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Integration of digital technologies influences the traditional educational paradigm. 
Students’ learning behavior moves toward flexible on demand information acquisition. 
New providers of education, platforms, and learning resources emerge more frequently 
with open access and compete with the universities, locally and globally. They offer 
alternative learning forms, which satisfy the new generation of learners’ expectations.  It 
puts pressure on teachers and universities to respond to the changes immediately and 
effectively. 

The work addresses the issues described above by elaborating one learning design: 
flipped classroom. The dissertation aims to extend the flipped classroom understanding 
and its effectiveness. It assists in finding a systematic approach to flipped classroom 
design for teachers. Primarily, this study implies design-based research methods in the 
form of practical experiments in LUT University and conceptual justification. In addition, 
the study is extended by applications of different educational and systematic theories and 
models, like TRIZ, the TPCK theory and the ADDIE model. 

The results evaluate the economic, cultural, technological and design aspects of the 
flipped classroom on different organizational levels. Furthermore, the results of the 
research introduce a systematic approach to course transitions combined with an 
investment model. The approach aims to support teachers in course transition. 

The work can serve as a solid ground for others who are studying flipped classroom or 
need to evaluate the resources, conditions and benefits required for the dramatic redesign 
of education. 
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1 Introduction 
This section introduces the topic of the dissertation, research background, questions, and 
scope, and outlines the key methodologies described in the work. 

1.1 Research background 
There has been a shift in education towards multimedia, computer-based and digital 
learning formats. The needs of learners are being transformed towards more flexible and 
reality-based education. Advances in technology enable new forms of education 
escalation and attract different learning providers. This increases competitiveness in the 
market. To satisfy the needs of the digital natives and follow the trend, universities are 
taking part in the transition of teaching approaches to innovative teaching forms. The 
main question universities and teachers are asking is “How (can we) determine the 
learning environment which works best in specific conditions?” (Sawyer, 2014) 

1.1.1 Trends and policy 

Modern communication technologies mean that life in the modern world is lived in a 
torrent of information. The incessant flow of information and the meaningful contribution 
of digital resources to daily routines is beginning to impact higher education and higher 
education practices. In their university studies, students may feel dissonance if the form 
of education delivery does not match the digital lifestyle to which they have become 
accustomed. According to the results of a study involving 1005 respondents conducted 
by Hanover Research on behalf of McGraw-Hill Education, “the majority of students find 
Digital Learning Technology (DLT) very or extremely helpful in their academic life”. 
Specifically, 65% believed that DLT helps them understand new concepts (McGraw Hill, 
2017). Consequently, and supported by enrolment numbers, students are increasingly 
choosing to learn and acquire new skills through MOOCs and obtain their credits (ECTS) 
and academic degree (Class Central, 2019), i.e., online learning platforms provided by 
private educational organisations. Reflecting this change, enrolments for distance-
learning programmes increased during 2012-2017, while the number of students on 
campus dropped (Allen & Seamen, 2017). Easy availability and simple access to online 
learning has the effect of democratising the education system, which in turn has a 
profound influence on university development. Universities have become players in a 
tough and competitive market that is not regional but global: “Unlike in generations past, 
knowledge itself is no longer scarce” (Wilson, 2013). As information becomes easier to 
access, its value depreciates in the eyes of consumers. Therefore, the university as a pure 
provider of knowledge in the traditional sense is, in most cases, no longer sufficient, and 
greater attention is being paid to the university as an institution where students are 
prepared for future employment and career progression. In response to this change, 
interest in education technologies and new learning designs is growing. 
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In addition, the key characteristics of digital education policies include the improvement 
of infrastructure – specifically, necessary infrastructure – to support the development of 
online courses, teacher support, and focus on innovative teaching and learning (Conrads, 
Rasmussen, Winters, Geniet, & Langer, 2017). This reflects the overall trend in education 
development. 

New learning designs have emerged in this vein, and hybrid teaching approaches, mixing 
different education technologies, have become more popular than traditional approaches. 
For example, the pure lecture as an essential and integral component of the traditional 
approach (Boffey, 1962) appears insufficient compared with the new teaching 
approaches. In most cases, the lecture refers to low levels of Bloom’s Taxonomy, and 
student attention declines significantly after 10 minutes of an unvarying narration 
(Hartley & Cameron, 1976; MacManaway, 1970). Education technology makes learning 
more scalable, personalised and flexible. One innovative learning design in this vein is 
the flipped classroom. 
 

1.1.2 Flipped classroom transformation all over the world 

The flipped classroom is one example of an educational forms and learning design. As 
the name implies, it reverses the traditional approach, where the lecture – in the form of 
video content – is held before the actual class, and class time is dedicated to activities 
(Bergmann & Sams, 2012). The flipped classroom falls into a variety of classifications. 
The paper therefore refers to the flipped classroom as a learning design, learning 
approach, model, theory, concept, method, and methodology. 

According to Google Trends, interest in the concept grew consistently from 2011 to 2014 
and remains noticeably high (Google Trends, 2019). The  amount of research and 
implementation in universities across the globe has increased rapidly, cementing the 
concept in the education community. The first paper about the flipped classroom appeared 
in 2009 (Zappe, Leicht, Messner, Litzinger, & Lee, 2009), under the term “classroom 
flip” and, since 2012, there have been more than 500 articles a year (Scopus, 2019).  
Flipped classroom research authors refer to Lage and Baker as the trailblazers of the 
inverted classroom (in 2000), and Bergman and Sams as the creators of the term “flipped 
classroom” in 2012 (Bergmann & Sams, 2012; Lage, Platt, & Treglia, 2000). The flipped 
classroom approach can be found in every stage of the education system, from 
preliminary school education, higher education, and language learning to business 
education and a range of training approaches. 

Several universities actively integrate the flipped classroom. They initiate flipped 
classroom communities (CEPHEI project, 2018) and projects, entrenching the 
methodology. For example, the first entirely flipped university (MEF University) was 
established in Istanbul, Turkey in 2012.  
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1.1.3 Study designs for a flipped classroom 

The Scopus papers for the term “flipped classroom” are categorised in 12 groups by 
document type, where around 50% are articles (Scopus, 2019). The study sample of the 
most impactful papers in Publication 1 comprises case studies, reviews, theoretical 
articles, and essays. Case studies include experiments which testify to the effectiveness 
of flipped classroom implementation. Most papers report the results of controlled 
experiments that indicate changes in student scores and perception. Most studies compare 
the flipped classroom and non-flipped classrooms, such as traditional classrooms. Essays 
describe a short story informally (Bergmann & Sams, 2012; Goodwin, 2013; Moffett, 
2015; Tucker, 2012; Prober & Khan, 2013). Typically, theoretical articles show the 
refinement, expansion or improvement of a well-established flipped concept (Abeysekera 
& Dawson, 2015; Sharma, Lau, Doherty, & Harbutt, 2015; Lasry, Dugdale, & Charles, 
2014), and the category includes articles with an experimentally tested contribution (Kim, 
M. K., Kim, S. M., Khera, & Getman, 2014). The flipped concept can be expanded using
badges, open resources, lean concepts, MOOCs, and other elements (De La Croix,
Egerstedt, & Mitsubishi, 2014; Forsey, Low, & Glance, 2013; Mehta, Hull, Young, &
Stoller, 2013; Pantò & Comas-Quinn, 2013). Scoping and systematic reviews map the
key components of a topic from the available sources to uncover specific research areas
within a flipped classroom. Bishop & Verleger’s review (Bishop & Verleger, 2013) has
had the greatest impact as measured by citations and has drawn attention to the
pedagogical aspects of the flipped classroom. The next most important work is
O’Flaherty’s review (O’Flaherty & Phillips, 2015), based on 28 case studies from 2015.
In addition, there are systematic explorations of the flipped classroom in medical
education (Betihavas, Bridgman, Kornhaber, & Cross, 2016; Hawks, 2014; Kurup &
Hersey, 2013), chemistry (Seery, 2015), engineering (Velegol, Zappe, & Mahoney,
2015), and information literacy instruction (Arnold-Garza, 2014), as well as a review
considering multidisciplinary fields of study (Zainuddin & Halili, 2016). More coherent
analysis is provided in  Publication 1.

1.1.4 Research gaps and objectives 

This sub-section describes the existing gaps in the research and summarises them in Table 
1, in accordance with the number in the text. It also describes the research goals and 
activities which were undertaken to cover the gaps. The research idea is to move from a 
general understanding of the concept motivated by different gaps to the resolution of more 
specific research problems.  

Despite the increasing interest in the flipped classroom, the elaboration of research and 
design principles remains limited (Kim et al., 2014; Love, Hodge, Grandgenett, & Swift, 
2014). Flipped classroom experiments principally investigate the impact on student 
scores and satisfaction. The growing body of research results in the improvement of 
scores and high student satisfaction. Therefore, a significant amount of research reveals 
the effectiveness of the flipped classroom as a learning design approach (O’Flaherty & 
Phillips, 2015). However, the rigorous review in Publication 1 describes in detail the 
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ongoing research focuses and underlines the limited number of high-quality studies, with 
an accurate statistical analysis of the larger respondent groups or qualitative elaborations 
(1). The varying definitions (2) from one author to another underline the necessity of 
increasing the awareness of the flipped classroom among researchers and practitioners. 
The ongoing discussion of flipped classroom effectiveness, mostly in terms of students’ 
scores and satisfaction, has yet to result in the teaching community’s consent.  

In addition, course transition and the application of any blended learning approach require 
considerable resources from the teacher and, as a result, from the university 
(Dharmadhikari, 2011). However, only a small amount of research involves aspects such 
as cost-effectiveness (3) (Mason, Shuman, & Cook, 2013; Shnai, 2016), and any extended 
type of economic assessment is lacking in the literature. Despite the fact that financial 
predictions are difficult to make, the growing experience of digital content development 
and the appearance of innovative education technology make it more feasible. The cost-
effectiveness of flipped classroom design and the implementation process accompany an 
increase in students’ workload (Davies et al., 2013; Khanova, Roth, Rodgers, 
McLaughlin, 2015), which requires more detailed research and design elaboration. 

The authors raise the problem of evaluating flipped classroom effectiveness. The results 
of any research study depend on the evaluation method. First, using the same instruments 
to evaluate flipped against the traditional classroom is assumed to be a challenge and 
limitation (Lee, 2017). Second, the evaluation of the results does not always guarantee 
that a correlation between the learning process and the flipped classroom will be found 
(Ivala, Thiart, & Gachago, 2013). In addition, it is not always clear the results of the 
flipped classroom are the results of the active or preparatory part (4). Some authors agree 
that the flipped classroom gain is merely the results of its being an active part of the class 
(Jensen, Kummer, & Godoy, 2015). It is therefore crucial to further study the correlation 
between design parameters and learning outcomes. Currently, a lack of design guidelines 
for course activities (Chen, Y., Wang, Kinshuk, & Chen, N., 2014) and design principles 
(Kim et al., 2014) is observed (5). 

The other gap is constituted by the limited studies of the teacher’s perspective (6) (Kurup 
& Hersey, 2013). Although many authors mention the teacher’s perspective in the specific 
study, only a few focus on the researching teacher’s attitude and motivation, which is one 
of the components of successful flipped classroom design. The culturally flipped 
classroom approach means that the teacher is viewed as a guide and instructor (Gilboy, 
Heinerichs, & Pazzaglia, 2015), and the whole process becomes student-centred (Smith, 
2013). However, if the teacher does not aim to change the cultural aspect of their teaching 
strategy, it will be impossible to achieve the potential benefits of the flipped classroom.  

Recent research has considered the flipped classroom not as a stand-alone strategy but as 
a platform for others, comprising different learning strategies (Bishop & Verleger, 2013). 
It is therefore important to study the learning strategies that are used for a flipped 
classroom in different settings and subjects.  
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Table 1. Research Gaps and activities  

 
Gaps Goal  Work Package Activities 

(1) Limited high-quality 
studies. Lack of 
comprehensive research 
model (Chen et al., 2014) 

To find an appropriate 
study design  

-To gather study designs and 
assessment models for the 
flipped classroom   
-To test the research model 

(2) Limited agreement on the 
definition  

To increase awareness 
of the flipped 
classroom 

-To review literature   
-To survey teachers   

(3) Limited information is 
available about the resources 
required for the flipped 
classroom (O’Flaherty & 
Phillips, 2015) 

To create a cost-
effectiveness 
(investment) model to 
predict future expenses 

-To review finances and 
resources, profitability  
-To combine theoretical and 
practical results  
- To test to the model  

(4)  -Difficult to reveal the 
correlations in FC design 
and LO 

To find the existing 
correlations and test the 
new correlation 

-To observe the existing design 
guidelines  
-To conduct case studies and 
collect data  

(5)  Lack of design guidelines  
  

To develop the design 
guidelines and reveal 
the influence of the 
parameters  

-To make a detailed scoping 
review of the flipped classroom 
environment  

(6)  Limited studies about 
teachers’ attitudes   

To support teachers in 
the design    

-To survey teachers at LUT 
university 
-To observe existing course 
designs 
-To distinguish barriers and find 
improvements 

 

A variety of goals is observed which comprise three main research aims. This research 
aims to analyse the flipped classroom as a phenomenon that landscapes the literature. The 
second purpose is to study the design impact on learning outcomes. The understanding 
of the flipped classroom approach is to be enlarged, describing design principles and 
guidelines, and providing metrics for effective course transition and the teacher’s 
perspective of it. The third purpose of this research is to develop a more effective flipped 
classroom design approach. This research addresses those gaps related to the resource-
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effectiveness of flipped classroom implementation as an important part of the redesign. 
In addition, it observes the existing learning design models, such as the ADDIE model. 
Special attention is paid to systematic design. 

In this dissertation, the Flipped Classroom Design Approach (FCDA) is also named as a 
systematic approach to flipped classroom design (SAFC). The main hypothesis is that by 
using a systematic approach following proper design guidelines based on estimated costs 
and other conditions beforehand, it makes it possible to increase the overall effectiveness 
of flipped classroom implementation.  

The study principally contributes experimentally and empirically to the field of Industrial 
Engineering and Management, focusing on TRIZ (Theory of Inventive Problem Solving) 
and partly on Electrical Engineering. The practical contributions of this research are: (1) 
the transition of a number of courses to the flipped, online, and blended format; (2) 
establishing and testing different computer-based learning environments for the 
Systematic Creativity and TRIZ course; (3) the development of the Flipped Classroom 
Design Approach (FCDA); (4) supporting teachers and learning designers to design their 
own flipped classroom online (CourseCrafting, 2018) or in face-to-face sessions using 
FCDA. FCDA has a high value for different stakeholders in education, including teachers, 
learning designers, students, companies, and universities.   

The scientific contributions of the research include: (1) an overview of the flipped 
classroom approach from four main perspectives – culture, design, economics, and 
technology; (2) an examination of the effects of various design variables on student 
learning outcomes; (3) a demonstration of the results of its implementation in different 
courses; (4) the development and testing of the systematic approach for flipped classroom 
design.  

1.2 Research questions 
This research has three objectives: 

Objective 1.  To study the flipped classroom as a phenomenon. 

This objective aims to study the effect and efficiency of the flipped classroom in different 
learning settings. The flipped classroom’s effects on different fields are observed. It 
provides a generalised understanding of the flipped classroom. To meet the objective, the 
following research questions and sub-questions are answered:  

RQ 1. What are the key effects of flipped classroom implementation?  

RQ 1.1. How can the flipped classroom be systemically described in terms of cultural, 
technological, financial, and design factors?   
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RQ 1.2. What are teachers’ awareness of, barriers to, and benefits from the flipped 
classroom implementation?  

Objective 2. To study the design impact on learning outcomes.  

The second research question focuses on design guidelines and existing learning 
outcomes. The parametric analysis describes the flipped classroom as a system. The 
interconnections between design guidelines and learning outcomes are observed in the 
literature and revealed from case studies. 

RQ2. What are the design principles for building a flipped classroom?  

RQ 2.1. What key design guidelines and ideas for the flipped classroom does using TRIZ 
generate?  

RQ 2.2. What are the current trends, gaps and design guidelines for flipped classroom 
implementation?  

RQ 2.3. Which design variables influence learning outcomes? 

Objective 3. To develop a more effective approach to course transition for teachers.  

The third objective is to create a design approach for flipped classroom implementation. 
Following the answers to RQ2, it explores the design alternatives and possibilities to 
create the systematic design approach for flipped classroom implementation. It answers 
three main sub-questions: 

RQ 3. Can we find a systematic approach to course transition from a traditional to a 
flipped classroom?  

RQ 3.1. How can we evaluate the cost-effectiveness of flipped classroom design and 
implementation? 

RQ 3.2.  Could a systematic approach to course transition be suggested?  

RQ 3.3. Does FCDA satisfy the needs of the target audience and increase the effectiveness 
of flipped classroom implementation for teachers? 

1.3 Research scope 
The focus of this research lies between a number of domains and principally meets in the 
intersection of  “Learning Science” and “Systems Theory”, which refer to the “design” 
domain. A design-based research methodology is the core research technique used. In 
practical terms, the work is also extended by investment analysis (Figure 1). 
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Figure 1.  Research scope  

Learning Science is a recent and complex field. The first journal was issued in 1991 
(Sawyer, 2014). It creates a synergy between different fields such as “cognitive science, 
educational psychology, computer science, anthropology, sociology, information 
sciences, neurosciences, education, design studies and others” (Sawyer, 2014). In this 
research in particular, the instructional design and design approaches in combination 
with cognitive science are fundamental to effective learning design and its development. 
Learning analytics reinforces results, going beyond ordinary evaluation instrument types 
such as surveys or performance tests (Baker & Siemens, 2014). Several learning theories 
and learning models support Learning Science in this research.  

Systems Theory is an interdisciplinary study of systems proposed by Bertalanffy 
(Bertalanffy, 1968). According to Systems Theory, a system is a composition of elements 
and groups of elements which interact with each other (Bertalanffy, 1968). The system 
concept plays a major role in education and learning theory. It provides a systematic rather 
than a fragmented approach to learning. A number of coherent tools apply systems 
analysis; one, the Theory of Inventive Problem Solving – TRIZ (Altshuller & Shapiro, 
1956), can be systematically used for course description.  

All the theories and models are elaborated in the “Theories and models” section and 
clustered depending on the area to which they belong.  

1.4 Methodology 
This research applies a combination of various multidisciplinary methods to fulfill its 
complex objectives. Table 2 aligns the objectives with research methods and publications. 
Among the methodologies used for research are the Arksey and O’Malley review method, 
design-based research, surveys, and modelling. The first publication reconsiders the 
subject using Arksey and O’Malley methodology (Arksey & O’Malley, 2005). To cover 
the wide range of problems, a scoping literature review was chosen. It helps to answer 
two of the research questions. To reveal teacher awareness and readiness regarding the 
flipped classroom approach, the surveys are initiated in two different regions, Finland and 
Russia, and the data is analyzed using the quantitative approach. The analyzed data is 
compared to the literature review in Publication 6. The literature review in Publications 
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1 and 6 provide the background for the case study-based approaches. As is shown in the 
Table 2 below, scoping and systematic reviews complement the answers of most of the 
questions.  

