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Abstract
The present aims of educational policy making and curricular guidelines are 
calling for collaborative inquiry and knowledge creation skills, which are 
considered to be a fundamental future competency. In order to participate in the 
future society and to be able to bring creative opportunities to living, students 
will need to have experience of creative knowledge work practices from an early 
stage of their education. However, there is still a need to clarify how the 
students’ processes of creation and improvement should be organized, and little 
by little, how to support students’ growth on the way to gradually taking 
responsibility for their learning. The teacher operates in a decisive position when 
guiding this process, but there has been little research about the teacher’s actual 
process when supporting collective object-oriented inquiry. The main purpose of 
the present study was to concentrate on the pedagogical guidance process in 
knowledge creation setting from the teacher’s perspective, and clarify how the 
teacher organizes and orchestrates the longitudinal collaborative inquiry and 
design learning activities in elementary level.

Methodologically, this study is an example of design-based research. In the
intervention, a longitudinal investigative one-and-half-year-long learning 
project, “The Artefact Project”, was organized at a Finnish elementary school in 
Helsinki. The project was designed with the class teacher and researchers, but 
the teacher implemented and adapted the plans in practice. During the project, 
the students (N=32) were guided to analyze artefacts within the cultural context, 
to study physical phenomena related to them, and to design future artefacts. The 
intervention was supported with the help of progressive inquiry and learning by 
collaborative design approaches. Knowledge Forum, a collaborative learning 
environment, facilitated the activities. 

The data used in the study consisted of the teacher’s project diaries that had 
two parts, video recordings, and the Knowledge Forum database. The teacher’s 
activity diary part created the overall picture from the project. The overall 
picture was complemented with the results from the database. The teacher’s 
reflective diaries offered a view of the teacher’s process, interpretations and 
designing in the background of the project. The teacher’s realized practice was 
detected with the help of video recordings. The data were analyzed through 
iterative cycles of qualitative content analyses. Each of the data sources offered a 



 

complementary perspective to the teacher’s longitudinal orchestration process, 
strengthening the reliability of the interpretations.

The findings highlighted how the teacher’s orchestration was longitudinally 
oriented. Her disciplined improvisation was not only momentary spontaneity. It 
was characterized in the trajectory that she maintained and balanced pursuing the 
longitudinal, object-oriented inquiry in the background of the activities and 
sustaining the activities in presence. The teacher’s understanding of the inquiry 
practices, in conjunction with constant assessment of project achievements, 
created the basis for focusing and structuring the process and the opportunity for 
the improvisational enactment collectively. Using the Knowledge Forum 
enabled longitudinally emergent knowledge advancement through which the 
members were building the process onwards, based on each other’s 
contributions. The database showed how the learning activities were organized 
around the creation of collective artefacts. 

The results suggest that in order to orchestrate and focus the knowledge 
creating process, the teacher needs to act as a link between the several levels, 
tasks, and processes by orchestrating the interplay between different activities 
and social processes. In addition, it is critical to engage students in work with 
object-oriented artefacts and to improve their ideas. However, along with the 
epistemic process with its practices, it is also essential to develop and keep the 
other processes going along: the reflective, social, and pragmatic practices that 
maintain the ongoing development of the process. Maintenance of these 
processes helps the teacher to interlink the efforts across extended time frames, 
the different lines of inquiry, and results of the ongoing discussions.

Keywords: inquiry learning, knowledge creating inquiry, collaborative 
learning, knowledge building, teacher’s process, elementary school, 
design-based research, teacher orchestration, longitudinal orchestration
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Opettajan orkestrointi pitkittäisessä yhteisöllisessä tutkivan oppimisen 
prosessissa

Tiivistelmä
Nykyiset koulutuspoliittiset tavoitteet sekä opetussuunnitelmat
peräänkuuluttavat yhteisöllisten tutkivien työtapojen sekä tiedonluomisen 
taitojen hallintaa. Näitä taitoja pidetään olennaisina tulevaisuuden taitoina. 
Pystyäkseen osallistumaan tulevaisuuden yhteiskuntaan ja työelämään oppilaat 
tarvitsevat kokemusta tutkivista työtavoista ja tiedon luomisen käytännöistä 
koulutuksensa varhaisesta vaiheesta lähtien. On kuitenkin yhä tarvetta selvittää, 
kuinka oppilaitten tutkivan oppimisen ja tiedon luomisen prosesseja voidaan 
organisoida, ja kuinka vähitellen tukea oppilaita ottamaan vastuuta omasta 
oppimisestaan. Opettaja on ratkaisevassa asemassa ohjatessaan tällaista 
prosessia, mutta on olemassa hyvin vähän tutkimusta siitä, millaista opettajan 
todellinen työ on yhteisöllisen, kohdetta kehittävän, tutkivan oppimisen 
ohjaajana. Tämän tutkimuksen päätarkoituksena oli keskittyä opettajan 
prosessiin ja pedagogisiin ratkaisuihin tiedon luomisen prosessin ohjaamisessa. 
Tavoitteena oli selvittää kuinka opettaja organisoi ja orkestroi pitkittäistä 
yhteisöllistä tutkivan oppimisen ja suunnittelun toimintaa peruskoulussa.

Metodologisesti tutkimus edustaa design-tutkimusta, jonka toteuttamiseksi 
järjestettiin puolitoista vuotta kestänyt tutkivan oppimisen projekti, 
”Esineprojekti”, suomalaisessa alakoulussa Helsingissä. Projekti suunniteltiin
luokanopettajan ja tutkijoiden yhteistyönä, mutta opettaja mukautti suunnitelmia 
käytännössä. Projektin aikana oppilaat (N=32) ohjattiin analysoimaan esineitä ja
niiden kulttuurihistoriallista taustaa, tutkimaan niihin liittyviä fysikaalisia 
ilmiöitä ja suunnittelemaan tulevaisuuden esineitä. Prosessin tukena käytettiin 
tutkivan oppimisen ja yhteisöllisen suunnittelun lähtökohtia. Yhteisöllinen 
verkko-oppimisympäristö, Knowledge Forum, toimi prosessin tukena.

Tutkimuksessa käytetty aineisto koostui opettajan kaksiosaisista 
projektipäiväkirjoista, videotallenteista, ja Knowledge Forum -tietokannasta. 
Opettajan päiväkirjan ensimmäinen osa, toimenpidepäiväkirja, loi yleiskuvan 
projektista. Yleiskuvaa täydennettiin tietokanta-aineistolla. Opettajan päiväkirjan 
toinen osa, reflektiivinen päiväkirja tarjosi näkymän opettajan prosessiin, 
tulkintoihin, ja suunnitteluun projektin taustalla. Opettajan toteutuneita 
käytäntöjä tutkittiin videotallenteitten avulla. Aineisto analysoitiin laadullisen 
analyysin menetelmin asteittain syvenevien analyysikierrosten avulla. Erilaiset 



 

aineistot tarjosivat toisiaan täydentävät näkökulmat opettajan pitkittäiseen 
orkestrointiprosessiin, mikä vahvisti tulkintojen luotettavuutta.

Tuloksissa korostui, kuinka opettajan orkestrointi oli pitkittäisesti 
orientoitunutta. Hänen harjoittamansa tavoitteellinen improvisointi ei perustunut 
vain spontaaniuteen, vaan tasapainoiluun hetkellisten ja pitkän aikavälin 
tavoitteiden välillä. Opettajan ylläpitämässä kehityskaaressa sekä prosessin
taustalla tapahtunut organisointi että hetkessä rakentunut toiminta tähtäsivät 
pitkittäiseen tiedon luomiseen ja kohteellisen toiminnan tavoitteiden 
toteutumiseen. Opettajan ymmärrys tutkivasta oppimisesta yhdessä jatkuvan 
projektin etenemisen arvioinnin kanssa loivat perusteet sekä toiminnan suunnan 
ja rajojen määrittämiselle ja ohjeistamiselle, mutta myös yhteiselle 
improvisoinnille. Knowledge Forumin käyttö mahdollisti pitkittäisesti 
kehittyvän tiedon luomisen, jossa yhteisön jäsenet rakensivat prosessia eteenpäin 
nojaten toistensa työhön. Tietokanta-aineistosta on nähtävissä, kuinka toiminta 
oli organisoitu yhteisesti kehitettävien kohteiden ja tietokannan rakentamisen 
ympärille.

Tulokset osoittavat, että tiedon luomisen prosessin orkestroimiseksi ja 
suuntaamiseksi opettajan täytyy toimia linkkinä useiden tasojen, tehtävien ja 
prosessien välillä yhdistäen erilaisten toimintojen ja sosiaalisten prosessien 
tulokset yhteisen kohteen kehittämiseksi. Lisäksi on tärkeää saada oppilaat 
työskentelemään ja kehittämään omia ideoitaan eteenpäin niin, että episteemisen 
prosessin ohella huomioidaan myös muut keskeiset toiminnot. Episteemisten 
prosessien ja käytäntöjen ohella on olennaista kehittää ja tukea myös muita, 
reflektiivisiä, sosiaalisia ja pragmaattisia prosesseja, jotka pitävät yllä 
kohteellista toimintaa. Näiden prosessien ja käytäntöjen ylläpitäminen auttaa 
opettajaa liittämään yhteen eri tasoilla, eri ajankohtina ja eri tutkimuslinjoilla 
tehdyt saavutukset ja toiminnat sekä meneillään olevat keskustelut yhteisen 
kohteen kehittämiseksi.

Avainsanat: tutkiva oppiminen, tiedon luominen, yhteisöllinen 
oppiminen, tiedon rakentaminen, opettajan prosessi, peruskoulu, design-
tutkimus, opettajan orkestrointi, pitkittäinen orkestrointi 
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1 Introduction

1.1 Knowledge society, learning and curriculum
The aims of educational policy making in recent decades have been concentrated 
on calling for schools and classrooms to educate students in 21st century skills 
needed in the present century (Ananiadou & Claro, 2009; OECD, 2013, 2016, 
2017; Vincent-Lancrin et al., 2019). The skills of creating knowledge have been 
seen as fundamental competence in building a sustainable future (Bereiter 2002; 
Leat, 2017; OECD 2005; 2006; Hämäläinen & Vähäsantanen, 2011). The focus 
on the work force has increasingly been concerned with the systematic pursuit of 
novelty or innovation rather than mere transmission or mechanical application of
information. In short, the aim has been to reduce the distance between school 
learning practices and practices enacted by experts functioning in their 
knowledge creation communities (Bereiter & Scardamalia, 2003).

The present aims in education were grounded with changes in the field of 
learning sciences. From the perspective of schooling, about a couple of decades 
ago, the talk concentrated especially on two bigger turning points. The first was
digital change and the second was the so-called sociocultural turn. The rapid 
development of digital tools changed many ways of working and created novel 
opportunities in learning and working with knowledge or with other people 
(Fischer, 2011; Paavola & Hakkarainen, 2014; Quintana, Shin, Norris, &
Soloway, 2006; Scardamalia & Bereiter, 2014). The rise of social computing has 
been facilitating a shift towards cultures of participation, through which people 
are provided with the means to participate in and contribute to personally 
meaningful problems (Fischer, 2011). Because digital tools and practices enable 
users to share their activities with their peers seamlessly, regardless of physical 
proximity, investigators are talking about socio-digital participation 
(Hakkarainen et al., 2015). At the same time the learning research witnessed 
changes. Cognitive scientists’ view of the individual learning process had been 
broadened by bringing up the situative view of human learning and 
understanding, which was developing in the physical and social environments 
(Anderson, Greene, & Simon, 1997; Brown, Collins, & Duguid, 1998; Greeno, 
1997). Sociocultural learning scientists followed the theories of Vygotsky (1978, 
1998) and saw learning as one aspect of social activity in which something 
learned was constituted in the activity in which learners participate (Bruner, 
1996; Lave & Wenger, 1991). As a result, several learning scientists with 
differing backgrounds concluded that we need several approaches when trying to 
understand learning (Anderson, Greeno, Reder, & Simon, 2000; Bransford, et. 
al., 2006; Gresalfi, 2009; Sfard, 1998; Wenger, 1998). Learning was not to be 
understood only as individual knowledge acquisition. We also need to 
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understand the social aspects of learning, and participation in the communities 
and the activities of learning (Hakkarainen, Palonen, Paavola, & Lehtinen, 2004; 
Krajcik & Blumenfeld, 2006; Paavola & Hakkarainen, 2011; Scardamalia & 
Bereiter, 2006; Wenger, 1998). 

As important as understanding the knowledge acquisition or social 
participation aspects of learning appears to be, it is critical to understand the 
actual epistemic processes of our society, such as knowledge creation focusing
on developing shared objects of the activity (Hakkarainen et al., 2004; Paavola 
& Hakkarainen, 2014). In the process, where the shared objects (etc., text, 
knowledge, design, or tangible object) are developed with the participants, the 
collective process and the object itself helps to mediate the ideas and practices 
between the participants in the community in a way that needs attention 
(Hakkarainen, Palonen, Paavola, & Lehtinen 2004; Lonchamp, 2012; Ritella & 
Hakkarainen, 2012). This has been the central focus of the pedagogical approach
of knowledge building (Bereiter, 2002; Scardamalia & Bereiter, 2003, 2006) that 
focuses on the learning processes, through which ideas and knowledge are 
improved and built in collaboration. Scardamalia and Bereiter (2003) state that if 
it is hoped that schooling will enculturate the students into current society, they 
must learn to treat knowledge as improvable and find its usefulness, adequacy, 
and developmental potentials. According to Bereiter (2002), when talking about 
learning and building knowledge, we need to understand both the individual and 
collective practices that are developed in knowledge building communities. In 
order to learn, the learner needs to participate in knowledge building practices of 
the community (Bereiter, 2002).

Accordingly, scholars and policy makers believe that we should try to 
support students to learn those practices that real-life situations need (Lavonen & 
Korhonen, 2016; Sawyer, 2019, Scardamalia & Bereiter, 2014). It is hoped that 
citizens will acquire knowledge competencies and better capabilities for seeing 
things in fresh perspectives, enhanced self-efficacy, and associated identities as 
potential creators of inventions (Korhonen & Lavonen, 2016; Lavonen & 
Korhonen, 2016). Challenges to be solved are often complicated and the 
solutions need multifaceted expertise and collaboration (Fischer, 2011;
Hämäläinen & Vähäsantanen, 2011; Lahti, 2007). In order to flourish and be 
self-confident participants in current society, learners need to have experiences 
of epistemic skills such as regulating their own and collective processes of
learning, sorting out complex problems together and capitalizing on team-based 
working methods and collaborative learning technologies. The cognitive abilities
required develop by taking part in corresponding collaborative practices of 
working with knowledge (Hakkarainen, Palonen, Paavola, & Lehtinen, 2004; 
Paavola & Hakkarainen, 2005); cultivation of corresponding personal and 
collective capabilities should start at the very beginning of education 
(Scardamalia & Bereiter, 2002; Tal, Krajcik, & Blumenfeld, 2006).
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In Finland, to a great extent, the pedagogic reform efforts, such as different 
problem-based, inquiry-based and investigative learning processes 
(Hakkarainen, Lonka, & Lipponen, 2004), and the opportunities to create
integrative projects including several school subjects have relied on the high 
degree of teacher autonomy that is typical in Finnish education (Hargreaves & 
Shirley, 2009; Pyhältö, Pietarinen, & Soini, 2012). The Finnish national 
strategies for guiding the educational system and change, emphasize trust in 
teachers’ professionalism and research-based approach to developing the 
practices, processes and performance of teaching, learning, and schooling 
(Lavonen & Korhonen, 2016; Sahlberg, 2010, 2012; Samuelsson & Lindblad, 
2015). Teachers are highly educated autonomous professionals who are expected 
to adopt and apply new educational ideas in their work according to their own 
judgment (Sahlberg, 2011). The curriculum has provided teachers with the 
flexibility to implement subject contents and design their own local curricula 
(Pyhältö, Pietarinen, & Soini, 2012; Sahlberg, 2011). The teachers’ involvement 
in designing have been providing higher engagement and willingness for 
development of their teaching and pedagogy and enhancing their pedagogic 
skills (Sahlberg, 2011) compared to the global trend to enact school reforms by 
reducing teachers’ opportunities to take control over their work (Rajala & 
Kumpulainen, 2017; Ravitch, 2011).

The most-recent Finnish National Core Curriculum for Basic Education was 
launched in 2014 and implemented in classrooms in 2016. The ideas in the 
curriculum have created a good basis for using sociocultural theories of learning 
or the ideas of inquiry-based learning and knowledge building when
implementing teaching and learning. The curriculum calls for the teachers to add 
their teaching repertoire ways to support students’ collaboration, self-direction 
and integrative projects. It is expressed by calling for versatile ways of working 
and learning. The ideas of inquiry kind of learning and the ways of working that 
would support the motivation by underlining students’ self-direction and 
belonging to the learning community are present. In addition, it emphasizes that 
students should have at least one integrative project each year based on 
phenomena-based learning that would integrate several school subjects (POPS 
2014). However, the core curriculum written (on purpose) quite openly without 
stating any specific learning models, or specifying how the work should be 
guided, how much or how far students’ self-direction should be required or 
supported, and what the teacher’s instructive role in the process is. The role of 
the teacher in the classroom is often portrayed either as an authoritative 
transmitter of knowledge or facilitator of learning and knowledge building. 
Beyond such dichotomies, it appears essential to understand the diversity of 
roles that a teacher may enact and consider appropriate across classroom 
activities involved in long-term collaborative inquiry processes.
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All the reform goals have evoked discussion for and against. While the 
efforts to reform have been researched among Finnish teachers, the results have 
concluded that as highly educated professionals, teachers are very capable of
identifying and analyzing what should be changed in schools and/or the school 
districts (Pyhältö Pietarinen, & Soini, 2012). However, a challenge for the 
teachers’ active professional agency in educational reforms seems to be the lack 
of shared and informed assumptions of how change can be brought about 
(Eteläpelto, 2017; Eteläpelto et al., 2014; Pyhältö, Pietarinen, & Soini, 2012). 
The evaluation report of implementation of the curriculum reveals that the same 
challenge also exists in the present reform efforts (Saarinen, et al., 2019). On the 
other hand, if attitudes have been positive towards reform and collaboration have 
worked well, the implementation will have been easier (Saarinen, et al., 2019). 
To continue, according to the evaluation report, the concepts used in the national 
core curriculum have been interpreted in diverse ways and caused diverse 
implementations and criticism (Saarinen, et al., 2019). However, some 
interpretations and implementations have also created uncertainty towards 
inquiry learning and knowledge building, even the evaluation report (Saarinen,
et al., 2019) does not provide any information about the success or failure of any 
specific learning approach.

At present, one reform aim is to promote the already-started shift from 
viewing the teaching–learning process only as a transmission of knowledge to 
forms of teaching focused on active and collaborative knowledge creation. It is 
even more important to share our teaching experiences, bring up case studies and 
other examples that would give inspiration how the ideas of collaborative 
knowledge- creating inquiry have been promoted. Action is always arranged in 
the local contextual setting, and inquiry-learning interventions usually are
fundamentally local in nature (Hedegaard & Chaiklin, 1995). In addition, there 
has been a lack of studies that would show what the teacher’s role is when 
guiding inquiry processes, especially longitudinal ones. Only with an 
understanding of the critical elements of enacted practices in specific cases and 
contexts will we be able to develop and deepen the expertise in teaching 
(Flyvbjerg, 2006). Research on teachers’ practices improves our potential to 
foster knowledgeable teacher action and pedagogic knowledge, and thereby 
provide principles for action in teacher education. There exists a need to clarify 
how to organize, little by little, the processes of creation and improvement of 
inquiries in to classroom, and how to support, little by little, students’ growth on 
the way to gradually taking responsibility for their learning (Scardamalia, 2002; 
Scardamalia & Bereiter, 2014). The teacher operates in a decisive disposition 
when guiding this process. Accordingly, it is important that we study the
experienced teachers’ practices and become inspired to develop them. We also 
need models and ideas which help these practices to spread in order to reform 
our school culture.
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1.2 Aims of the study
The studies from inquiry and knowledge building learning settings have often 

ignored the teacher’s role and actions as a driving force when guiding students in 
the inquiry. It has sometimes created the impression that students could 
participate in and deepen the inquiry on their own. The aim of the present 
research project was to implement the ideas of knowledge building,
collaborative inquiry and investigative learning practices at the elementary level, 
and to concentrate on unravelling the teacher’s guiding role to examine the 
project from the teacher’s perspective and to clarify how the teacher organizes
and orchestrates the longitudinal collaborative inquiry learning activities in her
classroom. For this investigation, a longitudinal investigative learning project 
was designed at the elementary education level. The intervention was supported 
with the help of progressive inquiry and learning by collaborative designing 
approaches.

The aim of the collective inquiry project, “The Artefact Project – the Past, the 
Present, and the Future”, was to engage pupils in studying the role and diversity 
of artifacts through history-, science- and design-related inquiries. The project 
took place in Laajasalo Elementary School, Helsinki, Finland, beginning in the 
students’ second term of fourth grade (when students were 10 or 11 years old) 
and continuing across 13 months until the end of their fifth grade. In the project,
32 students participated. The project relied on technological infrastructure 
provided by the Knowledge Forum (KF) environment. The technology-enhanced 
learning environment provided tools that elicited participation in meaningful 
collective working with building and advancing knowledge.

