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Introduction 
 
This document offers a review of current literature relating to the features of inquiry-based 
science education (IBSE) in formal and informal settings for learners of school age. It draws 
special attention to the core frameworks underpinning the conceptualisation of a ‗Standards-
based‘ approach to IBSE as set out in the project‘s Description of Work (DoW), namely: the 
‗five essential features‘ of inquiry learning derived from the United States National Research 
Council guide, Inquiry and the National Science Education Standards (NRC 2000), and a 
‗Standards-based‘ framework for teaching science by inquiry (Bybee 2000) which proposes 
main types of educational outcome in science inquiry classrooms. We propose adaptations 
of these frameworks for the Pathway project, based on our analysis of them in the context of 
relevant research literature and consultation with Pathway project partners.  
 
Section 1.1 provides a short, general introduction to the inquiry approach to learning and 
teaching. Section 1.2 explains the scope and method of our review of literature relating to 
IBSE. Section 1.3 discusses the historical background to the IBSE reform movement and 
theoretical and research rationales for IBSE, presents key concepts and frameworks for 
practice including proposed frameworks for the Pathway project, and highlights some 
challenges for teachers, schools and other organisations. Section 1.4 summarises elements 
of effective practice for IBSE, and Section 1.5 concludes Part 1 of the report.  
 
Supporting material for Part 1 is provided in Appendices A to E. This includes, in Appendix A, 
a summary of stakeholder perspectives on IBSE gathered through interviews and workshops 
conducted as part of T2.1, in Appendix B, the interview guidelines developed for facilitating 
project partners‘ efforts to organise and conduct their interviews, in Appendix C the workshop 
guidelines developed for helping project partners to organise and implement their workshops, 
in Appendix D a review of literature on Science Education, Inquiry-based Education and New 
Technology: Sociological Perspectives contributed by Williamson (FUTURELAB) and in 
Appendix E a summary of national policies and national curriculum initiatives for IBSE 
provided by project partners.  
 
We draw special attention here to the supplementary report in Appendix D, which usefully 
problematises ‗science‘ and ‗science education‘ from an alternative perspective from those 
generally presented in the main report, critiquing a reductionist view of the nature of scientific 
inquiry and questioning basic assumptions about: how science is perceived by students and 
society; the official narrative of science as promulgated in national policies; and, how science 
and science education are actually practiced. 
 
D2.1 is complemented by an extensive review of the literature on effective models for 
professional development for IBSE which is presented in D2.4, extending discussion of this 
theme in the Pathway project‘s DoW and originally carried out by USH within the framework 
of D2.1.  
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Essential Features of IBSE 

1.1 Inquiry learning and teaching 

Inquiry learning is applicable at all levels of formal education, from infant schools to 
universities, and takes place in informal as well as formal learning contexts. In this 
introductory section, we highlight ‗generic‘ features of this approach to learning and teaching, 
as background context for the subsequent specific focus on IBSE in school-level science 
learning. The overview that follows draws directly from The Sheffield Companion to Inquiry-
based Learning (Levy et al 2010). 
 
‗Inquiry learning‘ describes a cluster of learning and teaching approaches in which students‘ 
inquiry or research drives the learning experience. Students conduct inquiries that enable 
them to engage actively with questions and problems associated with their subject or 
discipline. Students use the inquiry methods and practices of the subject to construct and 
share knowledge. Inquiry learning is an empowering approach with benefits for subject 
learning as well as a wide range of important high-order intellectual attributes.  Successful 
inquiry learning flows from purposeful engagement with inquiry questions and tasks, in a 
challenging and supportive learning environment.  
 
Inquiry learning can be applied flexibly across different educational contexts, across all 
academic disciplines. There is no single design protocol and teaching strategies vary. 
However, the fundamental point of departure is always an authentic question or problem that 
may be formulated by students themselves, their teachers, or others. Tasks designed to 
provide a framework for inquiry include problem or case scenarios, field-work investigations, 
experiential learning projects and laboratory experiments as well as research projects of 
various kinds. Students‘ inquiries may be small or large in scale, involving ‗whole-cycle‘ 
research projects or only specific elements of a larger research process. Often working 
collaboratively or co-operatively with peers, sometimes in partnership with teachers, students 
are supported by teachers and others with specialist educational roles (e.g. librarians, 
learning technologists, or museum educators) to apply the scholarly and research techniques 
of their academic or professional discipline. Inquiry learning often involves the use of digital 
resources and tools and may be carried out face-to-face, on-line or in a blended combination 
of these. Inquiry processes may be highly structured or more flexible, some giving students a 
large degree of control in the framing and direction of their inquiries and others being more 
strongly teacher-directed. Not uncommonly, students become involved in self- and peer-
assessment of their inquiries, and engage in critical reflection on the process they have 
experienced. They may be encouraged to share the results of their inquiries with each other 
and with wider audiences.  
 
In inquiry learning, the inquiry process is to the fore, with all learning tasks, assessments, 
resources, environments and teaching strategies designed to support learning through an 
emergent process of exploration and discovery. Use of inquiry approaches in teaching 
typically reflects strong commitment to educational values and beliefs associated with 
student-centredness and learner empowerment, with teachers aiming to encourage students 
to develop a significant amount of responsibility for their learning. From the perspective of the 
inquiry teacher, a key challenge is to establish conditions in which students‘ inquiries are 
stimulated and can flourish, and in which they are supported effectively in developing 
relevant inquiry competencies and other process skills. There is strong and consistent 
evidence across many studies that provision of appropriate support is essential for 
productive inquiry learning. A strong focus on the development of process (as well as 
subject) knowledge and skills is a feature of the intended learning outcomes of many inquiry 
approaches, including process knowledge and skills that relate specifically to the academic 
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discipline in question and more generic areas (such as information and digital literacy, or 
group-work, skills). 
 
Inquiry learning can meet a variety of educational purposes and it is useful to distinguish the 
epistemic status of different modes and outcomes. Inquiry learning can be employed to foster 
acquisition of clearly-defined, ‗certain‘ knowledge such as the conceptual foundations of a 
scientific discipline. Alternatively, it can be used to engage students explicitly with 
uncertainty, multiple perspectives and contestation through exploration of open-ended 
questions and problems to which ‗right‘ answers have not yet been (provisionally) 
established or do not exist. Therefore, from one perspective inquiry learning can be seen as 
a variant of active learning in which students carry out research-like activities to explore and 
master an existing knowledge-base, and to develop relevant discipline-based and other 
transferable capabilities and understandings. From another, at more advanced levels of 
education this approach extends student learning towards and well into the realms of 
genuine scholarship and research, positioning students as engaged producers or authors of 
knowledge with potential to participate in generating original intellectual or creative 
outcomes. Both ‗learning‘ and ‗knowledge-building‘ can be seen as potential experiences and 
outcomes of inquiry learning, where (following Bereiter 2002) ‗learning‘ refers to personal 
conceptual development and ‗knowledge-building‘ and to the improvement of information and 
ideas in a domain (Levy and Petrulis 2011).  
 
Inquiry learning often is seen as encompassing related approaches including problem-based 
learning (PBL) and forms of project-based learning, case-based learning and design-based 
learning. It is not uncommon for the terms inquiry-based learning and PBL in particular to be 
used synonymously and differentiation between the two is further complicated by the variety 
of forms that PBL can take. However, inquiry learning can be identified as the broader and 
more flexible concept of the two and PBL as a subset of inquiry learning. For example, 
whereas in PBL the stimulus for inquiry is usually a pre-established scenario and there may 
be a fairly standardised, structured PBL process through which students move, inquiry 
approaches include the use of a wide variety of triggers for inquiry - such as images or 
artefacts used to stimulate students‘ own questions - and may be less prescriptive in relation 
to the structure of the inquiry process. The term inquiry learning often is used in particular to 
describe approaches that can offer students considerable freedom in defining and directing 
their inquiries, that are oriented towards open-endedness of questions and problems, and 
that include a strong focus on students learning the inquiry and research approaches and 
techniques of their domain. Table 1 summarises key characteristics of inquiry learning. 
 

 Learning through an emergent process of inquiry in response to a question or problem, 

often collaboratively with peers and using digital information and technologies; 

 Applying principles and practices of academic or professional (e.g., scientific) inquiry and 

research; 

 Engaging with questions and problems that may be open-ended; 

 Exploring a knowledge base actively, critically and creatively; 

 Participating, at more advanced levels, in building new meaning and knowledge in a 

domain; 

 Developing process knowledge and skills in inquiry methods and in other areas including 

information literacy, reflection and group-work; 

 Participating in sharing the results of inquiries with peers and wider audiences. 

 
Table 1: Characteristics of inquiry learning 
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1.2 Review scope and method 

The evidence-base for the discussion that follows of ‗essential features of IBSE‘ is drawn 
from a range of sources including (mainly) journal articles and (additionally) conference 
papers, book chapters and policy documents. The following digital bibliographic databases 
were searched: Education Resources Information Center (ERIC)/British Educational Index 
(BEI)/Australian Educational Index (AEI) searched through a single interface via Dialog 
DataStar; Library and Information Science Abstracts (LISA); Web of Knowledge (WoK); Web 
of Science (WoS) via WoK; Scirus and Science Direct via the SciVerse Hub and Scopus. 
The database searches were conducted in spring 2011. Normally using Boolean and 
proximity search, the term ‗inquiry learning‘ (and very close synonyms) was combined with 
the term ‗science‘ (and specific subject identifiers) to retrieve items only where these 
combinations featured in title and/or abstract fields. Items relating to formal education 
settings other than primary and secondary education (i.e. further and higher education) were 
excluded. Items relating to informal education settings (e.g. museums, field trips, science and 
research centres) and schools were included. Database searches were supplemented by 
use of: a citation alert service (British Library ZETOC); consultation of web-based 
proceedings of high-relevance conferences providing full research papers (e.g. National 
Association for Research in Science Teaching; epiSTEME; Educatuib); a Google Scholar 
Web search; items cited in the Pathway DoW; contacts with other partners in the Pathway 
project; items already in the Sheffield collection. Items were included in the review corpus if 
they: 

 Included the term ‗inquiry learning‘ (or close synonyms such as inquiry-based learning 

and inquiry guided learning; alternative spellings and forms include enquiry-based 

learning and enquiry-guided learning) at the level of title and/or abstract. 

 Reported on learning and teaching in science education generally. 

 Reported on learning and teaching in mathematics. 

 Reported on learning and teaching in different science courses (e.g. physics, 

chemistry, biology etc). 

 Reported on research and practice in primary and secondary level education. 

 Reported on inquiry learning in formal and informal educational settings. 

 Were written in English. 

 Were published between 2000-2011 with the exception of selected prior items. 

 

For the purposes of this review, items were excluded if they used these terms including 
problem-based learning, case-based learning, project-based learning and design-based 
learning in their title and/or abstract without also using the term inquiry learning or close 
synonyms, as our (pragmatic) focus was solely on items that explicitly privileged the concept 
of inquiry. 
 
Items also were excluded from the review corpus in cases where our broad inclusion criteria 
were satisfied but the content of items was highly specialised and technical in nature. These 
included a large number of items in the research field of Computer-Supported Inquiry 
Learning (CSIL), for example those concerned with the design and testing of specific science 
inquiry simulation and visualisation software and virtual laboratory environments, or with 
technical inter-operability standards. Bell et al 2010 and Urhahne et al 2010 offer a useful 
introduction to this extensive body of work, which provides valuable evidence relating to the 
use of specific types of computer-based tools and environments in IBSE.   
 
There are a number of other limitations on the corpus established for this review. Where it 
did not prove possible to acquire the full text of some items for which title and/or abstract 
were available, these items normally were excluded. In some cases, titles and abstracts do 
not always highlight the primary or secondary education focus of the article; some useful 
items may therefore have slipped through the net. Useful book chapters in volumes not 
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indexed by the databases used or identified via Google Scholar may have been missed. 
Sources providing access to Masters and PhD theses were not searched and items written in 
languages other than English were not retrieved. 
 
Given constraints on time and the requirements of T2.1, we did not aim for 
comprehensiveness or to adopt a full-scale ‗systematic review‘ approach. However, while 
inevitably selective and incomplete, we believe that the corpus provides a reliable 
representation of the current evidence-base on ‗essential features‘ of IBSE.   
 
We gathered 182 items in total, including 141 journal articles, 13 book chapters, 13 policy 
reports, 8 conference papers and 7 web sites. Most items were from the US (160) because 
of the prevailing research interest generated by the US Standards. Thirty five articles report 
on inquiry learning in primary education, 92 articles report on secondary education and 50 
report at mixed age levels. Five papers report on a generic theme of inquiry learning drawing 
on theoretical considerations without stating the level of students‘ study.  
 
The corpus covers IBSE in a wide range of science subject areas. Ninety five focused on 
more than one subject area (80 on primary and 15 on secondary science settings). The 
remaining 87 papers cover the following subjects: Chemistry (30), Biology (25), Physics (20), 
Environmental Science (7), Astronomy (2) Earth Science (2) and Mathematics (1).          
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1.3 Inquiry learning and teaching in science education 

1.3.1 Historical and policy development and the Standards 

 
The Pathway project is being taken forward against a background of widespread 
international reform in science education. The reform movement accords inquiry-based 
learning and teaching methods a central role in the motivation of students and in the 
development of their scientific literacy. As described by Beerer & Bodzin (2004: 2) scientific 
literacy is seen as essential to knowledge work and informed citizenship in contemporary 
society and can be defined as 
 

… the knowledge of significant science subject matter, the ability to apply that knowledge 
and understanding in everyday situations, and an understanding of the characteristics of 
science and its interactions with society and personal life. 

 

Many commentators describe the history of current policy developments relating to IBSE as 
beginning with the work of John Dewey in the early 20th century. According to Barrow (2006), 
Dewey encouraged science teachers to use a model of inquiry-based teaching that 
emphasised the importance of student activity and the teacher‘s role as a guide and 
facilitator of the inquiry process; this provided the basis for recommendations on science 
education made by the US Commission on Secondary School Curriculum in 1937 and later 
was adapted by Dewey to incorporate a greater emphasis on fostering students‘ reflective 
thinking and on the principle that inquiry questions should relate closely to students‘ 
experiences. According to Bybee (2000: 26), John Dewey was among the first who 
articulated the objectives of inquiry teaching in science as ―developing thinking and 
reasoning, formulating habits of mind, learning science subjects, and understanding the 
process of science‖. The work of Joseph Schwab built on this in the 1960s and introduced 
the concept of student science inquiry as ‗enquiry into enquiry‘.  
 
One of the most influential contributions to the current reform movement was the publication 
of the National Science Education Standards of the US National Research Council (NRC 
1996), extending prior policy development by the American Association for the Advancement 
of Science (AAAS) in publications such as Science for all Americans (1989)1, Benchmarks 
for Scientific Literacy (AAAS 1993)2 and the Atlas of Scientific Literacy (AAAS 2001)3. The 
1996 Standards identify what experts in the field believe to be the essential knowledge that 
all students need in order to become scientifically literate. The Standards identify inquiry as 
an important approach to science teaching although it is important to note that they do not 
present it as the only valid approach. A follow-up document, Inquiry and the National Science 
Education Standards (NRC 2000) provides clarification specifically about the nature and 
practice of IBSE, including about the five ‗essential features‘ of inquiry proposed by the 
Standards regardless of level of study in compulsory education. It emphasises that different 
approaches to inquiry teaching exist, and that the five essential features can be placed on a 
continuum of approaches from student-directed to teacher-directed. A key tenet of the 
Standards perspective is that every inquiry must engage students in an authentic question 
that must be of sufficient interest to them as to allow for students to experience genuine 
ownership of the learning process. The US Standards and related documents are points of 
reference for much of the current international literature on IBSE, and are the basis for the 
Pathway project‘s conceptualisation of IBSE and its approach to professional development 
for teachers, as presented in the Pathway DoW.  
 
Science education reform based on the adoption of inquiry methods has not, of course, only 
been taking place in the US. The theme of inquiry in science education is significant in 
science curriculum policy and development in many countries around the world (see Minner 

                                                
1
 http://www.project2061.org/publications/sfaa/default.htm 

2
 http://www.project2061.org/publications/bsl/online/index.php?txtRef=&txtURIOld=%2Ftools%2Fbenchol%2Fbolintro.htm 

3
 http://www.project2061.org/publications/atlas/ 
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et al 2010, and Wilson et al 2010 for details of specific initiatives), although as Khalik et al 
(2004: 399) note, different views of science and of science inquiry education are reflected in 
different contexts. In Europe, a key EC publication entitled Science Education Now: A 
Renewed Pedagogy for the Future of Europe presents recommendations for ―actions to 
promote [inquiry] teaching techniques; actions aimed at helping teachers present the subject 
in an exciting and relevant manner; and actions that stimulate inquiry-based learning among 
young people‖ (Rocard 2007: 19). In the UK, student experience of scientific inquiry is 
identified as essential for the development of scientific literacy in Beyond 2000: Science 
Education for the Future (Millar and Osbourne 1998) which contains recommendations for 
UK science education. Further information on national policies and curriculum initiatives for 
IBSE in the UK as well as in Ireland, Spain and Bulgaria is provided by Pathway partners and 
is summarised in Appendix E.   
 
It is clear that there is considerable consensus internationally among stakeholders including 
policy-makers, researchers, science teacher educators and many teachers, that students 
should, for both educational and socio-economic reasons, experience learning through 
inquiry (Asay and Orgill 2010; for a critical analysis of the policy discourse on this theme, see 
Williamson, Appendix D; and, for critique of the educational assumptions underpinning IBSE 
see Shayer and Adey 1993). At the same time, many commentators point out that despite 
this agreement in principle and the relatively long history of reform initiatives, there has been 
as yet relatively little impact on teacher practice. For example, Wilson et al (2010) report 
widespread international research findings that show that inquiry-based teaching is 
infrequent in science education internationally. Whereas in reality scientists ―investigate the 
world in diverse ways and in situations where they are presented with open-ended problems 
with no data, known methods or established goals‖, much current teaching of science 
focuses on ―recipe-style laboratory exercises and a ‗control of variables‘ or ‗fair testing‘ model 
of science investigation‖ (Hume and Coll 2008: 1202). 

1.3.2 Defining inquiry and IBSE 

‗Inquiry‘ is referred to in the science education literature to designate at least three distinct 
but interlinked categories of activity: what scientists do (investigating scientific phenomena by 
using scientific methods in order to explain aspects of the physical world); how students learn 
(by pursuing scientific questions and engaging in scientific experiments by emulating the 
practices and processes used by scientists); and, a pedagogy, or teaching strategy, adopted 
by science teachers (designing and facilitating learning activities that allow students to 
observe, experiment and review what is known in light of evidence) (Minner et al 2010). For 
the purposes of the Pathway project, our focus is on inquiry as an active learning process 
engaged in by students and modelled on the inquiry practices of professional scientists 
(Anderson, 2002).  
 
The US National Research Council definitions of inquiry in science education highlight the 
close connection between inquiry as scientific practice, and inquiry as student learning: 
 

Inquiry is a multifaceted activity that involves making observations; posting questions; 
examining books and other sources of information to see what is already known; 
planning investigations; reviewing what is already known in the light of experimental 
evidence; using tools to gather, analyse and interpret data; proposing answers, 
explanations and predictions; and communicating the results. Inquiry requires 
identification of assumptions, use of critical and logical thinking, and consideration of 
alternative explanations (NRC 1996: 23). 

 
Inquiry is a set of interrelated processes by which scientists and students pose 
questions about the natural world and investigate phenomena; in doing so, students 
acquire knowledge and develop a rich understanding of concepts, principles, models 
and theories...and learn science in a way that reflects how science actually works 
(NRC, 1996: 214).  
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The concept of authenticity in the learning process is key to many definitions. For example: 
 

Inquiry refers to diverse ways in which scientists study the natural world, propose 
ideas, and explain and justify assertions based upon evidence derived from 
scientific work. It also refers to more authentic ways in which learners can 
investigate the natural world, propose ideas, and explain and justify assertions 
based upon evidence and, in the process, sense the spirit of science (Hofstein and 
Lunetta 2002: 30). 

 
The Galileo Educational Network (2008a) similarly describes inquiry in terms of the 
importance of focusing on authentic problems and issues that are relevant to students in 
relation to the real world. It also takes a key feature of IBSE to be the role that students play 
in defining their own questions as well as the direction of their learning. Learning is taken to 
be achieved through collaborative knowledge creation through active investigations that lead 
students to new insights. Teachers are responsible for facilitating students‘ efforts to learn by 
appropriately structuring and scaffolding the learning environment. Other commentators also 
identify students‘ roles as designers of their own inquiry investigations as a defining feature 
of IBSE (e.g. Deters 2004) but this is not a universally-held view.  
 
Inquiry learning approaches in science education are designed to focus on both subject and 
process learning. For example: 
 

The inquiry-based approach to science education […] introduces students to the 
content of science, including the process of investigation, in the context of the 
reasoning that gives science its dynamic character and provides the logical 
framework that enables one to understand scientific innovation and evaluate 
scientific claims. Inquiry is not process versus content; rather it is a way of learning 
content (Drayton and Falk 2001: 25). 

 
While definitions of inquiry learning in primary and secondary level science vary, there is 
agreement that its central characteristic is the emphasis on the inquiry question as the driver 
of students‘ learning experiences (e.g. Crawford 2000; Cuevas et al 2005; Deters 2004; 
Drayton and Falk 2001). There is often an emphasis on students engaging in collaborative 
inquiry with peers (e.g. Hmelo-Silver 2006) and on the development of student inquiry 
communities. Students‘ results of their inquiries may be shared with other groups in the wider 
context of scientific discussions, debates and presentations.  
 
A number of authors draw a distinction between learning and teaching science „as inquiry‟ 
and „by inquiry‟ (e.g., Chiappetta 1997; Jarrad and Schroeder 2010; Zion et al 2004). The 
meanings ascribed to these terms vary, but in general the former is used to refer to learning 
about what scientific inquiry entails without (necessarily) involving students themselves in the 
process of scientific inquiry. In contrast, learning by inquiry emphasises the construction of 
knowledge through scientific activity. Learning and teaching science by inquiry always takes 
the conduct of some form of scientific investigation as its point of departure and its central 
process, using methods used by scientists to investigate the natural world. Learning and 
teaching by inquiry is the approach with which the Pathway project is concerned.  
 
There is no ‗one way‘ to implement inquiry learning in the science classroom. Keys and 
Bryan (2001: 632) note that IBSE is not ―a specific teaching method or curriculum model, 
although it may be embedded within or overlap various models, such as the learning cycle or 
conceptual change‖. There is broad recognition in the literature that it should be seen as a 
flexible pedagogy that allows teachers to tailor their approaches to the desired learning 
outcomes and specific circumstances of different classroom contexts. ―Multiple modes and 
patterns of inquiry-based instruction‖ are seen as desirable so that teachers are empowered 
to develop inquiry teaching in ways that fit their own educational beliefs and teaching styles 
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(Keys and Bryan 2001: 632). At the same time, there is evidence to suggest that teachers 
may often hold limited conceptions of inquiry and of IBSE, with negative impact for its 
development in their classrooms (e.g. Asay and Orgill 2010; Kang et al 2008). 
 
Alongside the plethora of definitions of the concepts of inquiry and IBSE provided in the 
research literature and policy statements, both research and accounts of practice show that 
individual teachers hold differing views or may be uncertain about what is meant. Recently 
researchers have argued that IBSE should be distinguished from other, looser concepts such 
as ‗hands-on‘ instruction or active learning (Lee et al 2010). These authors propose that the 
distinctive hallmarks of successful IBSE approaches are: driving questions that are often 
refined by students; complex and open-ended investigations; explorations of realistic 
settings; selection among experimental methods; connections between alternative 
representations; formulation of explanations. 

1.3.3 Educational theory 

As a pedagogical approach, inquiry has philosophical and theoretical roots in the work of 
theorists including John Dewey and Jean Piaget and in the constructivist educational 
paradigm. Constructivism takes learning to be an active, situated and social process; 
informed by this perspective, inquiry learning is seen to enable students to construct their 
own knowledge about science, about how scientists work, and about the science inquiry 
process, through engagement with inquiry questions and interactions with peers, teachers, 
resources, and the learning environment. 
 
Personal construction of meaning resulting from individuals‘ interactions with a learning 
environment is the core commitment of a constructivist position. The influence of theories of 
social constructivism and situated cognition, which place emphasis on the inter-subjective, 
dialogical negotiation of meaning in knowledge-construction, and on learning as an act of 
participation in authentic communities of practice (Lave and Wenger 1991), can be seen in 
the emphasis on group-work and collaboration in much of the current literature and reported 
practice of IBSE (e.g. Lee and Songer 2003). The social perspective on IBSE recognises that 
an important way in which students are introduced to scientific thinking and knowledge is 
through discussions in the context of authentic, community-based activities. From this 
perspective, learning science through inquiry can be seen as involving a process of 
enculturation or apprenticeship into scientific practices and community by more experienced 
members (Bybee 2000). More experienced members can support less experienced members 
by providing and structuring tasks, allowing less experienced members to internalise 
processes and practices. Vygotsky‘s ideas about scaffolding learning in the ‗zone of proximal 
development‘ - that is, the gap between the level a learner can reach without assistance from 
more knowledgeable others and the level s/he can reach with assistance - often are drawn 
on in the IBSE literature to explain how a more experienced peer or teacher can work with a 
less experienced as the latter learns to take greater control of the inquiry process. 
Scaffolding strategies include reciprocal teaching, modelling, self-assessment, reflective 
assessment among others. 
 
These inquiry classroom practices may differ from those that take place within communities 
of professional scientists. This difference has been recognised by science education 
researchers (e.g. Brown 2006; Hume and Coll 2008; Sadeh and Zion 2009; Khalick et al 
2004; Lin et al 2009) who attempt to explore ways of using collaborative inquiry learning that 
can support students in gradually mastering some of the practices and norms that 
characterise scientific communities.  A key challenge as Driver et al see it, is ―one of how to 
achieve such a process of enculturation successfully in the round of normal classroom life... 
[and] there are special challenges when the science view that the teacher is presenting is in 
conflict with learners‘ knowledge schemes‖ (2004: 63). 
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1.3.4 Aligning learning outcomes, teaching strategies and assessment 

There is wide consensus in the literature that the desired learning outcomes of scientific 
inquiry learning are essentially threefold, as established, for example, by the United States 
National Science Education Standards (NRC 1996: 21). The Standards promote inquiry as 
having a central role to play in developing students‘ ―abilities necessary to do scientific 
inquiry‖ and their ―understandings of scientific inquiry‖ as well as their learning of scientific 
content. 
 
The Pathway DoW proposes the Standards-based approach to inquiry pedagogy set out by 
Bybee (2000; see Table 2), which takes desired educational outcomes as the point of 
departure for designing inquiry activities, teaching strategies and student assessments. 
Achieving alignment between desired outcomes, and teaching and assessment strategies, is 
taken here to be a fundamental characteristic of effective inquiry pedagogy. This is 
consistent with the principle of ‗constructive alignment‘ (Biggs, 1996) in constructivist 
educational theory. 
 