The core methodology is a design-based research methodology aimed at creating and 
studying a new educational environment via case studies. Each case study refers to a 
specific course. The first case study is based on the transition of Systematic Creativity 
and TRIZ course in LUT University. The second case study refers to the Electrical 
Engineering subject in the University of Melbourne. And the third one refers to the 
transition of the System Modelling course in LUT university, which has been recently 
started and is not yet implemented in the curriculum. Case study 1 further investigates the 
impact of flipped classroom design (independent variables) on learning outcomes 
(dependent variables) in Publication 4. This case study has a particularly important 
impact on the research because it was conducted over a period of five years. During this 
time, the FCDA was developed using the ADDIE model and TRIZ toolkit models along 
with results from literature reviews and teacher surveys. The FCDA is extended by the 
cost-effectiveness model. In order to test FCDA efficacy, it was implemented in a number 
of courses. In particular, course two and three were designed using this model. 

Although there are a number of research techniques, the case study methodology has 
outweighed them all becoming the leading factor in the research. 

Section 3, “Theories and models”, and Section 4, “Research techniques”, provide more 
detailed descriptions of each method, while Table 7 outlines methodologies, theories, and 
the models used.  

Table 2. Research questions and research techniques 

Research Questions Research 
techniques  

Publication
  

Understanding the flipped classroom as a phenomenon (RQ 1)  

RQ 1.1. How can the flipped classroom be systemically 
described in terms of cultural, technological, financial, and 
design factors?  

Scoping review: 
Arksey & O’Malley  
DBR: Case Study 1 

Publication 1 
Publication 4  

RQ 1.2. What are teachers’ awareness of, barriers to, and 
benefits from the flipped classroom implementation?  

Systematic review  
Surveys   

Publication 6 
Publication 3 

Revealing the design principles for flipped classroom design (RQ2) 

RQ 2.1. What key design guidelines and ideas for the flipped 
classroom does using TRIZ generate?  

Modelling: Course 
design with TRIZ 
DBR: Case Study 3 

Publication 2  
Publication 7 
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RQ 2.2. What are the current trends, gaps and design 
guidelines for flipped classroom implementation?  

Scoping reviews: 
Arksey & O’Malley 
DBR: Case study 1 

Publication 1 
Publication 4 

RQ 2.3 Which design variables influence the learning 
outcomes? 

Scoping reviews: 
Arksey & O’Malley 
DBR: Case study 1 
and 2 

Publication 1 
Publication 4 
Publication 5 

Finding a systematic approach to flipped classroom design (RQ3) 

RQ 3.1. How can we evaluate the cost-effectiveness of flipped 
classroom design and implementation? 

Modelling: 
Investment 
modelling 
DBR: Case study 2  

Publication 1 
Publication 5 

RQ 3.2.  Could a systematic approach to course transition be 
suggested?  
 
RQ 3.3. Does FCDA satisfy the needs of the target audience 
and increase the effectiveness of flipped classroom 
implementation for teachers? 

DBR: Case study 2 
and 3 

Publication 5 
Publication 7 

 

1.5 Outline of the thesis 
This thesis contains six sections, which summarise the article-based research work. Seven 
publications are attached to the thesis (Figure 2). Section 1 is the introduction, in which 
the context of the research is presented with the research gaps, scope, questions and 
methods. Section 2 provides an overview of the flipped classroom and its perspective 
from different domains. Section 3 describes the models and theories used in this research. 
Section 4 explains the methodology, which includes case studies, experimental set-up, 
and model adaptation in the context of this research. Section 5 summarises the main 
results of each publication. Section 6 includes a discussion of the publications and thesis 
conclusions and, in particular, a description of the value, effects, and potential of the 
results subsequently answering each of the research questions. Supportive materials are 
included in the appendices. 

 

Figure 2. Outline of the thesis 
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2 Flipped classroom background 
New learning environments emerge as a shift happens from traditional teaching 
approaches like instructionism (Sawyer, 2014) towards more complex teaching strategies. 
Current students focus on the development of skills and require more elaborated, 
contextual knowledge to solve problems, construct knowledge, create and generate new 
ideas, and take responsibility for their learning rather than merely for operating de-
contextualised facts (Sawyer, 2014). Teachers and professionals seek learning designs 
which can fulfill these requirements, and the flipped classroom is one  

This section extends the understanding of flipped classroom and introduces different 
learning environments both in the digital space and in the classroom. The section reviews 
the flipped classroom from different perspectives: conceptual; design; technological; and 
financial. It also clarifies the benefits, challenges, involved stakeholders and resources, 
and the main learning outcomes. This section also summarises a more comprehensive 
review given in Publication 1 of this dissertation.  

2.1 Concept and design 
To form the landscape of the flipped classroom field, recent papers extracted from the 
Scopus database for the term “flipped classroom” were analyzed.  

Vosviewer software generates a map with a number of sets for the most frequent terms 
found in the title and abstract of selected papers (Vosviewer, 2020). In the case below, 
the 2,000 most cited articles for the term “flipped classroom” are displayed in the form 
of word clusters (Fig. 3). This helps to identify the core features of the visual landscape, 
differentiating topics by color. In the figure, green represents the design part of flipped 
classroom, where the keywords are lecture, in-class part, quizzes. The blue set includes 
the effect of the flipped classroom and a description of the studies, and conducted 
interviews. This set intersects with the blue field on the assessment and results which the 
flipped classrooms bring, like scores or performance. Each study-based paper about the 
flipped classroom contains a detailed description of the study design, the type of 
assessment, and the results. The red part of the map reflects the development process, 
technologies used, and the analytics and resources required for the development.  

The word cluster map shows the most frequent terms and creates the overview of what 
authors primarily discuss in the abstracts. The blue section illustrates that the authors 
frequently used control and experimental groups as a study method. It also shows that 
flipped classroom often brings positive effects and positive attitude. The Appendix in 
Publication 1 verifies these findings, where most of the case studies result in increased 
student satisfaction. In addition, keywords from a blue set show that the primary methods 
used for evaluation of students' results also reflect the results in the scoping review. The 
green set of keywords discloses the elements and format of educational design. Lecture 
is mentioned most frequently, as it is the core element of any traditional classroom, and 
authors of flipped classroom often describe the substitution of lectures. The red keywords 
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underline the term development, as the flipped classroom design and development are 
essential parts of the whole process of transformation. Therefore, teachers describe 
technologies and methods like MOOCs, information technology, trend, and resource. All 
these elements are part of the flipped classroom development process.  

Publication 1 provides the cluster for the 100 most cited papers, which do not 
fully correlate with what was found in Figure 3. Thus, it is hard to conclude that the 
mapping and color segmentation are a robust overview of the papers’ keywords. 
However, it is an initial step toward a more rigorous paper review.  

  

Figure 3. Flipped classroom literature mapping  

The literature has different definitions of the flipped classroom, but the formulations do 
not usually contradict each other. Structurally, two learning environments (LE) compose 
the flipped classroom design: the before class and in class parts. The latter does not 
necessarily require a physical classroom but may be a virtual space. The instruction type, 
learning approach, and components vary in each LE, while the first part mainly aims to 
deliver knowledge, and the second to develop skills. Publication 1 provides a typology of 
definitions and elaborated literature. In practice, a flipped classroom presents knowledge 
before the class in the form of video alongside quizzes or assignments to evaluate student 
preparation, and activities are used in class (O’Flaherty & Phillips, 2015).  
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The preparation part often consists of videos or online modules containing videos. 
Teachers record lectures as videos. The prime problem is lack of preparation (Fautch, 
2015). If students come unprepared, the potential benefit of the flipped classroom of 
increasing time for activities by delivering knowledge before the class disappears. The 
effective use of in-classroom time should start with bridging the preparation (Galway, 
Corbett, Takaro, Tairyan, & Frank, 2014). To reveal any gaps in student understanding, 
the class starts with a discussion and covers these gaps with a summary or mini-lectures 
(Khanova et al., 2015). Activities differ for particular subjects and study levels. The most 
commonly used by teacher-types are discussion (Khanova et al., 2015, Love et al., 2014), 
groupwork (Galway et al., 2014, Kim et al., 2014) and problem-solving tasks (Mason et 
al., 2013, McLean, Attardi, Faden, & Goldszmidt, 2016).  

2.2  Culture and learning strategies 
The flipped classroom is not a completely new concept; rather, it is an innovative design 
which combines existing methods. Preceding it, the term “inverted classroom” emerged 
in 2004, introducing a similar concept. However, it did not attract special interest in the 
teaching and research community, which is reflected in a relatively small number of 
research papers (Scopus, 2019), whereas interest in the flipped classroom approach from 
2014 remained high. This may be explained by the recent cultural movement towards the 
student centred-teaching approach behind the flipped classroom scenes. A lecturer is no 
longer the “sage on the stage” but a “guide on the side” (Gilboy, Heinerichs, & Pazzaglia,  
2015). In these terms, a teacher plays the role of a guide and mentor in students’ learning 
paths, giving students more freedom and providing support. Students become more 
responsible with an increasing amount of self-study and initiative (Nederveld & Berge, 
2015). A correct facilitation of student activities, i.e. providing them with suitably 
modulated ideas and support, allows students to perform at their highest level (Vygotsky, 
1978). Learning design transition works successfully only with a shift in the 
understanding of teachers’ new roles. If the teacher continues lecturing passively (Park & 
Howell, 2015), the huge potential of the new design remains unused. Fear of losing 
authority and leadership position hinder a change in the mindset (Nederveld & Berge, 
2015). After changes in the mindset come changes in methodologies, technologies, and 
approaches.  

A flipped classroom plays a fundamental role in the application of different learning 
strategies (Bishop & Verleger, 2013). Partly consisting of the digital learning 
environment, it offers scalability of teaching materials and flexibility and ownership of 
learning (Mok, 2014). The flip frees up time in class for more thorough comprehension, 
such as active learning, a self-directed learning strategy, and problem-based learning, 
forming student-centred approaches that promote higher-order thinking skills (Bishop & 
Verleger, 2013). The in-class part supports active pedagogy with cooperative, 
collaborative, peer-assisted, and problem-based learning (Bishop & Verleger, 2013).  
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2.3 Stakeholders and resources 
The transition to a new teaching approach like the flipped classroom requires changes or 
adaptations at different educational levels. This sub-section discusses the stakeholders 
and resources involved in flipped classroom implementation and their roles.  

The design of a flipped classroom is affected by the teacher’s experience, skills, and 
confidence. For example, if the teacher feels comfortable with being recorded for a video 
lecture, it encourages him/her to develop a flipped classroom design (Bergmann & Sams, 
2012). Even teachers who are comfortable with technology and have some experience 
with innovative teaching practices (Strayer, 2012) find the adoption of the flipped 
classroom challenging without adequate support and maintenance (Arnold-Garza, 2014). 
Before starting to adopt the flipped classroom approach, teachers generally address their 
questions to an information technology department or instructional designers in their 
university, attend workshops (Simpson, 2015), and collaborate with colleagues who have 
experience of a flipped classroom (Kim et al., 2014) to obtain support. They receive a 
literature review consultation from experts in educational technology and pedagogy, and 
receive assistance from PhD students or teaching staff (McLaughlin et al., 2014), learning 
technology services (Kim et al., 2014), and instructional designers (Gilboy et al., 2015). 
Universities support teachers by providing teaching templates (Gilboy et al., 2015), 
experimental pilot studies, large-scale meta-systematic reviews, qualitative work about 
student study (Abeysekera & Dawson, 2015), and financial support to cover all related 
information and technology expenses (Simpson & Richards, 2015). In addition, teachers 
investigate via personal intervention and assistance (Ferreri & O’Connor, 2013). 
Instructional technologists help by organising study sessions (O’Flaherty & Phillips, 
2015). Templates (Gilboy et al., 2015), training, and workshops reduce the need for 
personal assistance, familiarise teachers with relevant technologies (Moffett, 2015), and 
motivate them to use them (Shimamoto, 2012). 

It is important to build knowledge on top of existing knowledge (Sawyer, 2014) 
systematically. In terms of the flipped classroom, it is therefore important to consider the 
students’ backgrounds for a more effective design of the learning environment. Teachers 
need to be aware of the individual characteristics of each student and their changing 
expectations, and they must thus adapt their courses accordingly. The flipped classroom 
lets students learn at their own pace, especially if they are less prepared or less skilled 
(Davies, Dean, & Ball, 2013). When planning a flipped classroom, teachers take into 
account demography (Strayer, 2012), gender (Wanner & Palmer, 2015; Weaver & 
Sturtevant, 2015; Mason et al., 2013; Sahin, Cavlazoglu, & Zeytuncu, 2015), 
internationality, grade level, GPA (Wanner & Palmer, 2015), background (Amresh, 
Carberry, & Femiani, 2013; Pierce & Fox, 2012; Ryan & Reid, 2016), and the level of 
understanding of the students in the class. Students are challenged if they are unfamiliar 
with the flipped classroom and require time to “buy in” to the approach (Gilboy et al., 
2015) and become used to it (Mason et al., 2013). Thus, teachers should know about 
student familiarity with the flipped classroom in advance to gain their approval 
(Missildine, Fountain, Summers, & Gosselin, 2013). Teachers state that providing 
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students with a clear, structured introduction and guidelines about the flipped classroom 
leads to better understanding of the process and easier navigating of the course (Fautch, 
2015; Gilboy et al., 2015; Kim et al., 2014; Mason et al., 2013, Mok, 2014; Park & 
Howell, 2015; Wanner & Palmer, 2015). Teachers also pay attention to other resources 
required for course redesign. Such resources include financial expenses, technical 
equipment and software, and room arrangement. Transition from a traditional teaching 
approach to active pedagogy is supported by the physical rearrangement of the class from 
amphitheatre to more interactive spaces and groupwork classrooms with round tables 
(Baepler, Walker, & Driessen, 2014; Forsey et al., 2013; Weaver & Sturtevant, 2015), 
which impact student learning experiences positively (Baepler et al., 2014). The above 
recommendations are part of the literature review for a flipped classroom. Most of the 
findings related to the background could be relevant to other blended and digital learning 
designs.   

2.4 Cost-effectiveness of the flipped classroom 
Any course redesign requires a significant amount of resources, especially if it involves 
the adaptation of new technologies and the development of content for the digital learning 
environment. In the flipped classroom, video development alone consumes the most 
significant resources (Mason et al., 2013; Enfield, 2013; Arnold-Garza, 2014; O’Flaherty 
& Phillips, 2015; Kurup & Hersey, 2013), including the professor’s time, the assistants’ 
time (corresponding costs), and infrastructure costs (Shnai & Kozlova, 2016). Generally, 
the time is mainly distributed between assistants and the faculty (McLaughlin, 2014; 
Enfield, 2013). The time required for a one-minute video is 20-40 minutes (Shnai & 
Kozlova, 2016). The number varies, depending on the type of video. For example, video 
recordings of traditional classes (Enfield, 2013; Pierce & Fox, 2012; Tune, Sturek, & 
Basile, 2013; Gross, Pietri, Anderson, Moyano-Camihort, & Graham, 2015) can take 
significantly less time to prepare than videos made especially for the flipped classroom, 
where short video clips can take 80 minutes of development for one minute of video. 

To create a flipped classroom, teachers use MOOC platforms (Forsey et al., 2013) that 
already contain learning modules. The modules from MOOCs can be used as the 
preparation part for a flipped classroom. The total costs for MOOC creation, including 
facilities and equipment, varies from $39,000 to $325,000 (Hollands & Tirthali, 2014). 

Several financial benefits can outweigh the initial investment in video development. The 
created video or modules can be reused in the future (Arnold-Garza, 2014; Enfield, 2013), 
and cost-effectiveness depends on the frequency of the use of teaching materials. 
Specifically, if the teacher repeatedly uses the same materials several times a year, this 
effort can be minimised (Enfield, 2013). The video introduction before the class seeks to 
free time for in-class activities (Enfield, 2013) by substituting lecture time with videos. 
The content developed can also be reused by other teachers in the same field and may be 
helpful for colleagues in the same university. Preparation online modules which deliver 
knowledge shorten class time without a loss in learning outcomes or a reduction in class 
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size (Baepler et al., 2014). It therefore alleviates the problem of financial pressure in 
universities with a growing number of students and limited class spaces (Baepler et al., 
2014). Besides the financial benefits, students can benefit from more personalisation, and 
absent students or students who need to better understand the material can watch them as 
many times as needed at a suitable speed and with subtitles. 

Other benefits are elaborated in more detail in Publication 1. As Publication 5 concludes, 
teachers who aim to implement a flipped classroom should address the question of how 
realistic it is in terms of technology and teaching support, and if it is cost-effective: “A 
cost-effectiveness analysis is a valid way to analyse educational innovations to determine 
whether the effort is worth the benefit to students” (cf. Bleichrodt & Quiggin, 1999).  

2.5 Technological set-up 
However, no research suggests that computer use correlates with the improvement of 
learning; computers provide significant support for deep learning, specifically providing 
the simulations and extended visual and verbal representation (Sawyer, 2014). Interaction 
with technologies impacts the cognitive processes of our learning (Sahin & Kurban, 
2016). In addition, learning scientists reveal that deep learning happens in complex 
technology-integrated environments (Sawyer, 2014). The flipped classroom is supported 
by various education technologies which can be used both in the classroom and outside. 
The flipped classroom set-up primarily includes a video development toolkit, learning 
environments for hosting videos, and quizzes and assignments. Different technologies are 
described in Publication 1. A number of different video typologies can be used for the 
education video design, such as studio, lecture hall, and on-location recordings (Delft 
University of Technology, 2015). The optimal educational video length in terms of the 
effective learning varies, but twenty-minute clips are most common (Arnold-Garza, 2014; 
Enfield, 2013; Fautch, 2015; Forsey et al., 2013; Park & Howell, 2015; Mok, 2014; 
Weaver & Sturtevant, 2015). 

To increase interactivity, videos can be combined with quizzes, questions (González-
Gómez, Jeong, Rodríguez, & Cañada-Cañada, 2016), and instant feedback. A discussion 
forum (Fautch, 2015; Kim et al., 2014) gives students the opportunity to answer, 
comment, criticize, and ask questions (Maher, Latulipe, Lipford, & Rorrer, 2015). Unlike 
traditional lectures, videos should avoid repetitive instructions (Enfield, 2013). Students 
have noticed that recordings are sometimes repeated in the following in-class time 
(Khanova et al., 2015), which contradicts the core idea of flipping. The possible 
compressibility rate for converting lecture time to videos is 2/3 times less than in a class 
lecture (Mason et al., 2013). This reflects the ratio of time the teacher spends in the class 
to the time required to deliver the same material in the video.  

Technologies in the classroom setting have received less attention in flipped classroom 
research. The most common multimedia technologies used in the classroom refer to 
clickers and other tools for quizzes (Enfield, 2013; Talbert, 2014; Tune et al., 2013). For 
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some subjects, simulations and computer-based environments are used (Davies et al., 
2013; Missildine et al., 2013).  