The present account of investigation depicts how collaborative learning 
approaches, the ideas of progressive inquiry and learning by collaborative 
designing (LCD), which are inspired by the knowledge building approach, were
implemented in practice. In Chapter two, these approaches will be briefly 
presented. In Chapter three, the teacher’s expertise in the inquiry setting that 
aims to support students’ collective inquiry process is outlined. Chapters four,
five, and six outline the research questions, research design and main findings. 
Chapter seven is devoted to general discussion. The original four interconnected 
sub-studies can be found in the end of the dissertation.
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2 Knowledge-creating inquiry

In educational contexts, knowledge creation (Hakkarainen, Palonen, Paavola, & 
Lehtinen, 2004; Paavola, Lipponen, & Hakkarainen, 2004) focuses on activities 
organized around the deliberate pursuit of advancing shared objects (Paavola et 
al., 2004; 2014). Knowledge creation is the opposite of repetition and
reproduction involved in work with closed tasks given by the teacher and 
solving routine problems. Paavola and Hakkarainen (2014) have identified the 
features included in knowledge creation processes by constructing the 
conceptual framework of the trialogical approach, through which their aim has 
been to draw attention to the similarities between several theories on learning 
and human cognition that emphasize the importance of the shared and
collectively developed object of activities. The essential element in knowledge 
creation is to emphasize the importance of the shared and collectively developed 
object of activities that provide a tangible common ground and mediating 
element for collaboration and development of collective practices used in the 
process (Paavola & Hakkarainen, 2014).

In the present study, the view of inquiry learning as knowledge creation is 
based on the pedagogical approaches of knowledge building (e.g. Bereiter, 2002; 
Bereiter & Scardamalia, 2003; Scardamalia & Bereiter, 1993; 2003; 2006; 
2010), progressive inquiry (also called investigative learning; Hakkarainen, 
2009; 2010; Hakkarainen, Lonka, & Lipponen, 1999; 2004), and learning by 
collaborative design (Seitamaa-Hakkarainen, Kangas, Raunio, & Hakkarainen, 
2012; Seitamaa-Hakkarainen, Raunio, Muukkonen & Hakkarainen, 2001; 
Seitamaa-Hakkarainen, Viilo, & Hakkarainen, 2010). These approaches will be 
briefly reviewed. Before this review, the challenge of interpreting and 
implementing the ideas behind the collaborative inquiry learning are presented.

2.1 Collaborative inquiry learning – between principles and 
procedures
In collaborative inquiry learning, the aim is to engage students in sustained 
collaborative efforts of working on complex problems and advancing joint 
knowledge and understanding. The purpose is to support handling the ideas and 
knowledge as items to be improved and raise the students’ own ideas and 
questions to the center of classroom work process (Scardamalia, 2002; Zhang,
Hong, Scardamalia, Teo, & Morley, 2011). To many educators, collaborative 
inquiry-based learning and knowledge creation, particularly when supported 
with technology, appears to be one of the more promising ways of supporting in-
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depth learning (Hmelo-Silver, Duncan & Chinn, 2007; Leat, 2017; Littleton,
Scanlon, & Sharples, 2012; Hakkarainen, 2003; Scardamalia, 2002). 

In the same line, a series of studies has been carried out regarding knowledge 
building (Chen & Hong, 2016, van Aalst & Chan; 2007; Zhang et al., 2018), 
inquiry-based and design-based science education (Fortus, et al. 2009; Kolodner, 
et al. 2005; Lee, Linn, Varma, & Liu, 2010), project-based learning (Blumenfeld 
et al., 1991; Krajcik & Blumenfeld, 2005), learning by design (Kolodner et, al.
2003) that engage students in solving complex problems, carrying out inquiries,
and creating and building knowledge and artefacts. Collaborative inquiry 
learning is being realized with the help of practices that a learning community 
can appropriate with adequate facilitation, guidance, and real-time support 
depending on context. The main purpose, however, is to generate the process 
through iterative efforts of solving problems, overcoming obstacles and failures
with peer and expert feedback, trying out again while finally ending up with 
collective productions as outcomes. Within different fields of knowledge, etc. 
design, science, or other fields, the practices of the process may differ and need a 
different form of support. 

In the collaborative inquiry learning approaches, when the processes are
nonlinear, emergent and open-ended in nature (Scardamalia & Bereiter, 2014; 
Seitamaa-Hakkarainen & Hakkarainen, 2019), the students are challenged to 
undertake, jointly with the teacher, responsibility for carrying the inquiry
activities, like posing questions and producing working theories. In many cases, 
however, inquiry learning implementation aims collide with the existing 
structures and practices of classroom learning (Hakkarainen, 2009). In such 
settings, when the aim is to design the process and the object of inquiry with 
students, the final inquiry outcomes, the content or the process phases cannot be 
entirely known beforehand. When teachers aim to implement collaborative 
inquiry in practice, they need to learn to tolerate openness yet, at the same time, 
provide sufficient structuring. On the one hand, students need support and advice 
to be able to act as active participants in the collective inquiry process; on the
other hand, too much structuring and direction may undermine their agency.
However, there appears to be a tension between researchers highlighting the 
importance of scripted instructional procedures (e.g., Kirchner, Sweller, & 
Clark, 2006) and those emphasizing principle-based emergent practices (Hong & 
Sullivan, 2009; Sawyer, 2004; Scardamalia & Bereiter, 2006; Zhang, Hong, 
Scardamalia, Teo, & Morley, 2011).

Kirschner, Sweller, and Clark (2006) took the position that novice performers 
cannot cope in complex learning situations and processes without guidance.
They argued that emphasis on collaborative inquiry and problem-based learning 
gives a biased impression that student learning may be successful with only a 
minimal amount of teacher facilitation. They call for instructional approaches
that place a strong emphasis on direct guidance of the students’ learning process. 
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Direct instructional guidance reduces students’ cognitive processing load and 
empowers them to take part in more challenging inquiry activities (Gog, Paas, &
Sweller, 2010; van Merrienboehr & Kirschner, 2012). Teacher guidance is 
especially important when pursuing educationally-ambitious inquiry processes 
going beyond students’ everyday knowledge and understanding. Therefore, 
Kirschner’s and others’ arguments highlighting the importance of teacher
direction appear justified. Simultaneously however, too strong teacher 
structuring, direction, and performance requirements may lead students to 
completing given tasks without pursuing genuine inquiry or cultivating their 
own agency or ownership (Dillenbourg & Tchounikine, 2007; Lakkala, 
Muukkonen, Paavola, & Hakkarainen, 2008; Onrubia & Engel, 2012;
Scardamalia & Bereiter, 2014, 2005). In order to be effective, teacher guidance 
should be contextually grounded on the advancement of students’ inquiry and
their emergent level of knowledge and understanding (Hmelo-Silver, Duncan, &
Chinn, 2007).

Zhang and his colleagues (2011) distinguished procedure- and principle-
based educational approaches from one another. The former ones define certain 
procedures, such as sequenced activities, curriculum material, and pre-
established scripts, implementation of which supports educational innovation in 
schools, and facilitates startup of new programs. A limitation, however, is that a 
procedure-based approach may be easily reduced to surface features, especially 
if the theoretical ideas behind the procedures are not clearly present, understood, 
and adapted to local contexts (Scardamalia & Bereiter, 2014). Within a 
classroom based on pre-given procedures, learning is often controlled by the 
teacher despite the student-centered aims. Knowledge building, in contrast,
represents a principle-based approach to educational innovation; instead of pre-
specified procedure it highlights student and teacher invention and ownership 
(Chan, 2011; Scardamalia, 2002; Scardamalia & Bereiter, 2006, 2014; Zhang et 
al., 2011). Knowledge building is based on emergent processes that are guided 
by a set of knowledge-building principles, leaving the teachers and students 
space to creatively apply these principles according to contextual considerations 
(Zhang, et al., 2011). It is claimed that the emerging components of practices 
based on these principles are so intertwined that efforts to isolate or prescribe 
them as procedures would undercut the dynamic that allows procedures to be
continually improved (Zhang et al., 2011). The teachers should make continual 
efforts to turn greater agency over to the students. Participants need to monitor 
and restructure activities ensuring the idea that improvement is the central focus, 
rather than completion of the tasks or routines (Scardamalia & Bereiter, 2006).

However, many teachers who understand a great deal about knowledge-
building principles struggle when they seek to create corresponding practices in 
their classrooms (Bielaczyc, 2013; Chan, 2011; Hakkarainen, 2009). Knowledge 
building or inquiry learning research has long concentrated on analyzing and 
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explaining students’ activities, leaving the teacher’s role or efforts unexplained 
(Hakkarainen, 2009), and, thereby, tacitly giving an impression that students 
take responsibility easily and are able to carry out the inquiry processes on their 
own. That is not the case; a committed teacher who is continuously trying to 
improve educational practices prevailing in his or her classroom is needed. As
argued by Hakkarainen (2004; 2009), all successful knowledge-building cultures 
appear also to be expansive-learning communities (Engeström, 1987) with the 
teacher taking active part in reflecting on and transforming inquiry practices. 
However, as Greiffenhagen (2012) stated, we do not yet know what the teachers 
actually do in the classroom while implementing technology-enhanced inquiry
learning, even the design research in the field has started to develop the
distinguished designs for implementation paths (Bielaczyc, 2013; Chan 2011;
Sandoval, 2014).

2.2 Knowledge building, idea improvement, belief mode and 
design mode
Knowledge building is an educational approach that involves a community’s
effort to advance the state of knowledge in that community (Bereiter, 2002; 
Chan & van Aalst, 2018; Scardamalia & Bereiter, 2014). The aim of knowledge 
building is to reorganize classrooms as knowledge building communities that 
aim to advance collective knowledge by capitalizing on student-driven questions 
and assuming collective cognitive responsibility for knowledge improvement 
(Bereiter & Scardamalia, 2003; Scardamalia and Bereiter, 2006). At the heart of 
knowledge building is the production and continual improvement of ideas of 
value to the community and supporting the forms of engagement that drive 
knowledge creation (Scardamalia, 2003). When knowledge building is meant to 
be used as a pedagogical guideline, the aim is to support the creation of practices
that are needed and used by experts, such as researchers, developers or designers 
working in knowledge-creating organizations (Chen & Hong, 2016; Ritella & 
Hakkarainen, 2012). According to Scardamalia and Bereiter, these processes 
should be practiced from a young age (Bereiter & Scardamalia 2003;
Scardamalia, 1999; Scardamalia & Bereiter, 1994).

The idea of knowledge building is founded on research on expertise and 
knowledge transforming processes (Bereiter & Scardamalia, 1993; Chan & van
Aalst, 2018; Chen & Hong, 2016). The discovery that experts are engaged in 
deep level and intentionally in challenging and complex reflective processes 
contemplating a broad range of ideas led to the coining of the term intentional 
learning. The term describes the two key features of creative expert practices:
progressive problem solving (i.e., a constant effort of working at the edge of 
evolving knowledge and competence) and higher levels of agency (i.e., engaging 
as a community in pursuing knowledge advancement) (Bereiter & Scardamalia,
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1993; Chen & Hong, 2016). With the intention of supporting the classroom 
communities in the similar processes, Scardamalia and Bereiter proposed that 
networked learning environments help to facilitate students’ epistemic agency by 
locating students’ own ideas at the center of educational practice and providing a 
forum to participate in sociocultural activities of knowledge-building 
communities (Bereiter, 2002; Scardamalia,1999). Scardamalia and Bereiter have 
produced several generations of design-based research (Collins, Joseph, & 
Bielaczyc, 2004) improving the ideas of supporting knowledge building hand in 
hand with technology-mediated collaborative learning environments, such as
(CSILE) in 1986 followed by the Knowledge Forum, launched in 1997
(http://www.knowledgeforum.com).

Chan and van Aalst (2018) raised two major epistemic dimensions that create
the basis for the theory of knowledge building. The first is the relation between
learning and knowledge building and the second is the treating of knowledge in
the design mode instead of in the belief mode. As in expert-like knowledge 
creation collectives, the central aim in knowledge building is not learning as 
such (Scardamalia & Bereiter, 2006). The development of the knowledge
building approach has been influencing the various social-constructivist learning 
approaches that emphasize inquiry, problem solving, collaboration and joint 
construction of knowledge (Chan & van Aalst, 2018). However, according to 
Scardamalia & Bereiter (2006) several learning approaches involving active, 
collaborative and constructive processes are finally being focused on cumulating 
individual mental states. In knowledge building, learning is a side product while 
the key goal and motivator is to advance the state of community knowledge. 
Knowledge building in schools is the educational variant of knowledge creation 
(Chan & van Aalst, 2018; Paavola, Lipponen, & Hakkarainen, 2004). Chan and 
van Aalst underline (2018) how the students in knowledge building classrooms 
are unlikely to make major scientific discoveries, but nevertheless, working as a
community, they can significantly advance the public ideas and local knowledge
of the community in question.

Secondly, according to Bereiter (2002), ideas and theories should be regarded 
as “real” things: the things, which we can ask for what purposes they can be 
used, and how they can be modified and made better. Knowledge builders treat
ideas as improvable objects. Chan and van Aalst (2018) describe knowledge 
building as resembling designing: knowledge builders attempt to create 
knowledge that is “more useful” than the knowledge they started with. However, 
Bereiter and Scardamalia (2003) have been critical, because in schools, 
knowledge is too often treated in belief-mode, in which ideas and theories are 
treated as extrinsic or given entities. Students usually learn to treat ideas as fixed 
and to be accepted or rejected and sometimes applied. The belief-mode thinking 
is concerned with arriving at true or warranted beliefs. In expert-like creative 
working, it is important to switch from belief-mode to design-mode thinking and



Marjut Viilo 

22

mind-set. Modern practitioners do not believe in final answers, on the contrary, 
with each advance there exist new possibilities and further advances (Bereiter & 
Scardamalia, 2003; Scardamalia & Bereiter, 2014). In knowledge building, it is 
essential to see the potential and the continuous improvement of the ideas and 
theories and treat ideas in design-mode (Chen & Hong, 2016).

To continue, in knowledge building classrooms, the classroom practices 
shape how individuals are expected, entitled, and obligated to participate as well 
as the meanings that members make of their participation (Gresalfi, 2009). A
central aim of knowledge building is to support the formation of the community
with the practices that engage students to go beyond individual “learning in or
by group” and support students and teacher’s collective cognitive responsibility
of the process, where the strategic cognitive activities would be shared with all 
the participants (Chen & Hong, 2016; Scardamalia, 2002). When succeeding, the 
practices in the community are less predefined and fixed, but emerging or 
developed for enriching the collective efforts (Chen & Hong, 2016; Zhang, et 
al., 2009). Moreover, students’ epistemic agency is developing when assuming
cognitive responsibility for the advancement of collective knowledge, rather 
than taking care only of their own learning (Scardamalia, 2002; Scardamalia &
Bereiter, 2003). When participating in collective efforts and taking care of the 
state of collective knowledge, the process supports the feeling of belonging and 
creation of community. Within such knowledge-creating communities the 
participating members are “authoring their selves” (Holland et al., 1998) and 
developing their identity towards what is expected, entitled and valued (Chan, 
2010; Chen & Hong, 2016; Gresalfi, 2009; Scardamalia & Egnatoff, 2010;
Zhang et al., 2018).

2.3 The pedagogical models of Progressive inquiry &
Learning by collaborative design
Since the 1990s, various research studies have been conducted in North 
America, Europe and Asia examining knowledge-building theories, methods, 
pedagogy, and technology (e.g., Chen & Hong, 2016; Hakkarainen, 2002; see
Special Issue, Scardamalia, 2010; van Aalst & Chang, 2007; Zhang et al.,2009; 
Zhang et al., 2018). The research has confirmed impressive knowledge building 
discourses and results. However, there were also cases of failure to establish a 
knowledge building community (Lipponen, 2000). The challenges that the 
teachers were having in implementing the principles of knowledge building 
raised the questions of appropriate ways to support and help to implement such 
practices.

The progressive inquiry model (PI) was developed by Hakkarainen with his 
colleagues (Hakkarainen, Lonka, Lipponen, 1999; 2004; Hakkarainen & 
Sintonen, 2002; Muukkonen, Lakkala, & Hakkarainen, 2005) to describe the 
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efforts to communicate and realize the elements of knowledge building
communities’ practices and epistemological principles with teachers. The 
progressive inquiry approach presents the elements of cyclic and deepening 
question-explanation process, in which the students and teachers share their 
expertise and build new knowledge. However, even the progressive inquiry 
process depicts practices the learning community is facing, their relative 
importance, the order and their content are meant to be adapted according to the
aims and the objects of activity like the principles are used in knowledge 
building. The approach is also based on the interrogative theory of inquiry 
(Hintikka, 1999), and distributed expertise (Brown, et al., 1993; Brown & 
Campione, 1996). The former examines the pursuit of novelty in terms of
answering big questions by breaking them up to a series of manageable 
subordinate questions. The latter assumes that a community may advance its 
knowledge by pooling heterogeneously distributed knowledge and 
understanding.

The basic presumption of progressive inquiry is that the teachers should 
guide students to assume responsibility for inquiry, such as goal-setting, 
questioning, explaining, and evaluating; and crucially, they need to guide 
students’ process of inquiry through their own example. The elements in 
progressive inquiry, shown in Figure 1, are shared among the participants of the 
learning community. The aim is to promote the community that would share the 
cognitive responsibility of the proceeding of inquiry. The participants’ diverse 
expertise and expert culture interaction promote knowledge advancement 
(Brown, et al., 1993; Muukkonen-van der Meer, 2011). The beginning of the 
process is supported by creating a context for it by anchoring the inquiry in 
central phenomena and setting up common goals. It is critical to create the social 
practices and culture that support the sharing of knowledge and ideas to be 
formulated and improved. The central element is setting up the research 
questions generated by students. Explanation-seeking questions (Why? How? 
What?) are especially valuable tools of inquiry (Hintikka, 1999; Hakkarainen & 
Sintonen, 2002). The questions are first usually initial and based on the students’ 
current state of understanding. During the process they become more exact and 
are the basis for subordinate questions covering the studied issue. To continue, 
the questions should first be explained with participants existing background 
knowledge. It is good to make earlier conceptions visible in order to see and test 
the coherence of own understanding or find the gaps and contradictions of own 
knowledge.

When evaluating the results and the process itself, its strengths and 
weaknesses direct and regulate the community’s joint new goals and efforts. 
Rather than focusing on individual students’ productions, it is more valuable to 
evaluate the collective productions and support the formation of community 
(Muukkonen-van der Meer, 2011). Evaluation helps the community to rise 
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above its earlier achievements, creating the synthesis of the results of inquiry. It 
also directs the need for deeper knowledge in order to find answers to set
questions. Looking for and working with deeper knowledge shows up the 
weaknesses or limitations of the community’s conceptions. Evaluations and 
subordinate questions refocus the continuing inquiry and fresh questions create 
new working theories and explanations. This cyclical process includes 
publishing and summarizing the results and sharing the process with the 
community (Muukkonen-van der Meer, 2011).

Figure 1. Learning by Collaborative Design (LCD) model

Yet the progressive inquiry catches the ideas of knowledge building, 
Hakkarainen with his colleagues have been developing the progressive inquiry 
(PI) approach to understanding the object-oriented knowledge creating practices 
and material cultures involved in technology-mediated learning (Hakkarainen, 
2009; Paavola & Hakkarainen, 2014). While knowledge building highlights 
conceptual aspects of inquiry, it does not pay enough attention to the role of 
tools, instruments, prototypes and other physically embodied aspects of inquiry 
(compare Baird, 2004). In addition, knowledge advancement is not concerned 
only about ideas but requires implanting idea improvement in jointly constructed 
supporting social practices.

When the knowledge-creating inquiry is approached from the designing
perspective, the material and conceptual aspects of the process reciprocally 
support one another (Seitamaa-Hakkarainen, et al., 2012a). Designing is a form 
of knowledge creation because of the importance of the shared object of 
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designing from conceptual ideas to prototypes and actual design artifacts
(Paavola & Hakkarainen, 2014). The process does not concentrate on what is 
already known, but goes beyond what is given (Seitamaa-Hakkarainen, et al., 
2012). The potential in a situation is put to good use when the aim is to create 
something new (Seitamaa-Hakkarainen, et al., 2012). Based on the progressive 
inquiry model (PI model), Seitamaa-Hakkarainen with colleagues (2001) have 
been developing what was termed the “Learning by Collaborative Design”
(LCD) model to emphasize visual and material aspects of design process and 
facilitate students’ design thinking. Design artifacts are seen to represent a 
continuum of abstract and embodied ideas and meanings.

The design process is mediated with various tools, techniques and materials 
and it can be seen as a distributed meaning making process (Cole, 1996; 
Wertsch, 1998). Accordingly, in the design process students work in parallel 
with both “minds on” (design ideas) and “hands on” (prototyping ideas by
creating materially-embodied artifacts). Therefore, the knowledge artifacts 
should be considered to be conceptual (questions, theories, ideas) and material 
artifacts (drawings, prototypes, and tangible items and products). Materials and 
material prototypes can constrain the design process but also act as an aid for 
collaborative design thinking: students need to externalize abstract ideas and 
make them accessible to others (Yrjönsuuri, Kangas & Seitamaa-Hakkarainen, 
2019). Various material representations can help students to refine their ideas. 
Material representations can also be regarded as social mediators, since they 
support the creation of shared understanding (Roth, 1998).

Similar to the PI model, learning by collaborative design describes the
process as being cyclical and iterative in nature. Accordingly, the LCD model 
should not be understood as a prescription for rigidly specified design stages. 
The center of the LCD/PI model is, again, distributed expertise and 
collaboration. The LCD model emphasizes that the collaboration occurs at all 
stages of the design process by creating design contexts, examining design 
constraints, collecting relevant knowledge related to design ideas (for example
users of the product, knowledge about materials used etc.), prototyping, and 
providing feedback for the artifacts being designed. The process starts by 
analyzing jointly the design and design context. While analyzing the design 
context, various factors that define the design task’s requirements need to be 
recognized. By acquiring deeper knowledge and proposing different design ideas 
and evaluating those ideas, the design process progresses cyclically. Thus, 
constant cycles of idea generation, and testing of design ideas by visual 
modelling or prototyping, characterize the process.
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3 Teacher know-how in collaborative inquiry 
learning

When you want to teach children to think, you begin treating them 
seriously when they are little, giving them responsibilities, talking to 
them candidly, providing privacy and solitude for them, and making 
them readers and thinkers of significant thoughts from the beginning. 
(Frequently quoted passage attributed to Bertrand Russell, 1872-1970) 

In the previous quote, the profound idea is to treat children as junior members of 
the surrounding community. According to Gresalfi (2009), classroom practices 
shape how individuals are expected, entitled, and obligated to participate as well 
as the meanings that members make of their participation (Gresalfi, 2009; 
Holland, Skinner, Lachicotte, & Cain, 1998). In her study Gresalfi (2009) 
compared two students from a classroom in which the teacher distributed 
authority to students, and two from a classroom in which authority was more 
centralized. Her results showed how individual students developed dispositions 
towards others or towards learning content accurately depended on the 
surrounding values and practices that the teachers emphasized in their 
classrooms (Gresalfi, 2009).

