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Abstract 
Environmental problems, the exploitation of natural resources and social injustice 

in a globalized world require the political actions and responsible behavior of all 

citizens. Therefore, students must be able to make thoughtful decisions about 

socioscientific issues pertaining to sustainable development. This demands 

analyses of complex scientific evidence as well as considerations of societal 

norms and personal values. To enable students to deal systematically with a 

multitude of possible courses of action, this dissertation aims to foster decision-

making competence through the reflective application of decision-making 

strategies. Non-sustainable options that do not meet ecological, economic or 

social standards should be excluded using a non-compensatory strategy. 

Consequently, the advantages cannot compensate for the deficits. Equally 

legitimate options should be compared in a full trade-off by applying 

compensatory strategies. In addition, the effect of elements of self-regulated 

learning on the acquisition of decision-making competence was investigated. Two 

computer-based intervention studies were conducted in upper high school 

biology courses. The effects of the intervention were investigated in a pre-post-

follow-up control-group design using a decision-making questionnaire with open-

ended items and through analyses of process-related data collected during the 

intervention. The summative assessment of the first study showed that training in 

decision-making strategies enhanced the quality of the students’ own decisions. 

The process-related analyses demonstrated reflective metadecision explanations 

of the students regarding the selection of an appropriate strategy. The second 

study revealed that reflection upon the strengths and deficits of other people’s 

decision-making processes enhanced the students’ own decision-making 

competence and their reflection skills. The elements of self-regulated learning led 

to a higher degree of perceived autonomy and ensured long-term effects of the 

decision-making training.  
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Zusammenfassung 
Umweltprobleme, die Übernutzung natürlicher Ressourcen und soziale 

Ungerechtigkeit in einer globalisierten Welt erfordern politische Maßnahmen und 

ein verantwortungsbewusstes Verhalten von Bürgerinnen und Bürgern. 

Reflektierte Entscheidungen zur Gestaltung von Nachhaltiger Entwicklung 

bedürfen der Analyse komplexer naturwissenschaftlicher Evidenz unter Einbezug 

gesellschaftlicher Normen und persönlicher Werthaltungen. Das Ziel der 

Dissertation ist es, Schülerinnen und Schüler zu befähigen, durch die reflektierte 

Anwendung von Entscheidungsstrategien systematische Entscheidungen zu 

treffen und somit Bewertungskompetenz zu fördern. Optionen, die entsprechend 

gesellschaftlicher Normen als nicht nachhaltig einzustufen sind, da sie 

ökologische, ökonomische oder soziale Standards nicht erfüllen, sollten durch die 

Anwendung einer non-kompensatorischen Strategie ausgeschlossen werden. 

Defizite werden somit nicht durch Vorteile kompensiert. Gleich legitime Optionen 

hingegen sollten mit einer kompensatorischen Strategie abgewogen werden. 

Zusätzlich wurde der Effekt von Elementen selbstregulierten Lernens auf den 

Erwerb von Bewertungskompetenz untersucht. Hierfür wurden zwei 

computergestützte Interventionsstudien in Biologiekursen der Sekundarstufe II 

durchgeführt. Die Effekte der Intervention wurden in einem Prä-Post-Follow-Up 

Kontrollgruppen-Design mit Hilfe eines Bewertungskompetenzfragebogens mit 

offenen Antworten sowie prozessnahen Analysen untersucht. In der ersten Studie 

wurde gezeigt, dass durch ein Entscheidungsstrategietraining Bewertungs-

kompetenz gefördert werden kann. Die prozessnahen Analysen belegen 

elaborierte Erläuterungen zur Strategiewahl. In der zweiten Studie ließ sich 

nachweisen, dass die Reflexion bzgl. der Stärken und Schwächen anderer 

Entscheidungen Bewertungskompetenz in Hinblick auf die eigene Entscheidung 

sowie die Reflexionsfähigkeit fördert. Die Elemente selbstregulierten Lernens 

führten zu einer stärkeren wahrgenommenen Autonomie und bewirkten 

langfristige Effekte des Entscheidungsstrategietrainings.  



 xii

Outline 

Acknowledgements ............................................................................... iv 

Danksagung .......................................................................................... vii 

Abstract ................................................................................................... x 

Zusammenfassung ................................................................................ xi 

Outline ................................................................................................... xii 

List of Tables ........................................................................................ xv 

List of Figures ...................................................................................... xvi 

List of Boxes ....................................................................................... xvii 

List of Acronyms ............................................................................... xviii 

 

1  Introduction ........................................................................................ 1 

2  Theoretical Framework: Socioscientific Decision-making in 
the Context of Sustainable Development......................................... 3 

2.1 Socioscientific Issues ..................................................................... 3 
2.2 Education for Sustainable Development ........................................ 7 
2.3 Decision-making Competence in Education for Sustainable 

Development ................................................................................ 14 

3  Theoretical Framework: Metadecision and Self-regulated 
Learning ............................................................................................ 27 

4  Research Foci ................................................................................... 37 

5  Training in Decision-making Strategies: An Approach to 
Enhance Students’ Competence to Deal with Socio-scientific 
Issues ................................................................................................ 45 

5.1 Abstract ........................................................................................ 45 
5.2  Introduction .................................................................................. 46 
5.3 Theoretical Framework ................................................................ 47 

5.3.1  Socio-scientific Issues and Education for Sustainable 
Development ..................................................................... 47 

5.3.2  Decision-making Strategies ............................................... 48 
5.3.3  Decision-making Competence .......................................... 50 



 xiii

5.3.4  Metadecision and Self-regulated Learning ........................ 53 
5.3.5  Self-determination Theory ................................................. 54 

5.4 Research Questions .................................................................... 55 
5.5 Methods ....................................................................................... 56 

5.5.1  Description of the Training Programme ............................. 56 
5.5.2  Research Design ............................................................... 58 
5.5.3  Sample .............................................................................. 59 
5.5.4  Assessment of Decision-making Competence .................. 59 
5.5.5  Assessment of Intrinsic Motivation .................................... 63 

5.6 Results ......................................................................................... 64 
5.6.1  Decision-making ................................................................ 64 
5.6.2  Reflection .......................................................................... 65 
5.6.3  Intrinsic Motivation............................................................. 67 

5.7 Conclusions ................................................................................. 68 

6  Identifying Non-sustainable Courses of Action – A Prerequisite 
for Decision-making in Education for Sustainable Development 73 

6.1 Abstract ........................................................................................ 73 
6.2 Theoretical Framework ................................................................ 74 

6.2.1  Education for Sustainable Development ........................... 74 
6.2.2  Decision-making Competence .......................................... 75 
6.2.3  Decision-making Strategies ............................................... 77 
6.2.4  Metadecision and Self-regulated Learning ........................ 78 
6.2.5  Review of the Summative Evaluation of the Presented 

Intervention Study ............................................................. 79 
6.3 Research Questions .................................................................... 80 
6.4  Intervention Study on Decision-making Strategies ...................... 82 
6.5 Methods ....................................................................................... 86 

6.5.1  Sample .............................................................................. 86 
6.5.2  Recollection of Data and Data Analysis ............................ 87 
6.5.3  Assessment of Cognitive Load .......................................... 88 

6.6 Results ......................................................................................... 89 
6.7 Summary and Conclusions ........................................................ 103 
6.8  Implications for Science and Environmental Education ............. 107 

7  Reflecting on the Use of Decision-making Strategies through 
Self-regulated Learning ................................................................. 111 



 xiv

7.1 Abstract ...................................................................................... 111 
7.2  Introduction ................................................................................ 112 
7.3 Theoretical Framework .............................................................. 114 

7.3.1  Decision-making and Argumentation in STSE Education 114 
7.3.2  Decision-making Strategies ............................................. 115 
7.3.3  Self-regulated Learning ................................................... 118 

7.4 Research Questions .................................................................. 119 
7.5 Description of the Decision-making Training .............................. 120 
7.6 Methods ..................................................................................... 124 

7.6.1  Research Design ............................................................. 124 
7.6.2  Sample ............................................................................ 124 
7.6.3  Measurement of Decision-making Competence .............. 125 

7.7 Results ....................................................................................... 129 
7.7.1  Considered Evidence ...................................................... 129 
7.7.2  Metadecision Aspects ..................................................... 130 
7.7.3  Reflection ........................................................................ 131 

7.8 Discussion and Conclusions ...................................................... 133 
7.9  Implications for STSE Education ............................................... 137 

8  Summary and Discussion ............................................................. 139 

8.1 Summary ................................................................................... 139 
8.2 Training in Decision-making Strategies...................................... 144 
8.3 Dealing with Societal Norms and Personal Values in 

Socioscientific Issues Pertaining to Sustainable Development .. 149 
8.4 Fostering Decision-making through Self-regulated Learning ..... 153 
8.5 Methodical Reflections ............................................................... 156 
8.6 Concluding Remarks ................................................................. 161 

References .......................................................................................... 163 

Curriculum Vitae  ................................................................................ 186 

  



 xv

List of Tables 
 
Table 5.1 Scoring guide for the assessment of decision-

making competence 61 

Table 5.2 Reflection: Changes in the score from the pre-test 

to the post-test 66 

Table 5.3 Means and standard deviations of intrinsic 

motivation scales during the training program 68 

Table 6.1 Structure of the training program: Contexts chosen 

to demonstrate the decision-making strategies 84 

Table 6.2 Scoring rubric with anchor examples: Explanations 

for the selection of a decision-making strategy 91 

Table 6.3 Relative frequencies of the categories and 

subcategories of explanations for the selection of a 

decision-making strategy 94 

Table 6.4 Expected and observed patterns for the quality of 

metadecision explanations according to different 

selected decision-making strategies 98 

Table 6.5 Self-reported cognitive load after applying the 

decision-making strategy  103 

Table 7.1 Structure of training program 121 

Table 7.2 Scoring guide of the decision-making questionnaire 124 

 
 
 
 



 xvi

List of Figures 
 
Figure 2.1 Model of decision-making competence 16 

Figure 3.1 Zimmerman’s model of self-regulated learning 

adapted to decision-making processes 35 

Figure 5.1 Structure of the training program 56 

Figure 5.2 Research design 58 

Figure 5.3 Mean values of decision-making competence 64 

Figure 6.1 Decision-making strategies selected in the learning 

program by the students in both training groups 97 

Figure 6.2 Decision-making strategies selected in the learning 

program by the students in both training groups 99 

Figure 7.1 Metadecision in decision-making task: Percentage 

of students who increased their scores 131 

Figure 7.2 Reflection: Mean values 132 

 

  



 xvii

List of Boxes 
Box 4.1 Overview of decision-making strategies that were 

trained during the intervention 38 

 

 

  



 xviii

List of Acronyms 
AAAS  American Association for the Advancement of Science 

BLK Bund-Länder-Kommission für Bildungsplanung und 

Forschungsförderung (Commission of the Federal Republic of 

Germany and its states for educational strategies and research) 

BMBF Bundesministerium für Bildung und Forschung (Ministry of 

education and research of the Federal Republic of Germany) 

BMZ Bundesministerium für wirtschaftliche Zusammenarbeit und 

Entwicklung (Ministry of the Federal Republic of Germany for 

economic cooperation and development) 

CG  Control Group 

ESNaS Evaluation der Standards in den naturwissenschaftlichen 

Fächern der Sekundarstufe I (Evaluation of the (German) 

national science education standards for secondary education) 

KMK Kultusministerkonferenz (Conference of the ministers of 

education) 

LASSI  Learning and Study Strategies Inventory  

MSLQ  Motivated Strategies for Learning Questionnaire  

NRC  National Research Council 

OECD  Organisation for Economic Co-Operation and Development 

PISA   Program for International Student Assessment 

QCA  Qualifications and Curriculum Authority 

SEPUP  Science Education for Public Understanding Project 

SINUS Programm zur Steigerung der Effizienz des mathematisch-

naturwissenschaftlichen Unterrichts (Program for the 



 xix

enhancement of the efficiency of mathematics and science 

education) 

STSE  Science, Technology, Society, Environment 

TG  Training Group 

TIMSS  Third International Mathematics and Science Study 

UN  United Nations 

UNCED United Nations Conference on Environment and Development 

UNESCO United Nations Educational, Scientific and Cultural Organization 

WCED World Commission on Environment and Development 

  



1 

 

1 Introduction 
The students of the 21st century grow up in a society that is faced with a 

multitude of challenges. Scientific and technological advances have changed 

the lives of the world population and provided the citizens with many 

possibilities to determine their way of living. However, these advances also 

require each citizen to act responsibly. The increase in consumption has led 

to an exploitation of resources and damage to fragile ecosystems. The global 

transportation of goods and people has mobilized the world, but is today 

considered one factor that causes climatic change. Moreover, not all people 

of the globalized world’s society have profited equally from scientific and 

technological advances. Countries in the Northern Hemisphere have 

benefited, whereas poverty and famine dominate in many southern countries. 

In 1992, the world’s politicians agreed on a global action plan to face these 

challenges and ensure sustainable world development with the purpose of 

meeting the needs of the present generations as well as future generations 

(United Nations Conference on Environment and Development (UNCED), 

1992; World Commission on Environment and Development (WCED), 1987). 

Besides political actions, one focal point is on the individual citizen as the key 

player to change the world’s society. All citizens should reflect upon their 

actions critically. What impact does a decision have with regard to its 

ecological, economic and societal consequences? Citizens are frequently 

faced with a multitude of complex decisions. The consumption of products 

and political debates demand them to critically evaluate possible courses of 

action with regard to sustainable development. 

A central aim of science education is, hence, that students as citizens 

should be prepared to deal effectively with science-related situations that 

they will encounter in their lives (Roberts, 2007). Since the 1970s, the 

science, technology, society and environment (STSE) movement has 

promoted the integration of socioscientific issues, i.e., scientific topics that 

have an impact on society, into science classrooms (McConnell, 1982). 
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Because of the controversial character of socioscientific issues, the 

enhancement of thoughtful decisions is a central claim of STSE education 

(Aikenhead, 1985; McConnell, 1982; Pedretti & Nazir, 2011; Solomon & 

Aikenhead, 1994). Consequently, science education should enable students 

to engage in individual and collective decision-making as well as discourse to 

educate responsible citizens (Aikenhead, 1985; Berkowitz & Simmons, 2003; 

Driver, Newton, & Osborne, 2000; Kolstø, 2001; Solomon & Aikenhead, 

1994; Zeidler, Sadler, Simmons, & Howes, 2005). In conclusion, decision-

making concerning socioscientific issues has become part of scientific 

literacy (American Association for the Advancement of Science (AAAS), 

1989, 1993; National Research Council (NRC), 1996; Organisation for 

Economic Co-operation and Development (OECD), 1999). 

How can these educational demands be met? Which methods are 

suitable to foster elaborate decision-making regarding controversial 

socioscientific issues pertaining to sustainable development? To answer 

these research questions, two promising approaches will be investigated and 

elaborated: the reflected use of decision-making strategies and the 

integration of elements of self-regulated learning into learning environments 

to support the decision-making process. This dissertation aims to examine 

the effects of these approaches on decision-making competence in process-

related and summative evaluations.  
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2 Theoretical Framework: Socioscientific 
Decision-making in the Context of Sustainable 
Development 

2.1 Socioscientific Issues 

As opposed to purely scientific topics, socioscientific issues involve both 

considerations of scientific content and societal implications. Sadler refers to 

socioscientific issues as “complex, open-ended, and often contentious 

problems, with no definitive answers” (Sadler, 2004, p. 514). Their resolution 

requires interdisciplinary approaches because socioscientific issues involve 

evidence from many areas of research (Fensham, 1988; Kolstø, 2001; 

McConnell, 1982; Solomon & Aikenhead, 1994). Furthermore, most issues 

are not only complex with regard to scientific evidence, but also complex in 

terms of the inherent values and societal norms that must be considered 

(Bögeholz & Barkmann, 2003, 2005; Hogan, 2002; Jiménez-Aleixandre & 

Pereiro-Muñoz, 2002; Kolstø, 2001; Ratcliffe & Grace, 2003; Zeidler & 

Sadler, 2007; Zeidler et al., 2005). In addition, for many issues, anomalous 

data are available because no consensus has been reached within the 

scientific community in areas of science-in-the-making (Bingle & Gaskell, 

1994; Kolstø, 2001). The knowledge base may be uncertain or involve risks 

(Kolstø, 2006). Due to this complexity, uncertain consequences and the 

contrary perspectives of a multitude of stakeholders, many alternative 

solutions to resolve socioscientific issues exist. Consequently, each 

socioscientific issue is by definition controversial and open for debate and 

discourse (Zeidler et al., 2005). Science and environmental education should 

enable students to form a reflected view on such issues and support them to 

participate in discussions. Within the STSE framework, much research has 

been conducted to unravel how students actually deal with socioscientific 

issues and which methods are suitable to foster the abilities of students to 

cope with these complex tasks most effectively. Generally, the 

implementation of socioscientific issues into science education requires 
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meaningful real-world contexts that allow for an analysis of these complex 

relationships to promote the acquisition of competencies (Aikenhead, 2006; 

Bayrhuber, Bögeholz, Elster et al., 2007; Pedretti, 2003; Sadler, 2009, 2011).  

Argumentation about socio-scientific issues 

How students deal with socioscientific issues has been investigated based on 

different theoretical frameworks, such as socioscientific reasoning (Sadler, 

Barab, & Scott, 2007) or the reflective judgment model (Zeidler, Sadler, 

Applebaum, & Callahan, 2009; cf. King & Kitchener, 1994). However, one of 

the most dominant approaches is the analysis of argumentation, which is 

mostly based on Toulmin’s argumentation pattern (Erduran, Simon, & 

Osborne, 2004; Jiménez-Aleixandre, Bugallo Rodríguez, & Duschl, 2000; 

Toulmin, 1958; Venville & Dawson, 2010; Zohar & Nemet, 2002). Claims 

must be connected to evidence (data) to construct a sound argument. 

Warrants and backings support this justification. In addition to this 

presentation of one’s own viewpoint, Kuhn (1991, 1993) and Means and 

Voss (1996) consider it vital to include alternative positions and 

counterarguments as part of good argumentation. Moreover, many research 

projects focus not only on the formal structure of arguments suggested by 

Toulmin but also on the correctness of the presented evidence and whether 

presented reasons support the claim (Jiménez-Aleixandre & Pereiro-Muñoz, 

2002; Means & Voss, 1996; Zohar & Nemet, 2002). With regard to the use of 

inappropriate evidence, confirmation biases and rejections of anomalous 

data, Zeidler (1997) has identified fallacies in the process of argumentation. 

Furthermore, metastatements are considered to be part of high-quality 

reasoning because the principle of structuring an argument may clarify 

complex reasoning situations (Kuhn, 1999; Means & Voss, 1996).  

Grounded on these considerations, programs to enhance the quality of 

argumentation in small group and whole class discussions have been 

introduced and evaluated. Zohar and Nemet (2002) explicitly trained students 
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in argumentation skills when dealing with moral dilemmas in the context of 

genetics. The characteristics of high- and low-quality arguments were 

developed with the students regarding the justifications of claims and 

supporting evidence for alternative positions. As a result of the intervention, 

the quality of the students’ arguments increased, and the students were able 

to transfer these skills to an everyday context. Moreover, it is compelling that 

argumentation training not only increased argumentation skills but also 

promoted gains in content knowledge. On the level of in-service teacher 

training, Erduran, et al. (2004) effectively trained teachers in a long-term 

intervention to apply the Toulmin argumentation pattern in their classrooms. 

The teachers effectively stimulated the students to support their claims with 

evidence in the course of the two-year program. Moreover, explicit 

argumentation trainings are not only valuable to increase the level of 

complexity based on Toulmin’s argumentation pattern but also changed the 

students’ type of informal reasoning from emotive to rational (Venville and 

Dawson, 2010; cf. Dawson & Venville, 2010).  

In conclusion, many studies have successfully trained argumentation 

skills. However, the necessary duration of such trainings is still debated. 

Kuhn (1991) suggests that students possess premature argumentation skills, 

but may lack the complete development of these skills to demonstrate them 

effectively. Consequently, she proposes that education can strengthen these 

preexisting abilities in a short amount of time. This is in line with the results of 

Zohar and Nemet (2002) and Venville and Dawson (2010) who showed that 

their short-term argumentation trainings (twelve and three periods, 

respectively) successfully improved the quality of the students’ arguments. In 

contrast, Osborne, Erduran and Simon (2004) reported that a year-long 

training did not yield measurable effects.  
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Norms and values inherent in socioscientific issues 

In addition to the research on reasoning skills and argumentation, many 

studies have focused on the values inherent in socioscientific issues. 

Although it is generally agreed on that socioscientific issues require explicit 

value considerations, different domains, e.g., bioethical and sustainability 

issues, involve different sets of values and, hence, different approaches to 

incorporate them in argumentation and decision-making. For moral 

dilemmas, such as genetic engineering and preimplantation diagnostics, 

models of moral development have been adapted to the field of 

socioscientific issues, mostly based on Kohlberg’s theoretical frameworks or 

philosophical approaches, e.g., the distinction between deontological and 

consequentialist reasoning (Bayrhuber, 1992; Dulitz & Kattmann, 1990; 

Mittelsten Scheid & Hößle, 2008; Reiss, 2008; Reitschert & Hößle, 2007; 

Sadler & Zeidler, 2004; Zeidler & Keefer, 2003). While values in the 

aforementioned contexts often refer to the beginning and end of human life or 

human health, a different set of values must be considered in environmental 

and sustainable development issues. Biocentric and anthropocentric 

perspectives must be contrasted (Grace & Ratcliffe, 2002; Große & 

Bögeholz, 2005; Pedretti, 1999; Reiss, 2008), and the domain of sustainable 

development also requires the integration of global justice as a crucial value 

(de Haan, Kamp, Lerch, Martignon, Müller-Christ, & Nutzinger, 2008; Fien & 

Tilbury, 2002; Huckle & Sterling, 1996). Moreover, societal norms and 

personal values must be contrasted. For environmental management 

decisions, Hogan (2002) found that students based their reasoning on 

personal values rather than values regarding other stakeholders who are 

impacted by the decision. However, education should encourage students 

not only to reflect on their own values, but also on the values of other 

individuals because differing sets of values in a pluralistic society demand the 

ability of perspective taking (Bögeholz, Hößle, Langlet, Sander, & Schlüter, 

2004; Eggert & Hößle, 2006; Kolstø, 2001; Reiss, 2008; Sauvé, 2005). 
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Generally, an explicit consideration of values in the decision-making process 

and argumentation as well as a distinction from facts is essential because 

this explicitness makes the decision more transparent and intersubjectively 

comprehensible (Bögeholz, 2006; Bögeholz & Barkmann, 2003; Eggert & 

Hößle, 2006). 

In addition to the consideration of diverse sets of values, decision-

making tasks of different domains are also structured differently. Bioethical 

and moral dilemmas often involve decisions for or against one specific action: 

Should a genetic test be conducted? Should active euthanasia be allowed for 

those who wish to die? Should genetically modified food be grown? In 

contrast, issues pertaining to sustainable development involve more gradual 

decisions or decisions with many options: Which position and size should a 

wind farm have? Which variety of apples should I buy out of a countless 

amount on offer? Which measures to protect an ecosystem can be combined 

to be most successful? It is often not a question of whether to pursue one 

option, but rather in which way the situation can be improved most effectively 

(Bögeholz & Barkmann, 2005). Hence, socioscientific issues that are related 

to sustainable development require specific approaches to deal with them in 

an adequate way. 

2.2 Education for Sustainable Development  

One special field of STSE education is education for sustainable 

development (Pedretti, 2003). Moreover, issues related to sustainable 

development represent one essential domain of socioscientific issues. It will 

be argued that they are complex with regard to a multitude of stakeholders’ 

interests and scientific evidence, are controversial and require 

interdisciplinary and values-based decisions. The relatively new domain of 

education for sustainable development is primarily a result of international 

political negotiations because education is considered one of the focal points 
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to ensure sustainability (UNCED, 1992). Therefore, the historical roots and 

the social norms derived from this political consensus will be elaborated. 

Education for sustainable development as a global political consensus 

The rapid technological and scientific advances that have occurred since the 

industrial revolution have led to economic growth and wealth in industrialized 

countries. However, the production of goods for an increasing world 

population will inevitably reduce the quantity of available resources. This 

scarcity of resources and the limits of growth were identified in the 1970s by 

the Club of Rome (Meadows, Meadows, Randers, & Behrens III, 1972). A 

related issue of concern in those decades is environmental degradation 

through deforestation, acid rain and many other causes. However, rather 

than viewing environmental problems in isolation, Brundtland and the 

members of the World Commission on Environment and Development 

(WCED) related these issues to developmental policy to unravel the complex 

causes and identify possible measures against environmental degradation 

(Redclift, 1987). In the final statement of the Brundtland report Our common 

future, the term sustainable development was coined. This term not only 

involves sustainable management of resources, economic growth and 

environmental protection but also social justice within and between 

generations (WCED, 1987).  

Based on these concerns and a multitude of global challenges, such 

as threats to the earth’s biodiversity, climate change and water scarcity 

(Hesse, 2006), the UNCED agreed on a global action plan at the world 

summit in Rio de Janeiro in 1992 to face the problems of a globalized world 

(Agenda 21; UNCED, 1992). Since this international political consensus, a 

general agreement exists that solutions can only be found through 

interdisciplinary approaches that involve ecological aspects such as the 

protection of the environment and biodiversity, social concerns, especially 

with regard to the less developed countries, and the economic prosperity of 



 9

the world’s population (Scott & Gough, 2003; UNCED, 1992; Whitehead, 

2007). To ensure sustainable development, the education of the world’s 

citizens is a crucial prerequisite. This proposal of the conference in Rio de 

Janeiro was put into action at the subsequent United Nations (UN) 

conference in Johannesburg in 2002, where all the countries agreed on 

implementing education for sustainable development in their educational 

systems. Subsequently, the realization of Agenda 21 as a global action plan 

has been supported through the decade of education for sustainable 

development1 of the United Nations Educational, Scientific and Cultural 

Organization (UNESCO) and an adaptation of international political 

agreements to national and local requirements. 

In Germany, the importance of education for sustainable development 

has been widely recognized. The German parliament developed guiding 

principles for sustainable development (Deutscher Bundestag, 1998), which 

not only focus on environmental issues, as in previous decades, but also on 

societal and economic concerns. Moreover, to implement education for 

sustainable development in the educational system, the government 

introduced two programs, 21 and the successive program Transfer-21, which 

embrace many facets of education for sustainable development: research to 

gain further insights into the theoretical structure and necessary 

competencies, practical guidelines for teachers, professional development, 

support on institutional levels and research-based evaluation of the 

educational program (Bund-Länder-Kommission für Bildungsplanung und 

Forschungsförderung (BLK), 1998, 2005; Bundesministerium für Bildung und 

Forschung (BMBF), 2009; de Haan, 2006). Within this program, theoretical 

and practical contributions have been made with regard to fostering decision-

                                            
1 The UN decade of education for sustainable development started in 2005 and will continue 

until 2014. 
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making concerning issues pertaining to sustainable development (Ahlf-

Christiani et al., 2003). Although education for sustainable development has 

not yet been established across the entire nation, significant progress has 

been made.  

Another vital way to implement the political consensus on education 

for sustainable development is its inclusion in national and local curricula and 

standards. German and English standards have integrated sustainable 

development as core components of science education and other school 

subjects, including the interrelationship of this framework with regard to 

ecological, social and economic facets (Kultusministerkonferenz (KMK), 

2005a,c2; Qualifications and Curriculum Authority (QCA), 2005; cf. 

Niedersächsisches Kultusministerium (ministry of education of Lower 

Saxony), 2007, 2009, for state curricula of Lower Saxony, where this study 

was conducted). In contrast, the US National Educational Standards and 

Science for All instead focus on environmental problems and resource 

management (AAAS, 1989, 1993; NRC, 1996). 

Competencies in the field of education for sustainable development 

Following the political initiative to implement education for sustainable 

development, research must focus on the question of which competencies 

today’s students should acquire to face the emerging problems of a 

globalized world. Within the German program 21, de Haan and Harenberg 

(1999) developed a normative model of the competencies that students 

should gain as part of education for sustainable development (cf. de Haan, 

2006, 2008, 2010; de Haan et al., 2008 for English descriptions and modified 

                                            
2 The German science education standards differentiate between biology (KMK, 2005a), 

chemistry (KMK, 2005b) and physics (KMK, 2005, c). However, the chemistry standards do 
not explicitly include sustainable development. 
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versions of the model). The concept of Gestaltungskompetenz (shaping 

competence) focuses on the participation of citizens to actively shape and 

develop the society of the future rather than merely reacting to existing 

problems. In a revised version of the theoretical framework, de Haan et al. 

(2008) describe twelve subcompetencies, such as perspective taking, 

cooperative and individual planning and action and the ability to deal with 

complex decision-making situations that involve conflicting values. 

Consequently, decision-making competence is one vital component of 

Gestaltungskompetenz and education for sustainable development.  

As required by Agenda 21, many research projects and classroom 

activities have focused on the integration of ecological, social and economic 

aspects of education for sustainable development (Bourn, 2005; Eilam & 

Trop, 2011; Gausmann, Eggert, Hasselhorn, Watermann, & Bögeholz, 2010; 

Herremans & Reid, 2002; Marcinkowski, 2010; Menzel & Bögeholz, 2006, 

2009; Sauvé, 1996, 2005). Consequently, education for sustainable 

development aims to implement more interdisciplinary approaches to bring 

different pedagogical traditions together, e.g., environmental education and 

development education. Moreover, the interdependence of different 

components and the dynamic functioning of a system have to be understood 

by considering causes and consequences on a global level (BLK, 1998; Rieß 

& Mischo, 2010; Rost, 2002; Rost, Lauströer, & Raack, 2003). In addition to 

the necessity to integrate multiple disciplines, other factors account for a 

large complexity of sustainability issues. The effects of particular courses of 

action are difficult to predict because decisions regarding future 

developments mostly involve lagged consequences and uncertainty (Colucci-

Gray, Camino, Barbiero, & Gray, 2006; de Haan et al., 2008). Moreover, the 

relationship between causes and consequences is often hard to identify 

because of spatial and temporal disparities, and many processes are not 

linear, but exponential, and thus difficult to predict (Bögeholz & Barkmann, 

2005; de Haan & Harenberg, 1999; Ernst, 2008). Consequently, education 
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should aim to enable students to analyze the complex relationships between 

local actions and global consequences (Bourn, 2005) as a prerequisite for 

adequate decision-making.  