2.6 Learning outcomes 
In Publication 1, the results of flipped classroom implementation primarily reveal the 
impact on scores and student satisfaction, as well as testifying to the different parameters 
of the design on student engagement, satisfaction, and the learning process. The results 
indicate the positive attitude students have towards the flipped classroom. They tend to 
exhibit a preference for flexible flipped classrooms for future learning (Galway et al., 
2014; Enfield, 2013; Forsey et al., 2013), which improves the adjustment to blended 
learning environments (Weaver & Sturtevant, 2015), cooperative learning and innovative 
teaching methods (Strayer, 2012), and digital splash. The flexibility of the flipped 
classroom encourages students to explore the material and develop new skills on their 
own (McLaughlin et al., 2014). Positively, instructors observe greater progress in student 
learning (Roach, 2014; Mason et al., 2013). More active participation (Fautch, 2015) 
leads to better understanding (Simson & Richards, 2015; Talley & Scherer, 2013; Zappe 
et al., 2009), deeper learning (Redekopp & Ragusa, 2013, McLean et al., 2016), and inner 
comprehension (Fautch, 2015). Generally, students are very positive to in-class activities 
in a flipped classroom (Pierce & Fox, 2012; Weaver & Sturtevant, 2015; Talley & 
Scherer, 2013) and feel that in-class activities are very important (Jensen et al., 2015), 
stating that the activities improve their understanding (Zappe et al., 2009). However, the 
unforeseen increase in the workload causes negative opinions among students (Smith, 
2013; Park & Howell, 2015).  

2.7 Literature discussion and limitations  
The overview of the flipped classroom scientific literature can never be given exhaustive 
contents and form. Digital teaching best practices continuously evolve. This is why 
existing scientific literature may not depict state-of-the-art of course design. Research 
papers are published with a slight delay and for this obvious reason they will not rank in 
the most cited papers immediately upon publishing, thus, leading to a lagging indicator 
of trends. The other observation is that teachers who flip their classes use literature related 
to flipped classroom rather than to any other digital teaching methods, like online forms 
or video development; therefore, they are guided by limited research.  

Having combined all the background data described above, it can be concluded that the 
rigid academic-research-based guidelines should be enriched by those documented from 
practice. Innovative educational projects like CEPHEI create many best practices, 
recommendations and insights with practical information (CEPHEI, 2018). 

The change in the perception and in the vision of teachers is one of the challenges 
observed. The vision to transform a class towards being more student-centered is rarely 
expressed by teachers. From a design perspective, the focus on video distracts the 
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attention from the essential purpose of flipped classroom implementation: for freeing up 
time for activities. Diverse problem-solving, critical thinking and active learning 
strategies require deep analysis. The basic thinking of the first-time implementer is to 
develop videos and keep the class as it is. However, this neither brings the expected 
benefits, nor deserves to be called flipped classroom. The delivery of knowledge is not 
the biggest issue when compared to the practical development of skills. Therefore, the 
technology request is to develop skills and deliver activities online more efficiently. 
Despite most case studies providing positive learning outcomes, there is no simple answer 
as to whether the learning improves, and, if yes, then how. One of the few cases 
comparing active learning and flipped classroom does not result in significant 
improvements of scores or satisfaction in favor of flipped (Jensen et al., 2015).  

One of the significant examples of scientific literature limitations is the problem of 
optimal video length. Optimal video length is a compromise between two opposites. 
Three factors push the teacher to upload lengthy videos a) the basic tradition and 
experience of face-to-face lecturing where the lecture time is at least one academic hour 
b) lack of time and persistence to work on the script of the video, editing and illustrating 
it properly, and removing distracting sounds; and c) avoiding the editing time needed to 
shorten a lengthy video into several, smaller videos. Despite teachers tending towards 
creating longer videos, shorter videos are preferable as: a) the concentration of viewers 
decreases exponentially with time; b) smaller videos are more suited to the concentration 
span and viewing expectations of the younger generation; c) shorter videos operate with 
less technical issues when uploaded to the internet. Thus, optimal video length would be 
the best compromise between these conflicting indexes. 

The frequently mentioned video duration in the scoping review is 20 minutes, while the 
optimal video length in the edX MOOCs blog, dated 2013, is six to nine minutes (EDX, 
2013). The standards developed within the CEPHEI project by professionals from nine 
universities define the optimal video length as no longer than 15 minutes. The videos 
developed in 2019 within the case study in the University of Melbourne, also refer to the 
average video length being 10 minutes. However, there were no findings in this case study 
that shorter videos were better watched. The video duration on the Systematic Creativity 
and TRIZ course varies from two minutes to 16 minutes. The core videos’ average 
duration is 10 minutes 35 seconds. YouTube analytics show the average viewing time of 
these videos is three minutes 54 seconds. Such a low level of engagement can be 
explained by the fact that the videos are publicly available to everyone and a significant 
number of viewers do not watch them as part of the course. However, if we consider only 
video views within the cohorts of the course, then the retention rate is much higher. This 
can be seen, for example, when looking at the analytics of videos provided through 
streaming apps such as Edpuzzle where the quizzes are integrated into the videos. 
Appendix D is a screenshot from Edpuzzle analytics which shows which part of the video 
was skipped and how the questions were answered.  In this case, more than 80 percent of 
students in each cohort accomplished the task of watching the videos. 
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Overall, video view rates vary significantly depending on the learning environment and 
type of learners. Thus, video length should be selected according to the expected learning 
outcomes of the course. In addition, there is a great difference between video recording 
and lecture, even if a video lasts 20 minutes. Video lecture is not the same as the standard 
in-class lecture. Any video (being done with corresponding quality) is the result of careful 
design, starting from text, contents, and ending with picture and sound. It is much more 
informative and (most probably) impressive in comparison with traditional lecture: videos 
can be stopped, rewound and watched again many times (Khanova et al., 2015). It should 
be noted that in-class lecturing teachers often feel more relaxed and responsible talking 
without recording and that, unfortunately, often reduces the standard of performance in 
class. 
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3 Theories and models 
This section describes the theories and models in the research, and how they are 
implemented to answer the research questions. The philosophical position is that the 
model is one of the methodological frameworks for the research. Scientific modelling is 
a mathematical construct which, with certain interpretations, observes the phenomena 
(Neumann,1995). Models do not repeat the precise details of the reality but provide an 
approximation (Box, 2009). The case studies in this thesis follow the models’ and 
theories’ structures. The application of models illustrates how the flipped classroom can 
be designed. Results from the case studies are justified within the existing theories.  

Principally, this chapter unveils the impact of design science as part of Systems Theory 
and Learning Science. The design-based research is accompanied by the learning 
theories, learning design models, learning design justification models and design models 
from TRIZ theory. Learning theories such as constructivism theory and andragogy 
help to understand which educational concepts a new design has.  Table 3 summarises 
the theories and models, according to the type and part of the scope.  

There are two core design models used to create flipped classroom design: the ADDIE 
learning model and TRIZ design model. TRIZ was used at the conceptual design stage 
for creating the vision of how the traditional course can be improved and how this course 
can look in the future. The TRIZ toolkit guides ideation on new course design. The 
ADDIE model is a more traditional learning design method, which allows the transition 
to new course formats stage by stage. The models are part of the design-based research 
methodology, which is presented in the form of case studies. The research aims to find a 
systematic approach to flipped classroom design. 

Having created the educational design, the quality of the design can be assessed by using 
various approaches, thus, there are different frameworks which can justify the quality of 
the design. The most widely used are Bloom’s Taxonomy and the TPCK theory. In this 
research, Bloom’s Taxonomy is the guide to understanding if the planned course helps 
students to gain the expected knowledge and skills. Whereas, the TPCK theory describes 
the design from three core perspectives: content, pedagogy and technology.  

The influence of these two theories can be traced through this research work. First of all, 
andragogy, as the new educational form aimed to target adult learners and take into 
account their previous experience. The main focus of constructivism was given to 
constructing knowledge through activities and skills development.  

Economic analysis is included as part of the research, as costs are one of the core 
challenges in the flipped classroom. To estimate the cost-effectiveness of flipped 
classroom learning design, the investment model is used.   
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Table 2. Theories and models  

 

Name  Type Scope  

1 TRIZ  Design tool/Design model Systems Theory 

2 The ADDIE model  Learning design model Learning 
Science (Design) 

3 Constructivism and 
andragogy 

Learning theories Learning Science  

4 Bloom’s Taxonomy  Learning design justification 
model 

Learning Science 
(Design) 

5 The TPCK framework Learning design justification 
model 

Learning 
Science (Design) 

6 Investment model Investment analysis model Investment analysis 

 

3.1 Learning theories and design models: constructivism, andragogy, 
and the ADDIE model 

When building a new learning environment, two main learning theories were taken into 
account. According to constructivism, learning is an active process of scaffolding 
knowledge in which problems are solved (Wood, Bruner, & Ross, 1976). Learners 
connect past experience and information to new situations to gain knowledge (Knowles, 
1984). Andragogy supports a more independent education approach for adult learners, 
which has a more intrinsic motivation and experience. It promotes a student-centered 
approach where students focus on problems rather than subjects (Knowles, 1984). Adults, 
compared to younger learners, are more ready to learn and apply what they learn to the 
real cases in their work (Pappas, 2017).  

During the research period, it was assumed that the master’s level students of the 
Systematic Creativity and TRIZ course benefit more from the adult-centered active 
teaching approach rather than from purely pedagogical approaches based on these 
theories. The flipped classroom design in the first case study activates the in-class work 
by social interaction; students gain a lot of freedom and flexible selection for the projects. 
Students’ previous experiences were considered in order to build activities and provide 
more file-specific problems to solve. These theories aim to create a student-centered 
learning culture and provide a more personalised learning approach.  
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The ADDIE model is basically a generic systematic step-by-step framework used by 
instructional designers, developers, and trainers to ensure course development and 
learning do not occur in a haphazard, unstructured way. It is an instructional systems 
design (ISD) framework which originates from the model developed for the US armed 
forces, based on the principles of project management (Branson, 1978). It consists of five 
steps: analysis; design; development; implementation; and evaluation. The ADDIE model 
was selected for the first case study of the research to find a more systematic approach 
regarding how to design a course. This model is generally applicable, therefore, it is 
essential to follow it only if there are not more suitable learning design models. As a 
similar framework is used for the design of engineering systems, it provides more 
structure for planning and implementation. Figure 5 describes the steps for learning 
design in case study one. Having implemented the ADDIE model for the first time, it was 
found that the planning of the design for flipped classroom requires a more specific design 
model. Therefore, the ADDIE model was used as the base model when developing 
FCDA. 

3.2 Theory of Inventive Problem Solving   

The Theory of Inventive Problem Solving (TRIZ) is a systematic creativity tool for  idea 
generation. TRIZ is considered a component of inventive engineering and creative design 
(Chechurin, 2016). Its roots lie in the work of Genrich Altshuller in 1956 (Altshuller & 
Shapiro, 1956), and the term appeared in the 1980s. The main application field of TRIZ 
is mechanical design (Chechurin, 2016).  

TRIZ is relevant to this research from two main perspectives: first, the main subject of 
the course, which was transformed into a flipped classroom, is Systematic Creativity and 
TRIZ; second, the TRIZ approach was applied to the new learning design idea 
generation.  

TRIZ refers to a theory which provides modelling techniques, formalisation of models, 
and criteria to compare the generated ideas. TRIZ includes a number of principles, 
reflected in the core tools (Chechurin, 2017). Functional modelling is one of these modern 
tools. A function is legitimate if three rules are met: the elements are material objects; 
they interact with each other; and the function recipients are maintained or changed 
(Chechurin, 2017). The trimming tool is used to reduce the system’s complexity. 
Elements which are unnecessary, which can be substituted, or whose function can be 
transferred to other elements can be trimmed. In the contradiction tool, two separate 
system requirements are observed in isolation: one is an improving parameter; the other 
is worsening. The ideal final result is a radical concept. The formulation here is: “Ideal 
system is no system but the function is performed when it is necessary and where it is 
necessary” (Chechurin, 2017). The 9-screen scheme enables us to observe the system in 
different windows. The table includes 3 columns and 3 raws. Raws refer to supersystem, 
main system, and to the sub-systems and components. Three columns attribute different 
time periods, as in the past, in the present and in the future. 
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TRIZ contains two approaches to conceptual design. Tools such as IFR use the first 
approach and allow this to generate new ideas from scratch; thus, completely new designs 
can be invented. The second approach’s departure point is an existing design. It therefore 
allows an existing design to be improved. Tools like contradictions and trimming can be 
used for design improvement.  The TRIZ toolkit is applied in Publications 2 and 7. 

3.3 Toward educational design justification: Bloom’s Taxonomy and 
the TPCK theory  

 

 
 

Figure 4. Bloom’s Taxonomy (1956) and the concept adapted to FC 

Bloom’s Taxonomy expresses the classification of education objectives (Bloom 
Engelhart, Furst, Hill & Krathwohl, 1956). The structure of the original concept of 
Bloom’s Taxonomy involves the six categories of the cognitive process dimension 
presented in Figure 3 above (Krathwohl, 2002). In traditional classrooms, the first levels, 
such as remembering and understanding, refer to in-class work; therefore, the lecturer 
primarily delivers knowledge in the class. Higher cognitive activities are left as 
homework when interaction with the instructor is limited or non-existent. Thus, 
instructors’ most precious time is not spent on complex problem-solving support (Sahin 
& Kurban, 2016). The adaptation of Bloom’s Taxonomy to a flipped classroom is 
described on the right-hand side of Figure 3 and reflects the flipped classroom (Gilboy et 
al., 2015; Jensen et al., 2015). Within the flipped classroom, the preparation videos refer 
to the lower levels of Bloom’s Taxonomy, whereas deeper learning happens in the class 
(Redekopp & Ragusa, 2013) and leads to a more personalised approach for the students, 
so more time can be devoted to the “analyse and apply stages”. This is a widely used 
framework to describe the shift which happens within a flipped classroom (Gilboy et al., 
2015; Zainuddin & Halili, 2016).  
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The information in the Systematic Creativity and TRIZ course delivered by the videos 
describes the basic concepts, while in the class, more complex problems are solved. 
However, the authors who describe the flipped classroom within Bloom’s Taxonomy 
(Jensen et al., 2015) do not underline the decreased time for the lower levels of taxonomy 
and continue to draw it as a pyramid, whereas this research acknowledges the 
differentiation shown in Figure 4 above. 

The TPCK theory is an extension of Shulman’s “pedagogical content knowledge” 
framework for educational design justification and representation (Mishra & Koehler, 
2006). The previous framework includes pedagogical content knowledge (PCK) 
(Shulman, 1987). Following current trends, Mishra and Koehler extended Shulman’s 
theory by technologies based on the 5-year design experiments (Mishra & Koehler, 2006). 

Each part of the technological content pedagogical knowledge framework tests the 
elements of the teaching process and educational design. Three types of knowledge 
interconnect and share a common field. Content knowledge refers to materials specific to 
the teaching subject. Pedagogical knowledge is about processes and methodologies. The 
connection between C-P describes a method where “teaching approaches fit content”.  

Technology knowledge is information about existing tools, technologies and digital 
solutions and their implementation. Technological content knowledge describes the 
technology which fits the precise content. Technological pedagogical knowledge frames 
teaching settings and learning environments. The TPCK model is an interaction between 
three components (Mishra & Koehler, 2006). For this research the TPCK framework is 
suitable to justify ideas generated by TRIZ (Publication 2). TRIZ is not a traditional 
learning design approach; hence, the new educational designs generated within it require 
thorough evaluation.  

3.4 Investment model  

A possible model to assess the economic viability of a flipped classroom is capital 
budgeting analysis (Brealey, Myers, Allen, & Mohanty, 2012). The investment model 
estimates future cash flows using several indicators, the most commonly used of which 
are: the net present value (NPV) calculations, which present the total project value in 
monetary terms; the internal rate of return (IRR), which means the threshold discount rate 
at which NPV would be zero; and the discounted payback period (DPP), which shows the 
period after which the investment pays off (Graham & Harvey, 2001; Ryan & Ryan, 
2002).  

Shnai and Kozlova made an exemplary resources-effectiveness analysis for the video-
based Systematic Creativity and TRIZ course (Shnai & Kozlova, 2016) and, following 
this, the same model was applied to analyse a course in the bachelor-level Electrical 
Engineering subject at the University of Melbourne (Publication 5). A more detailed 
description of the cost-effectiveness model is given in the following chapter. 
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4 Research techniques and case study results 
This section aims to reveal the research’s methodological part to obtain the theoretical 
output and takes into account the theories and models described above. This dissertation’s 
methodology section follows three primary research focuses: understanding the flipped 
classroom as a phenomenon (RQ1); revealing the design principles for flipped classroom 
design (RQ2); and finding a systematic approach to flipped classroom design (RQ3). 
Mixed methods research is applied to answer the research questions. Table 6 shows the 
summary of research methods, theories and models, and data analysis methods, aligning 
them with publications, research questions, and sub-questions.  

To establish a robust theoretical background, the research began with a literature review. 
Among the corresponding research gaps were a lack of a comprehensive research model 
(Chen, et al., 2014), limited agreement on definition, limited information about the 
resources required for the flipped classroom (O’Flaherty & Phillips, 2015), and a lack of 
design guidelines. This research technique allows an analysis of the large amount of 
literature and especially an overview of flipped classroom learning design from four main 
perspectives. The Arksey & O’Malley methodology frames the analysis process in five 
main stages. The methodology includes five steps: (1) identifying research goals; (2) 
relevant studies; (3) study selection; (4) charting the data; (5) collating, summarising, and 
reporting results (Arksey & O’Malley, 2005).  

The aligning gap is a limited understanding of the teacher’s perspective (Kurup & Hersey, 
2013). This is already revealed in the scoping literature review described above. To gain 
a structural understanding of what was required, a systematic literature review was 
initiated (Publication 6). To study teachers’ awareness, readiness, and barriers to FC 
implementation, a survey strategy was selected (Publication 3). Two questionnaires were 
developed, based on literature analysis. The form contains 11 questions about professors’ 
attitude, awareness, and barriers. Ten main variables were extracted (approach, flipped 
classroom fame, effective approach, effective approach to your lectures, shifting 
components, shifting barriers, effective technologies, applying technologies, technology 
use barriers, desire to flip). Twenty respondents were examined from each university in 
the period 2015-2016 in Russian and Finnish universities. The teachers and staff 
members from Lappeenranta University of Technology were from the Industrial 
Engineering and Management Department; professors from the Socio-Economic 
Department represent the Ural Federal University. The results were compared using Excel 
sheets.  

To achieve the required context richness in answering the research sub-questions, a 
design-based research method was chosen as the primary method. Design-based research 
is a framework for theory developments driven by improved outputs and outcomes. It 
enables the creation of complex progressive research using multiple variables (Barab, 
2014). The design-based research methodology constitutes multiple case studies. Case 
study 1 describes the practical implementation of the flipped classroom, based on the 
exemplary course at LUT university. For this case study, the data were gathered using 



4 Research techniques and case study results 42 

post-test subjective opinion surveys, classroom observations, learning analytics, and 
experimental data collection methods. Mixed methods were the core data analysis 
approach. The rationale for using mixed methods was to create an improved and more 
complex picture of new course design and examine its different aspects. Learning 
analytics were integrated to study the impact of the course design on the learning 
outcomes. The data were primarily gathered from learning management systems (LMS) 
and different learning environments (LE). The study demonstrates the linkage between 
design and learning outputs compared with the literature review. Publications 2 and 4 
outline the course transformation experiments.  