Standards-Based 
Educational Outcomes - 
what should students learn? 

Teaching Strategies - what are the 
techniques that will provide 
opportunities to learn? 
 

Assessment Strategies - what 
assessments align with the 
educational outcomes and 
teaching strategies? 

1. Understanding Subject 
Matter  
(e.g., motions and forces; 
Matter, Energy, and 
Organization in Living 
Systems; Energy in the Earth 
System). 

Students engage in a series of guided 
or structured laboratory activities that 
include developing some abilities to do 
scientific inquiry but emphasize subject 
matter (e.g. law of motion, F=ma, etc.). 

Students are given measures 
that assess their understanding 
of subject matter. These may 
include performance 
assessment in the form of a 
laboratory investigation, open 
response questions, interviews, 
and traditional multiple choice. 
 

2. Developing 
Competencies Necessary 
to Do Scientific Inquiry 
(e.g., students formulate and 
revise scientific explanations 
and models using logic and 
evidence). 

Students engage in guided or 
structured laboratory activities and form 
an explanation based on data. They 
present and defend their explanations 
using (1) scientific knowledge and (2) 
logic and evidence. The teacher 
emphasizes some inquiry abilities in 
the laboratory activities used for 
subject-matter outcomes. 

Students perform a task in which 
they gather data and use that 
data as the basis of an 
explanation. 

3. Developing 
Competencies Necessary 
to Do Scientific Inquiry 
(e.g., students have 
opportunities to develop all 
the fundamental abilities of 
the standard). 

Students carry out a full inquiry that 
originates with their questions about 
the natural world and culminates with a 
scientific explanation based on 
evidence. The teacher assists, guides 
and coaches students. 

Students do an inquiry about a 
question of personal interest 
without direction or coaching. 
The assessment rubric includes 
the complete list of fundamental 
abilities. 

4. Developing 
Understandings about 
Scientific Inquiry (e.g., 
scientific explanations must 
adhere to criteria such as: a 
proposed explanation must 
be logically consistent; it must 
abide the rules of evidence; it 
must be open to question and 
possible modification; and it 
must be based on historical 
and current knowledge). 

The teacher could direct students to 
reflect on activities from several 
laboratory activities. Students could 
also read historical case studies of 
scientific inquiry (e.g., Darwin, 
Copernicus, Galileo, Lavoisier, 
Einstein). Discussion groups pursue 
questions about logic, evidence, 
scepticism, modification, and 
communication 

Students are given a brief 
account of a scientific discovery 
and asked to describe the place 
of logic, evidence, criticism, and 
modification.  

 
Table 2: Examples of teaching and assessment that support inquiry-oriented outcomes (source Bybee 

2000: 39-40; see also Pathway DoW) 
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We identify a need for small clarification of the framework illustrated in Table 2, on the 
assumption that Educational Outcomes 2 and 3 are intended to distinguish between ‗basic‘ 
and ‗more advanced‘ levels of competency; this clarification has been added to Table 3 
which proposes a Pathway Framework for IBSE Learning Outcomes.  
 
Intended Learning Outcomes      

 
A. Understanding scientific 
subject matter 

 
e.g. motions and forces; matter; energy; organisation in living systems; 
energy in the earth system 
 

 
B. Developing basic 
competencies necessary to do 
scientific inquiry 

 
e.g. the ability to design a simple experiment 
 

 
C. Developing more advanced 
competencies necessary to do 
scientific inquiry 

 
e.g. the ability to design a more complex experiment 

 
D. Developing understandings 
about scientific inquiry 

 
e.g. the understanding that scientific explanations must adhere to a range of 
established criteria, such as: a proposed explanation must be based on 
historical and current scientific knowledge 
 

 
Table 3: Pathway framework for IBSE learning outcomes (adapted from Bybee 2000) 

 

The Pathway Framework for IBSE Learning Outcomes thus identifies four broad educational 
outcomes for inquiry learning: understanding of subject-matter; development of inquiry 
competencies (at less and more advanced levels of performance); and, development of 
understandings about the nature of scientific inquiry. It may be assumed that all inquiries will 
be designed with the goal of improving students‘ understanding of some aspect of scientific 
subject-matter. In addition, it is likely that most inquiries will be designed with some - smaller 
or greater - degree of emphasis on students developing process-related learning outcomes: 
that is, on student learning of competencies necessary to carry out scientific inquiry. Perhaps 
less typically learning outcomes associated with understanding the nature of scientific inquiry 
also may be identified.    
 
This framework is not intended to be all-inclusive. It reflects the Standards-based approach 
to desirable learning outcomes for IBSE adopted by the Pathway DoW. Further desired 
outcomes may be identified and added (see Williamson, Appendix D, for a discussion of 
further outcomes). 
 

1.3.5 Inquiry types for IBSE: structured, guided, open, coupled 

Inquiry learning science activities encompass a broad spectrum ranging from strongly 
teacher-directed to strongly student-directed (Martin-Hansen 2002; NRC 2000; Sadeh and 
Zion 2009). Since science teachers need to adopt different strategies according to different 
intended learning outcomes, the needs of students, and the specific circumstances of their 
own (diverse) science classrooms, understanding different types of inquiry learning and 
teaching will help them to create learning activities that are appropriate in context. One 
fundamental pedagogical decision relates to the degree of structure and guidance with which 
students will be provided in any given inquiry activity (Brown et al, 2006). A continuum of 
types of science inquiry, which we refer to as ‗structured‘, ‗guided‘, and ‗open‘, based on 
usage in the literature, is often described (e.g., Krajcik et al 1998; NRC 2000; Zion et al 
2007) and is reflected, although not systematically, in the Examples of Teaching and 
Assessment provided by Bybee (2000) and illustrated in Table 4. 
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Structured science inquiry is strongly teacher-directed. Students follow their teacher‘s 
direction in pursuing a scientific investigation to produce some form of prescribed product. 
For example, they investigate a question provided by the teacher through procedures that 
the teacher determines, and receive detailed step-by-step instructions for each stage of their 
investigation. Guided science inquiry is somewhat more loosely scaffolded in that students 
take more responsibility for establishing the direction and methods of their inquiry. The 
teacher helps students to develop inquiry investigations in the classroom, for example 
offering a pool of possible inquiry questions from which students select those they wish to 
pursue and proposing guidelines on methods (Sadeh and Zion 2009). Open science inquiry 
approaches enable students to take the lead in establishing the inquiry question and 
methods, while benefiting from teacher support. For example, in open inquiry, students 
initiate the inquiry process by formulating topic-related questions. They make their own 
decisions about the design and conduct of the inquiry and the communication of results. 
High-order thinking and the ability to apply the necessary scientific processes are 
emphasised during open inquiry (Sadeh and Zion 2009).  
 
Coupled inquiry is a term that sometimes is used to refer to approaches that combine two 
types of inquiry, for example guided with open. In such an example, it could be characterised 
as an intermediate stage between the two. A coupled guided/open inquiry cycle might entail: 
(a) an invitation to inquiry; (b) a preliminary, teacher-initiated, guided inquiry; (c) a follow-up, 
student-initiated, open inquiry; (d) sharing of findings; and, (e) assessment of student 
performance (Martin-Hansen 2002).  
 
There is a substantial literature on the merits and problems of different types of inquiry 
(structured, guided, open) but little consensus on the practical implications of research 
findings. Some research suggests that highly structured inquiry may constrain the 
development of critical and scientific thinking (Berg et al 2003; Kaberman and Dori 2008). 
Berg et al (2003) compared outcomes of a structured and open version of a chemistry 
laboratory experiment and showed that the latter helped students to understand the 
experiment better while also showing positive effects regarding preparation time, time spent 
in the laboratory, and other learning outcomes. 
 
Both guided and open inquiry are identified as helping students to develop understanding of 
complex scientific concepts and, at the same time, to acquire scientific process skills, or 
competencies, necessary for conducting scientific investigations, and understand the nature 
of science (e.g. Krajcik et al 1998). However, the type of inquiry that is more suitable for 
teaching science in schools remains controversial (Zion and Slezak 2005). Individual 
teachers may prefer either guided or open inquiry methods. It is argued that guided inquiry 
offers specific teaching techniques to achieve particular learning outcomes, and clear 
assessment strategies, which reduce the chance of failure (Trautmann 2004), whereas the 
risk of failure may be greater in open inquiry (Zion et al 2007).  
 
Guided inquiry can be used as a means to help students to transit to open inquiry (Martin-
Hansen 2002). Those who prefer open inquiry perceive that by using this method, students 
have more opportunities to experience the authentic nature of science and in this way learn 
to confront complex scientific phenomena (Zion et al 2007). When students are engaged in 
open inquiry, high-level science process skills are employed and high-level thinking is 
developed (Krystyniak and Heikkinen 2007). Cuevas et al (2005) found that elementary 
students‘ abilities to ask scientific questions, record findings, design scientific processes and 
draw conclusions increased after completion of two open inquiry units. Wu and Krajik (2006) 
investigated use of data tables and graphs in an open inquiry environment, in research that 
showed how less scaffolding is necessary for supporting open inquiry processes. Sadeh and 
Zion (2007) compared the effects of open versus guided inquiry among high-school biology 
students. Their study‘s results indicated that students engaged in open inquiry were more 
likely to demonstrate advances in conceptual and procedural understanding. In sum, while 
some researchers are positive about adopting open inquiry approaches, others argue that 
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there is a need for further investigation of open inquiry practices and outcomes (Berg et al 
2003; Crawford 2000; Krystyniak and Heikkinen 2007).  
 
Although guided and open inquiry types are discussed predominantly in relation to classroom 
contexts, some authors have discussed their application specifically in laboratory 
experiments. In guided-inquiry laboratories students follow directions, gather data for specific 
variables and reflect on the relationships among the variables from their own data. In open 
inquiry laboratories students design their own experiments and procedures for investigating a 
question (Barnea et al 2010). Chatterjee et al (2009) studied the incorporation of both guided 
and open inquiry experiments in a chemistry laboratory course. The study found that 
students had a more positive attitude towards guided inquiry than open inquiry laboratories 
because they believed that they learned more with the former.   
 
Key distinctions between structured, guided and open inquiry not uncommonly are poorly 
understood by scholars and practitioners alike. For example, Kirschner et al (2006) 
characterise inquiry learning as ‗unguided‘ or ‗minimally guided‘ and base their strong critique 
of the approach on that misconception (Hmelo-Silver et al 2007).  
 
 
Inquiry types for IBSE      

 
A. Structured 

 
Strongly teacher-directed. Students follow their teacher‘s direction in pursuing 
a scientific investigation to produce some form of prescribed product, e.g. 
they investigate a question provided by the teacher through procedures that 
the teacher determines, and receive detailed step-by step instructions for 
each stage of their investigation. 
 

 
B. Guided 

 
More loosely scaffolded. Students take some responsibility for establishing 
the direction and methods of their inquiry.  The teacher helps students to 
develop investigations, for example offering a pool of possible inquiry 
questions from which students select, and proposing guidelines on methods. 
 

 
C. Open 

 
Strongly student-directed. Students take the lead in establishing the inquiry 
question and methods, while benefiting from teacher support. For example, 
students initiate the inquiry process by generating scientific questions and 
take their own decisions about the design and conduct of the inquiry and the 
communication of results. 
 

 
D. Coupled 

 
A combination of two types of inquiry, for example a guided inquiry phase 
followed by an open inquiry phase. 
 

 
Table 4: Inquiry types for IBSE (adapted from NRC 2000) 
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1.3.6 ‘Essential features’ of IBSE 

The US National Research Council report on Inquiry and the National Science Education 
Standards proposes a definition of inquiry teaching and learning that brings to the fore ―...the 
abilities of inquiry, emphasizing questions, evidence and explanations within a learning 
context‖ (2000: 24). At the centre of its definition are five ‗essential features‘ of classroom 
inquiry. These five essential features emphasize a process of active engagement in scientific 
investigation, in which the focus is on students learning through and about scientific inquiry 
rather than on teachers presenting scientific content knowledge. They apply across all 
student grade levels and are: 
 

1. Learners are engaged by scientifically oriented questions. 

2. Learners give priority to evidence, which allows them to develop and evaluate 

explanations that address scientifically oriented questions. 

3. Learners formulate explanations from evidence to address scientifically oriented 

questions. 

4. Learners evaluate their explanations in light of alternative explanations, particularly 

those reflecting scientific understanding. 

5. Learners communicate and justify their proposed explanations. 

 

In relation to each of these features, the NRC report describes variations across a continuum 
of inquiry experiences from ‗high student direction‘ to ‗high teacher direction‘ (see Table 5). 
At the most student-directed end of this continuum, the learner poses the inquiry question, 
determines what constitutes evidence and collects it, formulates an explanation, examines 
other resources in order to connect to the scientific knowledge base, and develops an 
argument to communicate and justify explanations. At the most teacher-directed end, the 
teacher provides a high level of structure in all of these aspects, maintaining decision-making 
and tight control over the inquiry process. While ―every inquiry engages students in 
scientifically oriented questions‖ (p. 28), different variations of inquiry learning are assumed 
to be appropriate according to the specific requirements of desired learning outcomes in 
particular contexts. The NRC guide (2000) also distinguishes between full and partial 
inquiries, defining an inquiry as partial if one or more of the five essential elements is missing 
but others are present (see Hofstein, 2004, for an example of a partial inquiry approach). 
 
The distinction between structured, guided and open inquiry discussed above is reflected in 
the NRC (2000) model of variation in the five essential features of inquiry. More ‗open‘ forms 
of inquiry, as seen in the left-hand column of Table 2, are differentiated from more ‗guided‘ 
and ‗structured‘ forms in the right-hand columns. The guide recommends that novice science 
learners generally require higher levels of guidance to help them develop inquiry abilities, 
and highlights the need for teachers to take more responsibility for establishing the nature, 
direction and process of the inquiry in these circumstances. However, it notes that research 
has demonstrated the value of students taking ownership of inquiry tasks including 
identifying or refining questions. It suggests that more structured/guided inquiry is best when 
intended learning outcomes are oriented towards learning about scientific subject matter 
(concepts), whereas more open inquiry offers enhanced opportunities for ―cognitive 
development and scientific reasoning‖ (p. 30). It recommends that students should 
participate in all types of inquiry during the course of their science learning. 
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Essential 
Features 

More Amount of Learner Self-Direction   Less 
Less Amount of Direction from Teacher or Material         More 
 

Variations 
 

Learner engages 
in scientifically 
oriented 
questions 

Learner poses a 
question 

Learner selects 
among questions, 
poses new 
questions 

Learner sharpens 
or clarifies question 
provided by 
teacher, materials 
or other source 

Learner engages in 
question provided 
by teacher, 
materials, or other 
source 

Learner gives 
priority to 
evidence in 
responding to 
questions.  

Learner 
determines what 
constitutes 
evidence and 
collects it. 

Learner directed to 
collect certain data 

Learner given data 
and asked to 
analyse 

Learner given data 
and told how to 
analyse 

Learner 
formulates 
explanations from 
evidence 

Learner formulates 
explanation after 
summarizing 
evidence 

Learner guided in 
process of 
formulating 
explanations from 
evidence 

Learner given 
possible ways to 
use evidence to 
formulate 
explanation 

Learner provided 
with evidence 

Learner connects 
explanations to 
scientific 
knowledge 

Learner 
independently 
examines other 
resources and 
forms the links to 
explanations 

Learner directed 
towards area and 
sources of 
scientific 
knowledge 

Learner given 
possible 
connections 

Learner given all 
connections 

Learner 
communicates 
and justifies 
explanations 

Learners forms 
reasonable and 
logical argument to 
communicate 
explanations 

Learner coached in 
development of 
communication  

Learner provided 
with broad 
guidelines to use to 
sharpen 
communication 

Learner given 
steps and 
procedures for 
communication.  

 
Table 5: Essential feature of classroom inquiry and their variations (Source: NRC 2000, p.29) 

 
Table 6 presents a recently-developed modification of the Essential Features and their 
Variations as presented in Table 5 above, which researchers found more useful for the 
classification and analysis of real life examples of IBSE presented by teachers in journal 
articles (Asay and Orgill 2010). Key modifications are: 
 

 In Feature 2, decoupling of the collection and analysis of evidence, leading to 

subdivision of this Feature into 2a) ‗learner gives priority to evidence‘, and 2b) ‗learner 

analyses evidence‘. 

 Enhancement of some cell descriptions in order to more consistently represent 

variation in student- or teacher-directedness. 
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Essential 
Features 

More Amount of Learner Self-Direction   Less 
Less Amount of Direction from Teacher or Material         More 
 

Variations 
 

1.Learner 
engages in 
scientifically 
oriented 
questions 
(Question) 

Learner poses a 
scientifically 
oriented question 

Learner selects 
among 
scientifically 
oriented questions, 
poses new 
scientifically 
oriented questions 

Learner sharpens 
or clarifies 
scientifically 
oriented question 
provided by 
teacher, materials 
or other source 

Learner engages in 
scientifically 
oriented question 
provided by 
teacher, materials, 
or other source 

2a. Learner gives 
priority to 
evidence. 
(Evidence) 
 
2b. Learner 
analyses 
evidence 
(Analysis) 
 

Learner 
determines what 
constitutes 
evidence and 
collects it 
 
Learner 
determines how to 
analyse evidence 

Learner guided to  
collect certain 
data/evidence 
 
 
Learner guided in 
analysing 
data/evidence 

Learner given 
possible 
data/evidence 
 
 
Learner given 
possible ways to 
analyse 
data/evidence 

Learner given 
data/evidence 
 
 
 
Learner told how to 
analyse data 

3.Learner 
formulates 
explanations from 
evidence 
(Explain) 

Learner formulates 
explanations based 
on evidence 

Learner guided in 
process of 
formulating 
explanations from 
evidence 

Learner given 
possible ways to 
use evidence to 
formulate 
explanations 

Learner told how to 
use evidence to 
forumulate 
explanations 

4.Learner 
connects 
explanations to 
scientific 
knowledge 
(Connect) 

Learner 
independently 
examines other 
resources and 
forms the links to 
explanations 

Learner directed 
towards areas and 
sources of 
scientific 
knowledge and 
students form links 
to explanations 

Learner given 
possible 
connections 

[Missing cell 
description in the 
original] 

5.Learner 
communicates 
and justifies 
explanations 
(Communicate) 

Learner chooses 
how to 
communicate and 
justify explanations 

Learner coached in 
development of 
communication 
and justification of 
explanations 

Learner provided 
with broad 
guidelines to 
sharpen 
communication 
and justify 
explanations (or 
given possible 
types of 
communication to 
use) 

Learner given 
steps and 
procedures for 
communication 
and justification of 
explanations 

 
Table 6: Modified Standards table (Source: Assay and Orgill 2010 p.63) 

 
To understand how IBSE is practiced in everyday science classrooms and which of the 
Standards‟ ‗five essential features‘ are currently implemented, Asay and Orgill (2010) 
analysed the presence of these in 248 articles in The Science Teacher published between 
1998 and 2007. They found that: 
 

 Very few articles described examples that addressed all the essential features of 
IBSE 

 Two of the essential features - EVIDENCE and ANALYSIS - were significantly more 
prominent than the others in articles that described examples of partial inquiry  

 The EVIDENCE feature was usually student-directed, and the ANALYSIS Feature 
was usually teacher-directed 

 The EXPLAIN Feature was more often student-directed than teacher-directed 
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 Fewer than 20% of the articles described QUESTION, CONNECT and 
COMMUNICATE Features 

 The QUESTION, CONNECT and COMMUNICATE Features were usually teacher-
directed 

 
These findings suggest that science teachers view inquiry more as a process that students 
should learn rather than as learning scientific content. Asay and Orgill (2010: 76) comment 
that: 
 

If the analysed articles are representative of activities used in high school science classrooms, 
we can describe the average student inquiry experience as emphasising certain essential 
features of inquiry over others. In the articles we analysed, students often gathered evidence 
and participated in teacher-guided analysis of that evidence, but seldom were they asked to 
grapple with scientifically oriented questions, create evidence-based explanations, connect 
explanations to accepted scientific concepts, or justify the results of their investigations to a 
larger group of peers.  
 

Kang et al (2008) carried out a similar study, in which they found that participating teachers 
drew on only three of the five essential features especially when experiencing inquiry 
teaching at their early stages of conceptual development. The features of „giving priority to 
evidence‟, and ‗formulating explanations based on evidence‟ were represented in teachers‘ 
conceptions of inquiry as these conceptions were initially developed. The features of 
„engaging in scientifically oriented questions‟ „connecting explanations to scientific 
knowledge‟ ‗communicate and justify explanations‟ were represented when teachers‘ 
conceptions of inquiry were further enhanced. Kang et al (2008: 352) comment that: 
 

The results of the study suggest a progression in teachers‘ understanding of inquiry teaching. It 
appears as teachers develop their conceptions; they initially identify inquiry teaching with 
students collecting and explaining evidence. As their understanding develops, teachers connect 
inquiry teaching with engaging students in inquiry-oriented questions. The last features teachers 
added to their conceptions of inquiry teaching are those of having students to compare their 
own explanations to existing scientific explanations and models and of having students share 
and justify explanations with a larger audience. These last two essential features of inquiry are 
those that specifically connect classroom activities with science content, indicating that to some 
degree, the participants in this study have separated inquiry teaching from teaching scientific 
content.  

 
It is worth noting that critique of the difference between rhetoric and practice in IBSE has a 
long history (Atkinson and Delamont 1976). 

1.3.7 Proposed Pathway Framework: Seven Essential Features of IBSE 

The NRC five Essential Features framework is central to the Pathway project, as established 
in the DoW. Based on our review of relevant literature, and following Asay and Orgill (2010), 
we propose a further modification of it as presented in Table 7 below (see also Levy et al, in 
preparation). Adjustments we propose to the Asay and Orgill (2010) framework are: 
  

 Presentation of ‗giving priority to evidence‘ and ‗analysis of evidence‘ as two items: 

‗Feature 2, Evidence‘; and, ‗Feature 3, Analyse‘. This approach more clearly 

recognises these as distinct inquiry activities and simplifies the overall framework by 

avoiding the use of subdivision. 

 Reduction of the categories of variation from four to three and labelling of these 

explicitly as ‗open, ‗guided‘ and ‗structured‘. This is consistent with widespread usage 

in the literature and with the Pathway ‗Inquiry Types for IBSE‘ framework (see above). 

 Addition of ‗Reflection‘ as a further Essential Feature (Feature 7). This is consistent 

with widespread recognition of the importance of student reflection activity in many 
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recent conceptualisations of IBSE and with the Pathway consortium‘s identification of 

this as a key element. 

 Reformulation of some cell descriptions in order to more consistently represent 

variation in student- or teacher-directedness across the three-category spectrum of 

open, guided and structured inquiry types. 

 On the basis of these modifications, we propose the adoption of a framework consisting of 
seven Essential Features (Levy et al in preparation) for the Pathway project. 
 
Essential Features of 
IBSE 

 
 
  Variations 

1 (Open) 

 
 
 
2 (Guided) 

 
 
 
3 (Structured) 

 
QUESTION: students 

investigate 
scientifically oriented 
question 

 
Student poses a 
scientifically oriented 
question 

 
Student selects from a 
range of, or refines, a 
scientifically oriented 
question provided by the 
teacher, materials or 
other source 
 

 
Student is given a 
scientifically oriented 
question by the teacher, 
materials or other source   

 
EVIDENCE: students give 

priority to evidence 
 

 
Student determines what 
constitutes evidence/data 
and collects it 

 
Student selects from 
data/evidence provided 
by the teacher, materials 
or other source 
 

 
Student is given 
evidence/data by the 
teacher, materials or 
other source 

 
ANALYSE: students 

analyse evidence 

 
Student decides how to 
analyse evidence 

 
Student selects from 
ways of analyzing 
evidence provided by the 
teacher, materials or 
other source 
 

 
Student is told how to 
analyse evidence 
provided by the teacher, 
materials or other source 

 
EXPLAIN: students 

formulate explanation 
based on evidence 

 
Student decides how to 
formulate evidence 
based on evidence 

 
Student selects from 
possible ways to 
formulate explanation 
given by the teacher, 
materials or other source 
 

 
Student is given a way to 
formulate explanation 
based on evidence 

 
CONNECT: students 

connect explanations to 
scientific knowledge 

 
Student independently 
finds and examines other 
resources and forms links 
to scientific knowledge 
 

 
Student is directed to 
other resources and 
shown how to form links 
to scientific knowledge 

 
Student is given other 
resources and shown the 
links with scientific 
knowledge 

 
COMMUNICATE: 

students communicate 
with audience(s) and 
justify explanation 

 
Student chooses how to 
communicate and justify 
explanations 

 
Student is given broad 
guidelines on how to 
justify and communicate 
explanations 

 
Student is given all the 
steps to justify and 
communicate 
explanations by the 
teacher, materials or 
other source 
 

 
REFLECT: students 

reflect on the inquiry 
process, responses to 
their work, its value and 
impact, and their learning 

 
Student decides 
independently how to 
structure reflection on the 
inquiry process and 
his/her learning 

 
Student is given broad 
guidelines to structure 
reflection on the inquiry 
process and his/her 
learning by the teacher, 
materials or other source 

 
Student is given a 
structured framework for 
reflection by the teacher, 
materials or other source 

 
 
 

 
More-----------------------------Amount of Student Self-Direction-------------------Less 
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Table 7: Seven essential features of IBSE (Levy et al, in preparation), adapted from Asay and Orgill 
2010) 

1.3.8 Pedagogical frameworks 

A variety of pedagogical frameworks (sometimes termed ‗instructional models‘) are used as 
the basis for the design and facilitation of IBSE. These provide guidance on the steps and 
processes that a science teacher should consider in designing and implementing an inquiry-
based activity, project or course. Marshall et al (2009) offer a historical overview of major 
pedagogical frameworks for IBSE, briefly summarised as follows. In the 1960s Atkin and 
Karplus (1962 cited in Marshall et al 2009) proposed a learning cycle with three phases: 
Exploration, Invention, Discovery. In the 1980s, Bybee (1997 cited in Eisenkraft 2003) 
introduced the Biological Sciences Curriculum Study 5E Instructional Model which has been 
widely adopted across the science education community.  This comprises the linked steps of 
Engagement, Exploration, Explanation, Elaboration and Evaluation. While not synonymous 
with inquiry, it offers a framework based on constructivist principles that, it is argued, make it 
compatible with an inquiry approach (Wilson et al 2010). Eisenkraft (2003) built on this to 
propose the 7E model, which adds two further phases: Elicitation and Extension. Marshall et 
al (2009) argue that none of these models explicitly addresses the importance of formative 
assessment and meta-cognitive reflection in IBSE. Their 4Ex2 Instructional Model is intended 
to address this issue and be dynamic rather than always supporting a linear sequence. It is 
intended to be integrated into a web-based system that provides lessons for science and 
mathematics classes. This section illustrates these and other models that have been 
designed specifically for inquiry learning in science classrooms. It is notable that the models 
presented tend to represent an idealised, highly ordered vision of science, with scientists 
formulating a hypothesis, testing, analysing and reflecting in that sequence. Yet real science 
is ‗messy‘: debateable, contested, iterative, reflexive, and both collaborative and competitive 
(e.g. see Williamson, Appendix D, for a critique of a reductionist view). Arguably, science 
teachers need to teach this ‗messiness‘ rather than a mythic version . 
 