Norms and values in education for sustainable development 

Besides factual complexity, issues pertaining to sustainable development 

involve complex ethical implications (Bögeholz & Barkmann, 2005). The 

interrelatedness of the ecological, social and economic domain is not only 

relevant for the analysis of background information but also for the analysis 

of inherent values. Different stakeholders base their decisions on different 

sets of values. Therefore, students should be able to take different 

perspectives to understand the underlying value conflicts. Moreover, if 

scientific evidence for a specific topic is scarce or involves a high degree of 

uncertainty, Colucci-Gray et al. (2006) suggest that the value considerations 

play an even more important role in the decision-making process.  

One point of criticism toward education for sustainable development is 

that students are persuaded to advocate a particular point of view or pursue 

a particular action (de Haan et al., 2008; Jickling, 1992; Sauvé, 1996). 

However, in science and environmental education, a broad consensus exists 

that teachers should not educate one perspective or teach certain values; 

rather, they should enable students to think critically to make autonomous 

and elaborate decisions (de Haan et al., 2008; Hodson, 2003; Hungerford, 

2010; Ratcliffe & Grace, 2003). Nevertheless, this type of independence and 

autonomy of students should not be misinterpreted in a relativistic way as is 

apparent in the values clarifications method (Oser & Althof, 1992; Simon, 

Howe, & Kirschenbaum, 1972). This approach does not distinguish between 

universal values such as social justice and personal values (Bögeholz, 

Bittner, & Knolle, 2006; Rost et al., 2003) and consequently, does not involve 

considerations concerning the role of societal norms (Eggert & Hößle, 2006). 

On the contrary, it is legitimate and necessary to reflect upon the 
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development and qualities of societal norms and contrast these with personal 

values to encourage self-reflection in the students (de Haan et al., 2008). 

With regard to education for sustainable development, students should be 

able to detect non-sustainable options, i.e., options that contradict societal 

norms, because they do not reach ecological or social standards and are 

unacceptable with regard to economic development (de Haan & Gerhold, 

2008). However, whether they actually pursue more sustainable courses of 

action instead cannot be part of school education (Rost et al., 2003).  

Empirical studies in education for sustainable development have 

focused on values-based decisions from different viewpoints. While Lauströer 

(2005; Lauströer & Rost, 2008) investigated the effect of an intervention 

study on the consistency between personal values and intended actions, 

which did not increase as a result of the training, Grace and Ratcliffe (2002) 

found that the students based their decisions on scientific concepts to some 

extent, but mostly referred to inherent values, thus presenting a variety of 

biocentric and anthropocentric values. Bögeholz and Barkmann (2005) 

integrated value considerations into a rational decision model and suggested 

weighting the criteria based on the importance to the decision-maker. 

Moreover, weighting of criteria is a component of decision-making strategies, 

e.g., a value hierarchy used to exclude options or a multiplication of attributes 

of different options with a weighting factor, which would ensure that important 

criteria contribute more to the decision than less important ones (Bögeholz 

and Barkmann, 2005; de Haan et al., 2008; Eggert & Bögeholz, 2006, 2010; 

Jungermann, Pfister, & Fischer, 2005; Payne, Bettmann, & Luce, 1998). In 

conclusion, students should be able to cope with factual and ethical 

complexity and distinguish facts, societal norms and personal values to make 

elaborate decisions (Bögeholz & Barkmann, 2005). 
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2.3 Decision-making Competence in Education for 
Sustainable Development 

Scholars in the field of education for sustainable development emphasize the 

need to foster decision-making competence. While much research in the field 

of socioscientific issues has been performed to examine and enhance 

argumentation, little is known about the actual decision-making process. It is 

important to state that despite many similarities, these two concepts have 

quite diverging characteristics. The role of argumentation is generally to 

present and defend one’s point of view. Contrastingly, decision-making 

focuses on the preceding processes of evaluating possible options and finally 

choosing one alternative. Consequently, every individual makes a decision 

first, before presenting the outcome to others to convince them from his/her 

viewpoint by presenting arguments. Nevertheless, argumentation and 

decision-making have many characteristics in common. Both concepts 

require a thorough integration of evidence both for and against a possible 

viewpoint. The benefits and drawbacks of all possible options should be 

considered to make a high-quality decision and to provide valuable 

arguments and counterarguments. Furthermore, decision-making and 

argumentation are interlinked because discourse involving opposing 

viewpoints stimulates the reflection upon one’s own position and may modify 

the standpoint as a result of social interactions (Zeidler, Osborne, Erduran, 

Simon, & Monk, 2003). 

The present study focuses on the reflected decision-making process 

when choosing one course of action in the field of education for sustainable 

development. For this purpose, decision-making competence3 is defined as 

                                            
3 The original German term in this definition is Bewertungskompetenz. As opposed to the 

English term decision-making competence, which specifically refers to the decision-making 
process, Bewertungskompetenz is used more broadly by German scholars with regard to 
other facets of dealing with socioscientific issues, including argumentation. 
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“the ability to decide among different courses of action of complex problems 

in a reasoned and systematic way to participate in societal discourse about 

the promotion of sustainable development.” (Bögeholz, 2007, p. 2094; cf. 

Bayrhuber, Bögeholz, Elster et al., 2007; Bögeholz et al., 2004; Eggert & 

Bögeholz, 2006). This definition is based on the concept of competence. 

Weinert (2001a) refers to competence as the cognitive ability to solve 

domain-specific problems (cf. Weinert, 1999, 2001b). Moreover, 

competencies can best be acquired and assessed based on contextualized 

problems (Hartig & Klieme, 2006; Klieme & Leutner, 2006; Klieme et al., 

2003; Koeppen, Hartig, Klieme, & Leutner, 2008). At an international level, 

the theoretical construct of competencies has also been chosen for large-

scale assessments such as the Third International Mathematics and Science 

Study (TIMSS) and the Program for International Student Assessment 

(PISA). In Germany, the concept of competence is the most dominant 

approach to describe educational learning outcomes and it is the basis of the 

German educational standards (Klieme et al., 2003; KMK, 2005a,b,c), the 

development of competence models for various domains (priority program 

12935; Klieme & Leutner, 2006; Klieme, Leutner, & Kenk, 2010) and the 

evaluation of the German national science education standards6 (Kauertz, 

Fischer, Mayer, Sumfleth, & Walpuski, 2010; cf. Schecker & Parchmann, 

2006). Moreover, regarding the national PISA test 2003 and the evaluation of 

the German science education standards, the construct of competence is 

used as a basis to assess decision-making (Kauertz et al., 2010; Senkbeil, 

                                            
4    translated into English 

5 Schwerpunktprogramm 1293: Kompetenzmodelle zur Erfassung individueller 
Lernergebnisse und zur Bilanzierung von Bildungsprozessen (priority program 1293: 
models of competencies for the assessment of individual learning outcomes and the 
evaluation of educational processes) 

6    Evaluation der Standards in den naturwissenschaftlichen Fächern der Sekundarstufe I 
(ESNaS) 
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To structure the construct of decision-making competence, Eggert and 

Bögeholz (2006, cf. Bögeholz, 2007, 2011) developed a competence model 

that represents both a structure to assess distinct dimensions of decision-

making competence and a theoretical framework to develop specific 

trainings. The model postulates three dimensions (see Figure 2.1), of which 

the first describes the ability to understand and reflect upon inherent values 

and norms of decision-making situations related to sustainable development. 

This can be considered a prerequisite for the decision-making process. The 

decision for one course of action is differentiated into two consecutive steps 

based on the metadecision model of Betsch and Haberstroh (2005). In the 

first instance, the decision-maker identifies the decision-making situation and 

generates solutions in a pre-selective phase. Evidence is gathered to 

describe possible courses of action with regard to relevant criteria. Eggert 

and Bögeholz (2006) refer to this dimension as “generation of solutions” (cf. 

Gausmann et al., 2010). Once a set of solutions is available, the decision-

maker compares and contrasts all options by considering relevant evidence 

to make a decision in the selective phase (Betsch & Haberstroh, 2005). 

Eggert and Bögeholz (2006) describe this dimension as the “evaluation of 

solutions”, which also involves the reflection on one’s own decision and the 

decisions made by others. Aikenhead (1985), Kortland (1996) and Ratcliffe 

(1997) also introduced decision-making models with subsequent phases, in 

which alternatives are generated and evaluated in consecutive steps, based 

on the frameworks of Baron and Brown (1991), Carroll and Johnson (1990) 

and other scholars. Although actual decision-making may also proceed by 

conducting these steps simultaneously or in an iterative way rather than in a 

neat order (Eggert & Bögeholz, 2006; Hong & Chang, 2004; Kortland, 1996), 

this normative model provides a valuable structure to assess different facets 

of decision-making competence and to develop specific interventions. In 

addition to Kortland’s or Ratcliffe’s framework, the model of Eggert and 

Bögeholz (2006; cf. Bögeholz, 2011; Gausmann et al., 2010) provides more 

specific information concerning the demands of a generation of solutions and 
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the inherent search for information with regard to sustainable development 

and detailed insights into the processes of the evaluation of different options 

based on behavioral decision research. Consequently, it provides a 

normative framework for the resolution of socioscientific issues pertaining to 

sustainable development. This dissertation focuses on the third dimension, 

the evaluation of solutions. For this subcompetence, it is claimed that a high 

level of decision-making competence involves a systematic decision, e.g., 

through a decision-making strategy suitable to solve the complex decision-

making task adequately. 

Decision-making strategies 

The strategies that people actually employ to resolve decision-making 

situations have been investigated in the field of behavioral decision research. 

Many decisions are made by implicitly or explicitly using a choice rule 

(Abelson & Levi, 1985). These strategies vary according to their complexity 

depending on the characteristics of the decision-making situation and the 

effort that the decision-maker makes to resolve the issue (Beach, 1990; 

Jungermann et al., 2005). Routine decisions may have little significance for 

the decision-maker and are often highly automated. Thus, they require less 

attention, whereas other decisions of greater relevance demand further 

considerations and thoughts. Decisions with few options and a low number of 

attributes can be solved without much effort, whereas decision-making 

situations that involve a multitude of options are much more demanding. 

Moreover, in such complex decisions, the decision-maker may pursue 

different – often conflicting – goals. In summary, the methods of dealing with 

a decision-making task differ with regard to complexity and effort. 

In situations that involve many options, the complexity can be reduced 

by eliminating options as part of a non-compensatory strategy. The name of 

the strategy refers to the fact that other benefits of one option do not 

compensate for the dominant deficits that lead to an exclusion of that option. 
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Furthermore, situations with few options may also be solved by applying a 

non-compensatory strategy if attributes of one or several options are 

unacceptable for the decision-maker. Simon (1955) claims that decision-

makers often pursue a satisficing rule as one example of a non-

compensatory strategy. Unsatisfying options are eliminated, and the search 

for an option is continued until a sufficing option is found. Although other 

more satisfying options may exist, the first suitable option is chosen without 

maximizing utility. Another example of a non-compensatory strategy is the 

lexicographic rule (Jungermann et al., 2005; Payne et al., 1998; Plous, 1993). 

If one option does not reach the minimum threshold (cut-off level) of the 

attribute that is considered most important based on the personal values of 

the decision-maker or societal norms, this option is eliminated. Subsequently, 

other options are excluded if the threshold of the second-most important 

criterion is not reached and so forth until only one option is left. A variation of 

this lexicographic rule to describe actual decision-making behavior more 

realistically is the elimination-of-aspects rule (Tversky, 1972). This rule takes 

probabilistic considerations into account because the decision-maker may 

weight the attributes slightly differently if faced with the same decision again, 

whereas the deterministic lexicographic rule implies static decision-makers. 

Contrary to non-compensatory decision-making strategies, in which 

the disadvantages are not compensated for by other advantages, 

compensatory strategies allow for a complete trade-off of all evidence. How 

good does the attribute of one option have to be to compensate for a less 

favorable attribute of the same option? One example is the weighted-

additive-value rule (Payne et al., 1998). Here, the partial value of one 

attribute is determined, e.g., through a positive or negative score that 

describes the quality of the option with regard to the considered criterion. 

Depending on the importance of this criterion, this score is multiplied with a 

weighting factor. The total value of the option can then be determined by 

adding all these weighted values. A simplification of this strategy is the equal 
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weight strategy, in which the decision-maker does not distinguish between 

more and less important criteria. The weighted-additive-value model to 

determine the chosen option has not only been used in descriptive research 

but also in prescriptive decision-making theories to claim which decision-

making strategy is most suitable from a normative viewpoint because all 

evidence is taken into account simultaneously to maximize the outcome 

(Jungermann et al., 2005).  

Beach (1990) described decision-making processes as a combination 

of different strategies in two subsequent phases. In the screening phase, a 

compatibility test is conducted to determine whether the options reach the 

cut-off level of relevant criteria. If the characteristics contradict the values or 

goals of the decision-maker, one or several options are eliminated in a non-

compensatory approach. The remaining options are then evaluated in detail 

in the profitability test after the selection of a decision-making strategy. In this 

phase, different types of strategies are used (Beach & Mitchell, 1978; Beach, 

1990). They may be aided-analytic and highly formalized like the weighted-

additive-value strategy, in which tools are used to support the decision, e.g., 

a calculator is used to compute a final value for each option or balancing pros 

and cons with a list of all attributes. Other types of strategies do not require 

tools and allow for a resolution in one’s head. In this group of unaided-

analytic strategies, the decision-maker still attempts to make a systematic 

decision by evaluating all options in detail. Contrary to these analytic 

procedures, the decision-maker may also choose one of the remaining 

options with a non-analytic strategy, such as tossing a coin or deciding 

intuitively. Consequently, Beach (1990) integrates different decision-making 

models to describe actual decision-making in two consecutive steps. This 

dissertation focuses on aided-analytic strategies and uses Beach’s 

framework to introduce a mixed strategy as a combination of non-

compensatory and compensatory strategies.  
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Decision-making and intuitive judgments – Results from behavioral 

decision research and normative educational considerations 

Most of the presented theories about decision-making assume a rational 

decision-maker. However, scholars such as Haidt, Gigerenzer and Simon 

criticize this underlying assumption. In his social intuitionist model, Haidt 

(2001) suggests that moral decisions are based on intuition and the social 

environment. Moreover, a person’s reasoning is considered a post-hoc 

justification for the intuitive judgment. Although Haidt acknowledges that 

rational considerations influence a person’s judgment to some extent, he 

claims that prior research overestimated the effect of rational thoughts. 

Based on Simon’s notion of “bounded rationality,” Gigerenzer and Todd 

(2001) argue that rational decision-making models such as the weighted-

additive-value model cannot effectively explain how people actually decide 

on one option because such approaches do not account for the uncertainty 

that is inherent in real-world scenarios. Moreover, only a finite amount of time 

and knowledge is available for a decision-maker to invest in a decision; this 

has not been included in most rationalistic decision-making models. 

Consequently, Gigerenzer and Selten (2001) suggest that heuristics are 

more suitable to explain actual decision-making. 

In contrast to descriptive research about decision-making, the 

appropriateness of different methods of decision-making is a crucial issue of 

concern. Whether intuition or analytic strategies lead to more suitable 

outcomes of decisions has long been debated. Gigerenzer and Todd (2001) 

argue that heuristics are not only often executed but also produce adequate 

solutions, whereas Haidt (2001) and Baron (1998) acknowledge that the 

outcome of intuitive judgments may not be best from a normative viewpoint. 

The empirical results of Hammond, Hamm, Grassia and Pearson (1987) and 

McMackin and Slovic (2000; cf. Hogarth, 2005) suggest that whether intuitive 

judgments outperform analytical approaches depends on the characteristics 

of the tasks. Intuition-inducing characteristics require intuitive approaches, 
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whereas tasks with analytic-inducing characteristics are best solved with 

analytic strategies. In the field of science and environmental education, 

normative considerations have to be taken into account to determine which 

approach to resolve an issue is most appropriate. Routine decisions that 

students make, such as recycling, allow for fast decisions without much 

discussion (Hogan, 2002). However, complex decisions about the 

environment, especially those that involve a variety of stakeholders, require a 

thorough evaluation of information and underlying values. Regarding issues 

pertaining to sustainable development, Bögeholz and Barkmann (2003, p. 

457) comment on this claim as follows: “Those who content themselves with 

a decision for one agreeable-sounding option in a more or less incidental way 

after a general discussion of the problem act irresponsibly in the light of 

hunger, ecological degradation, injustice and threats to freedom.” Moreover, 

rational decisions should not be confounded with egoistic decisions that 

maximize personal utility or economic benefits (Bögeholz & Barkmann, 2005; 

Baron, 1994). For the field of socioscientific issues, Sadler and Zeidler (2005) 

suggest that science classes should account for different patterns of informal 

reasoning and encourage students with more intuitive or emotive, i.e., 

empathetic or care-based, rather than rationalistic reasoning patterns to 

participate in discourse by valuing these approaches. Nevertheless, the basis 

of such reasoning should be challenged and reflected upon, e.g., by 

considering anomalous data and contrasting viewpoints (Sadler & Zeidler, 

2005). 

Eggert and Bögeholz (2006) integrated these results from descriptive 

research into their model of decision-making competence and related the 

decision-making strategies to socioscientific issues regarding sustainable 

development. It is claimed that students should be able to solve different 

                                            
7  translated into English 
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types of tasks with different decision-making strategies. Situations with non-

sustainable options, i.e., with courses of actions that do not meet the 

standards set by societal norms such as the global action plan Agenda 21, 

should be resolved by applying a non-compensatory strategy to exclude 

unacceptable options. The three pillars of sustainable development (ecology, 

society, economy) and their related standards must be considered to 

determine whether one option is sustainable or not. Other types of tasks 

require a complete trade-off of all evidence if no knockout criteria exist based 

on societal norms, such as the framework for sustainable development. 

According to Eggert and Bögeholz (2006), intuitive judgments represent a 

lower level of decision-making competence because the complexity of 

socioscientific issues related to sustainable development is high and should 

induce analytic strategies to resolve the issue adequately, rather than 

intuition and heuristics. 

To investigate the decision-making competence of students, Eggert 

and Bögeholz (2010) developed a test instrument with open-ended items that 

focuses on the use of decision-making strategies. For the tasks that all 

involved legitimate, i.e., sustainable options only, the normative assumption 

was made that a hierarchy of appropriate decision-making strategies can be 

stated. The lowest competence level represents intuitive decision-making, 

whereas the application of a non-compensatory strategy characterizes a 

basic level, the use of mixed strategies an intermediate level and the 

compensatory strategy the highest level of decision-making competence 

(Eggert & Bögeholz, 2006). It could be demonstrated empirically that these 

levels represent the actual hierarchy of the students’ competencies8 (Eggert, 

                                            
8 After modeling the data according to the Rasch partial credit model, the Thurstonian 

thresholds revealed that the a priori assumed hierarchy of competence levels represents 
the students’ actual levels of decision-making competence. 
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2008; Eggert & Bögeholz, 2010). Consequently, it was easier for students to 

use cut-offs than to integrate several attributes of all options at the same 

time. In the field of science education, Hong and Chang (2004) have also 

investigated the use of decision-making strategies of students in an everyday 

life decision based on the scoring rubric of Abelson and Levi (1985). The 

analyses of the thinking aloud protocols revealed that most students used 

non-compensatory strategies or mixed strategies, but avoided a complete 

trade-off in a compensatory strategy.  

Teaching decision-making  

Teaching decision-making explicitly has been investigated in other areas 

such as business, medicine or the military (Baron, 1994). For environmental 

education, Arvai, Campbell, Baird and Rivers (2004) have developed 

guidelines for decision-making training. They recommend focusing on the 

deficits of heuristics to improve the decision-making process itself. To foster 

decision-making in science classes, Ratcliffe (1997) has provided her 

students with a six-step guideline. In the first step, students were asked to 

generate possible options and describe them according to relevant criteria 

after a thorough search for information. Based on this set of information, they 

had to evaluate these options to come to a conclusion. In addition, the 

students reflected upon their decision-making processes after the decision. 

Although the participating students perceived this guideline to be useful, 

Ratcliffe found that the evaluation of evidence was not systematic. Grace 

(2009) used this decision-making framework to successfully enhance the 

quality of the students’ arguments based on the scoring rubric of Kuhn, Shaw 

and Felton (1997), i.e., the students considered alternatives more often and 

referred to the function of biological conservation rather than making 

unjustified claims. However, many students did not manage to finally decide 

on one option in the pre-test, the post-test and the group discussions. 

Roberts, Wilson and Draney (1997), Seethaler and Linn (2004) and Siegel 

(2006) focused on the evaluation of evidence and counterevidence as part of 
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the decision-making process. Despite these successful interventions to 

improve the consideration of evidence or the presentation of the students’ 

viewpoints, very few studies have focused on fostering the decision-making 

process itself by making it more systematic. Eggert, Bögeholz, Watermann 

and Hasselhorn (2010) investigated the effect of a cooperative evaluation of 

the quality of limnological ecosystems by focusing on compensatory 

decision-making combined with metastrategic training that triggered the 

reflection and strategic considerations regarding the evaluation process. In 

both training groups, the level of decision-making competence increased 

from the pre-test to the post-test. However, metastrategic structuring 

elements did not increase the competence level at a higher rate.  

In spite of these attempts to improve decision-making in science 

classes, Pedretti (2003) claims that science teachers lack appropriate 

instructional methods to teach decision-making. Most of the decision-making 

trainings described above focused on complete trade-offs between all pieces 

of evidence (Eggert et al., 2010; Roberts et al., 1997; Seethaler & Linn, 2004; 

cf. Bögeholz, 2006; Eggert, Barfod-Werner & Bögeholz, 2008, 2010, for 

classroom materials). However, little empirical evidence exists about the 

issue of whether training students to employ a set of different decision-

making strategies in different types of decision-making tasks enhances the 

competence level of students to resolve socioscientific issues adequately. 

Because explicit decision-making training is considered valuable for science 

and environmental education (Arvai et al., 2004; Bayrhuber, Bögeholz, 

Eggert et al., 2007; Eggert & Bögeholz, 2006), the effect of decision-making 

strategies was investigated to address the research gap regarding 

instructional methods to teach decision-making in science education. 
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3 Theoretical Framework: Metadecision and Self-
regulated Learning 

The contemporary field of socioscientific issues already involves a multitude 

of different contexts that students have to deal with. Future scientific and 

technological advances will challenge students even more to judge new 

controversial issues critically and to make an elaborate decision. 

Consequently, a primary goal of STSE education is to enable students to 

transfer these strategies to new, unfamiliar contexts. Students should be 

capable of adapting to new challenges that they will face in the course of 

their lives, which inevitably requires life-long learning. Therefore, this 

dissertation aims at integrating elements of self-regulated learning into the 

research on socioscientific decision-making to improve the transfer of 

decision-making strategies to new contexts.  

Models of self-regulated learning 

Self-regulated learning is a construct from educational psychology that 

embraces cognitive, metacognitive and motivational facets (Artelt, Demmrich, 

& Baumert, 2001; Boekaerts, 1999; Hasselhorn & Labuhn, 2008; Schmitz, 

Schmidt, Landmann, & Spiel, 2007; Zimmerman, 2000). New tasks require 

cognitive strategies to deal with the particular demands associated with the 

task. Moreover, selecting the most suitable strategy out of a repertoire of 

strategies is necessary for optimal performance and, hence, involves 

metacognitive skills (for a classification of subcategories of metacognition, cf. 

Hasselhorn, 1992). Whether available cognitive and metacognitive skills are 

actually applied to a task depends on the motivation of the student. 

Consequently, this requires students to take over responsibility for their own 

learning progress by planning learning activities and setting goals 

(Hasselhorn & Labuhn, 2008). As a result, self-regulation from a social 

cognitive perspective involves adapting to changing learning environments 

and reflections on person characteristics as well as on behavior (Bandura, 



 28

1986; Zimmerman, 2000). Therefore, the ability to learn in a self-regulated 

way is neither a genetic predisposition nor a personality trait, but a context-

dependent competence (Hasselhorn & Labuhn, 2008; Labuhn, 2008). 

Nevertheless, many facets of self-regulated learning can be transferred to 

other domains, making it a cross-curricular competence (Klieme, Artelt, & 

Stanat, 2001).  

One influential model of self-regulated learning has been described by 

Zimmerman (2000). Within this framework, self-regulation is defined as the 

“self-generated thoughts, feelings, and actions that are planned and cyclically 

adapted to the attainment of personal goals” (Zimmerman, 2000, p. 14). The 

cyclical character of self-regulated learning has been emphasized through 

the division of the learning process into three consecutive phases. In a 

forethought phase, self-regulated individuals analyze the task to set goals 

and conduct strategic planning. Based on the characteristics of the task, 

learning strategies are selected that are considered appropriate to maximize 

the task performance. Moreover, the forethought phase also involves 

motivational aspects. Self-efficacy, outcome expectations, interest in the task 

and goal orientations have a strong impact on goal setting and the selection 

of a strategy. During the performance phase, the learner observes and 

controls the individual steps of the learning process and uses volitional 

measures to focus on the task. The self-reflection phase involves self-

evaluation regarding the learning process and outcomes. Which steps have 

been conducted during the performance? Were the strategies appropriate? 

Which goals have been reached? Causal attributions for the results are made 

with regard to ability, effort and the strategies used in the performance phase. 

Based on these reflections, self-regulated learners draw conclusions for 

future tasks. For example, goals may be generated or modified based on 

previous experiences to improve performance on future tasks. 

Other models of self-regulated learning emphasize different facets. In 

her three-layered model of self-regulated learning, Boekaerts (1999) stresses 
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the person characteristics, whereas Schmitz (2001; cf. Schmitz, et al., 2007) 

investigates how the learning task, the environment and the personal 

situation influence self-regulation. Leutner and Leopold (2006) focus on 

process-oriented approaches, particularly on a micro-level, i.e., the 

observation and regulation of concrete steps of a learning strategy. For the 

goals of this study, however, Zimmerman’s model of self-regulation is most 

appropriate because the division of learning processes into distinct phases 

when dealing with learning tasks is more valuable for the design of an 

intervention that involves the resolution of socioscientific decision-making 

tasks than models that focus on characteristics of the learner. Hence, 

Zimmerman’s process-oriented phase model allows for a focus on specific 

sub-processes in interventions (cf. Labuhn, 2008). 

The acquisition of self-regulation skills involves different 

developmental levels (Zimmerman, 2000). A certain behavior is observed 

from a model and is then imitated. At a later stage, the learner is capable of 

displaying the skills in structured conditions. The highest level of self-

regulation is reached when the learner takes changes in personal and 

environmental conditions into account to adapt to new situations. 

The ability to use cognitive strategies to process information and 

inherent metacognitive processes to select a strategy are considered core 

components of self-regulated learning (Artelt et al., 2001; Hasselhorn & Gold, 

2006; Leopold, den Elzen-Rump, & Leutner, 2006; Schunk & Zimmerman, 

1998). A good strategy user is, hence, characterized as a person with a 

repertoire of different strategies who knows when and where a strategy is 

useful and how much cognitive effort it requires (Pressley, Borkowski, & 

Schneider, 1987, 1989). Therefore, one research focus on self-regulation has 

been the relationship between cognitive learning strategies and learning 

outcomes. However, many studies showed that this relationship remains 

unclear (Baumert & Köller, 1996; Pintrich, Smith, Garcia, & McKeachie, 

1993). Artelt (1999, 2000) and Labuhn (2008) claim that the correlation 
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between learning strategies and performance is low because of the 

measurement of the use of learning strategies. In many studies, 

questionnaires were employed in which students self-reported on their use of 

strategies (Artelt, 2000), such as the motivated strategies for learning 

questionnaire (MSLQ; Pintrich et al., 1993) or the learning and study 

strategies inventory (LASSI; Weinstein, 1988). However, the validity of 

questionnaires about self-reported strategy use is limited because reporting 

on the use of strategies requires metacognitive reflections about the 

students’ own learning process. Therefore, it cannot be determined whether 

declarative knowledge about the application of strategies or the actual use of 

these strategies is reported (Souvignier & Rös, 2005). Moreover, most 

questionnaires are based on decontextualized items. However, the 

application of learning strategies is highly context-dependent because 

students may be able to apply sophisticated strategies in one domain and 

merely simple strategies in another. Consequently, Artelt (1999, 2000), 

Leutner and Leopold (2006) and Labuhn, Bögeholz and Hasselhorn (2008a) 

propose to conduct process-related studies, in which the use of strategies is 

examined in situations in which students deal with contextualized problems 

rather than using abstract questionnaires based on self-reports (cf. Wirth & 

Leutner, 2008, for assessment methods). 

Intervention studies in the field of self-regulated learning 

A number of studies have focused on training self-regulated learning in order 

to improve the performance in specific domains. To ensure an effective 

understanding of texts, interventions combined the use of highlighting 

strategies and concept-maps as cognitive learning strategies with the 

observation of a correct application and subsequent reactions based on this 

self-evaluation. The tools to stimulate metacognitive reflections led to a 

deeper understanding of the content of the presented texts (den Elzen-Rump 

& Leutner, 2007; Leutner, Leopold, & den Elzen-Rump, 2007; Leutner & 
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Leopold, 2006). Perels, Gürtler and Schmitz. (2005) combined elements of 

self-regulated learning with mathematical problem-solving. Strategies to deal 

with mathematical problems were introduced alongside with explicit goal 

setting, motivational and volitional techniques as well as self-monitoring and 

instructions on the general use of learning strategies. All these measures 

were derived from an adapted version of Zimmerman’s model of self-

regulated learning (Schmitz, 2001; Zimmerman, 2000). Regarding the results 

of the self-regulation questionnaire (self-reported goal-setting, motivation, 

strategy use, self-reflection and self-efficacy) small effects could be found for 

the combined training (problem solving and self-regulation). The outcome in 

terms of problem-solving skills was better in all three experimental groups 

(combined training; pure self-regulation training; pure problem-solving 

training) compared with the control group. In conclusion, training self-

regulated learning has shown to be effective in a contextualized intervention. 

