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Abstract A difference between integrative and integrating education is explicated. Integrating education is shown to be a theoretically sound and empirically feasible approach to promote sustainable development. Three many years long examples of integrating education are presented. The first one from primary school level six years long series of design experiments and learning projects to promote sustainable development. This project was a part of Finnish OECD/ENSI program. The second one is a series of integrating case studies from the pre-service teacher education program during years 1998 – 2003. The third one is a four years long integrating action research project to create a continually improved curriculum for home economics teacher education. Evidence is presented that these are relevant, valid, reliable and replicable examples how to monitor and promote Education for Sustainable Development both at schools and universities.

Introduction: An integrating approach to Education for Sustainable Development (ESD) 

There are many integrative or comprehensive theories of EE and ESD (e.g. Palmer 1998). These are not active research programs, only snapshot overviews. There is a difference between integrative and integrating theories. Integrative theories offer comprehensive overviews of earlier theories. They do not have any explicit built-in idea of continual improvement of the theories. With integrating theories, there is recognition that all human knowledge is partial and tentative. Integrating theories are continually tested and those parts that pass continual theoretical and empirical testing are integrated into thinking, feeling and action. The processes of continual improvement help keep integrating theories meaningful and useful. Some researchers think that this is eclecticism. However, from the point of view that the world is a system, and theories are at best partially truthful presentations of some aspects of it, then there is much to be gained in trying to continually integrate validated ideas if they are not contradictory (Åhlberg, 1997 & 1998; Bunge, 1983a & 1983b). The aim is to create cumulatively better descriptive, causal and normative theories of and for the world we live in. Åhlberg’s (1993 – 2005) replicable research program includes a long term integrating theory of Education for Sustainable Development, where there is a built-in approach to continually integrate: 1) personal and organizational thinking, feeling and acting, 2) qualitative and quantitative research methods and data, 3) other relevant and useful theories to earlier integrating theory, 4) educational theory, design and praxis in design experiments and action research to promote sustainable development. In our research group there are teachers as researchers from all levels of education, from Kindergarten and primary schools to tertiary level. In our approach educational research is used as a strategy for quality assurance and continual quality improvement of Education for Sustainable Development.  We have found that our versions of concept mapping and Vee heuristics very revealing and useful tools. Since 1992 our theory and methods of integrating education for sustainable development have been continually tested both theoretically and empirically. Our research group has improved them continually (Åhlberg 1993 – 2005, Äänismaa 2002, Ahoranta 2004). 

Three case studies will be presented. The first one is a six years long experiment (Fall 1997 –  Spring 2003)  from primary schools demonstrating that improved concept mapping works as a quality tool to monitor and promote meaningful learning for Sustainable Development. The second one is a seven years long series of case studies (Spring 1997 – Spring 2003) from field practice schools about how they have implemented sustainable development according to observations and interviews made by student teachers. The third one is a four years long (1995 – 1998) university level curriculum development project in home economics teacher education. It is replicable in any university level teacher education program. These two last examples demonstrate how university students integrating learning and thinking about Education for Sustainable Development can be monitored and promoted.

An improved method on concept mapping

Many researchers and educators call mind maps and other similar graphic representation methods concept maps. However, mind maps are not concept maps. Mind maps are only ordered association maps. No accurate propositions are expressed on mind maps, as they are expressed characteristically in concept maps. We have taken as a starting point modern cognitive science view that concepts are main elements of learning and thinking. Propositions (claims about the World or possible worlds) are made out of concepts. That is why we calculate number of relevant concepts and relevant propositions and regard them as indicators of meaningful learning. For sure conceptual hierarchies are also important, but on the other hand according to modern science the world is a system. Then our best evolving tentative theories of the world have to be conceptual systems. They may not always be hierarchies, but we think that truthfulness and usefulness of our conceptions are more important than hierarchical presentations.

An improved method of Vee heuristic

The method is compared to its predecessor in the following table 1.

Table 1. Differences between Gowin’s Vee and Åhlberg’s improved Vee-heuristic.

	Main steps of Vee heuristics according to Novak 1998 (originally Novak & Gowin 1984) 
	Main steps of improved Vee heuristics according to  Åhlberg (1993 – 2002) 