Following the goal to find a systematic approach to course design, a modelling strategy 
was utilised. TRIZ toolkit models were applied as a design model for learning and 
justified within the TPCK theory (Publication 2). The ADDIE model also contributes to 
creating and testing the systematic approach for learning design. The FCDA approach 
was extended by adding the cost-effectiveness model.  

The second case study describes the transition to the flipped classroom approach in the 
University of Melbourne. This is a relatively recent case study and its initial results about 
the impact on learning outcomes are due to be published soon. Publication 5 further 
describes the application of FCDA and cost-effectiveness model.  

The next four sub-sections expand the core research techniques, describe the results and 
analyze the application of these techniques. The first sub-section describes the case study 
at LUT University, the second illustrates the case study at the University of Melbourne, 
the third elaborates in more detail the application of a general profitability model for cost 
evaluation and predictions, and the last shows how the systematic approach for flipped 
classroom design was built, employed, and tested. 

4.1 Case Study 1: Systematic Creativity and the TRIZ course  

This case study outlines the core experiment of the course transition to a flipped 
classroom and follows it to an online format. The experimental set-up of the case study 
includes coherent steps and guidelines matching design-based research methodology 
(Barab, 2014) shown in Figure 5.  

 

Figure 5. Steps for course redesign planning 
 

The first two steps refer to the preparation, analysis, and goals set-up which should occur 
before the creation of the learning environments. Appendix A provides a description of 
the changes of the Systematic Creativity and TRIZ course from 2015-2017. In the third 
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step, we seek the suitable learning environment, design, develop, and test the content, and 
plan the teaching. In our case studies, this was conducted without a deep understanding 
between design guidelines and learning outcomes. Overall, the stages reflect the ADDIE 
model stages. 

The case study was conducted in the period from 2015 to 2020, during which time the 
Systematic Creativity course was taught in different forms. Overall, five different course 
designs’ variations were created, implemented, and evaluated. Table 3 provides a 
description of the changes to the Systematic Creativity and TRIZ course. The duration of 
the course is 78 learning hours, which is equivalent to three ECTS and is taught seasonally 
at summer and winter schools within one week. In terms of experiments, the course’s 
students’ various multicultural backgrounds were considered. 

The case study is described in five main subsections. The first subsection shows how the 
course evolves and changes for each cohort. The next section focuses on technology and 
learning environments created for each iteration of the course. The third part is devoted 
to data gathering and analysis. The fourth part discusses the results and the last part 
reveals the impacts of the design on learning outcomes.   
 

4.1.1 Case study setting  

• The first videos were created and published online in the spring of 2015. They 
were recorded in a natural environment and constituted an explanation of TRIZ, 
with four to five examples. The videos were short, and animation was added. 
Following this, various teaching approaches, including active learning, adaptive 
learning, blended learning, and the flipped classroom, were analysed  

• The initial attempt to transform the course took place during the 2016 summer 
school. The goal was to improve the students’ learning process, seeking to find an 
individual and active teaching method. The desired learning strategy was the 
flipped classroom. Updated and improved preparation video materials were 
developed, based on previous experience. One of the main challenges was to 
integrate the videos into the teaching process. The videos were shared with the 
students before the class, with the introduction of the flipped classroom. For class 
activation, the interactive feedback system was designed. The low number of 
video views underlined the necessity of changing the design to examine the 
change in learning outcomes. It was therefore possible to partly implement the 
flipped classroom.   

• In the winter school of 2017, the design was enriched by quizzes as control 
elements for the video. Observations and analysis of the results uncovered the gap 
between the online and offline environment and increased students’ workload. 
The class time did not provide support for videos delivered before the class. 
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Materials were presented as a self-contained rather than as a required background 
for success in classwork.   

• In the summer school of 2017, the flipped classroom was fully implemented, 
taking into account previously learned lessons. Evaluation methods were more 
rigorous, enough to reveal the correlations between study design parameters and 
learning outcomes. It was observed that knowledge was obtained. It was clear if 
students understood the concepts before the class while watching the videos, they 
could learn concepts more deeply in the class. To cover the gaps and connect the 
preparation and in-class part, each day started with a discussion. To get the most 
out of the in-class time, the students were randomly formed into four groups, and 
each team had a PhD student leader and worked on different activities (Table 4). 
The lectures in the class were shortened to small question-answer dialogues.   

• In the winter school of 2018 and the summer school, the experiments with the 
courses were continued. There were two groups of students. One session was 
online, and the second session was a partly flipped session. The preparation part 
was the same as in 2017. The online session was arranged in a separate space. To 
make the online course engaging, the number of different activities was integrated. 
The project work evaluation included peer-to-peer reviews.   

• The 2019 winter school was also taught in flipped and online form; the videos 
were practically identical to the previous school’s videos. More attention was paid 
to getting the larger online batch of students after the previous two-trial online 
courses. The course was open to students outside LUT University and initially had 
more than 70 registered participants. Around 30 accomplished more than 40% of 
the course, and only nine were graded. Most of the students came from outside 
Finland. 

• In the 2019 summer school, three lecturers from other universities taught the 
course in the traditional format with activities. There was a parallel online course. 
There were a high number of registrations, around 60, and 15 progressed with 
more than 50% completion rates. 

• The preparation videos and platform were updated in 2020. The winter school 
course was taught in partly flipped form. Table 3 describes the details of course 
transformation during the five-year period. 

4.1.2 Technical set-up  

As long as we are working with digital learning environments, a technical set-up is 
needed. Video development, hosting, and streaming require set-up and subsequent 
support. In our case, the videos were recorded in the LUT University studio. The primary 
equipment used in initial recording is a camera (iPhone camera), microphone, tripod, and 
lighting. The pictures of the studio set-up are given in Appendix B.  
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For video hosting, a YouTube channel was created, from which the videos were hosted 
and streamed (Figure 6). This environment’s main function is to deliver knowledge solely 
through videos. A wide range of data was gathered about the video views, which were 
analysed with external method such as regression analysis (Khan, 2019). For the set-up 
of a functional and integrative learning environment, the Edpuzzle was chosen, which 
delivers videos combined with the questions and comments. The platform provides more 
advanced opportunities for learning analytics (Edpuzzle, 2020). For example, we tracked 
the amount of time students watched each part of the video and the video as a whole. The 
screenshots in Appendix D, show how the quizzes integrated into videos and how detailed 
the video analytics are. Moving towards providing more digital components, we selected 
the full operating learning management system as a third learning environment (TRIZ 
environment, 2019). The platform is distinctive from the main LUT university platform, 
Moodle, which delivers the content for learners who join from industry and other 
universities at the summer school. The online school for Systematic Creativity and TRIZ 
(TRIZ environment, 2019) delivered through this LMS has an additional learning 
functionality. It enables more active participation, skills development, problem solving in 
a discussion forum, and work on projects. A recently developed learning environment is 
the CEPHEI platform (CEPHEI platform, 2018), which gathers courses from nine 
different universities, with each course involving an industry partner. For this platform, a 
new series of videos was recorded in the studio at Tianjin University in China (Appendix 
B). The course was self-paced: all activities were designed to function without any 
attention from the instructor. In addition, the platform provides an extended possibility 
for data collection and analysis when it is developed within the consortium of CEPHEI 
(Figure 5). The screenshots of video formats for different years are attached in Appendix 
E. 
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Figure 6.  Learning environments for a flipped and an online format of the Systematic 
Creativity and TRIZ course 

4.1.3 Learning data collection and analysis 

There were three main sources of learning analytics in the course of Systematic 
Creativity. YouTube, as a video hosting platform, provides detailed information about the 
views, audience and traffic. Edpuzzle provides the data of the video views and answers 
on the quizzes. Learning management systems, like Thinkific and OpenEdx where the 
entire course is hosted and taught in different periods of time, present the data on users’ 
performance and video views. The data from Edpuzzle, Thinkific and OpenEdx is 
preprocessed. 

YouTube hosting of the video (LE1) provides detailed information about the course video 
views. YouTube analytics shows the number of views for each video, average view 
duration, and watch-time distribution in the periods. These are the most important 
metrics, and they were analysed using regression analysis (Khan, 2019). The data show 
the pick of video views during each summer and winter school. Additionally, they contain 
information about the traffic source, where learners come from, their age, and translation 
use. These metrics are taken into account in the decision-making process for further 
course redesign and video development in other languages. The percentage of the 
subtitles’ usage shows how clear the videos are. The device type impacts video design. 
For instance, if most of the students use the mobile device the text and pictures should be 
better elaborated and have a bigger size. Generally, YouTube analytics provides constant 
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updates on the video contents and are constantly checked by the Systematic Creativity 
Team.  

The Edpuzzle learning environment (LE2) was used for most of the flipped classroom 
courses. It allowed the observation of the specific details of video views and answers to 
questions. A teacher could view how students watch each segment of the video, how many 
times they repeated it, which segments were skipped, and how much time they spent on 
the video. In addition, a more general picture of how many questions inside the video were 
answered correctly was available. Overall, more than 100 students of the study watched 
videos in this environment, and their results were analysed separately for each course 
implementation. Students’ engagement in the videos was measured by the time they spent 
on each video and is reflected in Table 4 as one of the primary correlations.  

The majority of online courses were taught via the learning management system (LE3). 
Currently, it has 5 similar published courses, from LUT University and Peter the Great St 
Petersburg Polytechnic University in the scope of systematic creativity. Learning 
analytics from the platform reveals details of students’ progress, in particular, the 
percentage of viewed and completed material and activity time. The learning management 
system contains structured and cleaned textual data from discussion forums. Using the 
assessmnet method for students’ communication, the data were analysed to reveal the 
most active students and move closer to the automatic grading of online discussions 
(Khan, 2019).  

In the CEPHEI project (LE4), the new learning environment was set. It has provided more 
detailed data analytics than LE3. The information about students’ activity, demographics 
and geography, engagement and performance is available for each course. Performance 
includes graded and ungraded content, and shows the percentage of correct answers.  

Besides the learning analytics available on different platforms, the data have been 
gathered using students’ questionnaires, classroom observations, scores tracking, and 
specific experiments related to course content. A similar question form was used during 
the entire period of course transformation. It includes the same 10 questions about the 
usefulness of and satisfaction with the course, videos, and activities It has a 7-Likert scale, 
ranging from totally agree to totally disagree. Response rates vary for different years 
(Table 4). 

4.1.4 Results and discussions for cohort 2016 

The questionnaire form specifically designed for the partly-flipped classroom of 2016 
focuses mainly on videos, because videos were the research subject of the experiment for 
this course. Video was a completely new teaching element and it was important to 
understand which impacts on learning it could bring.  

The results of each year of course implementation are different and formed based on 
different data. 13 participants from the Summer school of 2016 responded to the 
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questionnaire. Among five videos half of the students watched only three videos. 62% of 
respondents found that they had not had enough time to complete all videos. 30% of 
respondents watched the videos fully, and the rest just watched some or most of them. 

Based on the observations, the high percentage of students who didn't watch all five 
videos or didn't watch them fully, can be explained by the low engagement of the students, 
lack of time, or lack of proper set up. The primary reason observed by the teaching team 
is that, in this cohort, the videos were not accounted for in the final grade and there were 
no control elements used to check knowledge comprehension. Therefore, Publication 
4 underlines the necessity to make videos or any other new digital elements part of the 
course design by integrating them and building them into the learning setting.  

An interesting finding is that 46% percent of students spent more than the duration of the 
video and 23% spent twice as much time on the video, which is a significant difference. 
The students had an option to explain their reasoning behind it: 

“Because the material is not so easy to understand from the first glance, the full picture 
could be seen and properly understood only after the class”. 

Some of the students’ comments justify their lack of attention and multitasking:  

“Sometimes I rewinded it back because I was not enough attentive when the first time 
was”. “I did several different things at the same time” 

It questions the suitability of the way in which the videos were delivered and, in general, 
video instruction as a teaching method. In addition, it questions the reasoning  behind the 
content of the video. Was it structured correctly? Was the information delivered 
properly?  

Half of the students re-watched the videos. 60% of respondents watched them before 
class, 23% after class, and 15% during the final project. As the videos were watched 
repeatedly, this indicates that the main value of the videos is seen to be the transfer of 
teaching content. However, the main challenge that the students faced with the videos 
was their duration. The average duration of the videos was ten minutes and 35 seconds. 
The students found this too long. 

The survey on how videos increase the learning, understanding and overall interest was 
spread after the course. It harvested a very positive response; six to seven from a seven-
point Likert scale. At the same time, a number of students expressed doubt that the videos 
either raised their interest or provoked them to ask more questions in the face-to-face 
meetings. However, this does not disavow the main take away; that the inclusion of videos 
increases engagement and involvement in the course. 
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On average, 20-30 students participate in summer or winter school courses. However, 
after the online cohort was opened during the 2019 winter school, registration increased 
to 70 students. The number of online participants who completed the course was more 
than 10 times lower than registered. In addition, it was hard to reach students and get their 
responses to the survey. The high response rate for 2016-2017 is explained by the ability 
to conduct the survey in the class at the end of the course. Students completed the 
anonymous questionnaire from their devices after they had received their grades. 
However, responses from the online course were much lower. 

The other reason why the completion rate is significantly lower for the online course is 
that students registered for online courses are not always enrolled in the summer/winter 
school. The online course was offered to LUT university students, summer/winter school 
participants, and the general public. It was observed that participants who completed the 
course were mostly students who were enrolled in the summer/winter school or those who 
wanted to get a certificate from the course.  
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4.1.5 Connections revealed 

A large amount of data is available, but a limited number of connection principles can 
be distinguished as a principle for video creation for effective flipped classroom 
implementation. To examine the connections between independent and dependent 
variables, certain assumptions were made in advance, and the evaluation criteria were 
chosen rigorously for these assumptions (Figure 7).  

 
 

Figure 7. Dependent and independent variables 

Initially, there was a focus on the video elements, but connections and the impact on 
learning outcomes were overlooked. The key dependent variables are student satisfaction, 
as measured by the comments and survey results; student engagement, as measured by a 
regression analysis of the duration of video views; and student learning supported by 
multimedia principles. The main independent variables are video integrations – videos 
with questions and videos with graphics, video segmentation, and video duration (Table 
5). 

Table 5. Video principles extracted from the case study 

 Independent variable Dependent 
variable	

Assumption	
/principle	

Observed	
/measured by	

1 Video duration 	 Student 
engagement  

Student engages more in 
a shorter video	

Regression analysis 
(Khan, 2019)	

2 Video duration 	 Student 
satisfaction	

Student engages more in 
a shorter video	

Comparison of shorter 
and longer videos 	

3 Video segmentation 	 Student 
satisfaction	

Student prefers 
fragmented videos	

Principle; student 
survey 	
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4 Video integrations 
(with integrated 
graphics)	

Student learning 
process	

Student learns better from 
videos with integrated 
graphics	

Observed from 
students’ comments 	
Mayer’s Principle 	
(Mayer, 2014)	

5 Video integrations	
(with integrated 
questions)	

Student 
engagement 	
 

Student engages longer 
with videos with 
integrated questions	

Observed by Learning 
Analytics from 
Edpuzzle 	
by watching time	

 

4.2 Case study 2: Analog and Digital Electronics Concepts 

The study conducted based on the Analog and Digital Electronics Concepts course, which 
was initially described in Publication 5, and initial results show the positive effects of 
videos on learning outcomes, understanding and preparation. Benefits of videos regarding 
interest in the course were also positive, but with a slightly lower mean than for learning 
outcomes, understanding, and preparation. In addition, the university’s formal instrument 
for assessing teaching and learning on a course, the Subject Experience Survey, indicated 
statistically significant improvement in terms of learning resources, general teaching, and 
learning of new approaches and skills in 2019 over the previous year’s version. As for the 
grades, it is seen that these are improved at the upper and lower ends of the spectrum. 
However, due to the issue of anonymity, it was not possible to find a correlation found 
between video views and grades.  

In addition, course design follows the developed within the research systematic approach 
(FCDA). The template was prepared and completed before the start of the course 
transition to a flipped format. The template included three main stages and supporting 
guidelines, and all the course redesign stages were accomplished according to the 
template. Appendix C shows the extraction from the template. Overall, the flipped 
classroom design approach incorporates guided instructions. An instruction contains the 
template and online course materials for each step. 

4.3 Models developed within this research: Case study 1 and 2 

This sub-section describes how the traditional investment model was adapted to assess 
the cost-effectiveness of flipped classroom implementation. Initially, the model was 
developed for estimating the costs of the Systematic Creativity and TRIZ course (Shnai 
& Kozlova, 2016). Afterwards, it was also applied to estimate the costs of the course of 
Electrical Engineering (Publication 5). 

Video development is assumed as a future investment, and future cash flows from it and 
profitability factors are revealed, including NPV, IRR, and DPP. The cash flows are 
counted by the amount of time spent on video development, costs from this time, and 
some related infrastructure costs. Two new values allow one to count the revenue streams 
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in the resource-effectiveness evaluation: compressibility rate is the rate by which the 
duration of a video is shorter than the lecture time in the class; repetition rate is the 
number of times the instructor repeats the same materials every year. Detailed information 
about the application of the model is presented in Publication 5. Knowing all these 
parameters for the video development of a flipped or online course, the model can be 
applied for the cost prediction analysis. The Cost-Effectiveness Analyses table is 
provided in Appendix B. 

Three video series were compared for the two courses. In the case of Systematic 
Creativity and TRIZ courses, there are two different video series: case one and case 
two. The repetition rate per year is four and the compressibility rate is two. In case three, 
the Electrical Engineering course, the repetition rate is three and the compressibility rate 
is also three. We can see that the time spent on the video recording is significantly higher 
for Systematic Creativity case two than for the other video series. This can be explained 
by the instructors gaining more experience in recording and editing the videos, as well as 
the usage of the FCDA guidelines. Also, it can be observed that the time required for the 
one minute of video development for the second course is significantly lower, while the 
quality of videos remains as high as in the videos that require 90 minutes of production 
for one minute of content (Appendix E). A possible reason is that more videos were 
recorded during this time. The total length of the material is 3.5 hours with the maximum 
length of one video being equal to 12 minutes. After a period of trial and error, production 
becomes a part of the routine, therefore average time spent per minute is lower. Another 
observation is that in both courses it was possible to minimize the working time of the 
professor. This is important, as professors' working hours are the highest cost factor. 
Savings per year are significantly higher for the second course, partially also due to longer 
final video material. The payback period for these courses varies from 1.6 to 6.2 years.  

As videos for the Systematic Creativity course were developed four years ago (Case 1) 
and three years ago (Case 2), the results presented in Table 6, below, were a prediction. 
However, these results can be compared with data on actual video use during that time. 
It was expected that old videos would be changed or modified within two years of their 
initial release. However, the new series of videos was only finalized in 2020. 
Furthermore, these videos were used to extend the course and supplement the existing 
videos, not replace them. It was also expected that the quality of the old videos would be 
much lower in comparison to the new material. However, again, this was not the case. 
Those videos that were created using smartphones turned out to be of a sufficient quality. 
Therefore, the course instructors and their teams did not feel the need to develop new 
videos, rather simply to add additional videos and extend the course with other materials, 
such as examples, quizzes, games, etc. The first video recordings should include the core 
concepts of the subject. These videos can then be reused as they do not provide any 
specific information, such as dates, which can quickly become outdated. 
 

