competence-based
qualifications or who had previously gained skills and knowledge (e.g. through
work experience) in areas defined in the learning objectives of the study module
were accredited for the module. In this study, the term group refers to one
implementation set.

Figure 3. Sub-studies II–IV: Student-teachers (n = 76) from various vocational fields.
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The study module was designed and implemented using the DIANA model (see
Fig. 4). The main components of the learning environment provided by the teachers
consisted of an open course blog containing free and open educational resources and
open blogs for the individual study circles.
The module was designed so that each online learning application could be used
via mobile devices. Four of the five module implementations included contact
teaching (1+1 days), whilst the remainder of the course was solely based on digital,
online, and mobile learning environments. The online work in the blog and
other collaborative online learning environments took place between the contact
teaching days. In the study circles, the participants took part in a learning process
that was based on the DIANA model. The learning processes included step-by-step
descriptions of the learning activities available during the various cornerstones of
the learning process. The participants were given four to five weeks to complete the
study module.

Figure 4. Implementation description of learning activities and digital environments based on the
DIANA model (Aarnio & Enqvist, 2016) in sub-studies II–IV.
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4.2 Data Collection
The data provided by the research is qualitative. The data (Fig. 5) were first-hand,
which means that I collected data by myself (sub-studies I and IV) or with colleagues
(sub-studies II and III). Three of the four sub-studies were conducted in Finnish,
where the data collection and analysis were conducted in Finnish, and the results
were translated into English by a first-language translator.

Figure 5. Data collection of the study.

In the first sub-study, online questionnaire and in-depth interviews were chosen as
the means of data collection. The questionnaire was based on authentic and dialogical
collaborative knowledge construction, which supported the research questions and
consisted of open-ended questions about building a learning community, learning
outcomes, and dialogical participation. In addition, the questionnaire featured closedended questions concerning the participants’ background, motivation, number of
hours used for course work, group formation, use of collaborative tools, formulating
authentic questions, organising authentic questions thematically, creating syntheses,
online meetings, the dialogical attitude of the study group, creating an individual
study plan, and learning from each other’s models or plans. The questionnaire was
created in collaboration with the course designers. The participants (n = 14) in the
study were international vocational teachers from seven countries. The majority of
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the teachers (n = 6) who completed the questionnaire were from vocational schools.
There were teachers from universities of applied sciences (n = 4), from the adult or
further education sector (n = 2) and from university-level institutions (n = 2). The
participants represented teachers interested in developing their individualisation and
personalisation knowledge in an international learning community. Participation in
the study was voluntary. In addition, four participants volunteered to take part in indepth interviews and came from Brazil, Mexico, Slovenia, and Finland. Interviewees
were given the five main questions in advance. A WebEx video meeting programme
was used to conduct the online interviews, and each interview was recorded and
later transcribed. The data was collected at the end of the course in June 2015, and
the in-depth online interviews were carried out in early September 2015.
In the second sub-study, participants were 63 Finnish student teachers (43 female
and 20 male), aged between 25 and 60 years of age, and who were following the four
implementations of the study module “Networks in Vocational Education” between
2014 and 2015. The data for this study was drawn from an online questionnaire II (n
= 63). The questionnaire was designed in reference to background theories which
illuminated the research questions. These theories were used to form questions to
inquire about phenomena, understanding, and experiences that arose during the
learning process. The questionnaire included three multiple-choice questions about
the participants’ use of mobile devices and applications, as well as their experiences
related to such use. Three open-ended questions were used to investigate the
challenges experienced by the students during the learning process. In addition, the
research data included the self-reflective accounts of students (n = 16) enrolled in
the third implementation of the study module. For these accounts, students were
asked to answer eight open questions regarding their roles and contributions in the
authentic and dialogically constructed knowledge construction processes.
The third sub-study involved the same number of student teachers (n = 63), and
the data were collected during 2014–2016 with the same online questionnaire II that
was used in the second sub-study. The survey included multiple-choice questions
related to web tools and blogging. The data were analysed by segmenting and coding
the text, and thereby deriving meanings ( Johnson & Christensen, 2008, p. 534).
Second, the DIANA and Five-stage models were used to identify scaffolding elements
and activities. From student teachers (n = 13) from the fifth implementation group,
data were collected after each DIANA model-based cornerstone (A–D) using the
online questionnaire III. The questionnaire included open and multiple-choice
questions regarding the teachers’ scaffolding and multiple-choice questions about
dialogical collaborative knowledge construction using the DIANA model.
For the fourth sub-study, data were collected from the nineteen study circles’
online open blog entries. The unit of the analysis was the study circle. The participants
of this study were 76 vocational student teachers (53 women and 23 men) in the
HAMK School of Professional Teacher Education. The participants’ ages varied
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from 28 to 57 years, and all were participating in one of the five implementations
of the module between 2014 and 2016. According to Yin (2009), the aim of a case
study is to describe a particular situation to gain an understanding of the specific case
by making direct observations. The quantified qualitative data included authentic
learning questions (f = 350) formulated collectively by the study circles. In the second
part of the case study, abductive analysis (Tavory & Timmermans, 2014) was used to
answer the question about the kind of learning activities and results that authentic
and dialogical collaborative knowledge construction prompts in superficial and deep
learning-orientated study circles. Six study circles were chosen for the abductive
analysis. Three superficial and three deep learning-orientated groups were selected
at random. From the perspective of collaborative knowledge construction, three
study circles had defined authentic learning questions which were mainly superficial
learning-orientated, whilst three study circles had defined learning questions that
were mainly deep learning-orientated. The data used in this study included dialogical
knowledge construction in the blogs of the study circles, the syntheses of knowledge
construction, and collaboratively created and constructed artefacts.

4.3 Case Study Approach
Case study methodology provides a variety of tools with which to study complex
phenomena within a specific context (Baxter & Jack, 2008). The term case study is
widely defined in the literature, and two key approaches steer the methodology (Stake,
2004; Yin, 2009). These approaches include similarities but differ, for example, in
the terms used to describe a variety of case studies. Yin (2009) categorised cases as
descriptive (intervention or phenomenon), explanatory (complex), or exploratory
(lack of detailed preliminary research), and further differentiated between single,
holistic, and multiple-case studies. Stake (2004) divided case studies into intrinsic
(unique situation or subject), instrumental (particular situation or phenomenon),
and collective case studies. For this study, I have adopted Yin’s (2009) descriptive
multiple case-study approach.
When applying a case study approach, it is important that the setting for study
is connected to previous theories, which form a base for the analyses, as well any
interpretations used in the conclusions. In particular, the aim is to understand and
interpret the individual cases in their own context and find new information (Aaltio
& Heilmann, 2010, p. 68). According to Yin (2009), the aim of a case study is to
describe a particular situation to get an understanding of the specific case by making
direct observations. Yin (2009) suggested using the case study approach when the
focus of the study is to answer “how” and “why” questions, and also if one wants to
cover contextual conditions because they are relevant to the phenomenon under
study. Lodico, Spaulding, and Voegtle (2006, p. 269) also note that at the beginning
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of the process the researcher should identify the problem and develop a rationale
for why the case study approach is suitable for use. Gathering information or data
through multiple sources and perspectives is a key characteristic of the case study
approach (Lodico et al., 2006, p. 15).
In the present study, multiple case studies were conducted during the research
process. According to Creswell (2013, p. 97), this method allows exploration of
multiple bounded cases over time, through detailed, in-depth data collection,
involving multiple data sources. In this study, each case was a sub-study; the single
more detailed case was an international course, and three other cases were study
modules in diverse digital environments. As stated by Yin (2009, p. 59), multiplecase design involves the selection of cases that represent replications; thus in this
study, the cases followed the DIANA model learning process. The case studies
and the analysis methods are summarised in more detail in Table 4. In addition,
multiple data collection methods were used, such as an online questionnaire, indepth interviews (Salmon, 2015), self-reflective accounts and open blog entries.
To make the case study more relevant and broader (Yin, 2009, p. 133), data were
analysed quantitatively to interpret and describe the case study and to make internal
generalisation procedures more explicit. During the analysis, only basic analysing
procedures were used to define learning questions (f = 350), which were set by study
circles.
4.3.1 Qualitative Content Analysis

