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I[TEPIAHYH

H mpodbnon g ¢vong mmg emomung (OtE) ot mpotofdba kot dsvtepofaduio
eKTaidevon amotedel EVPEMS AVAYVOPIGUEVO GTOYO TG LdOnong tov Pucikev Emetnpay,
OALG VTOPUOGHEVO GUYKPITIKE e GALOVG GTOYXOVG, OGS 1) EVVOIOAOYIKT KOTOVONON, 1
KoAAEpyeln deSottov, k.0. H owrpi aviamoxkpibnke o€ ovtd 10 mTPOPANUQ
OTOCKOTIMVTOG VO SIEVKPIVIGEL TAPAUETPOVS GYETIKEG e TN ddackaAia-pudOnon g OtE,
Om®G 0 POLOG TNG PIAOGOPING NG EMOTNUNG OTO0 OYeSoHO AbakTik®V-Modnclokmy
Axorovbidv (AMA), kaBmg kot 1 cuvelseopd ¢ Pnmc Emotnuoloyikng AAEKTIKNG
(PEA) oty Beitioon g katavonong tov pobntav yo m OtE, oddd kol va avartdget
aVTIGTOLYEG AMOTELECUATIKES O10aKTIKEG KavoTopies. H emitevén tov okomov g dtatpfng
€0TIO0TNKE O€ cvykekpipévn mruyn g OTE, ) onola tuyydver avemapiois diepedvnong kot
apopd oto poro g Emomung kot g Teyvoroyiag (E+T) oty xowvevia. H tpodOnon
Katavomong v to g E+T dtapépouvv Kot TG oyeTilovial CUVEIGQEPEL GTNV KOWVOVIKT
TPOTEPAOTNTA Y10 EKTOIOEVOT TOV UEAALOVTIKOV TOMTMOV GTO VoL aEl0Tol00V EPELVITIKA
OOTEAECUOTO UE TOV KOADTEPO SLVATO TPOTO YL TNV TPOMONCN Kowvotopiog Kot
emyeipnuoatikétnroc. H dtotpir vhomombnke péca and éooepic aveCoptntes EpELVHTIKES
epyaoies. H mpaoty avéntuée 10 OKENTIKO OGS KOWVOTOUOL Ol00KTIKNG ETVONOTNG Yo
dwaokaiio g OSwovvoeong E+T wor 10 mepiypappo avtictoryyng axolovbiog
dpacTNPOTHTOV TTOL £QupUOleL To okentikd. H mpoondOeia faciomke oe Tpelg mnyég: v
otopio kKau @rhocoeio E+T, v veiotdpevn yvoon vy 1o tog owdoketor n OTE, T1g
apykéc 10€eg pobntav kot dvokoAiec mov avtyetomilovy Yo ) dtdkpion E+T. H dedrepy
KOL 1 7piT EPAPLOCAY TO CKENTIKO NG TPOTNG £PYACiag oyeddloviag Kol a&oA0YDVTOC
AMA péoa amd SOuKTIKEG epuproyég oe pobnolakd mepipdirovia mpwoToPaduiag Ko
devtepofdbag exmaidevong, avtictoyyo. Ot dvo avtég epyacieg aSloldynoav v
anotedeopatikotnta e PEA omv katavonon tov pobntdv yu ) 01dKpion ovAapuesa
0TOVG KeVTPKoUS 01oyovg E+T péca and ypomtd £pya a&loldynong Kot cuVEVTELEELS TOV
dtevepyndnkav oty apyn Kot 1o T€Aog kabe epappoync. Ta amotedéopato KoTadEKvHouy
BeAitimon oty kotavoémon Tov padntov Kot vrootnpilovy EUTEIPIKAE TO emyeipnua OTL M
Katovonon tov podntov yio ttoyés g O@TE npowbeiton mo anotedecuatikd dtav ot AMA
evoopatovouy PEA. Ta evBappuvtikd amoteAécpata, ov kot mteplopilovtor poévo oe éva
oo Tovg O10aKTIKOVS 6TdYoVS TV AMA 0 omoiog Bempeitol TPOATUITOVUEVOS Y10 TOVG

VOAOUTOVG, OVOTPOPOdATNGAY TNV avadedpnon Tov AMA ®©ote 6€ HEALOVTIKES EQOPOYES
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va TPo®BoHV MO ATOTEAEGUATIKG TO CUYKEKPIUEVO OOUKTIKO GTOYO Ko Vo vtootnpilovv
KoAOTEPO TOVG PaONTEG otV VIEPPACT TV dLGKOAMMY TovG. Emiong, ta amoteléouata
Ka016ToOV avayKaio TNV avaTTLEN EPEVVITIKA ETKVPOUEVOV EPYOV AEI0AGYNONG Y10 TOVG
VIOAOUTOVG JOOKTIKOVG 0TdYovs. H téropty epyoocio avtimapéPore TEVIE PIAOGOPIKES
TPoonTikéG TG oyéong E+T, diatvmmoe avtioTolyec GuVERELES OO TN YWOPIOTH EPUPLOYT
Kk@0e mpoomTikng Yo T0 oyedocpd AMA ot pddnon ToV QUOIKAOV EMGTNUOV Kol
CLUTEPOVE OTL LOVOTTAEV PN LI0BETNON KABE TPOOTTIKNG KT TO o)edlacpd AMA odnyei o
TOPOVONGELS GTNV KATAVONGT TOV HoONTOV. AVTO TO GUUTEPAGLO 0ONYNGE GTNV EIGTYNON
H0,G GUVOLVETIKNG TPOGEYYIONG KATA TO 6)edlacid AMA o v e€okeiwon twv podntov
pe 1 owovvdoeon E+T 1 akoun ko dAAwv ttoyov g OTE, cbpuepova pe v onoia o
oxed10o o AMA yia £160Y®0YT PIAOGOPIK®V TTVYDV TNG EMOTHUNG 0QeiAeL va dopgiTol og
QUAOGOPIKE EVNUEPOUEVEG OMOPACELS, OAAG TaVTOYpOve, Vo VIEPPaivel LELOVOUEVES
PUAOGOPIKEG TPOOTTIKEG Ko v, fonBd Toug pnabntég va Katavoobv BepeMdOels 10€eg Tov

e€apovvTat amd TIC TOAVTAOKOTNTES TOL PIAOGOPIKOV LITOPABpov.
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ABSTRACT

Helping elementary and secondary school students understand aspects of the Nature of
Science (NOS) is a widely recognized goal of science education that is underestimated
comparatively to other goals, such as conceptual understanding, scientific skills, etc. I
responded to this problem by intending to elucidate parameters related to NOS teaching-
learning, such as the role of philosophy of science in the design of teaching-learning
sequences (TLS), as well as the role of explicit epistemological discourse (EED) for
improving students’ awareness about the NOS and simultaneously develop corresponding
illustrations of effective teaching innovations. I pursued this purpose through four distinct
studies that focused on a NOS aspect, which lacked adequate investigation thus far, the role
of Science and Technology (S&T) in society. Promoting student understanding of how S&T
differ and how they relate has a great potential in contributing to the societal priority of
training future citizens in making optimum use of research results in innovation and
entrepreneurship. The first study developed the rationale underlying a novel teaching
proposal and an outline of the corresponding activity sequence that embodied this rationale
for teaching innovations about the interrelationship between S&T. The effort relied on inputs
from three sources: the history and philosophy of S&T, existing knowledge on NOS
teaching-learning, empirical data on students’ initial ideas and the difficulties encountered
while learning about this topic. The second and third studies designed TLSs that applied this
rationale and evaluated them through teaching interventions. Both studies assessed the
effectiveness of EED for raising students’ awareness of the distinction between the different
overarching goals of S&T (producing reliable knowledge about natural phenomena vs
developing solutions to respond to human problems and needs) through pre-post tests and
interviews. The results demonstrated improvement in young learners’ ability to improve
their understanding and provided empirical evidence regarding the argument that students’
awareness of NOS was more effectively promoted when integrating EED in science
teaching-learning. The promising results, although concentrated to one of the learning
objectives that was a prerequisite for exploring connections between S&T, provided
feedback for the revision of the TLSs to further enhance their effectiveness by further
scaffolding students overcome their difficulties and better achieve the learning objectives in
future implementations. Also, the results necessitated the need to consider for enhancing the
development of more validated instruments for the remaining learning objectives. The fourth
study compared five perspectives of the relationship between S&T reported in philosophy,

reflected on corresponding implications from separate applications of these perspectives for
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the design of TLSs in S&T education and concluded that exclusive adoptions of any of these
five approaches when designing TLSs reported flaws and lacked validity in students’
awareness. This conclusion led to suggesting the coherence approach when designing TLSs
for familiarizing students with the relationship between S&T or any other NOS aspect,
according to which, the design of TLSs for introducing philosophical aspects of science
should be structured on philosophically informed decisions but simultaneously transgress
individual philosophical perspectives and help students develop fundamental ideas while

excluding the intricacies of the underlying philosophical dialogue.
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CHAPTER I: INTRODUCTION

1. The need for this dissertation

The Nature of Science (NOS) is acknowledged as a core learning objective of science
education and an important component of scientific literacy (AAAS, 1989; Abd-El-Khalick,
2013; Driver et al., 1996; Kang et al., 2005; Lederman, 2007; McComas & Olson, 1998;
NRC, 1996, 2000, 2007, 2012; Taber, 2008 among many others). However, conventional
science teaching does not pay equivalent attention to the NOS as it does with the remaining
science learning objectives such as conceptual understanding or scientific skills as compared
to this acknowledgement. Hence, more research is needed to elucidate various parameters
that become relevant to teaching and learning about the NOS, and there is a need to develop
corresponding illustrations of effective teaching innovations (Abd-El-Khalick, 2012;
Lederman, 2007; Lederman & Lederman, 2014; Sandoval & Morrison, 2003), especially in
the lower school grades (Akerson & Volrich 2006; Kang et al., 2005). One of these
parameters concerns the role of Explicit Epistemological Discourse (EED) for improving
students’ awareness about NOS, while another concerns the role of the philosophy of science
in the design of Teaching-Learning Sequences (TLSs).

This dissertation aimed to contribute to investigating this potential by focusing on an
aspect of the NOS which had not been adequately studied thus far. Specifically, the
dissertation problematized the role of Science and Technology (S&T) in society, their
interrelationship and sought to investigate student understanding of this role and ways to
enhance it. Connections between S&T are of contemporary interest because of the need to
make better use of the results of research in innovation and entrepreneurship. Science
education can contribute to this societal priority by promoting student understanding of how
S&T differ and how they relate (Jones & Buntting, 2015; McComas, 2008; Osborne et al.,
2003).

S&T are two highly interacting fields of social activity. Nevertheless, it is possible
to consider them as distinct domains. A fundamental difference between S&T relates to the
difference in the orientation, i.e., between the overarching goals that the two field pursue:
Science is the enterprise that seeks to generate reliable knowledge; technology is the
enterprise that seeks to respond to human needs by developing solutions to problems
(AAAS, 1989; Agassi, 1980; Arageorgis & Baltas, 1989; Bybee, 2011; Custer, 1995;
Constantinou, Hadjilouca & Papadouris, 2010; Gardner, 1993, 1994; ITEA, 2007; Jones,
2006; NRC, 1996). From a methodological viewpoint, another difference between S&T

1
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concerns the core processes adopted for achieving the different goals of S&T. Specifically,
controlled experimentation or, more broadly, investigation is a core process in science, while
design is a core process in technology (de Vries, 2009; Jones & Buntting, 2015; Lewis, 2006;
NRC, 1996, 2012; Constantinou et al., 2010). Given the complex nature of both enterprises
(S&T), their interconnections and mutual influences are predictably elaborate. Therefore,
developing awareness about the interaction between S&T posits an interesting challenge

both for science education and technology education.

2. Research questions

Specifically, the dissertation addressed the following research questions:

1. How can the historical evolution of the relationship between S&T contribute to
curriculum design and development processes? (Study 1 in Chapter II)

2. To what extent can upper-elementary school students improve their understanding
about the different overarching goals of S&T through a specially designed TLS that
combines inquiry-oriented and design-based activities integrated with explicit
NOS/NOT discourse? (Study 2 in Chapter I1I)

3. What difficulties do upper-elementary school students encounter in their attempts to
develop an understanding of the difference between the overarching goals of S&T?
(Study 2 in Chapter III)

4. To what extent does extensive interaction with inquiry-based and design-based
activities (non-EED condition) improve upper-secondary school students’ awareness
about the difference between the overarching goals of S&T? (Study 3 in Chapter IV)

5. To what extent does the integration of EED activities (EED condition) in a TLS that
combines inquiry-based and design-based activities improve upper-secondary school
students’ awareness about the difference between the overarching goals of S&T?
(Study 3 in Chapter IV)

6. What is the educational value of coherence in efforts to integrate issues stemming from

the philosophy of science in science teaching and learning? (Study 4 in Chapter V)

3. The constituent studies

The dissertation was completed through four distinct studies that investigated the stated
research questions. The first study developed the rationale for a teaching innovation about
the interrelationship between S&T. The effort relied on inputs from three sources: the history

and philosophy of S&T, existing knowledge on the teaching and learning of the NOS, as



well as empirical data on students’ initial ideas and the difficulties they encounter while
learning about this topic. The end product of this first study was a detailed description of the
rationale underlying a novel teaching proposal and an outline of the corresponding activity
sequence that it embodied.