Overall, the core videos for the TRIZ course (Case 2) were reused more often than the 
four times per year that had been estimated. These videos are still a part of the summer 
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and winter intensive courses as well as the full course cohorts in the spring and autumn, 
where they were used as complementary materials. In spring and autumn, they were 
complementary materials. Some instructors also added their videos to workshops and 
presentations outside the university curriculum. The videos were also used in similar 
courses in Russia and China. The other finding was that videos become a part of the 
branding of the course. The amount of video views for case two, from July 2017 to July 
2020, varies from 700 to 3200. With the Systemic Creativity course, there were 20 
participants per course and the course ran four times per year over a four-year period 
which should be equal to 320 views. However, the most popular videos had a view rate 
ten times higher than other videos, which shows that the videos were viewed much more 
than once. This means the payback period is less than 6.2 years. 

Table 6. Comparison of the cost-effectiveness analysis for two courses 

 
Systematic Creativity and TRIZ 
course 1 (2016-2017) 

Electrical Engineering 
course 2 (2019)  

Parameter Case 1 Case 2 Case 3 

Repetition rate  4 4 3 

Compressibility rate 2 2 3 

Inputs 

Total video duration, hours 0,67 1,07 3.5 

Professor time (recording), 
hours 

2 10 22 

PhD student time (recording and 
editing), hours 

28 86 107 

Costs 

PhD student work-related costs, 
Euro 

384 1179 1834 

Professor’s work-related costs, 
Euro 

69 343 880 

Total investment (excluding 
infrastructure costs), Euro 

503 1772 2714 
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Revenues 

Saved lecture time, hours per 
year 

5,33 8,53 42 

Savings, Euro per year 183 293 1680 

Results 

Development ratio 45 90 36.85 

Net present value (NPV), Euro 1 412  1 291  14878 

Internal rate of return (IRR) 57% 15% 162% 

Discounted payback period 
(DPP), years 

2,8 6,2 1.6 

 

4.4 Flipped Classroom Design Approach (FCDA model) 

To build the systematic approach to a flipped classroom design, the revealed connections 
between independent and dependent variables are taken into account. The Learning 
Environment and Condition analysis (input is an independent variable), and the flipped 
classroom design (independent variable) influence learning outcomes (dependent 
variables) and form the connections for the FCDA. A visualisation of this is presented in 
Figure 8. 
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Figure 8. Design-based research structure  

To find the format for the FCDA, the ADDIE model is taken as an example of a 
commonly used learning model for course redesign. The TRIZ approach is applied to 
generate a number of ideas (Publication 2). From the TRIZ toolkit, the function 
modelling, ideal final result, and contradictions were applied to a traditional classroom to 
generate new ideas. An initial components analysis were created. The FCDA framework 
is described and tested in Publications 5 and 7. 

A limited number of results justifies the effectiveness of the FCDA for designing the 
course. For example, the cost-effectiveness analysis (Table 6) shows that by following 
the FCDA framework in the second course, the course design time decreased. For the 
same quality of videos (Case 2) much less time was required for video development (Case 
3). 
. 
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5 Results 
This section introduces the results of the dissertation by summarising each publication. 
At the end of the section, the tabulated summary of the results in the papers is presented. 

Publications 2, 3, 4 draw the conclusion based on the ongoing experiment with the 
Systematic Creativity and TRIZ classroom transformation. The second explicit 
experiment was conducted based on the Electrical Engineering course in the University 
of Melbourne and its initial results are presented in Publication 5. These, alongside the 
case study described in Publication 7, confirm the effectiveness of flipped classroom 
implementation.  

5.1 Publication 1. Flipped classroom: cultural, technological, design 
and economical aspects of implementation 

Objectives  

The first main objective is to present an overview of the flipped classroom learning design 
from four main aspects: culture; technology; design; and finance. For this purpose, the 
most impactful papers from the Scopus database were rigorously analysed. A further 
objective is to reveal the gaps and some drawbacks in the current research. 

Research techniques and theories  

The Arksey and O’Malley methodology ensures a consistent literature review of the 
selected learning design (Arksey& O'Malley, 2005). The study sample constitutes the 100 
most cited papers extracted from a general population of more than 1,687 articles. A 
summary of the results is given in tabular form in the paper’s Appendix. 

Main findings  

This research presents an overview of a flipped classroom from different perspectives. 
From a cultural perspective, the flipped classroom is not a stand-alone learning strategy. 
It constitutes a variety of different learning theories and methods. An important cultural 
issue is to define the place of student, teacher, and technology in the learning process. The 
teaching approach, which is the goal of the redesign, is “learner-centred rather than 
technology-centred”. Technology enables the process of the learning design to be more 
robust. For the flipped classroom, teachers assume video as a necessary element, which 
allows the freeing of time for activities in the class. The main common types of 
technology supporting the flipped classroom include video development, hosting, and 
course management. The majority of papers report on controlled experiments that indicate 
changes in students’ scores and perceptions. In the design of controlled experiments, 
flipped classroom results are usually compared with results from previous years or 
semesters. A variety of different experiments reveal improved learning outcomes. From 
the perspective of an implementer and practitioner, flipped classroom design is a 
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movement of in-class lectures to before the class, usually in video form, and an increase 
in in-class activities.  

5.2 Publication 2. Digital learning design: from ideation via TRIZ to 
implementation 

Objectives  

The primary research objective is to conceptually design and improve the learning 
outcomes of the course via flipped classroom. The generated ideas are justified within 
existing educational frameworks. Additionally, the paper aims to describe the course 
redesign roadmap and initial results, showing changes in the same course between 2015 
and 2018.   

Research techniques and theories  

The Theory of Inventive Problem Solving is employed for the conceptual design of the 
education process, specifically for the idea generation. Ideal final results, trimming, and 
contradictions tools are used. An idea evaluation is made via the TPCK theory, and ideas 
are justified within real course design experiments. 

Main findings  

The results describe a number of new conceptual models and ideas for course design. 
Each design description is given within the TPCK theory. Some ideas are implemented 
in the teaching process of the Systematic Creativity and TRIZ course. This paper sheds 
light on different forms of learning design, underlying the necessity of improving 
teaching approaches in higher education. Overall, 20 different ideas were generated via 
40 inventive principles for contradiction elimination, trimming, and ideal final result 
tools. The contradiction is elaborated in more details. Forty inventive principles are used 
to generate new ideas based on worsening and improving parameters for existing course 
design. More than 15 ideas were implemented in the Systematic Creativity and TRIZ 
course in the period between 2016 and 2019. It can be concluded that TRIZ model can be 
successfully applied for conceptual design and idea generation for education process or 
for a course.  

5.3 Publication 3. Flipped classroom in the higher education system: 
a pilot study in Finland and Russia 

Objectives  

This research aims to reveal teacher awareness of and readiness for flipped classroom 
implementation, and identify the barriers which teachers face. The revealed barriers are 
therefore a solid background for successful FC implementation.  
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Research techniques and theories  

The authors conducted identical structured interviews in the Industrial Engineering and 
Management Department in Lappeenranta University of Technology and at the Ural 
Federal University with professors from the Socio-Economic Department. The survey 
included 11 questions and around 20 respondents from each university.  

Main findings  

The main findings are an extension of the previous findings published in (Antonova, 
Shnai & Kozlova, 2016), and reveal the specifics of the transition from a traditional to a 
flipped classroom. A comparison of the results in Russia and Finland shows that teachers 
in Russia were less aware of the flipped classroom concepts and did not embed them in 
their teaching. However, the barriers to implementing a flipped classroom are basically 
the same for both universities. The most common obstacles are a lack of time and support 
in developing and rebuilding courses. The low awareness of the flipped classroom is the 
first barrier towards flipped classroom implementation. Limited time is also a large 
barrier, as most of the teachers perceive that the flipped classroom is all about videos 
and  this perception may deter them from trying as it seems too complex. There is also 
the other group of teachers who believe that flipped classroom is nothing new and they 
thought this way already before, without using this new name.  

5.4 Publication 4. Teaching creativity creatively 

Objectives  

The main purpose is to study the effect of new design on student learning outcomes and 
introduce the “lessons learned to other teachers”. This provides a solid background for 
future studies.   

Research techniques and theories  

A mixed method is used to gather and analyze data about innovative course design. The 
course design went through a transition of traditional to partly flipped to fully flipped. 
The data is gathered by surveys, classroom observations, and video analytics. The results 
reveal student satisfaction levels and provide the instructional guidelines for teachers.  

Main findings  

The Systematic Creativity and TRIZ course has generally very high levels of satisfaction, 
specifically in comparison with other courses in the summer school at LUT University. 
Surprisingly, with the implementation of a flipped classroom, we did not observe a 
significant improvement in student satisfaction; however, we observed an increased 
response rate, which can be explained by increased engagement and interest in the course. 
Overall, student perception is very positive. The current results of the implementation 
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reveal that students adopt the flipped classroom with special interest and emotional 
engagement. The 2017 course was the most successful course transformation from the 
perspective of overall observations of course transformation and the students’ and 
teachers’ perspective. The survey results and students’ feedback show student’s 
satisfaction with the course and with the specific elements, like group activities. That 
there was a low number of free-riders emphasizes these findings. The design guidelines 
primarily refer to bridging the preparation and in-class part of the courses and to 
increasing the motivation of students by videos.  

5.5 Publication 5. Transitioning an engineering classroom from 
traditional lectures to a partially-flipped format 

Objectives  

This research has two main objectives: the first is to measure the effectiveness of the 
developed FCDA approach for a partially flipped classroom design in a bachelor-level 
Electrical Engineering subject; the second is to quantify the effectiveness of the flipped 
classroom in terms of video costs.  

Research techniques and theories  

To estimate the cost–effectiveness, the adapted investment model is used. FCDA is 
introduced and tested. The initial results are based on teachers’ observations and student 
survey data. 

Main findings  

The results indicate that FCDA can be very supportive and useful for teachers. It was 
found that a flipped classroom required a significant amount of resources, which 
increased significantly in the first year. Primarily, resources refer to the video 
development as the most cost-effective part of the entire transition from the traditional to 
a flipped format. The standard economic model was applied to the estimation of the 
resources for the course design, and it was found that despite the high initial investment 
the payback period varied from 1.6 to 6.6 years. The evaluation of these results is ongoing. 
The results indicate that despite some initial issues with understanding the flipped 
classroom format and the timed release of the video lectures, the students have readily 
engaged with the concept and have had improved confidence in tackling problems. 

5.6 Publication 6. Systematic review of challenges and gaps in flipped 
classroom implementation: towards future model enhancement 

Objectives  
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The main objectives of the systematic review is to reveal the main barriers between 
teachers and students in flipped classroom implementation for professors, and to 
distinguish those already existing in the literature enhancements or solutions to cope with 
these challenges.  

Research techniques and theories  

To conduct the review, the articles from the search terms “flipped classroom” AND 
(“barriers” OR “challenges” OR “gaps” OR “drawbacks”) were analysed. The study 
sample included 49 papers, and the barriers were classified into four main groups, for 
both teachers and students.  

Main findings  

The barriers for teachers include four main groups: a lack of resources; a lack of skills; 
design challenges; and assessment and evaluation problems. Overall, this totals 19 
barriers sub-groups in these groups. The barriers for students refer to design, resources, 
and technical issues.  

The publication lists ten specific solutions to cope with the barriers. The main finding of 
the paper is that the barriers should be taken into account for successful flipped classroom 
implementation.  

5.7 Publication 7. Flipped classroom: Systems Engineering approach 

Objectives  
There are three main objectives in the paper: the first is to suggest the flipped classroom 
design approach and its implications; the second is to extend the understanding of the 
course transition to a digital and especially a flipped classroom; the third is to plan the 
Systems Modelling course using FCDA.  

Research techniques and theories  

To achieve the goal, the 9-window design approach from a TRIZ toolkit and flipped 
classroom design approach (FCDA) are applied to the System Modelling course redesign. 
The System Modelling course is taught at LUT University.  

Main findings  

The System Modelling course is described in terms of the 9-window scheme. This scheme 
describes the course as a system, and the super systems and sub-systems of this system. 
The course plan with the FCDA includes five main stages. This publication introduces 
the new FCDA model and describes how it can be used for course design.  The initial 
results show that FCDA was adapted for the new course design. Further elaboration is 
required to test the effectiveness of the approach.
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6 Discussion and conclusion 
This research aims to study the flipped classroom as a phenomenon, analyse its 
effectiveness, and reveal the impact of its design on student satisfaction and engagement, 
as well as to improve the design transition of the course for teachers. This section answers 
the research questions and discusses how well the research objectives were met and 
concludes how the papers complement each other in answering the research questions. 
Contributions, implications, limitations, and future research are also elaborated in this 
section.  
The first research question focuses on the flipped classroom impact in general and its 
efficacy. The goal was to build the understanding around the phenomenon to conduct the 
following studies based on it. To answer this question, a literature review, survey and 
case study were conducted. The sub-questions’ answers are discussed below:  

RQ1.1 How can the flipped classroom be described in terms of cultural, 
technological, financial, and design factors?   

The above research question is answered in the literature review in Publication 1. It forms 
the flipped classroom understanding by the detailed overview of the cultural, design, 
financial, and technological aspects. This research provides a strong background for the 
further amplification of the flipped classroom concept, which was used for most of the 
presented publications. It builds the landscape of the literature and contributes to 
clarifying the flipped classroom as a phenomenon and as a concept, which can bring 
improved learning outcomes for the teaching process. A description of the different study 
designs from the literature identifies a research model and reveals how to assess flipped 
classroom effectiveness.  

The cultural perspective review describes flipped classroom as a method, which creates 
student-centered education (Gilboy et al., 2015). The ability of flipped classroom to be a 
platform for different learning strategies stresses the flexibility of the learning design. If 
the different learning strategies can be integrated over the core concept it gives the 
possibility to use it efficiently for different subjects and different levels of education. As 
is shown in the summary of Publication 1, it is difficult to single out one subject in higher 
education which succeeds the most with a flipped classroom education. In addition, for 
different courses, flipped classroom implementation goal, results and design can vary 
drastically. For instance, case study one contains a variety of active learning strategies. 
In the third year of course transition, videos became a prerequisite for the class, and all 
focus of the class time was given to problem-solving, project work, idea generation and 
different critical-thinking games. In contrast, in case study 2 (a more recent case study), 
videos still play a significant role, thus minimizing the in-class lecture time; this shows 
great potential for future courses. The enrollment for this course is significantly higher 
(over 150 students) and the main benefit flipped classroom contributes, is the opportunity 
to form smaller groups in class for problem solving. These two flipped classrooms cannot 
be compared by one parameter alone, such as scores or improvement in satisfaction, 
because the benefits and changes are far-reaching. Despite all the differences between the 
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flipped classroom designs, most of them try to build a student-centered approach while 
using different learning strategies. Therefore, teachers’ understanding and desire to shift 
from a teacher- centered approach plays a crucial role in more effective transformation.  

The economy of the flipped classroom involves the costs and resources which teachers 
need to invest in course transition. These costs are often a burden for both the teacher and 
university. However, universities which are used to producing digital materials and online 
courses are better placed to support the teachers more to alleviate these burdens. Digitally 
progressive universities provide extensive support for class redesign and equip teachers 
with the necessary tools. Budgets for these transitions are therefore already available. In 
addition, in this type of university estimates of time required from teachers are closer to 
reality and teachers not working extra hours. However, this scenario is rare even in 
universities which widely produce online courses. Many examples show that first of all 
support is not distributed equally between different teachers in universities. The costs per 
hour to record in the studio reach high prices and are charged from the projects which 
teachers have or are taken from department budgets. In such cases, it is reasonable to set 
up separate recording settings, separate from the central in university studio. 

Building the studio for each non-European university significantly supports separate 
departments, even in cases where there is a central studio in place in the university. Such 
universities as University of Melbourne, Saint Petersburg Polytechnic University, 
University of Twente have two or even more professional video recording studios of 
different types. Increased demand to transit more to digital education is incentivizing the 
creation of home studios. Teachers, by themselves, need to find the ways how to teach 
digitally and rapid transition requires creative and fast methods as well as new tools. New 
innovative approaches emerge, requiring extra effort or even costs from teachers 
themselves in order to be able to transit to digital teaching and learning quickly and in a 
more effective way. 

Publication 1 reveals the most frequently used technologies in 100 reviewed papers. 
Teachers describe the video recording technology and learning management systems 
(LMS) more often than active learning environments. In general, few digital technologies 
are used for creating active learning environments. MOOCs, for example, contain a 
minimum number of interactive elements like quizzes and peer-to-peer discussion. The 
low completion rates illustrate low engagement and motivation of learners. Driven by 
technology and trends, flipped classroom practitioners start from video development and 
follow it towards digital activities. Systematic Creativity and TRIZ course transition was 
different from the beginning because it already contained many activities and problems 
to solve in its traditional form. The course team also tested different active learning 
technologies, such as an instant feedback system and interactive video learning 
environments. The past years’ experience shows that some of the core benefits technology 
brings even for small enrollment rates are different data sources and data analysis tools 
(Publication 4). Thus, data-driven education designs have a strong potential in the future 
(Khan, 2019). 
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Technology provides unexpected opportunities for education, making it scalable and even 
transferable. Courses similar to the Systematic Creativity and TRIZ course were taught 
by other professors in Hebei University of Technology and in Saint-Petersburg 
Polytechnic University. Their courses were copied straight onto their learning 
management systems and presented for the students with subtitles (TRIZ Thinkific, 
2010). 

RQ 1.2. What are the teachers’ awareness of, barriers to, and benefits from the 
flipped classroom implementation?   

Publication 3 and Publication 6 provide answers to this research question, 
complementing each other. The surveys in Publication 3 reveal teacher awareness, 
readiness, and barriers to flipped classroom implementation. While Publication 6 
systematically analyses the barriers and their possible solutions in the literature.  

The study conducted between Finland and Russia in Publication 3 aims to understand 
teachers’ readiness and obstacles and compare them in two different universities. The 
results of the surveys in 2016 indicate a lower awareness among teachers about flipped 
classroom in Russia. One possible reason for that could be the language barrier. Research 
in Finland is mostly conducted in English, whereas in Russia a significant amount of 
papers are published in Russian. Therefore, teachers have less access to research on 
innovative methods. Google Trends shows that interest in flipped classroom in Russia 
(2019) peaks significantly later than in Finland (2014) (Google Trends, 2020). However, 
the amount of papers in the Scopus database from Russia (35) on the search term “Flipped 
Classroom” is drastically higher than in Finland (20). These data points explain the 
distribution of awareness.  