For the study, I applied qualitative content analysis as an interpretation method
in case study research. In education studies, researchers have been interested in
systematically analysing data. In qualitative studies, content analysis was formally
developed in the social sciences (Krippendorff, 2004). Schreier (2012, p. 17) has
noted that qualitative content analysis is a qualitative research method and has roots
in the qualitative and quantitative research traditions.
At the beginning of the process, research questions specify what to analyse and
what to develop (Schreier, 2012). Qualitative content analysis can be approached
in three ways: inductive, deductive and abductive. All approaches consist of three
main phases: preparation, organisation, and reporting of results (Elo et al., 2014).
The second phase differed, using an inductive approach, to include open coding,
categorisation and abstraction. A deductive approach involves the development of
a categorisation matrix, and all data are reviewed for context and coded through
identified categories (Elo et al., 2014). As a part of this study, a deductive content
analysis was conducted to discern relationships among the data, the existing theory
and the elements of the DIANA model (Schreier, 2012). The Atlas.ti software was
used to identify the items that best corresponded to the theory. The main categories
of this analysis were derived from the DIANA model and agreed upon by the two
primary authors before the commencement of the analysis (i.e., Sub-study II). These
53
Ruhalahti: Redesigning a Pedagogical Model for Scaffolding…

authors created a coding scheme that guided the process and aimed to increase the
validity of the research. To increase coding reliability, two researchers reviewed the
material throughout the coding process (Vaismoradi, Bondas, & Turunen, 2013).
In the fourth study, an abductive analysis was chosen because it included all
aspects of the data and incomplete observations. Especially observations that did
not fit neatly into existing theories. Abduction is seen as the form of reasoning
through which we perceive a phenomenon. The roots of abductive analysis lead to
Charles S. Peirce, who stated that if rational explanation is possible at all, it can be
achieved only through abduction (Psillos, 2011). As Psillos (2011) has described,
abduction is the sole method by which new ideas are presented by being explained.
A researcher posits to lead away from old perspectives and create new theoretical
insights. Paavola’s (2006) idea was to develop a broader understanding of abduction
by focusing on the process of abduction, and by seeing it as one element within a
large process of inquiry.
According to Tavory and Timmermans (2014), observation of the data is key in
abduction and can be seen in four intertwined activities: gathering observations,
reading theories extensively, working with observation data, and actively inquiring.
In the field of research, abduction refers to an inferential creative process of
developing new hypotheses and theories, based on surprising research data and
evidence. Abductive analysis emphasises that researchers should enter the field with
the deepest and broadest theoretical base possible, and develop their theoretical
repertoires throughout the research process (Timmermans & Tavory, 2012).
In the study, abductive analysis was used for research questions that required
abductive reasoning and observations to interpret the data, whilst simultaneously
striving to comprehend and understand it. Abductive analysis typical begins with
an incomplete set of observations; here, six study circles containing 21 student
teachers were chosen for analysis. The multiform data included knowledge
construction in study circle blogs, the syntheses of collaborative knowledge
construction and collaboratively created and constructed artefacts. Abductive
analysis was used to answer the question about the types of learning activities and
results that authentic and dialogical collaborative knowledge construction prompts
in superficial and deep learning oriented study circles. The analysis began with
reading the data to obtain an overall understanding of the study circles’ materials,
blog entries and printouts and reviewing the artefacts produced by the study circles.
Then, abductive reasoning was used to jointly interpret the data while striving to
comprehend and understand it. The abductive analysis process is connected to the
theoretical framework of Sub-study IV and to the framework for deep-learning
activities that was redesigned and used to understand deep-learning evaluation.
This process included four activities: gathering researchers’ observations, reading
a broad range of theories, working systematically with observations and actively
constructing through dialogue understanding of the data. The process can also be
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seen as dialogical participation, which helped to reconstruct the theoretical claims
and relevance of the research.
4.3.2 Design-based Implementation Research Approach

In third sub-study, the case study research design (Yin, 2009) was combined with
Design-based Implementation Research (DBIR) approach (cf. Fishman, Penuel,
Allen, Cheng, & Sabelli, 2013, p. 137). DBIR approach fits with aims that address
and explore the problems of implementation from a design-based perspective
(Fishman et al., 2013). DBIR has links to education research and evaluationorientated programme development, such as community-based participatory
research (Chevalier & Buckles, 2013), implementation research (Fixsen, Naoom,
Blase, Friedman, & Wallace, 2005), design-based experimentation (Cobb, Confrey,
diSessa, Lehrer, & Schauble, 2003), social design experimentation (Gutiérrez &
Vossoughi, 2010), and evaluation research (Fitzpatrick, Sanders, & Worthen, 2016).
As a research approach, DBIR is relatively new in the field of education and was
originally developed as method for fostering organisational change and quality
improvement (LeMahieu, Nordstrum, & Potvin, 2017). According to Penuel,
Fishman, Haugan, and Sabelli (2011), the approach embodies focusing on persistent
problems of practice and committing to an iterative process and collaborative design,
and is concerned with developing theory-related implementation through systematic
inquiry (p. 332). In the educational research field, there has been discussion about
DBIR being an extension of Design Based Research (DBR). The main differences
are in focus: DBIR forms design research that focuses on the implementation of
sustainable educational change, and design based research creates new knowledge
about learning (Crowley, 2016). DBIR is closely linked to collaborative and teambased design methodologies (Fishman, Cheng, & Penuel, 2014).
In DBIR, the main aim is to make decisions on how to make adjustments in
the learning process (Cobb et al., 2003) and solve practical problems (Fishman
et al., 2013). To summarise, DBIR organises research and development intended
to promote improvements in education. These issues make the DBIR approach
meaningful for researchers and practitioners to work collaboratively to find
problems in practice by asking, “What works, what activities, when and which
tools” (Fishman et al., 2013).
In a DBIR-based process, research questions are posed broadly (Fishman et al.,
2013, p. 146). As LeMahieu et al. (2017) have noted, the DBIR process does not have
literature-supported guidance on what specific stages or steps to follow. However, the
method should follow four guiding principles: 1) a focus on collaboratively-defined
problems of teaching and learning practice, 2) a joint commitment to iterative and
collaborative design, 3) an interest in developing knowledge and 4) theory through
disciplined inquiry, and the goal of and concern about developing capacity for
sustaining change (Fishman el al., 2013, pp. 142–143). However, Supovitz (2013,
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p. 381) has suggested that the DBIR process has several implications regarding
the researcher’s role in creating useable knowledge for improvement. In addition,
learning comes in multiple ways and from multiple sources, and Supovitz (2013)
has further divided the DBIR process into four phases according to different
implications and interventions.
In this study, the research process is based on iteration cycles in order to support
the implementation. For this study, I adopted Fishman et al.’s (2013, pp. 142–143)
design principles. Figure 6 describes the process in more detail.
The design commenced by identifying the practical problems and forming aims
for the process. The second phase focused on analysing the online questionnaire
(n = 63) and implementing useful web tools for PLEs. The third phase focused on
gathering online learning activities in one table in order to combine both processes,
the DIANA and Five-stage models, in the same learning process. The fourth phase
involved a fifth implementation group (n = 13) of the study in spring 2016. The
data regarding the scaffolding practices were collected during the learning process
by way of four questionnaires, each following a cornerstone of the DIANA model.
Furthermore, the researcher’s role as a teacher-researcher in the study involved
implementing both practical and theoretical aspects within a collaborative research
team. This agrees with the design-based implementation research process.
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Analysis RQ 1.2.
First all the activities described and second categorised by the
DIANA pedagogical model and Five-stage model

The online scaffolding
model: Five-stage

Analysis RQ 1.3.
Data: process data (n=13) and questionnaire after each of the
DIANA model´s cornerstones
5. 03-04/2016
A. n=10
B. n=6
C. n=13
D. n=9

Redesign and
implementation
group 5

Figure 6. The research design following the Design-based Implementation Research (Fishman et al., 2013, pp. 142–143).

Analysis RQ 1.1.
Data (n=63), questionnaire:
1. 03-04/2014 (n=16)
2. 08-09/2014 (n=16)
3. 03-04/ 2015 (n=16)
4. 09-11/ 2015 (n=15)

Implementation
groups 1-4

The course design
The pedagogical model:
DIANA
Learning environments: PLE

Developing learning in a online course: to find suitable web tools for online learning process, to analyse pedagogical activities to activities of the scaffolding model, to
discover critical points and tools for scaffolding
The course: ” Networks in vocational education”
2014
2015
2016

5

Overview and Evaluation of the Studies

This chapter provides summaries and evaluations of the sub-studies comprising this
thesis, as well as an account of my learning process. I introduce the sub-studies on
their roles and contributions to the research.