In the field of science education few research studies have explicitly 

integrated the concept of self-regulated learning. Schraw, Crippen and 

Hartley (2006) describe how different facets of self-regulated learning link 

with current practices and research in science education, e.g. metacognitive 

skills that are necessary to monitor the processes during inquiry based 

activities. Regarding experimentation in physics classes, Thillmann (2007) 

integrated metacognitive prompts into a computer-based environment that 

stimulates students to apply the cognitive strategy of isolating single 

variables in the experimentation process and integrating results of the 

experiments into preexisting concepts. This contextualized self-regulated 

strategy use led to an increase in conceptual knowledge. Another area of 

science education that is conceptually linked to self-regulated learning is 

critical thinking (Schraw et al., 2006) because it requires metacognitive skills 

to scrutinize the credibility of information and arguments and to self-reflect 

upon one’s own thinking (ibid.; Kuhn, 1999). This self-reflection as part of 



 32

critical thinking is vital for decision-making to stimulate a reflective evaluation 

of possible options. 

In biology education, Labuhn et al. (2008a) integrated various 

elements of self-regulated learning into a classroom unit on nutrition. The 

intervention was based on all three phases of self-regulated learning 

according to Zimmerman’s model (Zimmerman, 2000) and included goal 

setting (forethought phase), self-monitoring, volitional strategies and methods 

to improve the learning environment (performance phase) as well as self-

reflection processes in relation to previously set goals (self-reflection phase). 

The effect was measured with a questionnaire about self-regulated learning 

by Perels et al. (2005) and a test on content knowledge. The intervention had 

an effect on self-regulation on the whole, although the effect sizes were 

smaller than expected. However, a compelling result is that the class with 

self-regulated learning units reached the same levels of content knowledge 

as the group with pure biology periods although the self-regulation units 

reduced the time for content-based instructions by a third. Moreover, after a 

subsequent unit about decision-making, which was identical for all students, 

the knowledge about systematic decisions was tendentially higher in the 

experimental group compared to the control group. In a follow up (Labuhn et 

al., 2008b) the gains in self-regulation of the training group were still 

significant at the 10 % level, and the training in self-regulated learning 

promoted a long-run increase in content knowledge.  

To enhance the quality of mathematics and science education, the 

German government introduced a program with practical orientations named 

SINUS (Programm zur Steigerung der Effizienz des mathematisch-

naturwissenschaftlichen Unterrichts; program for the enhancement of the 

efficiency of mathematics and science education; BLK, 1997; Herzig, 2005). 

One focus was the implementation of self-regulated learning into 

mathematics and science classes. Therefore, teachers engaged in 

professional development courses and developed teaching units and 
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materials in cooperation with researchers. Using the 2003 PISA assessment, 

Prenzel, Carstensen, Senkbeil, Ostermeier and Seidel (2005) reported a 

positive impact of the program on the students’ performance. Consequently, 

the value of integrating self-regulated learning into science education has 

been acknowledged by researchers and practitioners. 

In conclusion, self-regulated learning is a promising approach to foster 

the learning processes of students. However, so far, most studies have 

focused on gains in content knowledge or simple processes, such as 

extracting information from a given text. Perels et al. (2005) have 

demonstrated that self-regulation can be effectively combined with the more 

complex competence of mathematical problem-solving. For research in 

science education, Schraw et al. (2006) described the conceptual links 

between different areas of science education and self-regulated learning. 

However, the relationships between the theoretical constructs of self-

regulation and decision-making have not yet been described. 

Integrating self-regulated learning into socioscientific decision-making 

One aim of this dissertation is to develop a learning environment that 

integrates self-regulated learning into socioscientific decision-making 

because until now, no study has been conducted that specifically 

contextualizes elements of self-regulated learning for decision-making 

training. For this purpose, research traditions, self-regulated learning and 

socioscientific decision-making as well as the inherent theoretical models 

were examined to interlink them for the development of effective, 

contextualized instructional methods (see Figure 3.1). The first connecting 

factor is the task analysis of the forethought phase (Zimmerman, 2000), in 

which strategies are selected for the present task based on the student’s 

repertoire of different strategies and the characteristics of the task. The task 

analysis is considered suitable to promote decision-making with regard to 

fostering metadecision skills (Beach, 1990; Beach & Mitchell, 1978). After 
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analyzing the decision-making task, the student reflects upon the 

appropriateness of the decision-making strategies and selects the most 

suitable one. Consequently, decision-making strategies are considered to be 

cognitive strategies, whereas the selection of a suitable strategy is regarded 

as a metacognitive strategy. In addition to the characteristics of the decision-

making task, this metadecision process also depends on the characteristics 

of the decision-maker as well as the environment of the decision (Beach, 

1990; Beach & Mitchell, 1978). Accordingly, the ability to use a specific 

strategy and motivational factors, e.g., the willingness to invest time and 

resources into the decision-making process, have an impact on the selection 

and application of a decision-making strategy. 

For interventions regarding education for sustainable development, 

this should also involve considerations about the sustainability of options. As 

described in a previous chapter, students should be able to resolve decision-

making tasks with non-sustainable options by employing a non-

compensatory decision-making strategy, whereas decisions with equally 

legitimate options based on the societal norms of the framework for 

sustainable development require the use of compensatory strategies. 

Consequently, metacognitive skills are required for the selection of an 

appropriate decision-making strategy. In conclusion, from a theoretical point 

of view, the task analysis of the forethought phase of Zimmerman’s model of 

self-regulated learning can be connected to Beach’s concept of metadecision 

and normative considerations regarding sustainable development (Beach, 

1990; Zimmerman, 2000). 
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Haberstroh and Höhle (2002), who stress the importance of feedback from a 

behavioral decision research perspective.  

To summarize, despite intensive research and promising empirical 

evidence on the positive impact of self-regulated learning on performance, 

two main desiderata for future research remain. First, research is needed to 

gain deeper insights about contextualized trainings in self-regulated learning 

that truly integrate self-regulation and specific domains. Second, it should be 

examined whether training in self-regulated learning is not only successful in 

enhancing content knowledge and conceptual understanding, but also with 

regard to the acquisition of complex competencies. For this purpose, the 

evaluation of interventions should involve the assessment of elaborate 

competencies. 
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4 Research Foci 

Science education should provide students with the resources to make 

thoughtful decisions concerning socioscientific issues related to sustainable 

development. This requires students to reflect upon how the society in which 

they live should develop and how their actions affect other people and the 

biosphere. Moreover, students should be educated as autonomous decision-

makers, i.e., students who do not simply adopt the viewpoints of others, but 

reflect upon the underlying values and societal norms. Although several 

studies have examined the quality of argumentation as a way of presenting 

one’s standpoint (Driver et al., 2000; Kuhn, 1991; Osborne et al., 2004; 

Toulmin, 1958; Venville & Dawson, 2010; Zohar & Nemet, 2002), few studies 

have investigated the actual decision-making process (Eggert & Bögeholz, 

2010; Eggert et al., 2010). However, the process of evaluating possible 

courses of actions to come to a conclusion in a systematic way is an 

essential prerequisite for collective decision-making and, hence, 

argumentation. Consequently, students should acquire decision-making 

competence to resolve socioscientific issues related to sustainable 

development. One promising approach to make the decision-making process 

more systematic and transparent is the application of decision-making 

strategies (Eggert & Bögeholz, 2006; Eggert et al., 2010). According to 

Eggert and Bögeholz (2006), different types of decision-making tasks require 

different strategies to solve the conflict adequately. Tasks with options that 

have a severe impact on the biosphere and/or society should be solved by 

excluding these non-sustainable options with a non-compensatory strategy. 

On the other hand, tasks with equally legitimate options should be solved in a 

complete trade-off between all benefits and drawbacks, i.e., with a 

compensatory strategy. Thus, this dissertation aims at fostering decision-

making competence through a reflective application of decision-making 

strategies with regard to the evaluation of solutions (see Figure 2.1). 
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One way to support the process of dealing with tasks in general and 

decision-making tasks in particular is self-regulated learning. For other areas 

of science education, it has been demonstrated that conceptual links 

between self-regulation and research in science education exist (Schraw et 

al., 2006). In biology education, Labuhn et al. (2008a, 2008b) have 

successfully used elements of self-regulated learning to enhance the 

performance of the students. An assessment of knowledge about decision-

making processes after a decision-making unit showed that the self-

regulation could be transferred to another area. However, until now, elements 

of self-regulated learning have not been integrated into the resolution of 

socioscientific issues in a contextualized way. Yet, the concept of self-

regulated learning is suitable to be integrated into decision-making from a 

theoretical point-of-view because it consists of both cognitive and 

metacognitive activities (Boekaerts, 1999; Zimmerman, 2000; cf. Kuhn, 

1991). The application of decision-making strategies is a cognitive process 

that must be reflected upon on a metacognitive level to regulate the decision-

making process.  

Therefore, the integration of training in decision-making strategies and 

self-regulated learning is promising to foster decision-making competence. 

Consequently, two studies are presented to investigate how decision-making 

strategies and self-regulated learning can best be incorporated in a learning 

environment (see Figure 3.1).  
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Box 4.1. Overview of decision-making strategies that were trained during the 

intervention. 

 

Research focus 1: Application of decision-making strategies 

In the first study, the effects of training in decision-making strategies on 

decision-making competence are investigated by focusing on the evaluation 

of solutions (see Figure 2.1). The students should acquire the knowledge to 

apply different strategies, and moreover, they should transfer these skills to 

new decision-making tasks by selecting a strategy that fits best according to 

the decision-making task. Do knockout criteria exist that suggest the 

application of a non-compensatory strategy or should all evidence be 

weighed in a full trade-off?  

Two approaches to analyze the effect of the training in decision-

making strategies are chosen. In a first step, the gains in decision-making 

Non-compensatory strategy:  
Knockout criteria based on societal norms (ecological, economic or social 

standards) require the exclusion of non-sustainable options. Advantages 

cannot compensate for these deficits. 

Compensatory strategy:  
All options are equally legitimate with regard to societal norms and should 

be compared in a full trade-off. Advantages and disadvantages can 

compensate for one another. 

Mixed strategy:  
One or several non-sustainable options are excluded based on knockout 

criteria. The remaining options are compared in a trade-off.  
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competence are investigated using a pre-post-follow-up control-group design 

(summative evaluation). In addition, process-related data collected during the 

intervention are examined to gain further insights into the mechanisms of the 

training (process-related evaluation). 

Summative evaluation  

The assessment of decision-making competence before and after the training 

in decision-making strategies should reveal whether the training groups yield 

gains in competence compared to the control group because of the 

intervention. To investigate the long-term effects of the training, decision-

making competence is assessed during a follow up three months after the 

training. Consequently, the first hypothesis regarding data from the pre-post-

follow-up analyses is as follows: 

1.1 Training in decision-making strategies enhances decision-making 

competence. 

Furthermore, it should be investigated how the transfer of these decision-

making strategies to unfamiliar socioscientific issues can be enhanced. For 

this purpose, the model of self-regulated learning (Zimmerman, 2000) is a 

suitable framework from a theoretical point of view. Before the application of 

a decision-making strategy the decision-making situation should be analyzed. 

To conduct this task analysis, metadecision skills (Beach, 1990; Beach & 

Mitchell, 1978; cf. Eggert & Bögeholz, 2006) are used to determine which 

strategy fits best to solve the issue. Hence, the second hypothesis is as 

follows: 

1.2 The combination of training in decision-making strategies and an 

explicit task analysis enhances decision-making competence at a 

higher rate. 

Decision-making strategies allow one to choose freely among different 

courses of action without external constraints. The independent selection of a 
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suitable strategy should induce perceived autonomy. Furthermore, this 

systematic structure may evoke the perception of competence when 

resolving socioscientific issues. According to the works of Deci and Ryan 

(1985, 2002), perceived autonomy and perceived competence would 

enhance motivation and are, therefore, beneficial for the students’ 

performance. Consequently, we expect the following outcome: 

1.3 The self-determined use of decision-making strategies when resolving 

a socioscientific issue enhances perceived competence and perceived 

autonomy. 

Process-related evaluation  

Regarding the process-related data, it should be determined which 

metadecision considerations the students generate. Why do they consider a 

particular strategy to fit best according to the characteristics of the task? How 

elaborate are their explanations? The quality levels should be evaluated in 

terms of their validity by investigating the relatedness to decision-making 

competence: 

2.1.1 How do students explain their use of different decision-making 

strategies? 

2.1.2 Are the quality levels of the explanations valid? In which way are they 

related to decision-making competence? 

To transfer the decision-making strategies to new socioscientific issues, the 

tasks of the intervention are selected and adjusted in a way that one 

decision-making strategy fits best to the type of the task based on 

considerations of societal norms regarding the framework of sustainable 

development. To investigate the performance in the transfer phase of the 

intervention, the following research question will be investigated: 

2.2.1 To what extent do the students select the decision-making strategies 

that best fit the decision-making tasks according to societal norms?  
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In a subsequent step, inferences should be made about the students’ 

performance and the quality of the intervention based on the metadecision 

statements for selecting a particular decision-making strategy. Is the quality 

of the explanations for selecting a strategy associated with the strategy the 

students applied? Because all the decision-making tasks that are included in 

the training are selected carefully to ensure the fit of the task characteristics 

with one particular decision-making strategy, it would be plausible that those 

who select the strategy that is assumed to be best by the research group 

according to societal norms have conducted a more thorough task analysis 

and, hence, provided higher level explanations than students who chose a 

different strategy: 

2.2.2 Do those students who select the strategy that fits best according to 

societal norms elaborate more on explanations than those who select 

a different strategy? 

From a theoretical point of view, the application of a non-compensatory 

strategy may be less demanding because less evidence is considered 

compared to a compensatory strategy, where all benefits and drawbacks 

must be taken into account at the same time (Hong & Chang, 2004). To 

ensure that the students dealt with the tasks of the intervention adequately 

and did not select one strategy to avoid more challenging strategies, the 

following is examined: 

2.2.3 Is the use of the non-compensatory decision-making strategy 

associated with a lower cognitive load?  

 

Research focus 2: Reflecting on decision-making processes  

Reflecting on the decision-making process after the decision has been made 

has been shown to be a useful activity in other studies to draw conclusions 

for future decisions (Hogan, 2002). Moreover, Ratcliffe and Grace (2003; cf. 



 43

Eggert & Bögeholz, 2006) claim that reflecting upon the strengths and 

weaknesses of other decisions enhances the quality of one’s own decisions. 

An elaborate reflection, however, requires strategic background knowledge to 

evaluate the decisions of others (Eggert & Bögeholz, 2006). Consequently, 

the students apply three decision-making strategies as in the first study to 

become familiar with these strategic considerations. However, rather than 

exerting metadecision skills to select a decision-making strategy, the second 

study stimulates students to reflect on the quality of the decision-making 

processes of other people. For this purpose, the participating students are 

asked to compare and contrast presented decision-making processes of 

fictitious persons. Is the applied strategy appropriate? Are options hastily 

excluded, although a complete trade-off would have been more beneficial to 

base the decision on all available evidence? The central aim of this study is 

to investigate whether the application of decision-making strategies 

combined with such a reflection process fosters decision-making 

competence. Hence, the first hypothesis is as follows: 

3.1 Training students in the application of decision-making strategies and 

reflection on the quality of the decision-making processes of others 

enhances decision-making competence. 

Moreover, how this reflection process can be made more effective should be 

investigated. Two elements of the model of self-regulated learning seem 

promising: students should self-reflect on their own performance regarding 

the judgment of other people’s decision-making processes, and they should 

set goals for future tasks. On which aspects should they focus when 

reflecting on the quality of the decision-making processes of other people? 

We expect that these elements of self-regulated learning further enhance 

decision-making competence:   

3.2 A combination of reflections on the decisions of others with self-

reflection on a student’s own performance and the setting of goals for 

future tasks enhance decision-making competence at a higher rate. 
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These research foci are examined in the three subsequent chapters. In 

chapter 5, the empirical results of the summative assessment of the first 

intervention study (application of decision-making strategies) will be 

presented. Chapter 6 focuses on the analyses of process-related data from 

this study. The results of the second intervention (reflection on decision-

making processes) will be described in chapter 7. General conclusions 

regarding all research foci will be discussed in chapter 8. 
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5 Training in Decision-making Strategies: An 
Approach to Enhance Students’ Competence 
to Deal with Socio-scientific Issues9 

5.1 Abstract 

Dealing with socio-scientific issues in science classes enables students to 

participate productively in controversial discussions concerning ethical topics, 

such as sustainable development. In this respect, well-structured decision-

making processes are essential for elaborate reasoning. To foster decision-

making competence, a computer-based programme was developed that 

trains secondary school students (grades 11-13) in decision-making 

strategies. The main research question is: does training students to use 

these strategies foster decision-making competence? In addition, the 

influence of metadecision aids was examined. Students conducted a task 

analysis to select an appropriate strategy prior to the decision-making 

process. Hence, the second research question is: does combining decision-

making training with a task analysis enhance decision-making competence at 

a higher rate? To answer these questions, 386 students were tested in a pre-

post-follow-up control-group design that included two training groups 

(decision-making strategies/decision-making strategies combined with a task 

analysis) and a control group (decision-making with additional ecological 

information instead of strategic training). An open-ended questionnaire was 

used to assess decision-making competence in situations related to 

sustainable development. The decision-making training led to a significant 

improvement in the post-test and the follow-up, which was administered three 

months after the training. Long-term effects on the quality of the students’ 

                                            
9 Source: Gresch, H., Hasselhorn, M., & Bögeholz, S. (2011, online first). Training in 

decision-making strategies: An approach to enhance students’ competence to deal with 
socioscientific issues. International Journal of Science Education.  
doi:10.1080/09500693.2011.617789. 
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decisions were evident for both training groups. Gains in competence when 

reflecting upon the decision-making processes of others were found, to a 

lesser extent, in the training group that received the additional metadecision 

training. In conclusion, training in decision-making strategies is a promising 

approach to deal with socio-scientific issues related to sustainable 

development. 

Keywords: decision-making, socio-scientific issues, STSE education, 

education for sustainable development, environmental education 

5.2 Introduction 

Controversial discussions about socio-scientific issues require students to 

understand complex scientific and ethical issues (Zeidler et al., 2005). A 

central aim of science education is to teach students to be critical thinkers 

and participatory citizens who are capable of making well-informed and 

systematic decisions. Moreover, dealing with socio-scientific issues has 

become an essential part of scientific literacy and has therefore been 

included in various standards and curricula (AAAS, 1989; KMK, 2005a; NRC, 

1996; Zeidler et al., 2005). One crucial topic in the field of socio-scientific 

issues is the sustainable development of our environment (Bögeholz et al., 

2004; Pedretti, 2003; Ratcliffe & Grace, 2003). Sustainable development 

provides natural resources and welfare for today’s society as well as for 

future generations. Decisions about sustainability issues are complex and 

include a wide range of possible courses of action. As a result, decision-

making competence is a core component of education for sustainable 

development and environmental education (Arvai et al., 2004; de Haan, 

2010; Eggert & Bögeholz, 2006).  

Because socio-scientific issues concerning sustainable development 

are not fully integrated into science education, new methods of approaching 

these topics must be developed. Which classroom activities are useful for 

fostering informed decision-making? The central purpose of this study is to 



 47

investigate whether training in the use of decision-making strategies 

contributes to systematic and elaborate reasoning in the field of sustainability 

issues. A second goal is to determine whether metadecision aids, which are 

based on the framework of self-regulated learning, enhance the decision-

making process at a higher rate. 

5.3 Theoretical Framework 

5.3.1 Socio-scientific Issues and Education for Sustainable 
Development 

Socio-scientific issues are controversial scientific topics that involve social 

and ethical considerations (Sadler, 2004; Zeidler & Sadler, 2007; Zeidler et 

al., 2005). They are complex and ill-structured real-world problems for which 

a definite solution does not exist (Sadler, 2004). In addition to complex 

scientific evidence, normative considerations and personal values must be 

taken into account when constructing moral judgments (Bögeholz & 

Barkmann, 2005; Jiménez-Aleixandre & Pereiro-Muñoz, 2002; Kolstø, 2001; 

Ratcliffe & Grace, 2003; Zeidler & Sadler, 2007).  

Much research has been done on the structure of argumentation, 

characteristics of a good argument and fallacies in reasoning (Driver et al., 

2000; Kuhn, 1991; Sadler & Zeidler, 2005; Zeidler, 1997; Zohar & Nemet, 

2002). However, before a student can justify his/her position, the student 

must decide which position is best. Therefore, the individual decision-making 

process is a necessary prerequisite for argumentation and discourse. 

One vital domain of socio-scientific issues is sustainable development. 

Since the publication of the Agenda 21 (UNCED, 1992), social and economic 

aspects of development policies are supposed to be considered along with 

environmental concerns. These three domains of sustainable development 

(social, economic and ecological) and their interdependencies have become 

the fundamental bases of action plans and education for sustainable 



 48

development (de Haan, 2010; Huckle & Sterling, 1996; Sauvé, 1996; Scott & 

Gough, 2003). 

The concept of sustainable development has been incorporated into 

standards and curricula to different extents. The AAAS (1989) and the US 

National Science Education Standards (NRC, 1996) include resource 

management and the protection of the environment. In addition, German and 

English national standards (KMK, 2005a; KMK & BMZ, 2007; QCA, 2004) 

emphasise the need for education for sustainable development. 

5.3.2 Decision-making Strategies 

Behavioural decision research aims to describe and explain the judgment 

and decision-making processes in order to improve decision-making 

behaviour (Payne et al., 1998). Before relating this descriptive approach to 

the normative aspects of decision-making in education for sustainable 

development, three models that describe actual decision-making behaviour 

will be presented (Jungermann et al., 2005; Payne et al., 1998). 

Decision-making situations often consist of a set of possible options 

that can be described with regard to different criteria relevant for the 

decision-making process. A full trade-off of all the given information can best 

be described by the weighted-additive-value model (Jungermann et al., 2005; 

Payne et al., 1998). In this model, all of the available information is used to 

evaluate the overall quality of each option. Furthermore, important criteria will 

affect the decision more than less important criteria. This model assumes 

that there are equally legitimate options and that a decision-maker takes all 

information into account. Although this model dominated the behavioural 

decision research, various other models have been developed. 

In contrast with a compensatory strategy, in which benefits and 

drawbacks compensate one another (Jungermann et al., 2005), non-

compensatory strategies describe a decision-making behaviour, where 

unacceptable options are eliminated. Therefore, the disadvantages are not 
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compensated for by other advantages. According to the elimination-by-

aspects model (Jungermann et al., 2005; Payne et al., 1998), options are 

excluded if they do not meet a minimum cut-off threshold with respect to the 

most important criterion. Subsequently, the second most important criterion is 

used to exclude further options. This process is repeated until only one 

option remains. 

Frequently, decision-making strategies are combined to reach a 

conclusion. In his image theory, Beach (1990) describes a screening phase 

in which unacceptable options are excluded before an in-depth analysis of 

the remaining options, including full trade-offs, is performed.  

Payne et al. (1998) claim that decisions that are entirely or partly 

based on non-compensatory procedures are grounded in rational 

considerations to some extent, but are also based upon heuristics that were 

used to simplify the decision. In the context of moral judgment, Haidt (2001) 

goes one step further by stating that most ethical decisions are primarily 

based on intuitions rather than rational considerations. According to his 

social-intuitionist model, reasoning is usually a post-hoc construction used to 

justify the initial judgment. Although actual decision-making processes may 

be intuitive and may lead to satisfying results in routine decisions, Haidt 

(2001), Arvai et al. (2004) and Eggert and Bögeholz (2006) acknowledge that 

intuitional decisions are not considered the best from a normative viewpoint 

for all types of decisions. Baron (1998) states that intuitive decisions may 

even have disastrous consequences. This is especially true in complex 

decision-making situations, such as those concerning sustainable 

development, in which a systematic decision is considered more appropriate 

than one based on heuristics (Arvai et al., 2004; Eggert & Bögeholz, 2006). 

However, models that describe actual decision-making behaviour may help 

educators to design learning environments that help students improve their 

decision-making processes (Haidt, 2001; Payne et al., 1998).  
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Considering socio-scientific issues, decision-making tasks with equally 

legitimate options should only be solved using processes that trade off the 

positive and negative aspects (Eggert & Bögeholz, 2006; Seethaler & Linn, 

2004; Siegel, 2006). However, not all decision-making tasks have equally 

legitimate options. If possible solutions concerning sustainable development 

do not reach a minimum threshold in terms of ecological, social or economic 

attributes a non-compensatory or mixed strategy should be used. In 

conclusion, different types of decision-making tasks demand different 

decision-making strategies to solve the conflict adequately.  

It should be stated that, in this context, the elimination of inadequate 

options is not seen as a simplification of the decision-making task, but meets 

the requirements of the framework of sustainable development.  

During the decision-making process, personal values are taken into 

account in an explicit or implicit way (Bell & Lederman, 2003; Grace & 

Ratcliffe, 2002; Kolstø, 2006; Sadler & Zeidler, 2004). Seethaler and Linn 

(2004) found that students listed benefits and drawbacks, but did not state 

why advantages could outweigh disadvantages. Hence, Seethaler and Linn 

(2004) conclude that this weighing of evidence should be made explicit in the 

students’ decisions. In contrast, Jiménez-Aleixandre and Pereiro-Muñoz 

(2002) found that 11th-grade students considered a value hierarchy of 

environmental and economic aspects in their discussions. The consideration 

of values is included in both classical and more recently developed decision-

making models (e.g., through a weighting factor in compensatory strategies 

or as a hierarchy of values used to eliminate options).  

5.3.3 Decision-making Competence  

One crucial competence in the field of education for sustainable development 

is participation in decision-making processes (de Haan, 2010; Eggert & 

Bögeholz, 2006). Students should be able to cope with multi-criteria decision-

making situations that include competing objectives of sustainable 



 51

development. Because it is not appropriate for teachers to judge their 

students’ opinions, the focus should be on the students’ reasoning in 

reaching their conclusions (Ratcliffe & Grace, 2003).  

The main theoretical model upon which this study is based is the 

model of decision-making competence in situations related to sustainable 

development by Eggert and Bögeholz (2006; Bögeholz, 2011). Central 

aspects of the selection process were derived from a metamodel of decision-

making by Betsch and Haberstroh (2005). In the first instance, the decision-

maker gathers information regarding the three domains of sustainable 

development (ecological, social and economic domain) to describe the 

decision-making situation and generate possible options. The characteristics 

and consequences of each option are explicitly described according to 

relevant criteria. Once the possible options are generated, the decision-

maker considers evidence for and against each option to reach a conclusion. 

This process may involve the implicit or explicit use of a choice rule. 

However, complex decision-making situations are cognitively demanding 

because large amounts of information and personal values have to be 

considered at the same time to make a trade-off. This study focuses on the 

judgment of different options and the way to reach a final decision. With 

respect to the goal of this study, this model is the most suitable as it provides 

a detailed framework that focuses on the decision-making process and 

education for sustainable development.  

Previously, intervention studies have concentrated on the 

improvement of trade-off-processes (Eggert et al., 2010; Seethaler & Linn, 

2004; Siegel, 2006; Roberts et al., 1997 (Science Education for Public 

Understanding Project, SEPUP)). Seethaler and Linn (2004) showed that 

students significantly improved in their consideration of supporting evidence 

and counter-evidence after working with a web-based curriculum on 

genetically modified food, which scaffolds students in gathering evidence in 

favour of and against their own position. However, in the final conclusion 
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students encountered difficulties explaining why the evidence in favour 

outweighed the evidence against their position. Therefore, future research 

should focus on the inclusion of evidence for and against all available 

options, as well as how to weigh this evidence.  

Ratcliffe (1997) found that structuring the decision-making process 

enabled students to identify relevant criteria of the decision-making task and 

discuss benefits and drawbacks in detail. Students followed a six step 

guideline of decision-making processes. First, students were asked to list 

options, list the relevant criteria and gather information. Then, students 

evaluated the advantages and disadvantages and arrived at a conclusion. 

The conclusion was finally reviewed with reflection on the decision-making 

process. Although students did not employ all aspects of the decision-making 

framework and did not discuss opposing positions systematically, they 

considered this structure to be helpful during the decision-making process. 

Eggert et al. (2010) investigated the influence of training in 

compensatory decision-making and a combination of the compensatory 

approach with metacognitive structuring. All students (seventh grade) dealt 

with decision-making tasks concerning sustainability issues in a co-operative 

learning environment. In both treatment groups (compensatory decision-

making and a combination of compensatory decision-making and 

metacognitive structuring), students’ competence levels increased 

significantly from the pre-test to the post-test, although the metacognitive 

structuring did not have an additional effect. 

In other disciplines such as business, medicine and the military, the 

teaching of decision-making has been investigated to a greater extent. Baron 

(1994) claims that the study of decision-making strategies may help avoid 

flaws in decision-making, such as the failure to consider all future 

consequences, alternative options and evidence. 

In conclusion, there already exists a degree of successful training in 

decision-making. However, one central research gap remains: how students 
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can be trained to make more systematic decisions with regard to sustainable 

development. The impact of decision-making strategies, which are 

considered valuable in other disciplines, on decision-making competence 

when resolving socio-scientific issues has only been investigated with regard 

to compensatory decision-making (Eggert et al., 2010). The use of different 

strategies has not yet been addressed in intervention studies. 