	1. Focus question 
	1. Focus question/ research problem

	2. World view  (according to Gowin 1993: What ever that motivates you to answer the Focus question.) 
	2. Value basis

	3. Philosophy, epistemology
	3. Theoretical basis

	4. Theory
	

	5. Principles
	

	6. Constructs
	

	7. Concepts
	4. Conceptual basis

	
	5. Methodological basis

	8. Events and objects
	6. What has to be done in order that you can answer the research question(s)?

	9. Records
	7. What kinds of data were you able to collect?

	10. Transformations
	8. What methods did you use to make   conclusions out of your data?

	11. Knowledge claims
	9.  Knowledge claims

	12.  Value claims
	10. Value claims


The ten questions of the improved Vee heuristic are scaffolds which can be removed when learners have internalised a reflective way of learning using all the important phases from focus question(s). These relate to questions of value, prior knowledge and theories, concepts and methods involved, what was planned to be done, and what was actually done, what data were actually gathered, how conclusion were drawn, what new knowledge was constructed, and finally what was the value to the learner of the process. All this kind of reflective thinking and accompanying learning can be done without Vee heuristics, but it helps the beginner to remember all the phases if s/he uses Vee heuristic. Why Vee-form, why these ten questions are not enough? The form of Vee reminds you that it is very easy to fly theoretically and make evaluative comments if we do not care about empirical data. When we do empirical research we first need theories, with concepts in our theories linked as a net of propositions, acting as lenses through which we make our observations. The Vee form reminds us also that empirically we are able to study only a small part of the world. Theoretical thinking has no limits, the whole universe may be thought about, but empirical research and development demands focusing. The practical value of the Vee form for teacher is that when students use it on A4 paper size, they must concentrate their message to the core items, only the most important findings they have made is wise to report as a Vee heuristic. They can give details in other text(s). Reduction to main conclusions helps the teacher to quickly get an overview of her/his students thinking and learning during the learning project. Semiotically, the Vee retains the core question at the centre of the learning process.). 

Case study 1: Primary school level education for sustainable development 

(Based mainly on Åhlberg & Ahoranta 2004a and 2004b, Ahoranta 2004)

Introduction

The first example is from a primary school which is  an ordinary municipal comprehensive school in Eastern Finland. However its Principal and teachers have from 1980’s been interested in Environmental Education. Since 1997 the school joined Åhlberg’s research project of Education for Susatinable Development. The project is part of Finland’s national OECD/ENSI  project. Principal Vuokko Ahoranta collected data in her own classroom, and she used data also for her doctoral (PhD) thesis (Ahoranta 2004) in the Applied Sciences of Education.   

There are very few long-term field experiments with concept mapping. Most published articles concern only relatively short-term experiments. We have studies from 1997 to 2003 and even after that with design experiments in which there is concept mapping at the beginning and at the end of the learning project. Sometimes even in the middle of it. For most of the teachers, concept mapping is an innovation.  The teacher heard about concept mapping only a couple of days before she decided to join research project and learnt to use concept maps. She had no previous conceptions or theory of concept mapping.  According to our observations, concept mapping is often used only for a short experimenting period.  This means that we cannot know about how things would develop in long-term use. We have not seen any tentative theories of classroom teachers after they have used concept mapping. But after six years of experimenting that kind of tentative theory was constructed by an experimenting classroom teacher. We have used quality and quantity of concepts and propositions as indicators of learning in general, and meaningful learning in particular.

Research problems

1) After six years of design experiments with concept mapping, what kind of theory teacher has constructed about concept mapping for Sustainable Development?

2) How reliable is long-term concept mapping? 

3) How much does following variables account for variation of selected indicators of meaningful learning: a) the shared teaching-studying-learning time, and b) sex of pupils?

Methods
Research design, subjects and data

There were two three years long periods of experimenting, together six years of experimenting resulting totally 23 learning projects and over 46 pupil made concept maps. Together 1395 individual concept maps have been collected and analyzed. For more intensive study we have selected 9 (3+3+3) pupils of each three years period. They were partial replicates to each other in many senses. Intensively we have studied 414 concept maps. The first school class had of 20 pupils. They started at the beginning of their fourth grade, when they were 10 years old. The last concept mapping experiments were done at the end of their sixth grade when they were 12-13 years old. During the school year 1997 – 1998 they had five learning projects were individual concept maps were collected. The next school year 1998 – 1999 they had also five learning projects were concept mapping was used in the similar way. During the third school year pupils had four learning projects in which concept mapping was used at the beginning and at the end of the learning projects. In the second intact school class there were also 20 pupils. During three school years 2000 – 2003, they had three learning projects per year, totally nine learning projects. Pupils constructed individual concept maps at the beginning and at the end of each learning project. Individual Vee heuristics were also constructed in 20 of the 23 learning projects, but we do not analyze that data here. Examples of collected data are presented in the figures 1 – 3.
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Figure 1. The first concept map of the male pupil (code: 208) in the beginning of the design experiment of Atmosphere. The sum of relevant concepts is 4. The sum of relevant propositions is three. ‘Atmosphere’ is the most central concept 
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Figure 2. The last concept map of the male pupil (code: 208) in the end of the design experiment of Atmosphere. The sum of relevant concepts is 11. The sum of relevant propositions is 12. The most central concept is ‘phenomena’, because it has more links (4 links) with other concepts than any other concept. 