5.1 Sub-study I: Dialogical Collaborative Knowledge
Construction in mOOC
Related publication
Ruhalahti, S., Korhonen, A.-M., & Ruokamo, H. (2016). The dialogical authentic
netlearning activity (DIANA) model for collaborative knowledge construction in
mOOC. The Online Journal of Distance Education and e-Learning, 4(2), 58–67.
This sub-study was a starting point in gaining an initial perspective of how the
DIANA model construes the learning process in an open online format. The
research article focused on the realisation of a practical pedagogical process and
showed how the DIANA model supports collaborative knowledge construction in
the international mOOC context.
The context of the study was an international course, designed for vocational
and further education teachers who wished to deepen their knowledge of
individualisation and individual study plans. I co-created and implemented the
mOOC. This 2 ECTS course proceeded from one module to the next according
to the course topics. The seven-week course was carried out in the Canvas learning
environment. This environment was also used as the course platform, but the study
circles were free to choose from various social media platforms that foster dialogical
and collaborative knowledge construction (e.g. Facebook, Google Drive, Padlet, and
Hackpad). The first two modules were designed according to the DIANA model.
Considering the learning process that took place in the study, I examined the
significance of group formation for a learning community in a learning process.
The analysed questionnaire administered to international vocational teachers (n
= 14) and their in-depth interviews (n = 4) revealed that a clear representation
of the pedagogical model at the beginning of the learning process was important
to understanding the path of dialogical and authentic learning and to promoting
collaborative knowledge construction. Findings also indicated that group formation
processes might have been more successful had the participants been given more
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freedom when forming the groups and if the tutoring provided in the online
environments had been timed more efficiently (see also Keskitalo et al., 2011).
On the basis of the study’s results, it is recommended that the key factors in
learning authenticity ought to be made more transparent, in order for students to
understand the significance of authenticity at the very beginning of the learning
process. In this study, challenges for authentic activity sprang from the innovative
nature of the model, the strict schedule of the course, and the difficulties that online
studies created for understanding the concept of authenticity. Especially, learners’
authentic questions form a basis for dialogical knowledge construction (Aarnio &
Enqvist, 2002), and at this point, a tutor has a significant role in ensuring that the
learning process is based on authenticity (Herrington et al., 2010).
The study also measured how dialogical participation worked in a micro
open online course. The findings showed that dialogical actions and dialogical
participation were regarded as a difficult approach in this online course. In this
context, the model requires a genuine dialogical learning community, a commitment
on the part of learners and the teacher, and a solid presence on the net (Aarnio
& Enqvist, 2001; 2002). The DIANA model was considered to be a motivating
feature, but as collaborative knowledge construction entails inquiring skills and
addressing meaningful issues, the entire learning community must be involved. The
implementation faced many challenges. Of note, there was a discrepancy between
the number of students who had enrolled on the course and those who actually
commenced the course.
To sum up the study’s results, authentic learning, and dialogical collaborative
knowledge construction require more practical scaffolding (McAuley et al., 2010).
The DIANA model is challenging because it is precisely the authentic, dialogical,
and collaborative knowledge constructions which are in danger of being lost in
the process if the required activities and support structures remain inadequate.
A model such as DIANA requires a learning environment which is coherent and
comprehensible, functions well, and fosters collaborative knowledge construction.
Moreover, the pedagogical model itself provided no solutions to the main problem
typical of MOOCs, namely, the substantial drop-out percentage. The key question is
one of the underlying pedagogy, which inevitably will affect the learning experience
and the learning itself.
As a qualitative case study, it does not suggest generalisable results as the
study consisted of a relatively small number of participants. When evaluating the
trustworthiness of the study, attention must be paid to the relationship between
the first and second authors and the research topic. The authors were involved in
designing and implementing the course and in interpreting the data; therefore,
assumptions made and actions taken as teacher-researchers might have influenced
the research process. Familiarity with the research context allowed the researchers
to position themselves; however, trustworthiness could have been improved by
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allowing participants to comment on interpretations of the in-depth interviews.
However, this study provided motivation to continue the research process in the
context of national teacher education to explicitly identify additional elements of
the pedagogical model that would achieve the aims of this study.
Through the sub-study, I acquired an understanding of how important group
formation is for dialogical collaborative knowledge construction. In addition, it
was clear that authenticity should be established in the beginning of the process
through a process of scaffolding. Dialogical skills and knowledge should also be
integrated transparently in the learning process, and this understanding has been
highly influential in my redesign of a pedagogical model. Through the writing
process, I became familiar with the MOOC concept and with the key elements of
the DIANA model.

5.2 Sub-study II: Authentic and Dialogical Collaborative Knowledge
Construction in a Mobile Learning
Related publication
Ruhalahti, S., Korhonen, A.-M., & Rasi, P. (2017). Authentic, dialogical knowledge
construction: A blended and mobile teacher education programme. Educational
Research, 59(4), 373–390.
This study represents a study module in vocational teacher education which created
opportunities for authentic, dialogical collaborative knowledge construction, with
experiences of integrating mobile learning technologies with a structured learning
design. The main aim was to identify challenges and opportunities inherent in
the adoption of the DIANA model and to examine student teachers’ reflections
concerning authentic and dialogical knowledge construction.
The empirical data was collected from 63 student teachers, who were following
the four implementations of the study module ‘Networks in Vocational Education’
between 2014 and 2015. The data for this study was drawn from an online
questionnaire. The research data also included self-reflective accounts of students
(n = 16) enrolled in the third implementation of the study module. During the
final face-to-face meeting of the study module, students were asked to write a
self-reflective evaluation of their learning activities and outcomes regarding their
roles and contributions to the authentic and dialogically constructed knowledge
construction process. Qualitative deductive content analysis (Schreier, 2012) was
used to discern relationships amongst the data, existing theory, and the elements of
the DIANA model.
This study showed some students had difficulties in achieving an understanding
of the concept of authenticity. The results of the sub-study suggest that it is
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important to enhance learner-centred scaffolding, particularly at the outset of the
learning process (see also Aarnio & Enqvist, 2016; Ruhalahti et al., 2016; Teräs,
2016). Sharing experiences, skills, and knowledge with members of the study
circle was considered to be important for authentic learning and expanding one’s
perspectives. Student teachers also agreed that mobile applications brought new
and enriching aspects to collaborative knowledge construction. As a pedagogical
model, DIANA proved to be demanding for students, and this is a problem that
has been closely connected to a lack of dialogical competence (Aarnio & Enqvist,
2016). Findings further indicated that deep-orientated learning through dialogical
actions was the most challenging aspect of using the DIANA model (see also
Enqvist & Aarnio, 2003). Therefore, methods which develop dialogical skills and
knowledge (Aarnio, 2012) should be integrated into vocational teacher education as
extensively as possible, in order to make collaborative work genuinely dialogical and
equal. Although dialogical collaboration is challenging, when done effectively, it
helps students to create a shared whole through shared understanding. Inquiry skills
were shown to be the most important dialogical skills and knowledge, but listening,
reciprocity, and symmetrical participation were also considered to be key issues.
The study offered an example of educational openness (Iiyoshi & Kumar, 2008) for
vocational teachers who wish to design, teach, and integrate new open technologies
into education, use open content, and transparently construct their knowledge. The
results of this study are in line with Aarnio’s (2006) findings, which indicate that
the learning process requires skilful structuring. Similarly, when working within
the principles of the DIANA model, teaching in digital environments should be
skilfully structured.
Overall, collaborative learning requires a community which, through the skills,
knowledge, and responsibility of its members, aims to achieve a certain goal (Lave
& Wenger, 1991; Wenger, 2009). The outcome of the learning process is presented
as an artefact and a synthesis of the course themes which have been collaboratively
created by the study circle.
The limitations of the sub-study are related to the researcher’s positioning and
its potential impact on the research (see Yin, 2009). The two primary authors of
this study were involved in the design and implementation of the module, as well
as in the data analysis. The analysis process was conducted collaboratively to deepen
analysis and to strengthen coding reliability. The trustworthiness of the study would
be enhanced by having participants interpret the analysed data. Moreover, face-toface or online interviews may have benefitted the study (see Williams, 2005).
The study deepened my understanding and knowledge of student teachers’
experiences concerning authenticity and dialogical knowledge construction in a
learning process. I do agree that the role of teachers is central in promoting and
scaffolding a dialogical knowledge construction and learning culture. Furthermore,
the sub-study confirmed the importance of integrating dialogical activities. The
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study suggests that the sub-skills of dialogical activities (see e.g. Aarnio, 2012)
should be integrated more deeply into the processes of teacher education, so that
they become deep-orientated skills and competences. The study’s findings motivated
us to continue our research on how to combine the DIANA model as a learning
design and scaffolding model, particularly when students are using open learning
environments during their learning process and where teacher scaffolding is needed.
It was seen that whilst scaffolding must be improved by utilising new possibilities
in digital environments, it is not simply enough to increase the use of different web
tools.