5.3.4 Metadecision and Self-regulated Learning 

How can students resolve socio-scientific issues autonomously and thus 

become reflective and participatory citizens? Generally, they should be 

prepared to analyse the conflict in a socio-scientific issue and reflect on an 

appropriate method to resolve it. One approach is the application of a 

decision-making strategy. To determine the most appropriate strategy the 

decision problem, the environment of the decision and the characteristics of 

the decision-maker have to be taken into account (Beach, 1990; Beach & 

Mitchell, 1978). The complexity of these factors, which influence the selection 

of a decision-making strategy, require metadecision skills to resolve the 

conflict adequately (Beach, 1990). Therefore, decision-making involves not 

only the application of a decision-making strategy as a cognitive process but 

also the selection of an appropriate decision-making strategy as a 

metacognitive process.  

The way in which students could approach such decision-making 

tasks in science classes can be embedded in the concept of self-regulated 

learning. The resolution of a socio-scientific issue can be considered a 

learning task in which the metacognitive reflection of the underlying 

processes may enhance the quality of the decision, and experiences with 

previous decision-making tasks can affect the success of future tasks. Self-

regulated learning is considered a dynamic process that integrates cognitive, 

metacognitive and motivational aspects of learning (Boekaerts, 1999; 

Zimmerman, 2000). Therefore, it provides a useful framework for the 

demands of the selection and application of decision-making strategies.  
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According to Zimmerman (2000), the process of performing a specific 

task has three phases: forethought, performance and self-reflection. Before 

beginning a task, self-regulated learners analyse the underlying task and 

select strategies to deal with it. During the task performance, learners 

observe and control the process. Afterwards, they reflect on their 

performance.  

This sequence can be applied to the task of resolving socio-scientific 

issues. First, a thorough task analysis is conducted prior to selecting an 

appropriate decision-making strategy. The decision-making situation should 

be analysed with the sustainability framework in mind. Do the advantages 

and disadvantages compensate for one another? Or, do the knockout criteria 

exist, which imply the exclusion of options? Second, the selected strategy is 

applied to resolve the issue. Finally, the performance and adequacy of the 

applied strategy are reflected upon. 

5.3.5 Self-determination Theory 

According to the self-determination theory (Deci & Ryan, 1985, 2002), 

motivation and performance are best supported when learning environments 

satisfy three basic psychological needs: perceived competence, perceived 

autonomy and relatedness. Therefore, a setting that offers choices as well as 

possibilities to self-regulate the learning process, and that lets the learner 

experience competence in fulfilling a task, should increase motivation and 

thereby optimise performance. Moreover, in the field of socio-scientific 

issues, a high degree of self-determination would not only be supportive in 

terms of motivation but would also represent a requirement of education for 

citizenship and environmental education, as students should be enabled to 

make decisions autonomously (Darner, 2009). Whether decision-making 

strategies help students acquire a higher level of perceived competence and 

perceived autonomy when dealing with socio-scientific issues has not yet 

been investigated.  
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5.4 Research Questions 

Although the decision of a course of action is a core component of resolving 

socio-scientific issues, little research has been done with regard to the 

enhancement of the decision-making process itself. Thus, the present study 

is an attempt to uncover results from behavioural decision research that will 

be useful for science education. It was investigated, whether the application 

of decision-making strategies aids students in structuring their decision-

making process and thereby increases their level of decision-making 

competence. The main hypothesis is as follows: 

1. Training in decision-making strategies enhances decision-making 

competence. 

In addition, it was investigated how metadecision aids help students in their 

selection of adequate decision-making strategies. In accordance with the 

model of self-regulated learning by Zimmerman (2000), a task analysis was 

included in the intervention to aid the selection of an appropriate decision-

making strategy. The task analysis should induce metacognitive reflection. 

The second hypothesis is as follows: 

2. The combination of training in decision-making strategies and an 

explicit task analysis enhances decision-making competence at a 

higher rate. 

Moreover, the effect of using decision-making strategies on motivational 

aspects such as perceived choice and perceived competence was examined. 

A positive effect would support the approach of training in decision-making 

strategies as compared with unstructured decisions. Especially for the 

training unit that involves elements of self-regulated learning a higher level of 

perceived autonomy is expected. 

3. The self-determined use of decision-making strategies when resolving 

a socio-scientific issue enhances perceived competence and 

perceived autonomy. 
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close to the endangered coral reefs, the workers in a production chain who 

depend on fair working conditions and the local population. In addition, the 

conservation of biodiversity and economic constraints had to be contrasted 

with these social considerations and integrated into students’ decisions. 

All tasks required thorough information processing. The given 

information had to be evaluated to finally decide upon one of the possible 

options. To scaffold the decision-making process, tools for the application of 

three different decision-making strategies were included in the training 

programme. 

In the first session (45 min) students from both training groups learned 

how to apply a compensatory strategy (complete trade-off), a non-

compensatory strategy (identification of knockout criteria and elimination of 

options) and a mixture of both (exclusion of unacceptable options followed by 

a trade-off of the remaining options). The use of these decision-making 

strategies was scaffolded in different ways. For the compensatory strategy, 

students applied the weighted-additive-value strategy (Jungermann et al., 

2005; Payne et al., 1998) by converting advantages and disadvantages into 

positive and negative scores. Furthermore, all criteria had to be weighted to 

prioritise the underlying values. The non-compensatory strategy was applied 

with buttons that allowed the students to systematically eliminate options that 

had unacceptable traits, starting with the most important criterion, followed by 

the second most important one, and so forth to induce the hierarchisation of 

personal values. Under this strategy, the programme followed the steps of an 

elimination-by-aspects rule (Jungermann et al., 2005; Payne et al., 1998). 

Special attention was paid to the three domains of sustainable development 

to help students to decide which options were unacceptable with regard to 

these criteria. The third strategy was based on Beach’s image theory (Beach, 

1990; Beach & Mitchell, 1978) and was implemented using a combination of 

the other two strategies. All tasks offered an opportunity to reflect on the use 

of these strategies.  
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the first block, students completed the second part of the training programme 

and the post-test. The follow-up test was conducted three months after the 

intervention. At the beginning of the training programme, all participating 

students were randomly assigned to two different training groups and a 

control group by the computer programme. All of the groups were present in 

each classroom at the same time and each student was provided with a 

computer. 

5.5.3 Sample 

The study was conducted in 25 biology courses at five different German high 

schools. A total of 386 students from grades 11-13 took part in the training 

programme as well as pre-test and post-test (training group 1: 126, training 

group 2: 137, control group: 123). A total of 279 students took part in all three 

tests. Out of the 386 students, 154 were male and 226 were female (there 

were 6 missing values). The average age was 17.3 years. The two training 

groups and the control group did not differ significantly in terms of age, sex, 

previous biology grades, level of biology course or number of biology classes 

per week. 

5.5.4 Assessment of Decision-making Competence  

The effects of this training programme were measured with a 45 min paper-

and-pencil test on decision-making competence (Eggert & Bögeholz, 2010; 

Eggert et al., 2010). The test consisted of two different types of tasks. In the 

first section of the questionnaire, students were asked to compare different 

options in two real-world situations concerning sustainable development. 

Students had to decide upon the most suitable option according to their 

individual preferences and explain in detail how they reached their decision. 

In the second section of the questionnaire, students were asked to reflect 

upon the decision-making processes of others in a third context. In this 

section, the decisions of three people were presented and students had to 



 60

describe their way of reasoning and give advice on how these decision-

making processes could be optimised.  

All of the chosen contexts in this test instrument belonged to a group 

of situations in which all options were considered equally legitimate according 

to the sustainability framework. Thus, a compensatory strategy is assumed to 

fit best, which requires a complete trade-off process. 

The open answers were scored on 15 items (Table 5.1; Eggert et al., 

2010; Eggert & Bögeholz, 2010). Regarding the students’ own decision-

making process, two items indicate response behaviour for the chosen 

options and six items for the rejected options. In addition, the weighting of 

criteria according to individual preferences is included. The scale consists of 

dichotomous and polytomous items and therefore items have different 

maximum scores. The items indicating the response behaviour for the 

chosen and rejected options were weighted 2/3, and the items indicating the 

weighting of criteria were weighted 1/3. This takes into account that the 

number of items for the description of options was far larger than the number 

of items indicating the weighting of criteria. Furthermore, this ratio was 

chosen to maintain comparability with the study of Eggert and Bögeholz 

(2010). 

Regarding the reflection on the decision-making processes of others, 

three items address the description of the presented decision-making 

strategies and two items address the suggestions for improvement (Table 

5.1). The items indicated whether students described the decisions and 

offered suggestions on a content level or provided strategic aspects (i.e. 

focused on the underlying decision-making strategies).  
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Table 5.1 
Scoring guide for the assessment of decision-making competence  

No. Item 
description Score 0 Score 1 Score 2 Score 3 Score 4 

Decision-making 

1+6 Chosen option  Does not 
state 
anything  

States 
only 
positive 
aspects 

States 
positive 
and 
negative 
aspects 

 

 

2,3,4
,  

7,8,9 

Rejected 
options  

Does not 
state 
anything 

States 
only 
negative 
aspects 

States 
positive 
and 
negative 
aspects 

 

 

5+10 Weighting 
criteria  

Does not 
explicitly 
weight 
criteria 

Weights 
criteria 
explicitly 

 

 

 

Reflection 

11 Description of 
non-
compensatory 
decision-
making 

Does not 
respond to 
the task 

Reference 
only to 
content 

Reference 
to some 
aspects of 
strategy 

Reference 
to all 
aspects of 
strategy 

Score 3 
and 
explains 
underlying 
conflict 

12 Description of 
compensatory 
decision-
making 

Does not 
respond to 
the task 

Reference 
only to 
content 

Reference 
to some 
aspects of 
strategy 

Reference 
to main 
aspects of 
strategy 

Reference 
to all 
aspects of 
strategy 

13 Description of 
intuitive 
decision-
making 

Does not 
respond to 
the task 

Reference 
only to 
content 

Reference 
to some 
aspects of 
strategy 

Reference 
to all 
aspects of 
strategy 

 

14 Suggestions for 
improvement of 
intuitive 
decision-
making 

No 
suggestions 

Sugges-
tions on 
content 
level 

Sugges-
tions on 
strategic 
level 

  

15 Suggestions for 
improvement of 
compensatory 
decision-
making 

No 
suggestions 

Sugges-
tions on 
content 
level 

Sugges-
tions on 
strategic 
level 
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Eggert and Bögeholz (2010) analysed the quality of the 

questionnaire with data from students in grades 6-12 (N = 436) and 

showed that the Rasch partial credit model best describes the decision-

making competence of the investigated sample. According to their 

analyses, the instrument provides an adequate way to analyse decision-

making competence in terms of item separation reliability, person 

separation reliability and construct validity. The education level of the 

student had a significant influence on decision-making. In addition, there 

was a significant correlation between decision-making competence and 

grades in the students’ first language (German). In the standards and 

curricula of German as a subject argumentation plays an important role, 

which supports the validity of the questionnaire. Furthermore, decision-

making can be distinguished from general cognitive abilities (ibid.). Eggert 

et al. (2010) used this questionnaire with a slightly modified scoring 

system in an intervention study with seventh graders. They demonstrated 

that this questionnaire was suitable for studies with repeated 

measurements.  

In this study, analyses of covariance of the post-test/follow-up 

results as the dependent variables were conducted with the pre-test 

scores as a covariate. Reliability was calculated using Cronbach’s alpha. 

For the dependent variables of the decision-making scale (post-test and 

follow-up test scores), Cronbach’s alpha was .63 and .65, respectively. For 

the reflection scale, the internal consistency was lower (.62 and .52 for the 

post-test and follow-up test, respectively). Therefore, the students’ 

responses were analysed on the item level with non-parametric tests. In 

this study, 50% of all questionnaires were coded by a second person. The 

interrater reliability (Cohen’s kappa) was good (.81). After determining this 

value all items with different scores were discussed by the two raters so 

that they could agree upon a final score.  
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For motivational reasons, different contexts were used in the 

questionnaire before and after the treatment. The questionnaires were 

structured and scored in the same way but they contained different topics. 

The post-test and follow-up test comprised the tasks used in Eggert and 

Bögeholz (2010) and Eggert et al. (2010). Due to the different contexts of 

the questionnaire, which may lead to varying levels of difficulty, the data 

from the control group were z-standardised for each measurement time to 

provide a baseline that was identical for all tests. The raw data of the 

training groups were then transformed according to the means and 

standard deviations of the control group.  

For the analyses on the item level, it was determined whether 

students improved (gained a higher score) in the post-test/follow-up test 

compared with the pre-test results (score 1) or whether the score 

remained constant or decreased (score 0). The training groups and the 

control group were compared pairwise using 2x2 (group x change of 

score) chi square analyses. 

5.5.5 Assessment of Intrinsic Motivation 

At the end of the training programme, students were asked to complete a 

12-item intrinsic motivation questionnaire. This was a short version of the 

intrinsic motivation inventory (University of Rochester, 1996) that had been 

translated into German and pre-tested by Krombass and Harms (2006) 

and Wilde, Bätz, Kovaleva and Urhahne (2009). The questionnaire 

consisted of four subscales with three items each. Students self-reported 

their subjective interest/enjoyment, perceived competence, perceived 

choice and pressure/tension on a five-level Likert scale. Reliability 

(Cronbach’s alpha) was good for all subscales: .83, .83, .84 and .73. 

Perceived competence and perceived choice (autonomy) are positive 

predictors of intrinsic motivation and pressure/tension is a negative 
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predictor (University of Rochester, 1996). Differences between the groups 

were calculated using ANOVA and t-tests. 

5.6 Results 

5.6.1 Decision-making  

Figure 5.3 shows the mean z-standardised values for the pre-test, post-

test and follow-up test for the two training groups (TG1 and TG2) and the 

control group (CG). Missing data were excluded listwise. In the pre-test, 

the training groups and the control group did not differ significantly.  

 

Figure 5.3. Mean values of decision-making competence (z-standardised 

using mean and standard deviation of control group). 

 

The analysis of covariance of the post-test results with pre-test 

scores as a covariate did not show significant differences between the 

training groups and the control group. However, in the long run, the 

treatment did have a significant effect. Comparing the follow-up results of 
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TG1 and the CG in a pairwise ANCOVA, the effect of the group after 

controlling for the effect of the pre-test result was found to be 

F(1,162) = 12.8, p < .001, partial η² = .074. Comparing TG2 and the CG, the 

effect of the group was F(1,177) = 13.2, p < .001, partial η² = .070. TG1 and 

TG2 did not differ significantly. 

To gain further insight into the effects of the training programme, the 

weighting of criteria according to personal values and the way students 

dealt with advantages and disadvantages will be presented on the item 

level. Looking at the development from the pre-test to the post-test, 

students from TG1 and TG2 improved significantly more frequently in 

weighting criteria than students from the CG (TG1-CG: χ2 = 8.0, df = 1, 

p < .01; TG2-CG: χ2= 7.7, df = 1, p < .01). This effect was even stronger in 

the long run (pre-test to follow-up: TG1-CG: χ2= 17.0, df = 1, p < .001; 

TG2-CG: χ2= 20.2, df = 1, p < .001). The training groups did not differ 

significantly.  

However, the way students supported their claims by stating 

benefits and drawbacks of each option did not improve after the training 

and decreased slightly from the pre-test to the post-test. Furthermore, 

students in the training groups tended to identify fewer advantages and 

disadvantages than the control group.  

5.6.2 Reflection  

In Table 5.2, the observed and expected absolute frequencies of an 

increase versus a constancy or decrease of the scores from the pre-test to 

the post-test are presented. An increase of the score indicates a shift from 

content-based descriptions and suggestions to responses involving 

strategic aspects of the decision-making process.  
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Table 5.2 

Reflection: Changes in the score from the pre-test to the post-test 

(observed and expected absolute frequencies) 

 Training 
group 1 

Training 
group 2 

Control 
group 

Total 

obs. 
(exp.) 

obs. 
(exp.) 

obs. 
(exp.) 

 

Description of non-compensatory decision-making 

Increase 74 81 25 180 

(59.5) (66.2) (54.4)  

Constancy / decrease 42 48 81 171 

(56.5) (62.8) (51.6)  

Total 116 129 106 351 

Description of compensatory decision-making 

Increase 70 
(58.0) 

73 
(64.5) 

32 
(52.5) 

175 

Constancy / decrease 46 
(58.0) 

56 
(64.5) 

73 
(52.5) 

175 

Total 116 129 105 350 

Suggestions for the improvement of intuitive decision-making 

Increase 17 
(21.7) 

37 
(26.5) 

17 
(22.8) 

71 

Constancy / decrease 61 
(56.3) 

58 
(68.5) 

65 
(59.2) 

184 

Total 78 95 82 255 
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Regarding the description of the presented non-compensatory 

decision, the gains of the training groups were highly significant when 

compared with the control group: TG1-CG: χ2 = 36.2, df = 1, p < .001; TG2-

CG: χ2 = 36.1, df = 1, p < .001. The quality of the description of the 

compensatory decision-making process also improved as a result of the 

training: TG1-CG: χ2 = 19.8, df = 1, p < .001; TG2-CG: χ2 = 16.0, df = 1, 

p < .001. Furthermore, the scores regarding the suggestions that students 

made to improve the presented intuitive decision-making process 

increased significantly more often in TG2 as compared with TG1 and the 

CG: TG2-TG1: χ2 = 5.9, df = 1, p < .05; TG2-CG: χ2 = 6.9, df = 1, p < .01. 

However, no significant changes were found for the remaining two items, 

the description of the intuitive decision-making process and suggestions to 

improve the compensatory decision (not documented in Table 5.2).  

Regarding the changes from the pre-test to the follow-up test, an 

improvement in the scores could only be seen for one item, the 

suggestions for the improvement of the intuitive decision (not documented 

in Table 5.2): TG2-TG1: χ2 = 5.6, df = 1, p < .05; TG2-CG: χ2 = 4.2, df = 1, 

p < .05. TG1 and the CG did not differ significantly. In conclusion, only the 

training group that was stimulated to conduct an initial task analysis as an 

aspect of self-regulated learning experienced a long-run increase in the 

test scores regarding the reflection of the decision-making processes of 

others.  

5.6.3 Intrinsic Motivation 

Table 5.3 presents the means and standard deviations of the four scales 

related to intrinsic motivation during the training programme. With regard 

to interest/enjoyment, perceived competence and pressure/tension, the 

groups did not differ significantly. However, the perceived choice during 

the training programme was significantly higher for TG2 compared with the 
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CG (t(242) = 2.63, p < .01, r = .17). Comparing TG1 to the CG and TG1 to 

TG2, no significant differences were found.  

 

Table 5.3 

Means and standard deviations of intrinsic motivation scales during the 

training programme (five-level Likert scale; 1-5) 

  Training group 1 Training group 2 Control group 

  M (SD) M (SD) M (SD) 

Interest / enjoyment 2.91 (0.80) 2.91 (0.81) 2.95 (0.79) 

Perceived competence 3.36 (0.78) 3.22 (0.82) 3.26 (0.64) 

Perceived choice 3.62 (0.87) 3.74 (0.86) 3.45 (0.88) 

Pressure / tension 2.07 (0.86) 2.26 (0.90) 2.16 (0.81) 

 

5.7 Conclusions 

In this intervention study, it was investigated whether training in decision-

making strategies fosters decision-making competence when resolving 

socio-scientific issues related to sustainable development. The results of 

the post-test and the follow-up test suggest that the strategic training 

enhanced the competence level. Considering the impact of the training 

programme on the students’ own decision-making process, the significant 

difference in the follow-up test between each training group and the control 

group shows a satisfying result. The intervention triggered a development 

that could be identified three months later. However, in the short run, no 

increase in competence level could be found. While students from both 

training groups improved more frequently in weighting criteria than the 

control group, they stated fewer advantages and disadvantages. Thus, 

positive and negative effects of the training were cancelled out in the short 
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term analysis. One possible explanation could be that the training 

programme unintentionally triggered the use of non-compensatory 

strategies, where fewer aspects must be considered compared with a full 

trade-off. Students applied three different strategies in the learning 

programme, but only the compensatory approach is considered to be 

appropriate in the questionnaire, as no knockout criteria exist in the 

presented contexts according to the framework of sustainable 

development. Because the use of non-compensatory strategies is 

cognitively less demanding, students may have used this strategy more 

frequently than a compensatory strategy, especially in the post-test, which 

was administered right after the possibly tiring training programme.  

Looking at the reflection of the decision-making processes of 

others, a significant improvement from the pre-test to the post-test was 

shown for both training groups with regard to several items. However, 

turning to the follow-up test, the effects of the training could only be 

demonstrated with respect to the suggestions for the improvement of the 

presented intuitive decision. As the training programme did not specifically 

focus on such a reflection task, the observed short term enhancement is 

quite plausible.  

For the second hypothesis, only some supporting evidence could 

be found, as the differences between the two training groups were not 

significant with regard to the decision-making scale and most of the items 

concerning the reflection of decision-making processes. However, the 

integration of a task analysis as a metadecision aid, which was based on 

the concept of self-regulated learning, had an additional effect on one 

aspect of the reflection: the quality of suggestions to improve intuitive 

decision-making processes. This effect could be identified three months 

after the intervention. The finding that the differences between the two 

training groups were not significant for most aspects of decision-making 

competence can be explained by a deficit in producing the newly acquired 
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metacognitive strategy of conducting a task analysis or an inefficient use 

due to the very short duration of the intervention (Hasselhorn & Gold, 

2006).  

Regarding the third hypothesis, supporting evidence was 

uncovered. The combination of the decision-making training and self-

regulatory elements had a positive effect on the perceived level of choice, 

as compared with the control group. The analysis of the decision-making 

task and the deliberate and reflected selection of a strategy to tackle the 

task helped students perceive more control over their actions when 

resolving the issue. This aligns with the assumptions of the self-regulation 

framework by Zimmerman (2000) and the self-determination theory by 

Deci and Ryan (1985, 2002). Self-regulation of the learning process 

should lead to a perceived internal locus of causality of one’s actions and 

thus a higher degree of perceived autonomy and self-determination. 

Consequently, experiencing autonomy is valuable because autonomy is a 

positive predictor of intrinsic motivation. Moreover, the perceived 

autonomy and self-determination when resolving socio-scientific issues 

are useful for citizenship education and environmental education from a 

normative viewpoint (Darner, 2009). In conclusion, the combined training 

that induces a higher level of self-determination is more beneficial. 

One aspect worth further consideration is the reliability of the 

decision-making questionnaire. For the analysed decision-making scale, 

Cronbach’s alpha has acceptable values as one type of decision-making 

task was presented: decisions in which all options are considered equally 

legitimate according to the framework of sustainable development. 

However, regarding the students’ own decision, those who prioritised 

criteria according to their personal values did not necessarily state all of 

the advantages and disadvantages because their prioritisation already 

implied reasons for choosing or rejecting one specific option. Those 

students who did not prioritise the underlying criteria tended to explain 
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their choice by offering more advantages and disadvantages. However, 

both aspects belong to the same construct from a theoretical perspective 

(Eggert & Bögeholz, 2006). Regarding the reflection of the decision-

making processes of other people, students needed to describe a wide 

range of different decision-making strategies. Furthermore, making 

suggestions for the improvement and the description of the presented 

decisions represents important aspects of the reflection regarding tasks 

with equally legitimate options. Owing to the heterogeneity of this second 

construct, which covers a wide range of facets, the internal consistency 

(Cronbach’s alpha) of the reflection was moderate. Therefore, the data 

were analysed exclusively on the item level rather than on the scale level. 

A limitation of the study is that it cannot determine whether the level 

of competence of any group increased from the pre-test to subsequent 

measurement times because different contexts were used in the 

questionnaire at different points in time. Only differences in competence 

level of the training groups relative to the control group could be 

described.  

However, considering the conservative choice of a control group, 

which also dealt with the same decision-making tasks during the 

intervention, and the very short time of the learning programme, the overall 

effects are quite compelling. Furthermore, the self-regulatory decision-

making training led to higher levels of perceived choice (autonomy) than a 

decision-making training without self-reflection. Altogether, it can be 

concluded that systematic training in decision-making strategies, 

combined with a task analysis as an element of self-regulated learning, 

may be a suitable approach to foster elaborate reasoning. 

One implication for the use of decision-making strategies in science 

classes is that the inappropriate and hasty exclusion of options should be 

addressed by teachers. From a normative viewpoint, a non-compensatory 
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strategy should only be applied if knockout criteria exist according to the 

sustainability framework. However, it would not be appropriate to use it in 

order to avoid the cognitively demanding compensatory strategies. One 

approach would be to reflect upon another person’s decision, where 

options are precipitately excluded without explicitly reflecting on the 

framework of sustainable development. According to Ratcliffe and Grace 

(2003), evaluating the decisions of others enables students to identify the 

strengths and weaknesses of their own reasoning. In this way, knowledge 

about decision-making strategies can be combined with a reflection to 

enhance the decision-making competence level. This should be 

investigated in future studies.  

In order to measure the effects of the use of decision-making 

strategies, students resolved the socio-scientific issues individually. The 

impact of integrating these strategies into group discussion processes 

should be examined in future research. To what extent do collective 

negotiations of knockout criteria or thresholds, which may lead to the 

elimination of options, affect the students’ decision-making competence? 

Moreover, scholars should determine whether small group or whole class 

discussions about the fit of certain decision-making strategies and types of 

decision-making situations lead to a deeper understanding of the 

underlying decision-making processes and thus a long-term gain in 

decision-making competence. Collective decision-making and discourse in 

the field of socioscientific issues are crucial in today’s world (Zeidler et al., 

2005). A next step would be to examine how to integrate personal 

decision-making skills such as the reflected use of decision-making 

strategies with classroom discourse. 
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6 Identifying Non-sustainable Courses of 
Action – A Prerequisite for Decision-making 
in Education for Sustainable Development10 

6.1 Abstract 

Students are faced with a multitude of decisions as consumers and in 

societal debates. Because of the scarcity of resources, the destruction of 

ecosystems and social injustice in a globalized world, it is vital that 

students identify non-sustainable courses of action when involved in 

decision-making. The application of decision-making strategies is one 

approach to enhancing the quality of decisions. Options that do not meet 

ecological, social or economic standards should be excluded using non-

compensatory strategies, whereas other tasks may require a complete 

trade-off of all the evidence, following a compensatory approach. To 

enhance decision-making competence, a computer-based intervention 

study was conducted that focused on the use of decision-making 

strategies. While the results of the summative evaluation are reported by 

Gresch, Hasselhorn, & Bögeholz (2011), in-depth analyses of process-

related data collected during the intervention are presented in this paper to 

reveal insights into the mechanisms of the intervention. The quality of 

upper high school students’ (N = 120) metadecision skills when selecting a 

decision-making strategy was investigated using qualitative content 

analyses combined with inferential statistics. The results reveal that the 

students offered elaborate reflections on the sustainability of options. 

                                            
10 Source: Gresch, H., & Bögeholz, S. (2011). Detecting non-sustainable courses of 

action – A prerequisite for decision-making in education for sustainable development. 
Manuscript submitted for publication. 
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However, the characteristics that were declared non-sustainable differed 

among the students because societal norms and personal values were 

intertwined. One implication for education for sustainable development is 

that students are capable of reflecting on decision-making tasks and on 

corresponding favorable decision-making strategies on a metadecision 

level. From these results, we offer suggestions for improving learning 

environments and constructing test instruments for decision-making 

competence. 

 

Keywords: decision-making, education for sustainable development, 

socioscientific issues, societal norms, values 

6.2 Theoretical Framework 

6.2.1 Education for Sustainable Development  

Within the last two decades, the global community has acknowledged the 

need to ensure sustainable development of the world to meet the “needs 

of the present without compromising the ability of future generations to 

meet their own needs” (WCED, 1987, p. 43). Environmental threats and 

increasing social injustice require thoughtful decisions and actions on both 

a political and an individual level. As a consequence, non-sustainable 

courses of action must be identified when deciding for a course of action. 

An international consensus on the characteristics of sustainable 

development was reached at the UN Conference on Environment and 

Development and in its final action plan, Agenda 21 (UNCED, 1992). 

However, these goals can only be reached through interdisciplinary 

approaches that integrate ecological, social and economic aspects (Bourn, 

2005; Eilam & Trop, 2011; Herremans & Reid, 2002; Marcinkowski, 2010; 

Sauvé, 1996, 2005; Scott & Gough, 2003; UNCED, 1992). One vital 

aspect of promoting sustainable development is education (UNCED, 
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1992). Education should aim to foster societal development according to 

norms negotiated by the global community, i.e., the UN (de Haan et al., 

2008). However, education in general, and science and environmental 

education in particular, should not promote a specific point of view or 

certain courses of action; instead, it should strengthen students’ autonomy 

and empower them to make thoughtful decisions (Aikenhead, 1985; de 

Haan et al., 2008; Hodson, 2003; Hungerford, 2010; Jickling, 1992; 

McConnell, 1982; Pedretti, 2003; Ratcliffe & Grace, 2003; Solomon & 

Aikenhead, 1994).  

Within the broader framework of STSE education, which embraces 

education for sustainable development (Pedretti, 2003), the quality of the 

students’ decisions can be enhanced through dealing with socioscientific 

issues (Eggert & Bögeholz, 2006; Eggert et al., 2010; Gresch et al., 2011; 

Pedretti, 2003; Ratcliffe & Grace, 2003). Sadler (2004) defines these types 

of issues as complex, open-ended and contentious problems that lack 

simple and straightforward solutions. Moreover, scientific evidence, ethical 

implications and inherent values must be integrated to deal with 

socioscientific issues adequately (Aikenhead, 1985; Bögeholz & 

Barkmann, 2003; Eggert & Bögeholz, 2006; Kolstø, 2001; Ratcliffe & 

Grace, 2003; Sadler, 2004; Sauvé, 2005; Zeidler et al., 2005). 

Consequently, decision-making regarding socioscientific issues has been 

incorporated into national standards worldwide (AAAS, 1993; KMK, 2005; 

NRC, 1996; QCA, 2004). Moreover, education for sustainable 

development as a field of socioscientific decision-making has been 

integrated into the national standards of many countries, including 

England and Germany (KMK, 2005; QCA, 2004).  