The second and third studies applied the rationale developed in the first study in
evaluations of teaching interventions. Both studies evaluated the effectiveness of EED for
raising students’ awareness about NOS by exploring whether the combination of inquiry-
oriented and design-oriented teaching and learning could provide a rich context for raising
awareness about the interrelationship between S&T. Specifically, the second study
concerned upper-elementary school students’ interaction with a specially designed TLS. The
third study integrated epistemologically oriented learning objectives and corresponding
activities regarding the interrelationship between S&T in an existing TLS and was designed
to address the needs of upper-secondary school students. The end products of these studies
were manuscripts describing the research process and what was learnt about designing TLSs
on this topic, accompanied by suggestions on improvements and refinements to the learning
materials.

More specifically, the second study reported on a process of technological design
situated in a design-based research paradigm that implemented a specially designed TLS
with a class of upper-elementary school students. The effectiveness of the TLS was assessed
with measurements of students’ understanding prior to and after the teaching intervention
through their responses to written tasks and follow-up semi-structured interviews. The
analysis of the collected data explored students’ potential progress because of the
implementation of the designed TLS. The results demonstrated the possibilities in young
learners’ ability to develop NOS understandings in the topic under emphasis and provided
feedback for the revision of the TLS so as to further enhance its effectiveness with respect
to better achieving the stated learning objectives in future implementations.

The third study applied a combined pre-post test and interview design to evaluate
upper-secondary school students’ awareness of the interrelationship between S&T as part of
two teaching interventions with two versions of a TLS on electromagnetic properties of
materials. The targeted difference between the two interventions was the integration of EED
activities regarding the interrelationship (i.e., differences and connections) between S&T in
the second version of the TLS. The outcomes of the study provided empirical evidence
regarding the argument that students’ awareness of NOS was more effectively promoted

when integrating EED in science teaching and learning.



The fourth study focused on the role of philosophy in the design of TLSs.
Specifically, teaching and learning about the relationship between S&T was used as an
example to support the claim that any educational reform should transgress individual
philosophical approaches or perspectives, and, also, should be structured on philosophically
informed decisions.

The next four chapters elaborate each of these four studies, correspondingly. Each
chapter is structured as an independent study with separate abstract, introduction, literature
review, methodology, results and discussion sections. The last chapter summarizes the four
studies, synthesizes the various issues raised in the individual discussion sections and reflects
on implications drawn from these discussions. Additionally, this sixth chapter discusses

contributions of the dissertation and recommends directions for future research.



CHAPTER I

Developing the rationale for a teaching innovation
about the interrelationship between science and

technology

Abstract

This study refers to the development of a teaching innovation for the NOS, for students aged
11-15, which specifically focuses on the interrelationship between S&T. The development
of the teaching and learning materials relied on inputs from three sources: the history and
philosophy of S&T, existing knowledge concerning the teaching and learning about the
NOS, empirical data on students’ initial ideas and difficulties about this topic. The first
served to provide an account for the various forms of interaction between S&T, which, in
turn, guided the formulation of epistemologically coherent learning objectives. The second
provided the pedagogical grounds on which to base the design of the activities. The third
facilitated the design of activities that build on students’ productive initial ideas, while
providing them with guidance to resolve the difficulties they tend to encounter. In this study,
we describe the rationale underlying the teaching and learning materials and we describe the

activity sequence they embody.

Keywords

Teaching/learning about the nature of science; curriculum design



1. Introduction

Understanding about the NOS, i.e., how scientific knowledge is generated, organized and
justified, is widely recognized as a core learning objective of science education'. However,
despite the acknowledgement of its importance, it is not typically addressed by conventional
science teaching in an explicit manner. In this light, it would make sense to anyone that there
is a need for more research so as to better understand the various parameters that become
relevant on teaching and learning about the NOS and also there is a need to develop teaching
innovations in this endeavor.

This study is part of a research project that sets out to contribute towards addressing
this latter need for a specific NOS aspect. In particular, it seeks to develop and validate
teaching and learning materials to help students, aged 11 to 15, develop awareness with
respect to the role of S&T in society and to appreciate their interrelationship.

Recent suggestions concerning educational treatments of the relationship between
S&T scrutinize the notion of technoscience as an educational approach that equally
combines technology and science education (Bencze, 2001; Tala, 2009). This notion
addresses the current imbalance between the respective status given to technology education
and science education (technology receives lower appreciation) (Bencze, 2001; Layton,
1993). It emerges through the prism of recent philosophical and historical analysis of
scientific activity (especially physics) and has revealed that technology, beyond being part
of physics from a methodological viewpoint “through providing both scaffoldings and limits
of physical reality accessible to us”, it is also seen as part of physics from an epistemological
and cognitive viewpoint since it “affects our conception of reality” (Tala, 2009, p.282).
Because of these fundamental roles, it is supported that “technology should be an organic
part of physics education” (Tala, 2009, p.282). Within the technoscience notion, natural
reality is shaped by embodying the interaction between S&T, where technology underpins
modern scientific process and vice-versa (Tala, 2009).

S&T have come to be in continuous interaction. An indication of this pairing is the
emergence of interdisciplinary research fields (Porter & Rafols, 2009) such as climate
change, genetic mechanics and materials science. On the one hand, scientists strive to reach,
through abstraction, generalizable coherent explanations and predictions of various
phenomena (e.g., climate change science aims to formulate theories that explain and predict

climate change phenomena). On the other hand, technologists, instead of generalizing, aim

! On this see AAAS (1993), Driver, Leach, Millar, and Scot (1996), Flick and Lederman (2006),
Kang, Scharmann, and Noh (2005), Lederman (1992), McComas (2002), NRC (1996).



at developing solutions for specific problems (e.g., photovoltaic systems technology research
seeks to optimize various material properties that serve towards increasing the efficiency of
photovoltaic systems).

Both these elements (scientific understanding and technological innovation) are
necessary components of many interdisciplinary fields. Taking climate change research as
an example, it seeks to advance our understandings of the various agents that drive complex
phenomena, including global warming, polar ice melting, desertification and flooding. It also
seeks to develop scientific models of the interactions between parameters that influence the
evolution of these phenomena, such as carbon dioxide concentration in the atmosphere or
the intensity of solar radiation at different points on the surface of the earth. At the same
time, climate change research requires instrumentation, which is developed through
technological design processes, in order to collect the data that are required for refining and
validating the models. It also requires technological innovations for developing methods and
procedures for constraining human impact on climate change phenomena. All these require
that S&T be blended in an effective synergy aiming to address aspects of the overall issue.

The present study departs from the premise that education has an important role to
play in preparing students (the citizens of tomorrow) to appreciate the role of S&T in society,
since they will be called to engage with them either as researchers or as scientifically literate
citizens with an interest in participating in public discourse on setting research and
innovation priorities, for instance. We also assume that only someone who has an adequate
understanding of what science is and what technology is, can participate in meaningful
discourse about their interrelationship with reference to their distinct contributions. In line
with this notion, relevant science education research literature recognizes that understanding
that S&T are different and simultaneously support each other is one of the aspects of the
NOS that could and should be dealt with in school science (McComas, 2008; Osborne,
Collins, Ratcliffe, Millar, & Duschl, 2003).

The aim of this study is to elaborate a teaching proposal for developing students’
understanding about the interrelationship between S&T. Elaborating the rationale underlying
the teaching proposal, we explore the value of a certain type of resource that we have
employed, namely the history and philosophy of S&T. Specifically, we have undertaken the
task of exploring the historical setting behind the nature of the relationship between S&T
with a view to utilize this information in the curriculum development process.

The study is structured in the following way: section 2 gives the background for
teaching and learning about NOS issues from the perspective of science education and it

specifically focuses on the importance of acquiring epistemologically informed
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understandings about the interrelationship between S&T and the available empirical
evidence about students’ initial ideas and difficulties on this issue; section 3 seeks to map
the historical background of the relationship between S&T with a view to identify
perspectives of this relationship; section 4 describes the structure of teaching and learning
materials that we have developed for promoting students’ awareness of the interrelationship

between S&T.

2. Teaching and learning about the NOS

2.1. Why should the NOS be a component of school science?

The term NOS refers to the ways through which scientific knowledge is constructed,
evaluated and validated (Lederman, 2007; McComas, 2002). Helping students develop
understanding of the NOS is widely recognized as an important learning objective of science
teaching (AAAS, 1989, 1993; NRC, 1996, 2000, 2007). One important reason for this is that
appreciating aspects of the NOS constitutes an integral component of public understanding
of science, or otherwise scientific literacy, which has been extensively discussed as a pivotal
element for the development of sustainable societies (Driver, 1996). The argument
underlying this entails four aspects, as summarized below:

Utilitarian argument: an understanding of the nature of science is necessary if people
are to make sense of the science and manage the technological objects and processes
they encounter in everyday life (p.16).

Democratic argument: an understanding of the nature of science is necessary if
people are to make sense of socioscientific issues and participate in the decision-
making process (p.18).

Cultural argument: an understanding of the nature of science is necessary in order to
appreciate science as a major element of contemporary culture (p.19).

Moral argument: learning about the nature of science can help develop awareness of
the nature of science, and in particular the norms of the scientific community,
embodying moral commitments which are of general value (p.19).

Another reason that further highlights the importance of this learning objective is that
it could facilitate the development of other components of what constitutes competence in
science, such as conceptual understanding, positive attitudes towards science, reasoning
skills, and effective engagement with socio-scientific issues as discussed in Driver et al.

(1996).



2.1.1. The appropriateness of teaching and learning about the NOS as a learning objective

The appropriateness of promoting students’ understanding about the NOS as a learning
objective has been questioned in view of the lack of consensus among philosophers of
science on how science operates (Alters, 1997). Essentially, this position rests on the premise
that it is not reasonable to expect students to become knowledgeable about the NOS given
that the philosophers of science do not really agree on how science as an enterprise should
be best described. One argument that has been made in the science education literature, in
response to this position, is that the disagreements among philosophers are not necessarily
relevant to school science, in that science teaching merely aims at helping students formulate
a simplified account of how science works. Despite the lack of consensus in the philosophy
of science, it would still be possible and useful to help students develop a set of fundamental
ideas while excluding the intricacies of the underlying discourse. This perspective is
consistent with the consensus that seems to exist within science education on such a set of
ideas?. For example, these ideas include, amongst others, the durable, albeit tentative, nature
of scientific theories, the central role of empirical evidence in science and the distinction
between observations and inferences. It is important to note, that the interrelationship
between S&T, which is the focus of the present study, is included among this set of ideas

(McComas, 2008; Osborne et al., 2003).

2.2. What are the main implications from existing research on teaching and learning
about the NOS?

2.2.1. Aspects of the NOS can be productively introduced and elaborated in school science
starting from an early stage

Obviously, attaining a full grasp of the various aspects of the NOS requires a systematic and
repeated teaching elaboration throughout school science. However, one important finding
that has been consistently reported in the research literature is that this elaboration could
usefully start from a very early stage. Indeed, the available empirical evidence suggests that
it is possible to impact on elementary students and help them acquire informed conceptions
about aspects of the NOS?, through appropriately designed learning environments. This,

however, posits the formulation of a series of age-appropriate learning objectives that

2 On this see Abd-El-Khalick, Bell, and Lederman (1998), Lederman (2007), McComas (2008),
Osborne et al. (2003).

3 On this see Akerson and Donnelly (2010), Akerson and Volrich (2006), Carey, Evans, Honda, Jay,
and Unger (1989), Khishfe and Abd-el-Khalick (2002), Khishfe and Lederman (2006).



become increasingly more elaborate and epistemologically coherent (Rudolph, 2000; Taber,

2008).

2.2.2. Engagement in EED as a critical factor for the effectiveness of teaching about the
NOS
One of the most well grounded findings that have emerged from the existing research on
teaching and learning about the NOS refers to the significance of the systematic engagement
of students in explicit epistemological discourse, as an important factor facilitating their
understanding of the NOS (Clough, 2006; Lederman, 2007; McComas, 2002). This finding
is supported by empirical evidence stemming from two main directions. The first, which is
the most direct, is concerned with the significant learning gains that have been reported in
studies purporting to teach aspects of the NOS by systematically engaging students in
explicit epistemological discourse?. The second direction refers to studies illustrating that
the exclusion of this theme from explicit teaching is not likely to bring about any
improvement in students’ appreciation of the NOS. These studies can be further classified
in two categories. The first refers to research studies reporting on attempts to pursue learning
objectives relevant to explicit aspects about the NOS, though, without treating them in an
explicit manner. Underlying such implicit approaches is the assumption that understanding
of the NOS could emerge as a by-product of students’ engagement in inquiry-based learning
environments. However, the results from the assessment of students’ learning outcomes fail
to corroborate this assumption in that they do not suggest significant learning gains’. The
second category includes studies that sought to evaluate students’ awareness of various NOS
aspects. These studies demonstrate that students’ awareness does not seem to improve with
age or with the sustained exposition to conventional science teaching. Couple this with the
fact that conventional science teaching typically fails to explicitly address learning
objectives relevant to the NOS, highlight the pivotal role of engaging students in EED (Abd-
El-Khalick, 2006; Kang et al., 2005).

In addition to highlighting the importance of engaging students in EED the existing
literature has also provided useful insights into possible ways of integrating this in science

teaching. Specifically, it suggests three possible approaches, as follows:

* On this see Akerson and Donnelly (2010), Akerson and Volrich (2006), Carey et al. (1989), Khishfe
and Abd-El-Khalick (2002), Khishfe & Lederman (2006), Peters (2012).

3> On this see Abd-El-Khalick & Lederman (2000a), Khishfe and Abd-El-Khalick (2002), Lederman
(1992), Moss, Abrams, and Robb (2001), Sandoval (2003, 2005); Sandoval and Morrison, 2003.
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(1) Nonintegrated (de-contextualized) activities in which the elaboration of NOS
aspects is disconnected from the science content. Examples can be found in
Lederman and Abd-El-Khalick (2000) and Bell (2008) among others.