Inquiry Cycle 
The inquiry Cycle (White et al 1999) intends to assist the inquiry process by explaining the 
steps of the inquiry process in an abstract way. The framework includes six main steps: 
Questions, Hypothesise, Investigate, Analyse, Model and Evaluate. First, the students 
develop a research question (Questions) and then are asked to develop a list of possible 
answers to that research question (Hypothesise). Then students design their investigation 
considering the different scientific variables (investigate). After completing the investigation 
and collected the data, students analyse their findings either with graphical or textual 
representations (Analyse). Students then may build a scientific model or modify an existing 
one (Model). Finally, students validate their models and discuss future investigations 
(Evaluate) (see figure 2). The Inquiry Cycle guides the students‘ research and is repeated 
with each scientific course of the curriculum. As the curriculum progresses, student‘s 
conceptual understanding increases in complexity (e.g. effects of variables are considered 
such as friction, gravity and mass) (Eslinger et al 2008). Also the inquiry that students are 
doing is less scaffolded as students are acquiring the necessary knowledge and skills. By the 
end of the curriculum students are engaging in independent inquiry projects on research 
topics of their own interest (White et al 1999). 
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Figure 1: The Inquiry Cycle (Source: White et al 1999, p.154)  

 
The CII inquiry model 
The CII inquiry model developed by researchers at the University of Illinois presents a 
cyclical path of the inquiry process. Similarly with the Inquiry Cycle, inquiry starts with 
meaningful questions posed by the students with regards to scientific investigations (Ask) 
which leads to investigative processes where students are gathering information, 
interviewing, and conduct experiments in an attempt to explore a scientific inquiry 
(Investigate). Then, students are connecting their previous knowledge with new information 
for shaping ideas and significant thoughts (Create). Learners have the chance to debate and 
negotiate their previously formed ideas through discussions and community-building 
(Discuss). Finally, students reflect on the questions, methods used and research outcomes 
and communally decide for new strands of research (Community Informatics Initiative 2009) 
(see figure 3). East step in the process leads to the next, generating new questions, 
investigating scientific inquiries, creating new scientific understandings and knowledge for 
discussing and negotiating with peers and the scientific community as well as reflecting on 
new knowledge and inquiry experiences (Community Informatics Initiative 2009).  

 

 
 

Figure 2: The CII inquiry model (source: http://www.cii.illinois.edu/InquiryPage/) 
 

The 5E and 7E learning models 
The 5E learning cycle and instructional model includes the following elements as a way of 
scaffolding teachers‘ efforts to incorporate inquiry learning into their lesson plans: engage, 
explore, explain, elaborate and evaluate (Bybee 1997, cited in Eisenkraft 2003). The 7E 
model expands the engage element into two components: elicit and engage as well as the 
two stages of elaborate and engage into three components elaborate evaluate and extend. 
The 7E model ―emphasises the increasing importance of eliciting prior understandings and 
the extending or transfer of concepts‖ (Eisenkraft 2003: 59). Recognising that students 
construct knowledge from previous understandings, teachers need to identify the knowledge 
that students already posses otherwise students may develop concepts different from the 
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ones the teacher intends (Eisenkraft 2003). The „engage‟ component, as described by 
Eisenkraft, motivates students through triggers to actively participate in the inquiry process 
as well as to identify past experiences. The ‗explore‟ phase provides an opportunity for 
students to record data, design and plan experiments, interpret results and share their 
findings. In the „explain‟ phase students explain the results of their investigations after being 
introduced to models, laws and theories. Eisenkraft argues that the distinction between the 
„explore‟ and ‗explain‟ components ensures that terminology follows concepts. The 
„elaborate‟ phase encourages students to clarify better their understandings and explain their 
value based on scientific evidence. The „evaluate‟ phase includes both formative and 
summative evaluations; and aspects of students‘ inquiry investigations are included in tests 
in the form of asking students about reflecting on their experiences of the inquiry activities. 
The „extend‟ phase allows students to apply their knowledge to new contexts which they may 
generate new questions and new investigations and thereby the transfer of learning occurs.  
 
 
 
 

 
 

Figure 3: The 7E learning cycle (source: Eisenkraft 2003, p.57) 
 

The 4EX2 Model 
Marshall et al (2009) used three learning constructs (formative assessment, inquiry 
instructional models and metacognitive reflection) in developing the 4E X 2 model.  The 
model is intended to help teachers to create activities for students to engage, explore, 
explain and extend their understandings through self-assessment and reflection. 
Metacognitive reflection learning becomes central in all stages of inquiry in this model 
instead of only in the latter stages of the process. Marshall et al (2009) argue that when 
metacognitive reflection and formative assessment are integrated in IBSE, teaching becomes 
more informed and students have more opportunities to monitor their progress in relation to 
intended goals.        
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Figure 4: The 4E X 2 model (Source: Marshall et al 2008, p. 506) 

 
 
Inquiry science framework 
Minner et al (2010) propose a new framework for classifying inquiry-based instruction that 
encompasses some of the features of previous models. The framework has three aspects: 
―(1) the presence of science content, (2) student engagement with science content, and (3) 
student responsibility for learning, student active thinking or student motivation with at least 
one component of instruction - question, design, data, conclusion or communication” (Minner 
et al 2010: 478). These five components are based on those presented by the Standards 
(NRC 1996). Student responsibility for learning implies that students will participate actively 
in learning and in making decisions and contribute to the enhancement of individual and 
group knowledge. Student active thinking refers to how students conceptualise scientific 
content in terms of using logic, build on prior knowledge etc. Student motivation focuses on 
how students intentionally build curiosity, interest and self-direction. 
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Figure 5: Inquiry science conceptual framework (Source: Minner et al 2010, p. 479) 
 
 
 

1.3.8 Benefits and challenges 

Published research on the effectiveness of inquiry approaches to science teaching includes 
inconclusive, mixed, or negative results. Nevertheless the over-arching conclusion is that 
there is a sufficient body of evidence to demonstrate significant learning gains in comparison 
with traditional teaching, supporting advocacy at the level of national and international policy 
including in relation to the objectives of the US Standards (Anderson 2002).  
 
For example, Colburn (2008 cited in Wilson et al 2010) in a review of studies examining the 
effectiveness of inquiry science education up to the 1990s showed that most supported the 
conclusion that the approach was equal to or superior to traditional approaches. A further, 
large-scale synthesis of research findings between 1984 and 2002 found a clear, consistent 
trend among 138 studies in favour of positive student learning outcomes from inquiry-based 
practices, especially strategies that emphasised active student thinking or responsibility for 
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learning and the drawing of conclusions from data, a finding that is consistent with what 
constructivist learning theories would predict (Minner et al 2010). Wilson et al‘s (2010) recent 
study also contributes to the growing body of evidence demonstrating the effectiveness of 
IBSE. Against this background, research is currently more concerned with investigating the 
factors that make for the effectiveness of IBSE in different situations. Hmelo-Silver et al 
2007) argue that, 
 

‗Does it work?‘ is the wrong question. The more important questions to ask are under what 
circumstances do these guided inquiry approaches work, and what are the kind of outcomes for 
which they are effective, what kinds of valued practices do they promote, and what kinds of 
support and scaffolding are needed for different populations and learning goals? (p.105) 
 

According to an overview presented by Lee et al (2010), key factors found by research to 
influence effectiveness in IBSE include the following: 
 

 Student experience and conceptions factors (e.g. age; ideas about the nature of 
science and science learning; experience with using technology); 

 Teacher experience factors (e.g. knowledge and beliefs about teaching; experience of 
inquiry-oriented professional development; membership of a community of teachers 
implementing new approaches; 

 School characteristics (e.g. support for technology enhanced teaching). 
 

There is a considerable body of evidence on barriers to, and challenges for, the development 
of IBSE. In particular, it is very commonly noted (e.g. Wilson et al 2010) that standardised 
‗high stakes‘ testing regimes result in teaching practices that are at odds with those 
advocated in reform initiatives and create pressures for teachers to cover large amounts of 
content and emphasise factual knowledge. More broadly, Anderson (2002) identifies three 
main categories of constraint on the implementation of IBSE as envisaged by the US 
Standards: 
 

 Technical dilemmas (including limited abilities to teach and assess); 

 Political dilemmas (including parental resistance and conflicts between teachers); 

 Cultural dilemmas (including differing beliefs and values about teaching and 
assessment); 

 
Similarly drawing on the wider evidence base, Asay and Orgill (2010) identify the following as 
key constraints on teachers‘ practice: their concerns about not having control over 
classrooms during inquiry, that students are not capable of carrying out inquiry activities, and 
that there is not enough time to cover the required curriculum; and, their uncertainty about 
what IBSE is and what teachers‘ roles might be in the IBSE context. 
 

1.4 Elements of effective practice 

 
Inquiry questions and problems 
Engaging students with scientific questions is central to IBSE and students themselves need 
opportunities to generate questions (Kaberman and Dori 2009). As already noted, the 
Standards draw particular attention to the need to use student experience as the point of 
departure for formulating inquiry questions, stating that ―inquiry into authentic questions 
generated from student experiences is the central strategy for teaching science‖ (NRC 1996: 
31).  
 
Clifford and Marinucci (2008) explore the character of questions that trigger students‘ 
attention, provoke wonder, and lead to further questions. These include questions arising 
from real-world phenomena - for example, ‗Why cannot people drink salt water?‘ - and 
questions such as ‗How is this possible?‘ These authors argue that an inquiry does not have 
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to evoke ‗big questions‘ about the world, and that the topic itself may matter less than the 
attitude students take toward it. Controversial issues or ill-structured topics can be used by 
teachers to help students formulate questions (van Rens and van der Schee 2009). The 
literature provides examples of a wide range of activities designed to encourage and help 
students to formulate meaningful questions including group discussion tasks and concept-
mapping among others. For example, teachers might assign the role of raising questions to 
some members of a student group while others have the role of responding (Osborne et al 
2004). 
 
Developing questioning skills that will enable students to increase scientific understanding is 
seen as critical in inquiry learning. However, posing questions is challenging for students. 
Some studies have illustrated the difficulties that students may experience in this respect 
(e.g., Kracjik et al 1998; Kuhn et al 2000). Differences in students‘ approaches to learning 
may explain variation in their approaches to questioning in IBSE. For example, a study by 
Chin and Brown (2000) revealed variation in students‘ approaches to posing questions in a 
chemistry lab. Students using a ‗surface‘ approach to learning were more likely to pose 
factual or procedural questions, while those using a ‗deep‘ approach posed questions that 
would help them clarify their conceptions. 
 
Development of scientific questioning skills is an important learning outcome for IBSE. 
Inquiry-based chemistry laboratories were shown in one study to help students to ask higher-
level questions in comparison with students who were engaged in non-inquiry laboratory 
work (Hofstein 2004; Hofstein and Lunetta 2004). However, as already noted, in their 
analysis of a large body of reported real-life examples of IBSE, Asay and Orgill (2010) found 
few that explicitly described a scientific question designed to drive the students‘ inquiry 
activity and where these were described they were usually teacher-directed. These authors 
comment that while it may be that ―not all classroom inquiry activity needs to start with a 
question in order to be effective‖ (p.71) but that this needs to be confirmed by research. Their 
study shows that teachers may not perceive questions as an essential feature of inquiry 
activity, or alternatively may have difficulty designing questions and therefore need practice 
in doing so: ―Pre and in-service teachers may need explicit examples of and experiences 
with helping students develop this skill‖ (Asay and Orgill 2010: 71). Crawford (1999) suggests 
that science teachers do not allow students to generate questions because of concerns that 
students may not know enough to ask appropriate questions.  
 
Problems and problem-solving are conceived as central to IBSE in many contexts. For 
example, in mathematics teaching, PBL is used as an approach to engage students in 
problem identification and solution for resolving real world problems that are personally 
meaningful. A problem-based rather than an inquiry-based approach may be more easily 
implemented because mathematics involves strategies of problem-solving in relation to 
unfamiliar tasks (NRC 2001). Mathematical investigations involve extended problem 
explorations which aim to engage students in deep learning through problem identification, 
data collection and exploration of multiple strategies (ACME 2011). Due to the problem-
based nature of mathematical investigations, teachers can create relevant tasks to provide 
students with a range of mathematical abilities and interests whilst allowing them to apply 
their mathematical skills and learn new skills. For example, Watters and Diezmann (2004) 
show how students developed a range of key mathematical processes such as problem 
finding, problem posing and constructing hypotheses by participating in complex tasks. The 
authors claim that students became scientifically and mathematically literate by engaging in 
hypothesis testing and evaluation of mathematical concepts or structures.  
 
Authenticity  
Authenticity is a central concept in conceptualisations of IBSE. Studies emphasise the 
importance of using authentic situations to develop rich understandings about scientific 
knowledge (Lee and Sogner 2003). Authentic tasks have been defined as ‗ordinary practices 
of the culture‘ (Brown et al, 1989: 34 cited in Lee and Sogner 2003) or what students need to 
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explain in relation to the real world (NRC 1996). Authentic tasks are seen to engage students 
in scientific activity that promotes how scientists conduct scientific experiments, but in ways 
that are meaningful for students and with appropriate support (Edelson et al 1999). Authentic 
practices associated with the culture of science communities include asking questions, 
planning and conducting investigations, drawing conclusions, revising theories, and 
communicating results. Authentic tasks described as such in the literature encompass 
observation, investigation and explanation of real-world phenomena that aim to enable 
students to formulate and connect explanations to their real world (Harris and Rooks 2010). 
Lee and Sogner (2003) identify a key challenge for IBSE educators: to design inquiry 
learning that both emulates inquiry in science disciplines and is accessible to students. Since 
different science communities have developed specific ways of carrying out inquiry, there is 
no one way of carrying out authentic scientific inquiry across scientific disciplines (NRC 
2000).  
 
The concept of authenticity is sometimes linked to open-endedness of questions and 
problems, and student ownership of these. Open-ended problems where there may be no 
existing data, established goals or known methods are seen as authentic (Hume and Coll 
2010). Successful engagement with open-ended questions depends on students‘ ability to 
tackle ill-defined problems. Anderson (2002) comments that scientists perform such activities 
intuitively, using their own personal experiences and cognitive abilities as well as their 
capacity to change their current knowledge to accommodate new scientific understandings 
and experiences of how to do science. Thus, from this perspective to experience authenticity 
in inquiry, students need to have a sense of ownership of, and commitment to, open-ended 
problem solving. Authentic tasks help students to clarify their ideas and explanations and 
improve their argumentation (Hofstein and Lunetta 2004).   
 
A study by Hume and Coll (2008) found that the assessment requirements of a ‗high stakes‘ 
national qualification negatively influenced teachers‘ approaches to designing inquiry, limiting 
the authenticity of tasks and resulting in student learning that was mechanistic, superficial 
and promoted a narrow view of the nature of scientific inquiry as fair testing. A follow-up 
study also found that over-emphasis on testing limited the authenticity of the task and 
constrained students‘ exposure to the full range of methods that scientists use in everyday 
practice. Learning about experimental design was reduced to an exercise where students 
were following teachers‘ instructions (Hume and Coll 2010).    
 
Teachers also may be challenged in developing authentic science tasks if they are not 
familiar with how authenticity can be addressed, if they do not understand the practices and 
processes of scientists, or if they have never participated in authentic science inquiry 
themselves (Harris and Rooks 2010). However, there is extensive guidance on ways to add 
authenticity to science tasks. The use of real-world problems that scientists need to address 
in their everyday practice is one very widespread approach. For example, the ‗The Scientists 
in Action Series‘ created by the Cognition and Technology Group at Vanderbilt (CTGV) 
introduces real-world aspects of scientific investigation. Students are asked to explain 
scientific phenomena after watching a video on a particular real-world scientific topic. 
Authenticity can also be obtained through students‘ tackling scientific problems that emerge 
from their own normal life and that can be addressed in a form of a class project (Fogleman 
2011; Krajcik et al 1998). Lee and Sogner (2003) suggests that real-world situations that map 
closely on to students‘ content understandings, rather than those with naturally occurring 
complex patterns, help students conduct inquiry effectively. Another recommended approach 
is to establish a community of practitioners between students and real scientists for data 
sharing, exchange of scientific methods and direct communication (Simsek and Kabapinar 
2010).  
 
Orchestrating and sequencing teaching around learning goals is also perceived as an 
important aspect of designing authentic inquiry tasks (Lunsford 2007). If teachers have a 
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learning outcome in mind and organise teaching and learning around that outcome students 
are more likely to succeed in pursuing the learning activity (Harris and Rooks 2010). 
 
Conceptual change 
The Standards (NRC 2000) argue that conceptual change is achieved if students are 
dissatisfied with or challenged in their current understandings while having access to new 
ideas with which to replace these. Inquiry tasks should be designed in a way that promotes 
new scientific ideas in an understandable, reasonable and useful way (Harlen 2004). It is 
recommended that tasks that focus on conceptual change should de-emphasise an existing 
idea and emphasise the conceptualisation of a new one (Crawford 2007). Inquiry tasks 
generally involve creating opportunities for students to make their own ideas explicit, share 
them with others and test their robustness by observation and scientific experiments. To 
provide an initial trigger, a teacher might begin a scientific investigation or a scientific topic by 
posing a question, stating a problem or involving students in a laboratory-based or 
outdoor/field activity. Students‘ responses and interpretations can be elicited by a variety of 
means, including teacher questioning, group discussion and writing tasks. Through role-play, 
simulations, laboratory activities, discussing, reading and writing, students explore their own 
understandings and begin to appreciate the views and understandings of other peers (So-
Wing and Kong 2007). 
 
Laboratory and other experiments 
The laboratory is important in IBSE especially „if used properly‟ (Hofstein & Lunetta 2004: 
31). Inquiry approaches to laboratory work should be differentiated from ‗cookbook‘ lists of 
tasks for students to follow. These authors note that, 
 

Well-designed science laboratory activities focused on inquiry can provide learning 
opportunities that help students develop concepts and frameworks of concepts. They also 
provide important opportunities to help students learn to investigate, to construct scientific 
assertions, and to justify those assertions in a classroom community of peer investigators 

in contact with a more expert scientific community.‘ (p. 47) 
 
The literature offers many examples of structured inquiry activities in laboratory settings, 
often described as ‗hands-on‘ investigative activities (e.g. Poon et al 2009). Another example 
of hands-on quasi-experimental activity includes two investigative tasks for fifth-grade 
students described by Lin et al (2009). In the first task, students were asked to design 
experimental procedures to produce bubbles from detergent, metal, wire, beakers and a 
cylinder. In the second, students were provided with six different sizes of paper parachutes, a 
pair of scissors and a stop watch. After the teacher showed, using a guided inquiry approach, 
how to measure the time required for the parachute to fall, the students were asked to define 
researchable questions by considering these materials. During both tasks students were 
encouraged to establish their own hypothesis, design inquiry procedures, draw conclusions 
from evidence and justify explanations. The students presented their ideas and responded to 
questions from the science teacher and peers, and clarified their thinking through feedback. 
This is an example of a relatively highly structured laboratory activity in which students were 
provided with investigation procedures and followed instructions to carry out the experiments. 
Rowell (2004) describes a similar structured approach in which students were provided with 
supportive resources including a scientific guide to help them write up an experiment to 
investigate the general properties of air, with guidance provided on the statement of the 
problem, hypothesis, materials, procedure, observations and inference.  
 
 
Discussion and argumentation 
Strategies that stimulate negotiation of ideas, argumentation and reflection are emphasised 
in the literature (e.g. Branan and Morgan 2010; Osborne et al 2004). Triggers for discussion 
may be verbal/written (e.g. reading stories, newspapers reports), visual (e.g. scientific 
photos, Internet images, diagrams, concept maps), multimedia (e.g. video, movies, 
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PowerPoint presentations) and personal (e.g.. based on students‘ experience and 
viewpoints, captured through mind-mapping, critical incidents, reactions to an issue through 
‗voting‘ etc). Branan and Morgan (2010) found that students enrolled on mini-lab activities 
had more chance to work as a group and to discuss and reflect on questions than in labs that 
offered no inquiry activities.  At the conclusion of discussions and debates, the teacher can 
summarise emerging issues whilst explaining the process of meaning making through quality 
arguments (To-im and Ruenwongsa 2009). 
 
Ratcliffe and Grace (2003) provide examples including ethical scientific analysis (i.e. a 
process which can help students decide on scientific issues of right and wrong as applied to 
people and their actions), evaluation of media reports (e.g. print media: radio, Internet: 
collecting reports of science stories for highlighting and discussing the features of doing 
science and thereby developing conceptual understanding), risk-benefit analysis (e.g. 
students can be asked to consider the extent to which they are prepared to engage in a 
dangerous scientific experiment and then compare their conceptions with risk statistics; or 
through the provision of a decision-making framework for helping to structure a decision-
making discussion critically and systematically). Other possible ways to help students to 
externalise and express ideas is by creating artefacts representing a particular scientific 
topic, for example by creating a picture that represents a student‘s understanding (Singer et 
al 2000), building a computer model (Manlove et al 2006) and developing a concept map 
(Stoddart 2000).  
 
Scientific argumentation tasks involve proposing, supporting, criticizing, evaluating, and 
refining ideas about a scientific subject. From their examination of ways to engage students 
in, and improve, their scientific argumentation, Taasoobshirazi and Hickey (2005) propose 
three important factors for effective practice: detailed description of the argumentation task 
with specific guidelines; formation of student discussion groups of optimal size (group sizes 
of three to six: large enough to expose students to a diversity of opinions, but small enough 
for all students to participate); and, a curriculum that helps students to acquire the necessary 
background knowledge since students are likely to be more capable of arguing about a topic 
when they have knowledge about it. 
 
Discrepant events 
A discrepant event is a demonstration of a scientific phenomenon which causes students to 
wonder why the event occurred as it did (Chiappetta 1997). The intention is to stimulate 
surprise, puzzlement and curiosity. Discrepant events can capture students‘ attention and 
stimulate interest, as well as motivate them to challenge their existing conceptualisations in a 
way that creates cognitive dissonance (Chiappetta 1997; Jarrad and Schroeder 2010; 
Woolnough 2005).  
 
An illustration of the use of a discrepant event is provided by Huber and Moore (2001) with 
the ‗Dancing Raisins‘ activity. The task is designed in such a way that allows students to 
discover the discrepant event rather than having the teacher demonstrating it. A discrepant 
event arises when a raisin is dropped into a glass of carbonated beverage. The teacher or 
the student presents the challenge by posing a question, ‗Can you think of a way to make the 
raisins dance faster? The question acts as trigger for a brainstorming session facilitated by 
the teacher. The brainstorming session is important because it moves students into 
designing an experiment before realising how the experiment is implemented in practice. The 
teacher can change the focus of inquiry from theory (can you think of a way) to practice (can 
you find a way) and guide towards discussion of experimental design involving different 
conditions and variables. Students then present and defend the results of their investigations 
to the class using graphical representations to represent their findings.   
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Projects 
Much IBSE is carried out through projects that may address all or some of the learning 
outcomes of the Standards-based framework and that differ widely in scale. Possible science 
project topics include (Ratcliffe and Grace 2003): 
 

 Exploring scientific advances (encouraging students to research, discuss and 
evaluate scientific issues - students may be evaluated against the ‗understanding 
subject matter or against ‗developing basic competencies necessary to do scientific 
inquiry‘ learning outcome;  

 Citizenship projects (addressing socio-scientific issues within citizenship - e.g. an 
environmental issue - students may be expected to develop ‗more advanced 
competencies necessary to do scientific inquiry); 

 Consensus projects (exploring a scientific issue of public concern, for example 
climate change, including hearing and considering the views of experts and then 
producing public reports, addressing the intended learning outcomes related to 
‗developing more advanced competencies to do scientific inquiry and/or ‗developing 
understandings about scientific inquiry), community or cross-curricular projects. 
Community projects aim to deliver science curriculum requirements combined with 
the features of the local community, addressing the learning outcome ‗developing 
understandings about scientific inquiry‘. 

 
Formative and Summative assessment 
The National Science Education Standards (NRC 1996) indicate that all assessment should 
be ‗authentic‘. In the context of IBSE, this has been described in the following way: ‗students 
should be assessed, formatively and summatively, in the context of whole investigations‘ and 
that this should ‗include a holistic assessment of process skills‘ (Hume and Coll 2008: 1204). 
Assessment should be tied to authentic activities and aim to enhance student learning. The 
goal of inquiry assessment is often not only to test the knowledge that has been acquired but 
also the processes and skills that students have used in order to perform an inquiry task. 
Teachers need to be able to design formative and summative assessments that are tailored 
to the learning outcomes and circumstances of the inquiry, and the characteristics of the 
students.  
 
Research shows that formative assessment is a powerful means of improving student 
learning in IBSE. Formative assessment encompasses all those activities that can provide 
information to be used as feedback for modifying learning activities (Marshall et al 2009). 
Formative assessment practices inform teachers about students‘ understandings and skills 
and can, for example, be implemented through observations or note-taking. Measuring the 
impact of formative assessment in mini-lab activities, Branan and Morgan (2010) found that 
students were able to assess their own level of understanding and knowledge and as a result 
formative assessment brought benefits to both teacher and student.  
 
The focus of summative assessment is on the skills and practices that students have 
developed as well as the degree to which they have developed scientific content knowledge 
(Poon et al 2011). Black et al (2004; cited in Poon et al 2011) distinguish between 
assessment for learning where the focus is to promote students‘ learning and assessment of 
learning which serves the purposes of accountability and/or of ranking.   
 
The Galileo Educational Network (2008b) proposes particular elements that teachers need to 
consider when designing assessment for inquiry learning: 
 

 Students need to be taught about how assessment works; 

 Students need to be actively involved in creating rubrics by helping to set the 
assessment criteria; 

 Students should be provided with the strategies, skills and opportunities to assess 
their own learning; 
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 Students should be provided with the strategies, skills and opportunities to provide 
meaningful feedback to their peers; 

 The broader school community should participate in assessment. There are 
opportunities for other educators and peers to be involved in the assessment of the 
work; 

 Communication about assessment should be regular and clear; 

 Students should set goals, next steps or develop strategies to improve learning and 
understanding; 

 Procedures should be in place to regularly review and improve summative and 
formative assessment. 

 
Barnea et al (2010) developed ‗authentic assessment tools‘ for assessing student 
achievement in inquiry-based laboratories. These include students‘ laboratory portfolios and 
pre- and post- questionnaires to assess students‘ acquired knowledge and thinking skills. 
These approaches were found to increase student motivation and enable them to improve 
their cognitive achievement and skills. Stoddart et al (2000) used concept maps as 
assessment tool combined with a rubric for assessing students‘ understanding. Important 
aspects of learning from the concept map assessment tool were identified in a practical and 
reliable way. 
 
