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Promoting Knowledge Practices in Upper Secondary Schools:  Case 

Studies from Finland and Bulgaria 

This exploratory case study was conducted in two upper secondary schools in Finland 

and Bulgaria. The aim of the study was to investigate how to apply trialogical design 

principles could be used to improve students’ knowledge work competencies, and 

teachers’ re-structured obligatory courses following pedagogical design principles for 

knowledge creation practices. The courses were organised in the form of students’ 

collaborative inquiry and project work. The research questions focused on the 

implementation of the design principles, students’ self-assessed learning of knowledge 

work competencies and the experiences of students and teachers. The main data 

consisted of students’ self-evaluation answers to a pre-questionnaire (N=76) and a post-

questionnaire N=52)  , and teachers’ (N=4) plans and interviews. The results showed 

that students’ experiences were positive, but they also found shortcomings in their 

knowledge work competencies. The teachers were also satisfied with the experiences, 

but they found problems in teachers’ collaborative planning at the end of the process 

(in Finland) and in organising student teamwork and in reporting the contributions (in 

Bulgaria). The set of design principles was useful as a collaborative guidance tool for 

the teachers’ planning, and in these two cases, the form of an inquiry learning and 

project work. However, the teachers need practical guidelines to implement the 

trialogical design principles. 
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Introduction 

There has been criticism that upper secondary school students do not have the necessary 

competencies to undertake further education and to cope in the work, such as information 

processing, teamwork, communication, presentation or digital competencies (Hautamäki, et 

al. 2012; Kiili 2012; Lundahl et al. 2010; OECD 2010; 2015). The terms used to describe 

these general competencies vary: they are called, e.g., 21st century skills (see Voogt & 

Roblin 2012; Hilton 2012), future competencies or skills, generic competencies, key 

competencies (Kearney 2012; Westera 2001), or knowledge work competencies (Muukkonen 

et al. 2017). These terms show that the content of the phenomenon is still evolving and that 

there is not yet a generally accepted term nor consensus about the content (Hilton 2015). 

Nonetheless, the terms are close to each other in relation to what individual competencies 

they include. In this study, we use the term ‘knowledge work competence’, and we refer to 

knowledge, skills and disposition to act, study and work intentionally and effectively both 

individually and with others in a range of contexts. Knowledge work competencies enable 

complex problems to be solved and involvement in creating knowledge and novel solutions 

by using the community’s collective technology-mediated efforts (Ilomäki et al. work in 

progress).  

Studies concerning learning various individual competencies indicate that complex 

competencies only evolve through extensive, repeated, versatile, and long-term practice, 

which should be enabled in varying instructional contexts throughout the study years (Kay 

2009; Lakkala, Ilomäki, and Kantosalo 2011). For example, in their study about learning 

information literacy skills by a process of Guided Inquiry, Heinström and Sormunen (2018) 

stated that it is important to reserve time to create students’ interest and ownership, and to 

develop a genuine open research question for exploring a topic. In addition, it is necessary to 

structure and focus the process rather than focusing on outcomes. In our study earlier 



 

 

(Ilomäki, Paavola, Lakkala and Kantosalo 2014), based on a review of digital competence, 

we suggested that digital competence develops in problem-oriented, technology-rich and 

long-term settings in which technology is used in a meaningful context, and a range of 

technological tools are used in integrated ways.  

Several initiatives and ideas have been set up to promote the acquisition of relevant 

general competencies at secondary level, including the following: 

(1) Suggestions for increasing enterprise contacts through students working in 

enterprises (European Commission 2012b; Davis and Gueldenzoph Snyder 2009) or 

initiatives to increase entrepreneurship education for improving school-work connections 

between teachers and the external world as well more in-depth cooperation with companies 

(Ruskovaara and Pihkala 2015). In several countries, students have short periods when they 

must work in a workplace but these periods are usually too short to learn competencies, and 

there are no connections to ordinary school pedagogy. Therefore, students’ experiences of 

enterprises might be dismissed at school, although they could offer an option for learning 

work-related competencies (Herring 2011).  

(2) Connections with higher education to improve upper secondary students’ competencies 

provide academic opportunities for cross-fertilisation. For example, in a study by Hammond, 

Karlin, and Thimonier (2010), upper secondary students participated in a biology project in 

university laboratories. Good collaboration and learning outcomes were experienced, but the 

implementation was demanding for both the school and the university. 

(3) Project-based and inquiry learning as pedagogical approaches emphasise students’ 

responsibilities and engagement (Bell 2012; Heinström and Sormunen, 2018; Lam, Cheng, 

and Choy 2010; Pitura and Berlinska-Kopec 2018; Shuptrine 2013; Wang et al. 2011). These 

models are often connected to increasing authenticity and digital tools in inquiry or project 

work processes, as e.g., Pitura and Berlinska-Kopec (2009) described an English learning 



 

 

project work about cultural heritage using digital tools. Other examples of these are learning 

science through one’s own inquiries, as described by Huffling et al. (2014), or using 

microblogs (Rasmussen and Hagen 2015).  

(4) Hilton (2012) connected learning of general competencies to characteristics of 

deep learning, such as multiple and varied representations of concepts and tasks;  

encouraging elaboration, questioning, and explanation; engaging learners in challenging 

tasks, while also supporting them with guidance, feedback, and encouragement to reflect; 

teaching with examples and cases; and priming student motivation by connecting topics to 

students’ personal lives and interests, engaging them in collaborative problem solving. She 

considered whether the same methods also support inter- and intrapersonal skills, such as 

teamwork or self-regulation.  