From viewpoint of Sustainable Development it is amazing that in the Fig. 2. the pupil claims that only plants suffer from pollution. For sure also animals and humans suffer from pollution. In a teacher-made-test the pupil shows a little bit deeper understanding of the phenomena.  From the results of his short answer test the teacher constructed herself an integrative concept map for each intensively studied pupils. The inquiring teacher transformed each of the pupil #208’s short-answer test’s propositions into concepts and propositions in the concept map. There were 31 relevant concepts and 32 relevant propositions. The pupil does not name Nitrogen as one of atmospheric gases. This is a fatal mistake, because the most of the air is Nitrogen. Also in Biology Nitrogen cycle is very important in ecosystems and production of amino acids and proteins in organisms. The misconceptions were discussed and corrected in the classroom after the short answer tests were scored. When a pupil herself/himself constructs a concept map s/he can only take into the concept map what is in her/his metacognition. However all pupils were able to provide much more information when explicitly asked in the teacher-made short-answer test. These two methods to gather knowledge about what and how pupils learn and think are complementary. Both provide useful knowledge for both pupils themselves and for teachers.

For instance it is important that the pupil understands that atmosphere protects people from ultraviolet radiation. Later on she/he may learn that ozone is a gas that actually protects life on the Earth and human constructed substances like freons destroy ozone and let more harmful ultraviolet radiation to reach the surface of the Earth. The pupil’s answers demonstrate little understanding of ecologically sustainable development, but at this time almost nothing about economically sustainable development or socially sustainable development. On the other hand these aspects were not directly asked this time.

In this R&D project there were many other learning projects, clearly about sustainable development, e.g. composting (compost heaps/piles), wastewater management, water, energy, human biology etc. Promoting learning to learn approach to pupils, to teach them how to monitor and promote own learning is the best way to promote Education for Sustainable Development. At the same time pupils learn how to manage complex, interdisciplinary, ill-defined problems like sustainable development. In this primary school there are many traditional practical indicators of sustainable development, like a good school yard with garden and/or arboretum, a compost pile, recycling, energy saving, gathering wild berries for winter school meals, learning local biodiversity in order to protect and taking care of it, cooperation with municipality and private companies etc. 

Each pupil constructed a Vee heuristic for each learning project. As an example pupil #208 Vee heuristic is presented in the figure 3. It reveals important information for both teachers and pupils. At the end of the learning project of compost heap/pile, a female pupil wrote as value claims: “I got new really valuable knowledge. When I become a grown-up I’ll make my own compost pile.”
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Figure 3.  An example of pupil (code 208) constructed Vee-heuristic from the design experiment of Atmosphere.

As far as we know this is one of the rare methods in education in which students have to think also their values both at the beginning and at the end of learning projects.

Results 

Answer to the first research problem: After six years of design experiments with concept mapping, what kind of theory teacher has constructed about benefits and drawbacks of concept mapping?

At the beginning of the research project the teacher had no idea, no conception or tentative theory of concept mapping. What is presented below, she has constructed since 1997. The teacher’s tentative theory consists of 23 propositions, including:  

1. Concept mapping for Sustainable Development is an excellent way of finding out what pupils have in their meta-cognition about the theme of a learning project. Pupils have more knowledge in their long-term memory, than in their meta-cognition.

2. Concept mapping promotes meaningful learning. School learning is not any more rote learning, but understanding broader wholes, its parts, and how they are connected, and contexts. 

3. Individual concept maps can be complemented collaboratively or co-operatively constructed concept maps. Concept maps seems to promote shared understanding and learning. 

Answer to the second research problem: How reliable is long-term concept mapping? 

During the first research period of three years (1997 – 2000) a total reliability estimate can be calculated from sums of relevant concepts and relevant propositions. The resulting Cronbach’s alpha is 0.88 if calculated from raw scores, but from standardized scores the same estimate is 0.96. There is a very big variation in the raw scores. The lowest sum of relevant concepts is only 62 and the highest one 210. This is why standardized score is probably the best estimate. During the second research period of three years (2000 – 2003) a total reliability estimate can be calculated from sums of relevant concepts and relevant propositions.  The resulting Cronbach’s alpha is 0.93 if calculated from raw scores, but from standardized scores the same estimate is 0.99. There is a very big variation in the raw scores. The lowest sum of relevant concepts is only 49 and the highest one 395. Because of the huge variation of raw scores, standardized scores are probably the best estimates.

Answer to the third research problem: How much does following variables account for variation of selected indicators of meaningful learning: a) the shared teaching-studying-learning time, and b) sex of pupils?

During years 1997 – 2000 there was a statistically significant increase in sums of relevant concepts from the beginning of learning   projects (M = 85.44, SD = 17.10) to the end of learning projects (M = 145.44, SD = 44.93); paired samples t-test was used: t (8) = -5.732, p = 0.000. The eta squared statistic (.80) indicated a very large effect size. It means that 80 % of difference of sums of relevant concepts are explained statistically by the shared teaching-studying –learning time: from the first concept map to the last concept map of each learning project.

During the years 2000 – 2003 there was also a statistically significant increase in sums of relevant propositions from the beginning of learning projects (M = 83.33, SD = 17.20)  to the end of learning projects (M = 148.67, SD = 53.10), t (8) = -4.555, p = 0.002. The eta squared statistic (.72) indicated a very large effect size. It means that 72 % of variation of sums of relevant propositions are explained statistically by the shared teaching-studying –learning time: from the first concept map to the last concept map of each learning project.