(i1) Integrated (contextualized) activities that seek to embed the elaboration of NOS
aspects within the science content (e.g., Khishfe & Lederman, 2006; Walker &
Zeidler, 2003; Zeidler, Walker, Ackett, & Simmons, 2002). A variant of this type of
activity embeds the epistemological discourse in the context of the elaboration of
content.

(iii) The third approach involves engaging students in epistemological discourse
while studying episodes drawn from the history of science®. Even though this
approach does not typically pursue conceptually oriented learning objectives,
epistemological discourse is associated with the content of science and it could be

therefore conceived as a variant of the integrated approach.

2.3. Teaching and learning about the interrelationship between S&T
2.3.1. Importance
This study aims to contribute towards addressing the need for teaching innovations and
specifically focuses on a particular aspect of the NOS, namely the interrelationship between
S&T. The selection to focus on this particular topic can be justified for a number for reasons,
which have been elaborated elsewhere (Constantinou, Hadjilouca, & Papadouris, 2010). The
most important of these can be summarized as follows:
e [tisrecognized as an important aspect of the NOS (McComas, 2008; Osborne et al.,
2003)
e It has not been adequately studied thus far, especially in the case of elementary and
middle school students (Akerson & Volrich, 2006; Kang et al., 2005)
e Realising the potentials and constraints of the two fields is of great importance for
developing the ability to effectively engage with socio-scientific issues (Sadler,
2004; Zeidler, Sadler, Simmons, & Howes, 2005), which is recognized as an

important component of both scientific and technological literacy’.

® For this see examples in Abd-El-Khalick and Lederman (2000b), Kim and Irving (2010), Olson,
Clough, Bruxvoort, and Vanderlinden (2005), Rudge and Howe (2009), Solomon, Duveen, Scot, and
McCarthy (1992), Straits and Nichols (2007), Yip (2006).

7 For this see AAAS (1989), ITEA (2000, 2003), Jones (2006), Kolstg (2001, 2008), Sandoval
(2005).
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e New knowledge in this area could inform and facilitate attempts to devise
mechanisms for increasing students’ interest towards S&T courses® and it could offer
them guidance on future careers. More specifically, it could help the education
system to encourage students to make more informed decisions and this could, in
turn, increase the likelihood for successful career choices.

e The prevalent conceptions about S&T are important for efforts to communicate
publicly their role in society and the outcomes of the various policy procedures for
developing funding priorities. For instance, the level of public support for an
innovation system in close symbiosis but distinct from the science system, and also
closely related with financial investment mechanisms, is directly related to the level
of public understanding of the differences between S&T and the diverse roles they

play in economic development.

2.3.2. Students’ initial ideas on the distinction between S&T and relevant difficulties

The available empirical data from existing research indicate that students possess invalid and
unarticulated ideas about the distinction and the relation between S&T (De Vries, 2005;
Ryan & Aikenhead, 1992), which do not seem to improve as a result of additional exposition
to conventional science teaching or maturation (Constantinou et al., 2010a). Specifically,
they tend to employ a range of (sometimes mutually exclusive) criteria, in an unsystematic
and inconsistent manner, for determining whether certain research goals seem more
compatible with science or technology. For instance, depending on whether the focus of a
given research goal is placed on either a natural or an artificial phenomenon they are inclined
to associate it with science or technology, respectively. Another criterion they tend to
activate refers to the processes employed for realizing the given research goal in that they
tend to restrict specific processes to either science or technology. For instance, the
conduction of experiments is often exclusively attributed to science whereas any kind of
construction activity refers to technology.

The available empirical data also highlights specific difficulties that seem to hamper
students’ understanding of the interrelationship between S&T (Constantinou et al., 2010a).
These difficulties seem to fall in three categories. The first includes difficulties that integrate
students’ conceptions about S&T. One such difficulty relates to students’ tendency to view
technology as the application scientific knowledge (Constantinou et al., 2010a; De Vries,

2005). The other two categories refer to students’ difficulties with respect to the nature of

8 For this see Gago et al. (2004), NSF (2003), OECD (2006), Roberts (2002).
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either science or technology, though they bear a direct relevance to students’ attempt to
differentiate between these two fields and appreciate their interrelation. One example of such
a difficulty with respect to the NOS relates to students’ failure to appreciate that
understanding the mechanism underlying the operation of natural phenomena constitutes a
worthwhile achievement in its own right, even though it might not be associated, in an
obvious manner, with useful practical applications (Constantinou et al., 2010a). In a similar
manner, a couple of examples pertaining to students’ understanding of the nature of
technology include their failure to appreciate creativity as an important component of
technological design (Constantinou et al., 2010a; De Vries, 2005) and their tendency to
restrict technology to end-products excluding important aspects of the processes that led to

their production (Constantinou et al., 2010a; DiGironimo, 2010; Rennie & Jarvis, 1995).

3. The interrelationship between S&T: historical setting

The inherently complex issue of the interrelationship between S&T in combination with the
fact that this is not typically addressed by conventional science teaching, tends to contribute
to the development of epistemologically distorted views about these issues. In this section
we seek to reveal the value of the history of S&T as a resource for guiding the development
of learning materials, by specifying and elaborating the different perspectives relevant to the
relationship between S&T as they emerge from the review of the relevant literature.
Specifically, we attempt to illustrate the variety of possible interactions between S&T

through indicative examples from the history of S&T.

3.1. The initial independency between S&T
3.1.1. Beginnings of technology: technology functioned independently from science
Technology preceded science and existed independently of any systematic activity in science

for thousands of years’

. Archeological findings amply demonstrate techniques and
technological tools invented and used thousands of years ago. It is believed that these
constitute the primary form of history (Cardwell, 1994) and it could be argued that
technology is as old as the human kind itself. George Bassala in his book “The evolution of
technology” mentions that stone industry is one of the most important forms of early
technology that flourished for more than two million years. The effective construction of

stone knifes and axes became possible because experience taught people that particular

? For this see Arageorgis and Baltas (1989), Basalla (1988), Cardwell (1994), Gardner (1997), Gil-
Perez et al. (2005).
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materials and techniques worked better than others. This reliance on experience was also
evident in the case of processing metals (first indications on the use of metals are dated
around 6000 B.C.). The procedure for the extraction of the copper or the bronze relied on
techniques that were developed and refined on the basis of experience, totally independent
of any conceptual understanding of the underlying ideas. Indeed, it was not until the 18
century that simple metallurgic procedures were described in terms of conceptual ideas
drawn from chemistry, while even in our days there are procedures of modern production
whose chemical base still remains unknown (Basalla, 1988). These examples demonstrate
that technology without any input from science, created elaborate structures, devices and
domains of activity (Basalla, 1988; Wolpert, 1992). Otherwise we could not explain the
monumental architecture of antiquity or Renaissance cathedrals and the mechanical
technology (windmills, watermills, clocks) of the Middle Age, nor could we explain the
brilliant works of art of ancient Chinese technology. The flourishing of crafts and trade
guilds throughout the middle ages and renaissance, somewhat resembles modern forms of
organization of professional communities and pays testament to the broad prevalence of
technological enterprise in the societies of those times. In contrast, science was a peripheral,
fringe activity at the time that served the curiosities of an elite minority of people privileged
enough to have access to the resources required to focus on natural philosophy.

It seems that the requirement to satisfy human needs, historically preexisted the need
for understanding how nature works. Basalla (1988) discusses the relation between
technology and addressing human needs using the known Aesop myth about the thirsty
hawk.

‘Once upon a time, a crow was about to die of thirst came upon a tall pitcher partially
filled with water. He tried again and again to drink from it, stooping and straining his
neck, but his short beak could not reach the surface of the water. When he failed in
an attempt to overturn the heavy vessel, the bird despaired of ever quenching his
thirst. Then he had a bright idea. Seeing loose pebbles nearby, the crow began
dropping them into the pitcher. As the stones displaced the water, its level rose. Soon
the crow was able to drink his fill. The moral: necessity is the mother of invention’.
Modern commentators have elaborated in this message by praising those individuals
who, when placed in seemingly impossible situations, do not despair but instead use
wit and ingenuity to invent new devices and machines that solve the dilemma, meet
basic biological needs, and contribute to material progress (Basalla, 1988, p.6).

The belief that necessity spurs on inventive effort is one that has been constantly
invoked to account for the greatest part of technological activity. Human have a need
for water, so they dig wells, dam rivers and streams, and develop hydraulic
technology. They need shelter and defense, so they build houses, forts, cities, and
military machines. They need food, so they domesticate plants and animals. They
need to move through the environment with ease, so they invent ships, chariots, carts,
carriages, bicycles, automobiles, airplanes, and spacecraft. In each of these instances
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humans, like the crow in Aesop’s story, use technology to satisfy a pressing and
immediate need (Basalla, 1988, p.6).
Beyond basic survival needs, technological innovations are supported or hampered

by unspecified, ideological factors that generally define cultural needs. Mumford (1961)
highlights that it is impossible to isolate an invention or an inventor from the source or the
culture that either provided the opportunity and stimulus, or hampered and rejected any kind
of development. Furthermore, Mumford (1961) provides a series of historical icons such as
the construction of the Egyptian pyramids, the machinery of Benedictine monks, and the
evolution of certain modern artifacts through toys. The construction of Egyptian pyramids
was not an outcome of using innovative mechanical apparatus, but a result of the religious
faith invested in the Pharaoh, so as to command the “the first complex machine, the
thousand-legged human machine, made of specialized, inter-changeable, and replaceable
parts, operating from a single control center ...” (p.232). The means to do this “did not come
from the internal development of technics: just the other way round, it was the magnification
and exaltation of human power that came in with the new solar religions, opening up
immense vistas in time and space, that made possible the contrivance of an altogether new
species of complex machine” (Mumford, 1961, p.233). In this sense, the ancient Egyptians

were successful technologists without having any scientific understanding (Singh, 2004).

3.1.2. Beginnings of science: science functioned independently from technology
The development of scientific thought in the circles of ancient Greek philosophy mainly
rested on the curiosity and worries of philosophers such as Aristotle, Eratosthenes, and
Aristarchus. These philosophers studied the universe, based on logic, mathematics,
observation and measurement, laying the foundations of early observational science, well
before the idea of experimental falsification came about (Singh, 2004). Prevailing ideas
about the universe were advanced by Aristotle around 300 BC. Aristotle postulated that the
earth is located at the center of the universe and that matter consisted of four main elements:
earth, water, air and fire. Each of these elements had its natural position in the universe and
the natural place of different objects was determined based on the concentration of each of
the four elements in its composition. For example, if an object mainly consisted of earth
(e.g., a stone) was released from a certain height it would fall downwards until it reached its
natural place (i.e., the earth). Aristotle’s theory was abandoned 2000 years later by Galileo’s
initiative in experimental science.

Stillman Drake in his book “Galileo” mentions that Aristotle had nothing against
practical knowledge which he called art. He just separated it from scientific knowledge

which he called science. For Aristotle, the difference between art and science was not the
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difference between application and theory, but the one between the sources of knowledge
and the targets of knowledge. The source of technical knowledge was practical experience
and its goal was for someone to know what to do next time. The source of scientific
knowledge was logic and the goal was to understand things through their causes (Drake,
1980).

The absence of processes that empirically tested hypotheses (i.e., experiments) is
consistent with the absence of connection between S&T in ancient times. A possible
explanation for this has to do with the fact that conducting experiments was most times
impractical because of the lack of appropriate measurement instruments (e.g., instruments
for measuring time in small intervals only became available three centuries ago). Another
dimension related to this lack of connection between S&T refers to people’s thinking.
According to ancient Greek thinking, handwork was not appropriate for free citizens, but for
slaves, who belonged in a lower social class. Thus experimentations that clearly involved
handwork were not an acceptable form of activity for philosophers. An additional dimension
concerning the absence of connection between technology and science relates to the fact that
ancient Greeks had developed geometry, a field that deals with abstract concepts such as
dimensionless points and straight lines. In this manner, most ancient Greek philosophers
achieved results of great generality that could not have been an outcome of measuring real
objects. Therefore, in their attempts to generate abstract concepts about the universe they

assumed that the real world was not a suitable model (Kuhn, 1996).

3.2. The later dependency between S&T: perspectives of the interaction between the two
fields

As noted in the previous section a major perspective of the relation between S&T is their
initially independent function. It took many centuries before each of these enterprises could
conceive and exploit each other’s contributions for its advancement. Even during the
scientific revolution there were barriers that acted against the development of any
relationship between the two. Beyond the strength of the Aristotelian tradition that prevailed
until the beginnings of the 17" century, there were also leftovers of mysticism, which in
combination with a rebirth of the skepticism tradition, led to lingering doubts as to whether
what we now call knowledge could ever exist. These difficulties were resolved only through
the contributions and painstaking efforts of scientists like Galileo, Newton and many others.
Even the three inventions that were identified by Francis Bacon “as the source of great
changes in Renaissance Europe — printing, gunpowder and the magnetic compass — were

imports from China and owed nothing to science” (Wolpert, 1992, p.28). Until the
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Renaissance, all major technological achievements (e.g., fermentation, the use of quinine in
medical practice) were attained entirely through the activity of craft technologists without
any obvious scientific contribution (Arageorgis & Baltas, 1989).

A craft technology may be roughly characterized as follows: It is based on practical
knowledge and empirical observations of factual correlations and it employs
techniques and methods (trial and error, analogies etc.) which are justified only by
their success in bringing about the desired state of affairs (i.e. solving the
corresponding technological problem). There are no well defined criteria
determining the circumstances under which a particular craft technology could solve
different, yet intuitively similar, problems. Thus each solution is essentially unique
while the domain of its applicability remains unknown. From the point of view of
scientific knowledge, the process realizing the desired state of affairs by solving the
corresponding technological problem may be regarded as a ‘black box’ (Arageorgis
& Baltas, 1989, p.213).