 However, the various pedagogical practices do not support the development of the 

competencies per se, and detailed pedagogical implementation solutions, adapted in the 

context and students, are needed for successful outcomes (Shulptrine 2013; Wang et al. 

2011). In addition to the challenges of pedagogical practices, the to teach general 

competencies is an organisational challenge for teachers and schools since traditionally the 

curriculum is often theory-based and divided into subjects which are taught by teachers 

specialised in a specific subject. Integrated entities across several domains or projects have 

been rare and occasional. Pedagogical implementation solutions are still missing and there is 

a gap between the requirements general competencies to be taught in upper school and the 

research evidence about how to effect changes in pedagogical practices.  

In higher education, the knowledge creation approach and trialogical design principles 

(DPs) (Paavola and Hakkarainen 2009; Paavola et al. 2011) were created to provide 

pedagogical approaches which promote students’ knowledge work competencies. The 

trialogical design principles are the following: 



 

 

DP1) Organising students’ activities around shared objects. Tasks and activities include 

collaborative work on improving tangible shared objects, such as plans, reports, and media 

products. 

DP2) Supporting integration of personal and collective agency and work through developing 

shared objects. Tasks and work criteria are designed so that learners must take responsibility 

for their own efforts as well as advancing shared goals and tasks. In an ideal situation, the 

requirements combine individual goals with collective goals. 

DP3) Emphasising development and creativity in working on shared objects through 

transformations and reflection. The phenomena are examined by using different forms of 

knowledge and artefact types, such as theoretical constructs, practical work, problem solving, 

discussions, and various media types, as well as by engaging in continuous reflection of 

practices and outcomes. 

DP4) Fostering long-term processes of knowledge advancement with shared objects instead 

of requiring fast outcomes without feedback, versioning and improvements. Developing 

shared objects takes place in sustained, prolonged, and iterative working processes. The 

outcomes and practices have further use for the learners or other stakeholders. 

DP5) Promoting cross-fertilisation of various knowledge practices and artefacts across 

communities and institutions. Fruitful learning practices include influences with external 

communities and organisations and collaboration between participants from separate groups 

and institutions. 

DP6) Providing flexible tools for developing artefacts and practices. Modern digital tools are 

used purposefully and effectively to support collaborative work on shared objects as well as 

to enable flexible mobility and co-construction in various representational forms. 

The results of using trialogical design principles for pedagogical improvement in 

higher education have been promising although it is demanding for the lecturers to apply 



 

 

them in practice, for organisational reasons, time limits or for the teacher’s own 

suspiciousness (Lakkala et al. 2012; Lakkala et al. 2015; Muukkonen et al. 2017; Sansone, 

Cesareni, and Bortolotti 2018; Vasileva and Tchoumatchenko 2014; Vasileva, 

Tchoumatchenko, and Manoeva 2015).  In this study, the major aim was to create such 

pedagogical practices which support upper secondary students’ knowledge work 

competencies.  For this aim, we focused on investigating whether trialogical design principles 

can be applied as implementation solutions in upper secondary education and whether the 

design principles helped teachers to improve and transform their pedagogical practices during 

participation in a development project, as the results and experiences in higher education 

have indicated. A practical aim was also to help schools and teachers with guidelines for 

transforming practices to fill the gap currently experiences in knowledge work competencies.  

To answer these aims, we focused on students’ and teachers’ opinions about the new 

pedagogical practices and students’ evolving competencies during the new or improved 

courses.  

Research Questions 

The research questions were the following:  

(1) How were the design principles implemented in courses?  

 (2) How did students evaluate the learning of knowledge work competencies and 

course experiences? 

(3) How did the teachers evaluate the collaborative planning and realisation of the 

courses? 

Methodology 

The explorative multiple case study consisted of two cases from upper secondary schools in 



 

 

Finland and in Bulgaria. The study has characteristics of design-based research: the 

participating teachers were guided in applying a new pedagogical approach and the first plans 

were created on a theory-driven template. The results of the implementation were 

investigated, the courses were improved, and the design and the implementation provided a 

test bed for a theoretical innovation and was theoretically justified (Cobb et al. 2003). 

For the data collection, we used a mixed methods approach to shed light on the 

authentic and complex phenomena investigated (Newman et al. 2003).  

The Context 

The present study was conducted in the context of an international KNORK project 

(Promoting Knowledge Work Practices in Education, http://knork.info/website/) which was a 

pedagogical development and research project during in 2014–2016. The courses selected for 

investigation were among the first courses of the project and were particularly interesting 

because the participating teachers re-designed the courses with the intention of promoting 

students’ knowledge work competence.  