Taasoobshirazi et al (2006) developed an assessment strategy for inquiry learning in 
astronomy. Three levels of assessment were developed: activity-oriented quizzes, 
curriculum-oriented exam, and standards-oriented tests. The quizzes were developed in 
relation to scientific investigations and closely aligned to specific activities that students had 
already completed. They assessed the main concepts of the investigation and directly 
addressed astronomy content. The quizzes were not specific to any particular activity in the 
investigation but rather focused on the main idea of the topic. The idea was to encourage 
students to perceive the overall objective of the investigation, which is identified as an 
important inquiry skill. Formative ‗feedback conversations‘ were used to directly clarify 
students‘ misconceptions. After completing the quiz, students working in groups reviewed 
their answers using a four-step rubric and answer explanations that pointed to underlying 
solutions without stating answers. Students discussed their individual answers with group 
members with a view to reaching a common agreement. Finally students agreed on a 
solution to each question.  The exams were designed with the aim of assessing the broader 
scientific content. They were graded and returned to the students the next day. Students 
then engaged in feedback discussions using a rubric.  Students‘ prior experiences of the 
feedback discussions about the quizzes were intended to prepare students to participate in 
the exam feedback conversation. In developing the standard-oriented test, an astronomy 
content-item pool of multiple-choice questions was created, some of which were inquiry-
based in that they were aligned to standards of inquiry. The authors suggest that this 
assessment framework could be used by many other inquiry-oriented science curricula as a 
means of enhancing ‗authentic‘ assessment in science education. 
 
 
 
Reflection 
As emphasised in the Standards it is seen as essential for students to have opportunities and 
support to reflect on the inquiry activities in which they engage (NRC 2000) and to develop 
meta-cognitive skills; that is, skills in ‗the understanding and control of one‘s cognitive 
processes‘ (Marshall et al 2009). 
 
Many inquiry-based frameworks include a stage of reflection or review on the changes of 
understanding that have taken place. For example, Eisenkraft (2003) argues that reflection or 
elaboration on findings and how these were reached is fundamental for transfer of learning. 
Hodson (1998) proposes that inquiry tasks should allow students to compare before and 
after views, for example by keeping learning logs that help students to reflect on their own 

nikolaos
Highlight



 

 33 

learning as a way of becoming aware of the process of conceptual change. By learning how 
to monitor and reflect on scientific processes, students are encouraged to become 
responsible for their own learning and for correcting their own errors (Hume and Coll 2010).  
 
Huber and Moore (2001) identify two main ways of engaging students in reflection: a) group 
discussions; and, b) journal writing. To highlight the link between the activity and real 
scientific research, the teacher may point out to students that scientists often conclude a 
research activity by considering the implications of their study for future research. One 
reflective writing task is the ‗minute papers‘ approach (Wilke and Straits 2005) which involves 
short writing assignments that take ‗only one minute‘ to do. Minute papers serve to review 
material, or evaluate misconceptions and are used as means for students to express their 
understandings in relation to content knowledge. Students may be asked to summarise the 
points of a lecture, describe a scientific experiment, or reflect on the scientific inquiry 
process.  Questioning strategies can be used to direct students‘ attention to identifying 
research implications. For example, questions such as ‗did the inquiry answer all of our 
questions? Did the inquiry raise new questions?‘ Teachers also can ask students to make 
explicit how they used various inquiry skills during their activity (such as representing data, 
observation, and forming hypotheses) in a written report at the end of their project. Students 
can also use inquiry-learning diaries in which they may record their ideas as a means to 
reflect on tasks and on other inquiry processes for formulating scientific explanations (Rowell 
2004). Other tasks supporting reflection include drawing flow charts and concept maps 
(Kollofel et al 2011), structuring diagrams (Wolf and Fraser 2005) and creating notes with 
self-generated headings (Schinske et al 2008). Although reflective discussions can occur 
throughout the investigation process, they are especially valuable near the end of inquiry 
when students have experienced all the processes and knowledge necessary for conducting 
the inquiry. Reflective discussions may have the potential to enable students to construct 
more complex scientific understandings of the scientific community (Hofstein and Lunetta 
2004). Yacoubian and Boujaoude (2010) investigated the effect of reflective discussions 
following inquiry-based laboratories activities. Their findings indicated that explicit and 
reflective discussions enhanced students‘ views of science more than merely using an 
inquiry-based approach in which reflection was implicit.  
 
To-im and Ruenwongsa (2009) used a guided inquiry approach to help students understand 
new ecological principles in aquatic ecosystems through mini-aquaria experiments. The 
authors observed that after participating in tasks that concentrated on constructing 
explanations about interrelationships in ecosystems, students changed their views in 
response to counter experiences but needed a period of reflection while the teacher guided 
and supported the process. When the teacher stimulated a discussion in the class, 
misconceptions located in common sense could be resolved.  
 
Other tasks to help students to monitor their own learning include using question checklists 
given for students to comment on their understandings (Jarrad and Schroeder 2010). 
Student portfolios also can be used to record evidence of conceptual changes that have 
occurred in different points of time and thereby can be used as stimulus for meta-cognitive 
thought (Hodson 1998). Volkman and Abell (2003) propose a number of ways to help 
students reflect on their understandings including over an extended period of time.  
 
The process of presenting and interpreting results is an important part of full-inquiry 
investigations (NRC 2000) and may also be used to promote reflection. For example 
questions like ‗how will you communicate this in your class?‘ may encourage students to 
reflect on how to present their findings in a comprehensive and understandable way. The 
teacher can then provide feedback on issues that need further improvement on the oral 
presentation component.  
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Information literacy 
Some approaches to IBSE require students to engage very actively with a wide range of 
scientific information sources, both digital and other, for example involving independent and 
guided information-gathering, evaluation, analysis and synthesis.  In this context, there is 
value in explicitly embedding (scientific) information literacy development activities into IBSE, 
to support students to further develop their competencies in this area. Science teachers can 
enhance students‘ experiences of inquiry by integrating information literacy development into 
the science curriculum (Dennis 2001).  In this section we offer a brief overview of the concept 
of information literacy, its connection with IBSE, and the existing evidence-base about 
information literacy development within IBSE practice. 
 
The concepts of scientific literacy and information literacy both emphasise curiosity, 
reasoning and critical thinking (Cowan and Cipriani 2009) and may be seen as 
complementary. The concept of information literacy encompasses capabilities that are 
deemed essential for inquiry learning as students have to identify their information needs, 
plan and implement a search for information, evaluate the information they have found and 
present it effectively.  These skills are necessary for inquiry learning in all subjects, including 
science.  Librarians see value in integrating information literacy development within the 
subject curriculum to support students in their inquiries, but have faced barriers in their 
attempts to collaborate with teachers.   
 
Information literacy has been defined as ―the adoption of appropriate information behaviour 
to identify, through whatever channel or medium, information well fitted to information needs, 
leading to wise and ethical use of information in society" (Webber 2003).  A useful model for 
understanding the scope of information literacy has been produced by SCONUL (2011). This 
was designed primarily for use in HE, but it has value for school-level education as well.  The 
diagrammatic representation of the model is reproduced below, and further detail of the 
competencies included in each ‗pillar‘ can be found on the SCONUL website4.  
 

 
Figure 6: The seven pillars of information literacy   

The importance of information literacy in today‘s complex, information oriented society has 
been recognised internationally as an essential set of competencies for modern life. In 2003 
UNESCO published the Prague declaration which defined information literacy as a 
―prerequisite for participation in modern society‖ and stated the integral role that information 
literacy should play within the education system.  In 2006 the International Federation of 
Library Associations (IFLA) Alexandria proclamation identified information literacy as ―a basic 
human right‖.  Explicit reference was made to the relationship between information literacy 
and education stating ―information literacy lies at the core of lifelong learning.‖  
 
The role of information literacy within higher education has long been recognised. In 2001 
the American Association of College and Research Libraries (ACRL) published a set of 
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competency standards that act as a framework for assessing an individual‘s information 
literacy abilities. In addition the standards document discusses the role information literacy 
plays in inquiry learning, and states that information literacy competencies are essential for 
student-centered pedagogies and that information literacy development must take place 
within the context of the subject curriculum.  Inquiry learning requires students to engage 
with information sources in their self-directed learning, and they must be skilled in finding, 
evaluating and managing information (ACRL 2001). If information literacy teaching is 
integrated within the subject curriculum then information literacy development happens at the 
point at which students require it, and enables students to link information literacy with their 
subject (Chen 2010). 
 
The American Association for School Librarians in their ―standards for the 21st Century 
learner‖ explicitly recommend using inquiry as a framework for learning and state that 
librarians should collaborate with others to embed information literacy development within the 
subject curriculum (Armone 2010). Gordon (2010) recommends that school librarians take a 
reflective, evidence-based approach to information literacy teaching, and that information 
literacy development should be integrated within content-specific learning tasks, which 
necessitates a strong collaborative relationship between teachers, librarians and learners.   
 
One strategy for information literacy development in IBSE is the use of WebQuests as inquiry 
exercises for students involving information search, evaluation and use.  WebQuests can be 
applied to almost any subject context, and have been described as ―a framework for teachers 
to structure student-centered learning using Internet resources‖ (MacGregor and Liu 2006).  
WebQuests typically involve the investigation of an authentic problem using resources 
available on the Internet, and are based on a learner-centered, resource-based pedagogy 
that involves the development of search and critical evaluation skills.  MacGregor and Liu 
(2006) report on a study of WebQuests used in a 4th grade science class.  Students 
demonstrated higher levels of cognition and were required to analyse and synthesise 
information in order to complete the WebQuest.  The authors recommend appropriate 
scaffolding for students in the form of a study guide and concept mapping techniques.  
 
Aquino and Levine (2003) report on the GLOBE (Global Learning and Observations to 
Benefit the Environment) programme that aims to support librarians (school media 
specialists) to ―bring earth science, math, information literacy, information technology, and 
student inquiry into the classroom‖. The project was also seen as a way to increase 
collaboration between school librarians and teachers and to draw on the expertise of school 
librarians in terms of building confidence with research skills.  
 
Eisenberg and Robinson (2007) designed the Super 3 model used by science teachers and 
researchers to integrate information literacy into inquiry-based instruction for young learners. 
The model provides a framework for young students to learn how to search for information, 
make a decision, or complete a task. It has three stages: Plan, Do and Review. In the Plan 
stage students are learning how to search for valuable and reliable information from physical 
resources in the library and from digital resources on the Internet. They learn about search 
processes and sources of evidence in the context of a small group-activity. In the Do stage 
they conduct the search, changing the search parameters, use different key words, and read 
books, articles and manuscripts found in the library and online for the purpose of conducting 
an assignment. In the Review stage, students explain their search strategies for finding 
relevant information and discuss best practices for accessing, retrieving and evaluating 
information. At this stage, students are engaged in self-assessment and reflection of their 
performance for further refining the inquiry process.   
 
Herring (2009) presents findings from a project in which students engaged in inquiry learning 
and then reflected on their information literacy development.  The teacher and librarian 
collaborated to design information literacy related inquiry tasks to support students in their 
inquiry projects. Students engaged in a mind-mapping task and it was found that students 
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placed great value on concept-mapping as a basis for question formulation - a key activity in 
inquiry learning.  
 
Chen (2010) investigated information literacy in first-grade inquiry science learning using the 
Super 3 model described above. The author used quasi-experiments in two first-grade 
classrooms, with one class receiving specific information literacy support in their inquiry 
learning and the second receiving traditional teacher-centered instruction. The research 
found that by integrating information literacy into the science curriculum, there were positive 
effects on memory, comprehension and higher-order thinking skills. 
 
Formal and informal spaces 
A key argument of the Pathway project is that IBSE is part of a broader student learning 
experience. In this section we focus on the association of inquiry learning with the broader 
learning experience across formal (classroom learning, school laboratories and the like) and 
informal learning spaces (field trips to science museums and science centres). The success 
of inquiry learning may largely depend on how successfully a school and/or science teacher 
will design inquiry activities that combine informal as well as formal inquiry activities. Current 
literature in science education echoes the need for greater coherence and integration 
between informal learning spaces and science classrooms, and urges a careful analysis of 
the objectives of learning science in informal learning environments (e.g. Falk and 
Storksdieck 2005; Griffin 2004; Falk and Dierking 2000; Gerber 2001).   
 
There is some sense that in-school learning is formal learning and out of school is informal 
learning. Formal learning spaces are characterised by their highly structured nature while 
informal are less structured and learning is shifted from the teachers to the students with a 
more obviously student-directed inquiry approach (Eshach 2006). Gerber et al defined 
informal learning as, “The sum of activities that comprise the time individuals are not in the 
formal classroom in the presence of a teacher” (2001: 570). 
 
In conceptualising the difference between formal and informal learning Eshach (2006) 
describes a field trip to a science museum. In the museum students are invited to free 
unguided visits and may approach different exhibits, themes or spaces. Then students enter 
the science class or the laboratory to hear a lecture, or conduct a scientific experiment while 
the science teacher is guiding the process. Eshach (2006) considers not only the general 
differences of the physical spaces (in or out of school) but also other factors such as social 
context, motivation, interest and assessment to distinguish between formal and informal 
learning. Sharp distinctions between formal and informal learning are perceived by some 
authors as inappropriate (e.g. Dierking 1991;  Hofstein and Rosenfeld 1996) as learning is 
learning and it is influenced by setting, social interaction, individual beliefs, knowledge and 
attitudes (Dierking 1991).  
 
The literature also discusses outdoor learning (Rickinson et al 2004) and free choice learning 
(Bamberger and Tal 2006). One common characteristic of these ideas is that they all address 
out-of-school learning spaces. The idea of informal learning emphasizes the nature of out-of-
school environments that allow the student to identify varied learning options, in different 
spaces, and finally to select a personal option, theme or space for learning (Bamberger and 
Tal 2006). Therefore, the concept of informal learning can be used to include all out-of-
school activities within museums, zoos science centres and so forth. Informal learning has no 
authority figure and the learner determines how the desired knowledge will be acquired.  
 
Science museums and science centres are popular informal learning spaces. Falk and 
Dierking (2000) found that school trips to museums and other informal environments promote 
long-term recall of science content. However, despite the attention to the educational 
potential of museums and science centres, the nature of learning is perceived as difficult to 
define, and consequently difficult to measure (Cox-Petersen et al 2003). There have been 
some attempts to identify the factors that affect learning in science museums, especially from 
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a sociocultural context. Falk and Dierkin (2000) suggest that the sociocultural context and the 
context of personal experience as well as the physical environment interact in shaping 
student‘s experience.  The underlying assumption of the need to focus on social context is 
that learning is taking place (a) within a group and (b) is facilitated by others; the personal 
context is influenced by (a) motivation and expectations, (b) prior knowledge, interests and 
beliefs and (c) choice and control. The physical context is influenced by (a) advance 
organisers and orientation, (b) Design and (e) reinforcing events and experiences outside of 
the museum.  
 
Other researchers exploring learning in informal spaces include Griffin and Symington (1998 
cited in Cox-Petersen et al 2003) who identified specific characteristics for museum visitors 
that would result in effective learning closely reflecting the tenets of inquiry learning: (a) 
taking responsibility for learning, (b) active involvement in learning, (c) purposeful 
manipulation of objects, (d) making links between exhibits and ideas, (e) sharing links 
between peers and experts, (f) showing confidence in learning by asking questions and 
explaining to others (g) responding to new information or evidence. These indicators, 
according to Griffin and Symington (1998) have the potential for measuring inquiry learning 
outcomes.  
 
While such characteristics and conditions help to build a vision of learning designs that 
potentially would enhance collaborations among formal and informal organisations, we may 
require a description of the particular affordances of the different learning spaces. Bevan et 
al (2010) present details of the structural and social properties of formal and informal 
settings. They assert that the structural properties of schools afford consistency, time and 
sequencing that will allow students to develop deep conceptual understanding while at the 
same time schools are structured primarily around providing and transferring scientific 
content knowledge in isolation with real-world scientific practice. They suggest that the 
structural properties of science-rich cultural organisations (i.e. museums, science centres, 
zoos, etc) include both hands-on and interactive exhibits (i.e. hands-on exhibits are passive, 
interactive exhibits are active and respond to the visitor‘s action, see for example Rennie and 
McClaffery 1996) as well as three-dimensional exhibits that may afford more adaptive, 
authentic learning as practiced by real scientists. The social properties of informal settings 
may afford greater opportunities for collaborative learning as well as for exchanging opinions 
and ideas with the wider scientific community. Bevan et al 2010 also argue that the objective 
of creating formal-informal collaborations is not only the objects or collections that are more 
accessible from a quantitative point of view, but a more meaningful, rich and contextualised 
approach of accessing scientific material. They conclude that formal and informal 
collaborations can be designed to draw upon:  
 
 

 The ways in which informal learning environments support direct multi-modal 
experiences with multi-faceted portrayals of science, presented within their cultural 
context, and using authentic objects and phenomena; 

 The ways in which school contexts can provide the sustained time, and 
developmental and pedagogical expertise, to build increasingly complex 
understandings of science phenomena and processes.  

(Bevan et al 2010: 14) 
 
Most obviously collaborations between formal and informal organisations are influenced by 
the teacher‘s motivations when designing fieldtrip activities to science museums or similar 
sites. Kisiel (2005) identified eight motivations that bear on science teachers‘ approaches 
when deciding to design field trip activities: 
 

1. Connect with the curriculum - teachers see fieldtrips as opportunities to reinforce 
classroom curriculum by providing meaningful connections between theory and 
practice.  
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2. Providing new learning experiences – teachers perceive fieldtrips as an opportunity to 
provide new learning experiences which are believed to have a positive impact on 
student understanding and development. 

3. Providing general learning experiences – teachers see fieldtrips as opportunities to 
provide engaging and unforgettable learning experiences. 

4. Stimulating interest and motivation – teachers perceive fieldtrips as intriguing events 
that increases stimulus for further scientific investigation. 

5. Change the teaching and learning setting – teachers perceive fieldtrips as 
opportunities to leave the classroom and change the routine. 

6. Promote lifelong learning – teachers perceive fieldtrips as opportunities to help 
students understand that learning can be achieved beyond school and from different 
persons or groups such as friends, family, museum educators etc.  

7. Providing to students‘ enjoyable experiences and/or reward – teachers recognise that 
should be a positive experience for the students. 

8. Satisfying school demands-teachers are expected to conduct fieldtrips, due to 
institutional policies or pressure from their senior colleagues.   

 
However, teachers create science inquiry-based activities predominantly for school settings 
(Gutwill and Allen 2010). Inquiry learning in informal settings has not been widely adopted for 
a number of reasons: Randol (2005 cited in Gutwill and Allen 2010) found that the most 
common inquiry behaviours in interactive exhibits were constrained to manipulation and 
observation of the exhibit, while more advanced inquiry strategies such as connecting 
explanations to scientific knowledge or justifying explanations were relatively rare. Prediction 
and metacognition were absent in visitors‘ discussions at a science museum exhibition of 
frogs. Crowley and Jacobs (2002) showed that visitors‘ interaction with curators and seeking 
explanations on a scientific exhibit tended to be short and isolated rather than extended and 
meaningful. In general studies have shown that visitors use interactive exhibits for short 
times, approximately for one minute or less (Gutwill 2008). This lack of inquiry-based 
processes in museums may be caused by the myriad visual distractions which can 
undermine the focus required for sustained inquiry (Adamson 2008 cited in Gutwill 2008). 
Exhibit design may inhibit opportunities for inquiry as some exhibits do not offer enough 
variables for visitor manipulation and thereby they adopt a ‗do, notice, read‘ behaviour 
(Gutwill and Allen 2010). Another possible explanation is that visitors may lack the necessary 
inquiry skills that would allow them to investigate scientific phenomena in museums in a 
more productive way. For example Allen (1997) found that visitors were not able to create or 
revise a simple model in light of scientific evidence. This suggests that some inquiry skills are 
unknown to the visitors or difficult to acquire. Furthermore, there is little research-based 
evidence about the scientific characteristics that support either individual or collaborative 
inquiry learning at science museums (Gutwill 2008) and even less is known about how 
inquiry-based science museum programs may assist visitors to build inquiry skills that can be 
applied at new exhibits, outside a particular programme or museum (Gutwill and Allen 2010).   
 
Inquiry project examples of school field trips in out-of-school settings, mostly in museums, 
science centres and open field illustrate a wide range of collaborations including curriculum-
based inquiry learning activities with the use of technology, collaborative inquiry activities, 
teacher practice, professional development, after-school summer programs and family and 
community events whereas some of them are designed for students and others for teachers 
(Bevan et al 2010).  
 
The Personal Inquiry project5 aims to understand how effective inquiry learning can be with 
the use of technology across formal and informal settings (Scanlon et al 2009). Students are 
guided through a process of posing inquiry questions, gathering and assessing evidence, 
conducting experiments and engaging in debate on themes relevant with the secondary level 
UK national curriculum. A software application called an ‗Activity Guide‘ supports students to 
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carry out the inquiry. A formal inquiry learning script specifies how the inquiry is organised 
and presented, helping students to organise their work as well as enabling teachers to 
orchestrate the learning activities by altering the content and availability of activities. 
Students‘ investigations have concerned topics such as diet, urban heat islands and 
microclimates. For example, during the ‗urban heat island intervention‘ (see Scanlon et al 
2009) students went out into the field and collected data. A handheld GPS (Global 
Positioning System) receiver was used to determine the location of data. Students worked in 
groups and scientific sensors were provided to them to automatically capture data and for 
later downloading for analysis. Data were checked in classroom sessions for students to 
revisit their field notes or fill in any missing data. Students at this point moved from working in 
groups to working individually and reflected on their data in preparation for improving and 
presenting them in class. A data-analysis section was also presented to them and asked to 
generate tables and graphs. Finally, students prepared and presented their reports 
encompassing their research design and the field trip activities with the use of technology to 
the rest of the class. The particular interest of the Personal Inquiry project, as claimed by 
Scanlon et al 2009 is its blended support for evidence-based inquiry learning, supporting 
students to understand the inquiry learning process both in formal and informal settings.  
 
In an Ecology Inquiry Project, Rozenszayn and Assaraf (2011) utilized collaborative inquiry 
learning among high school students who participated in collaborative learning sessions in 
the open field. The Ecology Inquiry Based project is compulsory for Israeli high-school 
students in the biology curriculum, and it is also part of the assessment process. Students 
design their own inquiry, which is carried out in the natural field. Small groups of three 
students are required to synthesise ecological concepts and principles acquired in class and 
transfer them to the natural field. Students are also required to design collaboratively the 
research questions as well as the research approach including measuring assignments and 
data analysis. Students share their knowledge and results of the different measurements 
conducted to the natural field in order to answer their research questions and then submit a 
report at the end of the field trip inquiry activity that includes at least four inquiry questions, 
as well as details about the inquiry methods, results and conclusions. A grounded theory 
approach was used by researchers to analyse the collaborative inquiry learning processes in 
schools and fieldtrips. The results showed that students were more focused on discussing 
the methods of measurement and observation in the open field, rather than on the known 
methods from class or from the laboratory. This was mainly because the methods of 
measurement and observation in the informal setting are different from those that are used in 
the school laboratory. Also students seemed to be highly task-oriented and interested in the 
field-trip tasks and less interested in the activities implemented during classroom.  
 
In facilitating science teachers and museum educators‘ efforts to design inquiry-based 
activities that will allow school-museum collaborations, the Natural Europe project6 aims to 
design a number of inquiry-based science educational pathways for a range of natural 
sciences and history topics and explore how these relate to school and Natural History 
Museum (NHM) settings. Two distinct types of educational pathways will be designed: (a) 
structured educational pathways which involve inquiry-based activities for schools and (b) 
open educational pathways which involve inquiry-based activities for NHMs. The project will 
provide the necessary technological infrastructure for science teachers and museum 
educators to search, store and retrieve learning objects and educational pathways through a 
web-based interface. Interactive installations equipped with 3D graphical interfaces that will 
facilitate the usage of the inquiry-based educational pathways will be adapted and tested 
within each NHM participating in the project.  
 
Similar to the Natural Europe approach, the Open Science Resources (OSR) project7 aims to 
design inquiry-based learning activities with content available on science centres and 
museums, and introduce an enhanced approach for science teachers to access digital 
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science education content. The OSR adopts the inquiry and problem-based learning 
approach as a way of involving school students in science investigations which take place in 
schools and in science centres and science museums. As in the Natural Europe project, 
structured (for teachers and science museum educators) and open educational pathways (for 
science museum educators and general visitors) are authored, stored, accessed, retrieved 
and shared through a web-based portal8 along with a plethora of science digital collections 
like scientific instruments, animations, exhibit images, interactive museum visit experiences 
and so forth.   
 
The Science Center at School project (cited in Bevan et al 2010) aims at helping 11-12 year 
old students to design and create scientific exhibits for their own scientific centre within the 
school environment. Students are introduced to a set of exhibits and then make a technical 
drawing which is discussed back at school. Students are then supported by their teachers to 
build a tabletop version of the exhibit using a guide. The process emphasises the inquiry 
approach. The project includes a staff development session to prepare teachers to use 
inquiry-based processes, and having teachers to build a number of exhibits by themselves.  
 
It is clear from the projects highlighted above that inquiry activities in both formal and 
informal settings are important for enhancing the student‘s experience. The general point is 
worth emphasising: when planning for inquiry learning, schools in general and science 
teachers in particular need to consider inquiry activities for both formal and informal settings. 
To do this, they need to have shared understandings of the social and the structural 
affordances that characterise formal and informal settings, as well as integrating the scientific 
curriculum, inquiry learning activities and intended learning outcomes to each setting. 
Schools are concerned with many different science subject areas and museums and/or 
science centres are concerned with students of all ages and with a large amount of digital 
resources and scientific collections (Bevan et al 2010). By providing to teachers the 
necessary design tools to develop such inquiry learning activities that will afford scientific 
investigations in both formal and informal settings, it may be possible to empower teachers‘ 
and students‘ relation with science.  
 
Digital technologies 
As noted previously, there is an extensive tradition of development and research in 
computer-supported inquiry learning (CSIL) in school science education. An article by Bell et 
al (2010) offers a useful overview of this work at secondary school level, reviews a range of 
computer environments and tools that have been developed, and summarises beneficial 
impacts on student learning. Nine main science inquiry processes supported by different 
computer environments are identified: orienting and asking questions; generating 
hypotheses; planning; investigating; analyzing and interpreting; exploring and creating 
models; evaluating and concluding; communicating; predicting. Emphasizing that it is “a good 
balance of challenge and support” (p.372) that leads to enhanced learning outcomes in CSIL, 
the authors highlight the following challenges for the field:  
 

 the need to balance opportunity for open-ended exploration with guidance to support 

the needs of individual learners, for example by using computer-based diagnostics or 

by strongly emphasizing peer collaboration and support; 

 the need to structure environments in such a way that learners can use the full 

potential of embedded tools;  

 the need to allow for more flexible learning, for example by enabling different modes 

of data-collection (quantitative and qualitative) and modelling, and by allowing for 

students to take different pathways towards solutions;  

 and, the need to facilitate integration of different learning environments that have 

complementary tools. 