According to Gresalfi (2009), in the classroom, when there was great 
emphasis on working together productively, the teacher modeled practices of 
questioning, gave a clear picture of how to work in groups, held the students 
accountable for their working with others, and reinforced these expectations 
consistently. The collaboration was expected and embedded as part of the 
classroom structures, practices and culture, and the students were also ready to 
help others to understand or required collaboration in order to understand. In the 
other classroom, where the culture supported accurate working with content over 
collaborative practice, the teacher took the responsibility of students’ 
understanding onto herself. Collaboration was afforded but was not an obvious 
part of the practices. The students in this classroom were merely interested in
their own learning rather than supporting others’ understanding. Teachers' 
differences supported the development of different kinds of obligations among 
students for one another's learning and understanding. The sustained classroom 
practices and cultures defined diverging notions of what counted as being a 
competent member of the classroom.

When directing the classroom practices towards collaboration and knowledge 
creation processes, as in Gresalfi’s study, the educators are operating with 
different know-how and expertise compared to the classrooms, where the teacher
evaluates whether the pre-given content is being assimilated, and how (Cazden, 
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2001; Mehan, 1979). The classroom conditions that are based on the 
collaborative inquiry learning (Hmelo-Silver, Duncan & Chinn, 2007; Littleton, 
Scanlon, & Sharples, 2012) and the sociocultural learning paradigm (Lave & 
Wenger, 1991), or knowledge building communities (Scardamalia, 2002), 
assume that the processes are based on collaboration, the students’ ideas and
current state of skills and understanding. Several researchers have suggested that 
these non-linear settings require specialized teacher expertise and creativeness in 
teaching (Hämäläinen & Vähäsantanen, 2011; Martin & Towers, 2011; Parker & 
Borko, 2011; Sawyer, 2019; Seitamaa-Hakkarainen & Hakkarainen, 2019). 

Beyond portraying the teacher as an authoritative transmitter of knowledge or 
facilitator of student-driven learning, it appears that when guiding knowledge 
creating inquiry processes and using creativeness in teaching, it is essential to 
understand the diversity of roles that a teacher may enact and consider
appropriate across classroom activities involved in inquiry processes. Further, it
is essential to understand how the long-term trajectories of classroom inquiry 
practices can be tied together: the temporal flow of the events and diverse 
similarly ongoing activities which occasionally may be either more teacher- or 
more student-centered in nature (Mercer, 2008).

This section offers perspectives about teacher know-how, expertise and ways 
of orchestrating that can help in understanding the need to guide the long-term 
inquiry-based processes, in which the process is open-ended, and the working 
methods are based on collaboration. Firstly, the section begins by offering a
brief overview of elements belonging to teacher know-how based on teacher 
expertise research and its development. The interest is to provide a background 
to teacher expertise that enables expert teachers to recreate procedures and 
develop new practices and routines based on the principles being aimed at 
(Reimann & Markauskaite; 2018). The second section describes the teaching 
research behind the present development of what several researchers have called 
creative teaching and how that involves disciplined improvisation (Beghetto &
Kaufman, 2011; DeZutter, 2011; Sawyer, 2004, 2015). The third section 
considers the notion of orchestrations and finally focuses on the essential
elements to be orchestrated in the field of knowledge creating inquiry.

3.1 Teacher expertise
The development of learning research has always set new aims to the 
development of the teacher know-how or the teacher profession (Berliner, 2004;
Borko & Putnam, 1998; Darling-Hammond, 2016; Reimann & Markauskaite, 
2006; Sawyer, 2011, 2019). On the other hand, the understanding of teacher
expertise has created demands for the teacher education programs (Darling-
Hammond, 2016). Overall, the research in expertise development, involving the 
cognitive and sociocultural/situated view, has reported (in many disciplinary 
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fields) how experts think, know, act and interact with people and objects in their 
environment (Reimann & Markauskaite; 2018). Development to specific 
expertise is said to take several years containing different phases (Dreyfus &
Dreyfus, 1986). Many of the studies have been generated by comparing novice 
and expert performance (Reimann & Markauskaite; 2018). According to Parker 
and Borko (2011), creative and open-ended teaching requires expertise and 
experience that allows expert teachers to create and flexibly apply the know-how
to blend careful planning, artful listening, and nimble responsiveness. Among 
other things, this calls for adaptive expertise with a strong knowledge base that 
supports perception and judgement during the process (Parker & Porko, 2011;
Schneider & Plasman, 2011).

According to Parker and Borko (2011), open-ended teaching requires a deep 
and flexible professional knowledge base. The early comparative studies of 
expertise showed how expert teachers have a deep subject domain knowledge 
base, but they have also developed a large number of powerful scripts and
instructional structures to be applied in emerging situations (Berliner, 2004). 
When observing the ongoing learning process, the teacher pays attention to the 
students’ engagement and content of the process (Rodgers & Reider-Roth, 
2006). The expert teachers have cultivated professional vision (Seidel & 
Sturmer, 2014; Sturmer, Seidel, & Holzberger, 2016) that enable them to
identify complex pedagogic phenomena and processes. They are also capable of 
constructing sophisticated problem representations (Chi, 2011) that assist in 
defining the challenges and getting things accomplished in changing practical 
situations. The support and scaffolds the teachers apply are based on their 
professional knowledge base that is unique to teaching: specialized content 
knowledge, the pedagogical knowledge and the technological knowledge with
their overlapping combinations, the understanding of the disciplinary field and 
the repertoire of instructional practices to their specific contexts (Berliner, 2004; 
Mishra & Koehler, 2006; Parker & Borko, 2011; Shulman, 1987; Syrjäläinen, 
2003; Valtonen, & al., 2019). The pedagogical content knowledge may be 
defined as subject specific knowledge that integrates knowledge of subject 
matter and knowledge of students, curriculum, teaching, learning and instruction
(Mishra & Koehler, 2006; Parker & Borko, 2011). Consistent with this, the
technological pedagogical content knowledge integrates the previous
understanding with the use of technological tools as supporting the learning
processes (Mishra & Koehler, 2006; Valtonen & al., 2019). In other words, 
having a strong understanding of the specialized content, the needed tools and
technology and the pedagogical practices helps the teacher to be flexible and 
improvise when supporting discussions and taking hold of the teachable 
moments the students bring to the process (Roth, 2002). In addition, with the
professional knowledge base, the teacher is able to respond and build on the
students’ thinking (Parker & Borko, 2011).
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Expert teachers also guide students through the challenges with large 
amounts of intuitive and tacit knowledge that relies on cognition, motoric skills 
and embodied cognition (Markauskaite & Goodyear, 2014; Reimann & 
Markauskaite, 2018). The expertise in teaching also depends on individually-
constructed ways of working; Reimann and Markauskaite (2018) have defined 
how expert teachers have developed personal practical knowledge that is 
increasingly seen central to professional expertise performance (Markauskaite & 
Goodyear, 2017; Syrjäläinen, 2003). Personal practical knowledge is the basis 
for the ways of being in the classroom and the dispositions the teachers are able 
to take (Gresalfi, 2009; Roth, 2002). Being aware of one’s disposition helps 
conscious development of the practical knowledge (Syrjäläinen, 2003). Roth 
uses the concept of habitus for this kind of embodied and personal knowledge 
and describes how the teacher’s habitus captures the dispositions that generate
the person’s activities, perceptions, expectations, and actions (Roth, 2002 based 
on Bordieu, 1980). Habitus is a disposition of capturing our continuous 
experience-dependent transformations embodying its own history and 
experiential training (Roth, 2002). The teacher participates in the community 
and in the classroom with her/his habitus that has captured the former 
experiences and has enabled workable practices in the classroom to be 
developed. Changing the practices it generates may sometimes be difficult and
could require longitudinal and deliberate self-consciousness and reflection 
(Roth, 2002). Co-teaching may offer fruitful opportunities when aiming at, 
negotiating, and cultivating novel classroom practices (Roth, 2002).

According to Bereiter and Scardamalia (1993), some expert teachers immerse 
themselves in deliberative efforts to create better ways to work. These fluid or 
adaptive experts develop automaticity in performance in order to free up mental 
resources that can be moved into developing a higher level of skillfulness. 
Adaptive experts relish challenges and are continually looking for ways to 
stretch their knowledge and abilities as they develop new habits of mind, 
attitudes, and ways of thinking (Bransford, 2001; Schneider & Plasman, 2011). 
In contrast, crystallized or routine expertise may apply intact procedures that 
have been thoroughly consolidated through experience, without necessarily 
questioning why they work (Bereiter & Scardamalia, 1993; Berliner, 2004; 
Reiman & Markauskaite, 2018). Fluid or adaptive experts appear to bring the 
expertise they possess to bear on new problems (Berliner, 2004). Adaptive 
experts develop the understanding of routines or procedures and how they are
related to the objects they are trying to achieve (Bereiter & Scardamalia, 1993;
Reiman & Markauskaite, 2018). Adaptative expertise enables experts to recreate 
procedures and develop new ways based on the principles behind the routines 
(Darling-Hammond & Bransford, 2005).

When approaching the expertise that is needed when directing inquiry-based 
emerging processes, it is essential to define the concept of presence (Parker & 
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Borko, 2011; Rodgers & Reigeluth, 2006). According to Rodgers and Reigeluth 
(2006), the essential but elusive teacher know-how of being present comprises 
three domains: presence as a connection to subject matter and pedagogical 
knowledge; presence as self-awareness; and presence as a connection to 
students. The concept captures similar features that are confirmed in definitions 
from teacher expertise research. When following the students’ ongoing process,
the teacher can adjust the process and its support based on her pedagogical 
understanding and content knowledge (Rodgers & Reider-Roth, 2006). When 
being present for others, the teacher also needs to be present for her/himself, be 
aware of who she/he is and her/his own resources and strengths (Rodgers & 
Reigeluth, 2006). While being present for the students, the teacher needs to be 
aware of the classroom community and its needs. The classroom work that 
supports student participation and authority requires openness to share the 
control with participants but, as Parker and Borko (2011) have defined: at the 
same time, it demands a simultaneous and multi-directional attunement to the 
needs of individual and the larger community. The teacher needs to balance 
deftly between decisions emphasizing individual support and attending to the 
collective climate (Parker & Borko, 2011); how to get student groups heard in 
conjunction with giving space to individuals (Sawyer, 2019). The strong 
knowledge base and experience leaves capacity to solve demanding challenges 
and be highly attuned to the subtle cues of learning that help to infer accurately 
whether students are making progress or not (Wolff, et al., 2016; Wolff,
Jarodzka, & Boshuizen, 2017). 

During the last few decades, the development of expertise research has 
moved forward from the psychological bias that means the emphasis on the 
human individual characteristics, toward the view that involves the person 
interacting with the environment (Berliner, 2004; Reimann & Markauskaite, 
2018; Sørensen, 2017). As Berliner (2004) summarized it, the expert knowledge 
and performance are highly context bound. While accomplished expert teacher 
changes from one work place to another, her/his performance may be found to 
be less adept because of the new environment (Berliner, 2004). Expertise in real-
world settings, particularly in complex and transforming professional domains 
like teaching, cannot be understood in isolation from the context or broader 
expert cultures that shape what counts as expertise, the opportunity to adapt to 
dynamically changing contexts, and to drive change and innovate (Cress & 
Kimberly, 2018; Reimann & Markauskaite, 2018; Sørensen, 2017). According to 
Reimann & Markauskaite (2018), the full account of expertise development 
needs to understand how the individual is not only adapting to their environment 
but how they function as creators and transformers of their environment 
(Reimann & Markauskaite, 2018).
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3.2 Teaching as disciplined improvisation
Good teaching has had several requirements of their own time and teaching
research has been approaching teaching from several angles (Sawyer, 2011), 
adding new interpretations to the image of the teacher’s role. Several researchers 
have concluded that when the teachers become more experienced, they 
improvise more (Berliner, 2004; Parker & Borko, 2011; Reimann & 
Markauskaite, 2018; Sawyer, 2004). In the same fashion, the aims to support 
students’ self-regulation and inquiry-based knowledge creation entails 
improvisation or emergence in teaching due to the nonlinear nature of the 
process. If the classroom is directed only by the teacher pushing pre-given 
knowledge to students through pre-determined steps and objectives, the students 
cannot genuinely co-construct knowledge or fully participate in the process 
(Parker & Borko, 2011; Sawyer, 2004, 2009). Knowledge-creating inquiry, by 
contrast, focuses on open-ended challenges and involve emerging stages and
objects that cannot be pre-determined.

The basis of teaching research enlightens the descriptions of teaching as a 
scripted performance or teaching as creative improvisation. In so called 
traditional classrooms (Cazden, 2001; Mehan, 1979), while students’ task, 
metaphorically, was to fill their minds with knowledge, the teacher’s task was to
stand on stage and perform for the student audience and get their attention. In the 
1980s, researchers explored “teaching as performance” and emphasized the
artistry of teaching (Sawyer, 2011 based on Barrell, 1991) and predicted the 
similarities of teaching and acting in the theater with rehearsal, scripting, timing, 
and stage presence. On the other hand, the scholars depicted how the good 
teachers improvised and made judgements based on the course of action. The 
studies concluded that teaching should not be limited to routines; rather the 
teachers should creatively respond to the needs of the classroom (Eisner, 1979
presented by Sawyer, 2011). However, the teacher was depicted as separate
actor, isolated from the community, performing a readymade script (Sawyer, 
2011).

When researching teaching or the teacher’s role, the aims of learning should 
not be overlooked (Darling-Hammond, 2016). The teacher’s role in guiding the
scripted worked-out processes or guiding the emerging principle-based inquiries
differ from each other and demand different kinds of know-how. While the 
emphasis in learning is in scripted processes, the teaching can also be easily 
created as a readily-structured performance, that may be evaluated by standards 
based on research findings defining good teaching and teacher expertise (see
Darling-Hammond, 2016). Yet, the teaching as performance metaphor has been 
used to refer to readily-structured processes in teaching (Sawyer, 2004). At its 
most extreme, the curriculum may be specifying and limiting not only the 
students, but also the teacher’s actions, offering even word for word scripts for 
the lessons (Sawyer, 2004). The teacher’s professional judgment is removed 
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from the classroom when following readily formulated actions and acting based 
on given standards (Darling-Hammond, 2016). In the curriculum that is to go 
exactly as planned, there is no place for students’ initiatives (Roth, 2002). It is a 
world controlled by the curriculum or the teacher; student exchanges and 
lectures are part of that readymade form (Roth, 2002; Sawyer, 2004). Scripted 
instruction is opposed to constructivist, inquiry-based, and dialogic teaching 
methods that emphasize classroom collaboration (Sawyer, 2019). 

The creative teaching metaphor, on the other hand, suggests that the teachers
have to be expert professionals who are granted autonomy in their classrooms. 
They work together with a unique group of students, knowing and responding to 
their emergent needs (Sawyer, 2004). Learning is seen as shared social activity 
in which the students and the teacher manage and participate in the collective 
process together (Sawyer, 2004). According to Sawyer (2004; 2019), creative 
teaching should include and maintain an aspect of improvisational performance. 
Sawyer (2004, 2019) calls for creative teaching to be disciplined or guided 
improvisation, that gives students the freedom to construct their own knowledge, 
while providing and shifting between carefully chosen elements of structure. 
These include scaffolds, activity formats or pedagogical frameworks that support 
the co-constructive process (Sawyer, 2004, 2011, 2019). The shifts themselves
are the teacher’s improvisational responses to the unique needs of that class and 
those students (Sawyer, 2004, 2011, 2019).

Improvisational teaching emphasizes the interactional and responsive 
creativity of a teacher. Classroom interaction between participants could be 
considered improvisational and emergent when the members are communicating 
and trying to build on each other’s turns, and when individual members can
possess only partial information about the process and its outcomes. Interaction 
among members and other agents creates the basis for novel elements (Sawyer,
2009). The turns create both new opportunities and constraints while the process 
develops (Sawyer, 2009). Many of the classroom improvisation studies have 
concentrated on classroom discussions as improvisational activity (Ericksson,
2011; Jurow & McFadden, 2011; Kurtz, 2011; Martin & Towers, 2011). 
However, as Beghetto and Kaufman (2011) pointed out, an emergent process 
does not focus only on momentary discussions but on the teacher’s broader 
decisions involving the use of structured plans and routines when based on
improvised practice. 

Conceiving teaching as improvisation highlights how the flow of the class is 
unpredictable and emerges from the actions of all participants, both teachers and 
students. However, this aim does not mean that the classrooms would offer
students or teachers freedom to “improvise” whatever they wanted to. Creative 
education can easily be associated with unconstrained exploration and personal 
expression. The researchers who call for creativeness in teaching (Beghetto &
Kaufman, 2011; Burnard, 2011; DeZutter, 2011; Erickson, 2011; Jurow &
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Creighton McFadden, 2011; Martin & Towers, 2011; Sawyer, 2017, 2019) or 
students’ learning to be creative (Stokes, 2010) are all calling for purposeful 
structures. The student’s improvisational knowledge construction must be
guided so that the learning pathway leads to important subject-area learning 
outcomes, and the class reaches its curricular goals (Sawyer, 2019). On the other 
hand, several researchers (Erickson, 2011; Parker & Borko, 2011; Sawyer, 2019)
have underscored how the improvisation and co-constructive process can work 
only if participants are able to rely on many shared patterns and routines of 
collective inquiry. They structure joint efforts when dealing with the emerging
aspects of inquiry and shape the collective classroom culture with its practices 
(Ritella & Hakkarainen, 2012).

According to expertise studies, experienced teachers improvise more, but 
they also use routines and activity structures more than novices. An improvising 
teacher does not plan too much ahead because the plans and teaching are based
on the students’ current phase of understanding, previous activities and the 
ongoing process. In addition, many researchers have been emphasized that 
guiding the most effective learning processes balances structure with flexibility 
(Hämäläinen & Vähäsantanen, 2011; Sawyer, 2004). When aiming at flexibility 
and improvisation, the teacher needs to have a repertoire of lesson structures and 
teaching practices and strategies from the continuum. At one end of the
continuum, learning activity is merely teacher-focused, and at the other end, 
students autonomously drive the learning (Cazden, 2001; Parker & Borko, 
2011). Based on previous research, Sawyer (2011) suggests three tensions or 
paradoxes that the teacher needs to solve when acting in different situations.
Within the tensions, the amount of flexibility and the amount of structure needs 
to be decided. When solving the teacher paradox, the teacher balances between 
ready-made plans and improvised practice. When solving the learning paradox, 
the teacher needs to decide between carefully designed exercises, worked out 
examples (Gog, Paas, & Sweller, 2010), or practices including multifaceted or 
open solutions, including productive failure (Kapur, 2012). When solving the 
curriculum paradox, the decisions need to be made between content given in the 
curriculum and options rising freely from the students. In well-working 
classrooms, all the tensions are balanced with the participants (Parker & Porko,
2011; Sawyer, 2011).

3.3 Orchestrating inquiry activities – maintaining the
longitudinal process
When implementing the ideas of knowledge creating inquiry, the teacher’s 
challenge is to orchestrate the inquiry process and sustain the practices in which 
the students use their own ideas and build their own community, and to promote 
collective, pedagogical settings in which idea improvement is the central focus 
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rather than specific learning tasks or activities (Zhang, et al., 2011). The
teacher’s role is to create support and provide guidance through the process and 
at the same time respond to and sustain the students’ ideas and advancement of 
enacted inquiry practices. There is an increasing recognition that effective 
participation in inquiry-oriented approaches to learning requires expert 
facilitation that entails a timely combination of teachers, technology, and 
participation structures (Chin & Osborne, 2010; Hmelo-Silver, 2011; Hmelo-
Silver, Duncan, & Chinn, 2007; Tabak, 2004; Zhang, et al., 2009).

The concept of orchestration has been used to define teacher’s multilayered 
work across several learning activities when supporting students’ processes in 
individual, social, tool-mediated and changing learning situations (Dillenbourg, 
2013; Dillenburg, Järvelä, & Fischer, 2009). It is not a new concept (Brown, 
1992), but has increasingly gained attention, when the evolving ideas in 
developing society, such as inter-professional collaboration and the sociocultural 
turn in the field of learning research, underlined the importance of participation 
in interactive systems with each other, tools, materials and supportive learning
technologies (Hämäläinen & Oksanen, 2012). As a result, the increasing
complexity of coordinating the educational practice has been frequently depicted 
with the metaphor of “orchestrating learning” especially in the field of computer 
supported collaborative learning (Dillenburg, Järvelä, & Fischer, 2009; 
Roschelle, Dimitriadis, & Hoppe, 2013) and technology enhanced learning 
(Prieto, Dlab, Gutierrez, Abdulwahed & Balid, 2011). When used within the 
context of inquiry learning, it defines the teacher’s deliberate efforts as an agent 
in designing, planning, managing and enacting the collaborative processes 
(Littleton, Sharples, & Scanlon, 2012).