In both countries, students’ general competencies have become a topic for educational 

discussion. In Finland, the new curriculum for upper secondary schools emphasises 

experiences of learning across subjects, multiple ways of creating knowledge, learning to 

evaluate knowledge, support for multiliteracy skills as well as learning to use digital 

technology in a meaningful, responsible and safe way, both individually and collaboratively 

(Opetushallitus 2015; Krokfors 2017). In Bulgaria, representatives from labour market have 

collaborated with educators to identify the competencies upper secondary professional school 

students should have acquired as the outcomes of their education. They suggested that skills 

such as group work, collaborative learning, networking, learning to learn skills, creative and 

critical thinking, communication, social skills, presentation competence, flexibility, and 

leadership, are all critical for better adaptation to the continually-changing world. 

http://knork.info/website/


 

 

Recommendations for the updated curriculum were developed and the integrated curriculum 

provides students with opportunities to work on tasks and assignments that have a career 

focus (see https://sites.google.com/site/bulgariancurriculum/).  

Educational Interventions 

Three teachers from the Finnish school and one teacher from the Bulgarian school 

participated in a European-level half-day workshop in January 2014 in which they were 

guided in using trialogial design principles (Paavola et al. 2011; Paavola and Hakkarainen 

2009) to restructure or create a course plan. Participants used a design template based on the 

design principles and the trainers commented on their plans. After the workshop, the 

researchers consulted the Finnish teachers a several times before and during the planned 

course. A university manager from the university supported the Bulgarian teachers during 

course transformation.  

The Investigated Cases 

The Finnish Case 

The Finnish school is located in a suburb of Helsinki. It has about 600 students and 54 

teachers. The school follows the basic national upper secondary curriculum, and it has 

implemented a special curriculum emphasising media arts. The school has been active in 

various ICT and development projects. A special challenge for upper secondary level Finnish 

teachers of has been the digitalisation of the final examinations during 2016–2018. Teachers 

needed to improve their digital competence, but especially the pedagogical skills of using 

digital technology in their teaching, and this was a background for this case. 



 

 

Three teachers created an integrated course assignment based on phenomenon-based 

learning (Francis, Østergaard, & Morse 2013). The case combined obligatory courses in 

biology, chemistry and physics. The reason for selecting these three courses was that the first 

upper secondary school courses in these subjects are full of fragmented information and there 

is no time to expand them into an integrated whole. Energy is discussed in all these courses, 

but from different viewpoints. With one joint theme, the students would gain a better overall 

understanding about energy, and they would also some generic work competencies. 

All 67 students from the three courses participated in the process. Teachers conducted 

the courses as previously, but for the students in all courses, there was a common assignment, 

‘Energy in the ecosystem’, as an overall topic of collaborative inquiry. The project lasted for 

seven weeks, as long as the courses, and the project took one-third of the time scheduled for 

the courses. Students also worked at home on the project. The project started with a joint 

brainstorming session about the phenomena. This took place at a schoolyard barbecue while 

creating new ideas. Students formed groups based on their interests of the sub-topics. The 

task the groups had was to create answers and material about the phenomenon they had 

chosen to examine. The groups were supposed to combine all the materials into a larger 

entity to be used as study material in future courses at the school. An expert from a solar 

system company participated in the process by giving an expert lecture to the students in the 

middle of the project. Students used Google documents for sharing and co-authoring material 

and the final product was constructed as a Prezi presentation.  

The Bulgarian Case  

The Bulgarian school is located in Sofia. It has about 550 students and 42 teachers. 

The school follows the basic upper secondary curriculum, and it has implemented a special 

curriculum that emphasises information and communication technologies, system 

programming and computer networking. Because of the professional ICT orientation of the 



 

 

school, all teachers and students have excellent digital competence, and they actively 

participate in many national and international activities in the field. The school is a part of the 

Technical University of Sofia, and some of the school teachers have doctoral degrees. 

Transferring teachers, educational approaches and ideas between the school and university is 

common. Collaborative work contracts between the school and the university enable school 

teachers to participate in research and in international projects. University lecturers and 

experts from industry are involved in guiding students in their school diplomas. The 

Education Law promotes the introduction of innovative schools at which non-traditional 

educational approaches can be used in active co-operation with universities and 

representatives from industry and research institutes. Examples of this are specific technical 

courses with more scientific and academic content taught by university lecturers (Vasileva 

and Stefanova 2014) and a robotic systems course connected to industry (Nikolov 2015).  

Two teachers organised two Computer Aided Design (CAD) courses in electronics for 

eleventh-grade secondary students. One teacher was responsible for the theory, and the other 

teacher was responsible for practice. The courses for the two classes took place in the same 

semester but at a different time.  

In all, 52 students participated in the two courses. The courses took 18 weeks, five 

hours per week, of which two hours were devoted to theory and three hours to practical 

training. The practical training parts of the courses were restructured according to design 

principles. Groups of two or three students had a large project task which was based on a 

sustained work process, a shared work plan and final presentations in groups. For the project, 

students were required to gather information, discuss the problem in a collaborative web-

based environment, analyse and simulate the functioning of a digital or analogue circuit using 

CAD software (SPICE, Orcad and other CAD tools) specialised for circuit design. During the 

work process, students iteratively performed several simulations to analyse designed circuits 



 

 

and refined circuit parameters and characteristics. The three-month-long project was divided 

into several phases for which partially-shared reports had to be prepared. The students 

documented their work at every step of the development process. In addition to the large 

project assignment, students had weekly assignments, which were structured in 12 tasks 

thematically related to the more important theory topics, and these tasks were the milestones 

in the long-term projects. This homework was presented, discussed and analysed in class.  