                                                
8
 http://www.osrportal.eu/ 

nikolaos
Highlight



 

 41 

 
Beyond the use of specialized software and environments, technology is an increasingly 
pervasive feature of IBSE. In many IBSE classrooms, teachers and students use resources 
including search engines, social software, databases, authoring software, handheld devices, 
synchronous and asynchronous communication tools and computer-based data collection 
and analysis tools. Increasingly, students are starting to use the same tools and resources 
that are used by scientists (Harris and Rooks 2010).  
 
There is a growing body of evidence on the use of digital technologies in IBSE, including 
evidence that technology in science classrooms may fail to enhance learning where there is 
lack of guidance for teachers (Anderson 2000; White et al 1999). D2.3 offers more extensive 
discussion on technology use in inquiry learning environments.  
 
As presented in more detail by Williamson (Appendix D), Kim et al (2007) propose a 
framework for teaching science using technology-based inquiry tools in everyday classroom 
settings (see Figure 7). The framework assumes that knowledge is socially constructed and 
occurs through communities of inquiry. A range of influences (inquiry Standards, school 
environment etc.) represent the macro context. The middle frame represents the teacher 
community and professional development and the innermost frame represents the particular 
classroom settings as the micro context. The value of this framework as claimed by the 
authors is that it allows for exploration and contextualisation of the role of technologies in 
specific scientific activities.  
 

 
 

Figure 7: A pedagogical framework for teaching and learning with inquiry tools (Source Kim et al 
2007, p.1019) 

 
Many studies have highlighted the role of the Internet can play in inquiry in the science 
classroom. (e.g. Ucar and Trundle 2011; Ucar, Trundle and Krissek 2011; Windschilt 2002). 
Student communication between peers and with teachers, access to information, and web-
based activities that provide structure along with a certain amount of freedom are typically 
reported uses (e.g. Bozdin and Shive 2004; Lee and Sogner 2003; Kleemans et al 2011). 
Web-based activities are used to encourage students to search, retrieve and share 
information, individually or collaboratively, as practicing scientists do. One study has 
suggested that online inquiry increases students‘ understanding of scientific content as long 
as they are directed to relevant scientific resources and as long as teachers discuss the 
information that students find on the Internet and provide meaningful feedback (Hume and 
Coll 2010). However, the large amount of information available on the Internet may be 
overwhelming, and some data sets may be difficult to access and badly organised (Ucar and 
Trundle 2011). Class homepages that contain links to quality-assured websites and 
resources, as evaluated by the teacher, are one way of addressing this problem, and 
attention paid to developing students‘ information literacy is another.  
 
As already noted, WebQuests are designed to reduce the problems associated with 
information overload and complexity in the digital environment (Kleemans et al 2011). A 
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WebQuest is an inquiry-oriented activity in which some or all the information with which 
students interact comes from resources on the Internet (Dodge 1998). Two types of 
WebQuest exist: the short-term WebQuest which engages students on tasks that require one 
to three class periods for students to interact with a number of resources and understand 
new information; and the long-term WebQuest which requires additional time (Dodge 1998). 
A large amount of Webquests dealing with scientific issues can be found on the Web9. The 
standard structure of a WebQuest includes at least six parts: introduction, task, process, 
resources, evaluation and conclusion. Tasks in WebQuests should not be too directive but 
they should be structured enough to guide students to intended learning goals. The tasks 
used in WebQuests can be subcategorised as well-defined or ill-defined. It is recommended 
that before being used in the science classroom or made available online, WebQuests 
should be analysed by experts as regards content and technically and aesthetic aspects 
(Leite et al 2007).  
 
Hofstein and Lunetta (2004) reviewed developments in which technology was integrated in 
laboratory experiments and concluded that a major challenge for effective use of technology 
is inadequate professional development for teachers. Waight and Khalick (2006) stressed the 
importance of viewing technology as another component of the classroom and that more 
attention should be directed to how learning occurs with technology rather than learning 
about technology. On the other hand, developments in the use of ICT to carry out science 
(including developments in eScience) mean that fluency with the application of digital 
technologies to scientific processes is part and parcel of what it means to be an inquiring 
scientist. 
 
 
Teaching roles 
Learning science by inquiry is a complex process and success depends largely on how 
science teachers facilitate the inquiry process. Students are expected to work together to 
gather and analyse data and engage in discussions and debates with their peers and 
teachers. Teachers play critical roles in designing and scaffolding activities, asking questions 
to help students verbalise their thinking, and connecting students‘ ideas with those of the 
scientific community (Morrison 2008). Drayton and Falk (2001) argue that checking for 
student understanding should not focus on removing misconceptions; rather it should allow 
students to take the time to explain their thinking and to improve their understanding by 
engagement with evidence from their own experience.  However, a dilemma that IBSE 
teachers may experience is the degree of guidance or independence to give to students. 
Harlen (2004: 7) proposes key elements of the role of the teacher within IBSE: 
 
 

 Providing experiences, materials, sources of information for students to use directly; 

 Showing the use of instruments or materials that students will need in their inquiry; 

 Asking open and person-centred questions to elicit understandings and how students 
are explaining what they find; 

 Engaging students in suggesting how to test their ideas or answer their questions 
through investigation or finding evidence from secondary sources;  

 Where necessary, helping students with planning so that ideas are fairly tested; 

 Listening to students‘ ideas and taking them seriously; 

 Asking questions that encourage students to think about how to explain what they 
find; 

 Setting up opportunities for collaborative learning and dialogic talk; 

 Scaffolding alternative ideas that may explain the evidence from their investigation; 

 Gathering information, through observation, questioning and interaction, about 
students‘ developing skills and ideas.  
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It is apparent from the above list that the teacher‘s role in these environments switches from 
one of transferring information to students, to guiding and facilitating the learning process by 
designing learning activities that focus on student involvement and interaction with peers and 
resources. The teacher inputs into the process in such a way as to allow students to 
experience the emergent process of investigation. There is a need for teachers to be aware 
of and responsive to potential frustration of the students in the face of inquiry activity that 
may be complex and ill-defined (Branan and Morgan 2010).  
 
Collaboration and group work 
There is increasing research on collaborative inquiry learning in different science domains 
(e.g. Bell et al 2010; Kolloffel et al 2011; Gijlers et al 2009). Studies have shown that 
collaboration can enhance the quality of the learning process and learning outcomes in 
science education (Dillenbourg, 1999; van Joolingen et al 2007; Linn and Hsi 2000); 
combining inquiry with collaborative learning can lead to engaging, interactive and powerful 
learning environments.  
 
Students in working collaboratively in groups have the opportunity to share their thoughts 
and prior knowledge. Collaborative dialogue supports learning by clarifying thinking and 
consolidating ideas (Hmelo-Silver et al 2002). The ―classroom learning communities‖ 
approach seeks to operationalise the benefits of learning through participation in 
communities of practice (Lave and Wenger 1991). Inquiry learning promotes the ideal of 
creating a learning community with a shared purpose of making sense of scientific ideas and 
practices (NRC 1996; Harris and Rooks 2010). However, research suggests that knowledge 
and skill differences may lead to tensions in group-work situations. It is therefore 
recommended that teachers explain to students the process and ethos of collaborative 
inquiry learning (Gijlers and de Jong 2009). Further, collaborative processes are difficult to 
enact in science classrooms in the physical space, time schedules and norms of interaction 
in schools (Singer et al 2000).  
 
Learning tasks structured for small groups in which students are engaged in interactions with 
peers pursuing a common scientific investigation are used extensively in IBSE and it is 
common in a collaborative situation for higher-skilled students to serve as more experienced 
peers and thereby help less experienced students. Studies (see for example Rennie et al 
2003; Manlove et al 2006) indicate that inquiry collaborative learning in small groups is 
effective if certain components are present: 
 

1. Interdependence between group members for accomplishing a mutual goal; 
2. Collective responsibility of group members regarding the task and the difficulties that 

may arise during the learning activity; 
3. Reciprocity between group members in the form of explanations and discussions for 

solving problems and considering each member‘s knowledge for producing 
something new and advanced from the whole group; 

4. Social cooperation skills must be shared by each member in order to reach a 
common goal; 

5. Social processes need to be defined in advance for achieving contribution to the 
group‘s success.  

 
For students to benefit fully from an inquiry collaborative learning experience, it is important 
to be engaged in a task-focused and elaborated interaction (Gijlers et al 2009). If students 
have conflicting or divergent ideas they must reach consensus before continuing with the 
discussion. Activities that promote the mere exchange of facts and provision of answers and 
solutions are not enough for collaborative learning (Anjewierden et al 2011). Students need 
to plan and execute the inquiry process, but also to communally select, process, analyse, 
interpret, organise and integrate information into meaningful and coherent structures (Chu et 
al 2011).  
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Collaboration is perceived as a scaffolding function in inquiry learning. School students have 
difficulties with several aspects of inquiry including asking questions, making decisions and 
understanding how information and concepts relate to the overarching question.  
 
Think-pair-share tasks (Wilke and Straits 2005) allow students to work individually and with 
peers. Initially, students work independently, thinking about a scientific problem and provide 
a perceived solution. Then students work in groups to discussing the scientific problem and 
enhance their understandings based on fellow students‘ feedback.   
 

1.5 Conclusion and recommendations 

Part 1 has discussed key concepts and themes in the international policy and research 
literature on IBSE in primary and secondary level science education, with particular reference 
to the US Standards-based framework that informed the conceptualisation of IBSE set out in 
the Pathway DoW. The discussion also offered an outline of elements of effective design and 
facilitation including inquiry questions, authentic tasks, authentic assessment, information 
literacy, collaborative inquiry learning and the use of technology, and consideration of IBSE 
in informal as well as formal learning spaces.  This review has provided pointers to a wide 
range of considerations that should inform the practical implementation of the Pathway 
project‘s teacher development activities and resources. We conclude by making two special 
recommendations: 
 

 The US Standards and associated literature provide an authoritative and rich conceptual 
foundation on which the Pathway project can build. We recommend in particular that the 
Pathway project adopt an adaptation of the Standards‟ ‗5 Essential Features‘, i.e., the ‘7 
Essential Features’, as we propose in this report and in Levy et al (in preparation), and 
that use of this framework be combined with the ‗Types of Inquiry’ and ‘IBSE Learning 
Outcomes’ frameworks also proposed in this report and also based on the US 
Standards; 

 Information literacy plays an essential role in successful inquiry, but is as yet an 

especially under-developed aspect of IBSE. We recommend therefore that the pathway 

project give special consideration to involving school librarians as information 

literacy experts in the design and implementation of IBSE in schools and other settings, 

and to involving them in relevant professional development activities alongside teachers. 
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Appendix A 
 

Stakeholder feedback 
 
This Appendix provides a short summary of key themes emerging from interviews and 
workshops carried out with key stakeholders in IBSE, including teachers and teacher-
educators. Six project partners in total have conducted ten interviews and three workshops. 
 
 

Pathway partner  Interviews  Workshops  Total  

USH  2  1  3  

UBT  2  1  3  

EA  3  1  4  

UCAM  1  -  1  

MUST  1  -  1  

CITLE  1  -  1  

Total  10  3  13  
 
 
Features of inquiry learning 
All participants perceived that inquiry learning is a ‗messy‘ ill-defined process which involves 
the creation of meaningful science activities that help students to develop understandings 
based on scientific evidence. Some participants felt that inquiry encompasses other related 
terms. For example some conceived inquiry as ‗investigation‘ in terms of exploring scientific 
ideas and understanding scientific inquiry that is achieved from student‘s active involvement. 
Some participants perceived inquiry as means of achieving scientific literacy in a sense that if 
students are unaware of how to gain knowledge then it would be difficult to understand 
science.  Others felt that inquiry should be situated in the context of a project for framing a 
problem and then trying to solve it; and should be used to complement and not to replace the 
curriculum for extending or expanding student‘s scientific literacy. In that sense inquiry 
learning is felt to be closely connected with the acquisition of practical and problem-based 
skills. An interview participant first came across problem-based learning and later the term 
has been expanded to inquiry-based learning as it was perceived that problem-based 
learning is a specific strategy which may encompass inquiry-based learning. During a 
workshop, participants thought inquiry teaching as a means of helping students to learn a 
scientific procedure, to learn about how science works as well as how scientific theory 
supports the interpretation of an observation in connection to scientific evidence. 
  
All participants conceived inquiry learning as a student-centred approach which may 
strengthen personalisation and differentiation and it may help students to develop skills and 
attitudes and not only knowledge. It was clear from participants‘ experiences that students 
were encouraged to actively engage into a scientific investigation by exploring an issue or a 
problem by themselves rather than acquiring teacher‘s knowledge via class lectures and 
thereby increasing their critical skills. A participant felt that teaching science by inquiry 
involves systematic and organised interventions for putting students in a ‗process‘ of inquiry 
in a subject area. Some felt that pre-determined steps with concrete plans followed by certain 
degrees of freedom would help students to integrate the inquiry process into their learning 
experiences.  The goal of inquiry learning has been perceived as finding ways of persuading 
students to explore the natural world from different perspectives rather than delivery. This is 
achieved by inquiring into the ideas of students in terms of identifying their strongly held 
beliefs and then trying to persuade students to refine those ideas or even change them in 
response to scientific evidence.  
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The result of this process is regarded as authentic inquiry learning as opposed to surface 
learning. The main difference, as participants claimed, is that in authentic inquiry learning the 
student emulates the scientific processes of a real scientist; and they are beginning to ask 
and shape questions in order to understand and explain a scientific problem. Surface 
learning, as described, focuses on a social transaction between the teacher and the student 
where the student seeks approval of some kind or seeks minimum disruption for enhancing 
the process of assimilating information.  Participants had an intuitive comfort in a sense that 
students don‘t learn well by being told things rather they learn well by drawing conclusions 
from their own experiences.  Teachers‘ role described as facilitating the whole process by 
trying not to provide the answer but be drawn towards a situation where exploration, 
investigation and inquiry of scientific phenomena is the focus of attention. This may create a 
feeling of facilitating an authentic, deeper growth and development of student‘s world view. In 
authentic learning, as described by a participant, people build-up a web of belief in terms of 
transferring their knowledge of a particular scientific phenomenon to other domains and 
applications. This authentic way of learning can be achieved by using the inquiry approach in 
terms of creating scientific investigations where students experience evidence from their 
own, with their own senses- and that makes the scientific investigation more authentic.         
 
Another participant perceived that inquiry learning may allow students to access different 
perspectives from their own. Within a safe inquiry environment where students feel 
comfortable they can share points of view, negotiate ideas and address misconceptions. In 
that way, students‘ knowledge base may widen and the depth of understanding is increased. 
Students are questioning their own understanding and knowledge-base and they have others 
helping to do that. This felt as important for helping students to acquire skills on how to work 
with other people 
 
 
Types of inquiry 
In general participants felt that the structured and/or guided inquiry approach might be more 
appropriate within the school setting in relation to the nature of the scientific investigation. In 
particular a participant believed that in order to achieve alignment with science curriculum 
which by nature is instructive, a more guided approach is needed where the inquiry cycle is 
directed by the teacher. Another participant felt that in a school environment where students 
need to conceive basic scientific understandings, tasks need to be structured in a way that 
would help the student to find the correct resource for acquiring the intended knowledge. The 
teachers is directing the inquiry process and decides in which inquiry activities the students 
will be engaged in. Furthermore participants believed that within the structured and guided 
inquiry mode, the teacher is responsible for posing questions, providing data and setting-up 
procedures for task engagement and assessment.  Few examples of open inquiry processes 
were mentioned especially for upper secondary education as well as for teacher training 
where students were perceived that they had the skills and competencies to be more self-
directed during the inquiry process. For example in a teacher training course a participant 
described the inquiry process as having the teacher students to pose the questions, gather, 
analyse and present data as well as participate in formulating the assessment strategy.  An 
interview participant believed that inquiry should not be completely open because this might 
create confusion and a sense of uncertainty whilst not completely guided as sometimes 
guided inquiry may reflect the transmissive approach to teaching. In general terms, coupled 
inquiry approaches were regarded as ideal to some occasions, especially for using guided 
inquiry at the early stages of the course and then changing it to open as students gain 
experience and control over the inquiry process.  
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Inquiry Questions 
Most participants described the process of questioning as a way of generating scientific 
argumentations. Participants also felt that is important to identify students‘ prior knowledge 
and ideas and then if necessary trying to change these ideas through an iterative process of 
questioning and argumentation. One participant illuminates this procedure by giving an 
example of the process of photosynthesis. First, the teacher identifies student‘s prior 
knowledge about photosynthesis and how it works and realises that students‘ views are 
inconsistent. The teacher then tries to explain the process and sees that the new information 
does not make sense to them. Then different questions are being posed by the teacher, 
which promote further exploration and testing based on scientific evidence. By posing 
questions argumentation is created through which the student can refine misconceptions.  
Initially, the teacher is making the question for triggering student‘s attention in the form ‗what 
can we do?‘ ‗How we can test?‘ ‗Why do you think?‘ and then students respond to that 
question by asking some further sub-questions. Questioning therefore is seen as a mutual 
process, triggered by the teacher but as soon as students are intrinsically motivated then 
they are starting to pose questions to the teacher and to their fellow students. Questions are 
focused around interesting themes for the students, especially derived from real-life scientific 
phenomena relevant to students‘ experiences and prior knowledge.  
 
Inquiry tasks 
Scientific experiments conducted in labs were the most common task participants felt 
appropriate for integrating inquiry due to their practical nature of bringing evidence to a 
hypothesis of conjecture. An interview participant believed that engaging students into 
scientific experiments might trigger students‘ attention and would increase their curiosity and 
motivation by observing an unexpected result. As a way of reflecting from the observations of 
the experiment, students were engaged in a discussion where they could express their 
opinions and clarify their understandings. After the discussion and provision of feedback 
students were advised to repeat the experiments by themselves by collecting the necessary 
equipment needed; and upon completion to reflect again on the outcomes of the experiment. 
Others have used case studies for describing experiences of real scientists reflecting on 
what they investigated and how did they go with their scientific investigation. Concept maps 
were described as brainstorming tools for conceptualising the scientific investigation and as a 
stimulus for informing the discussion. An interview participant perceived that WebQuests are 
effective inquiry tasks that may enhance the process of finding, accessing and retrieving 
information from the Web.  Desk research (findings books, using the Internet etc) was also 
mentioned in the context of working for an assignment or a project.  In general participants 
referred to the design of inquiry tasks in a way that would: promote curiosity; allow ideas to 
be generated and shared through practical investigation and modelling, including processes 
of hypothesis, feedback and reflection. 
 
Learning outcomes and assessment 
Assessment strategies generally included: self-evaluation, peer evaluation, participation 
during the development of rubrics, concept maps and portfolios.  A participant believed that a 
clear distinction should be made between intended learning goals and actual learning goals 
and their connection with assessment. Actual learning goals are about what the student 
actually knows. Intended learning goals are those that teachers are hoping their students will 
acquire after the completion of a course or module. Both actual and intended learning goals 
can be promoted through assessment in terms of identifying whether students‘ 
understandings have changed (actual goals) or whether their understandings are close to the 
goals predefined by the teacher (intended goals).   
 
Summative assessment in particular is perceived as a way of re-assessing the program of 
study and observing how close are actual goals to the intended goals. For using inquiry 
learning it was noted that an alignment of learning outcomes with the teaching strategies and 
assessment methods would help on directing students‘ efforts in understanding scientific 
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content as well as the nature of inquiry more effectively. Summative inquiry assessment was 
perceived as means to enquire into student‘s ideas through tests, quizzes or verbal 
questioning. Formative assessment was perceived as just listening students making explicit 
their understandings and engage them into conversation by giving triggers like case studies, 
simulations, field-work activities etc which might enable teachers to conduct a ‗diagnostic 
assessment‘ in terms of evaluating what is already known and what new has been learned.  
Another participant believed that the end- product of inquiry-based learning is the 
enhancement of knowledge and therefore focusing on evaluating the process rather than 
assessing content through formal assessment procedures will encourage students to focus 
on the inquiry learning process instead of focusing on memorizing content in a mechanistic 
way.  Another participant argued that in inquiry learning multiple learning outcomes exist and 
what it is assessed is the process including the arguments students are developing, the 
selection of tools they choose to use etc., Therefore assessment criteria tend to be more 
qualitative, personal and internal in terms of measuring the depth and not the breadth of what 
has been learnt.  Assessment was felt that it should take place at the stage of concluding 
and communicating the scientific results.  
 
In terms of evaluating the success or not of inquiry-based investigations most of the 
participants used questionnaires for students to fill in, for describing how they found the 
process, comment on facilitation and how useful were the outcomes of their inquiry 
experience. Moreover, informal discussions with the students of how they found the process 
were perceived as valuable feedback for revising the scientific investigation and improving 
aspects of the inquiry that didn‘t work well.  Another participant evaluated the inquiry activity 
in response to the quality of the materials students have found and how they were making 
use of them.  Involvement of the entire class into the inquiry process, and the use of 
‗observational grids‘ for reporting the attitudes of students towards inquiry learning felt to be 
essential for evaluating inquiry.     
 
Models and frameworks  
Two participants described the use of an inquiry cycle model to develop inquiry-based 
activities. Both teachers described the initiation of the cycle in terms of posing meaningful 
questions or hypothesising a scientific issue, and then working through investigating, 
analysing and evaluating, becoming more specialised in a particular area. The participants 
felt that the inquiry cycle initially may not seem to be very useful to students, but with the 
teacher‘s support and direction on how the cycle works they become familiarised with it. The 
inquiry cycle becomes more open-ended as the students become increasingly responsible 
for carrying out scientific investigations according to their own learning needs. Participants 
also thought that the inquiry cycle can be used to introduce students to individual learning as 
well as working in groups on an inquiry topic. One interview participant referred to a research 
design cycle model used on a teacher training course for implementing, evaluating and 
refining inquiry-oriented research activities. Other participants, though, argued that it is not 
always necessary for inquiry to follow a cyclical model, which can sometimes be rather 
mechanistic and structure- oriented. It is possible, for example, for inquiry activities to follow 
only parts of a cycle, the missing parts being filled by the teacher in response to particular 
contexts and the needs of particular groups of students.  
 
Collaboration 
One participant stressed the importance of helping students to engage actively in peer 
support and collaboration within IBSE environments.  Students might choose their own 
groups, thereby promoting a degree of openness and student-direction, or be grouped by the 
teacher according to their prior knowledge, competencies and skills. An activity was 
described in which student groups were allowed to choose the scientific area they wished to 
investigate. In groups they determined the processes of inquiry, assigned roles and provided 
feedback to each other. At the end of the investigation each inquiry group was tasked to 
present their results to the rest of the class. This activity was perceived as major opportunity 
for the teacher to evaluate students‘ progress in terms of knowledge and process skills that 
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had been acquired. The importance of working in groups was also stressed in terms of time-
efficiency, especially when trying to explore information and provide consolidated evidence 
from multiple information resources. Another benefit of group work was that meaning-making 
is developed through acknowledging and interpreting different perspectives and views to 
inform personal understandings. This is how scientists work in real-world investigations, and 
students will need to be able to transfer skills required for working with other to their scientific 
career.  The role of the teacher was perceived as facilitating the entire process, especially 
managing group dynamics and the quality of group work. In particular, the teacher‘s role was 
to encourage the group to establish procedures for how students are going to work, to make 
sure course objectives and assessment mechanisms are clear, as well as to elucidate the 
inquiry-based learning process that students will be engaged in.    
 
Technologies 
Participants used technology mostly for guiding students to find and retrieve information on 
the Internet, and in online journals and electronic databases. Tools for presenting information 
such as PowerPoint and GoogleDocs were perceived as useful ways visually to represent 
scientific content as well as a means of encouraging students to share their ideas when 
engaged in group work. Digital video and audio clips were also used to add richness. 
Computer simulations with simple algorithms were used as tools for modelling, testing 
variables and observing the effects of students‘ actions.  

 
Challenges for inquiry learning 
 
The role of the teacher 
Participants felt that the role of the teacher is fundamental to shaping the effective use of 
inquiry-based learning. In particular, the ability of the teacher to provide suitable triggers and 
questions. It is also essential to achieve the right balance in terms of guiding the inquiry 
process by providing sufficient structure in the design of learning activities whilst still 
encouraging openness and student-direction. It was also felt that the teacher‘s role included 
helping groups to resolve conflicts and problems, by providing ideas and strategies, as well 
as helping students to understand the process of collaborative knowledge creation.  
Successfully communicating the benefits of inquiry learning was perceived as an important 
factor in helping students understand the process and exploit its strengths in developing 
scientific understanding. The skills required on the part of a teacher in order to be able to 
teach science by inquiry ranged from possessing knowledge of both scientific content and 
the inquiry approach to being able to define learning outcomes and to use appropriate 
assessment procedures.  
 
Barriers and dilemmas 
Participants suggested several reasons why inquiry learning is not widely adopted in schools. 
These included lack of time, and teachers‘ lack of confidence and expertise in designing 
complex multi-faceted inquiry activities. However, structural characteristics of national 
curricula and educational systems often were perceived to be the major barrier - national 
curricula in their current form tending to strongly militate against inquiry learning because of 
the focus on covering a set of required learning content and preparing students for high 
stakes examinations. One workshop participant noted that although teachers know that there 
is a lack of inquiry activity within science courses and would like to introduce more, the 
curriculum is too content-oriented, which detrimentally affects the use of inquiry approaches. 
This participant proposed a solution whereby a balance would be achieved by removing 
some of the content whilst adding some process-based activities.  
 
Another problem reported during a workshop was that some teachers are not willing to 
engage in inquiry-based learning because of its complexity, and difficulties in coping with 
potential failure. Changing from the current predominantly transmission-based approach to 
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inquiry learning creates feelings of uncertainty on the part of teachers since they may feel 
that inquiry learning will not deliver required learning outcomes.  
 
Other participants argued that whilst inquiry learning might be ideal for able students, it may 
not be particularly effective for less able ones, since it requires self-direction and control on 
the part of the student.  Teachers need to have practical examples which show that by 
adopting an inquiry approach students will develop sound knowledge. One participant noted 
that teachers need to be aware that at the early stages of adopting an inquiry approach the 
process may be tedious and time-consuming.  At later stages, however, when both teachers 
and students have become familiar with the process, it can become effective in that teachers 
have built a process whereby students are actively engaged in, rather than passively 
attending, the class.  
 
Students‘ perceptions of the roles of the teacher as the ‗teller‘ and the student as the 
‗receiver‘ can influence how inquiry learning is experienced. A number of participants felt that 
many students have a view of knowledge in terms of one correct answer which the teacher 
possesses. Inquiry learning may challenge students‘ expectations of learning and teaching, 
and teachers need strategies to engage with this situation. 
 
Finally, most participants perceived the need for national guidance linking inquiry learning 
with existing national curriculum objectives and learning outcomes in order for IBSE to be 
more widely adopted in a sustained way across all levels of national education.   
 