6.2.2 Decision-making Competence  

In the present study, decision-making competence refers to the ability to 

systematically evaluate possible courses of action in factually and ethically 
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complex situations related to sustainable development and systematically 

decide on one final option. Moreover, students are expected to reflect on 

their own decision-making processes and those of others (Bögeholz, 2007; 

Bögeholz & Barkmann, 2003; Eggert & Bögeholz, 2006, 2010). This 

concept of decision-making competence is based on the general definition 

of competence as a domain-specific cognitive ability to solve specific 

problems (Hartig & Klieme, 2006; cf. Weinert, 2001a, 2001b), which was 

proposed by the Organisation for Economic Co-operation and 

Development (OECD).  

Several intervention studies in the field of science education have 

focused on improving the quality of students’ decision-making processes 

(Eggert et al., 2010; Grace, 2009; Gresch et al., 2011; Jiménez-Aleixandre 

& Pereiro-Muñoz, 2002; Ratcliffe, 1997; Roberts, Wilson & Draney, 1997 

(Science Education for Public Understanding Program (SEPUP)); 

Seethaler & Linn, 2004; Siegel, 2006). In the science and sustainability 

curriculum that was part of SEPUP, Siegel (2006) successfully trained 

students to connect specific evidence to their arguments to make trade-

offs. Ratcliffe (1997) provided her students with a guideline to structure the 

decision-making process. Although the students considered this guideline 

helpful, they did not weigh the advantages and disadvantages of their 

options in a systematic way. Using this guideline in small-group 

discussions about biological conservation issues, Grace (2009) found that 

the students’ level of personal reasoning could be improved within a short 

time. In the field of education for sustainable development, Eggert et al. 

(2010) trained students in cooperative learning settings to trade off several 

courses of action. A general increase in decision-making competence was 

found, although additional metadecision training in a second training group 

did not further improve the students’ decision-making processes.  
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Although several interventions have been conducted to enhance 

students’ decision-making processes, no study has examined whether 

reflectively applying several decision-making strategies fosters decision-

making competence. Because such strategies seem promising for 

structuring the decision-making process, they were chosen for the present 

study. 

6.2.3 Decision-making Strategies  

Different decision-making tasks related to sustainable development require 

different decision-making strategies to evaluate possible courses of action 

because some decisions involve non-sustainable and, thus, unacceptable 

options with regard to ecological, social or economic standards while 

others may demand a full trade-off of all evidence. 

Behavioral decision research aims to describe the strategies people 

use to make a decision. In certain decision-making situations, decision-

makers exclude options if one or several characteristics do not reach the 

required standards. Some criteria may be considered knockout criteria, for 

which unacceptable characteristics cannot be outweighed by other 

attributes. Jungermann et al. (2005) and Payne et al. (1998) describe this 

choice rule as a non-compensatory strategy. One example is the 

elimination-by-aspects rule (Tversky, 1972). If the characteristics of the 

most important criteria do not reach the threshold level to fulfill the 

required standards, the options are eliminated. For other decisions, the 

decision-maker may weigh all available information before reaching a 

conclusion. Hence, in this compensatory strategy, all advantages and 

disadvantages are evaluated in a full trade-off (Jungermann et al., 2005; 

Payne et al., 1998).  

Beach (1990) and Beach and Mitchell (1978) state that decision-

making frequently involves both compensatory and non-compensatory 

approaches. During a screening phase, unacceptable options are 
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eliminated in the first step, and the remaining options are compared in a 

full trade-off (mixed strategy).  

6.2.4 Metadecision and Self-regulated Learning  

The application of a decision-making strategy is a cognitive process, 

whereas the selection of a decision-making strategy requires 

metacognitive skills to determine which strategy fits best. Beach (1990) 

refers to this concept as metadecision, which involves considering the 

features of a decision-making problem, the environment of the decision 

and the characteristics of the decision-maker. From a normative, 

educational perspective, students should be enabled to detect non-

sustainable options based on societal norms regarding the framework of 

sustainable development and apply a non-compensatory strategy to such 

tasks. On the other hand, students should also be capable of identifying 

decision-making situations with equally legitimate options (i.e., options 

without knockout criteria based on societal norms) and employing a 

compensatory strategy (Eggert & Bögeholz, 2006; Gresch et al., 2011). 

Consequently, science and environmental education should foster the 

ability to distinguish between different types of decision-making situations 

to apply an appropriate decision-making strategy. 

Zimmerman’s model of self-regulated learning provides a suitable 

framework to foster these metadecision skills because it integrates 

cognitive, metacognitive and motivational aspects to describe how self-

regulated learners deal with new tasks (Zimmerman, 2000). Before 

beginning a task, learners should analyze the task in the forethought 

phase to select an appropriate strategy; they should observe and control 

the procedure during the performance phase; and finally, they should self-

reflect on their own performance and draw conclusions for future tasks in 

the reflection phase.  
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 To resolve socioscientific issues related to sustainable 

development, these concepts of metadecision and self-regulated learning 

can be combined to construct a training program that focuses on the 

reflective application of decision-making strategies (Gresch et al., 2011). In 

the forethought phase, the learner analyzes the decision-making task in 

terms of the sustainability of the options. Can the benefits and drawbacks 

of different options be compensated for, or should a non-compensatory 

strategy be applied to exclude non-sustainable options if knockout criteria 

exist based on societal norms? Do the task’s characteristics require a 

combination of both strategies? In this metadecision activity, a decision-

making strategy should be selected. During the performance phase, the 

learner observes the correct application of the strategy and, finally, reflects 

on the outcome and whether the decision-making strategy was appropriate 

for the presented task. 

6.2.5 Review of the Summative Evaluation of the Presented 
Intervention Study  

To investigate the effects of a reflected use of decision-making strategies 

on decision-making competence, a computer-based intervention study 

was conducted. Two distinct perspectives were selected to describe the 

outcomes and mechanisms of the intervention: a summative evaluation to 

demonstrate the effects using a pre-post-follow-up control-group design 

and an in-depth analysis of qualitative data collected during the 

intervention. This paper focuses on the analyses of process-related data, 

and therefore, the results of the summative evaluation reported by Gresch 

et al. (2011) will only be reviewed briefly. 

The participating students were randomly assigned to one of two training 

groups (training in decision-making strategies with/without task analyses 

as elements of self-regulated learning) and a control group (see below for 

details). To determine the effects of the intervention, decision-making 
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competence was assessed at three measurement times using an open-

ended questionnaire developed by Eggert and Bögeholz (2010). The 

analyses revealed that the quality of the students’ decisions on the follow-

up test administered three months after the intervention were significantly 

more elaborate in the training groups compared to the control group. 

However, the students who received a strategic training tended to overuse 

non-compensatory strategies in the post-test. Further analyses showed 

that their ability to reflect on the decision-making processes of others 

improved between the pre- and post-tests. The long-term effects on 

reflection were less evident. 

6.3 Research Questions 

Although the summative evaluation of the intervention has shown 

promising results with regard to gains in decision-making competence, it is 

still unclear in which way students who are familiar with different decision-

making strategies use metadecision skills to transfer these strategies to 

new tasks by selecting a strategy suitable for the given task. Moreover, the 

mechanisms of the intervention study should be investigated by looking at 

the processes that take place in the course of the training. The qualitative 

data collected during the intervention are considered valuable for this 

purpose. 

First, it is essential to investigate the explanations for selecting a 

decision-making strategy as one central aspect of metadecision and to 

determine the quality of these explanations. Hence, the first research 

question is as follows: 

1.1. How do students explain their use of different decision-making 

strategies? 

Categories of explanations are generated, and levels of quality are 

described. These quality levels of the explanations should be validated. 
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From a theoretical point of view, the level of explanations for selecting a 

decision-making strategy should be related to decision-making 

competence. Hence, we expect that students with higher levels of 

explanations also yield higher scores in the decision-making questionnaire 

administered before the training (Gresch et al., 2011; cf. Eggert & 

Bögeholz, 2010). Consequently, the next research question is as follows: 

1.2. Are the quality levels of the explanations valid? In which ways are 

they related to decision-making competence? 

From these levels of metadecision explanations, inferences should be 

made about the students’ performance in the transfer phase of the 

decision-making training and the quality of the learning tasks used to train 

the students to deal systematically with socioscientific issues. 

The construction of the learning environment was based on one 

premise: The characteristics of the task should induce the selection of one 

specific decision-making strategy (Eggert & Bögeholz, 2006; Gresch et al., 

2011). Options that were unacceptable in terms of the societal norms 

stated in the sustainable development framework should be detected and 

excluded using a non-compensatory or mixed strategy, whereas equally 

legitimate options should be compared in a full trade-off. Hence, the next 

research question is as follows: 

2.1 To what extent did the students select the decision-making 

strategies that best fit the decision-making tasks according to 

societal norms?  

The next step was to unravel whether selecting the best-fitting strategy 

depends on the student’s metadecision performance. Regarding the fit of a 

decision-making task with one specific strategy, we supposed that those 

students who selected the expected strategy had conducted a thorough 

task analysis, whereas those who chose a different strategy conducted 

superficial task analyses:  
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2.2 Did those students who selected the strategy that fits best 

according to societal norms elaborate more on explanations than 

those who selected a different strategy? 

The results of the summative assessment showed that the students who 

were familiar with the application of decision-making strategies tended to 

overuse the non-compensatory strategy during the post-test administration 

of the decision-making questionnaire (F(373,2) = 2.51, p < .10, η² = .013)11. 

In another study in science education, Hong and Chang (2004) found that 

students most frequently applied the non-compensatory strategy. They 

suggested that the non-compensatory strategy was chosen because it is 

less cognitively demanding; i.e., it allows the user to consider less 

evidence compared with a complete trade-off. Therefore, the next 

research focus is as follows: 

2.3 Is the use of the non-compensatory decision-making strategy 

associated with a lower cognitive load?  

6.4 Intervention Study on Decision-making Strategies 

In the computer-based intervention, which consists of two 45-minute 

sessions, students resolved different socioscientific issues pertaining to 

sustainable development (Gresch et al., 2011). All students were assigned 

to one of two training groups or the control group when they began the 

program.  

In the first session, all students were introduced to one crucial 

principle of sustainable development: the interrelatedness of ecological, 

                                            
11 ANCOVA of post-test scores (number of considered advantages and disadvantages for 

chosen and rejected options; see Gresch et al. (2011) for detailed scoring rubric; pre-
test scores as covariate), including both training groups and the control group. 
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social and economic facets. Subsequently, the students were confronted 

with three decision-making tasks, which the students in the training groups 

solved by applying a non-compensatory, a compensatory and a mixed 

strategy. Each context was selected and modified to match one of the 

three strategies (see Table 6.1). The central features of the strategy and 

the way to apply it were introduced. The control group received additional 

ecological information instead of strategic training. 

In the second session, which took place within a week of the first 

session, the students in the training groups were asked to select the 

strategy they considered to fit best by taking the framework of sustainable 

development into account. The first training group selected the strategy 

directly, whereas the second training group had to conduct a prior task 

analysis and explain why they considered this strategy to fit best. They 

were encouraged to reflect on whether knockout criteria based on societal 

norms were inherent in the given task. The control group again was given 

additional information instead of strategic training, as in the first session. 
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Table 6.1 

Structure of the training program: Contexts chosen to demonstrate the decision-making strategies 

 Context Features: Do knockout criteria exist according to 
societal norms? 

Decision-making strategy 
that fits best according to 
societal norms 

Session 1    
Task 1 Choice of different measures for 

the protection of coral reefs 
Several knockout criteria (effect on ecosystem, 
impact on local society, financial constraints) 

Non-compensatory strategy 

Task 2 Land-use decision after brown coal 
mining 

No knockout criteria (equally legitimate options) Compensatory strategy 

Task 3 Choice of an aquaculture sitea One knockout criterion (poor conditions for fish in 
aquaculture)  

Mixed strategy 

Session 2    
Task 1 Selection of apples for the school 

cafeteriab 
No knockout criteria (equally legitimate options) Compensatory strategy 

Task 2 Choice of a production site for a 
shipyardc 

One knockout criterion (state of the limnological 
ecosystem) 

Mixed strategy 

Task 3 Consumer decision to purchase a 
bed 

Several knockout criteria (wood from primeval 
forests, working conditions, length of 
transportation route) 

Non-compensatory strategy 

Note. Based on Gresch et al. (2011). The indicated decision-making strategies represent the strategies that fit best according to 

societal norms. 
acf. Bayer et al., 2008. bcf. Barfod-Werner et al., 2008. ccf. Mühlenhoff, 2009. 
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All contexts were chosen and designed so that one strategy fit best 

in terms of the societal norms of the framework of sustainable 

development (see Table 6.1). The features of all courses of action were 

discussed with the research group and optimized in several consecutive 

steps to improve the strategy’s fit with the decision-making task. The 

presentation of the contexts included short descriptions of the decision-

making situation and each option, followed a table containing an overview 

of all the options’ characteristics. In each task, three or four options were 

presented with regard to four or five criteria. 

1. Example for the compensatory decision-making strategy: Apples 

for the school cafeteria: The first context of the second session was a 

consumer decision. The students were asked to select one variety of 

apples that should be sold in the school’s cafeteria (cf. Barfod-Werner et 

al., 2008). Characteristics such as the price (1.80 to 2.49 Euro/kg), the 

taste (sweet, slightly sour, juicy), the length of the transportation route 

(short to intermediate; all within Europe) and whether the apples were 

organically grown were presented.  

Because all these features were considered acceptable according 

to the normative framework of sustainable development, the compensatory 

strategy was expected to provide the best fit by allowing a complete trade-

off between all advantages and disadvantages.  

2. Example for the mixed decision-making strategy: Shipyard 

production site: In the second decision-making task, possible production 

sites of a shipyard had to be examined from a political point of view (cf. 

Mühlenhoff, 2009). One option would have a strong negative impact on the 

quality of the adjacent river; hence, these effects on the limnological 

ecosystem are considered unacceptable in terms of ecological standards. 

To pursue this course of action, the river would have to be dammed to 

launch the container ships safely. Consequently, the water temperature 
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would increase in the summer and the oxygen concentration would fall 

below a level that could support animal life, e.g., endangered fish species. 

Furthermore, the implications for the workforce in a region with high 

unemployment rates and the productivity of the enterprise had to be taken 

into account.  

Thus, one option had unacceptable characteristics based on 

societal norms (ecological standards), whereas the features of the 

remaining options should be compared in a full trade-off. Hence, the mixed 

strategy was expected to fit best.  

3. Example for the non-compensatory decision-making strategy: 

Purchase of a bed: In this task, four beds for the student’s new apartment 

after he or she left school were presented as options. Upon closer 

examination, most of the beds either consisted of wood from primeval 

forests, in which endangered animal species such as the Siberian tiger 

live, or were built in regions with extremely low wages, where social 

standards are nearly non-existent. Moreover, disproportionately long 

transportation routes were necessary to deliver one bed from Indonesia 

across the globe to Europe.  

Hence, several knockout criteria based on societal norms were 

apparent (wood from primeval forests, working conditions, long 

transportation), which would suggest the use of the elimination-by-aspects 

rule as one example of a non-compensatory strategy. 

6.5 Methods 

6.5.1 Sample 

A total of 386 students from 25 biology classes (Grades 11 to 13) in 

Northern Germany participated in the entire intervention and were 

randomly assigned to one of two training groups or a control group 

(training group 1: n = 126; training group 2: n = 137; control group: n = 
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123). For 120 students in the second training group, who conducted an 

initial task analysis before selecting a decision-making strategy, complete 

process-related data sets with explanations for their decision-making 

strategy selection are available. The mean age of this subsample was 17.3 

years, and 58 % were girls. 

For research questions 1.1, 1.2 and 2.2 process-related data from training 

group 2 is used as only this group reported explanations regarding the 

selection of a decision-making strategy. For research questions 2.1 and 

2.3 data from both training groups is analyzed. 

6.5.2 Recollection of Data and Data Analysis 

The metadecision statements for the task analysis were entered online by 

the students in the second training group during the second session of the 

computer-based intervention. After each of the three decision-making 

situations was presented, the students were asked to respond to the 

following: 

Note in bullet points the task characteristics that provide information 

about which decision-making strategy best fits this situation. Explain briefly 

why these task characteristics make one decision-making strategy 

particularly appropriate. Finally, click on a button to select the strategy that 

you consider to fit best to this task. 

The data were imported using software for qualitative content 

analyses (MAXQDA, 2007) and coded using a deductive-inductive 

approach (Mayring, 2008). In the first step, categories were derived from 

behavioral decision-making research (Eggert & Bögeholz, 2006; 

Jungermann et al., 2004; Payne et al, 1998). Next, sub-categories and 

different quality levels were developed according to the data to further 

differentiate between different types of responses. For each sub-category, 

examples (anchors) and definitions were generated.  
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A second rater coded all text passages to further refine the 

categories and sub-categories, the selection of examples and the 

definitions. All data were then independently coded by the two raters 

based on this final scoring rubric. The interrater reliability (Cohen’s kappa; 

percentage of agreement) was good: κ = .72 (94 %). In a final step, all 

differing scores were discussed to reach a consensus before the statistical 

analyses were performed. 

To determine the validity of the quality levels of the explanations 

(see research question 1.2), the pre-test scores of the decision-making 

questionnaire were used. This test was administered directly before the 

intervention. 

Moreover, data regarding the frequencies of the selected decision-

making strategies were collected in the course of the intervention.  

6.5.3 Assessment of Cognitive Load 

Cognitive load is a concept that consists of two aspects: mental load, 

which is induced by the task structure and other instructional parameters, 

and mental effort, i.e., the capacity that a person allocates to the task 

(Paas, 1992). The higher the mental load of a task, i.e., the more difficult it 

is, the more mental effort it requires. Consequently, an assessment of 

mental effort offers information about the difficulty of the instructions and 

the task. In other studies, mental effort has been assessed effectively in 

problem-solving tasks and computer-based trainings (Paas, 1992; Paas & 

van Merriënboer, 1994) to provide insights about the quality of different 

instructions. Consequently, instructions should have a medium level of 

cognitive load to be efficient. In the present study, the cognitive load 

construct is used to determine which decision-making strategy requires 

more mental effort and, consequently, produces more cognitive load. After 

each task of the learning program, the students were asked to self-report 
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the level of mental effort expended during the preceding task on a 

symmetrical seven-level Likert scale (-3/+3).  

6.6 Results 

Research question 1.1: How do the students explain their use of different 

decision-making strategies? 

In the qualitative content analysis, all students’ responses were assigned 

to two major categories: explanations for the use of parts of a 

compensatory and a non-compensatory strategy. Because the mixed 

strategy is a combination of both, explanations were scored separately for 

each component. Furthermore, we distinguished between three levels of 

explanations. At the lowest level (Score: 0), the students made no 

reference to the strategy they selected. At a basic level (Score: 1), the 

students explained their selection in terms of strategic considerations; 

however, this explanation was not linked to specific task characteristics. At 

the highest level (Score: 2), the students based their decision-making 

strategy selection on both strategic aspects and task characteristics. Both 

aspects were clearly linked. 

At the lowest level (Score: 0), the students did not refer to strategic 

aspects. Instead, they merely described the presented options, chose one 

course of action without reference to the decision-making strategy or 

stated which criteria they considered important. Because the students had 

been asked to explain which decision-making strategy would be most 

appropriate to resolve the issue and, hence, to provide metadecision 

statements, these types of responses were coded with score of 0: 

 “I decide for the 380 Euro bed from Finland because it seems best 

to me. Furthermore, it is made from birch wood and is hence from 

nature.“ (Task 3, purchase of a bed; UserID 429) 
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“For such a topic, the compensatory strategy is best.” (Task 2, 

shipyard production site; UserID 465) 

“Mixed strategy: I’ll take Granny Smith.” (Task 1, apples for the 

school cafeteria; UserID 468) 

“It’s important to preserve jobs!“ (Task 2, shipyard production site; 

UserID 531) 

For the more elaborate responses (Scores 1 and 2), subcategories were 

developed and refined using an inductive approach, according to the 

investigated data (see Table 6.2): 
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Table 6.2 

Scoring rubric with anchor examples: Explanations for the selection of a decision-making strategy 

 Score 1:  
Reference to strategic aspects. 

Score 2:  
Reference to the interrelation between strategic 
aspects and specific task characteristics. 

Compensatory strategy 

Subcategory 1:  

Trade-off possible 

“If you compare the different varieties of 
apples, you cannot identify a severe 
disadvantage for any variety, which would 
suggest the non-compensatory strategy. 
Therefore, I would choose the compensatory 
decision-making strategy in this case.” (Task 1, 
apples for the school cafeteria; UserID 480) 

“Compensatory decision-making strategy 
because you can weigh up advantages and 
disadvantages. There are no knockout criteria.” 
(Task 3, purchase of a bed; UserID 093) 

“I don’t think that a non-compensatory decision-
making strategy would be the right solution here, 
as there are no severe disadvantages (the prices 
are similar; all (apples) are sweet or juicy).” (Task 
1, apples for the school cafeteria; UserID 231)  

“I decide to take the compensatory strategy here 
because I think that every disadvantage of a bed 
can potentially be compensated for. A high price, 
for example, with environmentally friendly 
production and good appearance; a moderate look 
with a low price; and so on.” (Task 3, purchase of a 
bed; UserID 105) 

 

Subcategory 2:  

Value hierarchy: 
Equal weights for 
all criteria 

“Compensatory (strategy), because I consider 
no criterion to be so important that it could not 
be compensated for.” (Task 3, purchase of a 
bed; UserID 549) 

“In this task, several factors can generally be 
compensated for, because taste as well as price 
and organic farming are important factors that all 
have to be taken into account.” (Task 1, apples for 
the school cafeteria; UserID 255) 
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Non-compensatory strategy 
Subcategory 1:  

Trade-off not 
possible 

“Several knockout criteria exist.” (Task 2, 
shipyard production site; UserID 042) 

“Non-compensatory (strategy) because the 
severe disadvantages cannot be compensated 
for by the advantages.” (Task 3, purchase of a 
bed; UserID 216) 

“Because the school has a role model function and 
should place value on offering local products, the 
transportation route should be a knockout 
criterion.” (Task 1, apples for the school cafeteria; 
UserID 390) 

“In this decision-making task, I consider the non-
compensatory decision-making strategy to be most 
suitable because knockout criteria exist. 
Permanent damage to the river cannot be 
compensated for through advantages but must be 
prevented.” (Task 2, shipyard production site; 
UserID 093)  

 

Subcategory 2:  

Value hierarchy: 
Important criteria 
as knockout 
criteria 

“The non-compensatory decision-making 
strategy would be appropriate, as the most 
important criteria should be observed. A 
compensation would not be reasonable.” (Task 
1, apples for the school cafeteria; UserID 540)  

“The deterioration of the water quality is very 
important and should have top priority. It would not 
be reasonable to compensate for this.” (Task 2, 
shipyard production site; UserID 540) 
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The explanations for compensatory and non-compensatory 

decision-making showed two clear patterns in each category. In the first 

subcategory, which was the most frequently occurring one (see Table 6.3), 

the students’ responses referred to whether a full trade-off was necessary 

and/or whether knockout criteria existed in the decision-making situation. 

At Level 1 (Score: 1), only a general statement was made about whether 

the task permitted a trade-off, whereas at level 2 (Score: 2) it was explicitly 

stated, between which criteria of the decision-making situation a trade-off 

was possible, or which criteria were considered knockout criteria. In the 

second subcategory, the students explained their decision-making strategy 

selection by stating that the relevance of the task criteria influenced their 

selection. Regarding non-compensatory decision-making, the students 

identified as knockout criteria those factors they considered important; 

hence, they referred to a hierarchy of values. On the other hand, those 

students who considered all criteria equally important tended to use 

compensatory strategies to weigh all available evidence. While this 

occurred at a general level for responses scored 1, responses that 

identified specific criteria that were important or equally important and 

linked these to the strategic considerations yielded scores of 2. On 

average across all three contexts, more than 10 % (sum of responses 

scored 1 and 2) of the students explained their choice of a decision-

making strategy by referring to a hierarchy of values (see Table 6.3).  
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Table 6.3  

Relative frequencies of the categories and subcategories of explanations 

for the selection of a decision-making strategy 

 Score 1:  
Reference to 
strategic aspects. 

Score 2:  
Reference to the 
interrelation between 
strategic aspects and 
specific task 
characteristics. 

Compensatory decision-making  

Trade-off possiblea 48.7 % 10.2 % 
Value hierarchy: Equal 
weights for all criteria.a 

8.4 % 3.1 % 

   
Non-compensatory decision-making  

No trade-off possibleb 25.9 % 36.8 % 
Value hierarchy. Important 
criteria as knockout criteria.b 

0.9 % 9.8 % 

Note. All values are the mean percentages of the three contexts for 

Session 2. 
a Percentage of those who selected the compensatory strategy. 
b Percentage of those who selected the non-compensatory strategy. 
 
 
 

Other subcategories had lower frequencies. Some students 

explained their choice of a strategy by referring to the differences between 

single attributes inherent in the decision-making situation. Students 

justified selecting the compensatory strategy by stating that the differences 

between the characteristics of two options were rather small (6.4 % of 

those who selected the compensatory strategy responded this way): 
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“I choose the compensatory decision-making strategy because the 

price difference is not too big, and the rest should be weighed up.” 

(Task 1, apples for the school cafeteria; UserID 621) 

On the other hand, students reported selecting the non-compensatory 

strategy because of perceived large differences between different options 

(1.8 % of those who selected the non-compensatory strategy made 

statements to this effect): 

“The differing prices are particularly conspicuous and could result in 

an exclusion principle.” (Task 1, apples for the school cafeteria; 

UserID 261)  

 

The students presented explicit thresholds justifying the use of a non-

compensatory strategy only in regard to financial criteria. A few students 

stated that options that were unacceptable in financial terms should be 

excluded.  

“First, the price is important, because only 400 Euros are at my 

disposal. Higher prices can be excluded.” (Task 3, purchase of a 

bed)  

For other criteria, no ecological or social standards were stated as a 

threshold. 

 

Research question 1.2: Are the quality levels of the explanations valid? In 

which way are they related to decision-making competence? 

To validate the quality levels of the explanations, a total score was 

calculated, indicating the overall performance in the explanations of the 

selected decision-making strategies. The scores of each task were added, 

and the median score was used to divide the students into one group with 
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high-quality explanations and another with low-quality explanations. 

Furthermore, the median of the decision-making questionnaire scores 

(Eggert & Bögeholz, 2010) was determined12, and the students were 

divided into those who showed a high level of decision-making 

competence and those with a lower level. Chi-square analyses revealed 

that the students who had higher-quality explanations also reached a 

higher level of decision-making competence, according to the 

questionnaire: χ2 = 5.6, df = 1, p < .05. Hence, the level of explanations 

and decision-making competence are connected. This connection 

supports the validity of the identified quality levels.  

 

Research question 2.1: To what extent did the students select the 

decision-making strategies that best fit the decision-making tasks 

according to societal norms? 

Figure 6.1 shows the relative frequencies of the selected strategies. 

Generally, the a priori expected decision-making strategy was the one 

most frequently chosen by the students in the training groups: 43 % 

selected the compensatory strategy for Task 1 (apples for the school 

cafeteria). For Task 2 (shipyard production site), 39 % selected the mixed 

strategy, which was only the second-most selected strategy. A total of 55 

% selected the non-compensatory strategy for Task 3 (purchase of a bed). 

Although a large proportion of the students chose a strategy other than the 

one we expected, most students were able to detect options that were 

                                            
12 The decision-making questionnaire developed by Eggert and Bögeholz (2010) consists 

of two scales based on the student’s own decision and his/her reflection on decisions of 
other people. A total score was calculated for this study by weighting each scale with 50 
%. For the analyses, the pre-test scores from the intervention study (Gresch et al., 
2011) were chosen. 
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Research question 2.2: Did those students who selected the strategy that 

fits best, according to societal norms, elaborate more on their explanations 

than those who selected a different strategy? 

 

Table 6.4  

Expected and observed patterns for the quality of metadecision 

explanations according to different selected decision-making strategies 

Selected strategy Expected 
pattern 

Observed  
pattern 

 Score 1 Score 2 Score 1 Score 2 

 
Task 1: Compensatory strategy example:  
Apple selection 

Compensatory strategy  − + + − 
Non-compensatory strategy + − − + 

     
Task 2: Mixed strategy example:  
Shipyard production site 

Compensatory strategy  − + + − 
Non-compensatory strategy − + − + 

     
Task 3: Non-compensatory strategy example:  
Purchase of a bed 

Compensatory strategy  + − o o 
Non-compensatory strategy − + o o 

Note. +: significantly higher frequency than in random distribution; −: 

significantly lower frequency than in random distribution. o: random 

distribution (no significant differences); see Figure 6.2 for observed scores. 
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use a compensatory decision-making strategy were more frequently made 

on a purely strategic level (Score: 1), whereas the explanations regarding 

non-compensatory aspects were based on strategic considerations linked 

to specific task characteristics (Score: 2). 2x2 (Score 1 versus Score 2; 

selection of a compensatory versus a non-compensatory strategy) chi-

square analyses were conducted to analyze whether this difference was 

statistically significant (see Table 6.4). For the first task (the compensatory 

decision-making strategy example, apples for the school cafeteria), it could 

be shown that the students who selected the compensatory strategy 

provided explanations at a basic level (Score: 1), whereas those who 

selected the non-compensatory strategy provided higher-level 

explanations (Score: 2): χ2 = 9.9, df = 1, p < .01. For Task 2 (the mixed 

strategy example, shipyard production site), the pattern was similar: 

χ2 = 8.6, df = 1, p < .01. For the third task (the non-compensatory strategy 

example, purchase of a bed), however, the students who chose the 

compensatory strategy offered fewer strategic explanations in general, 

whereas those who selected a non-compensatory strategy offered Level 1 

explanations more often than in the preceding tasks. Thus, no differences 

in the level of explanation could be found between the students who 

applied a compensatory strategy in Task 3 and those who selected a non-

compensatory strategy: χ2 = 1.0, df = 1, p > .05). 