Students used free cloud service applications: Google Groups areas for sending e-

mails and messages; each team had a workspace in Google Drive; and the project report was 

created in Google Drive as a shared document between the team members and the teacher. 

Each team folder was shared with other teams for commenting on and observing results, but 

without editing rights. Students used also forums, blogs and social media to discuss 

problems. They were encouraged to use other collaborative professional tools: Skype for 

face-to-face and virtual meetings, Google+ for discussions and Google Apps for project 

management.  

Participants  

Sixty-seven Finnish students aged 17-18 participated in the courses. The students were 

ordinary upper secondary school students. The Finnish teachers were aged 32, 41 and 50, two 

men and one woman. They were all familiar with digital technology in teaching. The 

teachers’ subjects were physics, chemistry and biology. 

The Bulgarian students were 16–17 years old. The students were from two classes 

from the computer networking special track. The Bulgarian teachers (both female) were aged 

26 and 56 and familiar with digital technology in teaching. The older of the two was also the 

school principal. She was an experienced teacher and her subject domain was computer-aided 

design, computer networking and digital signal processing. She had also previously 



 

 

participated in national and international EU projects in the field of vocational education. The 

younger teacher was less experienced in teaching but had good competence in using digital 

technology. 

All participants were asked for their permission and they participated in the study 

voluntarily. 

Measures  

The data were collected during the first half of 2014, from January until June. The data from 

the cases consisted of the following: 

Teachers’ preliminary plans for revising or creating a course based on trialogical 

design principles. Teachers created them at the first European-level workshop held on 10 

January 2014. The data from the plans were compared with teachers’ self-reflections to 

provide information about how the actual case was to be conducted. The data were used to 

answer research question 1. 

Teachers’ self-reflections after the course. The Finnish teachers were interviewed in-

group, and the Bulgarian teacher provided written responses to the same interview questions. 

The interview was transcribed, and the descriptions were used to gain a better understanding 

about the implementation of design principles and teachers’ experiences. The data were used 

to answer research questions 1 and 3.  

Additional data reflecting the courses were collected for understanding the context 

and getting an overview of the course. The data consisted of observations in the Finnish 

school in Feb-May 2014 and an article by Stefanova and Vasileva (2014) reflecting the 

Bulgarian course. The data were used to shed light on the interpretations of other materials 

used to answer research question 1.  



 

 

The Students’ pre and post-questionnaires included seven Likert-type statements 

which focused on self-evaluated knowledge and work competencies. These were: Organising 

studies purposefully, analysing theoretically the topics to be studied, discussing with others 

the topics to be studied, taking advantage of common discussions for deepening 

understanding, working in a goal-oriented way in a group, developing productions 

collaboratively with others, and using technology in multiple ways during the collaborative 

work. The post-questionnaire also included two open-ended questions about the experiences 

with the course (what was positive during the course, what was problematic or challenging). 

In Finland, 66 (pre-questionnaire) / 67 (post-questionnaire) students answered, in Finnish. In 

Bulgaria, 52 students answered in English. The data were used to answer research question 2. 

Data Analyses 

Teacher interviews and the students’ open-ended questions were analysed through qualitative 

content analysis by using ATLAS.ti software. 

Teachers’ preliminary plans. The analysis was based on the description of a design 

principle. We compared each design principle with the implementation plan and the teachers’ 

self-reflections. The authors then decided how well the theory-based design principle and the 

practical implementation matched. For example, in the plan, the Finnish teachers wrote about 

DP 1: ‘Student groups of 3-4 persons write to Google Docs information about various 

‘energy’ topics. ...Students read and evaluated other groups’ outcomes in the middle of the 

project. ...the groups’ summaries will be collected into an entity, e.g. as a Prezi presentation’. 

That description showed that students had a shared object in each group, and in addition, they 

had a shared overall object, energy, which the groups investigated from their own points of 

view.  



 

 

Teachers’ self-reflections after the course. The main categories were based on the 

interview questions. The main categories were: Successful issues in general; Problems in 

general. In addition, in the Finnish data, the other categories were data-driven and based on 

teachers’ answers:  Knowledge work practices; Group work; and Changes compared with the 

previous iteration. In addition, the teachers described some of the practical issues of the 

courses which had been in the plans but were now in the solutions after the processes, such as 

the length of the process or the digital tools used, and these clarifications were used to answer 

the first research question.  

Students' pre- and post-questionnaires. Students’ answers to the statements in the pre- 

and post-questionnaires were analysed statistically with SPSS v24; the analysis consisted of 

comparing the means between the pre- and post-statements of Finnish and Bulgarian 

students. The open-ended answers were analysed with ATLAS.ti, an application for 

qualitative content analysis. The items were categorised according to the main questions 

(Positive issues, Challenging or disturbing issues) which made the analysis much clearer. The 

sub-categories were data-driven. Because the Finnish and Bulgarian students worked 

differently, the categories were not the same. The categories, subcategories, and examples of 

categories are presented in the Results.  

 

Results 

The results are presented in the same order as the research questions. 

Implementation of the Design Principles 

The first research question considered the implementation of design principles, as 

summarised in Table 1, concluded from the plans and teachers’ self-reflections. 