The one-way analysis of variance was conducted to explore the impact of sex of pupils on variation of indicators of meaningful learning (sums of relevant concepts and sums of relevant propositions).  There were no statistically significant differences found during either the first research period of 1997 – 2000 or the second research period 2000 - 2003. It means that sex of pupils do not statistically account for variation of meaningful learning measured by concept mapping. This means that concept mapping suits as well to both sexes. Both girls and boys learn meaningfully by concept mapping.

Discussion 

There are very few long-term research projects of any innovation. Concept mapping for Sustainable Development is not an exception. Also individual Vee heuristics were used, but hat data is not presented in this article. More detailed presentations of the project are to be found in Ahoranta (2004), Åhlberg and Ahoranta (2002, 2004a and 2004b). We found hat concept mapping is a sensitive tool to show also statistically significantly that there occurs plenty of meaningful learning between the beginning and the end of learning projects. Everybody can learn how to construct good concept maps and good Vee heuristics to promote Education for Sustainable Development with her/his own pupils (Åhlberg 1993 – 2004d).  

Case study 2: Student teachers’ observations and interviews how Education for Sustainable Development is implemented in their field practice schools 

(Based mainly on Åhlberg & Robinson 2003, Kinnunen 2004 and Pelkonen &Valo 2003)

Introduction

If we want pupils to learn meaningfully and reflectively to promote Sustainable Development, then their teachers ought to first learn how to do it. That is why it is important to teach pre-service teacher education students to use tools like concept mapping and Vee heuristics in their university studies. In this way pre-service teacher education students can begin to understand how any teacher can research and develop their own work by monitoring and promoting their students’ learning and thinking . Furthermore the tools we are reporting on here can be used to feed back directly in to the process of course review. In this paper we present how student reports, and concept maps and Vee heuristics can be used as a research data to answer to different types of research questions. The first one concerns what kind field practice schools the pre-service students experienced. The second concerns what the students thought about their schools at the beginning of and at the end of their field practice as a learning project.  Pre-service student teachers at the Savonlinna Department of Teacher Education, University of Joensuu have been collecting qualitative data relating to how primary schools in Finland promote ESD and EE during 1998 - 2003. This activity is part of a course focused on of their professional development through promoting ‘practitioner researcher’ or  ‘teacher as researcher’ experiences.  This movement has only recently received more recognition, for example only in the fourth edition of Handbook of Research on Teaching, is there an article of it (Zeichner and Noffke 2001), there are no articles focusing on practitioner research in the earlier editions.  

Research problems

1) How do small primary schools in Finland try to promote sustainable development? 

2) What are the expressed barriers to promoting sustainable development in schools?
3) What do pre-service teachers think about promoting sustainable development in schools?

Methods

Research design and data

The data for this paper are the reports that teacher students wrote about their field practice experiences. Teacher students’ own data is from small country schools. In this paper tentative conclusions are drawn both in relation to the state of sustainable development in small country schools and about student teachers’ thinking and learning about sustainable development during their field practice. The pre-service teacher education students who completed the reports are all over twenty years of age, most of them females. They were in their third year at University.  In Savonlinna Department of Teacher Education (University of Joensuu, Finland), during the third university study year, the pre-service teacher education students go for a month to practice mainly in small multi-grade and multi-age schools. During the field practice they gather data about their field practice school, and their own professional development in the school.

Small primary schools for field practice are geographically situated all over in Finland. They are often rural schools, because multi-grade and multi-age schools are often in countryside. The student themselves suggest the school in which they wish to undertake their field practice and negotiate the permission to undertake their field practice in the particular school.

Methods for collecting data and its reflective analysis

The data from field practice schools include observations, interviews, descriptions of the curriculum and practice in the school. The data were gathered between 1998 and 2003. After the field practice the teacher students themselves reflectively analysed their data using narrative writing, improved concept mapping and improved Vee heuristics (Åhlberg, 1993 - 2004). Our article uses teacher students’ reports as research data. Each year 40- 50 reports were created. The reports name the school and dates when data is collected. This allows auditing of trustworthiness of reports. I see no reason as to why the student teachers would not have reported the situation in their field practice school as they interpreted and understood it. However we must remember that they were only in the schools for one month. Student teachers had to rely on inside observations, written curricula and interviews. The use of improved concept mapping and Vee heuristics as research tools was familiar to these student teachers, having encountered these tools during their previous two years of University study. They also wrote a descriptive and reflective text, against which contents of concept maps and Vee heuristics can be checked.  

As examples of data a concept and a Vee heuristic are presented (Figures 4 & 5).