The concept of orchestration draws on the metaphor of the teacher as a 
conductor: the teacher’s approach is analogous to the way a conductor needs to 
accommodate the musicians' interplay in an orchestra (Kollar & Fisher, 2013). 
On the other hand, there are statements that support the idea of including 
improvised team play in the orchestration metaphor (Hämäläinen & 
Vähäsantanen, 2011; Sawyer, 2004; Sharples & Anastopoulou, 2012). Though 
the concept has been used to describe the teacher’s multilevel process in 
supporting collective or collaborative learning processes, it has been used for 
variety of purposes depending from the aims of the learning or research settings 
(Hämäläinen & Vähäsantanen, 2011; Roschelle, Dimitriadis, & Hoppe, 2013). 
For example, the concept has been interpreted to emphasize the elements of 
active guidance (Kirschner, Sweller, & Clark, 2006) when overcoming too-open 
unguided learning settings (Perrotta & Evans, 2013). It has been tied with the 
teacher’s coordination of prescribed activities with an entirely scripted lesson 
(Nussbaum & Diaz, 2013), or interpreted as a combination of scripting and 
conducting (Tchoukinike, 2013). The concept may also indicate how technology
can be integrated in the classroom to help learning processes (Dimitriadis, Prieto
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& Asensio-Perez, 2013), or how the technology could help in a teacher’s 
everyday classroom practice (Prieto, et al., 2011). 

Based on the literature that considered the studies using the concepts of 
orchestration and collaborative processes, Hämäläinen & Vähäsantanen (2011) 
have stated that orchestrating creative collaboration lies at the crossroads of the
research on disciplined improvisation, which emphasizes the emergent nature of
practice (Sawyer, 2004), and structuring collaboration, which highlights the 
instructional support for collaboration processes (Dillenbourg & Tchoukinike,
2007). Similarly, the studies of orchestration are positioned along a line between 
research perspectives highlighting the importance of structuring and scripting 
collaboration processes and perspectives emphasizing emerging need for
activities. However, the review by Prieto and his colleagues (2011) that clustered 
the features included in differently emphasized orchestration studies suggest that 
the notion entails common features despite the differences in the learning 
settings being aimed at. According to the orchestration literature (Prieto et al., 
2011), the characteristics of orchestration include designing, regulation, 
adaptation and awareness. Designing of orchestration covers the previous 
arrangement of the learning situation, and regulation, adaptation and awareness 
as the features that help in the dynamic management of people and activities to
achieve productive results (Sharples & Anastopoulou, 2012; Prieto et al., 2011).

Accordingly, Sharples and Anatopoulou state (2012) that it is important to
distinguish between the two meanings of orchestration, “orchestration design” 
and “dynamic orchestration”. Even some of the earlier orchestration definitions 
refer to the guidance and management in real-time activities (Dillenbourg, 
2013), but they usually include the designing in the orchestration process 
(Dillenbourg, 2015; Looi & Song, 2013). Prieto et al. (2011) wrote how 
designing orchestration can be related to the areas of instructional planning or 
instructional design. Orchestration design may also refer to pedagogical plans 
that describe the organization of learning, as Dillenbourg (2015) describes, to 
model sequences of learning activities from a time, event, and participant 
perspectives. Orchestration graphs (who does what and when) are like 
algorithms that make pre-planned educational activities visible (Dillenbourg, 
2015). However, the more explicit the educational structure is, the less 
opportunity there exists for improvising and spontaneous solutions (Sharples & 
Anastopoulou, 2012). A similar challenge is also quoted by Häkkinen and
Mäkitalo (2007), who state that scripting pedagogical activities (Macro-scripts) 
or collaboration structures (micro-scripts) have proved to be a valuable approach 
to facilitate learning, but the challenge is to replace the scripts with individual 
self-regulation. Prieto et al. (2011) do not clearly mention the opportunity to 
plan for improvisation or open spaces where the students’ own ideas could be 
supported. Nevertheless, this is present in the orchestration definition that Looi 
& Song (2013) offered. While the orchestration concept is used to address the
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unplanned aspects of the enacted activity (Hämäläinen & Oksanen, 2012; Looi
& Song, 2013), Looi and Song (2013) and Song and Looi (2012) argued that the 
teacher’s agency, skills and understanding of the pedagogies and technologies 
are critical in her design of orchestration events. While enacted classroom 
situations are unpredictable, good pre-design can provide cues, structures and 
scaffolding to support the teacher in finding productive ways for advancement. 
The similar idea of creating the design for possible emergent aspects is present
also in the review of orchestration offered by Hämäläinen & Vähäsantanen 
(2011). 

When orchestrating tasks to achieve collaboration, the teacher prepares the 
task structures, beneficial ways to interact and other resources (books,
technological solutions, learners’ own experiences) to support the collaboration 
in well-working combinations (Hämäläinen & Vähäsantanen, 2011). Usage of 
different kinds of support responds to the teacher’s aims, plans and goals in 
practice. It seems impossible to define the “ideal” kind of task structuring 
between open-ended tasks and ill-structured tasks without contextual 
knowledge; both may develop a good basis for collaboration (Hämäläinen & 
Vähäsantanen 2011). However, a task that leads in productive interaction 
requires cognitive diversity and heterogenous group structures (Hämäläinen, 
2011). The solutions to be made in orchestrating collaborative learning are 
whether to foster interaction, and how. Structuring, scripting or supporting 
collaborative interactions have resulted in impressive achievements, like in the 
Thinking together approach (Mercer & Littleton, 2010). 

Hämäläinen and Vähäsantanen (2011) have pointed out that the main idea of 
orchestration is to combine design and improvisation. Dynamic orchestration 
focuses on the need for teachers to be aware and have a bird’s eye view of 
several simultaneous ongoing activities depending on different planes: 
individual, group, and class (Dillenburg, Järvelä, & Fischer, 2009; Sharples & 
Anastopoulou, 2012). In a well-orchestrated process, the teacher regulates the
parts of the learning situation together: everything works and are modulated 
between teaching, processes of learning, the learners’ modes of learning, and the 
demands and characteristics of the subject under consideration (Prieto, et al.
2011). When the orchestration design is been adapted to the local context and
the emergent occurrences in practice, the teacher needs to be aware and assess 
what is happening in the classroom or among the learners (Prieto, et al. 2011). 
Assessment provides insight into the progress and allows for adequate 
adjustment (Prieto et al. 2011). Similarly, Sawyer (2004) emphasizes that 
emerging classroom collaboration requires the teacher to manage the 
participatory aspects of social interaction - for example, turn taking, the timing 
and sequencing of turns, participants taking on roles and relationships, and 
asserting their rights to speak. The teacher does well to observe, reflect, and 
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comment on students’ reciprocal inter-linkages as well as their relations to the 
materials and objects of inquiry.

Dynamic orchestration can also be related to improvisational classroom
teaching (Sawyer, 2004; Sharples & Anastopoulou, 2012). According to Sawyer 
(2004; 2011; 2019), guiding an emergent collaborative inquiry process requires 
disciplined improvisation. From the perspective of disciplined improvisation, 
collaborative learning is seen as a shared social activity in which all participants 
manage the collective process and not just the teacher (Sawyer, 2004). In real-
time orchestrating, the teacher’s focus is on enhancing collaboration processes, 
such as channeling and supporting learning processes instead of providing 
correct answers (Hämäläinen and Vähäsantanen, 2011). However, successful 
orchestration of collaborative processes also requires a genuine need for 
collaboration that provide a reason for differently supported learning tasks 
(Hämäläinen & Vähäsantanen, 2011). Hämäläinen & Vähäsantanen (2011) have 
called for enough common ground for the participants of the learning process 
and an emotionally safe atmosphere in which differences are critically engaged,
but not in a disputational way (Hämäläinen & Vähäsantanen, 2011). Finally, 
while the body of research work around orchestration is focused primarily on the
teachers’ part, there is range of options for more learner-driven orchestration and 
scenarios in which learning tasks and their coordination are handled by the 
students (Prieto et al., 2011; Sharples, 2013).

However, the studies concentrating on orchestration often describe short-term
processes, in which the orchestration focuses on activities during a couple of 
lessons. The descriptions that would concentrate on the teacher’s longitudinal 
efforts in supporting inquiry activities and practices are rare. When orchestrating 
longitudinal knowledge-creating inquiry processes, the teachers have to base 
their orchestration with a classful of students and a single teacher, not only on 
what any individual or team requires at the moment, but also what they believe
the advancement of collective inquiry project and attaining its objectives require 
to be successful (Littleton & Kerawalla, 2012; Mercer & Littleton, 2007;
Puntambekar & Kolodner, 2005). Hence, orchestration of inquiry learning is not 
only focused on real-time improvisational efforts of supporting productive 
participation in discourse interaction, but also long-standing efforts to create 
conditions for advancement of the inquiry (guiding participants to documenting
advancement of inquiry, organizing and structuring evolving epistemic
resources, and planning further pursuit of inquiry) (Hakkarainen, 2009). Such an 
expanded approach to orchestration creates the genuine opportunities for 
collaboration and sustains progressive classroom discourse.

On the other hand, as Sawyer (2004) and several others (Erickson, 2011;
Parker & Borko, 2011) have underscored, improvisation and co-constructive 
processes can work only if participants have internalized several patterns, 
routines or practices of shared inquiry. Despite sustained pedagogical 
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orchestration of knowledge-creating inquiry ideas, classroom practice does not 
change easily and supporting intended collaborative inquiry learning is 
challenging (Hämäläinen & Vähäsantanen, 2011; Lakkala et al., 2005; Roth,
2002). According to Hakkarainen (2009), the success of implementing the ideas 
of knowledge creation and progressive inquiry depend on corresponding 
transformation of social practices of working with knowledge. However, while 
belief revision is easy, it is extremely hard to change social practices that the
participants are only partially aware of (Roth 2002). Subsequently, in order to
implement a collaborative inquiry culture within a classroom, the teacher needs 
to create local classroom practices that direct and channel the students’ 
knowledge-building activities (Hakkarainen, 2003; 2004). Bielaczyc (2006) has 
stated that the central challenge in implementing knowledge-building pedagogy 
in schools lies in creating the appropriate social infrastructure around the 
technical one; specifically, she was referring to the classroom culture, its 
established norms, classroom practices and online activities involving the use of 
the technological environments and other supporting tools.

When creating the supporting collaborative knowledge creation practices, 
networked learning environments such as Knowledge Forum have offered 
promising tools, when the aim has been to raise students’ own ideas and 
questions at the center of work (Cole 2010; Dillenbourg, Järvelä, & Fischer,
2009; Littleton, Sharples, & Scanlon, 2012; Jones, Dirckink-Holmfeld,
Lindström, 2006; Scardamalia, 2002; Zhang et al., 2009). The collaborative
networked learning environments are expected to mediate the participants’ ideas 
processes to be reachable to the whole learning collective. The concept of
mediation explains the intermediary role of the tools in a community’s activities 
(Vygotsky, 1978). The tools help in sharing, interlinking and developing ideas 
further (Muukkonen, Lakkala, & Hakkarainen, 2005; Ritella & Hakkarainen, 
2012). On the other hand, even the Knowledge Forum supports co-constructive 
processes and creation of shared epistemic artifacts (Lonchamp, 2012), the 
teacher still needs to establish productive routines and practices for its usage.
Along with epistemic mediation, the collaborative tool-mediated process also
necessitates other processes and practices to be mediated: pragmatic, social, and 
reflective (Beguin & Rabardel, 2000; Lakkala et al., 2009; Paavola & 
Hakkarainen, 2009, 2014; Rabardel & Beguin, 2005; Rabardel & Bourmaud, 
2003; Ritella & Hakkarainen, 2012). When epistemic mediation relates to 
processes of creating, transforming, commenting and linking knowledge 
artifacts, pragmatic mediation is needed for planning, organizing and
coordinating tasks and processes (Paavola & Hakkarainen, 2014). Social 
mediation refers to social processes and relations around the shared objects, and 
reflective mediation is needed in monitoring regarding advancement of the 
process (Paavola & Hakkarainen, 2014).
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To conclude, when implementing knowledge creating inquiry, students need 
to be socialized to follow corresponding practices (Hakkarainen, 2009), i.e., 
epistemic routines and standards, such as posing productive research questions, 
generating working theories, planning and documenting inquiry, working in 
groups, and engaging in progressive discourse interaction. When participating in 
these practices, they are collaboratively improving the shared knowledge or 
other mediating objects that emerge during the process. In addition, educational
technologies must be integrated with the social practices enacted by the 
participants (Bielaczyc, 2013; Hakkarainen, 2009; Ritella & Hakkarainen, 
2012). To that end, the teachers’ efforts are critical: they orchestrate and 
encourage the emergence of the shared practices little by little that could channel 
the collective work for eliciting knowledge creating inquiry.
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4 Research questions

The aim of the research project at hand was to implement the ideas of 
knowledge building and collaborative inquiry practices at the elementary level 
(Scardamalia, 2002; Hakkarainen, 2003). The intervention was supported with 
the help of progressive inquiry and learning by collaborative design approaches.

When starting the present study process, the general research question, data
collection and the teacher’s process was approached with the following interests:
The first interest was to clarify the activities that would happen in the classroom.
Second, what would the teacher’s reflections from her own role during the
process reveal. Third, how would the process and the activities be supported in 
practice, and finally, how would the teacher’ s background work and thinking,
made visible in reflections, support the process activities and be linked with the
tools and actors in the longitudinal process.

The main purpose of the present study was to concentrate on the teacher’s
pedagogical guidance process, to examine the project from the teacher’s
perspective and clarify how the teacher organizes and orchestrates the
longitudinal collaborative inquiry and design learning activities in elementary
level. Consequently, the general research question for the study was posed as 
follows:

How did the teacher implement and orchestrate longitudinal technology-
supported collaborative inquiry and design activities in the classroom?

The general question guided production of the series of interconnected sub
studies. In these sub studies, the task was approached from several perspectives,
and through various sets of data. The objectives of the sub studies were posed in
interaction with the research data, the analysis, and the reporting process that set
demands while writing four independent articles. Table 1 presents the focuses 
and research questions of each of the four sub studies published in four
publications.

Table 1. Focus and the research questions in the four sub studies published in four publications for
the doctoral thesis

Publication Focus Research questions
1) Seitamaa-Hakkarainen, P.,
Viilo, M., & Hakkarainen, K.
(2010). Learning by
collaborative designing:
technology enhanced
knowledge practices.
International Journal of

*Overview of the project

*The teacher’s implementation 
of the ideas of inquiry learning 
and learning by collaborative
designing.

*Organization of the community 

1) How did the ideas of LCD
become actualized in
practice in the 
investigated project? How
were the classroom
practices organized 
socially, and how were
they supported with the
technology-enhanced
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Technology and Design
Education, 20, 109-136.

and the developed artifacts, the 
objects of their activities

learning environment
used?

2) What kinds of inquiry
activities were pursued
during the process? How
were the learning
activities organized
around the KF and the
material and conceptual 
artifacts that the students
created during the
project? What was the
role of the computer 
supported learning
environment?

2) Viilo, M., Seitamaa-
Hakkarainen, P, &
Hakkarainen, K. (2011).
Supporting the technology-
enhanced collaborative
inquiry and design project – A
teacher’s reflections on
practices. Teachers and
Teaching: theory and
practice, 17(1).

*The teacher’s support and
guidance needed in the
collaborative inquiry and design
process from the teacher’s point 
of view

*The teacher’s role in inquiry 
setting

1) How did the teacher
design, organize, and
guide the students’ inquiry
and design practices?

2) How did she utilize the
tools and community
members in supporting
the inquiry culture within 
her classroom?

3) How did she reflect and
interpret the unfolding
events?

3) Viilo, M., Seitamaa-
Hakkarainen, P., &
Hakkarainen, K. 2017.
Balancing structure and
flexibility: Teacher’s
orchestration in collaborative
long-term inquiry. In D. Leat 
(Ed.) Enquiry and project-
based learning: Students,
schools & society (128-143).
London: Routledge.

*The teacher’s longitudinal
process; her balancing 
challenge between structure and
flexibility in order to support the
students’ authority in 
collaborative inquiry practices.

*The teacher’s reflecting that
built and shaped the
collaborative inquiry process.

1) How did the teacher
balance between
structure and flexibility
within the collective
inquiry activities and how
did the teacher prepare
herself and reflect upon
the project achievements?

4) Viilo, M., Seitamaa-
Hakkarainen, P. &
Hakkarainen, K. 2018. Long-
term teacher orchestration of
technology-mediated
collaborative inquiry project.
Scandinavian Journal of
Educational Research, 62(3), 
407-432.

*The teacher’s longitudinal 
orchestration process

*The rhythmic recurrence of 
teacher’s orchestration events
during the collective activities
that supported the epistemic,
reflective, and pragmatic and
social processes during the 
longitudinal inquiry

*The different roles of KF in
mediating the collective activities

1) What are the types of
orchestration events and
processes utilized by the
teacher to maintain 
longitudinal collective 
inquiry learning?

2) How did the collaborative 
learning environment (i.e., 
Knowledge Forum)
support and mediate the
collective inquiry process?



Marjut Viilo 

42

The focus of the first sub study was to create the overview of the project (see
Table 1). The aim was to clarify how the teacher implemented the ideas of 
inquiry learning and learning by collaborative design in practice. Similarly, the
aim was to examine how the tools used and the efforts of the learning
community, (such as collaboration and created material and conceptual 
artifacts), supported the process. The questions related to realization of the
process were formulated in article I as follows (see Table 1):

1) How did the ideas of LCD become actualized in practice in the project? 
How were the classroom practices organized socially, and how were they 
supported with the technology-enhanced learning environment used?

2) What kinds of inquiry activities were pursued during the process? How
were the learning activities organized around the KF and the material and
conceptual artifacts that the students created during the project? What was the
role of the computer supported learning environment?

The focus of the second sub study was to analyze the teacher’s support and 
guidance needed from the teacher’s point of view. The interest was to 
understand the teacher’s own interpretations, evaluations and plans for the
continuation of the process. These were set as sub questions in publication II as
follows:

How did the teacher design, organize, and guide the students’ inquiry and
design practices?

How did she utilize the tools and community members in supporting the
inquiry culture within her classroom?

How did she reflect and interpret the unfolding events?

The focus of the third sub study was to clarify the teacher’s own process
between the plans and re-designs in the background of the project and show how
the need to balance between flexibly guiding the process in collaboration with
the participants and focusing on the project activities by following structured
guidelines. The research aims in publication III were set as follows:

How did the teacher balance between structure and flexibility within the 
collective inquiry activities and how did the teacher prepare herself and reflect 
upon the project achievements?
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The final objective was to clarify the teacher’s longitudinal orchestration
within the collective inquiry activities. The sub study concentrated how the
teacher maintained the course of the ongoing activities from epistemic, 
reflective, and social and pragmatic perspectives. In addition, the aim was to
highlight the role of KF in mediating the collective inquiry process. The research 
questions for publication IV were as follows:

What types of orchestration events and processes were utilized by the teacher
to maintain longitudinal collective inquiry learning?

How did the collaborative learning environment (i.e., Knowledge Forum)
support and mediate the collective inquiry process?

The research used to answer these questions, the data used, methods, results,
and conclusions from these studies will be presented in the next few chapters.
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5 Research design

5.1 Origins of research approach
When we want to study activities that have not yet happened, we first need to 
make them happen (the idea presented by William Sandoval in a design research
workshop in 2013 in Helsinki, Finland). This was the object of the present
research project. The aim was to create and follow the conditions that would
support the longitudinal collaborative inquiry and design learning practices in an 
elementary level classroom.

The motivation for organizing this research project was to receive practical
results and a new understanding of implementation of novel conditions for
learning. These practical origins can be positioned to follow pragmatism. The 
pragmatist view is to see the sound explanation, “truth”, as a construction that is
located in the interactions between the knowing and acting (Biesta & Burbules,
2003, Teddlie & Tashakkori, 2003). For example, Loukomies (2013), according
to Dewey’s (1859-1952) view, noted how in the classroom settings, knowing is 
located in the interactions of the teacher, researchers, and learning environment.
The pragmatist view is merely interested in defining workable or applicable
theories and explanations, rather than seeking either objective or relative truth 
(Morgan, 2007).

The methodological background of this study is linked to design-based
research, but there are also features related to school ethnographic case studies.
Since the 1990s, the design-based research has evolved into an accepted research
paradigm (Design-based research collective, 2003; Sandoval, 2014) that aims to 
create novel conditions for learning that were not common or well understood 
among the learning community (Collins, Joseph, & Bielaczyc, 2004; Design-
based research collective, 2003). Characteristic in design-based research is
studying learning or teaching activities in complex real-world situations instead
of in laboratory settings and controlled experimentations (Brown, 1992,
Sandoval & Bell, 2004). It is a way to carry out formative research for testing
and refining educational designs (Collins, Joseph, & Bielaczyc, 2004). The
method has been referred to by various names depending on the researchers’
emphasis, for example design experiment (Brown, 1992; Cobb, Confrey,
diSessa, Lehrer, & Schauble, 2003), and design research (Bielaczyc, 2013; 
Cobb, 2001; Collins Joseph, Bielaczyc, 2004; Edelson, 2002). In this study, the 
term design-based research (Barab, 2006, Design-based research collective, 
2003) has been used in order to avoid connotations of controlled
experimentation (design experiment), and confusion with research concerning
design as a professional practice (design research). A similar solution was also
adopted by Kangas (2014).
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Design-based research is guided by a vision of opportunities and
characterized by emergent goals (Bereiter, 2002). The realized or embodied 
design is based on analyzing what is evolving and experienced (Collins, et al.,
2004; Sandoval 2014). The emerging project also provides space for new
perspectives and specifying research questions (Joseph, 2004). When an aspect
is not working, the design team, including the teacher or facilitator, should 
consider the options to improve the practice (Collins, et al., 2004). With its 
iterative cycles of designing and evaluating, the design-based research setting 
develops both the practice and the theory by studying the forms of learning and 
the means of supporting them (Cobb, Confrey, diSessa, Lehrer, & Schauble, 
2003). The iterating cycles could be realized in different time scales or dealing 
with different aims (Ritella & Hakkarainen, 2012).

The present research project iterated the research on knowledge building and
progressive inquiry. The aim was also to broaden it towards a richer gathering of
data. The findings in the area of knowledge building research had mainly been
based on analyzing the data gathered from the classrooms or schools which 
specialize in knowledge building (Hakkarainen, 2003). In addition, the nature of 
the Artifact Project designed for the present investigation was emerging and
developed during the project based on the collective activities. The inquiry was
planned further through different disciplinary fields and through different phases 
of the project. The setting of the Artifact Project is explained in the next chapter.