5.3 Sub-study III: Scaffolding Digital Personal Learning
Environments
Related publication
Korhonen, A.-M., Ruhalahti, S., & Veermans, M. (2019). The online learning
process and scaffolding student teachers’ personal learning environments. Education
and Information Technology, 24(1), 755–779.
The aim of this article was to continue the research process undertaken as a result
of the findings of sub-study II. This article looked to uncover what scaffolding is
needed when PLEs are used as a part of an online learning environment and process.
This study also aimed to find the tools, place, and time for scaffolding activities
during a learning process which followed the DIANA model. The study context,
implementation group, and student teachers (n = 63) were the same as those featured
in the second sub-study, with the addition of student teachers (n = 13) from the fifth
implementation group which was included as the last part in the DBIR process.
The study module was designed using the DIANA model (Aarnio & Enqvist, 2016,
p. 44). During this study, the DIANA model was compared with Salmon’s (2011,
p. 32) Five-stage model in order to discover how scaffolding could support deep
learning (Table 5). The teacher’s role was to ensure that students were progressing in
their learning processes and to provide scaffolding with the help of Web 2.0 tools and
other mobile applications (i.e. WhatsApp, Blogger, Google Drive, and Facebook).
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Table 5. Comparing the DIANA (Aarnio & Enqvist, 2016, p. 44) and the Five-stage models
(Salmon, 2011, p. 32).
DIANA model

Five-stage model

A. Creating a common ground for
collaborative learning

1 Access and motivation
2 Online socialisation
3 Information exchange

B. Enabling authenticity in learning

1 Access and motivation
2 Online socialisation
3 Information exchange
4 Knowledge construction
5 Development

C. Increasing deep-orientated learning 2 Online socialisation
through dialogical actions
3 Information exchange
4 Knowledge construction
5 Development
D. Integrating theory and practice in
learning situations

2 Online socialisation
3 Information exchange
5 Development

Comparison of the two models demonstrates a need for general, whole-group
scaffolding as well as individual scaffolding. While the DIANA model concentrates
on deep learning using certain dialogical activities, the Five-stage model focuses on
the teacher’s online activities in general. The DIANA model includes all scaffolding
activities present in the Five-stage model. A comparison of the activities in these two
models shows that the DIANA model actually includes all the same activities as the
Five-stage model for the scaffolding process. As the findings of the first and second
sub-studies indicated, more scaffolding is needed during the learning process that
implemented the DIANA model. The study showed that elements of scaffolding
were found in the DIANA model (Aarnio & Enqvist, 2016). A comparison of
activities in these two models shows that the DIANA model includes the same
activities as seen in the Five-stage model scaffolding process. The study indicated
that the Five-stage model for scaffolding gives general instructions for the role of an
online teacher. It seems that these activities should be moved to the beginning of the
learning process, and this is where they occur in the DIANA model. The Five-stage
model elements are already completed during the DIANA model’s cornerstones A
and B.
Personal learning environments often utilise Web 2.0 tools (Bassani & Barbosa,
2014; Wheeler, 2015). During the learning process which followed the DIANA
model, it was found that the most important and productive way to scaffold was
by use of the teacher’s help with comments and assessment in the personal learning
environments which were formed by the study circle blogs. The findings of the
study also indicate that a general scaffolding process is necessary for the whole study
group, because the whole group is working collaboratively during cornerstones A
63
Ruhalahti: Redesigning a Pedagogical Model for Scaffolding…

and D. The teacher’s blog is seen as a central facet of the learning process, for example
for material sharing, general instructions, and the teacher’s reflections on the study
group. On the basis of the findings of the study, it was noticed that learning activities
and the teacher’s scaffolding produce collaborative knowledge construction in the
student’s personal learning environments.
The sub-study found that blogs served as a tool for supporting dialogical
collaborative knowledge construction (Bassani & Barbosa, 2014; Özkan &
McKenzie, 2008) and were very popular as part of the PLEs (Quadir & Chen, 2015;
Sahin & Uluyol, 2016; Yang et al., 2016). The study’ findings are in line with those
of previous research, and the blog tool seems to be appropriate to achieve learning
purposes, even in collaborative learning situations. The results also revealed that
student teachers found the teacher’s blog to be a significant asset and sufficiently
supportive for their learning purposes.
The findings crystallised into three suggestions for improving scaffolding activities
and practices: indicating a need for general online scaffolding for the whole study
group, a need to increase scaffolding in study circle–based environments, and a need
to strengthen scaffolding for study circles at each cornerstone of the DIANA model.
The study was somewhat limited by the small sample sizes, and the collected data
could have addressed wider viewpoints, such as those related to the student teachers’
assumptions and expectations of the Personal Learning Environments. Due to the
small scale of the study, the results cannot be generalised. It was important to discover
how to design a learning process based on the DIANA model for PLEs. DBIR
requires that researchers take multiple roles, which raises a fundamental question
about the credibility of the research results (Barab & Squire, 2004). However, the
study motivated continued research until the end of the learning process. This would
be especially important in order to investigate what kind of learning results from
dialogical collaborative knowledge construction.

5.4 Sub-study IV: Evaluation of Deep Learning in Vocational
Teacher Education
Related publication
Ruhalahti, S., Aarnio, H., & Ruokamo, H. (2018). Evaluation of deep learning in
vocational teacher education: conducted on the principles of authentic and dialogical
collaborative knowledge construction. Nordic Journal of Vocational Education and
Training, 8(2), 22–47.
The study sought to discover what kind of authentic and dialogical collaborative
knowledge construction the DIANA model directs students (n = 76) towards. One
of the aims of the study was to define what kind of learning questions (f = 350) are
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formulated collaboratively in study circles (f = 19). In addition, the work enquired
as to what kind of learning activities and results does authentic and dialogical
collaborative knowledge construction prompt in three superficial and three deep
learning-orientated study circles. The case study’s data analysis unit was a study circle.
The findings of the study indicated that using authenticity as the basis for a
learning process enables each study circle to define questions which are meaningful
to them (Shaffer & Resnick, 1999) and produces knowledge about the learners’
current competence (Aarnio, 2006). Authenticity in learning was seen through
the perspectives defined by Aarnio and Enqvist (2016), in which knowledge is
constructed from authentic sources and based on students’ current competence.
The results further indicated that scaffolding is necessary, especially to create a
firm basis for authenticity, so that dialogical collaborative knowledge construction
can produce and direct learners towards learning activities that are deep learning
orientated, such as analysing, interpreting, inquiring, comparing, evaluating,
producing, and creating (see also Anderson et al., 2001). It should be noted that
the authentic learning questions defined at the beginning of the process mainly
directed the learners towards superficial learning-orientated activities, which can
be considered as a natural outcome when the topic is new to the learner. However,
in the study circles which mainly created superficial learning questions, the results
indicated that dialogical collaborative knowledge construction still directed the
learners towards deep learning during the process, and as stated by Paavola et al.
(2002), learning changes and becomes enriched during the process. This tendency
was further reinforced by the number of questions which helped learners direct
themselves towards deep learning activities. The results are consistent with the results
of previous studies (Blumenfeld et al., 1991; Eklund et al., 2011; Muukkonen et
al., 2011) that suggest that solving complex open inquiries and constructing shared
artefacts demonstrates an achievement of deep learning. The study did not focus on
the role of digital environments, although open learning environments were used
and are typical of a learning process based on the DIANA model (Aarnio & Enqvist,
2016).
The results crystallised the need and requirement for individual learning spaces.
In practice, this means familiarising oneself with the involved theory and the topic
to be studied in advance. The findings are supported by the three metaphors of
learning: learning as individual knowledge acquisition, as participation in dialogue
in a community (Sfard, 1998) and as knowledge creation (Paavola et al., 2002).
This study drew up understanding of deep learning process; it deepens through
dialogue and through participation in a community, and knowledge is constructed
collaboratively in digital learning environments. The study concluded that the
central elements of deep learning are a learning community which has committed
to a common goal, an authentic starting point for learning, and dialogical skills and
knowledge which enable collaborative knowledge construction. As a part of this
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sub-study, a framework for evaluating deep and superficial learning was created and
introduced. This was redesigned specifically for this study but will help others to
examine learning activities in the future from a practical viewpoint.
The study’s main limitation was the researchers’ roles and their potential impact
on the research (see Yin, 2009). As the first author of this study, I was involved in
designing and implementing the module, as well as conducting the data analysis. The
second author was one of the developers of the original DIANA model which may
have led to a deeper understanding of the concepts involved. These positions helped
the teacher–researcher shape assumptions about the process. One limitation was
that qualitative data were gathered from study circle blog entries, in which processes
were not documented in full. Thus, it is possible that meaningful element were
missed. The trustworthiness of the study could be enhanced if abductively analysed
data were read by participants.
Concerning the process of defining the authentic learning questions which
direct learning, the reliability of the study would have been enhanced with teacher
scaffolding concerning the number of questions and how they could be categorised
by themes. The study module’s content was extensive, high goals were set, and
the majority of the student teachers studied alongside their work. The data were
gathered from implementation groups taught by two teacher educators, which
means the teaching varied between groups. According to the principles of the
DIANA model, teaching ought to involve dialogical scaffolding. In this respect,
the data were insufficient as the material gathered from the blogs did not include
coverage of this aspect. Instead, scaffolding and dialogical collaborative knowledge
construction took place in many different digital and online learning environments.
The study suggests several practical implications which will strengthen future
implications when the goal is achieve deep learning and the learning design is based
on the DIANA model.
However, this study indicates that deep learning activities in authentic and
collaborative knowledge construction offer a promising approach for developing
learning processes in vocational teacher education. In addition, the evaluation
framework for deep learning activities featured in the study creates a basis for redesigning the curriculum of teacher education, as well as module learning objectives
and learning processes, and the way I evaluate deep learning activities. As a conclusion,
it can be seen that authentic and dialogical collaborative knowledge construction
engages student teachers in the development of deep learning competences that
enhance their own vocational teaching.
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6