 
Teacher development for inquiry learning 
 
Characteristics of professional development courses for IBSE 
It was suggested that professional development for IBSE should encompass a number of 
characteristics Both face-to-face and online strategies were suggested. Programmes should 
include a focus on educational theories and paradigms were important to some of the 
participants. In parallel, it was suggested that a focus on scientific methodology including the 
aspects of observation, description, hypothesis, measurement, data processing, evaluation, 
verification and inquiry would allow teachers to adequately guide students in inquiry 
classroom or laboratory activities. Professional development in the use of the Internet for 
searching and retrieving materials was highlighted by some. In general, participants felt that 
there should be a balance between (a) providing inquiry-based models and standards that 
are sufficiently open-ended to allow teachers to design their own learning activities, and (b) 
providing sufficient structure to guide and support teachers in designing  inquiry-based 
activities.  
 
Creating communities of practice for sharing IBSE best practices 
Participants reported experiences of successful professional development for IBSE taking 
place in a range of settings, including conferences, school, training seminars, summer 
schools as well as online in the context of developing a ‗community of practice‘. Accessing 
and sharing best practices, teaching ideas and activities from different members of the 
community was perceived as an important factor in terms of guiding their own practice. 
Participants also emphasised the value of community-based, online resource environments 
in which a wide range of effective practice examples can be created, stored, evaluated, 
shared and re-used in teachers‘ own time and pace. This facilitates awareness-raising about 
how other teachers use IBSE in terms of designing appropriate tasks, assessment strategies 
and learning goals. One participant noted that a means of evaluating the quality of resources 
to be shared is required. One workshop participant noted that case studies and ‗learning 
activity‘ templates could be efficient ways to guide teachers‘ decision making in developing 
learning activities and situating them in a context.  A wiki-based approach was mentioned as 
a means of supporting an online learning community as well as for capturing and 
representing case studies whilst allowing sharing and re-use.  
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Participating in multidisciplinary initiatives 
Some participants felt that participation of science teachers in multidisciplinary continuing 
professional development initiatives (i.e., with teachers from different subject areas such as 
languages, technology, history) would be valuable as a means of developing understanding 
of how inquiry learning is conceptualised and used in different settings, and gaining different 
perspectives on practice in their own (science) disciplines.  
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Appendix B 
 
Interview guidelines 
 
Dear Partner, 
This interview guide has been developed in the context of the interviews that will be 
conducted as part of T2.1. You will have to conduct at least 1 interview with an expert 
practitioner/researcher in inquiry learning either face-to-face or by phone or through video-
conferencing.  We would ask that you follow the outlined interview process for consistency 
amongst all partners: 

1. Please record the name of the person who will be interviewed, his/her organisation‘s 

name and the date of the interview. 

2. Please conduct the interview as soon as possible and return this document with a 

summary of the interviewee‘s response to each question by Tuesday 12 July 2011. 

3. Please record the interview by taking notes and/or using an audio recording device. 

4. Summarise the recording, highlighting the most important information evident in the 

interviewees‘ responses for each question. We ask that the written summary be in 

English and if relevant include some direct quotations from your interviewee in the 

summary, to highlight particular points. Please provide just a summary not a verbatim 

text. 

5. You may need to seek ethics approval from your organisation to carry out data 

collection involving human participants and to use ‗in-house‘ ethics processes, e.g. 

consent forms and information sheets. If this is the case, please send a copy of the 

ethics approval and outline the procedures put in place. All interview data should be 

kept confidential and will be incorporated into the D2.1 Report in an anonymised 

form. 

 

Introductory note to the interviewers  
 
Note to interviewer: The main aim of the discussion is to elicit practitioners‘ views of the 
‗essential features‘ of science inquiry learning including strategies and approaches. An 
indicative introduction to the interview may be: 
Introduction Example: We are currently gathering views on how expert 
practitioners/researchers conceptualise and/or carry out inquiry learning in science 
education, including particular approaches and strategies. The work is part of the European 
Project ―The Pathway to Inquiry-Based Science Teaching‖ which aims to promote the 
effective widespread use of inquiry teaching techniques in primary and secondary schools in 
Europe and beyond.  It will be a 20-30 minute interview which then will be summarised for 
the purpose of data analysis.  Your responses will help us understand your beliefs, intentions 
and actions for inquiry-based learning in science education.   
 
Interview Questions  
 
Note to Interviewer: The questions below may follow a conversational approach as naturally 
as possible. It may be helpful to think of the interview as a „structured discussion‟ with 
someone whose views and experiences you are interested to know, rather than as a formal 
interview. Follow-up questions may be a good strategy to extend the discussion on a theme 
of a particular interest.  You will need to tailor the interview questions to the background of 
the interviewee (e.g. somewhat re-oriented questions to practitioners than to researchers). 
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Contextual Information 

 Name of the Interviewee 

 Country 

 Date 

 Current role: (e.g. researcher, teacher, science educator, scientist, teacher 

educator etc) 

 Experience with inquiry learning: (e.g. 1 year) 

Interview Questions 
1. Could you please explain what you understand by the term inquiry learning? What are 

its main features and how is it different from other forms of learning? 

RESPONSES KEY WORDS 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
2. Could you please describe how you would develop/design an inquiry-based 

investigation/activity? (Follow-up: could you give an example of an inquiry-based 

activity?) (Prompts: elements of design: learning outcomes, inquiry questions, inquiry 

tasks, teaching strategies, assessment, support roles, students‘ skills, resources, 

technology, environment, etc.) 

RESPONSES KEY WORDS 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
3. Could you please explain why you adopt inquiry learning (or why you believe it is 

important)? Prompts: benefits? at different levels of education? 

RESPONSES KEY WORDS 
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4. Could you please describe the factors that identify successful achievement in inquiry 

learning and teaching? (prompt: learning outcomes, teaching strategies, assessment, 

students‘ characteristics, content, tools, resources activities, nature of lesson, 

technology...) 

RESPONSES KEY WORDS 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
5. How do you generate ideas for creating inquiry-led science investigations (Prompts: 

prior experience, discussion with colleagues, research-based evidence, case studies, 

conference presentations, from students) 

RESPONSES KEY WORDS 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
6. Do you use (or recommend) any particular models for designing inquiry learning 

activities (e.g. a learning cycle)? Please explain these if you do. Also, do you use or 

recommend any particular tool or technology to design inquiry learning activities? 

(e.g. concept map, web-based tool) 
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RESPONSES KEY WORDS 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
7. What do you consider to be the most problematic when trying to use inquiry-based 

learning? (Prompt: finding an appropriate inquiry-based strategy; linking tasks to 

learning outcomes; time-consuming; no institutional support; development of 

appropriate assessment). Follow-up: How do you deal with these? 

RESPONSES KEY WORDS 

  

 
8. How and when do you evaluate the inquiry-based investigation /activity (Follow up: 

what criteria are used to deem it acceptable?).  

RESPONSES KEY WORDS 
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9. What methods do you find useful for your own professional development regarding 

inquiry teaching? (Prompt: any particularly effective training; community of practice 

approach; science teacher as curriculum designer; blended learning etc.) 

RESPONSES KEY WORDS 

  

 
10. Finally, are there any other considerations that we haven‘t covered so far that you feel 

are important for inquiry learning in science education?  

RESPONSES KEY WORDS 
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Appendix C 
 
Workshop guidelines 
 
1 Aim of the workshop 
As part of T2.1, a series of workshops will be organised to enable exchange of experiences 
and practices relating to inquiry learning for science education among representatives of the 
Pathway project‘s key stakeholder groups, and to inform the project‘s work.  
 
At least one workshop should be implemented by each consortium partner participating in 
WP2. Each partner should prepare workshop material by consulting relevant supporting 
documents (e.g. Essential Features of Inquiry Learning Preliminary Report from USH – see 
attached document) and the Pathway Description of Work (2010).  
 
The workshops should be implemented by Friday 8th July 2011 (after the summer school in 
Crete).   
 
After implementation of the workshops, partners should send the focus group reporting 
template with a summary of participants‘ responses to USH (p.lameras@sheffield.ac.uk) as 
soon as possible and certainly by Tuesday 12 July 2011.  
 
2 Workshop organisation and implementation   
In organising your workshop(s) please note the following: 

 Reporting details of the event: Please fill in the form (Annex 1) to provide essential 

information as requested about the date of workshop, location, number and type of 

participants, etc. 

 Participant list:  Please provide a list of all participants‘ names and contact details 

using the appropriate form (Annex 2). 

 Deadlines: The workshops should be completed the latest by Friday 8th July 2011 

and reported back by Tuesday 12th July 2011. 

 Preparation: The D2.1 work-in-progress document ―The Essential Features of Inquiry 

Learning‖ may be used to inform workshop presentations and discussions (see 

attached document). 

 Workshop invitations: Invitations and registration forms should be sent to a 

sufficient number of potential participants in order to ensure participation by 10-15 

people in each workshop. Annex 3 provides a possible template for the invitation and 

registration form.  

 Number of Participants: Each workshop should be attended by 10-15 people.  

 Organisation, facilitation and reporting of workshops: The roles required will be: 

o An organiser (responsible for liaising with participants prior to the workshops, 

and with USH). 

o A facilitator (responsible for creating slide presentations prior to the 

workshops, presenting material during workshops, orchestrating workshop 

activities and discussions, and making sure that the workshop keeps to the 

time plan) 

o A technical support officer (responsible for IT-related issues, e.g. setting-up 

projectors, loading up presentations etc) 

o A reporter (responsible for taking notes on participants‘ questions and 

discussions during the workshop ‗plenary sessions‘ and for summarising this 

mailto:p.lameras@sheffield.ac.uk
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information as well as eliciting participants‘ feedback from the workshop small-

group discussions). 

 Collecting and recording data from workshops: Make notes during the workshops 

about the questions, views, experiences etc. expressed by participants. Collect 

participants‘ own records of each small-group discussion (using Annex 4) held 

towards the end of the workshops. Summarise the important themes from each small-

group discussion on the Focus-Group Reporting Template (Annex 5) and, along with 

a summary of any further important themes from the workshops, send this information 

to USH (plameras@sheffield.ac.uk) 

 Duration of Workshops: The duration of the workshop(s) should be approximately 

11/2- 2 hours.  

 

4 Target groups  
The following list includes a suggestion of potential user groups that may find useful to 
participate in the workshops in relation to inquiry science teaching and learning: 

 Science teachers 

o (e.g. School teachers from Physics, Chemistry, Biology, Environmental 

sciences, Earth sciences etc) 

o Teaching staff from training and research institutions in the field of science  

o Science teacher educators 

 Science educators 

o (e.g. university teachers related to science topics) 

 Science Curricula developers 

 Scientists 

 Specialists in e-learning for science courses 

 Specialists in cognitive psychology and sociology 

 Specialists in learning sciences 

 

5 Proposed agenda 
Introduction to the PATHWAY project: Short presentation (10 min) describing the Pathway 
project including its aims and objectives. Highlight the tasks in WP2, particularly T2.1 ―The 
essential Features of Inquiry Learning‖.  
Essential Features of Inquiry Learning: Short presentation (15 min) about ―essential 
features of inquiry learning and their variations‖. You may refer to the Essential Features of 
Inquiry Learning‖ preliminary report (see attached file) to inform this presentation as well as 
to the PATHWAY Description of Work (2010: 7-11). 
Professional Development for Inquiry Learning: Short presentation (10 min) about 
methods and strategies for professional development for inquiry teaching based on Pathway 
Description of Work‘s extensive discussion of this theme and examples of effective 
programmes pp. 11-21.  Discussion Session: Give participants the opportunity to ask 
questions relating to the presentations and to share their conceptualisations and 
experiences. Encourage participants to describe their own knowledge and practices in 
inquiry learning, and in professional development/education of teachers. Ask participants to 
describe how they conceptualise/design/carry out inquiry learning and how they see its 
essential features. Ask them to talk about what they see as the most effective approaches to 
professional development/education for teachers. Take notes on the main themes of this 
discussion. Approximately 30 minutes should be allocated to this discussion. 
Small Group Discussions: Divide participants into small groups of 3-5 persons. The small 
group questionnaire (see Annex 4) should be then distributed to each group, to be filled in 
within 20 minutes approximately.  
 
 

mailto:plameras@sheffield.ac.uk
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 Reporting Template 
 
Formal Data:   

 
Name of Institution organizing the event:  
Country the event took place: 
Date of event: 
Location of event:  
Number of Participants:  
 
Content related Data:  

1. List possible questions during the ‗essential features of inquiry learning‘ session 

posed by the participants. 

 

 
2. List possible questions during the ‗professional development for inquiry learning‘ 

session posed by the participants. 

 

 
 

3. List some examples (2-3) of themes raised during the discussion session.  

 

 
4. After collecting each focus-group discussion records (using Annex 4), please 

summarise the important themes from each small-group discussion by using the 

Focus-Group Reporting Template (Annex 5).  
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  Invitation template 
 
Subject: Invitation to Participate in Consultation Workshop on Inquiry learning in 
Science Education.  
Information: Person Responsible for the Organisation of the Workshops 
For the European Project ―The Pathway to Inquiry-based Science Teaching‖, we are 
organising an educational workshop entitled ―Inquiry-based learning in Science Education‖ 
during which key concepts and practices relating to inquiry learning in science will be 
explored, as well as effective professional development strategies for teachers.  
The workshop is aimed at a wide range of people with interests and expertise in science 
inquiry learning, including science teachers (primary and secondary level), science teacher 
trainers, science curriculum developers and instructional designers, science educators in 
informal settings (e.g. museums), scientists, and experts in learning, cognitive psychology 
and sociology. We hope that you will find the workshop stimulating and useful. Your 
participation will inform the work of the Pathway project and will be much appreciated.  
Place and Time:   
Overview: During the workshop, inquiry-based-learning will be described and discussed in 
the context of its use in primary and secondary science classrooms, and informal learning 
settings. The workshop will introduce and explore ways of ‗aligning‘ inquiry learning 
outcomes with teaching and assessment strategies. It will also examine effective strategies 
for teachers‘ professional development in inquiry science teaching.  
During the workshop, participants will be invited to share their conceptions of, and 
approaches to, inquiry science teaching and learning, and to participate in small-group 
discussions responding to questions that will help the Pathway consortium to understand 
current practices and issues in inquiry learning for science education, and in the professional 
development of teachers.    

 
Workshop on Inquiry learning in Science Education 

Programme 
 Introduction to the PATHWAY project 

Speaker: (please enter the name of the speaker and institution) 

 Essential Features of Inquiry Learning 

Speaker: (please enter the name of the speaker and institution) 

 Professional Development for Inquiry Learning 

Speaker: (please enter the name of the speaker and institution) 

 Discussion session 

Facilitator: (please enter the name of the facilitator and institution) 

 Small-Group Activity 

Facilitator: (please enter the name of the facilitator and institution) 
 

REGISTRATION 
 
Surname: ..........................................................................................................................................................  

Name: ................................................................................................................................................................  

Tel: ....................................................................................................................................................................  

E-MAIL: .............................................................................................................................................................  

 

 Science Educator 

 Science Teacher 

 Scientist 
 Science Curricula Developer 
 Science Teacher Trainer 
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 Other (please specify __________________________) 
 
Date………………………………….    Signature…………………………………… 

Please send us the completed registration form no later than__________ by email at 
name@institution.  
 
 
Focus Group discussion guide  
 
Introduction Example: The following questions are meant to be used for approximately 20-
30 minutes. Workshop participants will be divided in groups of 3-5 persons and given a set of 
questions to answer. These questions will be shown on the projection screen while 
participants are asked to answer them in groups. A follow-up discussion will be held for each 
question with in the plenary for 5 minutes.  An aggregated version of responses collected 
from the groups will be sent to USH (p.lameras@sheffield.ac.uk)  
 
Note to facilitator: You may need to seek ethics approval from your organisation to carry out 
data collection involving human participants and to use ‗in-house‘ ethics processes, e.g. 
consent forms and information sheets. If this is the case, please confirm to us that ethical 
approval has been granted and outline the procedures put in place. All interview data should 
be kept confidential and will be incorporated into the D2.1 Report in anonymised form.  
 
 
 
Small Group Questions 
 

1. Could you please describe how you could develop/design and inquiry-based 

investigation/activity? Could you please give an example of an inquiry-based activity. 

(You can refer to elements of design; inquiry questions; learning outcomes; inquiry 

tasks; teaching strategies; assessment; support roles; student skills; resources; 

environment; technology; etc) 

 

RESPONSES KEY 
WORDS 
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2. Could you please give an example of an inquiry-based activity? (you can consider 

elements of design, learning outcomes, inquiry questions, inquiry tasks, teaching 

strategies, assessment, support roles, students‘ skills, resources, technologies, 

environment etc) 

 

RESPONSES KEY 
WORDS 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
3. Could you please explain why you adopt inquiry learning (or why you believe it is 

important)? (e.g. benefits? at different levels of education?) 

 

RESPONSES KEY 
WORDS 
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4. What do you consider to be most problematic when trying to use inquiry-based 

learning? (e.g. finding appropriate inquiry strategies; linking tasks to learning 

outcomes; time-consuming; no institutional support; development of appropriate 

assessment? How do you deal with these? 

 

RESPONSES KEY 
WORDS 

 
 
 
 
 
 
 
 
 
 
 
 

 

 
5. What methods do you find useful for your own professional development regarding 

inquiry teaching (any particular effective training; communities of practice; science 

teacher as curriculum designer; blended learning etc) 

 

RESPONSES KEY 
WORDS 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 



 

 72 

 

6. How and when do you evaluate the inquiry-based investigation /activity? what criteria 

are used to deem it acceptable?  

 

RESPONSES KEY 
WORDS 

 
 
 
 
 
 
 
 
 
 
 
 

 

 
7. Finally, are there any other considerations that we haven‘t covered so far that you feel 

are important for inquiry learning in science education? 

 

RESPONSES KEY 
WORDS 
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 Appendix D 
 
Science education, inquiry-based education and new technology: sociological 
perspectives, Ben Williamson, University of Exeter 
 
Introduction: Reconfiguring science education 

There is a common perception that science is socially irrelevant, laboratory-centred, 
exclusive, and out-of-bounds to ordinary people. The problem can be explained in part by the 
way in which much formal science education in schools represents an ideal type of official 
science and the nature of science itself as context-independent, totalized, and purged of any 
of the personal, economic, political and cultural contingencies that have contributed to its 
making. As a consequence, major efforts are being made internationally to reconfigure 
science education by, for example, reframing science as relevant to everyday life and the 
interests, concerns, worries, lifestyles and worldviews of children; making it personal by 
representing the human face of scientific endeavour; making science education fun and 
entertaining; by making science education interactive as a process of hands-on engagement; 
and by accommodating multicultural differences rather than representing science as a 
totalized and colonial western model.10   

In this selective review of literature, I focus on the key impact of new information and 
communication technologies (ICT) on the reconfiguration of science education. I draw 
specifically on policy and sociological sources to try to understand the political and 
institutional reconfigurations in science education. The aim of the review is to indicate how 
sociological analyses of ICT and science education may help to contribute to ongoing 
reconfigurations and to broaden the debate about science education for the 21st century. 

Science education policymaking 

Science education has been put under a microscope by policymakers worldwide. In the UK in 
2006 the Teaching and Learning Research Programme (a major ESRC-funded research 
programme) reported on the main issues for science education emerging from recent 
research: 

The processes and ideas of science are of great importance to everybody in three 
ways. The first is in their personal lives, for example so that they can validly identify 
the components of a healthy life-style. The second is in their civic lives, so that they 
take an informed part in social decisions, for example on future options for electricity 
supply. The third is in their economic lives, where they need to be able to respond 
positively to changes in the science-related aspects of their employment.11 

The following year, 2007, a European Commission high-level group on science education 
reported it conclusions on the state of science education in Europe. As a consequence of 
outdated science teaching methods, it stated: 

Europe‘s longer term capacity to innovate, and the quality of its research will also 
decline. Furthermore, among the population in general, the acquisition of skills that 

                                                
10 Tlili, A, Cribb, A & Gewirtz, S (2006) What Becomes of Science in a Science Centre? Reconfiguring science for public consumption. The 

Review of Education, Pedagogy, and Cultural Studies 28: 203-228  
11 TLRP (2006) Science education in schools: issues, evidence and proposals (London: Institute of Education) 
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are becoming essential in all walks of life, in a society increasingly dependent on the 
use of knowledge, is also under increasing threat.12 

UNESCO published research on international science education policymaking in 2008, 
emphasizing three critical imperatives :  

The first relates to the traditional role of science in schooling, namely the 
identification, motivation and initial preparation of those students who will go on to 
further studies for careers in all those professional fields that directly involve science 
and technology. A sufficient supply of these professionals is vital to the economy of all 
countries and to the health of their citizens. …  

The second imperative is that sustainable technological development and many other 
possible societal applications of science require the support of scientifically and 
technologically informed citizens. ... 

The third imperative derives from the changes that are resulting from the application 
of digital technologies that are the most rapid, the most widespread, and probably the 
most pervasive influence that science has ever had on human society. We all, 
wherever we live, are part of a global communication society.  … Schooling is now 
being challenged to contribute to the development in students of an active repertoire 
of generic and subject-based competencies.13 

Internationally, science education has attained particular current importance with 
policymakers because it is understood to be essential to future productivity and national 
competitiveness, and because of: 

the growing demands of society for citizens and knowledge workers who can add to 
and take advantage of emerging technologies and the explosion in scientific 
knowledge. … Modern educational interventions must respond to new scientific 
knowledge emerging from technology-infused, internet-intensive, highly social, 
networked science.14  

The National Endowment for Science Technology and the Arts (NESTA) has similarly stated 
that: 

In a highly technological society such as ours the ability of learners to analyse and 
question in a scientific manner is increasingly important. Scientific literacy now needs 
to take its place alongside literacy and numeracy as a major part of the agenda to 
raise standards in schools … [and] our capacity to to meet and exceed ever greater 
demands for innovation and creativity … demands that our scientific research base 
and our general scientific literacy are strong enough to meet the challenge....15 

Finally, a major review of science education for the Nuffield Foundation published also in 
2008 resisted the policymakers' emphasis on science education as a pipeline into the 
workforce; instead it stated: 

the primary goal of including science in the school curriculum is because it is an 
important component of our European cultural heritage which provides the most 

                                                
12 Rocard Report (2007) Science Education Now: A renewed pedagogy for the future of Europe (Brussels: European Commission) 
13 Fensham, P (2008) Science education policymaking: Eleven emerging issues (UNESCO) 
14 Kelly, AE, Baek, JY, Lesh, RA & Bannan-Ritland, B (2008) Enabling innovations in education and systematizing their impact. In Kelly, AE, 

Lesh, RA & Baek, JY (eds) Handbook of Design Research Methods in Education: Innovations in science, technology, engineering, and 
mathematics learning and teaching (Abingdon: Routledge)  

15 NESTA Research Report (2005) Real science: Encouraging experimentation and investigation in school science learning (London: NESTA) 
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important explanations we have of the material world. In addition, some 
understanding of the practices and processes of science is essential to engage with 
many of the issues confronting contemporary society.16 

At the same time, repeated claims have been made that science itself needs to be 
understood as a social practice and as a historical and cultural product. Science education 
has traditionally been concerned with the quest for ―mastery‖ over ―perfect knowledge.‖ 
Sociological and postmodernist critiques of science, however, have suggested that the  
empirical scientific method cannot be trusted as the yardstick for establishing knowledge 
because it neglects the social and context-specific character of knowledge.17  

Therefore, science education is now under pressure to change for several interconnected 
reasons: 

‾ Children's lack of enjoyment of science education 

‾ Individuals' healthy living 

‾ Civic life 

‾ Public understanding and engagement with contemporary issues in society 

‾ Cultural heritage 

‾ Economic life, employment and careers 

‾ Societal need for highly-skilled population of knowledge workers 

‾ Acceleration of scientific knowledge and methodological innovation from 
technology-intensive, networked science (or STEM) 

‾ Supra-national competitiveness in research and innovation 

These pressures in science education are significant in terms of new technology. New digital 
technologies are transforming many aspects of scientific inquiry, and therefore science 
educators need to teach young people  about new technologies as part of empirical scientific 
method. More epistemologically, new technology relates to the ―mediation‖ and 
communication of scientific knowledge to citizens in society. In a media-dense and highly 
network-based era, most people encounter science via the media and increasingly via the 
internet. Consequently, communication networks have become a major factor in how citizens 
gain scientific knowledge. 

Attempt are now being made by policymakers and curriculum developers alike to intervene in 
the science curriculum to bring about recognition of the changing nature of science inquiry 
and science for citizens in the digital age.  

Digital epithets 

It is the new ―common sense‖ that the world is changing rapidly as a result of scientific 
innovation and technological developments. Terms such ―post-Fordist,‖ ―post-industrial,‖ 
―knowledge economy‖ and ―information society‖ have been coined to describe the emerging 
new age.18 Woolgar has shown how a range of technology related  terms such as ―virtual,‖ 
―Interactive,‖ ―global,‖ ―mobile,‖ digital,‖ ―electronic‖ (or simply  ―e-‖), ―cyber-,‖ ―network‖ and 
so on are applied as ―epithetized phenomena‖ to various existing activities and social 
institutions. Technology has seemed to be ushering in a new epoch of epithetized 

                                                
16 Osborne, J & Dillon, P (2008) Science education in Europe (London: Nuffield Foundation) 
17 Ward, S (1996) Reconfiguring Truth: Post-modernism, science studies and the search for a new model of knowledge (Oxford: Rowman & 

Littlefield); Moore, R (2004) Education and Society: Issues and explanations in the sociology of education (Cambridge: Polity) 
18 Amin, A (1994) Post-Fordism: A reader (Oxford: Blackwell) Elliott, A (2009) Contemporary Social Theory (Abingdon: Routledge); Kumar, K 

(1995) From Post-industrial to post-modern society: new theories of the contemporary world (Oxford: Blackwell) 
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developments, such as ―e-commerce,‖ ―mobile learning,‖ ―global governance,‖ and 
―information society.‖19  

New technologies and scientific innovations have therefore been understood to be exerting 
significant influence on social, leisure and working life, and particularly on education, 
although this is not a simple narrative of ―positive effects‖ but a highly complex and contested 
arena for social, economic and cultural analysis, and a number of education scholars have 
begun to query the sustainability of the ―transformative‖ pre-recession agenda.20   

Informationalism 

In the last few decades, there has been a major shift from ―industrialism‖ to ―informationalism‖ 
as ways of organizing and constituting capitalism. This era of informationalism has itself been 
described through a number of related epithets, including post-industrial society, post-
Fordism, and the information age, but there is also compelling empirical evidence to support 
it.  Where industrialist capitalism depended on the production and consumption of 
manufactured products for the production and accumulation of wealth, the growth of 
informationalist capitalism since the 1970s depended more on processes of production 
involving  the application of technology to improve knowledge generation and information 
processing.21  

 Therefore, informationalism refers to a new era during which information processing and 
knowledge production have taken on enhanced importance, as characterized by a number of 
key economic and cultural shifts: 

 away from old heavy manufacturing toward new high-tech industries 

 away from large, hierarchical and bureaucratic forms of mass production toward 
flatter, leaner networked organizations where individuals are multi-skilled and ready 
to assume flexible ways of working 

 away from economic nationalism toward globalized, transnational corporations, 
global movements of capital, and the promotion of free trade through internationally 
agreed deregulation 

 away from an emphasis on production toward an emphasis on consumption 

 away from standardized mass production toward more differentiated and specialized 
niche marketing to particular groups of consumers 

 away from processes of ―massification‖ toward difference and diversity and 
processes of individualization 

 away from an old politics of class toward a new ―identity politics‖ based in gender, 
ethnicity, sexuality and other forms of association, affiliation and belonging to 
diverse groups and communities.22 

Informationalism therefore describes a series of economic and cultural changes. 
Economically, it seems that more and more economic value is to be derived from a new high 
skills, technology-based sector. Culturally, as the world is increasingly connected via 
information and communication networks, a wider variety of cultural expressions becomes 
available to the everyday consumer. Both points are important for science education, since 
science is increasingly directed towards the needs of a changing economic structure based 

                                                
19 Woolgar, S (ed) (2002) Virtual Society? Technology, cyberbole, reality (Oxford: Oxford University Press) 

20 Goodson, I (2010) Times of educational change: towards an understanding of patterns of historical and 
cultural refraction. Journal of Education Policy 25(6): 767–775; Hartley, D (2010) Rhetorics of regulation in 
education after the global economic crisis. Journal of Education Policy 25(6): 785-791 

21 Castells, M (1996) The Rise of the Network Society (Oxford: Blackwell) 

22 Brown, P & Lauder, AH (2001) Capitalism and Social Progress (Basingstoke: Palgrave Macmillan) 
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on the requirement of continual technological innovation, and since in an increasingly 
―globalized‖ environment science is understood as having global significance, not least for the 
sustainability of the planet. 