5.2 Participants and the setting of the study
In the present study, the concentration has been on analyzing how the teacher
implements ideas of knowledge building and collaborative inquiry and creating
corresponding activities in the classroom. The aim was also to extend the ideas
of knowledge building, progressive inquiry, and design learning, and to further 
advance the LCD approach. The object of the present study was not to change
teacher’s teaching practices as such, but to analyze the teacher’s process while
implementing the project activities. For this investigation, a longitudinal, 
elementary-level study project was designed.

The Artifact Project was designed in close collaboration with the class
teacher, and it took place in her classroom at Laajasalo Elementary School,
Helsinki, Finland, in 2003–2004. Thirty-two students (19 girls), aged 10–12
years participated in the project; of these, seven students had linguistic or other
educational problems, and participated continuously in remedial lessons 
provided by a special education teacher. The teacher was very experienced; she
had worked in Laajasalo Elementary School for 25 years and as a class teacher
34 years, she had completed earlier inquiry projects, had taken many 
professional development projects, and functioned as a provincial pedagogic
ICT support teacher. All the teachers in Finland have the master’s degree.
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The time span of the Artifact Project was long; it started at the beginning of
the second term of fourth grade and continued over 13 months until the end of 
the fifth grade. The project encompassed 139 lessons (in Finland one lesson lasts 
45 minutes) over three terms. The practical aim of the project was to study the 
diversity and development of artifacts in their cultural context. The general 
theme – The Past, Present, and Future of the Artifacts – was planned by the
teacher and the researchers; however, the actual project design emerged through
interactions with the students, without strict predetermined plans. The various 
stages of the project were always based on previous stages, and on the students’
own ideas about what and how to study. This helped the students to stay
motivated throughout the long project. However, even though the research team
had the regular meetings with the teacher, the teacher was the one who carried
the responsibility for adapting and implementing the plans into practice.

The structure of the Artifact Project is presented in Table 2. During the first 
three weeks, the aim was to inspire and engage students in the project, to orient 
them towards inquiry activities, and practice the use of Knowledge Forum, a
networked learning environment (Scardamalia, 1999; Scardamalia & Bereiter,
2003; 2006). In the first actual project phase of the Artifact Project - The Past -
an exploration of historical artifacts, was conducted by looking into the
evolution of artifacts as cultural entities. Students worked in teams, and each
team chose one artifact for deeper investigation and studied it within its
historical context. The item had 1) to be used daily, 2) to have a long history, 3)
to be originally made by hand and 4) to be used by hand. Students chose items 
which most of which had been used and which they found interesting: a clock, a
spoon, money, a lock and a key, a jewel, a ball, and a lamp. According to the 
students’ ideas, the historical aspects of the artifacts were researched by visiting
the Finnish National Museum, gathering offline and online reading material, and
interviewing grandparents.

 
Table 2. Structure of the Artifact Project

Phase Week Main stages

The Past
12 weeks
53 lessons 

Spring 
2003
1–3

Orientation: Classifying artifacts; analyzing the design and
usability of ladles

4–12 Historical development of artifacts

8–9 Exhibition in the classroom: Organizing, building, and staffing

The
Present
20 weeks

14–17 Kinetics: Movement and interaction of balls

Fall 2003 Physics of light: Designing and implementing science
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44 lessons 1–5 experiments

6–9 Physics of force: Conducting and reporting science experiments
with ready-made toolkits. Mechanisms of clocks

10–13
Spring 
2004
1–3

Physics and chemistry of metals and magnetism: Conducting
and reporting science experiments with ready-made toolkits.
Continuing mechanisms of clocks.

The Future
18 weeks
42 lessons

4–14 Designing lamps: Analyzing existing lamps; sketching, drawing, 
and prototyping new lamps

15–22 Concept designing of future artifacts

Exhibition of the lamp designs

The historical inquiries of these items led the students towards the second
phase of the project, The Present. During this phase, the subject domains related 
to physics and chemistry were integrated into the project. The teacher guided the 
students to investigate and ask research questions regarding the phenomena
related to the chosen artifacts, such as the movement of a ball, the functioning of 
the lamp, the physics of light, and the characteristics of metals. The students
planned, conducted, and reported their own experiments, or used ready-made
tool kits to conduct expert-designed science experiments. In addition, the teacher 
arranged visits to a blacksmith’s shop and the Clock Museum.

The students’ historical and science-related investigations formed the basis of 
the project’s last phase, The Future, which was oriented towards design. The
leadership of the last phase was provided by a professional designer and the
teacher. The students studied and designed lamps, and finally, designed visual
representations of their chosen artifacts for the future. The design work was
based on what the students had already studied, such as the use and function of
the artifacts. The designer was present in the classroom during the whole phase; 
besides face-to-face guidance, he also interacted with the students online through 
the project database.

During the first stage of the project, the students worked in “home teams” 
(about four students per group), which investigated the chosen artifacts. The 
teams produced ideas and knowledge to their own team views in KF. The teams
were heterogeneous, consisting of less and more advanced boys and girls.
However, the composition of the home teams changed when the investigations
concerning the present phase of artifacts began. In addition, collaboration within
the student teams was supported so that all students worked with the same topics
and created Knowledge Forum views collectively shared by the whole class. The
students returned to their original home teams (formed at the beginning of the
project), when they started to design the artifact they originally selected for the 
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future purpose. Working in the classroom often broke down the lesson limits so
that the chosen themes and activities often continued through several lessons.

The technical infrastructure of the Artifact Project was provided by
Knowledge Forum (KF, Scardamalia, 1999; Scardamalia & Bereiter, 2003;
2006), which is a networked learning environment designed specifically to
support collaborative knowledge building. The core of KF is a multimedia 
database consisting of knowledge created and organized by the participants. By
authoring notes, the students contribute ideas, theories, work models, and
reference material to KF-views, which are workspaces for various streams of
inquiry. The synthesis of knowledge is encouraged by several supportive tools
that allow students to “build on,” or “annotate” their fellow students’ notes or
create “rise above notes” for synthesizing inquiries completed thus far. In the
classroom, the students had ten computers and a scanner, and the teacher had her
own computer and a data projector. From time to time, the class had the
opportunity to use the school’s computer lab, where more computers were 
available for student use. The database had a critical mediating role in the
Artifact Project; the project’s various phases and activities were documented
there, enabling discussions and learning to be anchored to previous work. In
addition, the database was a shared object of knowledge creation for the whole
classroom community.

5.3 Data collection and selection
In order to understand the complexity of collaborative inquiry and design 
practices in an elementary level classroom, the setting was approached by
collecting various types of data (Collins et al., 2004). A similar perspective is 
common to gathering ethnographic data that address how all learning and
practices are developing in a context that is constructed by members of a social
group (Green, Skukauskaite, Dixon, & Cordova, 2007). The ethnographic
perspective affected the researchers’ data gathering for this project. The aim was
to produce rich descriptions that made it possible to understand what is
happening and why (Atkinson, et al. 2001; Collins et al, 2004). As Collins et al.
(2004) have pointed out, ethnographic and design-based classroom research are 
both set in natural learning environment contexts and have many similarities.
The main difference is that in ethnographic classroom research, there is no
attempt to change educational practice.

However, using the ethnographic perspective in data gathering defines the 
aim of researchers to become familiar with the classroom community and its
practices. The emphasis is on researchers being in the classroom and getting to 
understand the context (Roth, 2005). While in the classroom, the researcher 
needs to learn from members the way to understand what is occurring or has
occurred (Green, et al., 2007). The ethnographic perspective helps in identifying
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the practices needed for getting things accomplished or being a member of the
classroom community (Green, et al., 2007). It also helps in understanding how
the teacher is expected to support the community in that specific classroom
(Roth, 2005). Similarly, in this study, the ethnographic perspective helped in 
interpreting the data and crystallizing the analysis.

During the project, the positions of the researchers were that of key 
collaborators when planning the activities of the Artifact Project. The idea of the
research-practice partnership is to codesign and improve solutions for practice
together with researchers and practitioners (Coburn & Penuel, 2016). Similarly,
the present author was actively involved in part of the team that met regularly
with the teacher. We interpreted the knowledge creation principles in
collaboration and applied them together as possible procedures of inquiry in the
context of the Artifact project. Our aim was not to change the teacher’s
practices, but to develop the inquiry with the expert teacher in collaboration and
study her process when implementing inquiry. In addition, the author was active
in keeping up the mutual connection with the teacher and receiving all her
project diaries. However, in the classroom the teacher was the one guiding the
students and the activities. There was only one researcher at the time observing
and video recording data and her aim was not to interfere while the activities
were enacted. The researcher’s role in the classroom was not to be invisible or
hide her presence but to let the activities happen as they unfolded. The
researcher participated if the teacher or students happened to ask something, but
she did not try to become part of the community as participant in the project
activities (Roth 2005). The present author was responsible for collecting data
from the first and second phases of the project, and developing the perspective
for the data analysis methods. In addition, the present author was actively
involved in designing and developing in collaboration the basis for third phase
of the project, but the actual data collection (video data) was conducted by
researcher colleague.

5.3.1 Database and the teacher’s project diaries of the project

Traditionally, research concerning knowledge building and progressive inquiry 
has relied on analysis of database material (e.g. Zhang, Scardamalia, Lamon, 
Messina, & Reeve, 2007), although more recently analysis of group interaction
or social interaction has also relied on video analysis (Suthers, Lund, Rosé,
Teplovs, & Law, 2013; Zhang et al., 2018). During the Artifact Project, 31 views
and 1,906 notes were created in the Knowledge Forum database. In addition to 
text, the views and notes contained large quantities of visual data, such as
sketches, drawings and photographs.

Figure 2 shows how the data from the database and the teacher’s project
diaries were used in the analyses in the sub studies. The material produced in the 
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database was used in the first sub study which forms part of this dissertation (see
Figure 2) in order to clarify how the learning activities were organized around 
the artifact creation and use of KF. For that purpose, the views from the KF
database and the other artifacts (conceptual or material) used during the different
project activities were compiled. In addition, the participants’ quantitative
contributions in the database were analyzed with the help of the analytic tool kit
that is included in KF.

 

The teacher’s reflective project diary was 
used in sub study II. The results were also 
used as additional data in studies III and IV.

The database and the teacher’s structured 
projecti diaries were used in the sub study I.

The Artifact Project’s database and 
the teacher’s project diaries

The database
31 views

1906 notes

The structured 
project diary

The reflective 
project diary

Teacher’s project diaries
23 diaries

Figure 2. The database and the teacher’s project diaries used in the sub studies’ analysis

The main purpose of the present study was to examine the orchestration of
longitudinal collaborative inquiry and design learning activities in elementary 
level classrooms from the teacher’s perspective. To achieve that end, the
teacher’s own impressions and evaluations of the process were recorded in her
project diaries. The diary consisted of two parts (see Figure 2). In the first part of
the diary, the structured project diary part (or action diary part), she was asked to
fill in the following information from all the different activities that occurred in
her class for the process: time frame, when the activities were done, how the
knowledge building community was organized, the phase of the knowledge
building process, the practices used for the activity, and what tools were used as
help. In the second part of the diary, the reflective diary part, she was guided to
reflect on the issues that she considered important when creating diary entry. 
The issues suggested for reflecting were about the organizing practices, topic
content and process stages, how the knowledge building community functioned,
as well as the role of technology as a supporter of the knowledge building
process.

The diary template was intended to support the teacher to reflect on her
teaching in a systematic fashion (Pollard, 2008) and it was designed by the
author. In practice the teacher made several entries in the same diary template. In 
the action diary part, all the activities were defined as described above, and in
the reflective diary part, she filled in her thoughts when she had a suitable
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moment, or when she was planning that they should continue. During the
project, the teacher wrote 23 project diaries. The templates were turned over to
the researchers every week or two; sometimes the sending of the diary took a
couple of weeks.

The action diary parts of the teacher’s diaries were used as the primary data
source in the first sub-study of the present dissertation. Furthermore, the
teacher’s reflective diaries were used as the primary data source in the second
sub-study, and as an additional data source in the third and fourth sub studies.

5.3.2 Video recordings

The Artifact Project took 139 lessons starting at the beginning of the
participating students’ second term of fourth grade and continuing until the end 
of their fifth grade. The enacted project activities in the classroom were followed
by video recordings from the classroom practices (56 lessons). Videotaping is 
always a question of selecting according to the research design, research
questions, and resources (Derry, et al., 2010; Goldman, Ericksson, Lemke, & 
Derry, 2007). During the Artifact Project, the decisions about when and what to
videotape were made in collaboration with the teacher. The teacher was able to
anticipate how the project would proceed and to explain about the possible 
forthcoming sessions that would be essential for recording. The aim was to get 
records from the representative amount of the project activities including both,
the team work and the collective classroom activities. In particular, the aim was
to include all activities in which the teacher was starting new work phases, or
she was going to guide the students in new inquiry activities within the phase, 
such as creation of research questions, searching for or sharing of new 
information, organization, or evaluation of activities. When the class was
continuing activities that had already been started, the video recording researcher
was not always present. It was neither meaningful nor possible to record the
entire project.

According to Barron and Engle (2007), good orienting questions help the 
researcher to maintain a perspective that prevents one from getting lost in the
details when video recording (Barron & Engle, 2007). However, at the same 
time, researchers should remain open to discovering new phenomena (Barron & 
Engle, 2007; Hall, 2007). In addition, despite of the guiding research questions, 
the data capturing should be phenomenologically neutral (Ericksson, 2006). The 
collecting must not contort the objectivity of the results (Agar, 2006; Ericksson,
2006). When collecting data for this study, the first aim was to follow the whole 
classroom setting. The camera was set up halfway along the side of the 
classroom to record the relationships and responsibilities of the classroom
members, the teacher and the students (see also Erickson, 2006). However,
recordings of the first few episodes of the project showed that the teacher’s 
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guidance practices, the use of the shared screen and Knowledge Forum should
be captured better during collective classroom discussions. When the mode of
work changed to team work, the recording was targeted only towards the chosen
student groups. Despite of the recorders’ learning process and the guiding
research aims, the recordings from the present project can be considered to be
neutral documents from the context that it is possible (Ericksson, 2006).

Video data were considered to be essential to understanding the process of
teacher’s orchestration of collaborative inquiry and knowledge-creation 
practices. Consequently, the present study relied on video material collected
during the first and second phases of the Artifact Project. This data was used in 
the sub studies III and IV as primary data source as described in Figure 3. The
leadership for the third phase of the project was provided by a professional
designer together with the teacher. It wasn’t included in the present study,
because the analysis of the final iteration of the project (i.e. The Future),
concentrating on the students’ design learning and the designer’s guidance in the
project (Kangas, et al., 2013a, 2013b, 2013c), has been reported in a parallel 
dissertation study (Kangas, 2014).

The Artifact Project
139 lessons, 56 recorded (40,3%)

Past
53 lessons

16 recorded
(30,2%)

Present
44 lessons

12 recorded
(27,3%)

Future
42 lessons

28 recorded
(66,7%)

Video data from the Lamp Designing phase
(21 lessons) where used in other studies (Kangas,
Seitamaa-Hakkarainen, & Hakkarainen, XXX; XXX)

Video data used in the sub studies III and IV.

Figure 3. The video recording and their selection for the analysis

In the next section (3.4), the segmentations and analyses of all data sources
will be defined. In addition, further selections of the video data will be
elaborated. Systematic selection of video data was essential for deciding which
parts of the extensive video corpus were to be chosen for further analysis and
applied to address the research questions (cf. Derry, et al., 2010).

5.4 Data analysis
The origins of the present study can be found in design-based research that is
defined in terms of pragmatic commitments. The pragmatic stance defends the
usage of methods when they are relevant for answering research questions to
reach the research goals (Mercer, Littleton, & Wegeriff, 2004; Morgan, 2007,
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Sandoval, 2014). The data collected from the Artifact Project were approached
and analyzed with gradually deepening iterations, including cycles of selection
and segmentation of the data. The aim of the deepening analysis was to respond
to the four sub studies that make up the present study.

5.4.1 Qualitative content analysis

Most of the analyses conducted in the present study represent qualitative content 
analysis (Chi, 1997), in which a combination of theory-based and data-driven
approaches is used to develop the coding frameworks (cf. Saldaña, 2009). The
qualitative content analysis is a systematic way of coding units into a meaningful
set of mutually exclusive categories (Chi, 1997; Kelle, 2006). The same data,
however, can be coded in different taxonomies or categorizations, or analyzed in
several different levels (Ash, 2007; Saldaña, 2009). The unit of analysis is
selected according to the research objectives; it could be a small text segment, or
a whole activity system including its contextual tools or mediating artifacts
(Friese, 2012). The analysis also allows the quantification of data and drawing 
relations between the occurrences of different kinds of utterances (Chi, 1997). In
this study, the different units of analysis were defined according research 
objectives and the data used. The quantifications have been used to provide an
overview of the phenomena or investigated data. In addition, in study II, the 
relations of one categorization provide essential results by showing how the 
segments belonging the categories were following each other in certain order.

All the decisions made during the qualitative content analysis should be
available for the review in order to ensure their reliability. Furthermore, 
segmenting the actual data into analysis units and categorizing the units 
according to the coding framework should be verified by training at least one 
other coder. Both coders segment and analyze the same sampling of units
according to the analysis process created. If there is a difference between the two 
analyses, either the training of the other coder was inadequate, or the 
categorization does not yet work well, and it should be further developed. In this
study, the training of the other coder was performed, and the inter-coder
reliability was verified by using Cohen’s Kappa (Cohen, 1960). While using
Cohen’s kappa, the units of analysis must be independent, categories mutually
exclusive and the coders must work independently. That was the case in this 
study. Stemler (2001) also underlines that if inter-coder reliability is over .81.,
the result is almost perfect.

Table 3 presents an overview of content analyses in each publication. In the
present study, the coding frameworks were based on (a) preliminary analyses of 
the data, and (b) reflection on the data in relation to the theoretical outlining of 
the studies (Friese, 2012; Saldaña, 2009). Combining issues emerging from the
data with theoretical knowledge assisted in identifying the aspects considered 
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relevant according to research questions (cf. Seale, 2006). All the content
analyses were performed with the help of AtlasTi software (Friese, 2012).

Table 3. Overview of the content analyses conducted in the original publications.

Original publication I II III IV

Focus of qualitative
analysis

The
actualized
collaborative
inquiry 
learning 
process

The 
teacher’s 
own
descriptions
of the
unfolding
activities

Nature of
whole-class
activities
in the
collaborative 
inquiry
process

Different
kinds of
activities in 
the
collaborative 
inquiry 
process

Teacher’s 
orchestration
events in the
longitudinal
process 

Data Teacher’s
activity diary

Teacher’s
reflective 
diary

Selected
video data
(whole class 
episodes)
from Past
and Present
phases

Video data
from Past 
and Present
phases 

Selected
video data
(whole class 
episodes 
from Past 
and present
phases)

Unit of 
analysis

Working
period

Idea Episode Episode Event

Inter-coder
reliability of 
segmentation

.97 .85 .100 .100 .90

Categorization and
the inter-coder
reliability different
taxonomies

LCD/PI
activities, 
.89

Social
organization,
.89

Technology
Mediation,
.95

Mode of 
Reflection,
.92

Process
and its
support, .88

Responsibility 
for sustaining
the inquiry, 
.90

Type of
activity, .90

Social
organization, 
.100

Orchestration 
events, .85

The role of 
KF during the
orchestration
events, .94

Quantitative
description

Frequency
distribution 
and
Cross
tabulation of 
categories

Frequency
distribution 
and
Cross
tabulation
of
categories

Frequency
distribution

Frequency
distribution

To continue, when considering the different content analyses created in this
study, it is important to reflect on the role of the data and how they have been 
approached when interpreting what they present. The first issue to emphasize
here is due to the gap between actual practice and talk about practice (Marcos,
Sanches, & Tillema, 2008). Firstly, the data are always a representation of
practice, and secondly, the analysis based on those data always represents the
analyzer’s disposition even if the aim should be as neutral in interpretations as
possible. 
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In this study, the teacher’s diaries represented the data, where written text is a
representation of the teacher’s interpretation of practice. However, in this study, 
the aim was not to evaluate the level of teacher’s thinking (Fendler, 2003;
Pollard, 2008). The aim of the analysis was to uncover the ways the experienced 
teacher attempted to develop both the classroom practices and her own activities 
during the process. The structured project diary form guided the teacher for 
filling the form and reflecting the activities in systematic fashion.

When the diary data analyses are based on the written text, the video data
analysis needs to take account of more than just verbally expressed content. The 
stance for learning in this research draws from sociocultural studies.
Accordingly, sociocultural study examines education as an interpersonal process
in which the discussions, context and tools used are seen as entities that mediate
the process (Kleine-Staarman & Mercer, 2010; Mercer, Littleton, & Wegeriff, 
2004). The interest in the present dissertation was in the activities themselves, in
how the shared process was developed within a learning environment (cf.
Angelillo, Rogoff, & Chavajay, 2007; Mercer & Littleton, 2007; Mercer,
Littleton & Wegerif, 2009). For example, as Mercer with his colleagues (2009)
underlined, ‘sociocultural’ discourse analysis differs from ‘linguistic’ discourse 
analysis in the ways it takes account of the content and function of the talk and
the ways the shared process is developed (Mercer, Littleton & Wegerif, 2009).
In the next few sections, the development and the focuses of the different
qualitative content analyses created in the present study are explained.

However, the collection of various kinds of data, being in the classroom,
following the project activities, and reading the growing data base, guided the
researchers to understand and interpret the teacher’s thoughts in her project
diaries, and enacted activities and orchestration practices in the classroom. Being
in the classroom helped in understanding how the data collected presented the
teacher’s perspective. Because the aim in the present study was to understand the 
nature of actualized project activities and capture the teacher’s role and process 
of longitudinal orchestration in the collaborative inquiry and design setting, it
was fruitful to combine the results from these several sources and analyses of the 
data: video recordings, teacher’s diaries, and the KF data base and artifacts used.
Using the different data sources offered options for triangulation across the 
sources of evidence.