[image: image4.wmf]education



for



sustainable

development



environmental

inquires

experiences



in



nature

applications



to



one's



own

everyday



life

includes

includes

includes

ecological



way



of



life

leads



to

measurements

experiments

protection



of

environment

organisms



of

the



region

using

includes

responsibility



for

care



of



nature

includes

sustainable

development

promotes


Figure 4. Student teacher Satu Hiltunen's concept map of Education for Sustainable Development in her field-practice school. (Translated from Finnish by M. Åhlberg.)
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Figure 5. Student Teacher Heidi Moberg's  Vee heuristic of  what she learnt about 

sustainable development and its implementation in  her  field-practice school. (Original in Finnish, 

translated by M. Åhlberg.)

Results and discussion

The most important condensed data were in the improved Vee heuristics and improved concept maps of the pre-service teacher education students’ field-practice reports. Two examples are presented in Figures 4 and 5. One female teacher education student is a very interesting case. In the value claims of her improved Vee heuristic she remarked: 

”The knowledge I have constructed is valuable, but even confusing. Can a teacher really be responsible in these large-scale issues?” 

According to international agreements and theoretical and practical research results, the answer is yes. Teachers, as well other citizens, have responsibilities to promote sustainable development.

 How do small primary schools in Finland try to promote sustainable development? 

The small schools in our sample display many kinds of educational principles (Table 1) and practices (Table 2). It is important to realize that that a single student may have expressed many aspects and some students none at all. That is why the percentages cannot be added vertically up to 100 %. When interpreting the results, it is important to remember that from Johannesburg 2002 sustainable development (SD) ought to have at least three integrating aspects (“pillars”) ‘ecologically SD’, ‘socially SD’ and ‘economically SD.  From the Table 1 we can conclude that the most neglected aspect of principles of sustainable development in Finnish small schools is economically sustainable development. There are plenty of informal observations supporting this interpretation. However the practices listed in the Table 2 indicate mostly practical life style approach to economically sustainable development. Practical activities in the studied schools can be classified into four main types: ‘recycling’, ‘sorting’, ‘saving’ and ‘composting’ (Table 2). These tables can condense only a small amount of rich information included in the reports.

Table 1. Educational principles found in student teachers’ reports from their field practice schools. Based on observations, interviews and interpretation of local curriculum documents.

	Theme
	Year
	Total n/N

(per cent)

	
	1998
	1999
	2000
	2001
	2002
	2003
	

	Respecting/appreciating nature and nature conversation and protection (ecologically sustainable development)
	3
	9
	15
	14
	19
	26
	88/226

(39 %)

	Respecting cultural traditions, good customs and manners, good social climate

(socially sustainable development)
	6
	8
	13
	21
	15
	29
	65/226

(29 %)

	Teaching and committing basic principles of sustainable development
	0
	0
	2
	11
	9
	13
	35/226

(15 %)

	Supporting local community (economically sustainable development)
	1 
	0
	1
	3
	1
	1
	7/226

(4 %)

	Miscellaneous educational principles
	13
	17
	20
	25
	0
	0
	75/226

(33 %)


Table 2. Educational practices found in student teachers’ reports from their field practice schools. Based on observations, interviews and interpretation of local curriculum documents.

	Theme
	Year
	Total n/N

(per cent)

	
	1998
	1999
	2000
	2001
	2002
	2003
	

	ASPECTS OF RECYCLING
	
	
	
	
	
	
	

	- recycling paper
	15
	7
	11
	10
	20
	21
	84/226 

(37 %)



	- recycling textbooks
	7
	1
	7
	7
	14
	29
	65/226

(29 %)



	- recycling materials


	6
	3
	6
	5
	10
	8
	38/226

(17 %)



	- recycling glass
	3
	3
	2
	2
	7
	3
	20/226

(9 %)



	ASPECTS OF SORTING 
	
	
	
	
	
	
	

	- sorting of waste
	22
	7
	17
	15
	23
	39
	123/226

(54 %)

	-compost heap/pile
	10
	4
	8
	1
	8
	13
	44/226

(19 %)

	OTHER ACTIVITIES
	
	
	
	
	
	
	

	Saving electricity and water
	11
	0
	4
	1
	9
	21
	46/226

(20 %)

	Own cloth towels instead of paper towels
	1
	1
	4
	2
	2
	6
	16/226

(7 %)

	Other miscellaneous

activities
	13
	4
	5
	4
	0
	0
	26/226

(12 %)


In the analysed 226 reports there were 30 different reasons mentioned in the reports as to why schools do not promote sustainable development. The most important barrier was unexpected by us. The “Curriculum does not include anything about sustainable development” is presented as a barrier to ESD, however teachers in each of the school have a responsibility to follow national general curriculum guidelines for Finland and according to these guidelines they should write their own local curriculum document. In the general national curriculum guidelines (Opetushallitus, 1994), it is clearly stated that sustainable development ought to be integrated into curriculum. One of the most common barriers of ESD is claimed to be a lack of money. However, Wilska-Pekonen (2001, pp. 248 and 287) found that this reason was not reported by teachers who had undertaken a three years in-service integrating environmental education. Prior to the in-service programme 6 teachers out of ten complained lack of money, but by the end of the programme all reported that lack of money does not prevent them any more of implementing ESD. The teachers had learnt that ordinary everyday life is full of unused possibilities for environmental education. 