 

 

Table 1. Implemented design principles in Finnish and Bulgarian cases 

Finnish case Bulgarian case 

DP1. Organising activities around shared objects 

One inquiry theme Energy for three separate 

courses. Student groups brainstormed issues 

about energy and then chose an inquiry 

issue. Student groups worked on inquiries, 

e.g., about Wind energy, Nuclear energy, 

Renewable energy source, Photosynthesis, 

and Geothermal heat. 

One major project as a kind of customer 

project but created by the teachers for each 

group, supported by weekly assignments, 

also conducted in groups. The outcome of 

the project was a report, produced 

collaboratively. All groups had their own 

project. 

Shared work plan. 

DP2. Supporting integration of personal and collective agency and work through 

developing shared objects  

Inquiry sub-theme according to one’s own 

choice. Constructing the teams based on 

similar interests. Groups were responsible 

for producing written material about their 

theme, but teachers did not follow or 

supervise the contribution of individual 

students for group work.  

Constructing the teams according to similar 

interests. Coordinating team members were 

free to choose a project offering lists of 

projects themes. Students shared tasks 

between team members and there was 

freedom to choose which parts of the 

solution each member contributed. 

Collective responsibility – all members in a 

group should have contributed to the group 

solution. Students reported their individual 



 

 

contribution to the overall project. 

DP3. Emphasising development and creativity in working on shared objects through 

transformations and reflection  

The inquiry project was a longitudinal 

process, and there were several iterations 

demanding reflection. Students worked with 

various types of materials: at the start of the 

brainstorming, students used their layman’s 

knowledge; later on, they used books and 

the Internet as well as expert knowledge 

from the solar energy company. 

Continuous monitoring by students and 

teachers, several iterations, opponent groups 

who comment on each other’s first drafts. 

Weekly assignments supported the 

reflection of the main project.  

Students used theoretical literary sources, 

practical examples and cases.  

DP4. Fostering long-term processes of knowledge advancement with shared objects 

The project was conducted over a seven-

week period, the length of a course, 1-2 

hours / week. 

All materials from the groups were 

combined into a larger entity to be used as 

study material in future school courses.  

The project took 18 weeks, 5 hours / week. 

Outcomes of the weekly assignments were 

used for the longitudinal project. All 

materials from the groups were combined 

into a larger entity to be used as study 

material in future courses of the school. 

DP5. Promoting cross-fertilisation of knowledge practices and artefacts across 

communities and institutions  

Integration of three subjects and three 

teachers as experts; an expert from a solar 

Not emphasised in this project. 



 

 

power company participated in the process 

by giving an expert lecture to the students. 

DP6. Providing flexible tools for developing artefacts and practices  

Mobile phones used for recording the first 

ideas. Open cloud services such as Google 

Docs and Padlet, and the final product was 

constructed with Prezi.  

Open cloud services such as Skype and 

Google tools (Groups, Drive, Calendar, and 

Docs) for sharing and communication. 

Specialised CAD software. 

Table 1 shows that in both cases, teachers had made several changes compared to 

previous teaching methods in order to follow the six design principles. Teachers of the 

two cases implemented the design principles differently: the Finnish case followed the 

ideas of inquiry and the Bulgarian case was organised as a project. All the design 

principles were implemented to some degree (except DP5 in the Bulgarian case). DP1 – 

the key to trialogical practices – existed in both cases. In the Finnish case, DP2 was 

adopted somewhat vaguely, and DP4 was combined with traditional school practices in 

the Bulgarian case. DP6 was implemented especially well in both cases. 

 

Students’ Evaluations of Their Competencies and the Course Experiences 

For the second research question about students’ evaluation of learning knowledge work 

competencies and their course experiences, we used a questionnaire with seven statements 

and two open-ended questions (Positive issues, Challenging or disruptive issues during the 

project). In the following, the results of the Finnish students are presented first, followed by 

the results of the Bulgarian students. 

Finnish Students 



 

 

Finnish students’ answers to the statements are presented in Figure1. 

 

Fig. 1. Finnish students’ answers to pre- and post-statements  

Among the Finnish students, the means of the pre- and post-statements were relatively high 

and the differences of means between the pre- and post-statements were small. The students 

were especially confident of their discussion skills and less confident with their skills of 

analysing theoretically the topics to be studied, and organising studies purposefully.  There 

were no statistically significant differences between the pre- and post-statements. The means 

and standard deviations of the statements are presented in the Appendix 1. 

Finnish students’ answers to open-ended questions. Sixty of the students (91% of the 

participants) answered the open-ended question about positive issues. Seventy positive items 

were mentioned, and the categorisation, number of items and examples are presented in Table 

2. 

1,0 1,5 2,0 2,5 3,0 3,5 4,0 4,5 5,0

I know how to organise my studies

purposefully

I know how to analyse theoretically the topics

to be studied

I know how to discuss with others about the

topics to be studied

I know how to take advantage of common

discussions for deepening my understanding

I know how to work in a goal-oriented way in

a group

I know how to develop productions

collaboratively with others

I know how to use technology in multiple

ways during collaborative work

Pre (N=66) Post (N=67)



 

 

Table 2. Categories of positive issues, number of items and examples of students’ answers to 

open-ended questions 

Main category, n, % Subcategory, n Example 

Learning 39 (55%) Course content, 9 ‘I learned where we get 

energy from’ 

 Difference of the course 

practices to ordinary studies, 9 

‘We were allowed to do 

something different during 

the lessons’ 

 Opportunity for independent 

learning, 5 

 

 Interesting and fun learning, 5 ‘Learning better’ 

 Other 7  

Group work and 

collaboration, 15 

(21%) 

 ‘Group work’ 

Project work, 14 

(20%) 

 ‘Outcomes [and] several 

phases were useful’  

Other: 3 (4%)  ‘No final exam’; ‘I have 

been able to participate in 

the development of 

teaching’. 