 Perhaps the implication which has generated most interest is that of occupational 
restructuring. Castells specifically shows how informationalist occupational restructuring has 
divided ―self-programmable labour‖ from ―generic labour.‖ Self-programmable labour refers to 
the autonomy and ―creative capacity‖ to search information and recombine it into knowledge. 
It describes the most valuable occupations in the informationalist context; work that depends 
on high quality science innovation and  leading-edge technical skills deployed in order to 
produce valuable knowledge. This is where most value is derived in informationalism. As a 
consequence, education and training is required to ensure creative capacity and the ability to 
co-evolve with changes in organization, in technology, and in knowledge. On the other hand, 
generic labour refers to the overwhelming majority of workers on the planet, whose tasks are 
little valued, yet necessary, possible to replace with machines, or shifted to lower-cost 
production sites.23 This is ―digital Taylorism,‖ the systematic scientific breakdown of how any 
task is to be completed so that it can be scientifically managed and operationalized to 
maximize efficiency: the ―scientization‖ of labour.24  

Schooling the ―knowledge economy‖ 

Arguments about occupational restructuring in informationalism have thus given rise to new 
ways of thinking about the purposes and methods of schooling. Schools as they stand have 
increasingly been viewed as relics of a bygone age, positioned to educate for generic 
occupations rather than the high-value and high-skills self-programmable labour required of 
the emerging economy.  Science education has therefore been very specifically positioned in 
the context of global economic competition.  

Alongside the boom in digital technology and the restructuring of informationalism came a set 
of new ideas about the future of work and the future of education that have put particular 
emphasis on ideals of scientific and technology-based innovation. Increasingly, since work 
would be done using computers, utilizing the new power of communication networks, it would 
be information and knowledge rather than the manufacturing of physical products which 
would matter most. The task for education systems would be to make sure that young people 
were adequately prepared for this shift from a manufacturing-based economy to a 
―knowledge-based economy,‖ and this has now become the concern of businesses such as 
computing corporation Cisco, and supra-national organizations such as the OECD.25  

In this context, the UK coalition government has continued to place particular emphasis on 
―world leading‖ scientific innovation and technological research, ―commercial investment in 
scientific knowledge,‖ and ―commercial interaction between the research base and business‖  
in order to stimulate  growth in high-value knowledge and advanced manufacturing sectors, 
―with a focus on supporting potential high growth companies and the commercialisation of 
technologies, including funding for an elite network of Research and Development intensive 
technology and innovation centres.‖26 

 The knowledge economy is often posited as a determining factor in the organization of the  
curriculum and is partuicularly important in discussions about the future of science education 

                                                
23 Castells, Network Society 
24 Brown, P, Lauder, H & Ashton, D (2011) The Global Auction: The broken promises of education, jobs, and incomes (Oxford University 

Press). 
25 Selinger, M (ed) (2004) Connected Schools (London: Premium Publishing); OECD (2001a) Knowledge, work organization and economic 

growth (Paris: OECD); OECD (2001b) What schools for the future? (Paris: OECD); OECD (2008) Innovating to Learn, Learning to Innovate 
(Paris: OECD) 

26 HM Government (2010) Spending Review 2010 (London: HMSO) 
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and ICT. Owing to the needs of the knowledge economy within a context of international 
trade and global competition, it is claimed, the education system is required to produce the 
human capital that can contribute to it in the shape of highly-skilled informational labourers. 
The knowledge economy is supported by a strong discourse or message system about the 
kind of education systems and curricula that are now required, and about the kinds of outputs 
they will produce in terms of ―human capital‖ and people skills (as knowledge workers, 
symbolic analysts, informational labourers and so on), as well as about the kind of society 
that is considered desirable for the future. Increasingly, therefore, a range of ideas and 
rhetorical arguments about the knowledge economy have entered everyday debate about 
education, to the point that they have become accepted among the core concerns of new 
technology in education, including: 

global economic concerns of national competitiveness, the up-skilling of workforces, 
performative logic of the labour market, the dynamics of global capitalism and the 
intensification of the economic function of knowledge.27  

The new ―consensus‖ in the science- and innovations-based knowledge economy is that 
prescriptive content, reproduced in authoritative texts and transmitted to students as a one-
way broadcast, is outdated. Instead, it is claimed that what really counts for a successful life 
is the ability to be creative, innovative, inquiring and interactive. It is ―soft skills‖ that really 
matter, alongside and augmented by a range of ―high skills,‖ creative competences, or 
capacities for innovation involving technology. The primary interest is in ensuring individuals‘ 
employability and organizations‘ commercial competitiveness into the future. The focus on 
such ―21st century skills‖ and the production of ―human capital‖ for technological innovation 
has been taking place worldwide.28 

 In the soft discourse of schools, this has been articulated in the vision of a ―Curriculum 2.0,‖ 
defined by an ―interest in enabling all young people to live and succeed in the complex 
spaces of the knowledge economy, through which ―experiences such as collaborative 
learning, personal development, self-monitoring, ‗creativity‘ and ‗thinking‘ skills are developed 
as a matter of course in schools.‖29 Others have suggested that the curriculum could be 
organized around ―thematic disciplines‖—that is, themed areas that cut across many 
disciplines which share a range of intellectual resources and concepts and require clusters of 
interrelated skills—or to reflect interdisciplinarity—the merging of subject areas to explore a 
problem or issue that a single discipline cannot resolve.30  

 It needs noting that the more enthusiastic analyses of the knowledge economy have 
encountered serious challenges, both politically and empirically. Many critical commentators 
have questioned the material existence of the knowledge economy and suggested that it may 
be a largely rhetorical device, an ―imaginary future of a knowledge economy, high skills, 
innovation and creativity and a meritocracy within which social boundaries have been 
erased.‖31 Moreover, international data suggest that there are far fewer high-skills science-
based jobs available in the economy than is often argued by politicians or corporate 
executives, which suggests that an economic focus on science education policy is 
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misguided.32 It is not at all clear either that this future vision of a knowledge economy is 
attractive to young people, or that it reflects their interests and their values.  

Cyberkids 

The TLRP report on science education indicates the importance of children's out-of-school 
contexts to science education: 

Students of school age spend about two-thirds of their waking lives outside formal 
schooling. Yet science educators tend to ignore the crucial influences that 
experiences outside school have on students‘ beliefs, attitudes and motivation to 
learn. They often see these influences only as a source of misconceptions. … What 
students bring to the science classroom, whether from their cultural background or 
from out-of-school experience, is reflected in their inclination to form and express their 
own opinions. The notion of ‗student voice‘ emphasises students as active 
participants in education.33  

Alongside the understanding that children's cultural backgrounds affect their opinions about 
science, there has been a strong trend in academic research to show how young people are 
now ―growing up digital,‖ that they have a ―voice‖ and that they are active ―participants‖ in 
digital culture. This is of particular importance to science education because it suggests that 
some young people may be encountering scientific and technical knowledge, and acquiring 
technical and scientific experience,  from outside the school environment. In the context of 
these changing times, many young people are assumed to be more technologically attuned 
than older generations, with lifestyles that are interdependent with a perpetually developing 
media ecosystem and with technological cultures of creativity, communication and 
collaboration.34  

 Increasing access to the internet, mobile phones and other technologies and media is 
reflected in many areas of young people‘s lives, from play and socializing to learning both 
formally and informally.  Making and sharing media has become increasingly important to 
how young people interact, create, share and communicate with each other, resulting in the 
emergence of  a more participatory culture imbued with a Do-It-Yourself creative ethos and 
characterized by massive diversity in cultural expression. 35   

 Castells offers a compelling argument for how new networked technologies are affecting 
cultural diversity for young people. He argues that we now inhabit a convergent 
communicative universe that is multimodal, multichannel and multiplatform, involving 
participation in processes of production, editing, and distribution alongside the consumption 
of information and content. All forms of mass communication have now converged. This 
includes one-directional societal communication or mass communication where a message is 
sent from one source to many, such as broadcast TV, radio, books, and newspapers, and 
interpersonal communication where the message is sent from one to one. This convergence 
has given rise to a new form of mass communication, or ―mass self-communication.‖ It is 
mass communication because it can potentially reach a global audience (YouTube video, 
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message to an email list, a blog with RSS links) yet it is also self-communication because its 
production is self-generated, and because retrieval of content from the internet and 
communication networks is self-selected (―my time‖ not ―prime time‖). Thus we see the rise of 
―creative audiences,‖ interacting by forming networks of communication that produce shared 
meaning or even collaborate to produce new ―remixes‖ and ―mashups.‖36 As a consequence: 

The shift from traditional mass media to a system of horizontal communication 
networks organized around the Internet and wireless communication has introduced a 
multiplicity of communication patterns at the source of a fundamental cultural 
transformation, as virtuality becomes an essential dimension of our reality. 

The result is: 

The constitution of a new culture based on multimodal communication and digital 
information processing creates a generational divide between those born before the 
Internet Age (1969) and those who grew up being digital. … For hundreds of millions 
of Internet users under 30, online communities have become a fundamental 
dimension of everyday life … it is not a prediction but an observation to say that 
online communities are fast developing not as a virtual world but as a real virtuality 
integrated with other forms interaction in an increasingly hybridized everyday life.37  

Learning, education and schooling today take place in the context of ―real virtuality,‖ where 
virtual experience is a fundamental dimension of reality, and hybridized forms of everyday life 
that Castells has documented empirically.  

Mediating science 

Information and communication technologies like those anatomized by Castells affect science 
education  because they draw more attention to the increasingly ―mediated‖ nature of 
knowledge in an ―information society.‖38 What this means is that for many people, especially 
non-experts, the majority of their science understanding is gained through media formats and 
technologies, such as broadcast, print and internet sources. As a consequence, the place of 
scientific knowledge in modern society is fundamentally a matter of how it is positioned and 
communicated via technological means. This change in how science is received and 
understood, and the role of ICTs such as the internet in ―mediating‖ science and society, is 
significant for science education since it affects the ways in which schools seek to manage 
and model learners‘ encounters with knowledge.39 

 The implication for schools of this mediation of science-related knowledge is that being fully 
educated in science—besides knowing the processes, procedures and knowledge of its 
subjects—means understanding how scientific knowledge is communicated and circulated in 
a media world, may be manipulated by commercial business interests, and subjected to 
political interference.  Scientific understandings are regularly complicated, confused, 
contested or even directly contradicted in the media environment. Science, then, is no longer  
separate from culture, society and economy; instead, all are interdependent and contingent 
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on one another.40 Thus, ICT impacts on science education not just as a set of practical tools 
and resources for learning but as a vehicle for communication, persuasion and influence. 

Scientific knowledge ―reformatted‖ 

Additionally, the huge body of science knowledge is not only changing dynamically as experts 
advance its disciplines but is also being vigorously contested and debated at every level from 
international policy to internet chatrooms. Consequently, an emphasis has been put on the 
importance of public understandings and engagement in science. This doesn‘t automatically 
imply that all science knowledge collapses in a postmodern exhaustion of epistemological 
validity claims; it recognizes, though, that epistemological validity claims can never be taken 
absolutely for granted because different ―epistemic communities‖ such as networks of 
scientists do not always agree with the claims of other epistemic communities.41 As Manuel 
Castells puts it in relation to the ―global policy debate‖ about global warming: 

Of course, it is not just science that moved global warming from an objective problem 
to an explicit policy issue. It was the networking between the scientific community, 
environmental activists, and celebrities that brought the issue to the media, and 
communicated it to the public at large via multimedia networks.42 

This is a good example of how a significant issue for research in the science disciplines is 
also a significant issue in the mediation of science-related knowledge, with experts from 
different disciplines, methodological traditions and political perspectives proposing alternative 
analyses and conclusions, and different media outlets, including broadcast, print and internet 
sources, favouring one over the others.  

 The case of global warming is especially illustrative, and has generated a significant number 
of arresting media images and incidents, from footage of lonely polar bears to climate 
scientists swearing at each other on live television, footage of both of which has then been 
made available on YouTube and endlessly commented upon by web users. What the global 
warming controversy reveals is how scientific knowledge is ―reformatted‖ by media producers 
to fit the rules and goals of attracting audiences, while the science community itself has had 
to adopt particular journalistic and public relations techniques to reach out to the world.  

Cyberkids and science education 

If young people are using new technologies and are increasingly interacting with one another 
and the wider world through the internet, then this has implications for their acquisition of 
scientific knowledge. As Osborne and Dillon put it,  

School science is often presented as a set of stepping-stones across the scientific 
landscape and lacks sufficient exemplars that illustrate the application of science to 
the contemporary world that surrounds the young person. An oft-quoted example is 
the inclusion in science lessons of the blast furnace and the Haber process, both of 
which do not relate easily to what has been christened the ‗iPod generation.‘ 

This research concludes that the assumption that science education is not interesting to or 
respected by young people is misguided; rather, the problem is that the values associated 
with science and technology are not shared by contemporary youth: 
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late-modern society has seen a transformation of the perception of science as a 
source of solutions to a perception of science as a source of threat. ... there has been 
a dissolution in the role of traditional structures in establishing individuals‘ identities. 
Increasingly, we live in a society where people have more autonomy and choice; 
routinely question standard practices; and where individuals actively construct their 
self-identity rather than accept what, in earlier times, was a pre-destined route 
determined by their social and economic context. Youth, likewise, share in this sense 
of freedom to choose their social groupings (which are now widely shared through 
Internet websites such as MySpace, Facebook & Twitter), their lifestyle, religion and 
values. In addition, contemporary societies value creativity and innovation more 
highly than might have been the case in the past.43 

This is an important insight into the relationship between science education, young people, 
the public understanding of science, and new technology and media. It suggests that in a 
context where young people are experiencing heightened personal and cultural choice, 
science is presented as a domain of activity which is considered by many to be ―not for me.‖  

Science for citizenship 

A science for citizenship curriculum has been articulated by Osborne and Dillon as: 

 developing an understanding of the major explanatory themes of science; 
showing the tremendous intellectual and creative achievement such ideas 
represent;  

 exploring the initially tentative nature of scientific knowledge claims and the 
ways in which these ideas are consensually agreed to generate reliable 
knowledge; and 

 exploring the implications of the application and use of scientific knowledge. 

Such a curriculum – which serves the needs of developing a scientifically literate 
public – would be significantly different from that currently offered throughout most of 
Europe. It would recognise that, for the overwhelming majority, their experience of 
learning science in school will be an end-in-itself – a preparation for living in a society 
increasingly dominated by science and technology and not a preparation for future 
study.44 

Gender retains particular significance in science education and is particularly important for 
any science for citizenship approach. Males continue to outweigh females coniderably in 
higher education science. Data on percentages of female maths, science and technology 
graduates averages 31% across Europe.45 The ROSE study shows that the top 5 areas of 
interest in science for boys and girls are very different:46 

Boys Girls 
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Explosive chemicals Why we dream when we are sleeping and 
what 
the dreams might mean 

How it feels to be weightless in space Cancer – what we know and how we can 
treat it 

How the atom bomb functions How to perform first aid and use basic 
medical equipment 

Biological and chemical weapons and what 
they do to the human body 

How to exercise the body to keep fit and 
strong 

Black holes, supernovae and other 
spectacular objects in outer space. 

Sexually transmitted diseases and how to 
be 
protected against them 

 

These data indicate that while boys' preferences in science education tend towards the 
spectacular and explosive, girls' interests are more human-centred. However, as the authors 
of the research point out, few of these interests are represented in science curricula. 

ICT & ―innovation‖ in science education 

Science education is now under pressure therefore from the broad acceptance amongst 
many policymakers and researchers alike that new technology (amongst other factors) is a 
significant influence both economically and culturally on how science is taught in schools and 
that there are distinct citizenship reasons (including gender) to revise the general approach to 
science education in schools. Influence is exerted at the level of policy and economy, in the 
importance ascribed to science for continuing technological innovation, and culturally through 
the importance of new technology and media in the everyday lives and citizenship of young 
people: not only are young people seemingly more ―empowered‖ by new technology, but they 
are more and more likely to encounter scientific knowledge ―mediated‖ through new 
communication channels on the internet. 

 In addition, at the level of classroom pedagogy, the teaching of science subjects and 
methods has potential to be transformed by the availability of  ICT. Learners from a very 
young age are now able to get hands-on experience of practical and sophisticated tools and 
resources by which they can directly experience the methods and procedures associated with 
different scientific disciplines and practices. Hardware devices and software applications 
make it possible for school teachers and students to engage with science content in new 
ways, such as through simple reference resources and communication tools as well as more 
sophisticated visualizations and simulations. These technologies imply the possibility of 
making real practical changes in teaching science.  

Software applications now make it possible, for instance, for schoolchildren to construct and 
test realistic models of complex physical structures, requiring them to engage with the 
principles of engineering and physics, and to explore the mathematics of geometry. Further, 
with easy access to information, there is less need to accumulate large amounts of factual 
knowledge, and more important to know how to access, select and interpret information. The 
internet can facilitate access to data previously unavailable to schools, or to videoconference 
with recognized experts; to watch video footage of experiments or documentary footage of 
biological studies; and to download applications such as chemical simulators. Programming 
applications are now available which allow young people to create their own computer 
programmes, while content software such as video editing and graphical animation 
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applications make it possible for them to author content to a near-professional technical 
standard.47  

 These innovations make it possible to teach and learn science in new and often seemingly 
exciting and practical ways. They also extend the reach of the science disciplines and the 
school subjects that represent them and suggest new forms of inter-disciplinary analysis or 
cross-curricular study. The discipline of computer science is the most obvious example. At a 
professional level, computer science requires expertise in specific branches and of physics, 
maths and technology, as well as multiple blends of these disciplines. This at least partly 
accounts for the policy emphasis on STEM—science, technology, engineering and 
mathematics subject blends. These are dynamic disciplines, fast growing and changing as a 
result of ICT developments; the school subjects which represent these disciplines to young 
people will need to reflect some of this dynamism if they are to remain relevant. At the very 
least students need also to grasp how computers enable forms of STEM enquiry that were 
impossible only a few years ago, and to appreciate the crucial role of ICT itself in helping 
shape scientific, technical, engineering and mathematical understandings. 

Science, Technology & Society 

STEM approaches represent a fertile blend of disciplinary knowledges, logical argumentation 
and practical  procedures. However, there are important ramifications  of the broad policy 
emphasis on science and ICT in terms of impacting upon social and cultural development. 
The recursive relations of science and technology developments with society have been the 
subject of much scholarly work in the field of Science, Technology & Society studies.  As 
Bjiker & Law put it in their important volume Shaping Technology/ Building Society: Studies 
in sociotechnical change:  

The processes that shape our technologies go right to the heart of the way in which 
we live and organize our societies. Understanding these processes might help us 
create different or better technologies.48 

Scientific and technological change is driven by messy and heterogeneous processes, but is 
also regulated and regularized by the actors involved in their design and the professions to 
which they belong, the political imperatives and the economic landscapes that drive and fund 
their innovations. 

Technologies do not have a momentum of their own at the outset that allows them to 
pass through a neutral social medium. Rather they are subject to contingency as they 
are pass from figurative hand to hand, and are so shaped and reshaped.  

STS focuses on technoscience developments and the social controversies that are 
generated by them. It develops a socialized understanding of science based on 
ethnomethodological approaches, though STS appraoches have as yet made little impact on 
science education and appear to provide a rich theoretical position for the development of 
scientific inquiry as the basis for curriculum building and pedagogy: 

The Science, Technology & Society (STS) movement has put forward a variety of 
ways of integrating into science classes considerations bearing on the 
interrelationships between the technosciences and their attendant social 
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controversies ... but such initiatives do not appear to have entered the classroom to 
as great an extent as one might have hoped.49  

STS provides useful analytic frameworks for the design of innovative science curricula, 
building from two related but divergent areas: 

¯ Science and Technology Studies focuses on the social scientific analysis of 
science, and issues such as how scientific knowledge is made through specific 
practices, materials, and networks 

¯ Science, Technology and Society studies concentrate on issues such as 
public understanding of science, science in the media, and implications of science for 
citizenship 

In much of the literature these fields overlap, cite the same references, and refer to the same 
underlying principles and frameworks of analysis; in short, they are subdomains of a  social 
scientific interest in the ―assembly‖ of science. The first subdomain helps orient us to the 
actual specific material and discursive practices from which scientific knowledge is derived; 
the second subdomain orients us to how scientific knowledge is translated and diffused in 
society. The task is to understand these processes recursively. Science is not a linear 
process involving laboratory work followed by publication followed by diffusion to the public, 
but a perpetual site of complex interactions between professional science communities, 
politics, and publics.50 I also include the STS outgrowth of actor-network theory (ANT) under 
the STS umbrella.51 

Analytical approaches from STS have been underutilized in educational research and there 
is only now a growing interest in how they might be used to examine classrooms, curricula, 
and policies. Clements has written about curriculum development (focusing particularly on 
science curriculum development) as a process of ―design experiment and curriculum 
research.‖ He advocates for curriculum development as a ―complex problem of creative 
engineering‖ that ―should be based on research‖ but acknowledges—drawing on Latour's 
observations of scientific practice in Science in Action52—that ―all research is social/political, 
with researchers attempting to gather support for their perspectives, research issues, 
methodologies, and interpretations.‖53  

In a powerful recent study of the weak interpenetration of science studies and science 
education, Weinstein states, ―education is positioned as the passive other to the active 
always ongoing process of science in the making.‖ In comparison to the ―explicit focus on 
science in the making,‖ education becomes the site of ―ready-made‖ or ―after-the-fact 
renarrations of scientific process,‖ that is, ―timeless‖ and ―superficial‖ and ―based on 
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textbooks and lectures.‖54 Fountain, for example, challenges conventional science education 
that: 

privileges detached, scientific reasoning [and] will fail to recognize the complex 
interpenetration of the various factors which make up these issues. It will also mean 
taking a political position which ioften denies the involvement, interests and complicity 
of science in the issue in question.55  

In brief, STS approaches are concerned with how scientific and technological developments 
get assembled, ―firmed up‖ and stabilized, and how they cohere and are sustained or how 
they decay and fall apart. This can be summarized in five key stages of technoscientific 
development. 

Change is contingent. Technology, the social world, and economics are all messy 
contingencies, heterogeneous and emergent rather than stable. 

Technologies emerge from conflict, difference or resistance. Protagonists in the form 
of entrepreneurs, , industrial or commercial organizations, government bureaucracies, 
customers or consumers, designers, inventors or professional practitioners, all seek 
to establish or maintain particular technologies or technological arrangements, and 
with this a set of social, scientific, economic, and organizational relations. But these 
arrangements have implications for others, sometimes damaging implications; thus 
resistance is put up, and proposals suggested for how things could be planned 
otherwise.  

Strategic opposition to conflict or disagreement. Conflicts and disagreements can lead 
to more overt conflict, eg as customers go to other products, or as government 
bureaucracies work to regulate and control industries. So what are the strategies 
deployed by those in conlfict and disagreement? How is the opposition prevented 
from acting otherwise, or successfully stabilizing its own alternative version of 
technological and social relations?  

Technologies form part of, or are implicated in, the strategies of protagonists. 
Technology is stabilized only if the heterogeneous relations in which it is implicated, 
and of which it forms a part, are themselves stabilized. If technologies are stabilized it 
is because the network of relations in which they are involved, together with the 
various strategies that drive and give shape to the network, reach some kind of 
accommodation. This may take many forms—compromise and negotiated settlement, 
or naked power—and may be expressed in words, technologies, physical actions or 
organizational arrangements. 

Strategies and their consequences are always emergent phenomena. When 
strategies merge or mesh together—reaching some form of accommodation—the end 
result is always emergent and cannot be reduced to the strategy of one particular 
actor—what happens depends on the strategies of a whole range of other actors. But 
this also implies that technologies are recursively shaped by people (ie by technology 
users). Actors (people, organizations) are both shaped by, but yet help to shape, the 
context in or with which they are recursively implicated.56 
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Consequently, science, technology and society studies understand scientific development to 
be constituted through complex processes and networks that are not adequately represented 
through the logic of ―scientific method‖ or through ideals such as ―inquiry‖ and 
―argumentation.‖ Instead, scientific and technological development is ―chaotic‖ and involves 
continuous negotiations, conflicts, interpretations, translations and revisions as it is enacted 
by multiple human actors in interaction with material resources, ideas and discourses, as well 
as the interaction of social, political, cultural, psychological, technological, economic, and 
other factors . Latour  signals one specific example of a scientific problem that straddles the 
natural, social and discursive domains: 

The ozone hole is too social and too narrated to be truly natural; the strategy of 
industrial firms and heads of state is too full of chemical reactions to be reduced to 
power and interest; the discourse of the ecosphere is too real and too social to boil 
down to meaning effects. Is it our fault if the networks are simultaneously real, like 
nature, narrated, like discourse, and collective, like society?57 

Thus science is constituted not just through scientific method but through networks of 
scientific experts, citizens, science phenomena, research methods and devices, mass 
communications media, texts, politicians, technologies, education institutions, commercial 
organizations, legal documents, and so on. Science is  incontrovertibly ―political.‖ As Callon 
et al. write: 

Controlling resources, controlling the environment, and controlling the world that is 
being built, all of these are aspects of the entrepreneurial activity of scientists. In a 
sense then, they are not only practicing science; they are also practicing politics, 
economics, and sociology. Thus the analyst who follows scientists into their 
laboratories has no need to create his or her own categories and linkages. Since 
scientists are also practical politicians and sociologists, they are able to supply them 
in profusion themselves. The job of the analyst is rather to study the creation of such 
categories and linkages, and examine the ways in which some are successfully 
imposed while others are not.58 

Science is understood here to be political because scientists seek to enrol wider networks 
into their world, to make associations and contacts with the world outside of the laboratory 
and win support for their particular methods, findings and interpretations. Indeed, school 
textbooks are a material example of these entrepreneurial-scientific efforts and the political 
effects they exert, since textbooks can extend the work of science into far greater networks. 
This understanding requires a revision of how science curricula are structured, organized, 
and epistemologically oriented. 