The wheel also illustrated a nice absence of relation between technology and science,
for why does a wheel make it easier to move a load? The answer is moderately subtle:
the wheel reduces the friction between the object moved and the ground. Most of the
work required to move an object over a surface is needed to overcome friction
between the object and the surface. By using a wheel, the friction is reduced both by
having an axle which is smooth and so reduces friction and by introducing a rolling
motion at the surface. But that understanding, based on science, is completely
unnecessary for either the invention of the wheel or the appreciation of its usefulness
(Wolpert, 1992, p.29).

Nevertheless, the evolution of science and the evolution of technology cannot be
described in terms of two parallel timelines, given that the two fields gradually began to
interact. The development of connections between S&T eventually started to take shape and
this issue is discussed in terms of two perspectives that are reviewed in this section. The first
of these perspectives relates to the input provided by scientific knowledge in any
technological development and it is discussed as the technology as applied science (TAS)
perspective. According to the other perspective, any development in science relies on
technological innovations; this is discussed as the materialistic perspective. Next, we discuss

these two perspectives and we draw on examples from the history of S&T.

3.2.1. The contribution of science to the development of technology — The TAS perspective

During the 18" century, industrial processes gradually became more complex in ways that
untrained people were becoming even less able to use basic techniques and older crafts.
Black and Lavoisier were linked to situations where industrial inventions were derived
mainly based on experience without inputs from science, while for the contributions of Davy

and Faraday the balance began shifting towards the view that scientific progress provides
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the conditions needed for the development of technology (Derry & Williams, 1960), leading
to an equation of technology with applied science.

The TAS perspective assumes that science precedes technology in that it provides
the basis for the generation of technological innovations (Layton, 1993). This perception
was widely supported in the 19" century by both scientists and engineers (Layton, 1993).
There are many historical examples illustrating this perspective, including the developments
in organic chemistry that led to the production of synthetic dye on a large scale, as well as
the study of electric and magnetic phenomena that laid the foundations for electric light,
electric current and transfer industries (Basalla, 1988; Wolpert, 1992). The essence of the
TAS position is illustrated by the following excerpt from the statement of Vannevar Bush,
US presidential advisor on science policy, in 1945:

Basic research leads to new knowledge... It creates the fund from which the practical
applications of knowledge must be drawn. New products and new processes... are
founded on new principles and new conceptions, which in turn are painstakingly
developed by research in the purest realms of science (Bush, 1945, pp.13-14 in
Layton, 1993, p.25).

3.2.2. Criticism to the TAS perspective — The contribution of technology to the development
of science

The TAS perspective seems to have prevailed in public understandings of the relation
between S&T (Boon, 2006; Gardner, 1993). Nevertheless, its appropriateness has been
questioned for two main reasons. The first reason rests on the idea that technology does not
necessarily depend on science. As discussed in section 3.1 the history of technology provides
several examples of technological inventions that were developed and refined independently
of (and often preceded) any systematic activity in science'’. Therefore technology cannot be
reduced to the mere application of science. Layton (1993) refers to the case of Nathan
Rosenberg, a distinguished economist who holds the view that:

Technology ... is a knowledge of techniques, methods, and designs that work in
certain ways and with certain consequences, even when one cannot explain exactly
why. It is ... a form of knowledge which has generated a certain rate of economic
progress for thousands of years. Indeed, if the human race had been confined to
technologies that were understood in a scientific sense, it would have passed from
the scene long ago [...] The development costs of modern aircraft are so enormous
precisely because we have no theories of turbulence or compressibility adequate to
determine optimal configurations in advance. Extensive testing and modification
based upon test results are still required [...] The situation is caricatured in the

10 For this see Arageorgis and Baltas (1989), Basalla (1988), Cardwell (1994), Gardner (1997), Gil-
Perez et al. (2005), Wolpert (1992).
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epigram: the engineer doesn’t know why his bridge stays up: the scientist knows why
his falls down (Layton, 1993, p.25).

Many of the machines invented during the industrial revolution had no particular
relation to contemporary scientific knowledge. The textile industry, which was at the heart
of economic development in the 18™ century, did not emerge as the outcome of the
application of scientific theories. The inventions of John Kay, Richard Arkwright, James
Hargreaves kot Samuel Crompton, which were of crucial importance for the production of
fabrics, should be attributed to craft practices than to science (Basalla, 1988).

The discovery by the 19-year old William Henry Perkin of a synthetic dye, later
marketed as Tyrian purple, was only one of a number of plausible and much quoted
exemplars. To describe Perkin’s work, as a President of the Chemical Society did in
1857, as a successful application of abstract science to an important practical purpose
was misleading, however. Not only had the discovery been accidental, but the
process of application had been anything but routine and unproblematical. The task
of scaling up from a laboratory bench experiment to the first multi-step, hazard-
contained, industrial synthesis, yielding a product of quality and price acceptable to
a substantial market, confronted Perkin with formidable problems, not only scientific
and technological, but economic, environmental and legal also (Travis, 1990)
(Layton, 1993, p.24).

The case of the development of the photocopier machine is a characteristic example
where the application of science was crucial since the development of 'xerography' or 'dry
writing' was dependent on a sound understanding of the photoconductive properties of
selenium. Nevertheless, the inventor Chester Carlson was surrounded by a sea of problems
in his attempt to transform his innovative idea into a functional prototype. One of these
problems was to find a material at the right size that could remove the surplus of ink dust
from the selenium drum after each photocopy. The solution — fur of Australian rabbit —
was found through trial and error and not through applying any scientific knowledge (Owen,
1986 in Basalla, 1988).

Another issue that further demonstrates the problematic nature of the TAS
perspective is that there are certain cases in which it is the development in technology that
has led to developments in science. Such cases fall under what is known as the materialistic
perspective (Gardner, 1994a, 1994b), according to which, technological progress is actually
necessary for and also influences the development of science. In many cases, scientists
resorted to craft guilds, in order to obtain appropriate equipment needed to study the various
natural phenomena (Derry & Williams, 1960). Carnot’s thermodynamic principles
governing the function of the steam engine, the theory of elasticity as a means for

constructing models of the ether, and the effect of hydrodynamics on the vortex theories of
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matter are indicative examples where technological development clearly had an impact on
scientific progress (Layton, 1993). Another example relates to the development of the
telescope by craftsmen, much earlier than the emergence of our understanding of geometrical
optics (Applin et al., 2000; Wolpert, 1992). The development of the telescope provided
scientists with the ability to conduct more detailed observations and extend our
understanding about the solar system.

Such important influences of technology on science have become more influential as
a result of the establishment of experimental science. A core principle of science is
falsification. Based on this principle, the emergence of new discrepant data typically initiates
further elaboration of scientific theory. Without the use of technology, it is impossible to
conduct experiments (except for thought experiments). The person who introduced
experimental processes into the scientific practice and is thus credited with the establishment
of modern science was Galileo Galilei (1564-1642).

The perspective of the “linear dependence” of technological innovations on science
has been the topic of many studies in the history and philosophy in science. There are strong
arguments in favor of Barnes’s position that technologists instead of being absolutely
dependent on scientific resources, they rather exploit the resources of their own culture
(Barnes, 1982). “Technological development is a complex interaction of forces which build
mainly on prior technical knowledge and through which alternatives are selected by the
application of external criteria (Grove, 1980; Kranzberg, 1968; Langrish, 1974)” (Shrum,
1986, p.327).

3.3. The current relationship between S&T and their distinction as a diachronic element
3.3.1. Current relationship between S&T

Based on what has been mentioned in the subsection 3.2, it becomes evident that both
perspectives of the interaction between S&T (TAS & the materialistic view) historically
coexisted, despite the fact that prevalent conceptions about the nature of this interaction were
not equally developed for the two perspectives, but were actually in favor of the TAS
perspective. This can be induced from the fact that despite their coexistence, the appreciation
of the TAS perspective prevailed for a long time, while the appreciation of the materialistic
perspective seems to have emerged as a conceptual construct at a later stage and was used
as an argument against the prevailing one-sided linear perspective of the relationship

between the two fields.
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Boon (2006) cites a number of researchers and philosophers of science!! who suggest
models of the interaction between S&T that “can explain cognitive change in technology
without assuming that science is a prerequisite of technology” (p.30). These studies reveal
the insufficiency of a linear-deterministic model of the science—technology relationship
(prominence of the TAS perspective), since science does not necessarily need to lead to any
corresponding technological innovation (Boon, 2006).

Summarizing the arguments against the prevalence of the TAS perspective, Gardner
(1993) points out that the scientific and the technological capabilities are not identical.
Technological development could use scientific knowledge as a resource but this does not
imply a necessary condition. Even when technology uses scientific knowledge, the process
of applying can be a very complex procedure that requires many practical capabilities that
are not situated among scientific activities.

Science served an important role in technological developments during the second
half of the 19" century and during the 20™ century it further met the development of new
technologies that were based on science. Despite the inflow of new scientific theories and
data, modern technology includes much more than a series of applications of scientific
breakthroughs. S&T in modern industry are equal partners where each field contributes
uniquely to the success of the enterprise under consideration. Still, even nowadays it is not
strange for an engineer to invent a technological solution that defies current scientific
understanding or to devise an engineering activity that opens new avenues for scientific
research (Basalla, 1988).

Barnes (1982) describes this shift in how the relation between S&T as the transition
from the “good old days” where the hierarchical model dominated to “today” where the
interactive model dominates our conceptions of this interaction. He describes the following
change in the way of thinking:

I start with the major reorientation in our thinking about science-technology
relationship which has occurred in recent years. ...we recognize S&T to be on a par
with each other. Both sets of practitioners creatively extend and develop their
existing culture; but both also take up and exploit some part of the culture of the
other... they are in fact enmeshed in a symbiotic relationship (Barnes, 1982, p.166).

The above excerpt underlines the difficulty to isolate pure science from technology

nowadays. Even though Barnes could be overoptimistic when proposing that the most

' On page 30, Boon (2006) cites the following: Layton (1971), Bohme et al. (1978), Rapp (1981),
Constant (1984), de Solla Price (1984), Laudan (1984), Staudenmaier (1985), Basalla (1988), Kroes
and Bakker (1992), Mitcham (1994), Smith and Marx (1994), Gardner (1997), and Ihde (1997).
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important replacement has been achieved, this can be seen as a socially constructive view
about S&T that fits well with his own view about the nature of their relationship.

Today we are less inclined to degrade technology as opposed to science. Instead, we
recognize the equivalence in the relationship between S&T. Researchers of both fields
creatively expand and develop their existing cultures, while at the same time they utilize
methods that fall in the culture of the other field (Barnes, 1982).

Technology and science could both survive as forms of institutionalized activity
independently of the other, but are in fact enmeshed in a symbiotic relationship — a
weak, mutually beneficial interaction, which looks much the same whichever way
round it is considered (Barnes, 1982, p.168).

3.3.2. Distinction between S&T as a diachronic element

In many contemporary fields (electronics, genetic engineering, materials science), the
interaction between scientists and technologists is so close, that the contribution of each one
is difficult to tell apart (Gardner, 1993), and such fields cannot be categorized as exclusively
scientific or exclusively technological. However, despite the strong connections that exist
between them, S&T cannot be merged into a single construct (Arageorgis & Baltas, 1989;
Wolpert, 1992). The distinction between the two fields has been discussed by many
researchers'? and depicted in various notions. Some of these are summarized by Williams

(2002) and include the following distinctions shown in the following table.

Table 1
Diverse aspects of the value systems that characterize S&T
Science Technology
Goals Pursuing knowledge Creating solutions
Focus Analytical Practical
Knowledge Production (abstract, general) Transformation (detailed and
functional)
Success Better theories of Better products in the market
understanding
Methodology [Discovery] Design
Approach [Reductionism] Holism
Communication Expository and symbolic Visual and non verbal
Theories About causes About processes
Attitude [Reductionalism] Holism
Search for Causes Solutions
Real world [Descriptive] laws Interferes with natural order

The table is copied from Williams (2002).
Block parentheses were added to indicate aspects that are at variance with current
understandings in science education.

12 On this see Arageorgis and Baltas (1989), Bhaduri (2003), Gardner (1994), Schummer (1997),
Williams (2002) among many others.
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The close interaction between S&T justifies the claim that making sharp distinctions
between the two fields is a rather complex issue. That is because each of the above criteria
cannot stand alone in order to discriminate the two fields in an absolute manner. However,
there is a consensus that the difference between the social purposes of S&T clearly
distinguishes the two fields: science aims at producing reliable knowledge about how
systems function; technology seeks to generate solutions to problems encountered by society
or to develop procedures or products that respond to human needs'. From a methodological
viewpoint, a consequent distinction is between core processes that are adopted for achieving
the purposes of S&T. Specifically, investigation (i.e., variable controlling) is a core process
in science, while design is a core process in technology (Lewis, 2006; NRC, 1996). The
differentiations in the social purposes between S&T serve as a least distinctive criterion that
is found to apply from the beginnings of the two fields until today. It goes without saying
that there is room for creativity and innovation in both domains.