Content analysis of the teacher’s structured diaries (for sub 
study I) 
Content analysis for sub study I
The first qualitative analysis (for Publication I) was conducted on the first 
section of the teacher’s diaries, the activity diary part, in which the teacher was 
asked to fill in descriptions of the activities undertaken for the process. The aim
was to focus how the collaborative inquiry learning, represented by the models
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of progressive inquiry and learning by collaborative design, became actualized 
in the learning community’s knowledge practices during the project. We were 
interested, for example, in how the inquiry activities were supported with the
help of KF and how they were organized socially in the classroom.

First the teacher’s diaries were divided into segments. Each segment 
represented a clearly distinguishable working period. A working period was
considered distinguishable when the aim, the social organization, or the 
supporting tools of LCD/PI changed during the activity. The duration of
activities varied from between ten and 90 minutes. Certain teacher-driven
organizing activities and individual publishing activities took only a short time,
whereas designing experiments or creating product designs took longer.

Based on a preliminary analysis of the teacher's diary, a classification schema 
was created from three perspectives considering the participants’ activities. The
following main categories were represented in these views: 1) LCD/PI activities,
2) Social organization, and 3) Technology mediation. Each segment of the
teacher’s diary was classified in all three main categories. However, the 
subclasses of the main categories were considered to be mutually exclusive; i.e.
each segment represented only one of those sub-classes in its dominant content.

The LCD/PI category was created to represent the activities enacted in the
collaborative inquiry process pursued during the project. It consisted of four sub-
categories which may be explained as follows: a) The Creating category
describes how the participants produced their own questions, ideas and
explanations of knowledge or created their own product designs. b) Searching
and sharing are the activities in which the new information was searched for or
shared, or the process and its achievements was shared with the rest of the 
community. c) Organizing represents the activities of process organization or
categorization of the information; and d) Evaluating includes the activities in
which students assessed solutions and the process.

The second category, Social Organization, was used to assess the modes of
participating in the inquiry during the project. We wanted to know how the
participants were socially responsible in knowledge building activities. The
activity was classified in one of the following categories according to who was
the main actor in the activity: a) the Teacher, b) the Class, c) the Group or d) the
Individual.

The third category, Technology Mediation, listed whether the Knowledge
Forum was in use during the activity.

The inter-coder reliability was performed by two researchers independently. 
The reliabilities (see Table 3) were at relatively high levels ranging from .89 to
.97. Because the teacher’s diaries were already pre-structured, it was making the
distinctions described above straightforward.
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Content analysis of the teacher’s reflective diaries (for sub 
study II) 
Content analysis for sub study II
The second qualitative analysis (for Publication II) was conducted on the 
teacher’s reflective diaries, in which the teacher had reflected those issues she
considered to be purposeful for reflecting from the suggested topics. The 
analysis focused on the teacher’s own interpretations and descriptions of the 
unfolding events; how she supported the collaborative inquiry practices and
utilized the tools or community in supporting the inquiry culture.

The contents of the teacher’s reflective diaries were divided into segments (n
= 560), each representing a clearly distinguishable idea. An idea was considered
distinguishable when the theme or the actor being described changed. Most of
the segments were one to three sentences long and were generally concise and to
the point. 

The classification schema was created from two perspectives representing 1)
Mode of Reflection, and 2) Process and its support. As in previous analysis, each 
segment was classified within the two main categories, but the subclasses of the
main categories were considered to be mutually exclusive; i.e. each segment
represented only one of those sub-classes in its dominant content.

The first perspective, the Mode of Reflection, was used for analyzing how the 
teacher’s ideas were related in the sub-categories of enactment, evaluation and 
design. The second perspective, Process and its Support, was created for 
classifying the content of the teacher’s ideas. The category referred to the
teacher’s organizational and supportive work concerning the inquiry process and 
the different activities and practices that took place in the classroom. This
category contained the following sub-categories: (1) classroom practices; (2)
teacher guidance; (3) teacher’s organizing project activities; (4) collective
responsibility; and (5) the role of technology. Each of these sub-categories was 
further divided into lower-level categories, which explained the phenomena in a
more specific way. In total, there were 20 lower-level sub-categories. The inter-
coder reliabilities were performed by two researchers independently. They
ranged from between .85 - .92 (see Table 3).

Content analyses for the video recordings (for sub studies III 
and IV) 
The next qualitative analyses (for Publications III and IV) were conducted on the
video recordings from the project activities. The analyses concentrated on the
teacher’s orchestration of collaborative inquiry learning; how she maintained the
longitudinal inquiry process with different kinds of activities and orchestration
events. All the video data that was relevant for the analysis were included.
However, because of the analyses focus, we excluded twelve lessons from the
video data that involved a parents’ evening (introduction of the research project),
museum visits (museum guides presentations) and exhibition openings.
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Content analyses for the video data were created with cycles of segmentation 
and selection of the data. A similar idea has been developed by Ash (2007), in 
which she analyzed the data into three different levels. When proceeding from 
the macro level to intermediate and micro levels of analysis, she used more 
detailed units of analysis and data selection (Ash, 2007). In the analyses, used in 
sub studies III and IV, two levels allowed tracing the multi-level flow of 
activities in the classroom. 

For sub studies III and IV, the analysis was first conducted coarsely. The idea 
was to delve into what was happening in the video recordings and to identify 
what was being done and how (Derry, et al., 2010; cf. Korvela, 2003). The 
attention was on the social organization of activities and especially on those 
activities for which the teacher was present. The main aim was to identify the 
data relevant to examining the teacher’s long-term orchestration process. In 
addition, the interest was to have a general overview of the video data and how it 
represented all the project activities: thus, it was decided to divide the 
videotaped activities into episodes (f=97) in a similar way when distinguishing 
the teacher’s activity diaries in working periods as described above. The episode 
was considered distinguishable when the aim, the social organization, or the 
supporting tools (for example use of the KF) changed during inquiry activities.  

After segmentation of the episodes, they were categorized from the social 
organization perspective according to who was the main actor in the activity: the 
whole class, the group or the individual (see above the teacher’s activity diary 
analysis for corresponding segmentation and categorization logic). In Figure 4, 
all episodes conducted during the project according to teacher’s structured 
project diaries are presented next to all the videotaped episodes. The diary data 
have been used here only for confirming the representativeness of the video data 
in respect of the overall project activities. 

 

 
Figure 4. Social organization of episodes across the project phases and their representatives in 

video data. 
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The aim of the further analyses in sub studies III and IV was to gain a
deepening understanding of episodes, where the teacher was present and
orchestrating the activity. For that purpose, the whole-class episodes (f=34)
taking place during the Past and Present phases of the project (circled in Figure
2) were selected. The purpose for this selection was to include only those 
activities in the further analysis, where the teacher was actively present along 
with the students. Before selection, the teamwork episodes that generally took
place between joint episodes, were also examined. As Figure 3 shows, most of
the activities were performed in teams. However, the teamwork data 
examination revealed how the teacher walked around the class (see also 
Greiffenhagen, 2012) mainly repeating previously given instructions and 
encouraging team-level collaboration. Because all the strategic guidance of the 
longitudinal project that was the focus of the studies III and IV was delivered
during the whole class episodes, the further analysis concentrated on them. In
addition, we excluded from the present analysis the video data from the Future
phase, because there the professional designer exercised the main responsibility
for guiding the students’ design process and, in addition, those data have been
analyzed in a parallel dissertation (see Kangas, 2014).

Content analysis for sub study III
First the interest was to have a deeper overview from the selected activities in 
order to create the teacher’s perspective to the process. This analysis was the
basis of sub study III. The episodes selected were classified from two
perspectives representing 1) Responsibility for sustaining the inquiry, and 2)
Type of activity. Each whole-class episode was classified in both two main 
categories, but the subclasses of the main categories were considered to be
mutually exclusive; i.e. each segment represented only one of those sub-classes
in its dominant content.

In the responsibility for sustaining the inquiry category, the episode was 
classified as a) collectively developed when the whole-class community took
initiatives on how to continue, b) teacher-promoted when the teacher urged on,
encouraged, and facilitated the proceeding of the inquiry and the whole class 
participated (e.g., the teacher urged students to create deepening working
theories and question, or facilitated interlinking new inquiries with their earlier 
thoughts), or c) teacher focused when the teacher took the main control of how
to continue (e.g., providing guidelines for making KF notes, or providing a task
for sharing the results of the inquiry). We also analyzed the type of activity in 
the episode to understand when the main aim of the collective activity 
concentrated either on a) planning, (e.g., creating research plan in collaboration,
or discussing how to build up a KF view) or b) reflecting on procedure (e.g.,
discussing how to observe an artifact or evaluating observations); or,
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alternatively when the activity should be concentrated on c) developing content 
of inquiry (e.g., creating collective classification for artifacts or creating 
deepening working theories). The inter-coder reliabilities were performed by 
two researchers independently. Both categories were 0.90 (see Table 3).

The video analysis undertaken for sub study III was the basis for constructing 
the understanding for the teacher’s longitudinal process and choices she needed
to make during the trajectory. For that purpose, this process was complemented
and expanded with the help of the teacher’s diaries.

Content analysis for sub study IV
In order to examine the teacher’s orchestration of the inquiry activities, the video 
analysis was continued for the whole-class episodes at a more fine-grained level.
This analysis was the basis for study IV. The focus of the fine-grained analysis
was on how the teacher maintained shared inquiry activities through separate
orchestration events. The six types of orchestration events (f=123) were
distinguished from one another on the basis of the data-driven analysis (Friese,
2012): 1) Discussing content, 2) Discussing deepening inquiry, 3) Recollecting
previous inquiry activities, 4) Reviewing the advancement of inquiry, 5)
Practical guidance of inquiry (e.g., asserting the importance of speaking in 
turns), and 6) Practical management of activity (physical arrangements of work). 

Further, the role of Knowledge Forum during the orchestration events was
also analyzed. The analysis clarified whether the KF was a) the collective basis 
for working, when the results of the inquiry were reflected on the shared screen 
to be referred and discussed, b) the tangibly developing object in their inquiry,
when the class was collectively discussing and developing ideas and plans and
the shared screen was used for externalizing their ideas visibly in real time, or c) 
the KF was not in use. As in sub study III, this event level analysis was
complemented with the help of the teacher’s diaries in publication IV. (It was
because of the referees’ wishes.) The diary was used for describing the teacher’s
longitudinal orchestration as a trajectory.

The inter-coder reliabilities for the selected part of the video data analysis
were performed by two researchers independently. The reliabilities (see Table 3)
ranged from between 0.85 and 0.94.

Visualizing content analysis with CORDTRA diagrams for sub study IV
In order to analyze how the various orchestration events were related to each
other and the role of the KF during those events, the teacher orchestration was
visualized in study IV through the application of the Chronologically-Oriented 
Representations of Discourse and Tool-Related Activity (CORDTRA) diagrams
(Hmelo-Silver, 2003; Hmelo-Silver, Chernobilsky, & Jordan, 2008; Hmelo-
Silver, Chernobilsky, & Nagarajan, 2009a; Hmelo-Silver, Jordan, Liu, &
Chernobilsky, 2011; Hmelo-Silver, Liu, & Jordan, 2009b). Hmelo-Silver, et al.
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(2008) proposed the use of CORDTRA diagrams as one way of obtaining
information about how social interaction and other learning activities served as 
tools for students’ collaborative thinking. The diagrams support analysis that 
extends beyond coding of individual speech acts by visualizing the discourse
structures and the usage of tools in supporting it, (Hmelo-Silver, 2003; Hmelo-
Silver, et al., 2008; 2009a; 2009b; 2011). In the present study, the used unit of
analysis was an orchestration event, not a statement. With the CORDTRA
diagrams method, the aim was to trace the rhythmic recurrence of the 
orchestration events across the longitudinal project. However, also in the present 
study, the tool allowed for the analysis to be extended towards visualizing the
project trajectory. The CORDTRA diagram that was constructed represents all
the videotaped orchestration events in chronological order. Technically, the
diagrams were created as scatter plots with the commercial spreadsheet software.

The technique was originally developed by Luckin and colleagues (2001;
Luckin, 2003) and called the Chronologically Ordered Dialogue & Features
Used (CORDFU) method. It was initially used in a traditional, single-learner 
context and further developed for use with teams and novel learning technology.
Hmelo-Silver (2003) generalized the technique and used the diagrams to
understand how producing a drawing mediated learning in face-to-face
collaboration. Hmelo-Silver and her colleagues later expanded this work to study 
online collaborative learning (Hmelo-Silver & Chernobilsky, 2004;
Chernobilsky, Nagarajan, & Hmelo-Silver, 2005; Hmelo-Silver, Chernobilsky,
& Jordan, 2008; Hmelo-Silver, Chernobilsky, & Nagarajan, 2009a; Hmelo-
Silver, Jordan, Liu, & Chernobilsky, 2011; Hmelo-Silver, Liu, & Jordan, 
2009b). In addition, Puntambekar, Stylianou, and Goldstein (2007) have used 
CORDTRA diagrams to examine the face-to-face classroom enactments of two
teachers, in order to understand the differences in the learning outcomes of their 
students.
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6 Main findings of the study

The iterative cycles and the main results of the four sub-studies are summarized
below. Further details of the studies are available in the original publications.

6.1 Learning by collaborative designing: technology-
enhanced knowledge practices (Publication I)
The focus of the first sub-study was to create the overview to the project and
clarify, how the teacher implemented the ideas of inquiry learning and learning 
by collaborative design in practice. The interest was also to examine how the
tools used and the efforts of the learning community, such as collaboration and 
artifacts created (material and conceptual), were supporting the process. The
analysis was based, firstly, on the activity diary part of the teacher’s project
diaries, in which the teacher was asked to fill in the descriptions of the activities
undertaken for the process, and secondly, on the KF database and other artifacts
used and produced.

The analysis of inquiry activities and social distribution of activities revealed
clearly how the three project phases diverged from each other, even if all the
project phases included all inquiry activities and social organization of the
activities. The differences can be explained in terms of the nature of the learning
activities involved. The first phase of the project focused on exploring the
historical artifacts and required a focus on information seeking and arranging.
The activities of searching for and sharing of information were more emphasized
along with the organizing activities in the first phase of the project than the later
phases. In addition, when starting the project, students needed a great deal of 
teacher guidance and coaching. The whole class and teacher driven activities
were emphasized more in the first phase compared with the later phases of the
project.

During the second phase, the project focused on understanding the physical
phenomena related to artifacts. That required the participants to investigate
natural science topics through self-made and ready-made experiments. The 
students focused on activities of creating (creating their own questions and 
explanations for the phenomena) along with the searching and sharing activities. 
To continue, the activities were mainly done as group work even other forms of
social organization of activities were also present. In the last phase of the
project, the students created lamp designs and future artifacts in the form of
conceptual and material design of such artifacts. As expected, activities of
creating (design ideas, prototypes) were emphasized while students were
designing. In addition, the evaluating activities were more present during
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designing phase than during the first two phases. The ideas were regularly 
shared and evaluated in order to elaborate the designs further. In the third phase,
the activities were mainly forwarded in groups even the other forms of social
organization were also used.

Despite the different emphasis of the social organization of the activities
during the three phases, the main part of the inquiry activities relied on the
participants’ group work. The group was the main actor in more than half of the
project activities. The participants were engaged in teamwork in order to foster 
collective cognitive responsibility for their knowledge-creating inquiry. All other
forms of participation were orientated toward facilitating engagement in group-
based inquiry efforts.

To continue, the analysis showed that KF mediated over half of the lessons 
regarding the project. KF supported collaborative inquiry and made the activities
visible to teams and the whole learning collective. It provided team members
with easy access to other groups’ work and assisted the individual students in
sharing and building their knowledge within their teams. The collective KF
database helped the community to evaluate and assess their collective
advancement. To continue, during the project the participants worked side by
side with tangible tools and artifacts along with KF notes and database that
mediated the inquiry further. Analysis of the usage of these artifacts and the 
more detailed familiarization in quantitative contributions to the KF notes
produced and views showed that the activities were always organized around the
tools and the objects to be developed. In other words, the process involved
working with conceptual and material artifacts that mutually supported and 
enriched one another.

The study indicated how the long and sustained progressive inquiry and
collaborative design project integrated learning across various subject-domain
studies at many levels: the project cut across several school subjects; the
classroom inquiry culture was broadened with field visits to external expert
cultures; and there were interactions between students and expert consultants 
outside and inside the classroom. Physical manipulation of artifacts, designing 
and conducting experiments, and creation of prototypes helped students to
pursue their inquiries.

Finally, even in this first sub study, analysis revealed how the teacher 
assumed the role of organizer concerning the shared process. Her role was
crucial in guiding and supporting the process. She structured the collaborative
efforts with the help of KF and by directing classroom activities.
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6.2 Supporting technology-enhanced collaborative inquiry
and design project – A teacher’s reflections on practices
(Publication II)
The focus of the second sub-study was to analyze the teacher’s support and
guidance needed from the teacher’s point of view. The analysis was based on the 
reflective part of the teacher’s project diaries, in which the teacher was asked to
reflect on the issues that she considered important when creating a diary entry.
The issues suggested for the teacher to reflect on were about the organizing
practices, topic content and process stages, how the knowledge building
community functioned, as well as the role of technology as a supporter of the 
knowledge building process. The results showed the teacher’s role during the
process, but they also present her pedagogical knowledge about the aspects that
she paid attention to and were essential when supporting collaborative inquiry
classroom.

Overall, the analysis showed that the majority of the teacher’s written 
thoughts described the activities enacted, that considered descriptions of
classroom practices, social responsibilities and her own guidance during the
activities. Secondly, her thoughts concentrated on evaluating the success of
activities or their arrangement. The final perspective to reflecting was the design
mode, through which the teacher developed ideas or raised questions about how
to proceed. Most of these design reflections dealt with the teacher’s background
organization. The analysis concerning relations between the modes of reflection
indicated that the teacher’s designing relied on the continuous following of the
enacted process. Her pedagogical designing, managing and guidance, was based
on evaluation of the students’ earlier-enacted classroom practices and her own 
guidance activities in relation to her knowledge about the practices of
progressive inquiry.

The analysis of the teacher’s thoughts in the classroom practices category
created a lively image of the different kinds of inquiry activities that were taking 
place in the classroom. For example, the classroom members were stating 
questions, or teams were searching or sharing information or reporting the
process in the KF database. They were building the time line or commenting on
different lines of inquiry. The teacher also described the evaluative activities and
iterative cycles needed if students were unable to deepen their thinking in the
first place. The students’ hands on activities of making self- or ready-made
experiments or creating prototypes were present in her entries, and in addition,
she described the vivid student debates around the activities.

Statements that addressed the teacher’s own role and her support were
categorized as the teacher’s guidance and teacher’s organizing. The teacher’s 
guidance category showed the descriptions about the teacher’s solutions in real
time situations, when she needed to rely on her own guiding knowledge, the
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pedagogical infrastructure created, and her subject domain knowledge. Her 
reflecting represented instructing, reminding and continuous support and
feedback when guiding students to participate in inquiry activities. She also
structured activities and tasks when students were expected to perform new
activities. At the same time, she tried to support students’ own thinking and
responsibility. Diaries revealed that her main concerns regarding student
guidance were progressive questioning, eliciting a search for further information,
production of written notes, and the role of external artifacts.

In turn, the teacher’s organizing category described how the teacher
performed the background preparations needed in order for the project
objectives to be achieved even though she could not predict how events would
develop within the learning community. Her thoughts in the diaries considering 
these activities showed how the teacher made plans and arrangements to build a
supportive basis for the students’ work. She continuously followed and
examined the process, primed the forthcoming discussions, assisted and prepared
the students in completion of tasks and to emerging inquiry challenges. The
teacher also linked the activities with the past events and based the forthcoming 
events on the ongoing tasks. According to her reflections, process organizing 
concentrated on managing the timetable and process of inquiry, eliciting a search
for background information, and fostering continuous documentation of
knowledge-building processes.

To continue, according to the teacher’s reflections the technological tools,
especially the KF database, provided strong support for both the teacher’s and
the students’ activities. The technology bound the parts and levels of the process
together; it mediated the teacher’s general efforts in process organizing with her
real-time hands-on guidance activity. It structured the social responsibilities of
the activities and assisted in interlinking personal efforts with collaborative aims.
The KF database was both the tool which facilitated inquiry and the object of the 
participants’ activity.

The analysis on the diary entries showed also the emergence of the student
community and collective responsibility of inquiry. These statements focused on
group structures, the division of work, and commitment to the collaborative 
work, addressed across the personal and team levels. The teacher followed 
students’ development in sharing responsibilities and work. Her reflections 
illustrated how individual and team-level experiences became accessible to the
whole community and how the members started to feel belonging to the
community and carry responsibility for the process.

The results from sub study II presented the practical elements that created the
present classroom as a collaborative inquiry classroom. The important value of
studying the teacher’s reflections was to understand her own diverse role and
actions when maintaining the collective inquiry. On the other hand, the teacher’s 
observations presented the richness of the ongoing process. The diary entries 
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allowed the inquiry classroom to be studied from a personal view point. All
those ongoing processes that were present only for the teacher, wouldn’t have 
been reachable in any other way. 

6.3 Balancing structure and flexibility: Teacher’s 
orchestration in collaborative long-term inquiry (Publication 
III)
The sub-study III concentrated on the teacher’s longitudinal process between
the plans and reflections in the background of the project and the guidance
enacted in the classroom. Especially the purpose was to examine and depict the
teacher’s balancing between structure and flexibility in order to support the
collaborative inquiry. The analysis was based on video recordings and the
teacher’s reflective diaries that were used to define the teacher’s background
work. Moreover, while sub study II showed the guidance and organizing
elements of the collective inquiry classroom teacher, sub study III defined the
acts as a part of a longitudinal, object-oriented trajectory. 