These analyses reveal that in the first two tasks, the pattern of 

responses was quite similar, even though different strategies were 

expected to fit best according to societal norms (the compensatory 

strategy in the first task and the mixed strategy in the second task). The 

third task presented a comparable pattern, although the level of the 

explanation was generally lower than in the preceding tasks: it included 

more statements that did not refer to the selection of a strategy, and more 

explanations were made on a basic level than the higher level, at which 

strategic considerations were linked to specific task characteristics. Hence, 
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the hypothesis that those students who selected the a priori expected 

strategy would also offer higher-level explanations for their selection had 

to be rejected. 

 

Research question 2.3: Is the use of the non-compensatory decision-

making strategy associated with lower cognitive load?  

To investigate this research question, three types of results were 

examined. First, verbal data from the students’ explanations about their 

selection of a decision-making strategy were considered. Second, 

analyses of the levels of explanations were conducted to examine whether 

the proportion of students who did not provide an elaborate explanation for 

their strategy choice (Score: 0) was higher for those who used a non-

compensatory strategy than for those who used a compensatory 

approach. Third, we tested whether the application of non-compensatory 

strategies caused less cognitive load than the application of compensatory 

strategies and, hence, is less complex. 

Some students justified selecting the non-compensatory strategy by 

stating that this would be the easiest and fastest way to reach a decision 

because of the reduced number of options to consider: 

“I have chosen the non-compensatory strategy because it works 

faster than the mixed strategy and, thus, comes faster to a 

conclusion.” (Task 1, apples for the school cafeteria; User ID 594)  

However, only 3 % of the students per task explained their strategy 

selection by referring explicitly to reduced complexity. 

Across all three tasks, the average percentage of the students who 

used a compensatory strategy but did not provide an explanation for doing 

so (Score: 0) was 28.5 %, whereas the average percentage of students 

with a 0 score was higher among those who applied a non-compensatory 



 102

strategy (34.1 %; cf. Figure 6.2 for the relative frequencies separately for 

each task). However, this difference was not significant. Chi-square 

analyses were conducted separately for each task, contrasting inadequate 

explanations (Score: 0) with adequate explanations (Score: 1 or 2) 

differentiated according to whether the compensatory or the non-

compensatory strategy was chosen. As a result, a score of 0 was not 

significantly more frequent for those who used the non-compensatory 

strategy than those who used the compensatory strategy for any of the 

tasks. 

In addition, we investigated whether the use of non-compensatory 

strategies was related to low cognitive load. Therefore, the mean self-

reported cognitive load values, which were measured after each task 

during the learning program, are reported in Table 6.5. The results of t-

tests revealed that in the first two tasks, the perceived cognitive load did 

not differ according to the strategy applied. In the third task, however, the 

students who selected the non-compensatory strategy perceived 

significantly less cognitive load than the students who chose the 

compensatory strategy (t(143) = -2.30, p < .05, d = .42, r = .19)13. 

 

 

 

  
                                            
13 Both effect sizes Cohen’s d and r are presented. Because the sample sizes differ 

(ncomp = 40; nnon-comp = 105, see Table 5), r is more adequate. The values can be 
converted: 
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Table 6.5  

Self-reported cognitive load after applying the decision-making strategy 

(means and standard deviations; seven-level Likert scale; -3/+3) 

 Compensatory 
strategy selected 

 Non-compensatory 
strategy selected 

 M (SD) n  M (SD) n 

Task 1 (Compensatory 
strategy example: apples) 

-0.16 (1.52) 101  -0.04 (1.75) 57 

Task 2 (Mixed strategy 
example: production site) 

0.27 (1.39) 45  -0.10 (1.64) 90 

Task 3 (Non-compensatory 
strategy example: bed) 

0.00 (1.78) 40  -0.74 (1.72) 105 

 

6.7 Summary and Conclusions 

In this study, we investigated how students made decisions on 

socioscientific issues pertaining to sustainable development in a computer-

based training. The design of the intervention aimed to enable students to 

differentiate between sustainable and non-sustainable options through 

training that focused on the reflective application of three decision-making 

strategies. In a transfer phase, the students had to use metadecision skills 

to select an appropriate strategy for resolving the socioscientific issue 

based on the characteristics of the decision-making situation. Such 

analysis required considering the following questions: Does the issue 

involve options that are non-sustainable and thus, in terms of societal 

norms, unacceptable, and that should be excluded by using a non-

compensatory strategy, or can benefits and drawbacks generally be 

compensated for in a full trade-off? The students’ explanations for 

selecting a decision-making strategy were categorized. For both 

categories (compensatory and non-compensatory aspects of a decision-
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making strategy), two subcategories with three levels of sophistication 

were identified in a deductive-inductive approach. The high interrater 

reliability suggests clearly identifiable categories. Moreover, the levels of 

explanations could be validated by measures of decision-making 

competence, as assessed with the open-ended questionnaire developed 

by Eggert & Bögeholz (2010; cf. Gresch et al., 2011).  

The majority of the students scrutinized the task to analyze whether 

knockout criteria existed or whether a full trade-off was possible 

(Subcategory 1). In addition, several students based their explanation on a 

hierarchy of values, i.e., important criteria were considered knockout 

criteria to exclude options, whereas criteria perceived to be equally 

important implied compensatory approaches (Subcategory 2). The levels 

described to which extent strategic considerations regarding the selection 

of a decision-making strategy were linked with specific task characteristics. 

The highest score required the students to reflect on the application of the 

decision-making strategies in a more elaborate way and process the task 

information more deeply. This graduation of levels according to the degree 

of contextualization is in line with the more general definition of 

competence as a cognitive ability to master particular, contextualized 

problems effectively (Hartig & Klieme, 2006; cf. Weinert, 2001a, 2001b). 

On the whole, it is compelling that approximately three-quarters of the 

students offered reflective explanations on a strategic level to explain their 

strategy choice. We suggest that these elaborate metadecision 

considerations are an important component of thoughtful decisions (Eggert 

& Bögeholz, 2006; Gresch et al., 2011). Similarly, Kuhn (1999) and Means 

and Voss (1996) consider metastatements to be part of high-quality 

argumentation as a way to structure an argument. Moreover, the 

application of decision-making strategies combined with metadecision 

considerations allow for a free choice of a course of action, while still 
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triggering deeper reflection upon the inherent task characteristics. 

Consequently, the intervention study addresses one central requirement of 

science education, the empowerment to make autonomous and reflected 

decisions rather than adopting particular viewpoints (Aikenhead, 1985; 

Hodson, 2003; Hungerford, 2010; Jickling, 1992; McConnell, 1982; 

Pedretti, 2003; Ratcliffe & Grace, 2003; Solomon & Aikenhead, 1994).  

When designing the learning environment of this study, all decision-

making contexts were selected and modified so that each decision-making 

task required one specific decision-making strategy to adequately resolve 

the issue according to societal norms regarding sustainable development. 

However, despite a validation process in which the research group 

members discussed the fit of the decision-making context with the specific 

decision-making strategy and optimized it in several consecutive steps, 

only 39 to 55 % of the participating students chose the expected strategy 

in each of the three tasks of the transfer phase. When evaluating these 

results, one should consider that these data were not collected after the 

intervention as part of the assessment, but during the learning process. A 

compelling result is that in both tasks with inherent knockout criteria based 

on societal norms (Task 2, the mixed strategy example (shipyard 

production site) and Task 3, the non-compensatory strategy example 

(purchase of a bed)) approximately 80 % of the students identified at least 

one of the knockout criteria. This result suggests that the students 

considered inherent norms and values, one requirement for the resolution 

of socioscientific issues (Jiménez-Aleixandre & Pereiro-Muñoz, 2002; 

Kolstø, 2001; Ratcliffe, & Grace, 2003; Sadler, 2004; Zeidler et al., 2005). 

However, in the task without knockout criteria, many students excluded 

options for reasons that were not based on societal norms. To investigate 

the reasons that the students did not select the expected strategy, two 

hypotheses were tested: first, selecting the strategy that fits best according 
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to societal norms is associated with more elaborate metadecision 

explanations, whereas other strategies are justified in a less elaborate 

way; and second, the non-compensatory strategy was selected more often 

because it causes less cognitive load. 

Contrary to our expectations, the students who selected the most 

adequate strategy did not provide higher level explanations than those 

who chose other strategies. Instead, the analyses revealed that the levels 

of explanations were quite similar across all contexts. Students who 

selected a compensatory strategy offered explanations regarding strategic 

aspects without linking them to specific task characteristics, whereas 

students who selected a non-compensatory strategy offered explanations 

that were more often linked to the decision-making task. This result 

suggests that the students found it easier to identify concrete knockout 

criteria than to illustrate why the disadvantages of one criterion can be 

compensated for by the advantages of another in a full trade-off. This 

outcome is plausible because it is less demanding to identify one aspect 

than to simultaneously take several aspects into account to describe why a 

trade-off between them would be appropriate.  

Gresch et al. (2011) found that students who were familiar with 

decision-making strategies tended to overuse non-compensatory 

approaches. One possible explanation for this finding is that the non-

compensatory decision-making strategy was associated with a lower 

cognitive load because it requires less evidence to be considered before 

reaching a conclusion than a compensatory strategy does (Hong & Chang, 

2004). The analyses of the process-related written data in the present 

study and the measurements of cognitive load revealed that for some 

students, the non-compensatory strategy is indeed a way to reduce the 

complexity of the decision-making situation, but the large majority of the 
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students dealt with the socioscientific issues in an elaborate and reflective 

way.  

6.8 Implications for Science and Environmental 
Education 

In conclusion, the analysis of the process-related data from the 

intervention study revealed that the students did not randomly select a 

strategy in the transfer phase of the intervention, but did indeed exert 

elaborate and reflective metadecision skills. Because the students 

generally dealt adequately with the intervention tasks, two aspects should 

be considered when interpreting the finding that the students selected 

different strategies than expected. First, a closer examination of the 

presented contexts is necessary to draw conclusions for developing 

decision-making tasks of future trainings. All tasks consisted of three or 

four options, which were described according to four or five relevant 

criteria. Generally, the cognitive load was considered moderate for all 

tasks. This finding suggests that the complexity level was adequate for the 

trained students and that the quality was suitable to engage the students 

in the training. Another aspect is the presentation of the knockout criteria. 

When the contexts were selected and modified during the learning 

program development, options were considered non-sustainable if they 

had knockout criteria based on societal norms, such as devastating 

ecological, social or economic impacts. For the decision-making tasks with 

inherent knockout criteria, most students identified at least one of these 

characteristics, which suggests that these knockout criteria were 

presented in a way that allowed the students to recognize them. However, 

for the first task, an example of compensatory decision-making in which 

the students had to select a variety of apples for the school’s cafeteria, 

many students selected the non-compensatory or mixed strategy. Because 

no societal norms demanded an exclusion of options in this task, personal 
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criteria, such as the price of an apple or a strict avoidance of fruits that 

were not locally grown, prompted the selection of non-compensatory 

decision-making strategies. Hence, the individual decision-makers had 

different thresholds for eliminating options. We propose that consumer 

decisions are not optimal for introducing the application of decision-making 

strategies because thresholds determined by societal norms interfere with 

personal knockout criteria. Furthermore, consumer decisions are not ideal 

for assessing decision-making competence when considering the 

application of decision-making strategies. However, we recommend 

dealing with consumer decisions in a subsequent step in class to further 

differentiate between societal norms and personal values.  

This leads to the second, more theoretical, implication, the balance 

between the students’ autonomy when resolving socioscientific issues and 

the need, from a normative educational perspective, to confront students 

with the framework of sustainable development as the outcome of an 

international political consensus. In science and environmental education, 

it is widely acknowledged that teachers should not promote a particular 

point of view to avoid indoctrination (de Haan et al., 2008; Hodson, 2003; 

Hungerford, 2010; Jickling, 1992; Ratcliffe & Grace, 2003). Instead, 

education should enable students to make elaborate decisions. In the 

present study, the autonomous selection of a decision-making strategy 

and a course of action allowed the students to express their procedural 

knowledge and their standpoint in an elaborate and independent way. 

Gresch et al. (2011) found that this combined teaching of decision-making 

strategies and metadecision activities not only enhanced the level of 

decision-making competence but also increased the students’ perceived 

autonomy when dealing with socioscientific issues related to sustainable 

development. Furthermore, we observed that despite this autonomy, the 

majority of the students detected non-sustainable options based on 

societal norms in the transfer phase of the training. In addition, personal 



 109

values, which are highly dependent on the decision-maker’s attitudes, 

prior individual experiences and routines, were considered. This result 

supports the claim of Beach (1990) and Beach and Mitchell (1978) that the 

selection of a decision-making strategy depends on both the 

characteristics of the decision-making task, which involved both non-

sustainable and sustainable options in this study, and on the decision-

maker’s characteristics, because the perception of the task characteristics 

is a subjective process. Consequently, an evaluation of the quality of 

students’ decision-making processes should involve an analysis of the 

metadecision explanations to gain further insights.  

Generally, the concept of the fit of a strategy with the type of task is 

useful when designing learning environments. Strategic training in 

decision-making becomes meaningful only if the contexts are selected in a 

way that makes the application of the decision-making strategy plausible 

to the majority of the students. On the other hand, if societal norms and a 

multitude of personal values interfere, it provides a good opportunity to 

reflect on the development of societal norms. Moreover, it is vital from a 

normative educational viewpoint that students are able to reflect upon the 

norms that were negotiated and accepted by the majority of the world’s 

societies to ensure sustainable development because this stimulates self-

reflection (de Haan et al., 2008). Central efforts to yield a global 

consensus, such as Agenda 21 of the United Nations (UNCED, 1992) and 

subsequent global conferences, are important points of reference for 

classroom activities. The present study has revealed that thresholds are 

only considered explicitly for financial criteria. Consequently, ecological 

standards, e.g., minimum requirements for the water quality of limnological 

or marine ecosystems, or social standards, such as working conditions 

and social security, should be discussed in class. Such negotiations can 

be used to make the societal norm development process more 

transparent. This determination of thresholds could then be combined with 
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strategic considerations to examine which options should be excluded in a 

non-compensatory approach because they do not reach the minimum 

thresholds. Consequently, the use of decision-making strategies to resolve 

socioscientific issues related to sustainable development offers 

opportunities to reflect on the distinction between societal norms and 

personal values and improve perspective-taking abilities. Therefore, future 

research should further elaborate on the development of suitable methods 

and appropriately framed decision-making tasks to stimulate this reflection 

process. Moreover, we suggest that the distinction between societal norms 

and personal values should not only be part of learning environments and 

curricula but also be assessed as a component of decision-making 

competence. Analyses of metadecision statements are one promising 

approach for this purpose. 
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7 Reflecting on the Use of Decision-making 
Strategies through Self-regulated Learning14 

7.1 Abstract 

Thoughtful decision making to resolve socioscientific issues is central to 

STSE education. One approach for attaining this goal involves fostering 

the decision-making processes of students. Thus, the present study 

explores whether the application of three decision-making strategies, 

combined with reflections on the decision-making processes of others, 

enhances decision-making competence. In addition, it was examined 

whether this process is supported by elements of self-regulated learning, 

i.e. self-reflection regarding one’s own performance and the setting of 

goals for subsequent tasks. Therefore, a computer-based training 

program, which involves the resolution of socioscientific issues related to 

sustainable development, was developed and its effects were analyzed 

using a pre-post-follow-up design (N = 242, upper high school students: 

grades 11-13). Decision-making competence was assessed using an 

open-ended questionnaire that focused on three facets: considered 

evidence, metadecision aspects and reflection on the decision-making 

processes of others. The findings suggest that although the amount of 

considered evidence did not change as a result of the trainings, students 

in both training groups (with and without elements of self-regulated 

learning) incorporated aspects of metadecision into their statements 

significantly more often than those in the control group. Furthermore, both 

training groups were more successful in reflecting on the decision-making 

processes of others. The students who received additional training in self-

                                            
14 Source: Gresch, H., Hasselhorn, M. & Bögeholz, S. (2011). Reflecting on the use of 

decision-making strategies through self-regulated learning. Manuscript submitted for 
publication. 
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regulated learning showed greater effects in terms of several metadecision 

aspects and in reflection. Moreover, these effects remained significant two 

months after the training. Overall, our findings demonstrate that the 

application of decision-making strategies, combined with reflections on the 

decision-making processes of others, is a fruitful approach for STSE 

education.  

Keywords: decision-making, STSE education, socioscientific issues, 

education for sustainable development, self-regulated learning 

7.2 Introduction 

In the democratic and pluralistic societies of the 21st century, all citizens 

should be provided with the resources that are necessary to enable their 

participation in personal and collective decisions pertaining to controversial 

issues (Aikenhead, 1985; Berkowitz & Simmons, 2003; McConnell, 1982; 

Solomon & Aikenhead, 1994; Zeidler et al., 2005). Therefore, the 

education of scientifically literate and responsible citizens who are capable 

of making thoughtful decisions based on scientific and societal 

considerations is central in the STSE movement (Aikenhead, 1985; 

McConnell, 1982; Pedretti, 2003; Pedretti & Nazir, 2011; Solomon & 

Aikenhead, 1994). Education for sustainable development is one field of 

STSE education (Pedretti, 2003) that focuses on empowering students to 

participate in actions that are designed to ensure sustainability (Eilam & 

Trop, 2011). However, this goal can be reached only if thoughtful decisions 

and reflections regarding the possible benefits and drawbacks precede 

and accompany these actions (Eggert & Bögeholz, 2006; Hodson, 2003). 

Therefore, science and environmental education teachers should not 

promote a particular view; rather, they should empower students to think 

critically (Hodson, 2003; Hungerford, 2010; Jickling, 1992; Ratcliffe & 

Grace, 2003). Thus, the central focus should be on fostering high-quality 
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decision-making processes (Hungerford, 2010; Potter, 2010; Sauvé, 2005; 

Siegel, 2006). Moreover, this objective has been included in many science 

education standards and curricula worldwide (AAAS, 1993; KMK, 2005; 

NRC, 1996; QCA, 2004).  

Issues-based approaches are important in STSE education 

because they provide real and meaningful learning opportunities for the 

analysis of complex relationships and opportunities for assessment 

(Aikenhead, 1994, 2006; Bybee, McCrae, & Laurie, 2009; Eggert & 

Bögeholz, 2010; Fensham, 2009; Hodson, 2003; Kolstø, 2001; Pedretti, 

2005; Sadler et al., 2007). Because real-world decisions frequently involve 

multiple fields, interdisciplinary approaches are vital for STSE education 

practices (Solomon & Aikenhead, 1994). For environmental education in 

particular, the integration of ecological, social, economic, and political 

aspects is essential (Hungerford, 2010; Potter, 2010; UNESCO, 1978 

(Tbilisi Declaration)). This interrelationship is even more strongly promoted 

by the education for sustainable development movement, which aims to 

integrate different interest groups in an attempt to solve various problems, 

such as the elimination of ecosystems, the loss of biodiversity and social 

injustice in a globalized world (Bourn, 2005; Eilam & Trop, 2011; 

Herremans & Reid, 2002; Marcinkowski, 2010; Sauvé, 1996, 2005; 

UNCED, 1992 (Agenda 21)). In consideration of this interdisciplinary 

approach, socioscientific issues are described as complex, open-ended, 

and contentious problems that lack simple and straightforward solutions 

(Sadler, 2004). To make thoughtful decisions aimed at resolving these 

issues, one must not only consider scientific evidence, but also the 

underlying values and societal norms because science itself is not value-

free and because societal contexts demand an integration of the values of 

the interest groups involved (Aikenhead, 1985; Eggert & Bögeholz, 2006, 

2010; Hodson, 2003; Kolstø, 2001; Ratcliffe & Grace, 2003; Sauvé, 2005; 

Zeidler & Sadler, 2007; Zeidler et al., 2005). In fact, value considerations 
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have been shown to be included in the arguments of students (Bell & 

Lederman, 2003; Grace & Ratcliffe, 2002; Jiménez-Aleixandre & Pereiro-

Muñoz, 2002; Sadler & Zeidler, 2004). 

7.3 Theoretical Framework 

7.3.1 Decision-making and Argumentation in STSE Education 

Several STSE currents concern decision making, logical reasoning and 

argumentation (Pedretti & Nazir, 2011; Sadler, 2004). The characteristics 

of high- and low-quality arguments have been identified in a number of 

studies (Driver et al., 2000; Kuhn, 1991; Toulmin, 1958; Zeidler, 1997) and 

interventions designed to enhance the quality of argumentation. These 

interventions were found to be successful in both short-term (Venville & 

Dawson, 2010; Zohar & Nemet, 2002) and long-term studies (Osborne et 

al., 2004). When engaged in reasoning, students often employ both 

rationalistic and emotive or intuitive patterns, and they frequently use 

heuristics (Arvai et al., 2004; Haidt, 2001; Sadler & Zeidler, 2005; Zeidler, 

1997). However, the use of heuristics may lead to a reduction in the 

complexity of a socioscientific issue (Arvai et al., 2004; Payne et al., 1998), 

and such simplification is inadequate from a normative perspective.  

A significant amount of research has been conducted with the 

purpose of assessing and improving the presentation of the viewpoints of 

students in small-group or whole-class discussions; this research is 

primarily based on the argument pattern proposed by Toulmin (1958) (i.e. 

the connection between data, claims, warrants, backings and rebuttals 

when presenting one’s position). Although this approach is useful for 

assessing the quality of arguments, especially in small-group discussions 

(Erduran et al., 2004), it does not reveal how the individual participants in 

a discussion reached their decision before the argument occurred. 

However, socioscientific issues often require both individual and collective 

decision making (Aikenhead, 1985; Zeidler et al., 2005; Eggert et al., 
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2010). Moreover, because collective decision-making processes require 

individuals to agree on one final decision, individual decision making is 

part of the process of collective decision making (Aikenhead, 1985). 

Therefore, understanding and reflecting on the decision-making processes 

of oneself and of others is vital to reaching a group compromise. 

Consequently, reflections on the strengths and weaknesses of decision-

making processes are considered a useful approach for critically judging 

the statements of others and for enhancing one’s own reasoning (Arvai et 

al., 2004; Baron, 1994; Haidt, 2001; Hogan, 2002; Ratcliffe & Grace, 2003; 

Zeidler, 1997).  

The adequate evaluation of evidence is central to both decision 

making and argumentation. The main difference between these 

frameworks, however, is the role of the presented statements. Does a 

student elucidate how his/her decision was reached or defend his/her 

viewpoint after the decision has been made? 

Few studies in science education have focused on understanding 

and optimizing decision-making processes. Therefore, the present study 

aims to foster decision-making competence that involves strategic 

considerations, i.e. the explicit use of a decision-making strategy, as well 

as a reflection on the underlying decision-making process (Eggert & 

Bögeholz, 2006, 2010). 

7.3.2 Decision-making Strategies  

Due to the complexity of many decision-making tasks associated with 

several options and multiple attributes, there are a number of possible 

ways in which to approach a decision. Behavioral decision research has 

investigated the ways in which decision making actually occurs and the 

strategies that people apply when solving such problems.  



 116

A decision-making strategy in which all advantages and 

disadvantages are considered in a full trade-off is called a compensatory 

strategy because all of the benefits and drawbacks compensate one 

another (Jungermann et al., 2005; Payne et al., 1998; Plous, 1993). One 

way of describing this decision-making process is through the weighted-

additive-value model, which postulates that the outcomes of some 

decisions are best approximated by adding the values of all relevant 

attributes that characterize the options. The underlying value hierarchy is 

considered by weighting factors: important attributes contribute more to 

the final result than less important attributes. A decision maker selects the 

option with the highest overall value because this option best fulfills the 

pivotal demands.  

However, decision-making situations often include unacceptable 

options. If the characteristics of an option do not reach a minimum 

threshold, decision makers may exclude such options without further 

consideration of the advantages. Because benefits and drawbacks are not 

compensated, such a strategy is referred to as non-compensatory 

(Jungermann et al., 2005; Payne et al., 1998; Plous, 1993). One example 

is the elimination-by-aspects rule (ibid.; Tversky, 1972), in which options 

are excluded if they do not reach the required cut-off levels associated 

with the most important criterion. Subsequently, the remaining options are 

examined with regard to the second most important criterion and, if 

necessary, are excluded and so forth.  

These strategies are often combined to enable the remaining set of 

options to be compared in greater detail (e.g., through a complete trade-

off) after an initial screening phase, in which unacceptable options are 

excluded (Beach, 1990). 

Generally, different types of decision-making tasks require different 

decision-making strategies (Eggert & Bögeholz, 2006; Gresch et al., 
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2011). Many routine decisions are best solved by applying heuristics, 

whereas other situations—especially complex socioscientific issues that 

affect various interest groups—require the use of more elaborate 

strategies (Arvai et al., 2004; Eggert & Bögeholz, 2006, 2010; Gresch et 

al., 2011; Hogan, 2002). Regarding the framework of sustainable 

development, some situations suggest the use of a non-compensatory 

strategy, in which the options with attributes that would lead to 

unsustainable development are excluded (Gresch et al., 2011). Other 

issues may require a complete trade-off of all options. In conclusion, a 

high level of decision-making competence involves strategic 

considerations, i.e. the explicit use of a decision-making strategy, as well 

as a reflection on the underlying decision-making process (Eggert & 

Bögeholz, 2006).  

The values that underlie possible courses of action strongly 

influence the decision-making process. Therefore, an implicit or explicit 

value consideration is regarded as part of the decision-making strategy 

(Eggert & Bögeholz, 2006; Jungermann et al., 2005; Payne et al., 1998). 

From a normative viewpoint, it is considered fruitful to explicitly reflect on 

underlying values (e.g., through a prioritization of values) to illuminate the 

implicit assumptions made during the process of creating judgments 

regarding socioscientific and environmental issues because this method is 

a possible means of avoiding an inappropriate reduction in complexity 

(Aikenhead, 1985; Arvai et al., 2004; Arvai & Gregory, 2003; Eilam & Trop, 

2011; Gresch et al., 2011; Hodson, 2003; Kolstø, 2001; Sauvé, 2005).  

Because the reasons behind poor decisions reflect not only a lack 

of information, but also shortcomings and flaws in the decision-making 

process (Arvai et al., 2004), it is recommended that decision making be 

taught through the application of decision-making strategies (Eggert & 

Bögeholz, 2006; Gresch et al., 2011) or by addressing such flaws (Arvai et 

al., 2004; Gresch et al., 2011; Hogan, 2002; Ratcliffe & Grace, 2003). 
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Seethaler and Linn (2004), Ratcliffe (1997) and Eggert et al. (2010) trained 

students to make complete trade-offs by weighing all advantages and 

disadvantages. Gresch et al. (2011) showed that training students to apply 

compensatory, non-compensatory and mixed strategies enhanced their 

decision-making competence. Long-term effects, such as an explicit 

consideration of values, were observed. However, the frequent use of non-

compensatory strategies was unintentionally triggered through the training: 

although all decision-making tasks on the questionnaire had been 

designed to ensure that no option had unsustainable characteristics, 

students in the training groups tended to exclude options more often and 

thus avoided full-tradeoffs, which are more cognitively demanding. 

Therefore, a desideratum for future research is to combine the application 

of decision-making strategies with the analysis of flaws in reasoning, 

especially a hasty exclusion of options, to yield improved training in 

decision-making competence.  

7.3.3 Self-regulated Learning 

Science education should prepare students for lifelong learning and thus 

provide them with strategies for independently completing new tasks. 

Unfamiliar socioscientific issues challenge the flexibility of students 

attempting to transfer such strategies to new issues. Self-regulated 

learning is a fruitful approach for achieving autonomy in science education 

(Schraw et al., 2006) because it combines the enhancement of cognitive 

and metacognitive strategies and motivational aspects (Boekaerts, 1999; 

Schraw et al., 2006; Zimmerman, 2000).  

According to the model of self-regulated learning proposed by 

Zimmerman (2000), three subsequent phases of learning processes can 

be distinguished. Prior to processing a task, self-regulated learners set 

goals and select strategies that will assist them in completing the task 

(forethought phase). Self-monitoring and self-control ensure effective 



 119

performance (performance phase). After completing the task, students 

reflect on the quality of their performance and draw conclusions for further 

tasks, e.g., by stating new goals (self-reflection phase). Hence, self-

regulation is considered a cyclical process that demands metacognitive 

skills. In particular, the explicit self-reflection of students with regard to 

their progress requires metacognitive activity to scrutinize oneself and is 

thus considered important for critical thinking (Schraw et al., 2006). The 

authors acknowledge that reasoning activities are more complex than the 

completion of tasks described in Zimmerman’s three phases. However, 

this model provides a suitable transparent framework for the design of an 

intervention. 

Thus far, the integration of the aspects of self-regulated learning 

into research in science education has primarily focused on the effects of 

learning science content or improving inquiry-based activities and problem 

solving (Labuhn et al., 2008a, 2008b; Schraw et al., 2006). However, the 

inclusion of elements of self-regulated learning seems promising for the 

purposes of enhancing decision-making competence (Gresch et al., 2011). 

7.4 Research Questions 

Although the inclusion of results from behavioral decision research is a 

worthwhile endeavor to enhance decision-making competence in science 

and environmental education (Arvai et al., 2004; Eggert & Bögeholz, 2006; 

Gresch et al., 2011), few studies have investigated the effects of such 

decision-making training on the management of socioscientific issues. 

Eggert et al. (2010) as well as Gresch et al. (2011) have shown that 

conducting decision-making strategy training fosters decision-making 

competence. However, some students tended to hastily exclude options in 

the non-compensatory approach (Gresch et al., 2011). Therefore, research 

is necessary to investigate whether an additional reflection on the 

strengths and weaknesses of the decision-making processes of others 
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improves the decision-making competence of students. Such a reflection 

should focus on whether a suitable decision-making strategy is used to 

resolve a socioscientific issue and whether flaws in the application exist. 