STS in science education 

These general insights from STS  are important as new science approaches and curricula 
are being developed because they can guide the development of curriculum interventions 
which themselves treat science and technology as perpetually being assembled and 
reassembled. Thus STS can help us (1) understand the constant ―re-assembly‖ of science 
education in terms of policy and practice, while additionally(2) provide us with an orientation 
to the construction of classroom interventions which honour the messiness of scientific and 
technological development and enable students to recognize the complex associations of 
science with society and culture.  

STS  approaches have not been taken up in any widespread or comprehensive fashion in 
education. Fenwick and Edwards' very recent book-length review of the field Actor-Network 

                                                
57 Latour, B (1993) We Have Never Been Modern (Hemel Hempstead: Harvester/Wheatsheaf)  
58 Callon, M, Law, J, & Rip, A (eds) (1986) Mapping the Dynamics of Science and Technology (London: Macmillan) 
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Theory in Education, for example, finds only scattered evidence of its uptake for analysis of 
educational phenomena, and little evidence at all that STS and ANT insights have been 
programmatically developed into curriculum interventions.59 So in terms of the construction of 
classroom interventions we will be building upon a small body of existing research 
interventions.  

In the US, Roth and McGinn were early advocates for STS/ANT approaches to science 
education development. These activities involved ―open inquiry‖ methods and engagement 
with the ―rhetorical practices‖ and ―inscription devices‖ of science. According to Roth and 
McGinn bringing ANT into education allows educators to begin: 

 Deconstructing monolithic grand narratives (i.e. by highlighting multiplicity and multi-
vocality rather than master narratives, stressing the contingent achievements, 
interactions and worlds of people and things). 

 Examining discursive construction (i.e. how discourse is mutually constitutive—made 
regular—how some things speak for others, who are the gatekeepers, what are the 
obligatory passage points). 

 Foregrounding the complexity of different actor-network worlds inherent to complex 
issues (i.e. their intersections of often fractallike quality, their multiple centres and 
margins) and allowing for new players (i.e. human and non-human actors). 

 Depicting decision-making as more `complex, composite and heterogeneous‘ and to 
become aware of the `black boxes‘ of ready-made science. 

 Enhancing and enabling students `analytical capital‘. That is, mapping out for and 
with students out how micro-techniques of power inscribe and normalize actors (i.e. 
by looking at the shifting, unstable alliances, foregrounding the strategic and the 
rhetorical and disinclining students to accept any single, originating, decisive centre of 
power).60 

Renee-Marie Fountain argues that: 

The view of science within curricula as coherent, generalizable and unproblematic 
knowledge has little validity in terms of the current literature in the history and the 
sociology of science. … [ANT] changes the epistemological premises upon which we 
depict the generation of knowledge: ANT sees knowledge as construed, contingent, 
and contentious. This epistemological turn needs to be brought into the analytical 
frameworks that underlie practices in science education, and curriculum theory in 
general. As such, ANT invites analysis away from a rhetoric of conclusions towards a 
rhetoric of contentions.61  

Thus Fountain advocates for ANT as an analytical framework to underpin the design of 
educational interventions. This implies that science classrooms ought to be sites where 
knowledge is contested and specifically where the constructed, political and dynamic nature 
of scientific evidence is reflected rather than further reifying the epistemic sovereignty of 
science. From an ANT perspective, the science classroom needs to grapple with ―what 
counts as knowledge—what does and what does not get generated‖: 

                                                
59 Fenwick, T & Edwards, R (2010) Actor-Network Theory in Education (Abingdon: Routledge) 
60 Roth, W-M, & McGinn, MK (1997) Science in Schools and Everywhere Else: What Science Educators Should Know about Science and 

Technology Studies. Studies in Science Education 29(1): 1-43  
61 Fountain, R-M (1999) Socio-scientific issue via actor network theory. Journal of Curriculum Studies 31(3): 339-358 
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In terms of curriculum development, ANT calls for curricula that reflect socially 
constructed  versions of science. Science is not upheld as a neutral arbitrator. Rather 
science, like all forms of knowledge-production, is constructed and perspectival. It is 
dynamic. It is not innocent. It has both strengths and weaknesses in that it both 
enables and constrains knowledge-production, that is, it has amajor impact on the 
production and distribution of knowledge and power in society. 

Weinstein provides a brilliant analysis of four ways in which social scientific studies of 
science have influenced science ―curriculo-research‖ projects:62 

1. Science as investigation: this is most of what appears as inquiry in the 
science standards as inquiry. In this construction, science is a context-free method or, 
in more sophisticated versions, a set of practices 

2. Science as work: More than just a laboratory exercise, science involves grant 
writing, conferences, critiques, and publications that agonistically (or cooperatively) 
come to define what is settled upon as the nature of nature. This broader sociality 
draws explicitly from research on the rhetoric of science and science education, and 
places the ―combat‖ among scientists at the centre of the scientific enterprise 

3. Science as enterprise: Profit, patents, political economy, interest, lobbying, 
legislation, and funding all emerge as part of science here. The embedded nature of 
science within the military industrial complex, biocapitalism and pharmaceutical 
studies are key sources for this work 

4. Science as culture: The multiple enterprises of science can be seen as 
embedded in larger cultural, political, and historic contexts. Other publics are brought 
into the sociality of science: social movements around diseases, around religion, 
around environmentalism, around human objectification—all of these are responding 
to, and interacting with the enterprises paying the scientists‘ way and partially shaping 
scientists‘ agendas 

 

These four ―curriculo-research‖ approaches can be tabulated in terms of their key terms or 
concepts as follows: 

 Perspective on Science    Science Studies Key Terms 
 Science as investigation   Conversation 
      Grammar 
      Situated knowledge 
 Science as work    Network 
      Rhetoric 
      Paradigm 
 Science as enterprise   Profit 
      Interest 
      Political economy 
      Patent 
 Science as culture    Contestation 
      Social movements 
      Hegemony 

                                                
62 Weinstein, M (2008) Finding Science in the School Body: Reflections on Transgressing the Boundaries of Science Education and the 

Social Studies of Science. Science Education 92(3): 389-403  
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Weinstein concludes: 

What is critical here is that science studies provides science education visions of 
science as some sort of social practice (investigation, work, enterprise, culture) that is 
ultimately to be represented in curricular projects. These projects are theorized and 
evaluated, providing a research program attached to the curricula and pedagogies 
that represent ―science,‖ whether that representation is provided through didactic or 
performative (e.g., in inquiry) pedagogies.  

As a result, he advocates for a shift in emphasis from the teaching of ―exotic‖ scientific 
knowledge in discrete science lessons to  ―questions of how students become enculturated in 
modern, technoscience-centered society‖ and  ―the technosociality of schools themselves.‖ 
This reading of science suggests that schools are key sites where young people are 
enculturated into science as culture, and integrated into the circuits of an increasingly 
networked technoscientific complex.  

Conclusion: ―Inquiry‖ and ―critical‖ science education 

In sum, science education is increasingly being required to respond to an emerging set of 
practical possibilities in the shape of ICT tools and resources, at the same time as it is being 
required to respond to an emerging set of challenges in the shape of advances by media and 
communications into everyday life enabled by ICT. These distinct ways of thinking about the 
role of ICT in science education lead to at least two challenges for the future of science 
education.: (1) inquiry-based science education and (2) critical science education. 

(1) Inquiry-based science education 

The first implication is to develop teaching pedagogies which allow students to learn scientific 
processes, procedures and knowledge through direct first-hand exploration of relevant 
sources and tools. This first implication suggests approaching science as a process of 
inquiry. There is a growing and important trend in science education supporting such an 
approach, although it is not uncontested by more conservative voices.  

In Europe and the US ―inquiry-based science education‖ has been identified as a particular 
pedagogical innovation for widespread dissemination. IBSE is based on two underlying 
principles: 

1. How students learn science. The emphasis is on students' ―natural curiosity‖ 
and sense-making of the world around them though identifying patterns and 
relationships in their experiences and through interaction with others. Students 
construct their understandings through reflection on their experiences, and, through 
carefully structured pedagogic experiences develop their naïve conceptions to more 
accurate scientific understandings. 

2. The nature of science inquiry. IBSE is organized according to a framework 
that is similar to how scientists go about their work—a series of staged activities and 
experiences. It begins with exploratory familiarization, moves through a complex 
series of investigative stages, a stage of synthesis and conclusions, and finally a 
fourth stage of communication. The process is shown in the diagram though it is 
important to note how the procedures are not always linear or uni-directional. 

The basic features of IBSE are: 

‾ Direct experience 

‾ Student ownership and understanding of the focal question or problem 



 

 91 

‾ Development of multiple inquiry skills, including focused observation 

‾ Reasoning, talking with others, and writing for oneself and others 

‾ use of secondary sources to complement direct experience 

‾ Cooperative endeavour 

Inquiry has been further defined as: 

engaging students in the intentional process of diagnosing problems, critiquing 
experiments, distinguishing alternatives, planning investigations, revising views, 
researching conjectures, searching for information, constructing models, debating with 
peers, communicating for diverse audiences, and forming coherent arguments.63 

The features of IBSE identified by the Mind the Gap review of IBSE include: 

‾ authentic and problem based learning activities where there may not be a correct 
answer 

‾ a certain amount of experimental procedures, experiments and "hands on" activities, 
including searching for information 

‾ self regulated learning sequences where student autonomy is emphasised 

‾ discursive argumentation and communication with peers ("talking science") 

 ICT can support inquiry: 

Computers thus allow the creation of computer-based inquiry environments in which 
learners engage in genuine inquiry tasks and thereby learn the domain together with 
learning scientific inquiry processes, in an environment that scaffolds them.64 

This is explored in more detail by Kim et al who propose a framework for teaching and 
learning with ICT based inquiry tools in everyday classroom settings. Their framework 
―assumes that knowledge is socially constructed, that learning occurs in the process of 
becoming a member of communities of practice, and that language and tools play central 
roles in collaborative knowledge building.‖ They structure their framework according to three 
levels, as presented below: the macro level (the systemic level, reform and standards), the 
teacher level (teacher community), and the classroom level  

Macrocontexts promote inquiry-based activities in science classroom. This partially shapes 
teachers‘ professional development offer and so, influences the microcontext. It has been 
proven that sharing scientific and didactical knowledge between teachers is an effective way 
for changing teachers‘ practices. Acting on the development of teachers‘ communities seems 
to be necessary to support inquiry-based science teaching in classroom. Finally, taking into 

                                                
is, EA, & Bell, P (eds) Internet environments for science education (Mahwah, N 
J: Lawrence Erlbaum Associates). 
64 Tiberghian, A (2008) Technologies, resources and inquiry-based science teaching: A literature review. Mind the Gap project deliverable 

5.1. 
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account student-tool interactions, teacher-student interactions and teacher-tool interaction is 
central as this microcontext is where students construct their knowledge with inquiry tools, 
teachers and peers, although ―the microcontext is influenced not only by teacher community, 
but also by other factors, such as school culture, parents, and students‘ values and 
characteristics.‖65  

(2) Critical science education 

The second implication is to develop pedagogies which help students make sense of how 
scientific knowledge is communicated and mediated in modern society, including issues of its 
editing and censoring, its cultural, political and economic ramifications (see, for example, the 
case of the BP oil disaster in the Mexican Gulf), and how it affects everyday life. This second 
implication comes close to suggesting a ―critical‖ approach to science education. A critical 
orientation would be informed by media and cultural analysis sensitive to the ways in which 
knowledge—and particularly controversial scientific knowledge such as that concerning 
global climate change—is represented and misrepresented by media and would examine 
how knowledge is produced and circulated by powerful political interests in society; and 
would imply learners identifying and exploring how technologies and media affects 
themselves as well as the wider society66. 

                                                
65 Kim, MC, Hannafin, MJ, Bryan, LA (2007) Technology-enhanced inquiry tools in science education: an emerging pedagogical framework 

for classroom practice. Science Education 91(6), 1010 - 1030 
66 Osborne, J et al (2002) Breaking the Mould? Teaching science for public understanding (London: Nuffield Foundation) 
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Appendix E 
 
National Policies and Curriculum Initiatives for IBSE in UK, Ireland, Spain and Bulgaria 
provided by Pathway partners. 
 

England (provided by UCAM) 
There is no specific IBSE national policy in England as such. However the national 
curriculum was reformed in 2006 and there was the introduction of what is known as ‗how 
science works‘ (HSW) as a key thread in what had to be included by awarding bodies in the 
courses that they offer. Some of the thinking that informed the changes in 2006 came from a 
policy document called Beyond 2000 edited by Millar and Osborne (2000). HSW had 
previously been an ‗scientific investigations‘ thread which covered some of this, but HSW is a 
broader term that incorporates some of what would be seen as IBSE as well as other 
aspects of science and science in society that are not strictly IBSE based. To most teachers, 
whilst this is not the only place where IBSE would crop up, it would be seen as a place where 
IBSE type activities were most commonly seen. Many schools teach HSW as almost a 
separate thing rather than embedding it fully inscientific content knowledge. The English 
National Curriculum for Key Stage 3 (KS3) (ages 11-14) and Key Stage 4 (KS4) (ages 14-16) 
identified some skills and processes in science related to practical and inquiry skills. For 
example in KS3, students would be able to use a range of scientific methods and techniques 
to develop and test ideas and explanations, to obtain record and analyse data using 
technology, use their findings to provide evidence for scientific explanations, plan and carry 
out practical and investigative activities both individually and in groups as well as using 
appropriate methods, including technology, to communicate scientific information and 
contribute to presentations and discussions about scientific issue (The National Curriculum 
2007). Although these learning goals are not labelled as IBSE goals, they do encompass 
some of the key features of science inquiry learning.   
 
 
Ireland (provided by DCU) 
The Junior Cycle caters for students in the 13 to 15 year old age group. The Science 
syllabus has three major components, Biology, Chemistry and Physics. The course is 
activity-based in its design and emphasises practical experience of science for each 
individual student. The importance of the processes of science as well as knowledge and 
understanding is reflected in the syllabus structure. Through a variety of investigations and 
experiments, students attain the specified learning outcomes, developing appropriate 
science process skills and a knowledge of underlying science concepts67. The Leaving 
Certificate (Established) caters for students in the 16–19 year old age group.  The Revised 
Leaving Certificate science syllabuses was designed to incorporate science for the enquiring 
mind, science for action, or the applications of science and its interface with technology, and 
science, which is concerned with issues – political, social and economic – of concern to 
citizens68.  Project Maths69was rolled out in all post primary schools (13-19) in September 
2010. In the Junior Certificate it involved a more investigative approach. In the senior cycle, 
students‘ experience of mathematics will enable them to develop the knowledge and skills 
necessary for their future lives as well as for further study in areas that rely on mathematics.   
 
 

                                                
67

 http://www.curriculumonline.ie/uploadedfiles/JC/SciencesyllabusJC.pdf 
68

http://www.education.ie/home/home.jsp?maincat=17216&pcategory=17216&ecategory=17233&secti
onpage=&subject=17633&language=EN&link=&page= 
69

 http://www.ncca.ie/en/Curriculum_and_Assessment/Post-Primary_Education/Project_Maths/ 
 
 

http://www.curriculumonline.ie/uploadedfiles/JC/SciencesyllabusJC.pdf
http://www.education.ie/home/home.jsp?maincat=17216&pcategory=17216&ecategory=17233&sectionpage=&subject=17633&language=EN&link=&page
http://www.education.ie/home/home.jsp?maincat=17216&pcategory=17216&ecategory=17233&sectionpage=&subject=17633&language=EN&link=&page
http://www.ncca.ie/en/Curriculum_and_Assessment/Post-Primary_Education/Project_Maths/


 

 94 

 
Spain (provided by UB) 
The Spanish Ministry of Education has recently identified the objectives for Education for the 
decade 2010-2020. One of these objectives is ―Equity and excellence‖. To promote research 
(n.a. inquiry) is stated between other strategies to reach high equity and excellence in all 
educational levels. In the Action Plan for the academic year 2010-11, the ministry presents a 
measure that could facilitate the adoption of IBSE. The measure includes concrete actions 
aimed to develop research teams in the last years of secondary school and in professional 
training in collaboration with universities or other institutions and companies working on 
research, development and innovation70. This document acts as a framework for specific 
actions that must be devised in collaboration with each of Spain‘s 17 regional administrations 
or autonomous communities.  
 
The Spanish National Curriculum71 encourages inquiry as one of its objectives states that the 
upper secondary education should help develop in the students the capabilities ―to 
understand the basic elements and procedures of the research and scientific methods.‖ 
Furthermore, the National Curriculum is defined in a flexible way, allowing adaptation on 
regional level and also facilitating the flexibility of teachers. In the form of guidelines for 
applying the methodology it is stated that ―1. Educational activities in high school will promote 
the ability of student to teach himself to work in teams and to apply appropriate research 
methods‖ (p. 12). 
 
Spanish Ministry of Education also promotes and advertises various continuous professional 
development activities for teachers, some of them strongly focused on IBSE. For example, 
between the activities offered to teachers in 2011 the following present IBSE related topics: 
 

 COURSE: "How to promote scientific literacy?"72, where the following workshops and 
plenary sessions could be underlined: 
 Chemistry and biology in the human body: the challenge of integrating scientific 

content in ESO  
 Exploring the Sun's daily path based on research 
 Science in the contemporary world: developing of scientific and critical thinking based 

on science in context 
 The news in the media as a context for learning science: workshop on critical reading 
 Inquiry-based construction of the Sun and Earth model 
 Analogy and creative thinking in science and science education 
 How to evaluate scientific expertise? 
 Learning science through developing good questions: a skill to develop in teachers 

and students 
 Quality resources for science teachers 

 CONFERENCE: "New methodologies for teaching biodiversity and climate change in 
Primary and Secondary Education"73, with the following talks and plenary sessions 
related to IBSE: 
 IBSE: teaching science through inquiry  
 Practical IBSE activities on biodiversity and climate change 
 Demonstration of INQUIRE website and other online resources on IBSE 

 CONFERENCE ON PRIMARY EDUCATION: "The Classrooms of the XXI century. 
Towards a school of the future"74 

                                                
70

 Ministerio de educación – Plan de acción 2010-11 (pages 45-46): 
http://www.educacion.gob.es/dctm/ministerio/horizontales/prensa/documentos/2010/plan-de-accion-2010-
2011vdefinitivafinal.pdf?documentId=0901e72b801b3cad  

71
 Baccalaureate Curriculum Proposal 

http://www.educacion.gob.es/exterior/centros/ginerdelosrios/es/organizacion/documentos/PC_BACHILLERATO_12_abril_2
011.pdf  

72
 http://www.educacion.gob.es/dctm/sede/catalogo-tramites/profesores/formacion/cursos-verano-universidades/2011-san-2-

competencia-cientifica.pdf?documentId=0901e72b80c6a52f 
73

 http://www.educacion.gob.es/dctm/sede/catalogo-tramites/profesores/formacion/cursos-verano-universidades/2011-jard-1-
nuevas-metodologias-biodiversidad.pdf?documentId=0901e72b80c5f593 

http://www.educacion.gob.es/dctm/ministerio/horizontales/prensa/documentos/2010/plan-de-accion-2010-2011vdefinitivafinal.pdf?documentId=0901e72b801b3cad
http://www.educacion.gob.es/dctm/ministerio/horizontales/prensa/documentos/2010/plan-de-accion-2010-2011vdefinitivafinal.pdf?documentId=0901e72b801b3cad
http://www.educacion.gob.es/exterior/centros/ginerdelosrios/es/organizacion/documentos/PC_BACHILLERATO_12_abril_2011.pdf
http://www.educacion.gob.es/exterior/centros/ginerdelosrios/es/organizacion/documentos/PC_BACHILLERATO_12_abril_2011.pdf
http://www.educacion.gob.es/dctm/sede/catalogo-tramites/profesores/formacion/cursos-verano-universidades/2011-san-2-competencia-cientifica.pdf?documentId=0901e72b80c6a52f
http://www.educacion.gob.es/dctm/sede/catalogo-tramites/profesores/formacion/cursos-verano-universidades/2011-san-2-competencia-cientifica.pdf?documentId=0901e72b80c6a52f
http://www.educacion.gob.es/dctm/sede/catalogo-tramites/profesores/formacion/cursos-verano-universidades/2011-jard-1-nuevas-metodologias-biodiversidad.pdf?documentId=0901e72b80c5f593
http://www.educacion.gob.es/dctm/sede/catalogo-tramites/profesores/formacion/cursos-verano-universidades/2011-jard-1-nuevas-metodologias-biodiversidad.pdf?documentId=0901e72b80c5f593
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 On planning the learning assessment based on skills 

 CONFERENCE ON SECONDARY EDUCATION :"XXI Century Classrooms: Educational 
Challenges"75, where the following workshops and plenary sessions could be underlined: 
 Autonomy for accessing knowledge. 
 Project work: the road towards competencies 
 Teaching oral language through projects 
 ESO Mathematics: Introduction to Project Based Learning 

 
 
Regional level 
Spain has 17 autonomous communities which adapt to their particular context and implement 
the National guidelines. Herby, we give as example the Catalonian policies and initiatives 
related to IBSE.  
 
The regional administration of the region of Catalonia has a high level of autonomy in 
education. The Curriculum in Catalonia, following the general guidelines from the Spanish 
Ministry of education, stimulates the introduction of IBSE elements in science teaching. For 
example, as defined in the Curriculum for upper-secondary education, specific attention is 
paid on research work: ―Research Project. Students must work on a topic chosen by him and 
directed by a professor, preferably in the second year. This work is mandatory and helps to 
develop research capacity appropriate to this level of education, capacity is essential to 
successfully meet academic options later. (Dedication: 70h)‖76. 
 
Other policies also exist regarding IBSE. For example, in the academic year 2008-09 the 
centre of resources for science teachers enabled those interested in changing their teaching 
methodology towards inquiry to gather in a work group. The group has elaborated a number 
of IBSE teaching materials. Furthermore, the elaborated resources were put in practice in the 
classroom and the IBSE workgroup have evaluated them77. There is an open online 
repository with these materials, to which anyone can contribute78.  
 
 
Although the Regional Plan for 2011-12 doesn‘t mention IBSE in particular, the Catalan 
Government indirectly supports IBSE in different ways. Within the Catalan Institute of Health 
Studies, the government sponsors a course for Health professionals on Problem-Based 
Learning79. This methodology shares with inquiry-based learning the idea of starting with a 
real-life question and construct new knowledge while finding the answer to the question.  
 
 
Bulgaria (provided by SHUMEN) 
The Bulgarian Ministry of Education Youth and Science develops a national strategy for 
introduction of training through computers and internet since 2002. During the last two years 
in the realization process of the national strategy is conducted a national policy for support of 
the teachers‘ innovation practices through the National Programme INFORMATION AND 
COMMUNICATION TECHNOLOGIES (ICT) IN SCHOOL. 
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 http://www.educacion.gob.es/dctm/sede/catalogo-tramites/profesores/formacion/cursos-verano-universidades/2011-
san3.pdf?documentId=0901e72b80bb4878 

75
 http://www.educacion.gob.es/dctm/sede/catalogo-tramites/profesores/formacion/cursos-verano-universidades/2011-san-1-

programa-competencias-secundaria.pdf?documentId=0901e72b80c5f1a0 
76

 Currículum Batxillerat  Promoció 2011 / 2013 
http://www.xtec.cat/iesvilamajor/Batxillerat/Curriculum%20general%20%20BAT%202011_2013.pdf  

77
 CSIRE-CDEC – Grup de treball ―C3, Ciència, competència i context‖ http://phobos.xtec.cat/cdec/index.php/secundaria/grups-

innovacio/projecte-c3  
78

 http://phobos.xtec.cat/cdec/index.php/secundaria/grups-innovacio/projecte-c3/61 
79

 Institut d‘Estudis de la  Salut: desenvolupament professsional i ordenació de les professions 2011: 
http://www.gencat.cat/salut/ies/html/ca/dir3465/2011/ordenacio.pdf  

http://www.educacion.gob.es/dctm/sede/catalogo-tramites/profesores/formacion/cursos-verano-universidades/2011-san3.pdf?documentId=0901e72b80bb4878
http://www.educacion.gob.es/dctm/sede/catalogo-tramites/profesores/formacion/cursos-verano-universidades/2011-san3.pdf?documentId=0901e72b80bb4878
http://www.educacion.gob.es/dctm/sede/catalogo-tramites/profesores/formacion/cursos-verano-universidades/2011-san-1-programa-competencias-secundaria.pdf?documentId=0901e72b80c5f1a0
http://www.educacion.gob.es/dctm/sede/catalogo-tramites/profesores/formacion/cursos-verano-universidades/2011-san-1-programa-competencias-secundaria.pdf?documentId=0901e72b80c5f1a0
http://www.xtec.cat/iesvilamajor/Batxillerat/Curriculum%20general%20%20BAT%202011_2013.pdf
http://phobos.xtec.cat/cdec/index.php/secundaria/grups-innovacio/projecte-c3
http://phobos.xtec.cat/cdec/index.php/secundaria/grups-innovacio/projecte-c3
http://phobos.xtec.cat/cdec/index.php/secundaria/grups-innovacio/projecte-c3/61
http://www.gencat.cat/salut/ies/html/ca/dir3465/2011/ordenacio.pdf
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The aim of the educational portal is to assist in a modern way learning the process at 
school. It will provide variety of opportunities for all participants in the educational process: 
students, teachers, principals, parents -with the possibility of simultaneous access of 1 
million users. On it the various users will be able to find e-learning courses, tests (both for the 
needs of external as well as internal evaluation), digital educational documentation, a wide 
range of information. They will be able to communicate in different thematic forums,  will 
have access to the websites of all schools in the country, as well as records kept by the 
Ministry of Education Youth and Science, the users will be able to use different systems for 
searching information. Teachers will be able to communicate with their students and their 
parents and they, in turn, will be able to maintain constant feedback from the school. The 
Portal will be continuously developed and enriched from content as well as functional point of 
view including from the different users. The Portal will be launched in the beginning of the 
school year 2006-2007 and in perspective it will become the main foundation for a national 
digital network of knowledge.  
 
 
 
 
 
 
 
 