Results: Redesigning the Pedagogical Model and
Deep Learning Evaluation Framework through
Theories and Studies

The aim of this chapter is to amalgamate theoretical insights concerning sociocultural
learning, the diverse digital environments and the empirical studies undertaken as
part of the dissertation regarding redesigning a pedagogical model. Teaching and
learning are undergoing significant changes. The world has become more socially
connected, and accessible technology offers new opportunities for the design of
learning processes. Against this backdrop, the role of vocational teacher education
has never been so demanding, and in future, vocational teachers must be qualified
and agile users of pedagogically meaningful models, and able to seamlessly integrate
new and diverse digital environments into their learning processes.
This study indicates that deep learning activities in authentic and dialogical
collaborative knowledge construction offer a promising approach for developing
learning processes in vocational teacher education. The redesigned, more pragmatic
evaluation framework for deep learning activities may form a foundation for
renewing the curriculum of teacher education, as well as the learning objectives and
learning processes of modules, and the evaluation of deep learning outcomes.

6.1 Dialogical, Digital, and Deep Learning Activity
Too often, we assume that learning is a social process, but how often do we pause
to reflect on how we support the formation of dialogical collaborative knowledge
construction, especially in diverse digital environments, and which leans towards
deep learning? I approached the pedagogical model redesign through three learning
metaphors: learning as individual knowledge acquisition, learning as participation
in dialogue in a community (Sfard, 1998) and learning as knowledge creation and
construction (Paavola et al., 2002). A well-structured learning process creates the
basis for students to work in their zone of proximal development (ZPD) (see e.g.
Vygotsky, 1978; Wenger, 1998). Sub-studies II, III and previous research (Aarnio,
2015; Enqvist & Aarnio, 2004) have shown that there is a need for improvement in
dialogical participation to achieve deep learning. Overall, the missing competence
of dialogue has been the main reason for unsuccessful DIANA learning processes.
One of the goals of this study was to explicitly identify additional elements of the
DIANA model used in these processes to scaffold deep learning and to redesign
a more accurate pedagogical model. Figure 7 describes in detail explicitly both
identified and changed elements.
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Figure 7. Explicitly identified additional elements of the DIANA model needed to scaffold deep
learning.

One of the main outcomes was an improved understanding of self-paced
learning as an important part of authentic and dialogical collaborative knowledge
construction, in the beginning and throughout the learning process when looking
to achieve deep learning.It supports knowledge acquisition as an individual activity
(Sfard, 1998). Individual learning is scaffolded, and each student is able to proceed
on her or his own actual development level (ADL). Thus, students have the freedom
to learn from their own ZPD. The significance of others in the process of scaffolded
individualisation is highlighted within the concept of commognitive development
(Ben-Zvi & Sfard, 2007), and a unique form of thinking develops when a student
turns discourse-for-others into a discourse-for-oneself. Self-paced learning is
implicitly included in the DIANA model, but it is not featured prominently enough.
According to the findings of this dissertation, student teachers’ learning in teacher
education is dependent on collaborative knowledge construction. Individually
worked-out contributions are minimal, and dialogical collaboration is missing. This
forms the reason for including self-paced learning as a part of the learning process.
A blended learning approach will combine the student own pace with a process of
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collaborative knowledge construction. The results indicate that self-paced phases are
necessary to achieve deep learning namely, that it builds a foundation for authenticity
in learning, and students are more capable of targeting deep learning achievements
when they have familiarised themselves with the underlying theory and the topic to
be studied in advance.
As noted earlier in the study, technology is seen as a possibility which enhances
collaborative knowledge construction, and learning through dialogue can result in
better engagement and collaboratively-shared artefacts (Aarnio & Enqvist, 2016;
Enqvist & Aarnio, 2004; Wegerif, 2006). Scaffolding deep learning activities requires
a teaching and learning process which involves curriculum restructuring and requires
scaffolding to be improved through the new possibilities that are afforded by digital
environments (Ruhalahti et al., 2016; Ruhalahti et al., 2017; Korhonen et al., 2019).
The foundation of the DDD pedagogical model is based on the DIANA model and
scripts the learning process into six phases (Aarnio & Enqvist, 2016; Figure 8). These
phases can help the teacher structure the learning process in digital environments.
In the DDD model, critical points for scaffolding activities are explicitly detailed.
However, it is not simply enough to increase the use of diverse digital environments.
Careful consideration needs to be given as to what kind of pedagogical choices and
communicative competences are required to create deep learning in the students’
competence and personal development and in the teacher’s professional growth. The
developed DDD model combines the theoretical framework with previous study
findings, and all of the sub-study results which are presented here. Key strengths of
the presented pedagogical model are as follows. First, it strengthens the knowledgeacquisition metaphor throughout the learning process by adding a self-paced phase
(Sfard, 1998). According to literature, self-paced learning can be seen as individual,
self-paced online learning but also as a collaborative learning process with peers
(Tullis & Benjamin, 2011). Second, it increases knowledge among students by
allowing them to work within their ZPDs more consciously, especially on their
ADL. Third, by following the participation metaphor (Sfard, 1998), it integrates
dialogical methods (Aarnio, 2012) more transparently and explicitly into the
beginning of the learning process. Fourth, it strengthens the artefacts that mediate
dialogical collaborative knowledge construction within cultural settings (see Aarnio
& Enqvist, 2016; Paavola & Hakkarainen, 2005). Fifth, it highlights important
elements of and critical places for scaffolding activities as part of learning design.
Sixth, it utilises agile digital environments during the blended learning process, and
finally, it provides scaffolding throughout the learning process that promotes deep
learning activities.
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Figure 8. The DDD pedagogical model.

As Figure 8 shows, the DDD pedagogical model conforms to the idea that the
learning process forms a looped cycle. During the case studies, various qualitative
data were collected preparatory to redesigning the pedagogical model. In the
following paragraphs, I present the main phases of the DDD pedagogical model in
more detail.
Self-paced orientation and internalising: The learning process starts with a selfpaced, individual orientation phase and students work on their actual development
level (ADL). Students will have an individual learning assignment to accomplish. The
assignment includes supplied theoretical sources (e.g. video and online materials). The
self-paced individual assignment has three aims: to scaffold student teachers in their
orientation to the learning themes through provided materials, to help in a reflection
on their own experiences, and to add internalising (Palincsar, 1998) according to the
study module’s learning objectives (Ruhalahti & Aarnio, 2018). It has become obvious
that self-paced, individual knowledge acquisition is a crucial element of achieving deep
learning. Self-paced learning outside of the classroom means freedom for the student
to start and complete learning assignments in their own time (Sub-study IV).
70
Ruhalahti: Redesigning a Pedagogical Model for Scaffolding…