For the video analysis, the collective whole class activities that included
teacher’s guidance or teacher’s and students’ joint discussions were selected.
The attention was drawn to the sustainment of inquiry and how the teacher
regulated her own role in the activities in order to support students’ participation
in the project. Some of the whole class activities were collectively developed.
During those activities, the participants of the community together tried to 
discuss or plan how to continue. Accordingly, the teacher’s main aim was to
support students’ initiations. On the other hand, the second part of the activities
were teacher promoted. During these activities, the teacher urged on, 
encouraged, and facilitated the proceeding of the inquiry while the whole class
participated. While promoting inquiry, the teacher urged students to create
deepening working theories and questions or facilitated interlinking new
inquiries with their previous wonderings. These promotions were needed
especially when the teacher was the only one who was able to recognize the 
cognitive value of the students’ initially preliminary thoughts or other promising
ideas, which they could use to deepen the inquiry. Finally, the third part of the
activities was categorized as teacher focused. During these activities the teacher 
took the main control of how to continue, e.g. giving guidelines for making KF
notes, or providing a task for sharing the results of inquiry. The teacher used this
kind of straight instructing when she just estimated that now her central role in
structuring the classroom activities would enable access to explanations or
solutions that the students would not be able to reach themselves.

In addition, the episodes were concentrated on three main activities. Firstly,
the activities were concentrated on planning (e.g. creating a research plan in 
collaboration or discussing how to build up the time line in the knowledge
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forum). Secondly, there were activities through which they reflected on
procedure (e.g., they discussed how to observe an artifact or evaluate
observations). Thirdly, the activities concentrated on developing content of
inquiry (e.g., they were creating a collective classification for artifacts or
creating deepening working theories).

Sub study III illustrated how the teacher’s organizing and guiding work was
always based on the pupils’ inquiry process. In the background of the process, 
the teacher reflected on the process achievements and the classroom situations
enacted, created aims and plans regarding how the process could be continued.
Sometimes she searched for suitable pieces of equipment, designs of science
experiments, or the knowledge needed to deepen inquiry at subsequent stages of 
the process. In the enacted collective activities, the teacher’s understanding of
the inquiry practices, in conjunction with constant assessment of project
achievements, created the basis for focusing the process by offering routines or
structures of productive inquiry or offered the possibilities for the
improvisational enactment collectively in more flexible way. Sub study III also
illustrates the role of KF that fostered students’ authority by putting their own 
initiations and ideas at the center of discussions and further improvement. It
enabled the longitudinally emergent knowledge advancement on which the
members were building the inquiry further after each other’s turn.

6.4 Long-term teacher orchestration of technology-
mediated collaborative inquiry project (Publication IV)
The focus of the fourth sub-study was to concentrate on the teacher’s
longitudinal orchestration within the collective inquiry activities. The study 
examined how the teacher maintained the course of the ongoing activities from
epistemic, reflective, social and pragmatic perspectives. In addition, the aim was
to highlight the mediating role of KF during collective activities. The publication
IV also unravels the concept of longitudinal orchestration.

Sub study IV was based on the idea that the co-constructive process can work 
only if participants have internalized several routines of shared inquiry (Parker 
& Borko, 2011; Sawyer, 2004). Thus, the video analysis of whole class episodes
started in sub study III was continued in sub study IV at a more detailed level
and focused on examining the unfolding events and how these events supported
the ongoing activities. These orchestration events fell into six categories and
were seen as recurring routines or inquiry practices that structured joint activity 
when the participants under the guidance of the teacher dealt with various
challenges, unforeseen obstacles, and enacted situations (Beghetto & Kaufman, 
2011; Erickson, 2011; Sawyer, 2011, 2009).

With the first two types of event, the teacher maintained the epistemic
aspects of inquiry. Both epistemic practices focused on understanding the
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phenomenon and advancing the epistemic artifacts under construction. In
discussing ways of deepening inquiry events, the class was engaged in the
collective development of strategies to continue the inquiry at hand. When the
class was collectively discussing ideas, they addressed the main content or
phenomenon targeted by their inquiry (i.e., object of collective inquiry).

The reflective processes of inquiry were also maintained also with two types 
of events. The reflective practices were needed to bridge past and future
inquiries in the present and enable advancement by changing or redirecting
inquiries as necessary. By recollecting previous inquiry activities, the teacher
aimed to activate the students’ memories of previous activities (e.g., information
from a mind map and museum visits) on which the subsequent inquiry was built. 
During the assessment of the advancement of an inquiry, she gathered the class
together to reflect on the present situation and how they should proceed.

The two last events maintained the socio-pragmatic aspects of inquiry. The 
pragmatic components of the work included building and managing social
relations and interactions, as well as handling and enabling an effective inquiry 
process. During the practical guidance of inquiry events, the teacher
concentrated on providing practical guidance for advancing the inquiry.
Occasionally, the guidelines involved detailed explanations of how to speak in
turn, what to observe, how to write notes, how to take care of responsibilities or 
distribute the work, and how to adequately participate in inquiry. During the 
practical management of activity, the teacher focused on organizing the physical 
arrangements for working. She organized the classroom space according to the
requirements of the activity and provided instructions or permission to start or 
stop, thus handling the lesson transmission.

In sub study IV, CORDTRA diagrams (Hmelo-Silver, 2003; Hmelo-Silver, et
al., 2008; 2011) were created, showing a temporal account of the relationships 
between the various orchestration events and the use of KF. The diagrams 
revealed the regular presence of orchestration events throughout the project. In
addition, despite the varied order of orchestration events during the whole class 
activities, we interpreted the unfolding pattern of the events. Usually, the
episode started with the reflective event. It was followed by epistemic event and
finally ending with pragmatic event.

KF was actively used in the activities. During the reflective or pragmatic
practices, KF functioned as a collective basis for inquiry. For example, students’ 
ideas were often gathered by the teacher and collectively examined using the
shared screen, or when preparing their forthcoming activities, the teacher 
sometimes created new views that structured the process. To continue, the
epistemic events involved placing students’ ideas at the center of joint activity
during whole-class episodes. Sometimes, the epistemic ideas represented by KF
provided the basis for referring to or discussing the phase or advancement of the
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project. However, at times KF worked as developing object while the ideas were
projected on the shared screen and collectively developed further.

Sub study IV also visualized the flow of the orchestration events and usage of
KF during one episode and showed the teacher’s reflections before and after the 
episode. With the episode example and CORDTRA diagrams the study provided
more detailed results, how the role of collaborative learning environment (in this
case, KF) was central in connecting the inquiry longitudinally. Past activities
related to present activities, and different lines of inquiry were brought together.
To continue, the orchestration realized during classroom activities often relied 
on KF, which promoted the collective recollection of past processes and inquiry 
outcomes. This, in turn, supported reflecting on how to focus subsequent inquiry 
efforts.

To conclude, sub study IV illustrated how the teacher was able to orchestrate
the inquiry in a contingent manner while responding to the ideas and interests 
that students developed during the process that were often available in the KF
database. The teacher’s orchestration design aimed at developing the collective 
emerging process longitudinally. The teacher continuously followed the results
of inquiry and guided the learning collective to follow certain rules and 
standards, such as establishing productive research questions and making plans
of inquiry. The orchestration during the enacted activities included specific
objectives, while providing opportunities for mutual, as well as unexpected,
development.

6.5 Summary of the findings
This section of Chapter 6 summarizes the findings from the sub studies I, II, 

III and IV in order to answer the general research question of the study: How did 
the teacher implement and orchestrate the longitudinal technology-supported 
collaborative inquiry and design activities in her classroom? 

In the Artifact project, the focus was on exploring objects and their properties
and creating designs for future purpose. Overall, the process was successful. The 
teacher managed to be productive in implementing and maintaining the 
progressive collaborative inquiry. During the inquiry activities, the students were
involved in working simultaneously with conceptual and material artifacts that 
provided valuable experiences for learning. Material activities guided the 
understanding of the embedded meanings of the objects that would not be 
available from working only with conceptual knowledge. In all their 
explorations, the students worked with shared ideas and thoughts, the project 
supported interactions between students and expert cultures as well as design 
work under the guidance of a professional interior designer. That linked the 
learning activities with the surrounding social and cultural environment 
(Engeström, Engeström, & Suntio, 2002). The project provided the structures 
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that gave meaning and significance to a large series of personal, group, and 
collective activities reported above. 

By orchestrating and organizing, the teacher was the heart of the collective 
study project. In this study, the concept of orchestration was used as a metaphor
for defining the teacher’s deliberate efforts in designing, planning, managing, 
and enacting collaborative inquiry processes (Littleton, Sharples, & Scanlon, 
2012). The two meanings of orchestration can be acknowledged: “orchestration 
design” and “dynamic orchestration” (Sharples & Anastopoulou, 2012). 
Orchestration design refers to the prior arrangement of a performance, 
pedagogical scenarios that describe the organization of learning (Dillenbourg, 
2015). On the other hand, dynamic orchestration captures a teacher’s 
multilayered work across multiple learning activities in the changing learning 
situations occurring on different planes: individual, group, and the class as a 
whole (Dillenburg, Järvelä, & Fischer, 2009; Sharples & Anastopoulou, 2012).

The results presented the teacher’s contingent way of orchestrating the 
process. In the Artifact project, the origins of the project were planned with the 
teacher and researchers, but the teacher was the one who was implementing the
plans in practice and creating the final orchestration design. The design was
creating pedagogical infrastructure on which the process and its support were
dependent. The aim of the Artifact project was to engage the whole learning
collective, the students and the teacher, in building new knowledge and 
understanding in collaboration. The learning approaches that supported the
present teacher in this knowledge creation process were based in the ideas of 
knowledge building (2002), progressive inquiry learning (PI) (Hakkarainen,
Lonka, & Lipponen, 2004), and learning by collaborative design (Seitamaa-
Hakkarainen, et al., 2001). These models created the basis to treat the knowledge
as being continuously improvable, something that could be shared and jointly
developed. On the other hand, the usage of models promoted the participants’ 
understanding of the process and helped in planning, monitoring and reflecting.

The technical infrastructure was provided by the Knowledge Forum and ten 
computers that were available for students to work with in the classroom, and 
one computing teacher and the data projector. The KF database offered tools for 
visualizing the process and collecting the parts of the process together. It served 
as a tool that supported the working and as the object of the participants’
activity. Socially, the process was dependent on the whole classroom work and
the groups formed heterogeneously from the less and more advanced students 
and consisting of both boys and girls. The teams were changed at different 
phases of the process.

The dynamic orchestration during the progressive inquiry process followed
the orchestration design and the teacher’s skills and pedagogical understanding. 
The orchestrating was responding to the students’ current work phase, taking 
account of both the longitudinal unpredictable process and the changing learning 
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situations. The present teacher’s disciplined improvisation was not only 
momentary spontaneity. It was also characterized in the trajectory that she
planned and balanced pursuing the longitudinal, object-oriented inquiry in the 
background of the activities and sustaining the activities in presence.

In the background of the activities, according to her reflecting, she made
plans for how to support students to reach progressive inquiry practices and how
to continue during all the whole class activities with the students. According to
the teacher’s reflections, her background organizing concentrated on managing 
the time table and the process of inquiry, eliciting searches for background 
information, and fostering continuous documentation of the knowledge building 
process. By examining the process in KF, she was able to prime the forthcoming 
discussions, assist students in completion of tasks, and prepare them for inquiry 
challenges that were about to come. She also reflected on how she prepared 
linking the past events to the present activities and grounding future activities by 
organizing separate inquiry lines together or creating KF views for continuing
the process with the students. Throughout the process, the teacher’s diary entries 
made clear how the indirect mode of teaching required a lot of effort. She also 
prepared by searching and studying the subject domain material in order to be 
able to guide the student discussions. The background work also helped her to 
support the students’ information searches and plan the timetable for the ongoing 
inquiry. Her entries also showed her own continuous efforts to document the 
process phases visible in the KF. A lot of the documentation was done by 
students but also her own efforts in loading photographs from the experiments 
and the museum visits, or designing how to guide students in documenting 
results, were important. 

During the enacted activities, the teacher used her own guiding principles, 
skills, pedagogical understanding and subject domain knowledge and contextual 
understanding in order to cope with unpredictable classroom situations or 
unplanned aspects of inquiry activities. Her own diary entries related to the 
classroom activities and her own role during them revealed her continuous acts 
of instructing, reminding and giving supportive feedback during the students 
working, in the heat of the moment. Her reflections described her observations 
about the guidance concerning progressive questioning, eliciting search for 
further information, production of written notes, and the role and usage of 
external artifacts that was needed. If the students were not able to create 
productive questions that would guide them in proceeding the inquiry, or their 
explanations or theories were shallow, or they were not able to explain their 
questions with the searched knowledge, the teacher guided them to revise the 
process. She also guided them by giving supportive questions. During the 
ongoing activities, the teacher ensured that the progress of the student teams was 
shared with the whole class or that other groups were aware of each other’s
information sources. The important aspect was to guide students to make their 
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thinking visible in the KF by writing notes. The note-making was supported 
sometimes with structured forms or mind maps in order to guide students to 
record specific aspects of the studied phenomena or the used tools and external
artifacts.

The teacher’s diary entries reveal how her thoughts processing the work in 
the background and in the present, are developed keeping in mind the practical
work of inquiry. The teacher guided students in questioning, explaining, 
searching, and sharing and evaluating. At the same time the content of the 
inquiry was present in her diary entries: the knowledge that they were building
and the design they were creating, the objects of their activity. In addition to this 
she added observations from the community and the role of technology. The 
analysis of the collective classroom activities showed similarly that the aim in 
realized activities, or inquiry episodes, were concentrated either on the planning 
and reflecting procedures that helped in understanding, monitoring and being 
aware of the process or to developing content for inquiry, when the epistemic 
ideas of the process were improved. Analysis of activities showed how the 
process was maintained collectively with the help of technology.

The deeper level analysis of the collective activities revealed an additional 
perspective to the teacher’s process. The teacher maintained the longitudinal 
inquiry during the collective activities with the help of orchestration events. The 
events served as routines or patterns that tied the process phases together and 
helped the learning collective to cope during the activities and continue the 
process. With the orchestrating events the process was mediated present in
collective episodes from reflective, socio-pragmatic and epistemic perspectives. 
Even the aim of the episode within the processes differed. In the emergent 
inquiry processes, these events worked as shared practices for the participants to 
rely on. They were shared routines that provided structures about emergence and 
the unexpected. However, during the collective activities, the teacher was
regulating between structuring the process and building on student ideas. 
Sometimes the collective activities were collectively developed, sometimes they 
were teacher-promoted or teacher-focused. By structuring the process, the 
teacher guided students to the appropriate practices of productive inquiry or
urging them to promising inquiry paths. By offering flexibility, she searched
through the options based on students’ own authority for continuing inquiry.

To conclude, in this process, the teacher’s way of orchestrating progressive
inquiry did not always aim or expect the emergent or unexpected turns during
the collective episodes even the teacher supported it when it existed. The 
emergent progressive inquiry process and its orchestration in this study was 
longitudinal and was orientated to helping the class to reach project’s aims. The
participants were building on each other’s contributions by advancing the 
collective objective of inquiry during the class episodes. The work performed in 
teams and collective episodes were all turns in the long-standing trajectory of 
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building on the students’ ideas and inquiries. The teacher’s role in orchestrating
the interplay between different activities, social processes in the changing 
learning environment required the pieces to be bound together when mediating 
and maintaining the epistemic, reflective, social and pragmatic aspects of the
process. 
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7 General discussion

The present study depicts how the teacher implemented and orchestrated the
longitudinal technology-supported collaborative inquiry and design activities in
her classroom. In the following, the limitations of the study will be reflected.
Further, implications derived from the findings and suggestions for future 
studies will be considered.

7.1 Methodological reflections and limitations of the study
In this study, the collaborative knowledge-creating inquiry activities, explained 
with the help of the models of progressive inquiry and learning by collaborative 
design, were implemented in practice. The aim of the intervention was to create 
and follow the conditions that would support the knowledge-creating inquiry. 
The objective in this study was to approach the intervention from the teacher’s 
perspective and examine how the teacher organizes and orchestrates the 
longitudinal object-oriented inquiry process in her classroom. 

The research project was carried out by following ethical norms and practices 
of the American Psychological Association (APA). The norms of data handling, 
security and protection of participant anonymity were followed strictly. The 
teacher and students with their parents were asked to fill in informed consent 
forms that explained the nature of the Artifact project, what kinds of data were to 
be collected, and how the anonymity of the participants would be protected. In 
addition, the aims of the project and the pedagogical approach adopted were 
presented and discussed at the parents’ evening with the help of the teacher. The 
students and their parents were told that they could decide not to be involved in 
the data collection if they preferred it. Once the data had been collected, 
pseudonyms were used in order to anonymize the participants’ identities. The 
teacher was referred to as ‘the teacher’. The students’ personal participant 
information was stored separately from the rest of the data. Video-recorded 
sessions or the teacher’s diaries were available only to the researchers and the 
teacher involved in the Artifact project. Participation in the present research 
project did not involve significant psycho-social risks for the students or the 
teacher. The data collection was integrated closely with ordinary schoolwork.

Methodologically, this study represents an example of design-based research. 
The design-based research methodology has gradually been accepted as a 
valuable tool to develop theory and practice for education in Finnish educational 
research (Juuti, 2005; Juuti & Lavonen, 2006; Korhonen, 2017; Loukomies, 
2013; Pernaa, 2011; Pernaa & Aksela, 2013). In the present study, the design 
research methodology provided the means to create and follow the conditions 
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that supported the longitudinally emergent knowledge-creating learning 
activities in the context of an ordinary Finnish elementary classroom. The 
intervention expanded the scope of educational research on knowledge creating 
learning that traditionally focused on the development of conceptual epistemic 
objects, central to knowledge building research, towards the ideas of design 
learning in which the artifact-related materially embedded meanings support the 
conceptual aspects of the process and vice versa. In addition, the purpose was to 
examine analytically the teacher-guidance process that has often remained 
unexplained, creating the image that students could participate in the knowledge-
creating inquiry process on their own (Hakkarainen, 2009). Previous knowledge 
building studies had been concentrating mainly on analyzing the Knowledge 
Forum databases constructed during projects; such investigations did not provide 
comprehensive information of associated classroom practices. If analyzed, the 
classroom activities depicted only short time periods and did not reveal what the
teacher did in practice to implement knowledge-building pedagogy. In this 
study, the longitudinal and multifaceted data gathering provided essential 
insights for several purposes: for broadening the ideas of teacher orchestration 
and the practicalities of implementing knowledge creating inquiry across
longitudinal efforts.

Although the design-based research approach has become a widely accepted 
tool in educational research field, there are challenges that must be 
acknowledged. Design-based research interventions are set in complex real-
world settings which aim to provide practical solutions for real life needs. There 
are many factors and changes that cannot be controlled, and the enacted design 
in real-world situation often functions differently from that intended (e.g., 
Engeström, 2011). However, the elements in the setting need to be observed 
carefully and analyzed systemically in order to notice trajectories between the 
elements (Collins, Joseph, & Bielaczyc, 2004, Kangas, 2014; Sandoval, 2014). 
On the other hand, design-researchers have been warned of unfalsifiability (Juuti 
& Lavonen, 2006). The challenge is to define what is counted as evidence of the 
success in the design while development of the social practices in the setting 
may take years, especially when the change involves newly generated 
dispositions in the learning setting (Hakkarainen, 2009; Juuti & Lavonen, 2006; 
Kangas, 2014; Lemke & Sabelli, 2008). 

In the present study, we were interested to gain knowledge and understanding 
from the practical realization of a longitudinal knowledge-creation process that 
had remained unexplained in earlier studies. This was not the first time the 
teacher had used progressive inquiry as a guideline. She had already started to 
develop her inquiry guidance practices before the Artifact project in another 
class. The teacher had also undertaken a small project based on the same 
approach with the present class, thus the students had some understanding of the 
main ideas in progressive inquiry. However, the teacher was in a new situation 
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in the present project when deepening her understanding of knowledge creation 
principles with the researchers, broadening the classroom activities from 
historical inquiry in the first phase of the process, through studying physical 
phenomena in the second phase of the process, towards design process in the 
third phase, and using the Knowledge Forum database. However, a limitation of 
the present study was that the progress of students’ inquiry was not addressed. 
Their process has been analyzed elsewhere, concentrating on their design
activities. From the students’ perspective, their learning processes were deep and 
wide-ranging. Topics such as 7th grade physics were covered in the 5th grade, 
and the students seemed to develop a strong sense of identity and agency which 
enabled them to see themselves as capable of improving ideas and creating 
knowledge (Kangas, 2014).

In the present design-based research intervention, the teacher’s role was 
notable and pioneering in many ways because of the mutual efforts between the 
teacher and researchers. The aims in the research setting were created in a 
research-practice partnership between the teacher and researchers in mutual 
collaboration; the teacher was the active agent in the process (Coburn & Penuel, 
2016). The teacher participated in planning the data collection by offering help 
to estimate in collaboration with researchers when to videotape the essential 
sessions of the project. In addition, she was willing to allocate time in writing up 
project diaries that created the essential perspective for analyzing the collective 
inquiry process. Another limitation in this first-generation intervention was that 
only one teacher participated in it. The locally-developed practices that 
supported the knowledge creating inquiry and design learning stayed within the 
same classroom although the teacher put effort into spreading these practices 
inside the school. On the other hand, the results gained from the present iteration 
offered ideas for future studies (e.g., Riikonen et al., 2018).