Hence, the first hypothesis is as follows: 

1.  Training students in the application of decision-making strategies 

and reflection on the quality of the decision-making processes of 

others enhances decision-making competence.  

Science education research pertaining to decision making has rarely 

focused on self-regulation although self-regulated learning is considered 

especially worthwhile because it induces metacognitive processes 

(Schraw et al., 2006) that are crucial for decision making (Eggert & 

Bögeholz, 2006). Therefore, the second aim of the current study is to 

improve this reflection process through the use of self-regulation 

strategies. Thus, the second hypothesis is as follows: 

2.  A combination of reflections on the decisions of others with self-

reflection on a student’s own performance and the setting of goals 

for future tasks enhances decision-making competence at a higher 

rate. 

To test these hypotheses, the authors developed a computer-based 

training program to train students in applying and reflecting on the use of 

decision-making strategies. 

7.5 Description of the Decision-making Training 

All participating students worked with a web-based training program 

consisting of two 45-minute sessions (see Table 7.1). At the beginning of 

the program, the framework of sustainable development – the 

interdisciplinary combination of ecological, social and economic facets – is 

introduced to provide students with the opportunity to reflect on inherent 

norms and personal values.   
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Table 7.1 

Structure of training program 

Training group 1 Training group 2 Control group Contexts 

Session 1a 

Training decision-making strategiesb Decision making 
with additional 
ecological 
information 

• Decision 
between 
different 
measures for 
the protection 
of coral reefs 

• Land-use 
decision after 
brown coal 
mining 

• Choice of an 
aquaculture site

• Non-compensatory strategy  
• Compensatory strategy  
• Mixed strategy  
 

Session 2 

Reflecting on the decision-making 
processes of others based on 
strategic considerations 

Decision making 
from the 
perspective of 
other stakeholders 
without strategic 
training 

• Choice of a 
production site 
for a shipyard 

• Decision 
between 
different 
measures for 
the renaturation 
of a 
limnological 
ecosystem 

 

Without training of 
self-regulated 
learning 

With integrated 
training of self-
regulated 
learning (self-
reflection on task 
performance and 
setting of goals 
for the next task) 

Note. aSession 1 as in Gresch et al. (2011). bBoth training groups received 

the same training in session 1. 

In the first session, all students respond to three decision-making 

tasks in which different courses of action must be compared before an 

option is selected. Students in the two training groups (TG1/TG2) arrive at 

their decisions by applying three decision-making strategies: a 
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compensatory strategy, a non-compensatory strategy and a combination 

of both strategies (see Gresch et al., 2011). 

For the first issue under consideration, measures that are designed 

to protect a coral reef in an impoverished southern region must be 

compared by considering the consequences for the ecosystem, local 

diving schools, and individuals who depend on income from diving tourism 

and the financial constraints of the local community. Because some 

options would have a strong negative effect on ecological or social factors 

or would create heavy financial burdens for the local community, students 

are encouraged to reflect on the question of which options may not be 

sustainable and should thus be excluded. The elimination-by-aspects rule 

is introduced as a non-compensatory approach, and its application is 

aided through buttons used to systematically eliminate options if the 

attributes do not reach the minimum threshold established by a student. 

The second context is a land-use decision in which students must 

determine which form of land use they would promote after the end of 

brown coal mining. Again, ecological, social and economic consequences 

must be considered. In this task, all options are considered to be equally 

legitimate according to the sustainability framework. Consequently, 

students are encouraged to use a weighted-additive-value strategy, which 

is one type of compensatory decision-making strategy, by converting 

benefits and drawbacks into positive and negative scores. Subsequently, 

these scores are multiplied with the weighting factor chosen by the student 

and followed by a summation of all weighted attributes to determine an 

overall score for each option. 

For the final issue in the first session, students must choose a site 

for an aquaculture (cf. Bayer et al., 2008) by applying a mixed strategy. 

In all tasks, students are asked to reflect on the underlying values 

by prioritizing them or by weighting attributes.  
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The second session consists of two decision-making tasks 

concerning the production site of a large enterprise that produces 

container ships (cf. Mühlenhoff, 2009) and a limnological ecosystem in 

which quality must be enhanced while ensuring the local population 

access to this recreational area (Eggert et al., 2008). In each task, two 

decisions of differing quality are presented to the students in the training 

groups. The general aims of this session are to avoid flaws in reasoning, 

such as an unreflected use of non-compensatory strategies (as in Gresch 

et al., 2011), and to stimulate reflection regarding the question of which 

strategy is most appropriate according to the characteristics of the 

decision-making task. The decision-making processes must be described 

and judged. One decision represents an intuitive judgment that lacks the 

consideration of counterevidence and other alternatives, whereas other 

decision makers use strategies explicitly, such as non-compensatory or 

compensatory approaches. Students are asked to reflect on whether the 

exclusion of options is justifiable based on the values relevant to the 

decision maker or whether the exclusion of options simply represents an 

inadequate reduction in complexity. After reflecting on the quality of the 

decisions presented, students in the training groups are shown a worked 

example completed by an “expert,” who identifies the deficits in the 

decisions presented. Such worked examples have been found to enhance 

the performance of students in problem-solving tasks (van Gog, Paas, & 

van Merriënboer, 2006; Ward & Sweller, 1990). Students in TG2 are 

encouraged to compare and contrast their solutions with the completed 

example by marking the aspects that were mentioned in both their solution 

and the example solution. Following this self-reflection on their 

performance, students set their goals for working on future tasks, i.e. 

stating aspects on which they wish to focus. 

Students in the control group (CG) work with the same sustainability 

issues. However, rather than receiving training in the use of decision-
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making strategies, they receive additional ecological information to inform 

their decisions in the first session. In the second session, they decide from 

the perspectives of relevant stakeholders rather than reflecting on the 

decision-making processes of others. 

7.6 Methods 

7.6.1 Research Design 

To analyze the effects of the training program, the authors chose a pre-

post-follow-up control-group design. On the first day, students completed 

the pre-test and worked through the first session of the computer-based 

training program (see Table 7.1). On the second day, which occurred 

within a week of the first day, students finished the program and the post-

test. A follow-up test was conducted two months after the intervention. All 

students were provided with a computer and were randomly assigned to 

one of two training groups or a control group when beginning to use the 

software. 

7.6.2 Sample 

A total of 242 students from 17 biology classes (grades 11-13, i.e. students 

in the last three years of high school) participated in the entire training 

program and the pre- and post-tests. Among these students, 204 also 

participated in the follow-up test. The mean age was 16.9 years, and 64 % 

of the students were females. The groups did not differ with regard to sex, 

age, biology grade, years of education and number of biology periods per 

week. Furthermore, with regard to the pre-test results, no significant 

differences between the groups were found in any of the decision-making 

scales. 
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7.6.3 Measurement of Decision-making Competence  

Decision-making competence was assessed using an open-ended 

questionnaire (Eggert & Bögeholz, 2010), which has been determined to 

be suitable for intervention studies (Eggert & Bögeholz, 2010; Gresch et 

al., 2011). During a period of 45 minutes, students completed three real-

world decision-making tasks related to sustainable development. In the 

first two tasks, they were instructed to compare and contrast possible 

courses of action and finally select one option. In the third task, the 

students reflected on the quality of the decisions made by three other 

individuals and offered suggestions for improvement. Each of the 

decisions presented was based on a different decision-making strategy.  

The open answers were scored with regard to three major foci (see 

Table 7.2 for the scoring rubric). First, concerning each student’s own 

decision, the scores for eight items (representing four options per task) 

reflected the extent to which a student considered advantages and 

disadvantages when judging the chosen option (one item per task) and the 

rejected options (three items per task; see considered evidence in Table 

7.2). Second, three metadecision aspects were examined in six items: to 

what extent did students structure or plan their decision-making 

processes? Did they explicitly describe the aspects of the decision-making 

strategies that were utilized (e.g., the exclusion of options or an explicit 

trade-off)? Did they weight the criteria according to personal values? With 

regard to the personal values it was not coded, which particular value was 

considered or whether several values were of equal importance to the 

students. The only relevant aspect was whether the considerations of 

students regarding the weighting of criteria were stated explicitly. Third, the 

reflection task examined the ways in which students described the 

decision-making processes of others and offered suggestions for 

improvement (six items). Strategic descriptions and comments were 

considered elaborate reflections (Eggert & Bögeholz, 2010). Because 
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these items are polytomous with different maximum scores, they were 

equi-weighted to ensure that each item contributed equally to the scale. 

 

Table 7.2 

Scoring guide of the decision-making questionnaire 

Item description Score 0 Score 1 Score 2 Score 3 

Considered evidence 

Chosen and  
rejected options a 

Does not 
state 
anything. 

States 
either 
positive or 
negative 
aspects. 

States both 
positive and 
negative 
aspects. 

 

Metadecision aspects 

Structuring and 
planning of 
decision-making 
process b  

Does not 
explicitly 
structure or 
plan decision.

Structures 
and plans 
decision 
explicitly. 

  

Description of 
aspects of the 
underlying 
decision-making 
strategy b  

Does not 
explicitly 
describe 
strategic 
aspects. 

Describes 
strategic 
aspects 
explicitly. 

 
 
 

 

Weighting of 
criteria according 
to personal 
values b 

Does not 
explicitly 
weight 
criteria. 

Weights 
criteria 
explicitly. 
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Item description Score 0 Score 1 Score 2 Score 3 

Reflection 

Description of 
non-
compensatory 
decision making c 

No reference   
to strategy. 

Reference 
to one 
aspect of 
strategy. 

Reference 
to two 
aspects of 
strategy. 

Reference 
to at least 
three 
aspects of 
strategy. 

Description of 
compensatory 
decision making c 

No reference   
to strategy. 

Reference 
to one 
aspect of 
strategy. 

Reference 
to two 
aspects of 
strategy. 

Reference 
to at least 
three 
aspects of 
strategy. 

Description of  
intuitive decision 
making c 

No reference   
to strategy. 

Reference 
to one 
aspect of 
strategy. 

Reference 
to at least 
two aspects 
of strategy. 

 

Suggestions for 
improvement of     
non-
compensatory 
decision making c 

No 
suggestions 
on strategic 
level. 

Suggestions 
on strategic 
level with 
one aspect. 

Suggestions 
on strategic 
level with at 
least two 
aspects. 

 

Suggestions for 
improvement of 
compensatory 
decision making c 

No 
suggestions 
on strategic 
level. 

Suggestions 
on strategic 
level with 
one aspect. 

Suggestions 
on strategic 
level with at 
least two 
aspects. 

 

Suggestions for 
improvement of 
intuitive          
decision making c 

No 
suggestions 
on strategic 
level. 

Suggestions 
on strategic 
level with 
one aspect. 

Suggestions 
on strategic 
level with at 
least two 
aspects. 

 

Note. Based on Eggert & Bögeholz (2010); Eggert et al. (2010) and the 

results from the qualitative content analysis. 
a8 items. b2 items. c1 item. 

The scoring of the metadecision aspects of the answers of students 

was not originally included in the rubric of Eggert and Bögeholz (2010; cf. 
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Eggert et al., 2010), with the exception of the item “weighting criteria 

according to personal values.” However, Means and Voss (1996) suggest 

that the inclusion of metastatements is one element of strong informal 

reasoning. Because the intervention study focused on such strategic 

considerations during the decision-making process, the extension of the 

scoring rubric was valuable to describe the effects of the training in more 

detail. To determine which metadecision aspects were integrated by 

students, the authors developed categories in a qualitative content 

analysis using a deductive-inductive approach (Mayring, 2008). Thus, all 

categories were derived from behavioral decision-making theories 

(Jungermann et al., 2005; Payne et al., 1998), the works of Means and 

Voss (1996) and Eggert & Bögeholz (2006, 2010). These categories were 

then refined according to the investigated data. For this development of 

additional scoring categories, approximately 25 % of all pre- and post-tests 

(n = 100) were analyzed. A maximal variety of answers was sought by 

including both the training groups and the control group to represent 

different levels of competence before and after the training. The new 

scoring rubric (with examples and scoring definitions) was then used for 

the analysis of all questionnaires. 

For motivational reasons, different contexts were used in the pre-

test compared with the post-test and the follow-up test. Although the 

structure and the scoring rubric were identical at all times of measurement, 

the difficulty of the questionnaires may have varied. Hence, all final scores 

were z-standardized according to the mean and standard deviation of the 

control group. These steps were conducted separately for each 

measurement time to generate an identical baseline for comparison.  

For all analyses, the missing data were excluded listwise.  

The reliability (Cronbach’s alpha) of the dependent variables (post-

test and follow-up) was satisfactory considering the heterogeneity of the 
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constructs (considered evidence: .833/.798; reflection: .692/.572). 

However, the internal consistency of the follow-up test regarding the 

reflection was moderate. The metadecision aspects were analyzed on the 

item level. Hence, it was not possible to determine Cronbach’s alpha. 

Half of the questionnaires were recoded by a second rater, who was 

trained for this purpose. The interrater agreement (Cohen’s Kappa; 

percentage of agreement) was substantial: consideration of advantages 

and disadvantages: κ = .81 (89 %); metadecision aspects: κ = .68 (90 %); 

and reflection: κ = .69 (83 %). After determining the interrater agreement, 

all differing scores were discussed by the two raters before agreeing on a 

final score. 

7.7 Results 

Two hypotheses were examined in the present study. First, it was 

expected that the process of applying decision-making strategies and 

reflecting on the decision-making processes of other people would 

enhance decision-making competence. Second, it was hypothesized that 

self-regulation activities, i.e. reflecting on a student’s own performance and 

setting goals for future tasks, foster decision-making competence at a 

higher rate. To test these hypotheses, the authors present results 

regarding three facets of decision-making competence: considered 

evidence, metadecision aspects and reflection (see Table 7.2). 

7.7.1 Considered Evidence 

Regarding the students’ own decisions, the analysis of covariance of the 

post-test and follow-up results showed that the group had no effect on the 

number of integrated advantages and disadvantages when controlling for 

the number of advantages and disadvantages described in the pre-test.  
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7.7.2 Metadecision Aspects 

However, whether metadecision aspects were included in the decisions 

presented, differed among the groups (see Figure 7.1). For the analysis of 

these items, the scores from both decision-making tasks were summed for 

each category. The progression from pre-test to post-test was 

characterized by distinguishing between students who improved their 

scores and those who did not. Pairwise Chi-square analyses revealed that 

the training groups demonstrated more frequent improvements than did 

the control group: students from both training groups planned and 

structured their decision-making processes more frequently (TG1-CG: 

χ2 = 5.1, df = 1, p < .05; TG2-CG: χ2 = 10.5, df = 1, p < .01) and explicitly 

described the strategic aspects of the underlying decision-making strategy 

(TG1-CG: χ2 = 7.8, df = 1, p < .01; TG2-CG: χ2 = 13.7, df = 1, p < .001). 

Furthermore, the criteria were more often weighted according to personal 

values (TG1-CG: χ2 = 19.8, df = 1, p < .001; TG2-CG: χ2 = 9.7, df = 1, 

p < .01). However, training groups 1 and 2 did not differ significantly from 

one another.  

The long-term progression is significant for the description of the 

aspects of the underlying strategy for TG1 (TG1-CG: χ2 = 5.6, df = 1, 

p < .05) and the structuring and planning of the decision-making task for 

TG2 (TG2-CG: χ2 = 8.8, df = 1, p < .01). 
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The follow-up analysis did not reveal a significant effect in 

comparisons of TG1 and CG (F(1,96) = 2.950, p = .089, partial η² = .030), 

but TG2 was found to be significantly superior to CG (TG2-CG: 

F(1,105) = 12.248, p < .001, partial η² = .104). 

 
Figure 7.2. Reflection: Mean values (relative to z-standardized control 

group).  

*p < .05. **p < .01. ***p < .001. 

 

In addition to these results on the scale level, the analyses of two 

items from this scale will be presented because the recognition of intuitive 

judgments and suggestions for improvement are of particular importance. 

Similar to our analyses of the items pertaining to metadecision, it was 

determined whether students increased their scores from the pre-test to 

the post-test (pre-test to follow-up test respectively). The percentage of 

students with scores that increased from the pre-test to the post-test is as 

follows: description of intuitive judgments: TG1: 30.2 %; TG2: 47.7 %; CG: 
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21.9 %; suggestions for improvement: TG1: 29.5 %; TG2: 39.1 %; CG: 

18.0 %. In comparisons of TG2 and CG, Chi-square analyses revealed 

that TG2 showed significantly more improvement in the descriptions of the 

intuitive statements (χ2 = 9.5, df = 1, p < .01) and in offering suggestions 

(χ2 = 6.7, df = 1, p < .01). No significant effects were found in the 

comparisons of TG1 and CG. An examination of the difference between 

the training groups revealed that the group that received the self-

regulation training (TG2) improved its score for the description of the 

intuitive judgments more frequently than TG1 (χ2 = 4.1, df = 1, p < .05). 

In the follow-up test, the percentage of students who increased their 

scores showed a similar pattern: description of intuitive judgment: TG1: 

22.2 %; TG2: 43.3 %; CG: 26.6 %; suggestions for improvement: TG1: 

24.6 %; TG2: 33.8 %; CG: 13.1 %. The performance difference observed 

between TG2 and CG remained stable during the two months following the 

intervention (description of intuitive judgment: χ2 = 4.0, df = 1, p < .05; 

suggestions for improvement: χ2 = 7.5, df = 1, p < .01). Again, the 

difference between TG1 and CG was not significant. In the comparisons of 

TG1 and TG2 the results in the follow-up test were similar to those 

observed for the post-test: TG2 obtained significantly higher scores than 

TG1 regarding the description of intuitive judgments (χ2 = 6.5, df = 1, 

p < .05). 

7.8 Discussion and Conclusions 

The aim of the present study was to examine whether decision-making 

competence is enhanced for students who receive training in decision-

making strategies combined with reflections on the decisions of others 

based on strategic considerations.  

The analysis of the decisions of students revealed that the training 

groups showed the most improvement in terms of including metadecision 
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aspects: students in these groups structured and planned their decision-

making processes more frequently than those in the control group and 

explicitly described aspects of their decision-making strategies. According 

to Means and Voss (1996), this use of metastatements is indicative of 

high-quality reasoning. Furthermore, the criteria that were relevant to the 

socioscientific issues were more frequently weighted according to personal 

values after the training. Hence, the program was successful in triggering 

the consideration of underlying values, which is beneficial for the 

resolution of socioscientific issues (Aikenhead, 1985; Hodson, 2003; 

Kolstø, 2001). However, the number of advantages and disadvantages of 

possible courses of action that students considered did not change as a 

result of the training. Based on a review of the structure of the training 

program, this result appears plausible because three decision-making 

strategies were applied. However, only the compensatory strategy 

required a full trade-off between all of the benefits and drawbacks, 

whereas the non-compensatory or mixed strategy allowed for the 

exclusion of options if courses of action were considered unsustainable 

with regard to ecological, economic or social consequences. Unlike the 

training program, the questionnaire was constructed in a way that each of 

the decision-making tasks required a full trade-off because no option was 

considered unsustainable according to the framework of sustainable 

development. Therefore, future research should focus on the development 

of test instruments designed to cover a wide range of decision-making 

situations and to require the use of different decision-making strategies.  

Gresch et al. (2011) found that students who were trained in 

decision-making strategies without subsequent reflections on the 

shortcomings and flaws of decision-making processes tended to include 

less evidence than the control group. However, in the present study, the 

decisions of students became more transparent through metastatements 

on a strategic level without reducing the amount of evidence presented. 
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Hence, the reflection on the hasty exclusion of options in the second 

session of the training program discouraged students from overusing non-

compensatory strategies that can reduce the complexity of the decision-

making task.  

Regarding the reflection section of the questionnaire, in which 

students judged the decision-making processes of other people, the effect 

of the training was significant when the training groups were compared 

with the control group. This result indicates that the students in the training 

groups were more likely to describe the decisions on a level that involved 

the strategic aspects of the decision-making process. Furthermore, the 

suggestions regarding the improvement of the decisions included strategic 

considerations more frequently.  

A limitation of this study is the moderate internal consistency 

(Cronbach’s alpha) of the reflection scale for the follow-up test. Therefore, 

the effects should be evaluated with caution. However, one must consider 

that this construct is complex and heterogeneous: the decisions of three 

people were presented as solutions to the socioscientific issue, and each 

used different strategies to arrive at his/her decision. However, these 

aspects still belonged to the same construct from a theoretical point of 

view because they all represented important facets of an adequate 

reflection (Eggert & Bögeholz, 2006, 2010). Thus, these factors should be 

evaluated in one scale. Even if these aspects are examined at the item 

level rather than the scale level, the finding that students from the self-

regulation group improved significantly in reflecting intuitive judgments and 

offering suggestions for improvement is important. Moreover, these 

differences were stable during the two-month period between the 

intervention and the follow-up test. This result is noteworthy because the 

recognition that intuitive judgments lack the consideration of evidence and 

alternatives is important when judging the quality of the arguments of other 



 136

people (Arvai et al., 2004; Baron, 1994; Haidt, 2001; Eggert & Bögeholz, 

2006).  

When discriminating between the treatments with and without self-

regulated learning, the authors found a significant difference only for the 

reflections on intuitive judgments. However, regarding other aspects of 

decision-making competence, the group that received self-regulation 

training had larger effect sizes than the group that did not receive this 

training. More importantly, key aspects, such as the structuring and 

planning of decision-making tasks and the reflection of the decisions of 

others, were still empirically observable two months after the training. 

These long-term effects were not significant for the group that did not 

receive training in self-regulated learning. Hence, the self-reflection on 

task performance and the setting of goals for future tasks were shown to 

be beneficial for gaining decision-making competence with regard to 

metadecision aspects and reflection. These findings show that self-

regulated learning activities are not only valuable in enhancing problem-

solving or knowledge acquisition (Schraw et al., 2004; Labuhn et al., 

2008a), but also in fostering decision making. 

In conclusion, the combination of decision-making strategies and 

reflections on reasoning flaws, enriched with exercises in self-regulated 

learning strategies, provides a fruitful approach for enhancing the 

decision-making competence of students and ensuring long-term effects.  

In addition to the effects of the training program, a notable result of 

the present study is the extension of the scoring rubric by metadecision 

aspects (see Table 7.2). Metastatements are considered a component of 

high-quality reasoning (Means & Voss, 1996) and could be coded with 

substantial interrater agreement. 
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7.9 Implications for STSE Education 

The present study demonstrates that a short intervention based on 

decision-making strategies is beneficial in enhancing the quality of the 

decisions of students in the long term. This outcome is comparable to the 

results of Zohar and Nemet (2002), who showed that short-term 

argumentation training improved the quality of the arguments of students. 

Consequently, these findings support the claim that both decision making 

and argumentation can be fostered in a short period of time. Nevertheless, 

the authors claim that decision-making and argumentation training should 

not be an addendum to science and environmental education; rather, such 

training should be a central part of this education. 

One implication for STSE education is the necessity of reflecting on 

the strengths and weaknesses of the decision-making strategies that other 

people employ. Therefore, teachers should address the pitfalls of an 

inappropriate reduction of task complexity through an unjustified use of a 

non-compensatory strategy. The present study showed that strategic 

considerations regarding shortcomings and flaws in reasoning constitute a 

suitable approach for reaching this goal. Particularly in the area of 

education for sustainable development, it is vital that students be able to 

distinguish between decisions that involve unsustainable courses of action 

(and thus require non-compensatory strategies) and decisions that require 

full trade-offs. Although this study focused on education for sustainable 

development, the authors suggest that decision-making strategies are also 

applicable and useful in other STSE contexts. Future studies should 

examine the particular characteristics that socioscientific issues must 

possess to be suitable for acquiring and assessing decision-making 

competence.   

Because the process of reflecting on the use of decision-making 

strategies requires metacognitive skills that develop as students mature, 
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the influence of this development should also be investigated. Upper high 

school students were trained in the present study. Which aspects of this 

strategic training can be transferred to younger students? At which age are 

students capable of distinguishing between several possible decision-

making strategies and reflecting on their adequate application? Which 

methods are suitable for encouraging effective decision making in different 

age groups? 

Each student was individually trained in the current study. 

Therefore, future research should focus on two aspects to integrate 

individual and collective decision making. First, intervention studies that 

involve training teachers in the application of different decision-making 

strategies and reflections on flaws in decision-making processes are vital 

to the establishment of classroom activities as alternatives to computer-

based programs. Eggert et al. (2010), for example, trained seventh-

graders to apply a compensatory strategy in cooperative learning settings. 

Second, the relationship between individual and collective decision making 

should be illuminated: how can the use of different strategies and 

reflections based on strategic considerations be incorporated into group or 

whole-class discussions? The following approaches may enhance both 

individual and collective decision making: (1) discussions regarding the 

most suitable decision-making strategies and (2) the negotiation of 

thresholds that should be reached to ensure that possible courses of 

action meet the demands of different interest groups.  
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8 Summary and Discussion 

8.1 Summary 

This empirical research project aims to foster systematic and thoughtful 

decision-making in the context of socioscientific issues pertaining to 

sustainable development. For this purpose, two research foci were 

examined in two computer-based intervention studies, one focusing on the 

application of decision-making strategies, the other investigating the effect 

of reflections upon decision-making processes on the students’ decision-

making competence. In addition, in both intervention studies, elements of 

self-regulated learning were integrated into the training program to unravel 

in which way this affects the acquisition of decision-making competence.  

 

Research focus 1: Application of decision-making strategies 

In the first intervention study, students from upper high school biology 

courses (grades 11 to 13, N = 386) were confronted with decision-making 

tasks related to sustainable development. During the intervention (2 x 45 

min), the students of the training groups applied three decision-making 

strategies: a non-compensatory strategy, in which societal norms based on 

the framework of sustainable development require the exclusion of options 

(i.e., other benefits of the option cannot compensate for the deficits 

regarding knockout criteria), a compensatory strategy (all advantages and 

disadvantages are weighed in a full trade-off) and a mixed strategy. During 

the second phase of the intervention, the students were stimulated to use 

metadecision skills to select an appropriate strategy. The first training 

group selected a strategy directly, whereas the second training group was 

encouraged to conduct a task analysis to determine which strategy fits 

best with the decision-making task based on the forethought phase of 

Zimmerman’s model of self-regulated learning (Zimmerman, 2000; see 



 140

Figure 3.1) and Beach’s metadecision framework (Beach, 1990; Beach & 

Mitchell, 1978). 

The effects of this intervention were investigated using a pre-post-

follow-up control-group design and process-related data collected during 

the course of the computer-based program.  

 

Summative evaluation  

The effects of the intervention were assessed using a questionnaire on 

decision-making competence with open-ended items (Eggert & Bögeholz, 

2010) directly before and after the treatment and three months later. Two 

facets of decision-making competence were examined: the quality of the 

students’ own decisions and the reflection on the decision-making 

processes of others. With regard to the quality of the students’ own 

decisions, it was found that the training groups had a higher level of 

decision-making competence than the control group in the follow up, 

especially with regard to the weighting of criteria based on values. 

However, in the short-term analyses, a tendency to overuse non-

compensatory strategies in the post-test negated the positive effects of an 

increase in value considerations so that the effects were only significant in 

the follow up.  

Regarding the reflection task of the questionnaire, the students in 

the training groups improved at describing the decision-making processes 

as well as in making suggestions for improvement though this effect was 

not stable in the long-run for most aspects of the reflection.  

For the second hypothesis regarding the additional effect of 

integrating self-regulated learning on decision-making competence, little 

evidence could be found. A difference between the training groups could 

be found only with regard to the suggestions for the improvement of the 
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presented intuitive decision. Nevertheless, the result that the students who 

conducted the explicit task analysis as part of the self-regulation training 

perceived more autonomy in their decision-making processes is quite 

compelling. 

 

Process-related evaluation  

In addition to the analyses of the pre-post-follow-up tests, the 

metadecision activities, i.e., the task analyses conducted during the 

second session of the training, were examined in more detail (n = 120). 

Which explanations did the students offer to select a particular decision-

making strategy? Which quality levels of explanations could be identified?  

In a qualitative content analysis using a deductive-inductive 

approach (Mayring, 2008), the students’ answers were categorized. Most 

of the students dealt with the question, whether a trade-off was possible or 

whether knockout criteria based on the framework of sustainable 

development existed to select one strategy. In addition, many students 

reflected on the importance of the inherent criteria. Those who considered 

particular criteria to be important based on societal norms or personal 

values identified these as knockout criteria and selected non-

compensatory strategies to exclude options that did not reach ecological, 

social or economic standards. Other students who perceived all criteria to 

be equally important rather tended to use compensatory strategies to 

weigh all evidence. Three quality levels of these metadecision statements 

were derived. On the lowest level, the students did not make any 

reference to the strategy they selected or did not explain why they 

considered it most appropriate. On a basic level, the explanations referred 

to strategic considerations, whereas the highest level was characterized 

by explanations that explicitly linked strategic considerations to the specific 

task characteristics. 
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Based on the quality levels, inferences were made about the 

performance of the students and the quality of the tasks of the 

intervention. The analyses of the study revealed that for the most part, 

students identified at least one of the knockout criteria in the tasks. 

However, in the task with equally legitimate options, many students 

excluded options based on personal values and did not employ the 

compensatory strategy although the compensatory strategy is considered 

best from a normative viewpoint. Contrary to the expectations, those 

students who offered high-quality metadecision statements did not choose 

the strategy that fits best according to societal norms. Instead, the pattern 

of quality levels was similar in each task regardless of the context and the 

expected decision-making strategy. Explanations for the selection of a 

compensatory strategy were mostly made on a basic level (strategic 

considerations), whereas those students who selected a non-

compensatory strategy offered explanations on the highest level (strategic 

considerations linked to task characteristics). This is plausible because it is 

easier to identify one knockout criterion than to explain why several other 

criteria should be weighed in a complete trade-off. 