Preparing for dialogical participation: When proceeding to the students’ potential
development level (PDL), dialogical actions and methods are integrated into
the learning process (see also Wegerif, 2018). Dialogue is seen as a key factor in
supporting and encouraging deep learning in a learning community (Aarnio, 2006;
Enqvist & Aarnio, 2004; Mercer & Howe, 2012; Ruhalahti et al., 2017; Smith &
Colby, 2007). Dialogical collaborative knowledge construction is challenging. The
teacher will assemble a variety of potential dialogical methods (Aarnio, 2012) to
develop students’ dialogical skills and knowledge. For example, increasing awareness
of dialogical attitudes in students could exercise methods such as Symmetrically, As
equals and Reciprocally and then continuing to make dialogue non-fuzzy though
methods such as Dialogue tickets and Word-for-word listening. These are just
examples, and the selection of methods will vary in each situation (sub-studies I,
II, and IV). The phase leans on the participation metaphor (Sfard, 1998), in which
participation represents the dialogical view.
Enabling authenticity in learning: Students create authentic learning questions
individually and collaboratively from the study module’s learning objectives.
Authentic questions allow students to integrate their competence development
with real-life contexts and personal experiences, which promotes engagement and
responsibility. The teacher’s role is to scaffold the students in their study circles, for
example in helping them to find relevant questions and learning themes which cover
the learning objectives and steer the students towards deep learning activities (Substudies I, II, III, and IV).
Increasing deep-orientated learning through dialogical collaborative knowledge
construction: This phase is based on the earlier set of authentic learning questions
and depends theoretically on the knowledge creation metaphor (Paavola &
Hakkarainen, 2005). The study circles inquire about and construct knowledge
online through dialogical actions in diverse digital environments. Dialogical actions
and participation are the key elements during this phase, in which students are on
the higher level of their PDL. Each study circle designs and constructs an artefact
that offered a theoretical and practical combination of the study module’s issues. At
the beginning of the fourth phase, each study circle has an online scaffolding and
feedback session with the teacher. Afterwards, each study circle will write a reflective
letter/post to the teacher, detailing how they have implemented their collaborative
working and artefact concretely into their working context (Sub-studies I, II, III,
and IV).
Self-paced learning and internalisation: During this phase, students work
individually to complete an individual learning assignment that supported students’
work on their own ADL by internalising constructed knowledge (see Palincsar,
1998). This internalisation phase was important to achieving deep learning
outcomes. The type of assignment could vary, from essay to gamification, to achieve
deep learning (Sub-study IV).
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Integrating theory and practice: This phase integrates theory and practice in
learning situations, and each study circle presents their own constructed artefact.
The artefacts show an achievement of deep learning when the student presents his
or her own contribution of how the theory he or she has gained can be linked to
practice. A dialogical evaluation and reflection summarise the process in the study
circle and help the student to continue his or her own development in his or her
specific area. The teacher will evaluate the study circle’s resulting shared artefact
through the evaluation framework, mirroring it to each study circle’s authentic
starting point. The evaluation must be in line with authentic evaluation settings
(Sub-studies I, II, III, and IV).
The redesigned pedagogical model is demanding and has some limitations. Its
deep integration into vocational teacher education requires skilful learning design.
First, an understanding of sociocultural learning and the ZPD is necessary (see
also Palincsar, 1998). Second, authenticity challenges teachers’ own thinking and
must be adapted to competence-based learning settings. Dialogical collaborative
knowledge construction requires a deep understanding of the model when
designing the learning process. Despite these limitations, the model has potential
for use in sociocultural-oriented competence-based education both nationally and
internationally.

6.2 Design Principles for Developing Dialogical,
Digital and Deep Learning
Previous research has indicated that it would be more useful to create design principles
(DPs) rather than a fixed pedagogical model (Keskitalo, 2015; Lakkala, Toom,
Ilomäki, & Muukkonen, 2015). DPs provide more flexible teaching and learning
processes in diverse situations and environments (Keskitalo, 2015); therefore, six
main DPs were created to support the initialisation of the DDD pedagogical model.
The set of dialogical, digital and deep learning DPs are as follows.
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Table 6. Design Principles for Developing Dialogical, Digital and Deep Learning.
Design principles
(DPs)

Meaning

Implementation

References

DP1: Supporting
the development
of dialogical
competence
in the learning
community.

To develop
dialogical
competence
in the learning
community
and to strengthen
the participation
and knowledge
creation
metaphors.

Using a variety of dialogical
methods (e.g. increasing
awareness of dialogical attitudes).
Continuing to follow methods,
from making dialogue non-fuzzy
to furthering the dialogical
moment. The variety of methods
will vary in each situation.

Aarnio, 2012;
Ben-Zvi & Sfard, 2007;
Paavola &
Hakkarainen, 2005;
Phillipson & Wegerif,
2017;
Sfard, 1998;
Wegerif, 2018;
Wegerif & Major, 2018

DP2: Opening the
learning objectives
collaboratively
on the basis of an
authentic learning
and deep-learning
evaluation
framework.

To enable
authentic learning
settings and
to scaffold
students toward
deep-learning
outcomes.

Scaffolding the students in their
study circles to find relevant open
questions and then creating
bigger learning themes that cover
the learning objectives and steer
the students toward deep-learning
activities.

Aarnio, 2006;
Fleer & Canhill, 2001;
Czerkawski, 2014;
Ruhalahti, Aarnio, &
Ruokamo, 2018;
Tillema, 2006

DP3: Emphasising
knowledge
acquisition and
self-paced learning
at students’ actual
development
levels (ADLs).

To learn
individually at
students’ ADLs and
to support
individual
knowledge
acquisition and
internalisation.

Designing self-paced and
internalised learning assignments
throughout the learning process
(e.g. in the beginning and final
stages).
The types of assignments can vary
from essays to gamification.

Palincsar, 1998;
Sfard, 1998;
Tullis & Benjamin,
2011;
Turkle, 2015;
Vygotsky, 1978

DP4: Scaffolding
dialogical
collaborative
knowledge
construction.

To scaffold a study
circle´s dialogical
collaborative
knowledge
construction
at its potential
development
level (PDL) and
to strengthen
the participation
and knowledge
creation
metaphors.

Structuring instructional
scaffolding to support students’
understanding of dialogical
collaborative knowledge
construction at the community
level. Scaffolding study circles
in their artefact construction
toward deep-learning outcomes
and learning in blended learning
settings in diverse digital
environments.

Aarnio & Enqvist,
2002;
Brown & Palincsar,
1989;
Lave & Wenger, 1991;
Paavola &
Hakkarainen, 2005;
Rogoloff, 1990

DP5: Providing
meaningful,
personalised
digital
environments.

To integrate
meaningful,
personalised digital
environments
to support both
individual learning
activities and those
based on learning
communities.

The students create both personal
digital environments and those
based on study circles (e.g. blogs,
shared cloud-based folders, mobile
applications) for three types of
purposes: sharing artefacts, selfpaced and internalised learning
and dialogical collaborative
knowledge construction.

Adams Becker et al.,
2017;
Rahimi et al., 2012;
Wegerif et al., 2017

DP6: Intertwining
the deep-learning
evaluation
framework with
the dialogical
evaluation
process.

To combine the
deep-learning
evaluation
framework
with dialogical
evaluation.

Dialogically evaluating the
learning process at the individual
and community levels. Evaluating
artefacts through the deeplearning evaluation framework,
mirroring it to each study circle’s
authentic starting point.

Aarnio & Enqvist,
2016;
Ruhalahti & Aarnio,
2018;
Ruhalahti, Aarnio, &
Ruokamo, 2018
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DPs describe the features of DDD to promote these concepts theoretically, in
pedagogical use and in learning design. The first principle is key to supporting
the development of dialogical competence in the learning community because it
creates a foundation for dialogical collaborative knowledge construction and fosters
community building (Aarnio, 2012; Sfard, 1998; Paavola et al., 2002; Wegerif, 2018).
The second design principle enables learning authenticity and scaffolds deep learning
outcomes (Aarnio, 2006; Fleer & Canhill, 2001; Czerkawski, 2014; Tillema, 2006).
The third principle focuses on designing activities in the students’ ZPD throughout
the learning process (Tullis & Benjamin, 2011; Vygotsky, 1978), while the fourth
principle emphasises scaffolding to support student understanding of knowledge
and development of complex competences through cognitive apprenticeships at
the individual and community levels (Brown & Palincsar, 1989; Lave & Wenger,
1991 Rogoloff, 1990). The fifth principle takes into account digital environments
that should be integrated into the learning process to support learning activities
(see also Adams Becker et al., 2017; Rahimi et al., 2012). Finally, the sixth principle
stresses the importance of combining the deep learning evaluation framework with
dialogical evaluation.

6.3 An Evaluation Framework for Deep Learning Activities
in Digital Environments
As a part of the study and as a synthesis of deep learning evaluation, as an adaptation
of Bloom’s (1956) framework (revised by Anderson et al., 2001, p. 31), I co-created a
framework for evaluating deep learning activities (Fig. 9). The redesigned framework
uses Bloom’s taxonomy as a reference point but diverges from it in applying
information that I consider part of the construction of deep-oriented dialogical
collaborative knowledge in learning communities. Unlike Bloom, I believe that in the
context of vocational teacher education, the level of knowledge application already
demonstrates a deep-learning activity. Learners get to apply their understanding
of the concepts and practices by using models they have discovered during the
course. In practice, it has become evident that student teachers from various fields
must proceed from their own cognitive schema to entirely different, new ways of
thinking, and applying information as deep-orientated knowledge construction in
the various phases of the learning process. In addition, the framework is based on
the cognitive knowledge construction approach, which regards knowledge as being
formed through one’s own interpretations, observations, and constructions (see
Ausubel, 1968; Novak & Gowin, 1984, pp. 106–107). The developed framework
is also based on principles where students commit to modifying and extending
information through understanding, social interaction, and sharing, as well as
context dependency. When the learning process specifies higher-order thinking
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outcomes, it should be aligned with the learning outcomes, as well as authentic
evaluation settings.