 

In the answers to the open-ended questions, students emphasised learning: the content or 

learning in different ways, or simply that learning was fun. In addition, the students’ 

commented on group work, collaboration and project work. Some of the answers even 



 

 

reflected collective resilience, an ability ‘to adapt to changing demands, to recover, and to 

remain vigorous after the changes have occurred’ (Schelvis et al. 2014, 631), as, for example, 

a quotation by a Finnish student indicates:  ‘The topic of our presentation was somewhat 

challenging but we managed even that.’ 

 

In all, 61 Finnish students answered the question about challenging or disruptive issues (92% 

of the participants), and 56 items were categorised into the following groups, presented in 

Table 3. 

 

Table 3. Categories of negative issues, number and percentage of items and examples or 

explanations of students’ answers to open-ended questions 

Main category, n, % An example or an explanation 

Information search: 15 (27%) ‘It was difficult to find the necessary information’ 

Difficult topic: 9 (16%) Concepts or the connection between the details of the 

information was difficult. 

The project work process: 9 

(16%) 

‘We had to start almost from scratch. And it was 

challenging. The background was not created for us’  

Practical organising: 6 (11%) This category is about how teachers had organised the 

practical work for students. This consisted of the time 

limits or having a large student group working at the 

same time (although the same student wrote that this was 

also positive), for example. 

Uneven workload in the 

group: 6 (11%) 

‘The workload was not shared equally among the 

participants’. 

Project technology: 3 (5%) ‘Working with Prezi at the same time with others’ 



 

 

Other: 8 (14%) Boring or uninteresting topic (3), the project disrupted 

other courses (3), not understanding the project (2)  

In addition, 14 students mentioned that there was nothing disruptive. 

The answers to the open-ended question about challenges or disturbing issues were divided to 

many different issues. Information search and difficult topic were probably connected to each 

other: because the content was difficult, it was difficult to know which terms were correct 

and synthesise the knowledge. Project work was new to the students and for that reason, it 

was challenging to organise and to share the workload evenly. 

Bulgarian Students 

Bulgarian students’ answers to the statements are presented in Figure 2. 

 

Fig. 2. Bulgarian students’ answers to pre- and post-statements  

The Bulgarian students evaluated their skills as being ‘good’ in the pre-tests, and highest 

mean was in the statement about discussing the topics to be studied. The means of the post-

1 1,5 2 2,5 3 3,5 4 4,5 5

I know how to organise my studies

purposefully

I know how to analyse theoretically the topics

to be studied

I know how to discuss with others about the

topics to be studied

I know how to take advantage of common

discussions for deepening my understanding

I know how to work in a goal-oriented way in a

group

I know how to develop productions

collaboratively with others

I know how to use technology in multiple ways

during collaborative work

Pre (N=52) Post (N=52)



 

 

tests were especially high in the statements about collaboration: using technology in 

collaborative work, developing productions with others and working goal-oriented in a group. 

The post-test results were higher in every statement, and there were statistically significant 

differences in each pre- and post-statements, p>.000 in all statements except in the statement 

‘I know how to discuss with others the topics to be studied’, in which p=.002. The means and 

standard deviations of the statements are presented in the Appendix 2. 

Bulgarian students’ answers to open-ended questions. Twenty-two students (42% of the 

participants) answered the open-ended question about the positive issues during the course. 

Results of the 22 positive items mentioned are presented in Table 4. 

 

Table 4. Categories of positive issues, number of items and examples of students’ answers to 

open-ended questions 

Main category, N, % Subcategory, N Example 

Learning: 13 (59 %) The content (5) ’Learning new design methods’ 

 Something new (6)  

 Learning for real life (2) ‘The positive things from the 

course is these which give us the 

real view in the world and 

technologies’ 

Group work and 

collaboration 4 (18%) 

 ‘It’s positive that we can learn to 

work collaboratively with more 

people on a same task’ 

Pedagogical 

practices: 3 (14%) 

 ‘The exercises. They are 

diverse’ 

In addition, two (9%) items ‘everything’. 



 

 

The Bulgarian students appreciated learning the contents and learning for real life, similar to 

the Finnish students. The second issue was group work and collaboration, also similar among 

the Finnish students.  

The second open-ended question was about the challenges or disruptions during the course 

and the results are presented in Table 5. In all, 22 Bulgarian students answered the question 

(42% of the participants) and the results of the 20 items are presented in Table 5. 

 

Table 5. Categories of positive issues, number of items and examples of students’ answers to 

open-ended questions 

Main category, n, % Example 

Practical task related issues: 13 (65%) ‘The deadlines and too little time’ (6 

students), ‘Too much homework and little 

time to deal with it’.  

Learning: 3 (10%) ’Independent learning’  

Group work: 2 (10%) ’Group work’ 

Other: 2 (15%) ‘Lacking practice’, ‘It has been challenging 

because it was hard’ 

In addition, two students mentioned that there was nothing disruptive. 