For instance, the research that is being conducted within the various branches of
science with respect to climate change seeks to improve our understanding about the
complex interactions between a range of factors relevant to these phenomena, including the
variation in the ozone concentration in different regions of the atmosphere and the storage
mechanisms for carbon dioxide gas, and to build models with predictive and explanatory
capabilities. Contemporary technological activity in this same domain, seeks to design new
products for harnessing alternative energy sources (such as improved batteries for making
stored electricity accessible to cars over extended periods of time) in order to reduce human
impact on climate change (e.g., through a corresponding reduction in the widespread
emission of greenhouse gases). There is considerable technological activity involved in
designing new processes for electricity generation from wind or solar energy (making use of
long established scientific principles) and also in designing new methods for monitoring the
climate change and possible consequences. The invention of improved procedures and
techniques for providing advance warning of tsunami events are one example of a fairly

recent technological innovation.

13 On this see AAAS (1989), Agassi (1980), Arageorgis & Baltas (1989), Custer (1995), Gardner
(1993, 1994), ITEA (2000), Jones (2006), NRC (1996).
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3.4 Synopsis of the main ideas

Undertaking the task of exploring the historical background of the interrelationship between

S&T led to the following key ideas:

Even though S&T are two highly interacting fields it is possible to conceive them as
distinct fields that differ in certain respects. For instance sections 3.1 and 3.3.2
suggest a difference between S&T in terms of the purpose they are targeted at:
science could be conceived as the enterprise that seeks to generate reliable
knowledge; technology is the enterprise that seeks to respond to human needs by
developing solutions to problems. Consequently, the central processes that serve
these different purposes are also different: investigation is a core process in science;
design is a core process in technology.

S&T today, constitute two closely linked areas of human activity, which are strongly
interdependent, providing a scientific underpinning to modern technological
processes and a technological underpinning to modern scientific processes. More
specifically:

o Science contributes towards the development of technology through (a)
providing background knowledge (theories, laws, models) that could inform
and support the design of technological innovations, and (b) posing
challenges (to be seized by technology) regarding the design of novel
instrumentations (i.e., the instruments/procedures for measuring, monitoring
or controlling).

o Technology contributes to the development of science by: (a) facilitating
experimentation, through the provision of more reliable and accurate
techniques and instruments and (b) generating new research questions whose

treatment invites scientific inquiry.

We hold the view that articulating the above ideas contributes towards achieving the

purpose of the present study since these ideas guide the process of curriculum design for

promoting students’ awareness of the interrelationship between S&T with respect to framing

the teaching content.

4. The underlying rationale and a proposed structure for a teaching

approach

Despite its complexity, the issue of how S&T differ and relate to each other entails certain

aspects which could be usefully and productively addressed in school science, starting from
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the elementary school. Two of them, which are the foci of the teaching innovation we
elaborate in this section, include (a) the distinction between S&T on the basis of the nature
of the goals they pursue and the processes through which they seek to realize them and (b)
certain aspects of the interaction among the two fields, namely that science contributes
towards the development of technology by providing background knowledge (theories, laws,
models) that could inform and support the design of technological innovations, and that
technology contributes to the development of science by facilitating experimentation,
through the provision of more reliable and accurate techniques and instruments and also by

generating new research questions whose treatment invites scientific inquiry.

4.1. Underlying rationale of the activity sequence — Teaching transformations — Learning
objectives

As was elaborated in a previous subsection, despite the importance of the ability to
distinguish between S&T, it is the case that it does not typically emerge as an outcome of
conventional science teaching or students’ maturation or acquisition of experiences as
members of modern societies. Obviously, this discrepancy calls for teaching innovations. As
is the case with any attempts to transfer ideas about the NOS in school science, teaching
innovations often need to rely on teaching transformations seeking to align the complexity
of the targeted ideas with students’ cognitive resources. One challenge that is inherent in
attempts to devise teaching transformations for the NOS is how to avoid conflicts with
corresponding ideas that are widely accepted within the philosophy of science. That is,
despite being simplified and incomplete, the ideas that students are intended to develop
should have the potential to serve a productive role and should be amenable to further
elaboration at subsequent stages so as to become more sophisticated and epistemologically
coherent (Taber, 2008). In this section, we propose an activity sequence that has been
developed to serve as a teaching transformation for helping upper-elementary and lower

secondary school students appreciate key ideas of the interrelationship between S&T.

The design of the activity sequence has relied on insights from three directions: (i)
existing knowledge concerning the teaching and learning about the NOS (section 2), (ii)
insights from the history and philosophy of science with respect to the interrelationship
between S&T and its temporal evolution (section 3), and (iii) empirical data concerning
students’ ideas and difficulties about the distinction between S&T as reported in a specially
designed study (see Constantinou et al., 2010a) (section 2).

The learning objectives addressed by the activity sequence include the development

of students’ understanding about (a) the distinction between S&T in terms of the core
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objectives they are pursuing, i.e., understanding that science seeks to generate reliable
knowledge about how nature works, while technology strives to generate solutions that
address human needs and problems, (b) the distinction between S&T, in terms of the core
processes they rely on, i.e., investigation is a process employed for achieving scientific goals,
while design is a procedure applied for reaching technological goals, (c) the potential
contribution of science to the development of technology through the provision of a
knowledge basis that can support the development or the improvement of technological
innovations, (d) the potential contribution of technology to the development of science
through, firstly, the provision of better (more accurate and more reliable) measurement
instruments and experimental techniques and, secondly, the provision of new avenues for
scientific investigation.

The activity sequence introduces S&T as two purposeful social enterprises. Initially,
the goals and processes of the two fields are discussed separately while, at a subsequent
stage, an attempt is made to combine them so as to facilitate the exploration of their
interconnections. Additionally, the activity sequence incorporates activities that take into

account anticipated student difficulties so as to offer them guidance to resolve them.

4.2. Overview of the activity sequence

The TLS we have developed is situated in the context of lenses and optical instruments. We
deemed this as an appropriate context since it provides rich examples for the interplay
between S&T such as the case of the telescope (Chalmers, 1999; McComas, 2008). The
teaching approach we assumed draws on the Physics by Inquiry pedagogy (McDermott &
the Physics Education Group, 1996). In this approach, teaching does not include any lecture,
but is conducted through small autonomous, group investigations. Students work in groups
with the activity sequence supporting them to gradually formulate operational definitions
about S&T. Throughout the activity sequence students are systematically engaged in
explicit, reflective epistemological discourse'* with respect to the distinction between the
two fields and their interconnections. For most of the time, students work in groups of three
under the guidance provided by the activity sequence and the teacher. Specific points of the
activity sequence include discussions between each group and the teacher as well as some
whole class discussions. The activity sequence entails three sets of activities, as shown in

Figure 1.

4 For this see Akerson and Hanuscin (2007), Khishfe and Abd-El-Khalick (2002), Lederman (2007),
Peters (2012), Sandoval and Morrison (2003), Walker and Zeidler (2003).
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Figure 1. Structure of the activity sequence

4.2.1. Unit I: technological design process

In the first two Units students are assigned the role of 17" century researchers that work on
two independent projects. In the first Unit, students go through a design process in order to
develop a solution to a certain problem which involves the ability to make observations from
a distance. Specifically, this problem refers to the need of a doge to watch and track his game
from a distance so as to avoid disturbances. Within this mission, they are guided to identify
the problem and specify the specifications that should be provided by the solution (e.g.,
magnification of distant objects, light to carry, easy to use, etc). A discussion with the teacher
follows about what their mission is, the characteristics that should be possessed by the

solution, and the resources they need for reaching a good solution. Next, students study
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various information that are supposed to be found in a 17% century optical instrument library
concerning the use of lenses and mirrors (e.g., microscopes, periscopes, telescopes,
kaleidoscopes, etc) and they are asked to find a solution that fits the characteristics they had
specified. Once students decide the solution that best fits their specifications they discuss it
with the teacher. Next, the teacher provides them with instructions and materials that will
help them construct their own telescope. Afterwards, they are guided to use the telescope in
order to assess its ability to magnify distant objects (which is the main specification that their
solution should satisfy) and evaluate it by comparing with telescopes constructed by other
groups (each group is given different pairs of lenses so as to result in telescope models of
different magnifications). They are also asked to suggest changes that they might do in order
to improve their telescope and respond more effectively to their mission.

After this mission is completed, students are engaged in reflection on the process
they followed to address the problem they were confronted with (i.e., they undertake a design
project) and they were guided to identify core components of this process (problem
definition, formulation of specifications, data collection, suggested ideas/solutions, selection
of the best idea, construction of the solution, evaluation, revision). In the next instance, they
are engaged in generalizing these ideas by presenting them with descriptions of similar
research processes in different contexts and engaging them in the identification of
similarities with the process they followed. The aim of this latter activity is to help students
to abstract core ideas relevant to the design process.

In addition to focusing on the process, students are also provided with descriptions
of the goal pursued by various research projects and they are asked to identify goals that are
similar to the goal they are asked to addressed in the first mission (i.e., develop solutions to
human problems). At this point, the term ‘technology’ is introduced for the first time and it
is associated with the goal of developing solutions to human problems and the design
process. It is important to note that, at this stage, the design project that was implemented by
students did not rely on scientific knowledge (the contribution of science will be advanced
later on). This decision is made for two reasons. The first is that this allows attributing to
technology a possible self-existent status and partially addressing students’ difficulty in
viewing technology as applied science. Secondly, this could serve to avoid the premature
appearance of the science-technology distinction which would have perplexed rather that

enhanced students’ understanding of the issue at this stage.
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4.2.2. Unit II: Scientific investigation

Similarly, the second Unit seeks to help students appreciate the goal of science (i.e.,
generation of reliable knowledge) and recognize investigation as a process through which it
seeks to realize this goal. This is achieved through students’ engagement in structured
investigations that evaluate the potential influence exerted by various factors on the
magnification provided by a lens. This set of activities is carried out in terms of the students’
second mission, where they are trying to respond to Galileo’s need to improve his
understanding about how his telescope works. As was the case with the previous unit, the
role of technology and its relation to science was intentionally excluded from the discussion.
More specifically, students initially formulate operational definition about the focal length
of a convex lens (i.e., the distance between a lens and a piece of paper in which the paper
burns if the lens is placed between sunlight and the paper). Next, students carry out two
structured investigations in order to respond to questions posed by Galileo (“Does the
distance between an object and a lens influence the distance between a lens and its image?”,
“Does the focal length of a lens influence the dimensions of a very distant object’s image?”).
Next the teacher discusses with the students how the findings that emerged from their
experiments are connected to the operation of the telescope and they are asked to rely on
them for formulating instructions, to be sent to Galileo, on how to carry out experiments in
order to investigate whether the focal length of an objective or an eyepiece lens influences
the image produced by a telescope.

Next, students are supported to reflect on the process they followed through questions
that help them identify certain aspects as basic components of investigation (formulate
investigable question in the form “Does factor A influence factor B?”, carry out the
experiment (change factor A, measure factor B, keep constant all other factors that might
influence), record results, answer the investigative question). They are also guided to
generalize the objective served by such research processes (i.e., develop understanding about
how nature functions) by providing them with various research goals of other projects and
asking them to identify those that are similar, in nature, with the goal they addressed
themselves. At this point, the term ‘science’ is introduced for the first time and it is connected
with the goal of producing reliable knowledge about how nature works and the investigation

process.

4.2.3. Unit I1I: Distinctions and relationships between S&T
After reaching consensus about the goal and core processes of each domain, students are

gradually introduced to certain aspects of how S&T interact. This Unit begins with engaging
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students in a discussion on the differences between S&T. Specifically, they are asked to
compare and contrast the two research projects that they were engaged with, in terms of their
goal and the process through which they seek to realize them. Students are guided to construe
the nature of the goal (production of new knowledge versus identification and development
of solutions to certain problems) and the core process for realizing goal (investigation versus
design) as two ways of distinguishing between S&T.

Next, students review narratives that have been specifically formulated so as to depict
examples of interaction between S&T'°. Those narratives are presented as parts of a fictitious
diary that was supposed to belong to Galileo and students are asked to identify examples of
scientific and technological activities and also identify instances in which science
contributed to the development of technology, or vice versa. This is intended to help students
appreciate the bidirectional relationship between S&T. Examples of these excerpts are

shown in the following Figure.

[...] “Since I was informed about the existence of telescopes, I am very curious in
understanding how a telescope functions so as to magnify distant objects. How do its
lenses function? Does the focal length of a lens influence the magnification of the
telescope? Tomorrow morning I will do some investigations with different lenses so as
to explain how the telescope works...”

“Today I carried out two investigations. In the first, I investigated whether the focal
length of the lens influences its magnification, i.e., how many times a distant object is
magnified. I constructed telescopes with different objective lenses. I used them to
observe the Moon and I calculated the magnification for each telescope. I reached the
conclusion that the longer focal length of the objective lens, the bigger the objects
seemed. In a similar manner, I carried out a second investigation [...] From the results I
concluded that the smaller the focal length of the eyepiece lens, the higher the
magnification.”

“Dear diary, the conclusions from yesterday’s investigations have helped me in deciding
which lenses I should use in order to make a strong telescope™ [...]

“During the last few nights [ used my telescope in order to observe the stars. To my great
surprise, I observed various things that are not visible by the naked eye. I observed that
the Moon’s surface is not smooth but consists of mountains, valleys and many craters.
Also, I noticed that the shape of planet Venus changes each night just like the Moon does.
I even saw that planet Zeus has its own moons and not one, but four! I will continue my
observations because now I am even more interested in understanding how the planets
move.”

Figure 2. Excerpts from the “Galileo’s diary” that was used by students to investigate the
relations between S&T

15 For this see Abd-El-Khalick and Lederman (2000b), Irwin (2000), Olson et al. (2005), Rudge &
Howe (2009), Solomon et al. (1992), Straits and Nichols (2007).
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5. Discussion — Teaching and curriculum design implications

Possessing an adequate understanding concerning how S&T differ and interrelate has
implications on various issues including citizens’ ability to meaningfully participate in the
public debate over socio-scientific issues and make informed choices on their future careers.
In this study we have illustrated a teaching proposal for raising young learners’ awareness
of the interrelationship between S&T. A major source of input that was assumed and
employed in designing the TLS was the history and philosophy of S&T. Specifically, we
have undertaken the task of mapping the various perspectives expressed in the relevant
literature on the relation between S&T with a view to use this body of information for
guiding the curriculum development process. The study’s main contribution is twofold.