Figure 9. A redesigned evaluation framework for learning outcomes through authentic and
dialogical collaborative knowledge construction (Ruhalahti, Aarnio, & Ruokamo, 2018).

The framework describes the nature of learning in pragmatic levels through
authentic and dialogical collaborative learning activities of knowledge construction
in a learning community (cf. Andersson et al., 2001, p.31; Bloom, 1956). In this
framework, superficial learning activities are understood as retrieving separate,
already existing, and unstructured knowledge and transferring it to the group’s
virtual learning environment (Lucas 2001; Marton & Säljö, 1976). Deep learning
activities require knowledge to be applied, compared, analysed, and evaluated;
procedures are identified and constructed; and new knowledge and skills are
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developed (Nelson Laird et al., 2014; Paavola et al., 2002; Schraw et al. 2001). Figure
9 describes collaborative knowledge construction as a deepening learning process
and categorises the learning activities in a learning community. The funnel depicts
how the activities of collaborative knowledge construction deepen and expand.
When the learning process is based in an authentic setting, evaluations should
address the entire process (Herrington et al., 2010, p.1; Shaffer & Resnick, 1999).
Authenticity is the construction of meaningful knowledge from authentic settings
related to the real world and based on existing competences of the learning
community (Aarnio & Enqvist, 2016). When a learning process is based on the
DDD model, knowledge is constructed in diverse environments typical of the digital
age. This process connects the students, and they construct authentic, dialogical
collaborative knowledge by creating something new for themselves in a way that
is more transparent. These factors comprehensively scaffold and steer the learner
toward deep learning activities.
The practical use of this pragmatic evaluation framework can work in three ways:
as a deep-learning design guideline, as a tool included in the DDD model that helps
educators to assess deep-learning activities and as a means of steering students to
achieve more deep-orientated learning outcomes.
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7

General Discussion

In the final chapter of this study, I discuss the main findings and offers an overall
evaluation as well as a discussion of the methodical choices employed. I also provide
details of the ethical considerations involved. I conclude the study by providing
some implications for practice and future research, as well looking towards the
future of deep learning through authentic and dialogical collaborative knowledge
construction in diverse digital environments.

7.1 Summary of the Research Results
The aim of the present study was to explore what kind of pedagogical model scaffolding
of dialogical collaborative knowledge construction in digital environments toward
deep learning in vocational teacher education. A more specific aim was the redesign
of a pedagogical model that includes additional elements explicitly based on study
findings and enhances students’ potential to achieve deep learning. Thus, the DDD
model combines a theoretical framework with all sub-study findings. To answer the
research questions, a critical analysis of my own pedagogical learning design practice
as a teacher educator was conducted.
The primary outcome of this study is a redesigned pedagogical model. The findings
showed two main elements that influenced the deep learning design: through
authentic and dialogical collaborative knowledge construction. The process clearly
and structurally integrates a self-paced phase at the beginning of the learning process
that creates a foundation for authentic learning and promotes deep learning. To
further support students’ ADLs, this phase was placed after the intensive dialogical
collaborative knowledge construction phase. Then, competences in dialogical
participation were improved through the integration of dialogical methods,
especially as students became more skilful in constructing knowledge through
dialogical means. Additionally, the importance of a student’s ZPD, internalisation
of skills and knowledge and critical scaffolding activities were implemented to
ensure flexibility in the learning process in diverse digital environments. The second
outcome was the development of DPs that support the use of the DDD pedagogical
model while being flexible for use in DDD in sociocultural-oriented disciplines.
Third, in Sub-study IV, an evaluation framework for deep-learning activities in
digital environments was redesigned from a more practical viewpoint.
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The authentic learning questions defined at the beginning of the process directed
learners towards superficial learning activities, which were natural outcomes
when the subject topic was new to the learners. In regard to the study circles
that completed superficial learning activities, the results indicate that dialogical
collaborative knowledge construction directed learners towards deep learning, with
agrees with Paavola et al.’s (2002) observation that learning changes and becomes
enriched during the learning process. This was further reinforced by questions that
helped learners during deep learning activities. These results are consistent with
those of previous studies, suggesting that solving complex questions and building
artefacts demonstrates deep learning (Blumenfeld et al., 1991; Eklund et al., 2011;
Muukkonen et al., 2011). In summary, DDD pedagogical model requires a learning
design that facilitates this process and an evaluation framework that provides
supportive elements to achieve deep learning outcomes.
Based on the results of the sub-studies, the contribution of diverse digital
environments to teacher education is that it responds to the practices of student
teachers and present and future students. Using a blog and mobile applications
promoted a positive attitude toward ICT use in education (see Goktas & Demirel,
2012). Agile, mobile-based learning is in line with current vocational education
practices, which capitalise on collaboration and networking beyond organisational
boundaries (Ruhalahti & Kentta, 2017). The results showed that as part of a blended
learning setting, blogging and mobile applications brought new, enriching and
empowering aspects to collaborative knowledge construction (see also Bassani &
Barbosa, 2018; Wheeler, 2015; Özkan & McKenzie, 2008). The teacher’s open blog
as a central hub was clearly seen as a supportive, inclusive element in the students’
learning and scaffolding. The results also indicate that teachers’ comments on the
study circle’s blogs were the most useful way to advance and scaffold collaborative
knowledge construction. In sum, the use of diverse digital environments served as an
example of how to use a blog and mobile applications as a teaching tool. However,
compared to the mOOC implementation in the Canvas, it must be noted that
the open online environment was neither easy to use nor well organised. Thus, to
provide an appropriate learning environment, a platform that supports dialogical
collaborative knowledge construction ought to be used.

7.2 Methodological Considerations
All of the sub-studies were qualitative, which provided a deeper understanding
of the phenomena and issues related to the main aims of the study. The detailed
methodological limitations of each sub-study have been provided in Chapter
5. The study´s trustworthiness was evaluated based on four criteria: credibility,
transferability, dependability and conformability (Guba & Lincoln, 1994).
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According to Lodico et al. (2006), qualitative research provides an in-depth
understanding of a limited setting, group or individual, and it is often employed
in educational research. When considering the study’s credibility, a degree of
sensitivity and objectivity was maintained during data interpretation through the
use of multiple sources to ensure a broad understanding of the phenomenon of
interest from the participants’ perspective. The time spent observing and analysing
the data increased study credibility, but the use of an external analyst was most
beneficial. The study describes the research settings consistently and in detail, which
increases transferability of the findings and allows readers to decide whether similar
processes are suitable for application in their own educational field or culture (Guba
& Lincoln, 1994; Lodico et al., 2006). To improve dependability, the analysis was
reviewed by two researchers and triangulated to ensure consistent results. Data
collection and analysis processes were also described in detail and strengthened
during Sub-studies II–IV by implementing a teacher–researcher reflective diary. To
enhance conformability, data-checking procedures were documented, and for all
sub-studies at least two researchers analysed and interpreted the data.
Close co-operation with another researcher during the collection and analysis
of data ensured the objectivity and validity of the study, and various qualitative
methods, the use of many data sources and researcher triangulation provided a better
understanding of the phenomenon. Each sub-study has been evaluated using iterative
processes, and the feedback received in each cycle was implemented to improve
the overall study and deepen the researcher’s own understanding. In qualitative
research, the researcher assumes an active role, and as Brinkmann (2007) argued,
the key characteristic for a qualitative researcher’s objectivity is the ability to let the
object of study show its nature and steer interpretations. In this study, my position
as a teacher educator and researcher posed certain objectivity challenges, although
was considered during all of the research stages, and potential objectivity bias was
limited by ensuring collaboration with co-authors and supervisors. Trustworthiness
was ensured by using participants to confirm written interpretations and by
implementing a reflective research diary to develop dual role awareness. The teacher–
researcher role is useful for achieving professional development and improving
both teaching and learning practices (Xerri, 2018). Moreover, research conducted
by teachers in their own teaching contexts allow them to better understand their
practices. Despite the limitations of the study, it broadened my understanding of
DDD, and most importantly, it resulted in the redesign of a pedagogical model,
DPs and an evaluation framework to support sociocultural-oriented teachers. All
sub-studies were assessed multiple times and constructive reviews were developed,
which also aided the researcher’s understanding.
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7.3 Ethical Considerations
The study was conducted according to the Finnish Advisory Board on Research
Integrity’s (2012) guidelines for educational research. The research followed
principles which have been endorsed by the research community, namely, integrity,
meticulousness and accuracy in conducting research and in recording, presenting,
and evaluating the research results. In all of the studies, the data were gathered by
the two authors who were familiar with the student teachers involved and who
participated and were well-immersed in the study setting as long-standing members
of staff. As the Finnish Advisory Board on Research Integrity (2012) has further
guidelines, the research follows the research community’s principles throughout the
process and used methods which are ethically sustainable, respect other researchers’
work, and have research permits and agreements with all parties.
HAMK, as a research organisation, adheres to good administrative practices and
takes into account data protection legislation. Data collection was conducted in
keeping with ethical principles and stored on a secure server, and only the authors
of the current study had access to the data files. Study participants were informed of
how their data would be used and that their participation was entirely voluntary (see
the individually published works for details). Ethical considerations were negotiated
with vocational student teachers, and they had the right to withdraw from the study
at any stage without prejudice. The study was integrated into their curricula at
the appropriate stage of their teacher education. The anonymity of all individuals
participating in the research was ensured and explained on the administrated
questionnaires. All communication related to the study was conducted with honesty
and transparency.
This study has inspired me to integrate research with work as a teacher educator
because ethical considerations should be part of all methodological decisions. The
research process has provided an opportunity to reflect on personal work and
recognise personal objectivity, which has strengthened the researcher’s competence
in supporting a research-engaged vocational teacher education organisation and the
teacher educators’ learning community.