General discussion

Sustainable development ought to be important in teacher education. One possibility to promote it is in field practice. Because of lack of space only a part of the rich data was presented in a short article. More details are presented in Pelkonen & Valo (2003) and Kinnunen (2004). Many published research reports suggest that we are only in the beginning in our way to ESD in schools. However some progress has already made, some awareness and action for sustainable development has been documented. Much more ought to be done, starting from teacher education. Probably the best way to promote sustainable development in schools, would be constructing and testing theories and practices with teachers and by that way developing continually improving educational theories and practices (e.g. Åhlberg 1998a – 2004, Äänismaa 2002, Ahoranta 2004). They could and should be collaborative knowledge-building-projects (Åhlberg & al. 2001). 

Case study 3: Curriculum development for ESD in university level home economics teacher education (Based mostly on Åhlberg, Äänismaa. & Dillon 2005 and Äänismaa 2002)

This article is based on research undertaken at the University of Joensuu, Finland where integrating approaches were applied to ESD curriculum development and student thinking in a university teacher education course. The focus of the research was sustainable living that developed from two courses on sustainable housing in the subject home economics. The three authors had complementary roles in the project: Mauri Åhlberg, who has for many years promoted integrating theories in education, directed the project and supervised the doctoral thesis of Pirjo Äänismaa, whose empirical research forms the detail of this article. Patrick Dillon, who is a Docent at the University of Joensuu, is working on integrating theories in other fields of education and provided an independent critique of the outcomes of the research.

Theory and practice of integrating education

Promoting high quality learning  

In educational establishments there are many kinds of ritualistic learning that do not serve the real, long-term needs of individuals or society. They may be called ‘active learning’ but the activity often involves a large amount of rote learning. Promoting high quality learning is one of the central tenets of integrating education. (Åhlberg 1997–2002) has developed and tested a tentative, integrating theory of high quality learning. It has at least thirteen aspects. The first four aspects (which are the ones mainly used in this research) are:

1. Meaningful learning in the sense that it corresponds to the real needs of individuals, society and humankind. It is meaningful also in the Ausubelian sense that new, learnt knowledge is connected to earlier knowledge (Ausubel, 1968). 

2. Deep learning in the sense that the grounds and justifications for knowledge are actively sought and the consequences of knowledge are actively tested in practice both theoretically and empirically.

3. Proactive, creative, expanding, and transformative learning that surpasses earlier knowledge and expertise in the sense that real human needs are met, real problems are solved, or at least alleviated, and a better future is sought. It often means seeing the world, its problems and human needs in new perspectives and reframing questions and problems accordingly.

4. Metacognitive learning in the sense that it utilizes methods to monitor and promote personal learning.

The last of the fourteen aspects of the tentative theory of high quality learning is that it promotes collaborative knowledge building (Ahlberg & al. 2001). This is important because it is the way science proceeds: ideas from published research texts can be tested and improved by all participants in an international research (knowledge building) community where different expert knowledge can be integrated into new and better theories and practices.

Research context and questions

The context of the research is the doctoral work of PhD Pirjo Äänismaa who was tutor of the courses in sustainable housing at Savonlinna Department of Teacher Education, University of Joensuu (Äänismaa, 2002). In parallel with, and as an outcome of, developments arising from the research, the scope of the courses broadened to encompass sustainable living and sustainable development. The number of students involved in the course varied from 11 to 15. They were training to be teachers of home economics in all levels of education but most of them were concerned with the primary and secondary levels.

The research questions, across the four-years of the study were:

1) How do the products of collaborative knowledge building (concept maps of core elements of the curriculum) develop?

2) What has the tutor learnt as a result of these processes?

 Integrating action research as a research design

Action research is often called ‘practitioner research’ (Zeichner & Noffke, 2001). A course and its curriculum were developed through design experiments that aimed to promote optimal collaborative learning. In our integrative action research both qualitative and quantitative research methods were used and both qualitative and qualitative data were collected. Creswell (2003) calls this kind of research design a mixed methods approach. The quantitative data were derived from questionnaires. The data reported in this article are qualitative and accordingly we use qualitative methods of data analysis (Miles & Huberman, 1994). 

Design experiments

The theory and practice of design experiments are explained in Brown (1992), Brown & Campione (1996), Kelly (2003), Shavelson et al. (2003) and the Design-Based Research Collective (2003). We developed with our students design experiments for integrating research and practice in education. The design experiments used the best available theories and best available practices continually integrated to promote university teacher education students learning (and the learning of the pupils they subsequently taught). Improved concept maps and improved Vee heuristics were important tools in the design experiments (e.g. Äänismaa, 2002; Åhlberg & Ahoranta 2002). 