The main obstacle for teachers reported in Publication 3 is a lack of time and resources, 
which makes the cost-effectiveness analysis highly important. Respondents from both 
Russian and Finnish universities see it as a major obstacle. Lack of time is a common 
challenge for teachers in general, as the profession is not limited by eight hours per day 
and in many universities teaching activities are not supported as well as research 
activities. The lack of time has its roots also in the standards for preparing materials in 
each university. For instance, in Ural Federal University the preparation time for one 
lecture is set to be no more than 30 minutes. Therefore, the flipped classroom 
transformation is simply not possible to fit within this time range.  
Among other barriers is a lack of support and limited familiarity with technologies. 
Without support, all the processes of course transition slow down. The findings correlate 
with what was found in the literature in Publication 6. The review also reveals the 
importance of knowledge and experience in course digitalization (McLaughlin, 2016). 
Another common barrier is teachers’ doubt regarding whether the flipped classroom will 
improve their course (Wang, 2015). As all the cases described in the review refer to 
teachers who already used flipped classroom, a lot of specific design barriers are 
mentioned, such as overcoming the inability to ask questions (Clark, 2016), or assessment 
issues, how to attribute improvements to flipped classroom, or which new methods of 
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assessment should be used (Ivala, 2013). Alongside the barriers for teachers, flipped 
classroom can also be challenging for students. Several teachers underline the fact that 
students are not easily adopting flipped classroom Publication 3.  
 
All of these show that even after the first implementation of flipped classroom, there are 
still challenges and limitations. The barriers themselves should not be viewed critically 
but rather as a way for improvement.  However, as is shown in the reviews, many of the 
challenges can be overcome through specific design preparation, getting support from 
literature or from practitioners who have previous experience.  
  
These surveys formed the basis for conducting more advanced research in 2019-2020. 
More results about teacher awareness, barriers, and methods used for teaching were 
gathered but have yet to be published. Surprisingly, the results dated by end of 2019, 
shows that respondents from LUT university are less aware of a flipped classroom, and 
fewer respondents use it in practice compared with teachers in other countries. One 
explanation might be that the results were not only compared between Finland and Russia, 
but between Finland and other international universities, mostly from the CEPHEI 
project. There were a significant number of participants from digitally advanced 
universities, such as MEF university and the University of Twente. This, therefore, may 
indicate LUT’s development pace in digital education in comparison with others or it 
could indicate the shift in digital education trends.  

As underlined in the survey results, conditions and environment play a huge role for 
course transformation. Teachers believe that the arrangement of the process is necessary 
to transform their courses. University environment works for or against digital teaching 
processes. Previously, the course transition to digital form was mainly powered by 
inspired individuals. Passionate teachers either faced limitations or garnered support 
depending on their university’s strategy and level of digitalization. Today, the digital 
transformation of education is forced forward by the unexpected situation and  
universities are supporting this transition. However, a lack of environments and systems 
in place for that support hinder rapid and efficient transition. The future of efficient 
education will be led by universities who invest in the transformation and process 
rearrangement.  

The second research question.  The main hypothesis is that there are a number of design 
peculiarities which influence the efficiency of flipped classroom implementation.  

RQ 2.1 What are the key design guidelines and ideas for the flipped classroom 
generated by using TRIZ?  

Publications 2 and 7 describe the application of TRIZ to the learning design idea 
generation towards course design improvement. This is an extraordinary and uncommon 
way to apply TRIZ. In addition, the systematic toolkit differs remarkably from existing 
and common learning design models such as the ADDIE model. However, it leaves a 
creative imprint on the generated results. The ideas obtained from the case study would 
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have been impossible to achieve using traditional models. Using TRIZ for the course 
design assists in the generation of inventive concepts. The two primary approaches allow 
for systematic design, using the principles of TRIZ theory. The component analysis helps 
to distinguish available elements in the design and build design as a constructor. Some of 
the concepts were quite radical, however, some reflected the current trends of education 
digitalization. For example, the principle of contradiction elimination, known to turn 
harmful functions into useful ones, helped to generate the idea on phone usage. So many 
students get distracted by their phones during class, therefore, the idea was to use the 
phones to answer the quizzes and to keep the slides on the phone. This means that students 
get information related to the course directly through their phones. Using this and other 
principles, the design of the course became leaner, with more elements, more flexible 
learning environments, an increased level of self-study, independence and the automation 
part of the learning process. The following elaboration of the exact principles is described 
in Publication 2. The TRIZ conceptual design description within the TPCK framework 
justifies the research quality. Over half of the ideas generated were implemented before 
or after the course of Systematic Creativity and TRIZ. This means that the ideas were 
relevant and applicable. As TRIZ is primarily used for the engineering systems, it is 
interesting that the education evolution trends resemble those of engineering systems. For 
example, as engineering systems become more automated and personalized, so do the 
education-supporting technologies. Therefore, the design methods which are common for 
other fields can be creatively applied for course development. 

Publication 7 introduces the 9-window TRIZ method for course redesign. The study 
applies an analytical tool from TRIZ methodology for course design. The tool is called 
“System Operator” or “9-Window Model”. It is applied for the systematic analysis of the 
course in its environment, educational content, and history. What would be the place of 
the course in the evolution of the degree, school and university? What are the trends in 
evolution of the elements of the course? How can the course meet the challenges of 
decentralization, automation and digitalization? Could a course of the future be more like 
a navigation pattern between various learning experiences, actively supported by AI tools 
such as mentoring chat bots?  

It is concluded that engineering-based design methods are still helpful for generating 
radical thinking-out-of-the-box concepts in education. However, the global transition to 
digital education, even temporarily, shows that rather than creating new teaching 
elements, teachers can be urged to focus on authentic navigation through the available 
materials. 

RQ 2.2. What are the current trends, gaps, and design guidelines for flipped 
classroom implementation?  

Initial design guidelines are described in Publication 1 and give a clear understanding of 
what already exists in the literature. Specifically, the effects of the design revealed in this 
publication are further elaborated in Publication 4. 
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Design is probably the most important and tricky part of flipped classroom 
implementation, as it differs significantly from course to course. Literature in Publication 
1 shows that the core concept behind flipped classroom is substituting  traditional lectures 
with more time for activities. The core design principles from the literature include the 
preparation part which is delivered online, and in most cases in the form of video, text or 
online modules. To incentivize the preparation (Khanova et al., 2015) quizzes are 
introduced. In-class activities differ for subjects but primarily include problem-solving, 
project-based and assignment activities. Therefore, to understand what activities can be 
carried out and bring the most benefits, it is important to check flipped classroom 
implementation examples for specific subjects and level of education. Design of the 
Systematic Creativity and TRIZ course in Publication 4 evolves over time. The lessons 
learned in the course reflect the findings in the literature. The design of the first years 
shows that there should be the bridge between preparation and the in-class part, the 
observation shows the increase of students’ workload, as well as the need to introduce 
quizzes as an engaging, entertaining and controlling element of the course. As case study 
experiments and literature review had taken place in parallel,  mistakes in course design 
were unavoidable. However, we could have refrained from long and pedantic videos, 
excessive production costs and a lack of in-class activities. 

RQ 2.3. Which design variables influence the learning outcomes? 

Scoping review describes over 50 case studies which reveal the impact on learning 
outcomes. In most cases the flipped classroom students’ satisfaction and scores are 
compared with one from a traditional classroom. Among other positive effects is an 
increase in student attendance (McLaughlin et al., 2015), increased pass rates (Missildine 
et al.,2013), and students’ confidence (Enfield, 2013). The studies primarily explain the 
effect of the whole course redesign on specific outcomes. Few studies reveal the 
correlation between two parameters.  

Publication 4 describes the design principles and effects of different learning design 
variables on learning outcomes based on case study. The background information 
includes formalisable variables such as the number of students, the duration of video 
views, participant background, and more complex variables, such as the number of 
interactions and ideas. Observations, surveys, and learning analytics reveal the impact on 
student satisfaction, engagement, and learning. However, only contextual analyses help 
the systematic tracking of the connections between independent and dependent variables, 
and elaborate them more deeply to build a flipped classroom design approach. 

Results of the course implementation over five years do not show significant differences 
in the scores. However, they show a significant improvement in satisfaction in the first 
year (2016). Following that, satisfaction remains high but not as high as in 2014 (before 
flipped) and lowest in the fully flipped course in 2017. There can be a number of clear 
reasons, such as students becoming so used to digital technologies and methods as more 
varied higher quality online education becomes available, that they are not so involved 
anymore. Besides that, courses like Systematic Creativity and TRIZ are not easily 
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replicable. The setup and planning of an intensive course in 2016 and 2017, which 
received positive and detailed comments, included different personalized activities for 
students in the class. Both courses involved the professor and four PhD students as 
mentors. 
The response rates increased by 10-20% after implementing flipped classroom, which 
shows that students become more independent, involved, and felt that they participated 
in their education arrangement. These findings match those from the literature in 
Publication 1.   

The study based on the course “Analog and Digital Electronics Concepts”, initially 
described in the results in Publication 5, reveals the impact of flipped classroom on both 
scores and students satisfaction. In comparison with the Systematic Creativity and TRIZ 
course, the subject is to develop only the hard skills of the Bachelor-level students and 
therefore the effects on their scores were explicitly seen. In addition, the Systematic 
Creativity and TRIZ course is part of the Summer School, where the format is more 
flexible and expectations of students often lie beyond simply grades or credits. Most of 
attendees are Master-degree level and some of them are professionals no longer at 
university. The initial improvement for the scores and satisfaction provide the opportunity 
for future flipped classroom development. 

Overall, it is challenging to conduct an isolated study to trace the effect on a specific 
parameter on the learning outcomes. The connections revealed in case study one (Table 
4) is the first attempt toward this. However, the effects require more focused studies. 
Despite that, using the control study group it was feasible to compare the results for 
traditional and flipped course in different cohorts in both case studies.    

The third research question focuses on the development and evaluation of the systematic 
approach towards the course transition from a traditional to a flipped format. 

RQ3.1 How can we evaluate the cost-effectiveness of flipped classroom 
implementation?  

Among the main barriers holding teachers back in flipped classroom implementation is 
lack of time and resources (Publication 3). The initial financial impact is also analyzed 
in Publication 1. From 50 case studies, 20 authors have mentioned the increase in 
resources, especially in the first year of transition. Whereas, nine of them have mentioned 
that investments had decreased after the first year (Publication 1. Appendix). On the one 
hand, there are high costs of video production and it seems to be the primary counter-
argument of flipped classroom for teachers. On the other hand, teachers do not provide 
detailed information about the invested time and resources and it seems as if they are not 
following the investment and the possible return on it. Observations in the CEPHEI 
project reveal that there are a number of reasons for this. First, it is challenging to track 
all the invested hours in the redesign process because some hours refer to the normal 
preparation time for the course and also because more than one teacher is involved. 
Second, they are missing an approach to count for return on investment. Is it the improved 
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learning experience or in-class lecture that leads to time savings? How can you calculate 
savings on transportation because you can teach from home? Therefore, limited 
information about cost-effectiveness underlines the necessity of creating the costs 
prediction model for flipped classroom implementation. 

To predict flipped classroom implementation resources, the cost effectiveness model was 
used. An initial adaptation of investment modelling to the estimation of flipped classroom 
resources was made in the publication Shnai & Kozlova (2017), which is not included in 
the main results of this dissertation. In this dissertation, the cost-effectiveness model is 
described in Publication 5, and the comparison of the costs effectiveness analysis for two 
courses is described in the research techniques part. The cost-effectiveness model is 
constructed taking into account possible costs minimizations and returns on investment. 
Despite the initially significant amount of resources required, the pay-off period can be 
shorter than two years. This depends on the course scenario, video type, and repetition 
rate.  

RQ3.2 Could a systematic approach to course transition be suggested?  

RQ3.3 Does FCDA satisfy the needs of the target audience and increase the 
effectiveness of flipped classroom implementation for teachers?  

The FCDA utilises a guided template for redesign, which was partly completed before 
the start of the content development for the new version of a subject. Developed within 
the research, the FCDA approach was validated in a number of courses. The results are 
described in Publications 5 and 7 for the Analogue and Digital Electronics Concepts and 
Systems Engineering courses. The guided template was used for course planning in three 
more courses: Systematic Creativity – TRIZ Basics Online (for the recent course version), 
Investment and Business Analysis with Excel (LUT University), and Automation (SPbPU 
University). Guided instructions with supported materials enable more systematic course 
redesign. According to the initial experiments, this significantly streamlines the process 
of course redesign.  

Despite all the positive effects, it was found that course transition is a complicated and 
labour-intensive activity which cannot be entirely systematised. The design is specific for 
each class, each teacher, and each student, and their behaviour can be unpredictable.   

6.1  Contribution 
This research contributes to four main directions (see Figure 8).  
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 Figure 8. Theoretical contribution 
 

First, it extends the flipped classroom understanding and uncovers the existing gaps in 
the research. From a general perspective, it is clear that the definition varies, but the most 
common practical understanding refers to one of the first reviews of the flipped classroom 
by Bishop and Verleger in 2013 and following its rigorous review of O’Flaherty and 
Phillips in 2015. The research extends and supports the recent understanding of the 
flipped classroom as a platform for different strategies. The strategies and theories which 
can be applied to it correlate with the description of Bishop and Verleger in 2013. In the 
LUT University case study, the active learning strategies, problems-based learning, 
collaborative learning, and peer-assisted learning were primarily used. Research gives a 
unique description for the flipped classroom from four core perspectives from more than 
100 papers, where 50 of them are case studies.  

Second, a contribution is made to teacher attitudes and the barriers of flipped classroom 
implementation. The findings of surveys about the lack of time as the main barrier for 
teachers correlate with the existing literature (Ferreri & O’Connor, 2013; Ivala et al., 
2013; Kurup & Hersey, 2013; Mason et al., 2013). However, the second main barrier, 
“lack of support”, has not been acknowledged in the observed literature, which underlines 
the limitations of the literature. Practically speaking support is one of the many requests 
from the teachers and one of the core steps for faster transition.  
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Third, the research includes a detailed design overview, revealing connections between 
variables (video duration, video integrations) and student learning outcomes. The 
majority of case studies of the flipped classroom aim to reveal the effect of flipped 
classroom implementation on learning outcomes (Missildine et al., 2013; Tune et al., 
2013; Pierce & Fox, 2012) and distil the elaborated design principles (Kim et al., 2014). 
The main learning outcomes to test are scores and students’ satisfaction. However, the 
effects are not always sensitive to the measurement of implementation. Some of the 
evaluation methods presented in the study differ from the traditionally used measurement 
of scores and satisfaction within the flipped classroom. More attention is given to learning 
analytics, where the data are sourced from different learning management systems, which 
is novel compared to existing research. All the combined methods of design and analytics 
afford an extended picture of the flipped classroom and distinguish the strong 
correlations. The research outcomes therefore enable improved flipped classroom 
implementation in the Industrial Engineering and Management domain.  

Fourth, the developed design guidelines and the cost-effectiveness model adjust the 
flipped classroom to different conditions and existing resources. The current literature 
reports very generic and varying information about the costs required for flipped 
classroom implementation. As described in Chapter 2, the costs of flipped classroom 
studies involve video material development per minute (Herala, 2016) or the overall 
amount of money spent on MOOC development (Hollands & Tirthali, 2014). The teacher 
therefore has no possible resource-effectiveness estimations. The current research 
suggests a cost-effectiveness model applicable to the costs of the flipped classroom can 
be provided.  

The contribution is practical and scientific. The practical contribution is transition of two 
courses from traditional to flipped classroom. Case study one took place over a five-year 
period and case study two over a two-year period. The results from these two case studies 
form the scientific contribution.   

The final practical contribution is the development of the flipped classroom learning 
design model.   To build the systematic approach, three different methods are used: 
literature review; case study; and modelling. The implication of TRIZ for learning design 
is to find a new area for the possible systematic design application. This is changing the 
current application in the engineering and industrial fields. The FCDA is a guideline with 
supportive materials which is applied to two course designs in Publication 5 and 7 and 
require additional testing. 

6.2 Implications 

This research creates new knowledge for different stakeholders in the higher education 
process. The impact from the transformation of one course to a flipped form over a 
number of years is significantly higher than for just one flipped course. It involves a 
number of new stakeholders and stimulated the research and project activity in LUT 
university and CEPHEI consortium universities.  
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Universities that are interested in transformation are able to use the research results to 
plan their digital education strategy. More precisely, digital learning teams made up of 
learning designers, instructional designers and educational technological support staff 
should be able to make better decisions about the type of methodology and technology 
they should adapt. 

Instruments and models from this research can used by all digital education practitioners, 
not only by those who focus on flipped classroom. For example, the cost-effectiveness 
model can be used by practitioners for the evaluation of cash flows for any video-based 
education process. It can serve as a solid starting point for teachers to estimate the 
suitability of the flipped classroom for their courses. In addition, further model 
verifications of a variety of designed video lectures extend its accuracy and applicability, 
providing a tool for predicting video costs for specific video development.  

Revealed teacher barriers and attitudes show the importance of following the guidelines 
to implement FC successfully. Following established best practices is an opportunity for 
early implementors to gain more benefits from flipped classroom.  

The TRIZ application for the learning design proves the impact of the theory in an 
unconventional field of applications. The potential of the adaptation of TRIZ principles 
can be found in the other education designs. Moreover, education as an application field 
could be of interest for researchers and practitioners in creative design and systematic 
creativity.  

FCDA extends the classic the ADDIE learning design model to the flipped classroom. 
This model is an instruction set for teachers and instructional designers regarding how to 
transit to flipped classroom. Learning design models, strategies and approaches are one 
way to make future educational design more efficient for instructional designers. The 
recently changed situation impacts significantly on digital education transformation. 
Changes which were expected to be made within years, happen in days. Therefore, 
systematic and scientific ways regarding how to transit to a new educational format is in 
high demand. Even if fully online education is only a temporary movement, it will have 
a profound impact on the educational process. The more innovative methods emerge, the 
more widely it will be used in the future. Therefore, the flipped classroom research is 
relevant and can have a strong impact and the concept can gain wider application.  

Overall, this work sheds light on a flipped classroom and extends its understanding. Each 
level of research has particular theoretical implications for researchers and practitioners.  

6.3 Limitations  
A major limitation of the study is the small data sample in the Systematic Creativity and 
TRIZ course. To provide richer experimental results, we use qualitative methods such as 
classroom observations and interviews. In addition, the validity of the conclusions is 
supported by existing findings in the literature.  
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Another limitation regarding involving more teachers and redesigning more courses is 
the time constraint. During the last two years, there were discussions with teachers from 
different universities to redesign a course together. However, only professors who are 
part of the CEPHEI project were actively involved. Based on discussions, it can be seen 
that teachers acknowledge the time and cost constraints.  
 
The second limitation is the wide scope of the research. This dissertation has a generally 
practical focus on different aspects of a flipped classroom, rather than the study of one 
design parameter and its effect on student learning outcomes. Emphasis is placed on video 
due to a lack of comparison between different flipped classroom course elements  

6.4 Conclusion  
Overall, all the publications extend the understanding of flipped classroom efficiency and 
implementations. Answers to three main research questions are elaborated in sub-
questions, demonstrating a rigorous understanding of the approach. To study learning 
design, this research applies different theoretical design methods outside the pedagogical 
scope. The flipped classroom learning design is therefore considered a complex system.  