Furthermore, the reasons for the overuse of non-compensatory 

strategies in the learning program were investigated. It could be shown 

that, as suggested by Hong and Chang (2004), the application of non-

compensatory strategies causes less cognitive load than a compensatory 

strategy. However, these findings only explain the overuse to some extent. 

More importantly, the frequent deliberate use of non-compensatory 

strategies suggests that students were not able to distinguish between 

societal norms and personal values. 
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Research focus 2: Reflecting on decision-making processes  

In the second study, a different research focus was investigated regarding 

the reflection on decision-making processes (N = 242). In addition, the 

learning environment and the scoring rubric were optimized based on the 

results of the first study. As proposed by Ratcliffe and Grace (2003; cf. 

Eggert & Bögeholz, 2010), the students were stimulated to reflect on the 

decision-making processes of other people that were presented to them in 

the second session of the training program. Two particular goals were 

pursued. In light of the result of the first research focus and the study of 

Hong and Chang (2004) showing that students frequently use non-

compensatory strategies to solve decision-making tasks, the students 

were challenged to identify the non-reflective use of non-compensatory 

strategies. Moreover, the students had to contrast intuitive and systematic 

decisions by elaborating on the deficits and strengths of these decision-

making processes.  

 The second training group received additional training in self-

regulated learning based on the self-reflection phase of Zimmerman’s 

model of self-regulated learning (Zimmerman, 2000; see Figure 3.1). After 

scrutinizing the quality of the presented decisions, the participating 

students reflected on their own performance: Which strengths and 

weaknesses of the decisions of other people did they identify? On which 

aspects should they focus in future tasks to improve their own 

performance? Hence, the cyclical character of self-regulated learning was 

emphasized through the self-reflection and goal setting for the resolution 

of future socioscientific issues. 

 The effect of this training was assessed with the decision-making 

questionnaire of Eggert and Bögeholz (2010) with additional metadecision 

items that were derived in a deductive-inductive approach (Mayring, 2008) 

based on the theoretical frameworks of Means and Voss (1996), Kuhn, 
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(1999) and Eggert and Bögeholz (2006). Based on this evaluation 

scheme, it was shown that the students of the training groups planned 

their decisions more often in an explicit way and stated steps of their 

decision-making processes. This effect was still observable two months 

after the intervention for most aspects. However, the amount of considered 

evidence did not change as a result of the training. Regarding the 

reflection scale of the decision-making questionnaire, both training groups 

improved from the pre-test to the post-test. It is compelling that these 

gains in competence were stable in the follow up for the training group with 

additional elements of self-regulated learning who engaged in self-

reflection and goal-setting for future tasks. In conclusion, the integration of 

self-regulated learning into a contextualized decision-making training that 

focused on the reflection of decision-making processes ensured long-run 

effects on decision-making competence. 

8.2 Training in Decision-making Strategies  

The presented studies focused on the application of decision-making 

strategies and reflections on the underlying decision-making processes. 

The results reveal that both approaches are suitable to foster individual 

decision-making competence, i.e., making systematic and elaborate 

decisions. From a normative educational perspective, structured and 

systematic decisions are superior to intuitive judgments because the 

decision-making process is more transparent and hence, open for debate 

(Eggert & Bögeholz, 2006, 2010). In particularly, socioscientific issues 

pertaining to sustainable development demand elaborate decisions to deal 

with the factual and ethical complexity in an adequate way (Bögeholz & 

Barkmann, 2005). Regarding moral judgments, Haidt (2001) and Baron 

(1998) claim that intuitive judgments do not produce optimal outcomes 

from a prescriptive standpoint. Consequently, findings from descriptive 

research concerning intuitive judgments should be used to help decision-
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makers avoid errors (Haidt, 2001). Sadler and Zeidler (2005) claim that 

intuitive and emotive reasoning patterns should be encouraged in 

classroom discourse to involve all students. However, they acknowledge 

that the basis of the students’ reasoning should be challenged. In the 

second study of this dissertation, the participating students were 

stimulated to reflect upon the strengths and weaknesses of intuitive and 

more systematic decision-making processes. As a result, this approach 

has shown to be successful in fostering more systematic decisions. 

Moreover, it is compelling that this short-term intervention of two 

periods (45 min each) yielded long-run effects that were still empirically 

observable in the follow up test. This finding is consistent with the results 

of the interventions of Zohar and Nemet (2002) and Venville and Dawson 

(2010) who improved argumentation skills within twelve and three periods, 

respectively. Kuhn (1999) argues that students already posses preliminary 

argumentation skills that can be elaborated on and fully expressed in 

argumentation trainings. Argumentation and decision-making are related 

constructs that both involve cognitive processes to structure relevant 

evidence and metacognitive skills to ensure a reflective execution. 

Therefore, the results of the presented studies indicate that, similar to 

argumentation, the use of decision-making strategies can be stimulated 

and elaborated on in a short training. However, whether classroom 

activities involving the reflective application of decision-making strategies 

are as efficient as computer-based training should be examined. The 

strategies of the intervention were derived from behavioral decision 

research (Jungermann et al., 2005; Payne et al., 1998; Plous, 1993). 

Thus, the presented study is based on the results of descriptive research, 

i.e., how people actually decide. While the results of behavioral decision 

research were gained through investigations of adults, the students’ use of 

decision-making strategies has also been assessed from a normative 
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educational viewpoint (Eggert & Bögeholz, 2010). Consequently, the 

students were not trained to use artificial approaches to make decisions, 

but to make the premature strategies they may already execute implicitly 

more transparent and relate them to issues pertaining to sustainable 

development. This may explain how a decision-making training of two 

periods can be successful in yielding long-term effects on decision-making 

competence.  

Because decision-making involves metacognitive processes to 

select an appropriate strategy based on the characteristics of the task and 

inherent societal norms, it is debatable at which age such decision-making 

training is useful. The presented studies focused on the selection between 

several decision-making strategies (study one) and a reflection upon the 

appropriateness of the decision-making strategies that other people 

applied (study two). Therefore, a high degree of metacognitive abilities 

was required during the course of the intervention. Thus, upper high 

school students (grades 11 to 13) were chosen because a high level of 

metacognitive skills was expected. However, the transferability of this 

strategic training to younger students should be investigated to determine 

at which age students are capable of using such metadecision aids 

effectively. Moreover, for classroom activities, it has to be investigated 

which specific methods are suitable for certain age groups. Eggert et al. 

(2010) have combined decision-making training with metacognitive 

structuring aids in the seventh grade. Although the decision-making 

training generally led to an increase in decision-making competence, the 

metacognitive structuring did not have an additional effect, which may be a 

result of the cognitive development of the students. Kuhn (1999) and 

Zeidler et al. (2005) describe and discuss developmental processes 

regarding critical thinking and the resolution of socioscientific issues. For 

the reflective use of decision-making strategies on a metadecision level, 
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the development of the students should be taken into account to 

implement strategic trainings effectively. This requires theoretical 

elaborations and empirical research regarding cognitive development in 

relation to decision-making. 

The results of the presented studies show that training decision-

making strategies is successful in fostering individual decision-making 

competence. This is compelling because all citizens should be able to 

make thoughtful decisions regarding socioscientific issues, particularly in 

education for sustainable development (Bögeholz & Barkmann, 2005; de 

Haan et al., 2008; Eggert & Bögeholz, 2006; McConnell, 1982; Pedretti & 

Nazir, 2011; Zeidler et al., 2005). While many decisions are made 

individually, e.g., consumer decisions, others require collective 

negotiations about the best course of action because a multitude of 

stakeholders are involved (Aikenhead, 1985; Bögeholz, 2006; Haan et al., 

2008; Kyburz-Graber et al., 1997). Local environmental projects and global 

projects demand negotiations about possible outcomes. However, the 

conclusions made in this dissertation are restricted to individual decision-

making because the intervention did not stimulate interactions among the 

students or discourse. This limitation should be addressed in future 

studies, for which the results of these studies represent a valuable starting 

point to transfer individual decision-making competence to collective 

negotiations. Aikenhead (1985) describes how individual and collective 

decision-making are intertwined. For a consensus, each group member 

has to reach the conclusion of the collective decision individually. 

Furthermore, each participant of a discussion may base his/her decision 

on personal values and pursue particular interests. In collective decisions, 

it is therefore vital that the individual decision-making process is 

transparent, i.e., it should be intersubjectively comprehensible to enable 

others to understand the perspective (Bögeholz & Barkmann, 2003; 
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Eggert & Hößle, 2006). The summative assessment of the first study 

demonstrated that training in decision-making strategies combined with 

metadecision activities is useful to enhance the students’ own decision-

making competence, a prerequisite for collective decisions. Moreover, the 

process-related analyses of the metadecision explanations showed that 

the students were capable of making the societal norms and personal 

values, on which they based their decision, transparent and therefore 

open for debate. In the second research focus, the effect of an additional 

reflection on the deficits and strengths of the decision-making processes of 

other people was examined. This has shown to be beneficial not only for 

the students’ own decision-making competence (an observed long-run 

increase in metastrategic planning of the decision) but also regarding the 

students’ ability to describe other decision-making processes and to make 

suggestions for improvement (reflection scale of the questionnaire). While 

the inclusion of explicit metastatements is useful to make one’s own 

decision-making process more transparent, a profound reflection is crucial 

for collective decisions because the identification of deficits in reasoning 

provides an adequate basis to engage in critical discourse with other 

stakeholders. Therefore, the question should be addressed in future 

studies, through which methods the principles of the presented 

intervention studies can best be transferred to small-group and whole-

class discussions about socioscientific issues. Such discussions can be 

combined with strategic considerations about the fit of decision-making 

strategies to the task characteristics and societal norms by the members 

of the group. On which thresholds do other group members base their 

decision to exclude options? Which common thresholds can be agreed 

on? Furthermore, whether courses of action are legitimate should be 

negotiated. For this purpose, the results of the presented studies are a 

suitable starting point because knowledge about the function of decision-
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making strategies and their successful application are considered valuable 

not only for individual but also for collective decision-making. 

8.3 Dealing with Societal Norms and Personal Values in 
Socioscientific Issues Pertaining to Sustainable 
Development 

Socioscientific issues in general and issues pertaining to sustainable 

development in particular demand an explicit consideration of values and 

norms in the decision-making process and a distinction from scientific facts 

(Bögeholz, 2011; Bögeholz & Barkmann, 2003; Hogan, 2002; Jiménez-

Aleixandre & Pereiro-Muñoz, 2002; Kolstø, 2001; Ratcliffe & Grace, 2003; 

Zeidler et al., 2005). Non-sustainable options that do not meet 

requirements according to societal norms should be excluded. In addition, 

personal values should be taken into account when weighting criteria 

according to their perceived importance. The application of decision-

making strategies that was investigated in this study is founded on 

normative considerations regarding sustainable development. As a 

consequence, students should be able to detect non-sustainable options 

with regard to ecological, social and economic standards (societal norms) 

and exclude them from further consideration using a non-compensatory 

decision-making strategy. The summative assessment of the first study 

revealed that the students who were trained in the application of decision-

making strategies tended to exclude options in the post-test more often 

than the control group, although all the contexts were selected and 

adjusted in a way such that all the options were equally legitimate and 

required a full trade-off using a compensatory strategy. To unravel the 

reasons for this overuse of non-compensatory strategies, which has also 

been described by Hong and Chang (2004), three possible explanations 

were further scrutinized: the performance of the students, the quality of the 
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tasks in the intervention and the structure of the decision-making 

questionnaire.  

Regarding performance, it seemed plausible from a motivational 

perspective that the students used the non-compensatory strategy to 

avoid other cognitively more demanding strategies, which require the 

consideration of all evidence in a complete trade-off. However, the 

analyses of cognitive load measurements during the intervention and the 

examination of process-related metadecision explanations for the selection 

of a strategy suggest that the students did not hastily exclude options, but 

indeed demonstrated elaborate metadecision explanations to elaborate on 

why they considered the non-compensatory strategy to be most 

appropriate. It is compelling that the students mostly identified the non-

sustainable options offered in the tasks during the training. However, in a 

task of the intervention with equally legitimate options, many students also 

used the non-compensatory strategy. As stated by Beach (1990; Beach & 

Mitchell, 1978) in descriptive behavioral decision research, the selection of 

a decision-making strategy depends not only on the task characteristics 

but also on the characteristics of the decision-maker, who processes the 

information based on personal values and prior experiences. Therefore, 

the threshold to exclude one option differs from person to person. 

However, from a normative educational viewpoint, students should be able 

to reflect upon both personal values and societal norms.  

The students’ performance is closely related to the structure and 

quality of the intervention. The first study did not explicitly focus on a 

distinction between norms and values, which may have led to the overuse 

of non-compensatory strategies both in the post-test and during the 

intervention. A consumer decision triggered students to exclude options 

based on personal values. Based on this finding, the training program was 

optimized for the second study, particularly regarding the transfer phase. A 
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problematic context was replaced and the participating students were 

stimulated to reflect on other people’s decisions focusing on whether 

options were excluded precipitately or whether the exclusion was based 

on societal norms according to the sustainable development framework. 

As a result, this overuse of non-compensatory strategies due to the 

dominant consideration of personal values was not observed in the post-

test and the follow up of the summative assessment in the second study.  

Moreover, the structure of the decision-making questionnaire 

(Eggert & Bögeholz, 2010) should be reviewed. The tasks of the 

questionnaire were considered equally legitimate according to the 

normative sustainability framework and, hence, required the application of 

a compensatory strategy. However, whether the options were indeed 

legitimate is debatable. Two courses of action may result in social injustice 

or involve ecological risks15 (post-test and follow up in the presented 

studies; Eggert & Bögeholz, 2010). Although the options are courses of 

action in real-world scenarios that are actually pursued, it is still 

controversial whether this is desirable from a normative viewpoint 

considering the sustainability of the options. This lack of clarity regarding 

societal norms may have triggered the exclusion of options in the 

questionnaire used in both summative assessments. As a consequence, 

the way that the options were presented may have evoked responses that 

led to lower scores in the questionnaire because of the exclusion of 

options using a non-compensatory strategy, despite elaborate 

(meta)decision skills. Nevertheless, it is important to note that the overuse 

                                            
15 One option posed a threat on the employment in the fishing industry due to the radical 

measure to cease fishing entirely for three years (social injustice). The last task involved 
the consumption of chocolate made of milk from cows that were fed with genetically 
modified fodder (ecological risk). 
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of decision-making strategies in the post-test of the study was only 

tendentially significant16, suggesting that the overall quality of the 

questionnaire is quite acceptable. 

In the second study, a stronger focus on the adequacy of an 

exclusion of options regarding societal norms averted the unreflected use 

of non-compensatory strategies. However, from the considerations on the 

students’ performance, the structure of the tasks of the training program 

and the decision-making questionnaire, it is suggested that further 

research is necessary to define and disentangle personal values and 

societal norms from a theoretical viewpoint, particularly with regard to the 

way students integrate them into their decision-making processes. 

Although the term “sustainable development” is broadly used in political 

debates and at the educational level, it is all but clear upon which norms 

and values scientists in the field or the society have agreed for particular 

issues. Due to these controversies, considerations about norms and 

values offer an opportunity to link socioscientific decision-making with 

reflections upon the nature of science involved in socioscientific issues. 

Debates among scientists concerning which indicators best represent 

sustainable development allow for reflections on science-in-the-making, 

which is considered essential for science education (Bingle & Gaskell, 

1994; Kolstø, 2001) because it demonstrates that science itself is not 

value-free and not based on scientific evidence alone. Consequently, it is 

essential to conduct empirical studies to train students to identify societal 

norms and personal values to integrate them in an elaborate decision-

making process. 

                                            
16 p < .10 



 153

8.4 Fostering Decision-making through Self-regulated 
Learning 

In both of the studies described in this dissertation, elements of self-

regulated learning were included in the decision-making training to make it 

more efficient. Therefore, self-regulation promoted the acquisition of 

complex competencies (cf. Perels et al., 2005) and is not only useful to 

enhance content knowledge or the execution of simple cognitive strategies 

(den Elzen-Rump & Leutner, 2007; Labuhn et al., 2008a; Leutner & 

Leopold, 2006). Moreover, the self-regulation training was not independent 

of the decision-making training but contextualized and linked to the main 

foci regarding the enhancement of decision-making competence. Two 

approaches have been selected based on Zimmerman’s model of self-

regulated learning (Zimmerman, 2000). A task analysis as part of the 

forethought phase was chosen to support students’ metadecision 

processes when selecting a decision-making strategy in the first study. 

However, the inclusion of this metacognitive strategy did not result in 

higher gains in decision-making competence compared with the training of 

decision-making strategies without self-regulated learning, except for one 

item regarding reflection in the decision-making questionnaire. One 

possible way to explain this outcome in the summative assessment is a 

deficit in producing the new self-regulation strategy in the post-test and the 

follow up or an inefficient use thereof (Hasselhorn & Gold, 2006). The 

process-related analyses revealed that the great majority of the students 

offered high-quality metadecision statements, which suggests the 

adequacy of the metacognitive strategy application during the training. 

However, the finding that the students were not able to distinguish 

personal values and societal norms may explain why the students did not 

efficiently conduct task analyses to select the strategy during the 

assessment.  
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Nevertheless, the inclusion of task analyses as one element of self-

regulated learning had beneficial effects on the resolution of socioscientific 

issues. During the training, the students reported higher levels of 

perceived autonomy. This is not only valuable from a motivational point of 

view (Deci & Ryan, 1985, 2002) but also from a normative standpoint 

regarding the resolution of issues pertaining to sustainable development 

(de Haan et al., 2008). The selection and application of decision-making 

strategies offers an elaborate method to consider societal norms while still 

ensuring an independent choice of an option. Therefore, the explicit task 

analysis is beneficial for the educational goal to promote autonomous 

decisions.  

In the second study, a different set of elements of self-regulated 

learning was included into the decision-making training. For the reflection 

on the quality of other people’s decision-making processes, the self-

reflection phase of Zimmerman’s model of self-regulated learning 

(Zimmerman, 2000) was suitable from a theoretical point of view. Students 

were stimulated to self-reflect on their responses after critiquing the 

strengths and weaknesses of other decision-making processes, 

particularly with regard to the aspects they focused on during the task and 

the important aspects that they would concentrate on in future tasks when 

reflecting upon the quality of other decisions. Consequently, the students 

were triggered to formulate goals for future tasks. This takes the cyclical 

character of self-regulated learning into account. The results of the second 

study revealed that interlinking reflections on other decisions with self-

reflection and goal setting successfully enhanced decision-making 

competence. Only the training group that was additionally trained in self-

regulated learning yielded long-run effects with regard to essential 

components of decision-making competence, such as metastrategic 
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planning of one’s own decision-making process and reflections on other 

decisions. 

While the cognitive and metacognitive components of self-regulated 

learning have successfully contributed to the enhancement of decision-

making competence, motivational aspects were not included in the training 

because the presented studies focused on fostering systematic and 

structured decision-making processes, i.e., cognitive and metacognitive 

abilities, as in Bögeholz’s definition of decision-making competence (2007; 

cf. Hartig & Klieme, 2006). However, for future research, particularly with 

regard to linking individual decision-making with collective decisions and 

subsequent actions, incorporating motivational aspects will likely be 

beneficial. How cognitive and motivational constraints prevent students 

from implementing the outcome of their elaborate decisions and how they 

can be overcome should also be investigated (Ernst, 2008). Based on the 

self-determination theory (Deci & Ryan, 1985, 2002), Darner (2009) 

describes how motivational factors can be linked to environmental actions. 

As a basis for motivation, three basic psychological needs should be 

satisfied: perceived autonomy, perceived competence and relatedness. 

The first study was successful at enhancing perceived autonomy when 

resolving socioscientific issues through elements of self-regulated 

learning. It should be determined how self-regulated learning and self-

determination theory are linked from a theoretical point of view and in 

which way the other components that are necessary for self-determination 

could be fostered with regard to the decision-making process. 

In conclusion, two facets of self-regulation have been successfully 

implemented into a decision-making training. While the elements of the 

self-reflection phase fostered long-run gains in decision-making 

competence, the task analysis to stimulate metadecision considerations as 

part of the forethought phase efficiently enhanced the level of perceived 
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autonomy during the decision-making process (see Figure 3.1). In the 

presented studies, however, all students within one training group received 

the same treatment regardless of their self-regulation abilities or their 

previous levels of decision-making competence. To enhance the 

effectiveness of a decision-making training including elements of self-

regulated learning, future research on developing adaptive trainings that 

focus on particular demands of students through feedback will be 

valuable. Feedback from experiences in prior tasks is essential to enhance 

the performance in future tasks and, hence, constitutes one central 

component of self-regulated learning (Zimmerman, 2000). In instructional 

research, feedback has shown to be one of the most powerful influences 

on learning and achievement (Hattie & Timperley, 2007) and its inclusion 

into complex problem-solving environments was effective to develop 

problem-solving skills (Moreno, Reisslein, & Ozugul, 2009). In particular, 

computer-based trainings offer the opportunity to include timely and 

adaptive feedback. How different types of feedback based on the three 

phases of self-regulated learning can enhance self-regulated decision-

making should be investigated. 

8.5 Methodical Reflections 

The design of the studies was suitable to determine the effects of the 

intervention. The random assignment of the participating students within 

the same classroom to one of the two training groups or the control group 

at the beginning of the computer-based intervention ensured equal groups 

with regard to decision-making competence prior to training and other 

control variables, e.g., age or sex. Therefore, it was possible to determine 

the effects of the training by reducing the number of confounding 

variables, such as the influence of the class, the teacher or the school. 

Nevertheless, the study was conducted in biology courses at school to 

enhance the ecological validity. Furthermore, the control group dealt with 
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the same decision-making tasks as the training groups, but received 

additional ecological information instead of strategic training or elements of 

self-regulated learning. Consequently, the choice of the control group is 

quite conservative and represents an authentic alternative, which is similar 

to currently used methods in biology classes. Therefore, the differences in 

decision-making competence between the training groups and the control 

group can be related to the effects of training in decision-making 

strategies. However, whether the level of competence actually increased 

from the pre-test to the post-test or follow up could not be determined 

because different versions of the questionnaire were used for the 

assessment. Although the structure of the decision-making tasks and the 

scoring rubric were identical at all measurement times, the varied contexts 

may have led to different degrees of difficulty in different test versions. 

Consequently, analyses of covariance of the post-test (follow up-test) 

scores that controlled for the pre-test scores were conducted rather than 

analyses of variance including different measurement times. Hence, the 

effects of the group were used to determine the outcome of the 

intervention instead of interaction effects of group and time.  

The results of the summative assessments of decision-making 

competence revealed that the decision-making questionnaire of Eggert 

and Bögeholz (2010) was suitable to describe the effects of the 

intervention studies. Nevertheless, the statistical analyses showed that 

assessing the complex competence of decision-making with open-ended 

items is a challenging endeavor. In this respect, the low internal 

consistency of the scales of the questionnaire represents a limitation of the 

studies. In the first study, Cronbach’s alpha values were observed within a 

range of .52 to .65. for both observed scales, the students’ own decision 

and reflection. Some items in the first scale were negatively correlated. 

Consequently, the homogeneity of the construct regarding item fit 
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statistics17 reported by Eggert and Bögeholz (2010), who used the Rasch 

partial credit model based on item-response theory, could not be 

confirmed through statistical analyses based on classical test theory 

(Cronbach’s alpha, correlations between items, correlation between items 

and scale). As a consequence, the reflection scale had to be evaluated at 

the item level rather than at the scale level in the first study. One reason 

for the moderate internal consistency is the heterogeneity of the theoretical 

construct. Regarding the students’ own decision, the amount of considered 

evidence was assessed alongside the weighting of criteria based on 

values and norms. Although both aspects belong to the same construct 

from a theoretical point of view (Eggert & Bögeholz, 2006), many students 

either described relevant evidence in detail to illustrate their decision or 

stated which values were important for them, and thus implied one option 

without fully describing all of the evidence. Similarly, the reflection scale 

involved descriptions of three different presented decision-making 

processes and suggestions for improvement, which are diverse facets of 

the same construct. Despite the low internal consistency of the scales, the 

questionnaire assesses central aspects of decision-making competence 

from a theoretical point of view and is hence considered adequate to 

determine the effects of the intervention. 

Due to these limitations of the first study, the scoring rubric of the 

open-ended items was modified and extended to allow for a more 

sensitive assessment of the results of the second training. From a 

theoretical point of view, metastatements are considered valuable for 

decision-making and reasoning (Eggert & Bögeholz, 2006; Kuhn, 1999; 

                                            
17 Eggert and Bögeholz (2010) reported Q-indices in the range of 0.10 to 0.25 for the 

items on the questionnaire. Furthermore, regarding the homogeneity of the participants’ 
response behavior, the unidimensionality of the test was demonstrated. 
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Means & Voss, 1996). Consequently, the scoring rubric of Eggert and 

Bögeholz (2010, cf. Eggert et al., 2010) was extended using a deductive-

inductive approach to derive new categories based on theoretical 

considerations (Mayring, 2008). These categories were subsequently 

refined according to the investigated data. The final scoring system 

involved metastrategic planning of the decision-making process as well as 

an explicit description of the single steps of the employed strategy. As a 

result, it was possible to describe whether the students made their 

decision in a more transparent way. Consequently, the extension of the 

scoring rubric was successful at evaluating the effects of training for upper 

high school students with statistical analyses at the item level based on 

classical test theory. However, it remains unclear whether these items can 

be included in scales for analyses based on item response theory or 

whether they are suitable to assess decision-making competence of 

younger students. Eggert and Bögeholz (2010; cf. Eggert, 2008) stated 

that the original set of items was appropriate for item response theory-

based analyses regarding a wide range of students (grades 6 to 12). 

Therefore, future studies should investigate in which way these new 

categories are suitable to assess decision-making competence of younger 

students or whether the metadecision items can be integrated into one 

total scale of decision-making competence without violating the 

unidimensionality of the test18 described by Eggert and Bögeholz (2010). 

In addition to the extension of the scoring rubric, the first scale was 

split into the facets considered evidence and value-based weighting, which 

solved the problem of the low Cronbach’s alpha values in the second 

                                            
18 The data were modeled using a Rasch partial credit model based on item response 

theory. 
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study (scale for considered evidence: Cronbach’s alpha: .80 - .83; values-

based weighting was analyzed at the item level). The internal consistency 

of the reflection scale improved slightly (Cronbach’s alpha: .57 - .69). 

Generally, the categories to score the open answers were well-defined 

because the independent scoring of half the questionnaires by a second 

rater showed satisfying interrater-reliabilities in both studies (Cohen’s 

kappa: .68 - .81). To improve the quality of the scoring further, all the 

different scores were discussed to agree on a final score. 

Both intervention studies involved the reflective application of three 

decision-making strategies: a compensatory strategy, a non-compensatory 

strategy and a mixed strategy. Contrastingly, the questionnaire of Eggert 

and Bögeholz (2010) involved decision-making tasks with equally 

legitimate options that all required the application of a compensatory 

strategy, i.e., a full trade-off. The assessment of decision-making 

competence did not involve the resolution of issues with non-sustainable 

courses of action, which would require the application of a non-

compensatory or mixed strategy. Consequently, the chosen test instrument 

did not ideally fit to assess the effects of the intervention. Until now, 

decision-making questionnaires that require the use of different strategies 

have not been developed. It can be assumed that an additional 

assessment of decision-making competence with a questionnaire involving 

tasks with non-sustainable options would reveal further insights into the 

effects of the training. However, it is compelling that strong effects have 

been demonstrated with the existing questionnaire involving one type of 

decision-making situation. For the purpose of developing a new 

questionnaire, the analyses of the process-related data may serve as a 

point of reference to design the tasks and the scoring rubric of such a 

questionnaire. A limitation of these analyses is that the students were 

explicitly asked to present metadecision statements, whereas the 
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assessment of decision-making competence involves the entire decision-

making process. As described above, it is vital to develop a theoretical 

model to further describe what the societal norms in the field of 

sustainable development are and conduct empirical studies about the 

students’ understanding of norms and values and the integration into the 

decision-making process. In a subsequent step, questionnaires involving 

non-sustainable options should be developed. The use of these 

questionnaires may provide further insights into the mechanisms of the 

presented training studies. 

8.6 Concluding Remarks 

To summarize, the studies presented in this dissertation successfully 

fostered decision-making competence by training decision-making 

strategies combined with different facets of self-regulated learning. The 

summative and process-related analyses revealed valuable insights into 

the mechanisms involved when training systematic decision-making and 

with regard to the inherent considerations of societal norms and personal 

values. Furthermore, the presented studies give an example of how self-

regulated learning can be contextualized and interlinked with training 

complex competencies. 

The empirical results of the dissertation are compelling because 

training in decision-making strategies has been shown to be an effective 

method to enhance the quality of the students’ decision-making processes 

as well as their reflection abilities. For STSE education in general and for 

education for sustainable development in particular, it is vital that students 

are able to make thoughtful decisions about controversial socioscientific 

issues (Aikenhead, 1985; de Haan et al., 2008; Eggert & Bögeholz, 2006; 

McConnell, 1982; Pedretti & Nazir, 2011; Zeidler et al., 2005). The urgent 

problems that the world society faces are complex with regard to scientific 
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evidence and inherent norms and values. Therefore, they require all 

citizens to make elaborate and responsible decisions. In this study, the 

students were challenged to reflect upon inherent societal norms to 

determine whether options are non-sustainable with regard to ecological, 

economic or social standards using non-compensatory strategies. In 

contrast, other types of tasks with legitimate options required a full trade-

off to compare all pieces of evidence in a compensatory strategy. Although 

the decision-making training was contextualized for tasks pertaining to 

sustainable development, it is suggested that the application of decision-

making strategies is also valuable to resolve other types of socioscientific 

issues. Further research should investigate in which way the reflective 

application of decision-making strategies can be transferred to other 

contexts and collective decision-making. Which methods are most suitable 

to incorporate the approaches of the presented computer-based 

interventions into classroom activities should be investigated. Adaptive 

trainings that integrate elements of self-regulated learning into decision-

making are considered promising to ensure an effective acquisition of 

decision-making competence.  
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