The first relates to highlighting the potential of using inputs from the history and
philosophy of science on perspectives of the interrelationship between S&T. This serves as
a useful tool for facilitating and supporting attempts to develop teaching and learning
materials that address NOS issues. Specifically in our case, exposing the perspectives of the
interrelationship between S&T through the lens of history has revealed the complexity
inherent in the whole issue and especially in pursuing clear distinction between these two
fields in the context of contemporary interdisciplinary research fields. This analysis has
provided valuable insights that have largely informed the development of the activity
sequence. Specifically, it served towards clarifying core ideas and, hence, it informed
decisions relevant to the formulation of learning objectives and to the design of the activity
sequence so as to be based on appropriate transformations of the actual content of the
interrelationship between S&T. For example, mapping the historical background of the two
main perspectives of the interaction between S&T (TAS and materialistic perspective) has
contributed to the identification of certain ways in which advancements in one field
contribute to the development of the other, which were taken into consideration for the
formulation of the corresponding learning objectives.

At the same time, the lessons learned from mapping the historical background around
the certain perspectives of the interrelationship between S&T served to articulate the
teaching transformation, by identifying the constraints that is bounded with and ensuring its
potential to be elaborated at subsequent stages so as to address these constraints and become
more closely aligned with how S&T are construed in the corresponding academic fields. For
example, it is the case that ascribing technology and science with a self-existent status in
Units 1 and 2, respectively, seems rather inaccurate and incapable of capturing the

interdisciplinary nature of contemporary technological and scientific research. However,
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despite this limitation, it has to be stressed that this approach provides an appropriate starting
point for facilitating the discussion on the interrelationship between S&T: it enables students
to familiarize themselves with fundamental characteristics of each field individually (i.e.,
the goals they are pursuing and the core processes they rely on in realizing these goals),
which is a prerequisite for explicitly engaging in epistemological discourse about differences
and connections between S&T. This initial approach could be further elaborated at
subsequent stages so as to incorporate additional aspects of the corresponding issue and shift
to a more informed account (Taber, 2008). At this point, in addition to its potentially
productive function, it is also interesting noticing the compatibility between this approach
and the corresponding historical perspective that is evidenced in section 3.1 concerning the
initial independence between S&T. Even though the discussion about the value of drawing
on history and philosophy of science as a resource for curriculum development has been
restricted to a specific aspect of the NOS (i.e., the interrelationship between S&T), it is
important noting that this could be generalizable to any attempt to devise curriculum
materials for addressing learning objectives relevant to the NOS.

The second contribution of the present study relates to the proposal of the structure
of a teaching innovation for addressing this issue with elementary students. Despite the wide
recognition of the importance of helping students develop epistemologically informed views
about the NOS'® this learning objective typically receives scant attention in conventional
teaching practice in science and there is a need for relevant research-based teaching
innovations for integrating explicit aspects of the NOS (Lederman, 2007; McComas, 2002;
Sandoval & Morrison, 2003), especially in the case of the elementary and middle school
grades (Akerson & Volrich, 2006; Kang et al., 2005). The present study contributes towards
meeting this need by proposing an activity sequence for developing students’ awareness of
a specific NOS aspect, namely the interrelationship between S&T.

Future steps of the current research project include the implementation of the activity
sequence in classroom environments with a view to evaluate its effectiveness through

appropriate instrumentation and to further promote its learning objectives.

16 For this see AAAS (1989), Driver et al. (1996), Kang et al. (2005), Lederman (2007), NRC (1996).
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CHAPTER III

Teaching aspects of the interrelationship between
science and technology: a research report on the design,

enactment and evaluation of a teaching proposal

Abstract

Helping upper-elementary and lower-secondary school students develop an awareness of
various aspects of the nature of science and technology is a widely recognized goal of science
teaching. In this study we focus on the interrelationship between S&T. We report on the
design development, implementation and evaluation of a TLS that combines hands-on
activities in geometrical optics with EED for reflection purposes. The design of the TLS
drew on perspectives from inquiry-oriented and design-based teaching and learning
frameworks. The enactment of the sequence involved an intact class of upper-elementary
school students. We present indicative results from written closed-ended and open-ended
tasks and follow-up semi-structured interviews about students’ understanding of the
difference between the overarching goals of S&T. The results illustrate elementary students'
readiness to engage with epistemic issues and demonstrate possibilities in prompting young
learners’ ability to develop informed awareness of the nature of S&T. The results also
provide feedback for the revision of the TLS so as to further enhance its effectiveness in
achieving the stated learning objectives. We discuss implications for the teaching of nature

of S&T ideas and for the design and validation of TLSs.

Keywords

teaching-learning sequence; nature of science; explicit epistemological discourse; science

and technology
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1. Introduction

Whilst the Nature of Science (NOS) and Nature of Technology (NOT) as educational
constructs are recognized as core learning objectives of S&T education and an components
of scientific and technological literacy (AAAS, 1989; Driver et al., 1996; ITEA, 2007; Kang
et al., 2005; Lederman, 2007; McComas & Olson, 2002; NRC, 1996, 2012; Taber, 2008
among many others), conventional science/technology teaching practices pay inadequate
attention to this goal. More research is needed, both for clarifying pending issues relevant to
teaching and learning about NOS/NOT and for exemplifying illustrations of effective
teaching innovations (Lederman, 2007; Sandoval & Morrison, 2003), especially in the
upper-elementary and lower-secondary school grades (Akerson & Volrich 2006; Kang et al.,
2005).

Our study responds to this need with a focus on a scarcely investigated aspect of
NOS/NOT, namely the interrelationship between S&T. The interrelationship between S&T
is of contemporary interest because of the societal need to make better use of the results of
research in innovation and entrepreneurship. Science education can contribute towards
laying the foundations for an appreciation of this priority by promoting student
understanding of the distinction as well as of the connections between S&T (Jones &
Buntting, 2015; McComas, 2008; Osborne et al., 2003), which are recognized as one aspect
of NOS/NOT (Constantinou, et al., 2010a; Hadjilouca, Constantinou & Papadouris, 2011;
McComas, 2008; Osborne et al., 2003).

It is questionable whether we could or should engage teenage students in drawing
sharp distinctions between S&T. However, we do draw on the premise that trying to think
about this distinction can lead to a better understanding of what can clearly be classified as
Technology and what can clearly be classified as Science, as well as how the two
interconnect, feeding from each other through a dynamic interaction. The study investigates
sixth graders’ ability to develop an awareness about this topic through a specially designed
TLS. The TLS focuses on explicitly promoting learning objectives concerning the
appreciation of the main aspects of the interrelationship between S&T, such as the different
overarching goals of Science or Technology, the different fundamental processes pursued

by S&T and fundamental ideas relating to the connections between S&T.
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2. Theoretical framework: developing NOS/NOT awareness about the

interrelationship between S&T

2.1 Proposed ways for teaching NOS/NOT
Research on assessing and promoting NOS/NOT understandings has led to consensus that
such awareness does not develop intuitively, but needs to be explicitly addressed (Akerson
et al., 2000; Driver et al., 1996; Lederman, 2007; Papadouris & Constantinou, 2017). This
is empirically supported by studies that assess students’ views of the distinction between
S&T in particular (Constantinou et al., 2010a), as well as students’ understandings of other
NOS aspects (Kang et al., 2005; Lederman, 2007). All of these studies conclude that
students’ understandings about NOS/NOT do not emerge as a result of their interaction with
conventional science/technology activities. Additionally, empirical research reports with
classroom enactments where NOS was explicitly addressed, support the need to explicitly
treat NOS, like all objectives of science learning, through purposefully designed activity
sequences (Khishfe & Lederman, 2006; Lederman, 2007; Sandoval & Morrison, 2003).

Explicit teaching of NOS refers to purposefully planned group discourse activities
that draw students’ attention to epistemic issues (Oliveira et al., 2012). Prior research on
investigating explicitness in NOS teaching examines the role of systematically engaging
students in reflective and structured discussions. Relevant literature suggests that embedding
such EED improves NOS understanding (Clough, 2006; Lederman, 2007; Sandoval, 2003).
However, this approach has not been examined with respect to the interrelationship between
S&T.

Research reports suggest three possible types of activities for explicitly promoting
NOS understandings in science teaching/learning. These three types vary depending on the
extent and type of integration with other aspects of science learning. The first type, suggests
nonintegrated/de-contextualized activities wherein the elaboration about NOS is
disconnected from the science topic under study (e.g., Lederman & Abd-El-Khalick, 2000;
Bell, 2008); the second type refers to integrated/contextualized activities that embed
epistemic aspects of science in the same activities that are intended to elaborate the
conceptual aspects of the scientific context (e.g., Khishfe & Lederman, 2006; Walker &
Zeidler, 2003; Zeidler et al., 2002); the third type pertains to studying episodes drawn from
the history of science with a view to abstract epistemic ideas (e.g., Clough, 2011; Kim &
Irving, 2010; Rudge & Howe, 2009; Solomon et al., 1992).

These approaches have not been extensively studied yet and further research is

needed on their relevant effectiveness. Notably, only three comparative studies reported
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heretofore, compare integrated and non-integrated approaches (Bell et al., 2011; Khishfe &
Lederman, 2006; Peters, 2012). The results of these three studies do not clearly suggest the
adoption of a single approach, since moderate improvements in students’ NOS awareness
were found in all types. We have been unable to identify studies that compare the
effectiveness of promoting NOS understandings through stories from the history of science
and the use of the integrated or the nonintegrated approach. Our study is mainly aligned with

the integrated approach, although it embodies episodes from the history of science.

2.2 Why is an awareness of the interrelationship between S&T important?

Focusing on the interrelationship between S&T is justified for various reasons, also
elaborated elsewhere (Constantinou et al., 2010a; Hadjilouca et al., 2011). The most
important of these can be summarized as follows: Firstly, as previously mentioned, it is
recognized as one aspect of the NOS/NOT (McComas, 2008; Osborne et al., 2003).
Secondly, it has not been adequately studied heretofore, especially in the case of K-8 school
students (Akerson & Volrich, 2006; Kang et al., 2005). Thirdly, appreciating the potentials
and constraints of S&T is essential for developing the ability to effectively engage with
socio-scientific issues (Sadler et al., 2005), which is a recognized, important component of
both scientific and technological literacy (AAAS, 1989; Jones, 2006; ITEA, 2007; Kolstg,
2008; Sandoval, 2005). Fourthly, new knowledge in this area could inform and facilitate
attempts to devise mechanisms for increasing students’ interest towards S&T courses (Gago,
et al., 2004; NSF, 2003; OECD, 2006) and it could offer them guidance on future careers
(Jones & Buntting, 2015). Particularly, it could help the education system encourage students
to make more informed decisions and in turn, increase the likelihood for successful career
choices. Finally, prevalent conceptions about S&T are important for efforts to communicate
publicly their role in society and the outcomes of the various policy procedures for
developing funding priorities. For instance, the level of public support for an innovation
system in close symbiosis but distinct from the science system, and also closely related with
financial investment mechanisms, is directly related to the level of public understanding of

the differences between S&T and the diverse roles they play in economic development.

2.3 Operational definitions for this research

S&T are two highly interacting fields of social activity. Nevertheless, it is possible to
consider them as distinct domains. A fundamental difference between S&T, which is the
focal point of the enactment reported in this study, relates to the difference in the orientation,

1.e., between the overarching goals that the two field pursue: Science is the enterprise that
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seeks to generate reliable knowledge; technology is the enterprise that seeks to respond to
human needs by developing solutions to problems (AAAS, 1989; Arageorgis & Baltas,
1989; Constantinou et al., 2010a; Bybee, 2011; Gardner, 1994a; ITEA, 2007; Jones, 2006;
NRC, 1996). Furthermore, from a methodological viewpoint, another distinction refers to
the core processes adopted for achieving the different goals of S&T. Specifically, controlled
experimentation or, more broadly, investigation is a core process in science, while design is
a core process in technology (De Vries, 2009; Jones & Buntting, 2015; Lewis, 2006; NRC,
1996, 2012; Constantinou et al., 2010a).

Controlled experimentation'” is a specific methodology employed in scientific
research with the objective “to test hypothesized links of causation or functional
relationships, that is, tentative explanations” (Gyllenpalm & Wickman, 2011, p.4). This
methodology could be enacted when studying causal relationships between variables that
might be involved in a phenomenon. It includes the performance of a specific planned
change in a system and the study of its effects, while simultaneously as many extraneous
variables as possible are kept constant (Beveridge, 1961). Controlled experimentation can
be thought of as one approach to scientific investigation. An understanding of controlled
experimentation combines both conceptual and procedural aspects, which are important
facets of scientific thinking (Duggan & Gott, 1995).

In this simplified transformation, the methodological aspects of technology can be
described by the construct of design. Design rests on a set of attributes that can be iteratively
combined in order to devise a solution to a problem, that corresponds to an end product or a
process, which satisfies certain specified requirements. Such attributes include the
following: Definition and representation of the problem, formulation of specifications,
search for relevant information, brainstorming of ideas and planning, selection of the best
idea, development of a model of the selected solution, test and evaluation of the model of a
solution, refinement, usability test, communication of results (ITEA, 2007).