In design-based research, there are similar challenges in collecting, selecting 
and analyzing data that can also be found in case study research (Juuti & 
Lavonen, 2006). The researchers need to ensure that the data collection method 
covers the phenomenon researched, the data selection is justified, and the 
analysis reliable (Juuti & Lavonen, 2006). The data used in the present study 
were gathered from the longitudinal Artifact project. The setting was approached 
by gathering large quantities of various kinds of data. For the present study, only 
those data that were relevant for understanding the teacher’s guidance processes 
from various perspectives were selected. In addition, parts of the data were 
selected according to the research questions through iterative cycles of analysis. 
The data used in the present study consisted of the teacher’s project diaries, 
video recordings and the Knowledge Forum database. The teacher’s activity 
diary created the overall picture from the project that was complemented with 
the results from the database. The teacher’s reflective diaries offered the view of 
the teacher’s processes, interpretations and designing in the background of the 
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project. The teacher’s realized (enacted) practices were detected with the help of 
video recordings. Each of the data sources offered the complementary 
perspective to the teacher’s longitudinal orchestration process strengthening the 
reliability of the interpretations. The data gathered from the Artifact Project have 
also been used and analyzed in a parallel dissertation concerning elementary 
students’ collaborative knowledge creation and design process (Kangas, 2014; 
Kangas, Seitamaa-Hakkarainen & Hakkarainen, 2007, 2013a, 2013b, 2013c). 
These analyses included data that had not been used in the present study (i.e. 
residual video and most parts of the database material). However, jointly these 
analyses complement the understanding of the Artifact project in verifying the 
trustworthiness.

As a particular analytic tool, this study adopted visual methods to analyze the 
temporal trajectory of events. The application of CORDTRA diagrams 
supported the chronological analysis (Hmelo-Silver, 2003; Hmelo-Silver et al., 
2008; 2009a; 2009b; 2011). This approach visualized the trajectories of all the 
events during the project. The data visualization technique was used to express a 
developing sense of time and the transition between orchestration events used 
during the teacher’s orchestration through different timescales during the 
different episodes and project phases (see also Lehesvuori, Viiri, Rasku-
Puttonen, Moate, & Helaakoski, 2013). Similar analyses will provide new 
opportunities for other multiple timescale studies. As Klette (2009) and 
Lehesvuori and colleagues (2013) suggested, it is valuable to consider multiple 
levels of analysis in order to establish complementary and reliable 
interpretations.

In the present study, the aim has been to give the reader a full account and 
understanding of the context and detailed description of the qualitative data 
analyses with their interpretations. In addition, the relationships between the 
different timescales (Lemke, 2000) that shed light on the complex system 
orchestrated by the teacher were addressed (Klette, 2009). Data triangulation and 
inter-coder reliabilities have been used to ensure reliability. On the other hand, 
the aim of the present intervention and context-depended knowledge has not 
been to obtain generalizable results as such, but to gain knowledge that could 
help to advance the original aims, i.e., educational implementation of 
knowledge-creating inquiry, across future educational transformation efforts. As 
noted by Bielaczyc (2013), the aim of the design research is not necessarily to 
offer end results. Creating and refining designs offer the means to improve 
understanding (Bielaczyc, 2013). As referred to in some of the original 
publications in this study, only with context-dependent knowledge we are able to 
develop our level of pedagogic expertise and understanding of the educational 
theories in different contextual settings. The knowledge from the different 
contexts contributes in the multilayered understanding of the phenomena 
(Bielaczyc, 2013). By iterating and improving the critical features in different 
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knowledge creation settings, the weaknesses and failures can be further 
eliminated round by round when applying battle-tested pedagogic ideas in new 
settings. If the results gained are not falsifiable, they are eliminated from the 
further iterations (Bell, Hoadley, & Linn, 2004; Juuti & Lavonen, 2006). Further 
iterations based on this study are reflected and further suggestions developed in 
the last chapter.

The longitudinal data gathering enabled study of the longitudinally emergent 
process. The longitudinal data gathering also allowed for the explanation of the 
different nature of the three iterations of the project phases when carrying the 
specific types of inquiry activities within past, present, and future phases of the 
Artifact project. However, the basic structures and convention did not change. 
Learning researchers tend to analyze the short-term social processes more: 
conversation, negotiation, or classroom lessons – the events that are easily 
captured and defined (Lemke, 2000; Reimann, 2009). The activities and 
processes that last for months or years are challenging, because there are more 
factors affecting the trajectories (Reimann, 2007; 2009). Lemke (2000) has 
highlighted how students participate in learning processes in multiple timescales. 
Lemke and Sabelli (2008) explained how we have limited knowledge of the 
teacher’s guidance in cumulative, collaborative learning processes that are
sustained over longer periods of time. There has been a paucity of longitudinal 
analysis that would capture the processes in complex settings or interconnect 
actors, practices and events across time (Lemke & Sabelli, 2008). On the one 
hand, one limitation in this study is that there was no small-scale analysis of how 
the teachers’ speech or discourse patterns shaped the learning situations (Klette, 
2009; Lehesvuori, & al., 2013; Myhill, 2006). More rigorous analysis would be 
needed to reveal how the interaction built on or hindered the various phases of 
the longitudinal inquiry. For example, the external support or practicing would 
have been needed to help maintain the students’ awareness of how they are 
talking and working together, as in the Thinking Together program activities 
(Dawes, Mercer, & Wegeriff, 2003; Mercer, 2008). On the other hand, the aim 
of the present study was elsewhere. The strength in this study has been in the 
opportunities provided to follow the teacher’s longitudinal process and reasoning 
analytically for the purpose of tracing the teacher’s emergent process, reasoning 
and solutions when orchestrating knowledge creating inquiry. That was possible 
by offering the view of the process from several perspectives and using the data 
to examine various aspects of the process: describing the overall project 
activities, the teacher’s guidance activities, and offering project trajectories on 
which the teacher’s solutions were grounded, with the help of the teacher’s 
reasoning.
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7.2 Implications of the study
Over the past couple of decades, the global and national educational reform 
movements have been calling for the development of creative problem solving 
skills and collaboration for creating solutions and knowledge worth for the 
community (Chan, 2011; Wagner, 2019). Investigative practices in learning and 
creating knowledge and innovation are regarded as elements for living one’s 
own kind of life and bringing new opportunities to living (Wagner, 2019). These 
skills are crucial when solving the societal and global problems that we are 
facing. The efforts to change have been taking different forms in different 
countries around the world (Chan, 2011; Pietarinen, Pyhältö, & Soini; 2019; 
Pyhältö, Pietarinen, & Soini, 2012, 2018). In Finland, the ongoing reform has 
been supported by the new Finnish National Core Curriculum for Basic 
Education that emphasizes inquiry skills, phenomena-based learning and 
students’ self-directiveness. The curriculum was launched in 2014 and 
implemented in classrooms during 2016. The basis for the curriculum has been a 
response to concerns that point out how Finnish students have been less 
frequently engaged in design- and inquiry-based collaborative activities in 
science classrooms than students in other OECD countries (Lavonen & 
Laaksonen, 2009). In addition, despite the curricular guidelines, Finnish schools 
have been relying too much on narrow textbook assignments and routinized 
tasks, solving of problems which do not require in-depth knowledge, 
collaborative competencies, or well-informed use of technology (Norrena, 
Kankaanranta, & Nieminen, 2011). Even the best students tend to use 
knowledge mainly in a reproductive way in accordance with restricted learning 
tasks.

The aims to implement ideas of knowledge creation, collaborative inquiry, 
and design learning, and create corresponding activities with longitudinal efforts 
even in elementary level classroom were among the pioneering ideas when the 
present research project was being established. At present, owing to the new 
curriculum, similar aims to those being researched in this dissertation are being 
interpreted, tested and implemented across the Finnish educational system.  
Teachers have also been long feeling demands for more creative and 
collaborative education, but they are not always well equipped to achieve the 
aims (Hämäläinen & Vähäsantanen, 2011). The developmental processes for 
implementing novel pedagogic practices are slow and need extensive resources 
and support. As the present study has shown, orchestrating sustained knowledge 
creation processes and inquiry activities is demanding – the success of the 
projects (and associated series of lessons) rests on all participants being 
supported by the teacher. Orchestration of such long-term projects requires a 
totally different effort than those that are based on short-time assignments. The 
reward from the efforts of succeeding in creating supportive classroom practices 
and getting the students to accept responsibility for the collective process and 
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community comes slowly. The challenge still is to facilitate the change of 
mindsets towards supporting the skills of knowledge creation instead of learning 
accurate content and supporting the creation of knowledge creating community 
that would be aimed at object-oriented collective development (Paavola & 
Hakkarainen, 2014).

However, a teacher’s practical work needs the inspiration of successful
teacher practices and ideas how to support the change of the disposition in 
ordinary classrooms. The present study concentrated on the teacher’s practical 
work. The main aspects of the results from the teacher’s work are addressed and 
discussed in the following paragraphs. 

First, when supporting knowledge creating inquiry activities, the students 
need teacher guidance and should not be left alone. In the present public national 
newspaper discussion about the new curriculum, worried voices have been 
raised about how the children are abandoned “to decide what to learn and how”. 
Specific approaches to learning are not mentioned in that discussion, but it 
resembles an argument against student-centered inquiry approaches with 
minimal guidance, through which novice performers are experiencing cognitive 
overload (Kirschner, Sweller, & Clark, 2006). According to the present study, 
the teacher’s support was highly essential and without it the students could not 
have proceeded in their inquiry to move from shallow and factual knowledge 
towards deeper level processes of searching and understanding the phenomena 
being investigated. If the students were not seeking deeper understanding or the 
explanations or their own theories remained superficial, the teacher guided them 
in revisioning the process. 

When responding to the students’ ongoing needs, the teacher needs to follow 
the process carefully and balance between supporting flexibly the students’ own 
ideas and structuring and tightening the guidelines and her own role when urging 
and directing the students to achieving the outcome sought. Serious inquiries are 
object-oriented rather than totally open-ended in nature and this affects the 
nature of teacher guidance as well. The teacher in the present study was the one 
recognizing the promising paths and ideas in the students’ classroom work and 
Knowledge Forum notes, if the students were unable to do that. The aim of the 
knowledge-creating inquiry is to expand the investigated phenomena and objects 
of the process and support the students’ authority when making plans about how 
to do that. However, when the teacher has a class full of students, she needs to 
regulate the process and aims within the context. The challenge for the teacher is 
to focus on the activities and create structures for the process, with the help of 
the students. In the present case, the teacher used several task structures by 
supporting the process at different levels. She maintained their longitudinal aims 
and guided the open-ended inquiry activities across the project. When noticing 
the important features in students’ questioning or explanations, she 
simultaneously offered the topic to all of the students to examine by generating 
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more open-ended challenges (e.g. task considering light), and by having more 
limited and scripted tasks to answer to the students’ questions (e.g., an electricity 
tool kit or magnetism tasks).

All the differently achieving students were kept in the process when the aim 
was to build collective knowledge and artifacts. They were organized to work in 
teams that were heterogeneous, consisting of different genders and interests, in 
order to provide opportunities for all the students to engage in creative 
collaboration. When organizing phenomena-based learning projects, the students 
are often led to work in groups or individually around the topics that are not 
linked towards the collective aim and the intended community level 
achievements are not reached. If the collective focus and guidance are missing, 
supporting and following several totally different inquiry projects may be 
challenging. A practical challenge emerges concerning how to allocate teacher 
guidance and support several lines of inquiry. Sometimes the case is that in the 
cyclical deepening of the processes, considering several topics in one classroom 
may become impossible and the differences between the students might become 
more visible. While knowledge building is a common theme in small-group-
based research, the focus on collective cognitive responsibility (Scardamalia 
2002) for knowledge creation for communities often needs to be further 
cultivated. Otherwise, the student responsibility may be developed only by high-
achieving students and the community-level learning and skills would not 
become developed.

The results suggest, that to focus on the process, the teacher needs to act as a 
link between the several levels, tasks, and processes by orchestrating the 
interplay between different activities and social processes and maintaining the 
different time scales of the project. This kind of longitudinal orchestration of
knowledge creating inquiry is oriented to the emergent collectively built object-
oriented process (Paavola, et al., 2004) that brings the parts of the process 
together. The orchestration in the present study was not based on completing
pre-set inquiry procedures. In addition, it was not only adapting the plans made 
in the background of the process and improvising in timely activities. In the 
present case, the knowledge work performed in teams and collective classroom 
episodes were all embedded in the long-standing trajectories of building on the 
students’ ideas and inquiries with the help of the teacher. The networked 
learning environment gathered the process phases together and mediated the 
achievements made at different levels and time scales between the participants. 
Maintaining the process between different time scales and project trajectories 
towards collective aims of the longitudinal inquiry demanded temporality of 
orchestration. The present study showed how the process was advanced and the 
teacher was needed in maintaining and providing contingent support for the 
process in and between different time scales (Lemke, 2000; van de Pol, Mercer, 
& Volman, 2019). For example, the momentary here-and-now activities in order 
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to finalize one inquiry procedure, the inquiry sessions that advanced the cycles 
of certain investigations, and separate inquiry cycles, that were responding to 
their past activities and predicted their future activities were all present in 
teachers’ longitudinal orchestration.

Finally, in order to guide the emergent aspects of the process, the teacher 
needed to keep and maintain the several ongoing practices at hand. The 
epistemic process was not the only process to be developed. The reflective, 
social, and pragmatic aspects of the process were retained, and discussing them 
formed the routines or conventions for participants to rely on. Maintenance of 
these processes helped the teacher to interlink the efforts across extended time 
frames, interconnect the different lines of inquiry, and synthesize results of the 
ongoing inquiries. The results suggest that it is critical to engage students in 
work with object-oriented artifacts and improvement of their ideas, but along 
with the epistemic process with its practices, it is essential to develop practices 
such as reflective, social, and pragmatic practices, through which the process is 
carried on (Hakkarainen, 2009), and that engage also the students to realize the 
different temporal ongoing processes. The technological and material tools are 
all linked with the practices that maintain the ongoing development of the 
process.

Overall, the results show how the teacher in the present study was 
experienced in guiding the students in several ways, even if the aim of the study 
was not to have results from expertise. Teaching and guiding learning is 
multilevel and complex work, and the expert knowledge areas it requires, such 
as technological, pedagogical and content knowledge (Mishra & Koehler, 2006), 
are hard to separate. However, the present teacher was already using a range of 
technological tools in her teaching and she was familiar with the aims of 
progressive inquiry and knowledge building. She was also familiar with several 
content-related aspects of the inquiry and used experts’ support (museum guides, 
lightning designer) as resources in the process. In addition, even the use of the 
Knowledge Forum environment was new for the teacher, she was adopting the 
options for the projects’ aims and practicing its usage with the students. In the 
longitudinal project, the environment acted as in-built tool during the inquiry 
activities. In addition, even the collaborative learning environment supported the 
co-constructive process and creation of shared object, the teacher was the one 
establishing pedagogically productive routines and practices for its usage as the 
support for knowledge creating inquiry activities. 

The new curriculum and prevailing trends in research-based pedagogic 
solutions emphasise technology in diverse roles in the teaching and learning 
process (Hämäläinen, Kiili, & Smith, 2017; Valtonen, et al., 2019). However, 
use of technology often supports the existing educational structures and methods 
and does not itself work as a catalyst for educational reforms (Lakkala & 
Ilomäki, 2015). On the other hand, the research has addressed the teachers’ 
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pedagogical knowledge base and sensitivity to complex interactions between 
technology, pedagogy, and content. This takes extensive growth, when engaging 
in the processes that employ new tools and practices (Hämäläinen, Kiili, & 
Smith, 2017; Mishra & Koehler, 2006). Along the same line, several studies 
have followed the idea that a teacher’s good technological skills will allow the 
flexibility to support pedagogically meaningful solutions (Lakkala & Ilomäki, 
2015; Looi & Toh, 2014; Valtonen, et al., 2019). Instead of concentrating on the 
technological procedures, fluency in technology releases the capacities for 
supporting students’ agency and idea generation, collaboration, and the overall 
goals of the learning process that are essential principles when orchestrating 
longitudinal collaborative inquiry (Hämäläinen, Kiili, & Smith, 2017; Lakkala & 
Ilomäki, 2015).

7.3 Suggestions for the further studies
The present study offered a perspective on how the teacher managed to 
orchestrate longitudinal knowledge creation process interlinking the several 
aspects of the trajectory together. When proceeding in the 21st century, we need 
to renew our comprehension of teaching, learning, and developing knowledge.
More studies are needed that would bring understanding from the methods of 
supporting knowledge creation and creating novelty, innovation, and associated 
personal and social competences. However, the development of the schools and 
classroom practices that would follow knowledge creation need support from the 
several levels along with good teacher know-how. The day-to-day collaboration 
and classroom operations, productive collaboration between teachers and 
schools, and the governmental and institutional decisions should be supportive in 
order to create opportunities for scaling up the practices of knowledge creating 
classrooms (Chan, 2011).

At present, in addition to curricular reform, the schools are experiencing 
simultaneous challenging reform efforts that take time and govern the teachers’ 
work. It would be essential to allocate school resources so that the collegial 
collaboration between teachers in terms of collective planning is allocated 
enough time, and the practitioners should have an opportunity to create a 
professional learning community with an innovative spirit, common pedagogic 
grounds and mutual trust (Hämäläinen & Vähäsantanen, 2011). Otherwise, the 
tightening time constraints may restrict professional interests, creativity and 
work satisfaction that are related to opportunities to develop teaching or new 
work methods (Eteläpelto, Hökkä, Paloniemi, & Vähäsantanen, 2014; 
Hämäläinen & Vähäsantanen, 2011). If we want to create opportunities for 
changing school learning, we should organize the time needed for designing
teaching, collaborative ideation and reflection on action between teachers. The 
teachers participating in developmental projects the aim of which is to create 
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new practices or starts should be supported by reducing work hours, not only by 
covering the occasional costs of substitute teachers. The resources allocated 
should not concern only the energetic expert teachers but also the teachers who 
have been too busy to try out new approaches or have been working alone.

While progress goes on, we still need ideas about how to scale up the good 
practices and innovations created and sustain the change (Bielaczyc, 2013; 
Chan, 2011; Sawyer, 2015). There have been discussions about how research 
should play a more profound role in improving educational practice in 
classroom, but researcher-designed interventions tend not to reach stable 
changes or effects in practice if the researchers’ and teachers’ aims are 
discordant (Coburn & Penuel, 2016; Juuti & Lavonen, 2006; Pernaa & Aksela, 
2013). The research-practice partnership seems to offer promising tools and 
results for overcoming the previous challenge (Coburn & Penuel, 2016). This 
mutual partnership when developing the interventions in the contextual setting 
have shown positive outcomes when aiming to change people’s thinking, 
activity and practices (Coburn & Penuel, 2016). The joint transformative 
educational efforts should be directed toward challenges that improve the quality 
of education, foster the flourishing of learning, teaching and undertaking 
research, and provide shareable outcomes.

The investigation in the present study is a precursor to the following next 
generation of studies, in which the integrated design and making activities have 
been providing opportunities to bring together STEAM (Science, Technology,
Engineering, Arts, and Mathematics) subjects and the elements of maker-culture 
(see Andersson, 2012; Kangas & Seitamaa-Hakkarainen, 2016; Seitamaa-
Hakkarainen & Hakkarainen, 2017, 2019) in Finnish schools (Riikonen, 
Seitamaa-Hakkarainen, & Hakkarainen, 2018). The interventions have been 
parts of the Laboratory of Co-Inquiry, Co-Design, Co-Teaching, and Co-
Regulation (Co4-Lab) and Growing Mind projects, the aim of which was to 
engage students in collaborative efforts to invent complex tangible or intangible
artifacts in ten schools and six day-care centers (Riikonen et al., 2018; Seitamaa-
Hakkarainen & Hakkarainen, 2019). In each school, these co-invention 
processes rely on several collaborating teachers that jointly pursue pedagogic 
innovations supported by a research-practice partnership that assists in 
coordinating the processes and sharing expertise across schools and providing 
appropriate academic and professional facilitation and guidance during the 
process. One aim has been in basing the practices developed in collaboration in 
the local context with the help of the participating teacher network. The teachers 
are the ones who design what and how to do, and the priority is set on solving 
real-life problems and supporting the development of teachers’ transformative 
agency. The theoretical ideas, pedagogical models or technological learning 
environments need to be balanced according the contextual setting.
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Severe emphasis has also been placed on digital strategies in order to support 
the change from teacher-centered approaches to learner-centered ones. However, 
implementation of digital tools should not focus only on technology, but on 
practices to make the technology and tools part of the innovative learning 
processes. The technology support used in the present intervention was 
extremely valuable for enabling the collaboration and support of object-oriented 
processes between the participants. However, in the present time perspective, the 
areas of computer supported collaborative learning (CSCL) are being broadened 
with participation in communities where the contributors engage in collaborative 
knowledge construction and in designing and adapting technologies to their 
needs (Fischer, 2011). These rapidly evolving socio-technical environments 
along with the other forms of social media create new opportunities to taking 
part in the larger knowledge creating world (Scardamalia & Bereiter, 2016). On 
the other hand, the use of generic social media also create tension with CSCL’s 
traditional focus on specialized applications for collaboration (Stahl & 
Hakkarainen, in press). Stahl and Hakkarainen (in press) ponder how generic 
social media promote the exchange of personal opinions rather than supporting 
intersubjective processes of knowledge building in domains like argumentation, 
sciences and mathematics. The new applications leave more space for the 
teacher’s agency, but as Scardamalia and Bereiter (2014) underlined, any 
communication technology may be a medium for community knowledge 
building if it allows ideas to be represented and preserved in a comprehensible 
form to others and allows for revision and discussion. However, the challenge in 
education is getting students and teachers up to that level. The knowledge-
creation research field does well in mapping the solutions developed for 
supporting the collaborative object-oriented processes within the changing 
technologies.

Finally, we need to be inspired and offer resources for trying new ideas and 
develop our schools so they can respond better to the surrounding changing 
society and for the future needs of learning and development. The change toward 
principle-based knowledge creating classrooms needs the teachers with deep 
understanding of principles of knowledge creation and abilities to apply 
technological support or tools for realizing them. It also requires fluent expertise 
from the teacher, but most importantly, the contextual understanding of the 
students as individuals and community. Essential in the success of collective 
work within a classroom community is to sustain practices, routines and 
specification of social and technical elements that support and channel the 
students’ activities in a way that elicits participation in collective efforts 
(Hakkarainen, 2009). However, the most crucial element is to support the 
students’ belief in their own strengths and support the feeling of belonging and 
being an important part of the community. The teachers are at the heart of 
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creating this culture and orchestrating the interplay between different activities 
and social processes in the changing learning situations.
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