7.4 Implications and Future Research
The study presents a variety of implications for educational learning design practice
in vocational teacher education. However, these implications may be adopted on all
educational levels to develop deep learning activities in diverse digital environments.
Although the study was conducted in a Finnish context, the results can be localised
to Finland and to digitally developed and sociocultural-oriented countries. The
DDD pedagogical model and DPs may help teacher educators design learning that
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results in deep learning outcomes, and the application of this model is defined by
its teaching and learning culture. Deep learning outcomes vary between disciplines,
which may influence the application of the DDD pedagogical model as well (Nelson
Laird et al., 2008). This pedagogical model can be transferred to various disciplines,
especially those with a sociocultural theory orientation.
A dialogical learning community is crucial for achieving deep learning in a digital
environment. The learning community must be committed to a shared goal, an
authentic starting point for learning and the construction of dialogically collaborative
knowledge. The community, through the skills, knowledge and responsibility of its
members, must aim to achieve this shared goal (Lave & Wenger, 1991; Wenger,
2009). The results of this study indicate that a sense of community is crucial for
creating shared deep learning activities. One of the study implications suggests
that dialogical competences ought to be integrated more deeply into the processes
of teacher education (Aarnio, 1999; Ruhalahti et al., 2016; Ruhalahti et al., 2017;
Ruhalahti et al., 2018) to ensure acquisition of deeply oriented skills rather than
disconnected add-on elements, and such competences should be principle among
teachers. Furthermore, dialogue is seen as a crucial element in promoting global
dialogue through educational technologies (Wegerif, 2018) to foster the soft skills
needed for the future. According to Wegerif and Major (2018), in a more digitalised
world, dialogue and dialogic space are seen as mediating tools to help understand
what it means to be human.
A learning design based on authentic and dialogical collaborative knowledge
construction should be created to prevent students from simply transferring and
copying information to a digital environment. The use of digital environments (e.g.
blogs with better solutions and more applications) to support dialogical collaborative
knowledge construction needs to be considered.
Authentic learning settings are also important but requires more effort than
standard lectures. However, learners should be given opportunities to construct
meaningful knowledge from authentic settings related to the real world and
based on existing competences. Thus, learning assignments should be formulated
in a manner that aids deep learning activities, and the learning process should be
clearly structured (i.e., one theme per study week). In addition, the learning goals
in vocational teacher education ought to be reconsidered to include study modules
that scaffold deep learning. The evaluation framework for deep learning activities
offers structure for redesigning curricula for vocational teacher education and study
module learning objectives and learning processes.
Deep learning activities are reinforced by a self-paced phase, during which each
student familiarises himself or herself with the topic (Paavola et al., 2004; Sfard,
1998; Turkle, 2015, p. 61). This particular phase lays a foundation for students to
generate authentic learning questions individually and within a learning community
and directs students towards deep learning. It has become obvious that vocational
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student teachers from various professional fields must proceed from their substantial
cognitive schema towards new pedagogical thinking about learning and teaching.
Resources should be assigned to give it at various stages of the process. Therefore,
including self-paced phases in the learning process supports students in achieving
deep learning outcomes. Strengthen scaffolding activities at various stages of the
process. Real-time online scaffolding sessions should be structured into the process
as dialogical collaborative knowledge construction sessions, during which each
student shares his or her knowledge with others. A teacher’s presence and scaffolding
are necessary components of the various phases of the learning process.
In future studies, it would be interesting to investigate how DPs support DDD
practices in vocational and higher education and in the context of global teacher
education. Although the present study continued the work of previous researchers
(Aarnio, 2006; Aarnio & Enqvist, 2002, 2007, 2016), more research on how to
achieve deep learning through authentic and dialogical collaborative knowledge
construction is needed. Thus, the results and implications of this study should be
explored further and the individual motivational factors of students to achieve
active deep learning outcomes should be investigated.
To conclude, the study indicates that deep learning activities in authentic and
dialogical collaborative knowledge construction offer a promising approach to
developing learning processes for vocational teacher education, especially in the
digital context. The study produced new knowledge about scaffolding deep learning
in vocational teacher education in both Finland and internationally. The study
summarises Finnish insights of vocational and teacher education expertise, and the
result strengthen the on-going Teacher Education Development Programme, which
emphasises teachers’ competences development throughout their careers (Ministry
of Education and Culture, 2017b) and supports vocational teachers’ digital
competence development (Koramo, Brauer, & Jauhola, 2018; Ruhalahti & Kenttä,
2017). When considering HAMK SPTE’s teacher education development activities,
this study has a strong connection to curricula redesign and further education for
vocational teachers. Vocational student teachers ought to gain positive experiences
in dialogical collaborative knowledge construction, which requires deep learning
in digital environments. In this way, expertise on designing learning processes will
expand to answer the complex competence demands of vocational education and
today’s working world.
“One of my signature strengths is the love of learning, and by teaching, I have built it
into the fabric of my life. I try to do some of it every day.” (Seligman, 2002, p. 4)
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Appendices

I Sub-study:
Online questionnare
What was the meaning of the grouping for you? Tick all that apply: To get familiar
with other study group members/ To make collaborative learning more interesting /
To get started quicker/ It was not important to me
Please rate how well you think your study group succeeded with the grouping:
Excellent/ Good/ Average/Poor
If you replied average or poor, please write down what should be done differently?
For example: More guidance and counselling, time commitment from all members.
One of the aims was to decide on the use of the collaborative tools. Please select the
tools and applications used: Google Drive / Facebook/ Padlet/ Etherpad/ Hackpack
/ LinkedIn
Module 1, Basics of individualisation
How easy it was to formulate authentic questions of individualisation and
personalisation? Very easy/ Easy/ Neutral / Difficult/ Very difficult
Based on your authentic questions how did your study group identify themes? One
of the group member did it / We discussed the themes and questions collaboratively/
Each of us made our own questions and we didn’t discuss them as a group/ Other:
How was your study group´s synthesis (the way you formed as a group) created?
All active members were working with it/ One or two members were doing the
work/ I was the only person who participated/ Other:
What did you learn about individualised and personalised learning approaches?
If you reflect your own contributions on this Module, how would you describe
your dialogical participation? Self-reflection.
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Module 2, Dialogical guidance and scaffolfing
How easy it was to formulate authentic questions of dialogical guidance and
scaffolding? Very easy/ Easy/
Neutral/ Difficult/ Very difficult
How was your dialogical online meeting with the study group?
Please state the extent to which you agree or disagree with the following statements,
where 5 is Strongly Agree and 1 is Strongly Disagree (tick one per statement).
The meeting was relevant for me
The meeting was meaningful for the learning process
The meeting has given me ways to become more knowledgeable about dialogical
guidance and scaffolding
The meeting made me think about my own dialogical attitude and actions
We had a reflective and dialocial athomosphere
If you reflect your own contributions on this Module 2, how would you describe
your dialogical participation? Self-reflection
Additional feedback from Module 2
In-depth interview
1) What was the role of grouping (study group, begin of the course) for your
learning process?
2) How the idea of authentic learning was realized (making authentic learning
questions from the module´s learning objectives)?
3) How the idea of dialogical learning was realized (learning dialogically,
dialogical attitude)?
4) How the dialogical learning suits for (massive) open online course?
5) What improves collaborative online learning and knowledge creation (based
on your own opinion, experience)?
6) Free opinions of the DIANA pedagogical model (used in modules: Individual
study plan and Dialogical scaffolding and guidance)
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