It is important to recognize that the processes employed in S&T are much more
complex and obviously not restrained exclusively to controlled experimentation or design,
respectively. Nevertheless, these two processes are core representative features of the two
domains and therefore can serve as starting points for teaching about the distinction between

S&T (Hadjilouca et al., 2011).

17 Also reported as control of variables strategy (D. Klahr, D. Kuhn), design and conduct of scientific
investigations (D. Kuhn, N. Lederman), experimental design (N. Lederman).
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Developing awareness about the interrelationship between S&T posits an interesting
challenge for S&T education. Given the complex nature of both enterprises, their
interconnections and mutual influences are predictably elaborate. For the purposes of school
teaching and learning, the following simplified account provides a structure for rich and
fruitful development: S&T constitute two closely linked areas of human activity, which are
strongly interdependent, providing a scientific underpinning to modern technological
processes and a technological underpinning to modern scientific processes. Specifically,
science contributes to the development of technology through (a) providing background
knowledge (theories, laws, models) that inform and often guide the design of technological
innovations, and (b) posing challenges (to be seized by technology) regarding the design of
novel processes or instrumentation (i.e., the instruments/procedures for measuring,
monitoring or controlling). Respectively, technology contributes to the development of
science by (a) facilitating experimentation, through the provision of more reliable and
accurate methods and instruments and (b) generating new research questions for scientific
inquiry.

The TLS developed in this study for promoting upper-elementary school students’
awareness of the interrelationship between S&T, emphasizes on these dual ideas: mutual

support and interacting requirements between S&T.

3. Research questions

In this study we wanted to focus on students’ understanding of the difference between the
overarching goal of science and the overarching goal of technology. Specifically, we sought
to investigate the following research questions:

(a) To what extent can upper-elementary school students improve their understanding about
the different overarching goals of S&T through a specially designed TLS that combines
inquiry-oriented and design-based activities integrated with explicit NOS/NOT discourse?
(b) What difficulties do upper-elementary school students encounter in their attempts to

develop an understanding of the difference between the overarching goals of S&T?

4. Development of the teaching proposal

The research followed a technological design process that included: a) initial design of the
activity sequence, b) enactment with a class of sixth grades, ¢) pre-post tests and follow-up
interviews for assessing students’ understanding, d) data analysis, ) refinement of the

activity sequence based on the results. This process is shown in the figure below.
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Figure 3. Development of the teaching proposal

4.1 Formulating the Learning Objectives (LOs)

The first stage of the development of the TLS involves the formulation of LOs. Specifically,
the LOs include elaboration on the following two aspects of the interrelationship between
S&T: (a) the differences between S&T on the basis of the nature of the overarching goals
they pursue and the central processes through which they seek to realize them and (b) certain
aspects of the interaction among the two fields, namely that science contributes towards the
development of technology by providing background knowledge (theories, laws, models)
that could inform and support the design of technological innovations, and that technology
contributes to the development of science by facilitating investigation, through the provision
of more reliable and accurate techniques and instruments and also by generating new

research questions whose treatment invites scientific inquiry.

4.2 Designing the activity sequence

4.2.1 Inputs

This initial design was based on two types of input: theoretical and empirical. The first,
concerns the review of literature from relevant areas from the History and Philosophy of
S&T such as facets of the interrelationship between S&T and from Science Education such
as proposals for teaching NOS topics, approaches used for assessing students’ NOS
understanding and methodological issues in curriculum development. A previous study was

concerned on this type of input (Hadjilouca et al., 2011). The second, concerns empirical

39



input about of various aged students’ ideas and difficulties about the distinction between

S&T, again investigated in a previous research (Constantinou et al., 2010a).

4.2.2 Rationale and overview of the activity sequence

The teaching approach enacted applies the "physics by inquiry" pedagogy (McDermott &
the Physics Education Group, 1996). In this approach, teaching does not include any lecture,
but is conducted through small autonomous, group investigations, where the teacher
facilitates learning through posing questions and probing students’ reasoning. For most of
the time, students work in groups of three under the guidance provided by the activity
sequence and the teacher. Specific points of the activity sequence include discussions
between each group and the teacher as well as some whole class discussions. Throughout
the activity sequence students are systematically engaged in explicit, reflective
epistemological discourse with respect to the LOs, so that they gradually formulate
operational definitions about the S&T. For the design of the first set of activities, students
used a web-based environment, while the rest of the activities were based on using
worksheets and experimenting with real materials.

The rationale of the TLS involved the gradual implementation of the orientation and
the main methodology introduced in each of the two fields and at a later stage the expansion
on explicit study of connections between S&T. Additionally, the TLS included purposely
designed activities so as to manage expected students’ difficulties and to support students
for overstepping them through discussions of each group with the teacher and whole class

discussions.

4.2.3 Conceptual context and activity structure of the TLS

Lenses and optical instruments are the conceptual context for addressing the LOs and
historical episodes from the history of the telescope are included. Lenses and optical
instruments is considered as an appropriate context for situating the TLS, since it provides
rich examples of the interplay between S&T, such as the case of the telescope. The activity
sequence entails three sets of activities, as structured in the following figure and in the
following paragraphs. More detailed information on the rationale of the combination of
inquiry-oriented and design-based activity sequence can be found in Study 1 (Hadjilouca et
al., 2011). The present study is the first attempt to apply the rationale and explore its
effectiveness with respect to promoting the LO about understanding the distinction between

the overarching goals between S&T.
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Figure 4. Structure of the activity sequence

The above conceptual structure of the TLS is an overview of the activity sequence.
According to this, students learn by doing and reflecting while engaging in explicit
epistemological discourse, through sets of activities.

In the first set (Unit 1), students go through a design process in order to develop a
solution to a certain technological problem (i.e., to help a hunter so that he can watch and
track his game more easily). Afterwards they are supported to reflect on the process they
followed and, in the next instance, they are given descriptions of a similar design process in
a different context with a view to help them identify certain aspects as basic components of
technological design. They are also guided to generalize the objective served by such design
processes (i.e., develop solutions to human problems) through providing them various

research goals and asking them to identify cases where a research goal is similar to theirs or

41



not. At this point, the terms of ‘technology’ and ‘design’ are introduced for the first time and
the field of technology is connected to its overarching goal and central process.

The second set (Unit 2) includes activities where students experimentally study
factors that influence the magnification of lenses. Afterwards, similar to Unit 1, the activities
seek to scaffold students to reflect on their activities and gradually generalize the goal of
science (i.e., generation of reliable knowledge) and recognize investigation as a process
through which it seeks to realize this goal.

In the first part of Unit 3, students are asked to compare and contrast the two research
projects (Science and Technology projects) they accomplished in terms of the ways they
worked and therefore appreciate two possible ways of distinguishing S&T; the nature of the
aims they targeted at and the processes through which they enacted them.

In the second part of Unit 3, students review case studies from the history of the
development of the telescope and they are guided to identify situations in which science
contributes to the development of technology, or vice versa. This is intended to help students

appreciate aspects of the bi-directional relationship between S&T.

4.3 Specifying processes for evaluating the effectiveness of the TLS in promoting
understanding of the different overarching goals between S&T (Evaluation tasks)
Participants were an intact class of 17 sixth grade students aged 10-11 years old of a public
elementary school. The TLS was enacted in the context of their S&T classes for a period of
five weeks in which students met with the teacher/researcher for twelve 80minute sessions.

Before and after the enactment, students were assessed through forced-choice and
open-ended tasks. In addition to this, ten of the students also participated in follow-up
pre/post semi-structured interviews (protocol is attached in Appendix D). In this study we
only report results from two of the written tasks, one quantitative and one qualitative, which
assessed students’ understanding of the distinction between the overarching goals of S&T.
We also report results from the interviews.

The first evaluation task (attached in Appendix B) involved completing two tests that
were designed so that their items work in parallel and they were administered sequentially
in one session. Each of these tests consisted of 32 multiple choice items, with each item
describing the main objective of a certain research project. Students were asked to categorize
these descriptions using a given criterion. In the first test (formal terminology, FT), they
were asked to determine whether the stated objective of each project was more closely
aligned with the goal of science, technology or neither. In the second test (elaborated

definitions, ED), they were asked to differentiate between projects whose objective either
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involved the improvement of our understanding with respect to the behavior of some aspects
of the natural world (e.g., We examine whether microwave ovens are dangerous for our
health and also what sort of problems they might cause), or the development of solutions to
problems encountered by society (e.g., We try to make filters to absorb polluting fumes that
are emitted from factory chimneys), or neither of these two goals (e.g., We are trying to
decide the best location to build a desalination plant). Noticeably, these two sets of criteria
are equivalent in that the second set draws on the core objectives of S&T. Underpinning the
combined use of FT and AD tests is the idea that students who are in a position to
differentiate between S&T in terms of the objectives that both fields pursue, would respond
to both tests in a similar manner. Thus, the correlation of students’ responses to the two tests
was anticipated to assess their awareness of this specific aspect and, hence, provide a
measure of their understanding of the distinction between S&T, in general.

The second evaluation task concerns an open-ended question that was completed at
the end of FT test (before ED) and asked students to come up with a general statement on
how one could determine whether a research project seems either technologically or
scientifically oriented.

Follow-up semi-structured interviews with 59% of the participants, were intended to
help us describe students’ reasoning and identify possible epistemic or other difficulties
hampering their learning pathways. Each interviewee was asked to respond (for a second
time) to a selected sample of items included in the two written tests of the first evaluation
task and next explain his/her reasoning. Additionally, whenever the interviewer identified
inconsistencies (e.g., cases in which interviewees provided incompatible responses to the
various items or responded differently as compared to the written test), she explicitly
confronted students with these discrepancies and asked them to elaborate on them. These
interviews are intended to provide a more detailed account of the reasoning underlying the
student responses. This is also anticipated to inform our interpretation of data from the open-
ended question of the FT test, in which students are explicitly asked to explain their

reasoning (Lederman et al., 2002).

5. Enacting the TLS and evaluating its effectiveness - Results

5.1 Students’ understanding of the distinction between the overarching goals of S&T
The effectiveness of the TLS in scaffolding students to appreciate the distinction between
the overarching goals of S&T is evaluated through various measures: One such measure is

the correlation coefficient r between the scores in the FT and ED tests (7.=0.351, ppr=0.167
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and r,05=0.715, ppos=0.001). After the enactment, the correlation coefficient was higher and
statistically significant, while the opposite was found before the enactment.

Another measure pertains to students’ performance in each of the two tests before
and after the enactment. Paired samples T-test'® yielded statistically significant differences
in students’ performances for both tests before and after the enactment, (FT test: #(16)=2.124,
p<0.05, ED test: #(16)=5.491, p<0.001), with large effect sizes (rr7=0.468, rep=0.808).
Therefore, students’ response to the two tests and therefore their appreciation of the

distinction between S&T changed as a result of the enactment.

Table 2
Students’ responses to the question ‘How do you determine whether a given research project
is more scientifically or more technologically oriented?’

o . n=17
Description of category Typical student responses pre Post
0  Irrelevant answers — No ‘In science we do scientific stuff and in 72
response technology we do technological stuff.’
1  Inadequate or ambiguous ‘Technology is something that develops, while 6 6
discrimination science is something that we discover.’
2a Discriminating based on ‘A project belongs to science when we do an 1 0
the methods that appear experiment. A research project belongs to
in each domain technology when we construct something.’

2b Discriminating based on ~ “When it contains terms that relate to nature, the 1 0
the object of study in research belongs to the field of science. But
each domain when it relates to inventions made by people,
then it belongs to the field of technology.’

3 Discriminating based on ‘A project belongs to science when it deals with 2 9
the goal of each domain natural phenomena and studies them in depth
to establish conclusions. A project belongs to
technology when it tries to find solutions to
address human problems and improve our
life conditions.’

Data collected through the open-ended task were exposed to phenomenographic
analysis (Marton & Booth, 1997; @stergaard et al., 2008) in order to formulate ordered
categories of responses. The categories are shown in the table above and each one is
illustrated through a typical student response along with frequencies found before and after

the enactment. In the lower (zero) level, we have irrelevant or no responses. In the first level

'8 The appropriateness of this parametric test was warranted through ensuring equal interval scaling
in the FT and ED scores, on scales developed with Rasch model (Boone & Scantlebury, 2006) as
part of a previous study (Constantinou et. al., 2010a) that evaluated intact students’ awareness on
the same issue (N=393).
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we have grouped responses with inadequate or ambiguous discrimination. In the second level
we have 2 subcategories, where the responses discriminate between S&T based either a) on
the methods that appear in each domain, either b) on the object of study in each domain. In
the third level, we have responses that discriminate between the two fields in a desirable
manner, i.e., based on the goal of each field. This particular categorization was formulated
in the context of a previous research that investigated students’ ideas with a larger sample
(Constantinou et al., 2010a) and it was applied in this case too.

The comparison of students’ responses before and after the enactment, shows an
important increase in the number of responses that fall under the first category, which
expresses the responses that distinguish between the scientific and the technological goal in
a valid manner and simultaneously decrease in the rest of the categories except category 1

that remained constant.

5.2 Difficulties encountered by students in their attempts to develop an understanding of
the interrelationship between S&T

As mentioned before, the follow-up interview data intended to help in making students
reasoning more clear and identify difficulties that hamper their ability to distinguish between
the main orientation of science and the main orientation of technology. Our effort was
informed by similar data collected in a previous study with a larger sample (N=183) of
students of the same age level from intact classes (Constantinou et al., 2010a). The
difficulties identified in the current study are organized in three groups according to whether
they mainly relate to (a) the NOS, (b) the NOT or (c) the interaction between S&T. The
grouping serves as a means to organize the presentation of the results and does not imply
that difficulties in one category are mutually exclusive from the difficulties in the other
categories.