Bulgarian students had fewer issues about challenges or disturbances. The main group 

consisted of practical task-related issues, like time limitations. 

 

Teachers’ Evaluations of the Collaborative Planning and Realisation of the Courses 

The third research question was about teachers’ experiences and evaluation of their course. In 

the following, we have presented categories of the items, the number of items, and examples. 



 

 

The Finnish teachers’ evaluations. The evaluations of the Energy project in general were the 

following: 

Successful issues in general: Six items, which consisted of things such as student 

motivation: ‘I was surprised that they welcomed it so nicely’, the larger entity in general, 

teachers’ collaboration, the use of technology, and having the external expert. 

Problems /challenges in general: 12 items. The problems mainly related to the 

pedagogical implementation, such as not using the contribution of the external expert well 

enough and missing the benefits of cross-fertilisation (4): ‘I missed the view of other 

subjects, we could not see that we should have reserved place for the too large teaching group 

(2); and limited time (2). 

Teachers also discussed pedagogical implementation, describing new practices and 

evaluating them:  

Knowledge work practices: Eight items. Sharing was the issue mentioned most often 

(3), ‘It was new for them to share [everything] from the beginning and they worked on the 

same document’. Other issues mentioned included the longitudinal process ‘Perseverance 

work was totally new to some students’. 

Group work: Seven items. Group work mainly succeeded well: ‘Clearly you can get 

them work by throwing them in at the deep end; nobody becomes distressed, and clearly the 

one working alone becomes more distressed.’  There was also a comment about the unequal 

workload within groups. 

Changes compared with the previous iterations: Four items. The items mentioned 

were more time and in-depth work, external expert, and collaborative writing. 

Teachers suggested several improvements, such as improving the last phase of the 

project, using the expertise of the external visitor or even visitors better, orienting students 

better, and using technology in a more effective way. 



 

 

The Bulgarian teacher’s evaluation. The two Bulgarian teachers conducted the courses but 

only the principal (the theory teacher) answered the evaluation questions.  

Successful issues in general were the division of students in teams of two, the creation 

of a common group for each class for interaction between students and the teacher, the 

creation of a virtual shared space for each team as well as the weekly assignments and the 

long-term project.  

Problems / challenges were the allocation of responsibilities among team members 

and an effective way of reporting individual contributions.  

The teacher’s conclusion was that the new pedagogical practices, including the use of 

virtual environments, supported the development of teamwork and digital competencies well. 

Discussion  

We investigated how the trialogical design principles were applied to improve and create new 

pedagogical practices and courses at the upper secondary level in order to support students’ 

learning of knowledge work competencies, and the students’ and teachers’ experiences of the 

new practices.  

Although the design principles are challenging to implement in schools and 

classrooms, the present studies showed their strength as guiding tools for pedagogical 

planning. As noted by Lakkala et al. (2015), teachers usually emphasise some design 

principles more than others. In this case, teachers adopted the first, third and sixth design 

principles well, but the others were challenging. In the Bulgarian case, the solution of 

creating small collaborative tasks to support the main task (the first DP, shared object), was a 

combination of an open and authentic task and a school task. During the process, it turned out 

that even with good virtual guidance it was difficult for students to cope with the 

development of real-life projects. For this reason, the teachers divided the project into several 

sub-tasks with intermediate results and deadlines. The additional assignments were also 



 

 

collaborative but small ones. This reflects teachers’ trust in traditional tasks in challenging 

situations, which was also noticed by higher education teachers (Lakkala et al. 2015). The 

second DP (Supporting integration of personal and collective agency and work) was also 

adopted mainly in a way that resembles traditional school practices. The fourth DP (Fostering 

long-term processes of knowledge advancement) the adoption was partial in the Finnish cases 

since teachers aimed to use the results for later projects, but this did not happen. The fifth DP 

(Promoting cross-fertilisation of various knowledge practices and artefacts) was taken into 

account in the Finnish case, but not in the Bulgarian case. At both schools, digital technology 

to support the work was used well, which indicates that upper secondary teachers are already 

familiar with digital technology. The realisation of the case was organised in the form of an 

inquiry process (in Finland) and a project work (in Bulgaria). These results are similar to the 

findings of Sansone, Bortolotti, and Buglass (2016), and indicate that it is important to model 

the pedagogical practices in more detail and not only at a theoretical level. 

Students in both countries were very satisfied with the courses, and for both groups, 

this kind of collaborative and inquiry or project work learning was new. The challenges were 

positive ones: they supported motivation and engagement by requiring students to create their 

own solutions in their own work processes. The Bulgarian students’ self-evaluations of their 

competencies after the course were more positive than those of the Finnish students’, but the 

answers to the open-ended questions also revealed the Finnish students’ promising 

experiences. 

 The participating teachers had created several additional activities of applying design 

principles in teaching which were necessary for the successful implementation. However, the 

results may suggest that projects of limited time, even though they are pedagogically sensible 

and well conducted, as in the Finnish case, do not have an effect on learning advanced 

general skills. The Bulgarian case was longer and thus more intensive and probably for these 



 

 

reasons, students’ evaluations were that they had the competencies in question. It is important 

to give students opportunities to experience learning collaboration, learning how to manage 

difficult or challenging situations, and managing them together. It was striking how much 

effort students put into their work and how engaged they were, which resembles the findings 

of Sulptrine (2013) and Hufflinget al. (2014). This might indicate that the challenges of the 

assignments were at an appropriate level. 