The high costs and lack of time which were stressed in the review (McLaughlin et al., 
2015), vanish in light of the need and urgency caused by recent health crisis that affect 
all levels of education on a global scale, prompting a massive transition to online flipped 
courses in 2020. The perspective has changed and necessity becomes a driver for new 
technology to emerge. 

The current COVID-19 situation emphasizes the implication of this work. Not only are 
teachers and students worldwide confronted with an unprecedented situation, they are 
also resort to creative ways of using technology to continue pedagogical training. From 
moving classes online with (live) video lectures to adjusting to teaching from home. This 
forced transition to remote teaching is the first global test of digital education and already 
highlights new requirements for teachers and students alike, such as new active learning 
tools. This shows we are only at the beginning of flipped classroom and it has a bright 
future ahead. 

As education becomes more digital, data-driven pedagogical design will grow its 
potential (Khan, 2019). 

This research presents other researchers with a solid foundation for further flipped 
classroom studies and can be adopted by practitioners for their flipped classroom 
preliminary estimation, implementation and evaluation.  



Discussion and conclusion 79 

6.5 Future research directions  
The rapidly growing mass of research reflects the current trend of implementing 
innovative digital learning approaches. It responds to student demand for mixed learning 
that suits their individual needs. Research on flipped classroom design will therefore 
continue. Specifically, the results of the flipped classroom implementation in a large 
engineering classroom in the Analog and Digital Electronics Concepts course at the 
University of Melbourne (Publication 5) will be further elaborated. More updated results 
on teacher awareness and barriers, and especially FCDA effectiveness, will be introduced. 
 
Culturally, the research spotlight shifts from student-centred approaches to design data-
driven approaches. Data mining and learning analytics methods will be used to make 
future hypotheses. The CEPHEI platform, alongside other learning environments, will 
collect the majority of data, enhancing the capacity of future research. 
 
Considering the situation in higher education institutions, it would be of interest to 
provide comparison of the forced rapid transition to digital education against deliberate 
transition. It could be also of interest to test the FCDA for course design for teachers 
and understand if this guided instruction could be useful in the changed conditions. 
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Appendix C: FCDA extraction 
Flipped classroom design approach summary table for “Analog and Digital electronics 
concepts” course in University of Melbourne. 
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Abstract
This article shows specifics of the transition from conventional educational 
practice to the Flipped classroom model in modern education system. It is 
focused on professors’ perception of the video-based teaching approach. 
Conducted sociological survey involves the teaching staff from one European 
and one Russian university, namely the Lappeenranta University of Technology 
(LUT) and Ural Federal University (URFU). The survey investigated professors’ 
awareness of the Inverted classroom, their readiness to employ it and prime 
barriers they face. Results reveal that teachers from Russia have less information 
about the model and practically do not embed it in the education arrangement 
comparing to professors from Finland. Lack of time, lack of support and 
assistance are shown to be the prime barriers preventing them from flipped 
classroom implementation. Drawn implications are of use for the integration 
of the flipped classroom. 

Keywords: flipped classroom, higher education system, professors’ perception. 

1. Introduction

Social and technological changes affect all the spheres of our life including 
higher education. One of the breakthroughs in the last half century is the concept 
of blended learning. Generally, it is a modern educational approach where part 
of the content is delivered online and the remaining part is taught face-to-face. 

Natalya Antonova
Russia
Iuliia Shnai, Mariia Kozlova
Finland
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It combines application of a variety of technologies to the traditional lecture. 
The inverted or flipped classroom is one in this vein. The flipped classroom has 
its roots in K-12 education in 2012 (O’Flaherty, 2015). It combines knowledge 
transfer partly through video before the class and various activities through com-
munication in class.

Implementation of new technologies increases the dynamics of higher educa-
tion. Adjustment of the teaching methods to the transforming needs and growing 
demand of innovative online education delivery services are the trends that 
increase the efficiency of education. Educators and universities have been adapting 
the learning process to the new generation, to Millennials, who have expectations 
and information consumption ways different from previous generations of stu-
dents (Skiba and Barton, 2006).

Rapid development of teaching methods highlights the importance of theoret-
ical and practical research in the field. “The more we know about effective uses of 
technologies for teaching and learning, the faster we can adopt these new practices, 
facilitate their proliferation across higher education, and increase student success” 
(Seaman and Tinti-Kane, 2013). 

We believe that the study of teachers’ awareness of flipped classroom implemen-
tation and review of the emerging challenges of its implementation will encourage 
and contribute to the satisfaction of students’ needs, realization of universities’ 
innovation potential and strengthening the positions of the modern teaching 
technologies in the higher-educational arrangement.

2. Background and Methodological Framework 

 Higher education system has been reproducing traditional models of education 
for several decades. According to Professor Cathy Davidson from Duke University, 
traditional education tends to be a disciplined way of learning by quiet sitting 
and individual problem solving (Bogost, 2013). Such isolation stands for lack of 
communication between peers and professors in class, where instructions do not 
become more personalized. 

Traditional lecture refers to the teacher-centered approach. Lecture is an essen-
tial element of the traditional approach to education, which has its own form and 
characteristics. Philip Boffey (1962), from Harvard University, wrote about lecture 
as “a chief method of teaching”, even though since 1962 it has had a huge number 
of drawbacks. Nowadays this is the leading form of information presentation 
and the most popular way of teaching in universities. Insufficiency in achieving 
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effective results in class performanceusing lecture in the digital era becomes a 
driving force for the future process rearrangement. 

Lecture is a passive, not dynamic way of teaching that decreases students’ 
attention and involvement (Bergmann, 2012). Subsequently, it affects students’ 
learning process in the way of making them feel bored and quickly and easily 
forget the material. Student attention after 10 minutes of an unvarying narration 
significantly declines (Hartley, 1967), (MacManaway, 1970). Average spin (period 
of active learning) is no more than 20 minutes from the beginning (Stuart, 1978). 
Knowledge transfer through lecture stands for pure listening, which makes listen-
ers remember just 5% of given information. Passive participation does not allow 
students to develop existing skills or to get new knowledge in the most efficient 
way. In addition, theoretical knowledge without involving different teaching forms 
limits learning and understanding of listeners.

The flipped classroom approach covers a number of important gaps in the 
traditional educational approach and brings strong advantages to the learners in 
the current digital era. The flipped classroom is an overall term for the reverse 
traditional educational arrangement. In some sources it is also called blended 
learning, the inverted classroom, condensed classroom, or post-lecture classroom 
(Plasencia, 2014; Bergmann & Sams, 2012). It is one of the most recently emerged 
innovative and popular technology-injected learning models. The term inverted 
classroom refers to 2002 (Lage and Baker) and the term “Flipped classroom» was 
introduced in 2012 by Bergman and Sams (Bergman and Sams, 2012). It combines 
a variety of technical tools. One group of techniques aims to create and reproduce 
video content (Jensen, 2015). “The core idea is to flip the common instructional 
approach: with teacher-created videos and interactive lessons, instruction that 
used to occur in class is now accessed at home, in advance of class. The classroom 
becomes the place to work through problems, advance concepts, and engage in 
collaborative learning” (Tucker, 2012). Most activities in class are automated by 
using clicker responses, low- or un-moderated online discussions, quizzes, etc. 
(Bogost, 2103). After the class, students can apply their knowledge and deepen 
the material. 

The results of flipped classroom implementation efficiency vary in different 
studies. We present the results from 15 most cited articles and scoping reviews (O’ 
Flatherty, 2015), where each study provides a comparative analysis of the flipped 
and traditional classroom. The majority of authors reveal an increase in students’ 
satisfaction and scores as two main parameters that reflect the effectiveness of 
the flipped classroom implementation. Additional advantages of the flipped 
classroom include an increase in engagement (Strayer, 2012), an increase in face-
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to-face communication (Baepler, 2014, Strayer, 2012, Kim, 2014), personalization 
of instruction, which means longer or higher quality time of communication 
between professors and students (Bergmann and Wilie 2012; Mary Beth Gilboy, 
2014; Kim, 2014; Strayer, 2012). However, a few studies report no changes in stu-
dent perception or scores (McLaughlin, 2014; Love, 2014; Baepler, 2014; Velegol, 
2015) or even show a decrease in satisfaction (Missildine, 2013; Strayer, 2012). 

 Inconsistencies in the flipped classroom research results underline the 
importance of continuation of studies in this field. Among other issues, teachers’ 
readiness to implement it, common and specific barriers they face, and the general 
perspective of this methodology in the future should be investigated. 

3. Results and discussion 

The proposed research targets shed light on teachers’ actual level of awareness 
of the flipped video-based classroom approach. In addition, this study identifies 
challenges hindering the use of this model by professors in their own teaching 
practice. To achieve these aims, structured interviews were conducted in Russian 
and Finnish universities over the period of 2015 – 2016. The questionnaire consists 
of 11 questions related to the awareness and attitude of professors. The interviewed 
sample comprises 20 teachers from each university. The professors from the Lap-
peenranta University of Technology are representatives of the Industrial Engineer-
ing and Management Department from the School of Business and Management 
and in Ural Federal University the professors work in the Socio-Economic 
Department. In the Lappeenranta University of Technology the ratio of the male 
and female professors is approximately equal (some respondents preferred to keep 
anonymity). In Ural Federal University 16 women and 4 men were interviewed. 

3.1. Professors’ awareness and attitude to the flipped classroom 
The level of awareness of the flipped classroom is considerably lower in the 

Russian university: only one respondent is familiar with the concept versus 10 
professors who have heard about the flipped classroom and 3 who have practiced 
it in the Finnish university. We suppose that the severe lag of Russian professors 
can be related not to the lack of information available but rather to the language 
barrier. The language skills differ significantly in these countries. According to the 
English skills, the world’s largest ranking of countries in 2016, Russia was ranked 
the 34< out of 72 countries, whereas Finland took the fifth place in the same 
ranking (EF, 2016). 
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The respondents from the Finnish university in general favor unconventional 
teaching approaches and the flipped classroom in particular. The results of the sur-
vey show that six teachers of the Lappeenranta University of Technology believe 
that the flipped classroom is one of the most effective approaches for class arrange-
ment. Alongside with that, six respondents tend to think that a combination of 
different approaches is the most effective way of teaching: flipped classroom and 
active (two respondents) and traditional, active and flipped (four respondents). 
A considerable number of respondents prefer the active approach solely as the 
most effective one (four respondents). Therefore, the general opinion about the 
effectiveness of different approaches is ambiguous, with the flipped classroom 
approach prevailing.

In addition, we asked the respondents to find the most effective approach with 
respect to their own lectures. Here only two of professors from the Finnish Univer-
sity selected the flipped classroom as a single option. The remaining respondents 
preferred to use a combination with other approaches (traditional and active). 
Thus, it is believed that professors are not confident in spite of their initial famil-
iarity with the inverted classroom, and innovative practice is at the initial stage 
towards wide dissemination in educational arrangement.

Regarding the Ural Federal University, the low level of awareness leads to the ina-
bility to give reasonable answers about the flipped classroom. However, 15 respond-
ents tend to choose a combination of the listed active and traditional methods. 

3.2. Required elements for transition to the flipped classroom
Further, our survey aimed to reveal perceived necessary conditions for imple-

menting the flipped classroom concept in the teaching practice of the respondents. 
Taking into account the low level of awareness of this method in the Russian 
university, before proceeding with the survey, we familiarized the participants 
from the Russian university with the concept of the inverted classroom. Table 1 
shows the results of this part of the survey. 

Table 1. Flipped classroom transition conditions (number of respondents) 

Conditions
Respondents 

from the Russian 
 university

Respondents 
from the Finnish 

 university
The arrangement of the process 12 14
Access to technologies 6 1
Supporting materials and resources for implementation 2 5
Total 20 20
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After a basic review of the methodology background, the majority of the 
respondents from Russia highlighted the arrangement of the process as a nec-
essary element for the transition to the flipped classroom. The rearrangement of 
the process was also emphasized by the majority of the professors from Finland. 
Essentially, rearrangement of the educational process requires new resources, 
skills, and knowledge from both professors and students. Teachers need to invest 
their time in the preparation of materials, development of in-class activities, and 
reflecting the new approach in the curriculum. The rearrangement brings about 
changes in time distribution for students as well. The share of time for self-study 
increases, as the theoretical or knowledge-transfer part of the teaching is shifted 
to self-preparation with videos and other material. Simultaneously, the in-class 
time is primarily devoted to activities and active interaction between students 
and the teacher. Therefore, careful preparation and development of a detailed 
implementation plan are the crucial parts of the transition process.

Both survey groups agree that the rearrangement is the pivotal requirement 
for the transition to the flipped classroom. However, with respect to other condi-
tions opinions diverge. The teachers from Russia are more concerned about the 
lack of technological tools, whereas the teachers from Finland are more worried 
about the application ways. It can be justified by different overall resource supply 
in each university. Generally, Russian universities provide lower level technical 
equipment, such as laptops, tablets, video cameras and other tools. Moreover, there 
are no equipped e-learning labs in the Russian university. Contrariwise, the LUT’s 
e-learning tool-kit accessible for everyone in the university satisfies all the basic 
needs for the flipped classroom implementation. Thus, the Finnish professors are 
more concerned about the practical ways of the flipped classroom realization, 
such as methodology, instructions, guides and other supporting techniques and 
materials. 

3.3. Flipped classroom implementation barriers
According to the survey results, 18 respondents from the Lappeenranta Univer-

sity of Technology and 15 respondents from Ural Federal University express their 
interest in the flipped classroom implementation in their own courses. Despite the 
growing interest in the approach, its practical realization is hindered. Therefore, 
the next part of the survey addresses an important issue of the perceived barriers 
to the implementation of the flipped classroom. The list of barriers preventing 
diffusion of the methodology in the respondents’ own practice is presented in 
Table 2.
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Table 2. Barriers to the flipped classroom implementation 

Barriers Russian teachers Finnish teachers
1 Lack of time to develop and rebuild courses 16 12
2 There are not enough specialists in the field who 

can help with the development 
10 7

3 Professors are not familiar with technologies 8 5
4 There are no technological tools for its realiza-

tion 
5 1

5 Students are not familiar with the method and 
do not prepare for class 

3 4

6 There is no need to rebuild courses at all 2 2
Total 44 31

The results of the survey demonstrate that the major challenge for the teachers 
is lack of time. More than a half of the participants emphasize this barrier among 
other things. It fully reflects the prime perceived component of the transition 
to the flipped classroom, “rearrangement of the process”. Course reсonstruction 
requires time for updating the content and developing completely new e-learning 
elements (videos, audio lectures, quizzes, class activities, instructions, etc.). Lack 
of time has its roots in the working time allocation. Commonly, besides teaching 
activities, professors are involved in scientific research, academic projects, edu-
cational program planning, etc. In both universities, participation in all kinds of 
teaching activities gives additional points leading to pay rise. In addition, various 
standards established in universities can play a significant role. For instance, in 
Ural Federal University the preparation time for one lecture is set to be no more 
than 30 minutes. Clearly, it is not enough for flipped classroom preparation for 
the first time. Therefore, the limitations established in the university, on the one 
hand, and motivation measures on the other can significantly affect transition to 
the flipped classroom. 

Lack of instructors, assistants and specialists in the field is the second barrier 
affecting the implementation of the inverted classroom. Insufficiency of the 
assistance of technologists, video operators, programmers, and editors makes the 
transition process more complicated and slows down the design and development 
of the new courses. As long as professional support is one of the main factors 
defining flipped classroom quality, it defines efficiency and success of the course 
reconstruction. The teachers from both respondent groups find it difficult to 
resolve a number of issues without assistance. Which part of the content should 
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be recorded? How to plan the content, script for video recording? How to record 
a high quality video using professional equipment? How to share the video con-
tent? Which platform to use? How to arrange interaction using feedback systems 
in class? How and how often to update the materials? Instructional technologists, 
or ideally a rigorously formed e-learning team, can provide support for professors 
in terms of both technology and organizational issues. Development of e-learning 
courses, like the flipped classroom, creates demand for new roles and participants 
in the educational process. Thus, university administration becomes a central 
decision-maker. 

What even worsens the situation is the lack of practical information about the 
implementation of the flipped classroom. The only vast source of information is 
academic papers that are not as convenient as, for instance, specifically arranged 
practical guides. An effective solution for this problem could be seminars, video 
training and pilot experiments for the professors. 

Nevertheless, a wide range of already implemented technologies in education 
can become a first step towards inverted video-based classroom implementation 
(Table 3).

Table 3. Technological tools already used by teachers

Tools Russian 
teachers

Finnish 
teachers

1 Voting or test systems (Feedback systems) 20 15
2 Presentation software (PowerPoint, Prezi, etc.) 10 20
3 Programs or tools for creating video content 0 5
4 Сourse management systems (Moodle, etc.) 0 16
5 Software for presentation activation (Adobe Presenter) 0 1

Total 30 57

 The results of the survey demonstrate that the professors from URFU and LUT 
use very similar technological tool-kit in their teaching. All the respondents from 
URFU and 75% from LUT use feedback systems, emphasizing testing and vote 
systems. In Ural Federal University a grading-rating evaluation system operates, 
where the results are recorded with the use of controlling-tests. Furthermore, there 
are specifically composed standardized tests utilized during exams. As an example, 
the Russian Scientific and Research Institute of Educational Quality Management/
Monitoring develops online exams for professors in higher education institutions. 
The LUT professors also use test systems for examinations and to monitor in-class 
activity. 
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All the participants from LUT and half from URFU employ presentation soft-
ware in their lectures. It is worth mentioning that PowerPoint slides became an 
essential tool accompanying lectures. Still poorly equipped classrooms (without 
a computer, a blackboard, etc.) in Russian universities hinder easy-going software 
application.

A considerable part of the professors from LUT use Learning Management Sys-
tem (Moodle) in their everyday teaching. The Moodle system is a part of the course 
database platforms, which allows professors to upload, create, update materials and 
share them with students. Students learn through the Moodle system by watching 
videos, reading materials, quizzes, assignments and other course elements alongside 
with in-class face-to-face meetings. Some of the respondents in LUT also mention 
that they use video creation tools. Currently, Adobe Connect and Echo360 are the 
most commonly used solutions in university. Both these tools give a chance to 
create two-screen videos with presentation on one screen and personal presence 
of a professor on the second one. The videos for the two screens can be recorded 
simultaneously or separately by the teacher in front of the web-camera. There is a 
supporting team in LUT that helps to use technological tools. 

Coping with the identified barriers faced by professors and initial movements in 
technology usage become the first steps towards he development and implemen-
tation of the flipped classroom. 

4. Conclusion

Flipped classroom methodology is still not widely introduced in higher educa-
tion arrangement. According to the results of the survey, the level of awareness of 
the professors from the Lappeenranta University of Technology is considerably 
higher than that of their counterparts from Ural Federal University. The Russian 
teachers do not implement the flipped classroom in their everyday classes, opting 
for the traditional and active classroom. 

Both groups of respondents lay a special emphasis on the barriers decelerat-
ing the implementation of the inverted classroom. The teachers are primarily 
concerned with the lack of time for material preparation, team organization and 
technological support (programmers, video-developers, editors, etc.). At the same 
time, some professors have already employed a wide range of technologies, which 
can become an initial basis for the flipped classroom implementation in the future. 