Action research as a series of design experiments

Autumn Term 1995: The first phase of integrated action research, consisting of a series of design experiments involving both individual and collaborative learning tasks: essays, concept maps, naming of environmental problems, walk in the city of Savonlinna with taped discussions of observations, composition tasks, student papers for seminars on the theme of sustainable living, feedback questionnaires and tapes of discussion about the papers presented, group discussion examinations, student evaluation questionnaires of the first integrating action research project, and tutor’s research diary. The first integrating products of collaborative knowledge building (concept maps of core elements of the curriculum) were created after analyzing this material.


Spring Term 1996: The second phase of integrated action research, consisting of a series of design experiments, involving both individual and collaborative learning tasks: collaborative planning, essays and examinations, naming of environmental problems, collaborative learning using home groups and plenary groups, written reports of these groups, improved Vee heuristics, designs for living and interior designs as posters, papers written by students in which they planned homes for sustainable living, tapes of discussions that followed presentations, improved concept maps, student evaluation of collaborative learning, student evaluation questionnaires of the second integrating action research project, and the tutor’s research diary. The second integrating products of collaborative knowledge building (concept maps of core elements of the curriculum) were created after analyzing this material.


Autumn Terms 1996 and 1997, Spring Term 1998: The third phase of integrated action research, consisting of a series of design experiments, involving both individual and collaborative learning tasks: student interviews, improved Vee heuristics of two different aspects of sustainable living, student portfolios, student investigative research reports, and the tutor’s research diary. The third integrating products of collaborative knowledge building (concept maps of core elements of the curriculum) were created after analyzing this material (Figure 4).

Evaluating the use of improved concept maps and Vee heuristics 

There are many methods for evaluating the reliability and validity of concept maps (e.g. Ruiz-Primo and Shavelson, 1996; Rice, Ryan & Samson, 1998; McLure, onak & Suen, 1999; Ruiz-Primo, Schultz, Li & Shavelson, 2001). They are based on Ausubelian learning theory as Novak and Gowin (1984) applied it to concept maps. Åhlberg (1993) has presented a more general approach based on the idea that concepts and propositions are basic units of thinking. In this approach any learning theory can be used. According to Åhlberg’s approach the main evaluative task is to check and count  how many concepts and propositions are relevant.

 General evaluation criteria of the research and its implementation 

Miles and Huberman (1994, 277–280) present guidelines for evaluating quality of research as a whole. The criteria are given below, with our response to each in italics:

·
Objectivity/confirmability: Are the general methods and procedures described explicitly and in a detailed way? Do researchers present a complete picture, including ‘backstage information’?  We have tried to be as explicit as possible within the constraints of space in a article. The PhD thesis of Äänismaa (2002) has the detail. See also Åhlberg, Turja & Robinson (2003), Åhlberg, Äänismaa & Dillon (2005).

·
Reliability/dependability/auditability: Are the research questions clear and is the research design congruent with them? Research questions and research design were formulated and reformulated many times over the years in order to improve their clarity and congruence with each other. Two independent assessors from external universities checked the PhD thesis and it was examined in a public session.  Every phase of the research is carefully documented.

·
Internal validity/reliability/authenticity: Did triangulation using complementary methods and data sources produce converging conclusions? Triangulation among complementary methods and data sources produced consistent conclusions.

·
External validity/transferability/fittingness: Have the findings been replicated with other studies in order to assess their robustness? If not, could replication be done easily? Results concerning courses of education for sustainable living are new and they have not been replicated. But they are replicable. Results concerning the use of improved concept maps as a tool to promote sustainable development among adults have been replicated in Åhlberg, Turja & Robinson (2003). Results concerning the use of improved Vee heuristics have been replicated both at school level (Åhlberg & Ahoranta, 2002) and at university level (Dillon & Åhlberg, 2003, Åhlberg, 2004b, Åhlberg &Dillon 1999, Åhlberg & Robinson 2003). 

·
Utilization/application/action orientation: Are value-based or ethical concerns raised explicitly in the reports? During all the research processes we asked value-questions and discussed ethical concerns. The whole issue of education for sustainable development and two phases of the improved Vee heuristics are directed to value-questions.  We have informed consent of all participants that results can be meta-analyzed and reported.
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Figure 4. The final concept map of the collaborative home economics curriculum R&D project for ESD.

RESULTS 

How do the products of collaborative knowledge building (concept maps of core elements of the curriculum) develop?

Global qualitative analysis of the third concept map (Figure 4): The third concept map is the best organized. There are 38 concepts in this map. The topmost concept is ‘home economies’, which is like a lens through which all other concepts are seen. The first area nearest ‘home economies’ is an integration of individual and family living and environmental concepts. There are 13 concepts in this area.  Compared to the preceding concept maps, this one has a new, large area labelled ‘society’. There are nine concepts in this area. ‘Society’ as a concept was also in earlier maps, but this time the area is bigger and it includes two new, important concepts - ‘environmental politics’ and ‘housing politics’. The point is that individual and family approaches are too narrow and too inefficient to promote sustainable development. Large national and international decisions must be made in order to get whole societies and nations moving towards this goal (Åhlberg, 1997 & 1998; Milbrath, 1996). When most of the responsibility is laid on individuals and families, this promotes only frustration and feelings of guilt. The third large area with six concepts is ‘education’, including ‘school system’, ‘home economics’, ‘high quality learning’, ‘empowerment’ and ‘continual critical evaluation and development’. The fourth big area is ‘sustainable living’ and ‘criteria for sustainable living’. There are 8 concepts in this area. One of them is ‘good life’, which is an important concept in the tentative theory of education for sustainable development (Åhlberg, 1997 and 1998; Milbrath, 1993 & 1996).