Teachers in both countries adopted the new pedagogical practices well and they 

implemented them in their local contexts in a creative way: the Finnish teachers also utilised 

the opportunity for pedagogical guidance during the project, for administrative requirements, 

and they created a new course. Teachers’ collaboration was easy and effective, but the 

collaborative planning decreased towards the end of the process, which caused the project to 

become somewhat unintegrated. The Bulgarian teachers created a work-related project entity, 

simulating work-life practices. For them, it was challenging to allocate responsibilities 

between student team members and to report on the contributions. At the Finnish school, the 

course was conducted again in subsequent years and other teachers started to apply the same 

pedagogical approach (Ilomäki et al. 2017). At the Bulgarian school, the principal and 

another teacher applied the approach to a new course, and the approach was also applied by 

several other teachers (Stefanova and Gercheva 2015).  

The study was a pilot study of only two cases, the participating teachers voluntarily 

decided to create new pedagogical practices, supported by a European project, and 

generalisation for ‘ordinary’ schools is not possible. For that, more research and practical 

experience is needed. One limitation was that the Bulgarian students answered in English, 

which first, probably reduced the number of students who answered the questions, and 

second, reduced the number of topics and the length of the answers.  

 



 

 

Conclusions  

This study shows the opportunities and challenges of design principles, especially the 

second design principle of combining individual and collective assignments and the 

collaborative activities. This needs more examination and practical applications should be 

identified. Instead of using either individual or group tasks, teachers should combine 

meaningful challenges for both the individuals and for the group, and by emphasising 

students having more freedom to make their own choices, reflecting both the individual and 

team process, or by assessment practices. Similarly, the design principle of cross-fertilisation 

is not often used in upper secondary schools but in the Finnish case, it was used; these were 

new practices, but they succeeded. These are promising examples for other upper secondary 

schools. The success of implementing trialogical design principles in these cases was based 

on teachers’ practical solutions which the design principled guided.However, there is a need 

to continue the investigation of classroom-level practices based on trialogical design 

principles in upper secondary school context.  

In this study, the focus was on the pedagogical practices which were also investigated 

from the students’ point of view. From their positive feedback, we may assume that students 

favour challenging activities. The nature and level of challenging activities should be among 

the aims of future research. However, the development of students’ knowledge work 

competencies needs more practicing than only one or two courses, such as in-depth emphasis 

on the curriculum and on pedagogical practices. 

The teachers in Finland and in Bulgaria were the first at their schools to apply the new 

pedagogical approach for creating a new course (in Finland) and for improving an existing 

course (in Bulgaria). Pedagogical improvements and applying new digital tools will always 

be demanding and these pioneering teachers could show examples of success to their 

colleagues. The participating teachers reported that they intended to apply the new practices 



 

 

in their courses in the future, and they would invite other colleagues from their schools to 

share in the development process. In this regard, the results of the experiments are 

sustainable. 

The present study offers an example of revising existing pedagogical practices for 

developing educational practices in upper secondary schools, without major structural or 

curriculum changes. However, to disseminate these practices more widely among members 

of the school community, structural changes will often be needed for there to be pedagogical 

improvements. In this study, the Bulgarian school had considerable freedom to develop new 

practices, but for the Finnish school, the changes are more demanding – but not impossible.  
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Appendix 1.   

Means and Standard Deviations of Finnish Students´ Pre and Post Questionnaires 

Variables 

Finnish students 

Pre (N=66) Post (N=67) 

Mean Standard 

deviation 

Mean Standard 

deviation 

I know how to organise my studies 

purposefully 

3.6 0.86 3.5 0.83 

I know how to analyse theoretically the topics 

to be studied 

3.6 0.63 3.5 0.73 

I know how to discuss the topics to be studied 

with others 

4.0 0.71 4.0 0.70 

I know how to take advantage of common 

discussions for deepening my understanding 

3.9 0.71 3.9 0.70 

I know how to work in a goal-oriented way in 

a group 

4.0 0.60 4.0 0.65 

I know how to develop productions 

collaboratively with others 

3.8 0.82 3.9 0.74 

I know how to use technology in multiple 

ways during collaborative work 

3.8 0.97 3.9 0.76 

 



 

 

Appendix 2 

 Means and Standard Deviations of Bulgarian Students´ Pre and Post Questionnaires 

 Bulgarian students 

Variables 

Pre (N=52) Post (N=52) 

Mean 

Standard 

deviation Mean 

Standard 

deviation 

I know how to organise my 

studies purposefully 
3.4 1.14 3.8 1.04 

I know how to analyse 

theoretically the topics to be 

studied 

3.4 1.00 3.8 0.93 

I know how to discuss the 

topics to be studied with others 
3.8 0.97 3.9 0.86 

I know how to take advantage 

of common discussions for 

deepening my understanding 

3.4 1.01 3.9 0.85 

I know how to work in a goal-

oriented way in a group 

3.5 1.00 4.3 0.73 



 

 

I know how to develop 

productions collaboratively 

with others 

3.5 0.94 4.3 0.71 

I know how to use technology 

in multiple ways during 

collaborative work 

3.5 1.08 4.3 0.73 

 

 