We strongly believe that the flipped classroom, as an innovative technique, 
contributes to modernization of the traditional educational approach. With the 
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flipped classroom, a student will play a role of an active self-learner and researcher 
rather than a passive consumer of educational service. The major difference and 
benefit for the professor is forming student-centered relations, where the profes-
sor tends to be a friend, main advisor and facilitator of the educational process, 
revealing the unpredictable world of science for their students. 
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Introduction 
Digitalization and total connectivity result in tectonic changes in many businesses. Uber, 
AliBaba, AirBnB became the biggest taxi, retail or hospitality companies, respectively, 
having zero tangible assets at the same time. We anxiously presume that we are at the 
beginning of global transformation period in education. The main drivers of this 
transformation are demonopolization, globalization, openness, flexibility and practice 
orientation. At the same time, we may add to this the trend of younger generation 
perception preferences: they prefer watching to reading, integration to deduction, 
multipurpose to concentration. And teaching technologies that enable this transformation 
are typically named as e-learning or digital education, blended learning, flipped classroom, 
project based learning and some others. 

Having agreed to this, at least partially, “an old school professor” might revise her/his way 
of teaching and face a number of questions. What should be digitized, flipped, project-
based in my course and what should stay as it is? What is the proper share of in-class and 
off-line activities? How to bridge them? How much time units is needed to produce one 
time unit of teaching video? How to evaluate the efficiency of off-line activities? How 
technically demanding the digitalization is? 

The paper presents rather initial speculation on the subject then solid statistically supported 
general results. At the same time, we share very specific experience of transformation of 
one of the courses taught at university for a number of years. And this specific teaching 
experience in rather new and unusual subject, is another focus of the research. The subject 
is the systematic creativity, grounded mostly in TRIZ, the Theory for inventive problem 
solving. The approach was introduced in 1956 (Altshuller, Shapiro, 1956) and made it way 
to the public, industry and science, see recent reviews (Morhle, 2005, Ilevbar, 2014 and 
(Chechurin, 2016). Ironically, the subject should itself be the instrument of inventive 
changes in the way of teaching. The experience of gradual migration from traditional class 
to flipped one, the first statistics on results and lessons learnt are supposed to be the main 
contribution of the report.  

Background  

Worldwide interest to TRIZ has slightly decreased in the recent years. The amount of 
scientific papers for the term “TRIZ” in Article title, Abstract, Keywords are currently in 
the “Fade” stage. According to Google Trends, the current frequency of search term is 
constantly low, constituting 30% percent of the maximum in 2004. The interest by region 
involve mainly developing countries in Asia. Worth to mention, that relatively strong surge 
of interest varies for the regions with the highest proportion of people searching for the 
term “TRIZ”: Angola (Oct. 2005), Trinidad & Tobago (Feb. 2004), South Korea 
(Sep.2004), Mozambique (Feb. 2006), Taiwan (Nov. 2006), Brasil (Aug. 2017), Peru (Apr. 
2004), Iran (Feb. 2004). The amount of papers in Finland is negligibly small and the overall 
interest to the term in the country goes down with the highest peak in February 2015.  



 

The inventive design requires special knowledge and innovative solutions (Jou, 2010). 
TRIZ is a tool, which help to form systematic approach to ideas generation and inventing. 
It is a resource-effective approach, targeting the product design enhancement and new 
product development (Ilevbare, 2013). Companies are the main consumers of TRIZ 
education. Prevailing in the industrial sector, widely used by the consultants the toolkit 
stays private. It results in limited information and access to the TRIZ in the open online 
environment.  

TRIZ is taught in a number of universities across Europe, however hubs remain small.  
Having been applied to engineering problems, generally it is a part of the programs in 
Industrial Engineering or Mechanical Engineering departments. Teachers use traditional 
learning design in offline environment for TRIZ courses in universities. Scopus database 
search query: TITLE-ABS-KEY ( triz )  AND  TITLE-ABS-KEY ( blended  AND learning 
)  OR  TITLE-ABS-KEY ( moocs )  OR  TITLE-ABS-KEY ( e-learning )  OR  TITLE-
ABS-KEY ( flipped  AND classroom )  OR  TITLE-ABS-KEY ( video )  OR  TITLE-ABS-
KEY ( online  AND learning) yields 18 papers only.  9 papers describe the digitalised ways 
of teaching TRIZ, two of them describe TRIZ application for classroom digitalisation in 
the other fields and others are not relevant. The authors develop the online or blended 
approaches and environments (Jou, 2010), game based TRIZ learning (Leung, 2007). 

TRIZ digital resources for education are limited or old fashioned and do not satisfy the 
constantly changing user interfaces. For instance, the acknowledged software packages 
(Ilevbare, 2013) are either not available (Innovation WorkBenchs by Ideation 
International), or not free (Goldfire by Invention Machine, TriSolver) or old-fashioned 
(Creax Innovation Suite). Reviewing the first five pages in Google search for term “TRIZ” 
mainly the textual online manuals like “Oxford Creativity”, “The TRIZ Journal” “Creating 
minds” were found. One user-friendly tool TRIZ40 that seems to be quite popular. There 
are some open online courses within the modern e-learning platforms but only in Russian 
language on OpenEDU and 4Brain platforms. TRIZ courses were not found in Linda, EDX, 
Coursera and other hugest e-learning platforms. On YouTube the “BioTRIZ” and some 
other personal channels are devoted without strong activity. Still the TRIZ coverage in 
open online space is quite small and more powerful learning massive open online resources 
do not contain any TRIZ courses or even any references to them.  

Case 
Course redesign (Traditional course description) 

Creative thinking should be taught using creative approaches. Leading by this idea and digital 
medium changes, the innovative TRIZ teaching approach have been emerged. TRIZ related project, 
involving Lappeenranta University of Technology and Finnish companies, maintained the initial 
activities. Such players as ABB, Konecranes, Outotec have looked forward to apply TRIZ to inner 
industrial problems and involve TRIZ education in a corporate culture within the project. Targeting 
first engineer’s education, TRIZ materials were converted into videos and used for regular courses 
of TRIZ in LUT.  



 

Pioneered in 2011, the intensive course on Systematic creativity and TRIZ has been taught by the 
authors at the department of Industrial Engineering and Management of the School of Business and 
Management of Lappeenranta University of Technology (Finland).. Currently, there are two main 
forms: standard (long) and intensive (short). Long course lasts 1 period (two months) with the total 
workload of 156 hours (lectures 28 h., exercises 28 h., teamwork 38 h., reading 49 h., exam 13 h.), 
which is equal to 6 credits. The short-term course within summer and winter school includes two 
levels of TRIZ “Systematic creativity- TRIZ basics and “Inventive Product Design and Advanced 
TRIZ course”. The total workload of each course is 78 hours, where lectures and exercises take 24 
hours, teamwork and a limited project work are equal to 20 hours, 8 hours of presentations of the 
results of project work and 26 hours of independent work. The grades are evaluated based on the 
final project work.  

From 2011 to 2015, there were no significant changes in a course design in terms of 
structure. The first attempt to re-arrange course was within the Summer school intensive 
course in 2016. The target was flipped classroom design, where the in-class time is 
devoted to activities and pure lecture is substituted with digital preparation materials, 
mainly videos.  
The figure one shows transition from traditional to flipped classroom design. There are 
three different designs of the same short- term course, which are described in terms of 
elements of the course and their duration. First, the videos were implemented. The design 
was extended by quizzes and other materials, which were gathered on the open e-learning 
platform “Thinkific” as a 6 modules course http://triz.thinkific.com. For the Summer 
school 2017, the Edpuzzle web-based platform combined videos with instant questions. In 
addition, the in-class part was activated. The students were randomly grouped in four 
teams. Each team has its mentor via PhD students. Activities include generation of ideas, 
quizzes, games, role changes, cases, teamwork. Having been implemented, discussion in 
the beginning of the class connected the online and offline parts. Pure lecturing part was 
practically eliminated    



 

 

Figure 1: Course redesign from Traditional to Flipped classroom 

Instant Feedback system development 
The design of the instant feedback system was inspired by the following very generic, even 
philosophical principles of TRIZ: 

● A single useful action should be redesigned periodic, the periodic should become 
continuous. (“Continuity of useful action” inventive principle) 

● A system should be designed dynamic and adaptive. It is to address the challenges 
and changes from the outside immediately (“Trend of dynamization” of TESE, 
trends of engineering system evolution) 

● Redesign of a system should increase its ideality. Ideal system is the system 
where even the most aggressive design ambitions, have become true without 
compromising the cost or any design generated harmful factors (Ideal final result, 
IFR concept). 

These principles were a good departure point (and navigation tool) for the course 
improvement ideation. They were read as follows: 

● Ideally, the teaching session is adaptive, the pace of teaching, the contents, the 
number of examples, the background of examples and other elements are to be 
chosen immediately to have its maximum efficiency on the participants.   

● The feedback system should enable continuous reading the satisfaction of the 
audience, especially in the case when the audience is big (visual or verbal 



 

personal contacts are limited) or new (requires some time to comfort itself with 
new teacher/presenter and start reacting more open).  

● The system should be light, transparent, easy to use, using the existing resources 
(no additional devices is needed).  

The prototype for the system was found in some advanced universities (like MIT) that 
practiced an “extra screen” in lecture room. The second screen is used by the audience to 
tweet immediate feedback, questions or suggestions, openly, visibly but without 
interruption of the teaching. Being functionally exactly what we wanted to reach, the 
prototype turned out to be technically demanding, indeed, it requires one more screen, 
projector and internet connection (with subscription to either messaging service like 
Twitter, or web chat room). Instead the authors piloted and experimented the feedback 
system that delivers the audience’s comments to the same screen, over the presented 
materials. Comparing to Twitter-like solutions, it limits the dialog by one room and gives 
anonymous access without registration. Unlike voting systems, it does not require special 
equipment and additional screen like Slido, Tweedback. Communication is initiated by 
students rather than by professor, whereas generally teachers use feedback systems to get 
answers on his/her questions. The detailed description and prototype can be found here and 
tested on Windows PC http://askbox.strikingly.com/. It is planned to improve current 
solution toward more adaptive and autonomous system which enables not only 
commenting or questioning but rather to transfer the current class mood to a teacher 
instantly. 

Video recording 

At first glance, the goal to substitute lectures with videos was the most radical, complicated 
and resource-consuming change. From the beginning, the creative and resource-effective 
approach for the video design and developments was used. Meetings for the coffee breaks 
and small fragments recordings on the phone were a departure point for the more 
structured, qualitative videos in the future. Therefore, the 5 core videos for 5 main topics 
took from the professor (10 hours) and from assistant (80 hours). 90% of time was spent 
on editing, the rest for the meeting, preparation and recording (Shnai, 2016). The duration 
of each video was 10-15 minutes with 3-4 inner sections. The video typology was designed 
based on literature review of flipped classroom experiments and on user-friendly videos in 
the MOOCs (Massive Open Online Courses). To decrease resources, all videos were 
recorded using phone, tripod, LUT studio and the editing and designing of videos were 
provided by the assistant using free open software. To publish videos the open free 
YouTube host was used. https://www.youtube.com/channel/UCqr4R5hyHjs1ve-
4znD0asQ . Following that, the videos were embedded in open e-learning environments 
like Thinkific or Edpuzzle to adapt to the full course design. 

Data collection and data analysis 
The data was gathered using a mixed method approach, combining different quantitative 
and qualitative methods and forming review over learning outcomes, student satisfaction, 
teachers’ barriers (Antonova, 2016) and innovative course design, cost effectiveness 



 

(Shnai, 2016). Administration of Lappeenranta University of Technology provide general 
questionnaire form after each course, targeting student’s satisfaction. In addition to it, after 
course redesign for Summer school 2016-2017 we developed the student’s post-course 
asynchronous semi-structured survey related to more specific issues and elements in course 
design. Questionnaire form was developed based on the rigorous literature review. It 
contains 2 main sections with approximately 20 questions revealing overall students’ 
perception of flipped classroom and focusing on videos and activities separately. The last 
course Summer school 2017 was extended by the activities so we add the extra section for 
questionnaires. Couple of days following each course completion, the data from students 
was collected. In addition to it, the professor of the course was informally interviewed after 
the course. Furthermore, entire process of flipped classroom implementation was 
accompanied by observations. The statistics from video hosting platform YouTube for the 
first experiment and from the e-learning platforms introduced in the second were also taken 
into account. Finally, all the data was gathered, systematized and analysed.	

In this paper, we present only some partial results from the latest redesigned course within 
Summer school 2017. It consists of the students’ satisfaction from the LUT administration 
survey in comparison with other courses in summer school, the students’ satisfaction based 
on our more detailed survey and learning outcomes. In addition to it, the qualitative 
guidelines and comments based on our overall experience are given. Summer school course 
in 2017 attended 29 participants, mostly of MSc and PhD levels. Course participants’ ratio 
of engineering background students and management was approximately 4:1. There were 
3 guest students from China who did not take part in the LUT developed survey.  The 
Response rate in LUT survey was approximately 50% (13 respondents from 26 accounted 
participants) and in the specific survey response rate was 100% (29 respondents from 29 
participants). It can be explained by the distinguished in-class time for answering the 
questions 

Course outcomes 
Student satisfaction according to general survey provided by LUT 

The student satisfaction for the Systematic Creativity and TRIZ basics was traced from 
2013 to 2017, where the first three courses were traditional and last two courses were 
flipped. The columns describe the student satisfaction from zero to five. Mainly the 
satisfaction is higher than 4.5. The precents written on columns show the response rate for 
each course. It can be traced that response rate increases and the results of student’s 
satisfaction are more representative (Figure 2).   



 

 

Figure 2: Student satisfaction of Systematic creativity and TRIZ 2013-2017 

In addition, the student satisfaction for the course “Systematic Creativity and TRIZ basics” 
was compared with student satisfaction of other courses in Summer school 2017 in LUT. 
The student satisfaction constitutes average of course satisfaction and lecture satisfaction. 
From 14 summer school courses, we analyse the responses from 10 courses, where the 
more detailed overall satisfaction was given. These courses involve two levels of TRIZ 
“Systematic Creativity and TRIZ basics” and “Inventive Product Design and Advanced 
TRIZ “where the first one was designed in flipped form. As on the Figure 2 above, Figure 
3 shows the “Overall satisfaction” with response rate. 

In general, we can trace that the highest response rate is 60 % and the lowest is around 
20%. Also the courses with the lower response rates have lower satisfaction (Course 
3,Course 7, Course 9) and the same in the opposite way (Systematic Creativity and TRIZ, 
Course 4,Course 6,Course 8). The highest satisfaction rate was for both course of TRIZ 
and Course 8. The response rate for TRIZ courses was counted from 26 participants and 
for course 8 from 13. It is worth to mention, that the first course of TRIZ (flipped 
classroom) and course 8 have relatively high response rate in comparison with non-flipped 
second TRIZ course.  



 

 

Figure 3: Comparison of student satisfaction for Summer school 2017 courses 

Student satisfaction (specifically developed survey)  
The amount of respondents involved here was 29 (26 LUT accounted participants and 3 
guests from China) and Response rate was 100%. The main results reveal positive feedback 
from most of the students. General perception about course design is given on the Figure 
4 below. 

 

Figure 4. Overall perception of the course 

“The course has been most interesting and enhanced my capabilities in problem solving. Leonid 
has truly thrown himself into the fire and is a very inspiring lecturer. Early morning classes are 
often tiresome and uninviting, but not this one!” 

“It has been an incredible course, because I think we have learned many methods without realizing 
it. I really enjoyed and recommended” 

The student’s perception about the videos implemented before the class was also positive. 
Most of them strongly agree that videos help them to understand the materials better, 



 

increase involvement and interest. However, they were not so sure that videos are helpful 
for preparing questions and comments in advance. 

“Videos could be more precise, with more details and examples. Though, all these is given in the 
classroom.”  

“Well I believe the idea of the video is especially nice because you can go through them even after 
the course. I would like to questions to be framed better and I think with continuous feedback and 
improvement, they can be even better” 

“Videos were mostly good and informative. The following questions were mostly unusable and 
annoying in their inaccuracy” 

“It would be better to have longer videos, not so concentrated. When every word is important it is 
hard to keep concentration on every second during all 12 minutes. Maybe it is better to add more 
examples in the video and repeat main points from different angles.” 

In addition, students support the idea that in class activities increase communication, 
involvement, motivation to learn, understanding of TRIZ tools, having fun.  

“It was nice to have several lecturers in this course, to see and take part in discussions they make. 
Also, I liked the idea of changing activities at certain time (from group work to independent work”  

Design guidelines  

Some design guidelines and comments can be proposed based on the sequence of 
experiments with respect to students and professor opinions and learning analytics from 
the used tools. It seems that most of them can be generalised and probably be helpful not 
only for TRIZ course re-design. 

● Build the bridge between online and offline materials 
The connection of online and offline parts is relatively important. By adding the discussion 
in the beginning of the class the initial level of student’s understanding was revealed. 

● Course time increase by the preparation materials can lead to student’s overload, 
especially within the intensive course.  

It is beneficial if students are familiarised in advance with the flipped classroom structure 
of the course. And if the in-class time is decreased, motivating students and making them 
more open to innovative learning approach. 

● Share the preparation course materials in advance. Make the preparation materials 
«not possible» but required 

● Give special attention to video typology, design and place in the course  
Based on the detailed surveys the 30 % (from 29) of students believe that “Videos didn't 
give enough information” and 20% that “Videos are too fast”. Therefore, the videos can be 
improved in these directions. In addition, students mentioned students mentioned that 45% 
percent of people believe that videos are useful “before the class” and 38% after class. 

● Add motivation (like quizzes) to increase the video views 
● Involve differently designed activities  



 

While increased time for activities and 4 mentors, lengthen the personal communication, 
avoiding free riders in the class. Teamwork was also beneficial for in-active students in 
order to open their potential and strengthen their social status in the university 

● Begin with the small video fragments development  

Learning outcomes  
Measurement of the grades is not as simple as possible in more fundamental subjects. 
Whereas, the grade system for math or physics can be standardised, creativity assessment 
is not subjective and can be interpreted differently.  Currently, there are different 
approaches and ways but not the one that TRIz teachers can use in the university for 
instance.  

The grades for this course are commonly constituted based on the final projects reports.The 
flipped classroom design of 2017 was estimated based on the overall in class work and 
learning analytics from video views was taken into account in questionable situations. 
Increased time for variety of different activities, involvement of 4 mentors and a relatively 
small amount of participants for each class team gave the detailed perception about each 
student in personal.  

Conclusion  
The study presents the experience and results of digitalization of university course on 
TRIZ, the theory for inventive problem solving. It demonstrates how principles of 
systematic creativity assist in inventive course redesign. We feature instant feedback 
system prototype, original blended course design, dynamic bridging of in-class and off-
class activities, focus on project/team work in application to the specific course. Experience 
based speculations on how to start blendization of teaching, what difficulties should be 
expected and how they are circumvented can hopefully save some efforts of readers, 
interested in the same activities. The audience feedback and comments gained from 2 years 
of teaching for practically 100 students in Summer school and more than 60 registered 
learners in e-learning platform. Course redesigning is used to support the main outcomes 
as well as general success of the journey. 
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