What has the tutor, PhD Pirjo Äänismaa learned?
In the following Figure 5 PhD Pirjo Äänismaa uses Vee heuristic to present her final thinking at the end of the educational R&D project. She feels very empowered. The same happened also to PhD Vuokko Ahoranta during her educational R&D project (Ahoranta 2004, p. 224). Probably both ladies are far better educators to promote Sustainable Development after their dissertations than before them. Probably also their students have learnt important tools how to manage complex problems like Education for Sustainable Development.
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Figure 5. The final Vee heuristic of the tutor at the end of the R&D project of home economics curriculum development for ESD.

DISCUSSION

The three concept maps, which represent three collaboratively created successive products of knowledge building for sustainable living, provide evidence for progress in the thinking of a university tutor and her 11 students over a period of four years. The approach to the issue of sustainable living progressed from a very individual, family-centered one towards one that was more society-centered. The other prominent change was from an abstract notion of ‘sustainable development’ towards a more practical, everyday notion of ‘sustainable living’.


The improved Vee heuristics provide concentrated qualitative data. The data differ from those derived from interview tapes because of their condensed openness and clarity. The student heuristic is a record of the way her thinking developed over the four-year project. It shows progressively more sophisticated thinking about a complex matter, from simplistic cause and effect reasoning to recognition of the interconnectedness of issues and how they might be handled with pupils in home economics. The tutor’s Vee heuristic, as an action research document, provides at least inter-subjective evidence that the curriculum model for her course evolved. The notion of ‘sustainable development’ was replaced mostly by one of ‘sustainable living’, of greater practical relevance to home economics. But the wider relevance to society is also important: developing sustainable lifestyles is a collective responsibility, not confined to individual households and home economies, important those these are. The professional development associated with this exploration of subject matter may be inferred from the evidence provided in the improved concept maps and improved Vee heuristics.

The four-year integrating action research project reported here provides evidence of the utility of the tools in longer-term projects and new options to promote reflective research and development in teacher education courses (Zeichner & Noffke, 2001; Dillon et al., 2002).  Improved concept mapping and improved Vee heuristics go some way towards fulfilling the requirements for conceptual learning in complex domains, which, according to Cheng (2002, p. 687), have the following characteristics, they: 

· Integrate levels of abstraction.

· Combine globally homogeneous with locally heterogeneous representation of concepts.

· Integrate alternative perspectives of the domain.

· Support malleable manipulation of expressions.

· Possess compact procedures.
· Have uniform procedures.
The ideas and tools reported in this article will be further tested and developed in future research projects. When we engage in integrating design and research, we learn better, more fulfilling, integrating ways of developing curricula and courses, teaching, promoting student learning, professional development and research. All these items promote Sustainable Development and ESD in general.
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life

,

conceptual



framework



for

better



thinking



and



acting

5.

Methods



Basis

:

integrating



action



research

,

design



experiments

,

reading



research



literature

,

discussions



with



experts



and



students

,

essays



written



by



students

,

interviews



of



students

,

improved



concept



maps



and

improved



Vee



heuristics

.



IMPLEMENTATION

:

6.

What



did



I



do



in



order



to



answer



the



focus



question

:

I



collaboratively



planned

and



executed

integrating



action



research

,

and

design



experiments

.

I



read



research



literature

,

discussed



with



experts



and



students

,

essays



written



by



students

.

I



interviewed



students

.

I



asked



them

to



construct

improved



concept



maps



and

improved



Vee



heuristics

.

I



analyzed



and



synthesized

all



collected



data

.



7.

What



kind



of



data



I



gathered

:

Notes

,

essays

,

written



reports



and



feed



back

,

improved



concept



mpas

,

improved



Vee



heuristics

,

tapes



of



discussions



and



interviews

,

images

8.

How



did



I

 make

conclusions

out



of



this



data

:

Qualitative



content



analysis

,

inferring

,

constructing



tables

,

making

improved



concept



maps

and



improved



Vee



heuristics

.



9.

Knowledge



Claims

:

Many



conceptual



frameworks

for



sustainable



living

were



collaborative



constructed

.

My



own



theory



became

more



explicit



and

better



justified

.

PLANNING

EVALUATION

10.

Value



Claims

:

Our



research



and



development

project



was



valuable

.

Both



the



R

&

D

process



and



the



products



which

were



created



using



integrating

action



research



were



worthwhile

.

Improved



teaching

-

studying

-

learning

strategy



was



developed

.

I



learnt



much

,

and



developed



professionally



more



than



ever

.

I



feel



more



empowered

.
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