One of the difficulties that in the first (NOS) group emerges from the conception of
decision making as a practice that it is exclusively done by scientists. For example, two
students that classified a research project that seeks to decide on the most appropriate
location for a new desalination plant under the main goal of science justified their decision
‘because it pertains to activities that scientists need to do before building the plant’ and
‘because this is a decision to be made by scientists’.

Another difficulty concerns students’ belief that producing knowledge does not
present a worthwhile task unless this knowledge contributes to the common good, by
providing solutions to social problems. Typical quotes that indicate this difficultyare: ‘We

do research in science when we try to find the solution to a problem.’ and ‘Science is when
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the researcher studies various situations in order to come to some conclusions that will be
used for improving our life’. Although this instrumental view of knowledge, is useful from
the perspective of the public appreciation of science, it ignores worthwhile scientific areas
of basic research and disorients from the quest to appreciate the distinction between the
overarching goals of S&T.

The third difficulty relevant to the NOS refers to students’ lack of understanding with
respect to the role of experiments in science. Students with this difficulty view that
experiments are carried out only in the realm of science and, hence, any project that refers
to experiments necessarily falls under science. For example, a student said that ‘when the
project includes experiments conducted in a lab, then it’s science’.

Equating the mere use of scientific knowledge with the practice of science per se was
another difficulty relating to NOS. These students failed to appreciate the distinction
between generating scientific knowledge and drawing on scientific knowledge, which any
literate citizen might be expected to do. A quote illustrating this difficulty was: ‘I believe
that this is an example of research in science because the researchers are collecting and
using various scientific information received by the weather instruments’.

A further difficulty of this category relates to the unarticulated exclusive notion of
the term ‘natural world’. This difficulty was obvious in students’ failure to conceive of
technological constructs as entities that, despite being artificial, still obey the laws of the
natural world. Typical quotes which illustrate this difficulty are: ‘scientists are studying
natural objects, therefore here where they study about the cars' emissions it cannot be a goal
of science’; ‘It's a scientific goal because they are trying to make changes in foods. It's not
a goal of technology because it doesn't relate to constructions, cars etc’.

The last difficulty in this category adopts the view that when a research goal is a
novelty —regardless if it relates to an effort for understanding or to a solution— then it
concerns a goal mainly aligned to science. Some typical to this difficulty quotes are: ‘It is
science because it is about a topic we know little things and we need to discover it’; ‘It's a
scientific goal because it concerns something that no one else has ever studied.’; ‘This
research goal is scientific because it tries to discover something new, that is not written
somewhere... it's not technological because technology is concerned with things that already
exist and technological research tries to improve them’.

The second group consists of three difficulties, which are connected to the NOT. The
first concerns the confusion between using technology and doing research in technology.

This difficulty, is illustrated in the following quotes: ‘It is technology when we use
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computers.’ and 'lf the use of machines is involved in this research, then we are talking about
technological research.’

The next difficulty relates to students’ failure to appreciate creativity as an integral
component of research in technology and solely attribute this to science. This is
demonstrated in the following quote from a student’s response in the following interview
quote: ‘Technology relates to machines and constructing something we already knew how
to do, while science relates to thinking and finding ways to construct something’.

The last difficulty that relates to the NOT is the view of decision making as a problem
solving process and hence, an example of technology. For example, a student said that
‘determining the most appropriate location for the new water desalination plant belongs to
technology, since it's a problem solving situation’. This difficulty also indicates students’
failure to identify design (of products or processes) as a core process in technology (De
Vries, 2006).

The third group consists of two difficulties that are concerned with students’ failure
to appreciate the interaction between S&T. The first relates to students’ tendency to
differentiate between the two fields depending on whether they refer to either natural
(science) or artificial (technology) entities. The following statement was commonly
mentioned in similar words and is revealing of this difficulty: ‘I chose the technology goal
because it has to do with an artificial thing, such as microwave ovens, while scientific goals
relate to things found in nature that are not artificial, such as water’.

The second difficulty relates to the view of technology only as applied science, where
science corresponds to the theoretical knowledge, while technology corresponds to the
application of this knowledge. This is demonstrated in the following statements of two
students: ‘Science is more important than technology. Technology usually needs science’;
‘Scientists will try to think of a solution to a problem and technologists will try to put this
solution into practice and construct the solution of the problem.’

All difficulties identified and their corresponding frequencies before and after the
enactment are presented in Table 3. The frequencies report how many of the interviewees
were identified to face each difficulty through their interview responses.

Comparing the frequencies of the difficulties before and after the enactment is an
additional measure for evaluating the TLS's effectiveness in promoting the LOs and
therefore provides useful insights about improving the activity sequence for future use.
According to the frequencies reported in Table 3, nine difficulties were identified before the
enactment, seven of which, were either disappeared (D2, D4, D7, D9, D10) or appreciably

reduced (D1, D3). D11 concerning the view of technology as applied science was slightly
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reduced after the enactment (Npre=4, Npos=3). D8 concerning the failure of appreciating

creativity as an integral part of technological research was slightly increased (Npre=2,

Npost:4) .

Table 3

Difficulties that hamper students’ attempts to differentiate between S&T

Pre Post
Description of difficult
P g (N) (N)
Difficulties related to the NOS

D1 Decision making is conceived of as a practice that falls in the realm of S 2 1
and it 1s practiced by scientists.

D2 Failure to appreciate the effort to understand natural phenomena as a 6 0
worthwhile research goal in its own right, unless it has an ultimate goal to
solve problems in society.

D3 Lack of understanding with respect to the role of experiment in knowledge 8 1
development. Experiments only concern S and scientific research is always
based on experiments.

D4 Failure of appreciating the distinction between generating scientific 1 0
knowledge and drawing on scientific knowledge. The mere use of scientific
knowledge is identified with the practice of S.

D5 There is a sharp distinction between the natural and the constructed world. 0 2
Technological artefacts are made by humans and hence don’t not fall under
the realm of the laws of nature.

D6 When the research goal is a novelty —regardless if it relates to an effort for 0 9
understanding or to a solution— then it is aligned with scientific research.

Difficulties related to the NOT

D7 Confusion between using technological products and doing research in T. 1 0

D8 Failure to appreciate creativity as an integral part of technological research. 2 4

D9 Decision making is a problem solving process and hence, an example of T. 9 0

Difficulties related to the interactions between S&T

D10 The study of nature and natural objects solely interests scientific research,
while the study of artificial entities only interests technological research. 4 0

D11 View of technology only as applied science: S is the theoretical knowledge,

T is the application of such knowledge. 4 3

Interestingly, after the enactment two new difficulties were identified. One of them,

concerns students’ weakness in conceiving technological constructs as entities that, despite

being artificial, still obey the laws of the natural world (D5, Npre=0, Npost=2). This difficulty
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was also identified in a previous study with students of various age groups, including
elementary school students (Constantinou et al., 2010a). The other new difficulty, which was
actually one of the two most frequently identified refers to the perception that when the
research goal is novel —regardless if it relates to an effort for understanding or to a solution—
then it is aligned with scientific research (D6, Npre=0, Npost=9).

It is observed that the variety of the difficulties that were identified in students’
written and oral responses was appreciably limited, while to new difficulties arose. This
finding suggests that students’ interaction with the TLS provided them with scaffolds to
transcend most of their difficulties in appreciating the distinction between the central
objectives of S&T. Nevertheless, this interaction seems not to be effective in particular
difficulties which remained or increased and also has favored the appearance of two new
difficulties. Especially in the case of D6, we infer that it was identified because in retrospect
we observed that indeed the TLS inappropriately emphasized the element of novelty in the
activities and discussions about science against the activities and discussions about

technology.

5.3 Revisiting the TLS

The results presented respond to the scientific purpose of the study for answering the two
research questions. Additionally, the results can be used to inform the technologically-
natured purpose of the study for improving the efficiency of the teaching proposal with
certain aspects of the TLS that did not worked effectively and need revisions before future
enactments.

The TLS’s efficiency in supporting students’ ability to differentiate between the
overarching goals of S&T as one way of distinguishing S&T, was validated through multiple
indications, such the elaboration on students’ scores in the two closed-ended tests, the
comparison of their responses to the open-ended question, the comparison of the difficulties
encountered before and after the enactment. All these indications converge to the conclusion
that the learning goal of distinguishing between the main goals of S&T was effectively
promoted throughout the activity TLS. For example, one of the most frequent difficulties
that appeared before the enactment and suggests a clear confusion between the main goals
of S&T (D2), was not found after the enactment.

Additionally, the results presented regarding the difficulties that hampered students’
understanding about the distinction between the main orientations of S&T have an important
influence in recognizing specific weaknesses of the TLS, which lead to the need for partial

redesign of the activity sequence. Although most difficulties identified before the enactment,
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disappeared or decreased after the enactment, the rest of the results from the difficulties
section demonstrate the need for revisions towards two directions. The first direction
concerns revisiting the new difficulties that appeared as a result of students’ interaction with
the TLS and try to improve the activity sequence in this respect. The second direction of
revisions relates to further elaborating on the difficulties that were identified before and
remained after the enactment.

One of the new difficulties that was identified after the enactment concerns students’
weakness in conceiving technological constructs as entities that, despite being artificial, still
obey the laws of the natural world (D5). Although we cannot exclude the possibility of this
difficulty’s existence before the enactment, it is possible that it was created or corroborated
during the activities. This inference is based on the fact that the telescope, which was the
main object of their technological work, was built by themselves, while lenses, which was
the main context of their scientific work was given to them as a readymade material for
investigating and not constructed by them from scratch. Therefore, some students might have
connected their technological work with artificially natured objects and their scientific work
with natural objects. A revision can be the addition to the teaching material of information
that students study during the design process concerning the development of lenses and how
they are created. Additionally, during the teacher-group discussions, adding relevant
examples that raise this issue during both students’ scientific and technological work can
help students that have this difficulty to overcome it.

The other new difficulty, which was also the most frequently identified refers to the
perception that when the research goal is novel —regardless if it relates to an effort for
understanding or to a solution— then it is aligned with scientific research (D6). The
appearance of this difficulty coexisted with epistemically informed conceptions about the
central goals of S&T, therefore it is inferred that it resulted because the element of novelty
was more obvious and was discussed in teacher-group discussions during the generalization
of the main goal and process of science. Therefore, this point in future enactments need to
be more balanced for the discussions for both fields, so that it is not considered by students
as a characteristic only of science.

Another difficulty, which was identified before the enactment and was found to be
more prevalent after the enactment of the TLS is students’ failure to appreciate creativity as
an integral part of technological research (D8). This difficulty is possibly due to the fact that
the teaching transformation for simulating the invention process of the telescope on behalf
of the students was not so authentic, since students had to study information for certain

possible solutions, but their choice was simple and easy to be made. If the scenario was more
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complex with more specifications or if students needed to invent something really new that
was not in their existing options, then maybe this would contribute in appreciating both the
novelty and the creativity of the technological endeavor. Another weakness of the TLS,
which might explain the increase in the prevalence of DS is that all groups chose the same
solution through identical processes. Although each group extensively discussed its choice
about building a telescope and why not any of the rest of the magnifying objects that were
suggested, still it would be more helpful if the scenario “allowed” the groups to decide on a
variety of solutions and also to devote time in actually improving their telescope and not
merely suggesting changes for improving its function.

Another suggestion for further scaffolding students to develop their understanding
that would simultaneously help in overcoming their difficulties, is the addition of an
introductory unit. This unit could include activities for familiarizing students with topics
such as recognizing the goal of a research project, the meaning of natural world, the fact that
research projects try to respond in cases where no ready answers or solutions exist in issues

that concern particular social groups in a particular space-time framework.

6. Discussion and Conclusion

Overall, the results of the study suggest through multiple indications that the TLS designed
and enacted in the present research helped upper-elementary school students to improve their
awareness about how S&T differ in a NOS/NOT informed manner. In addition, the results
reveal difficulties that confuse students and hamper their ability to distinguish between S&T.
From this evaluation, it appears that the TLS scaffolds students to overcome most of these
difficulties, while the results also reveal certain needs for revisions that need to take place
before future enactments, as described in the previous subsection.

At this point we need to reflect on why the TLS led to improved learning outcomes.
We consider that the specification of the learning goals and the structure of the activity
sequence helps students that are largely confusing S&T to elucidate their understanding. We
suggest a novel combination of inquiry-oriented and design-based learning integrated with
explicit epistemological discourse, where students reflect on their own activities.

Firstly, students are involved in a project that faces them with an authentic problem
with a clear goal of inventing a solution to the problem. They are supported to carry out their
mission and right after that, they are provided with scaffolds to reflect on their goal and
actions. After discussing and visualizing main characteristics of the process they followed

and their goal, they are given various similar and different projects and asked to compare
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them with their own, so as to further reflect and also generalize the goal into what is later
labeled as the main goal of technology, that is enacted through a process called design.

Secondly, students are given another mission, which they reach through a different
process. Following similar scaffolding applied for the first project (visualizing, reflection,
examples for generalization), they conclude to the goal of the second project into the main
goal of science that is reached in many cases through processes of investigation.

In a third stage, provided that at this point students have personal experiences of
S&T, the TLS confronts them in comparing the two fields and extracting the overarching
goals and processes as main distinguishing characteristics of S&T. At this point, students are
in a position to elaborate on issues that relate to how S&T interrelate and how one field
contributes to the other. Through a number of examples taken from the history of the
telescope, students are called to recognize relevant individual scientific and technological
goals and study cases were enacting a science project helped the enactment of a technology
project and vice versa.

We consider that the main innovative element that resulted in positive learning gains
was the certain combination of inquiry-oriented and design-based activities that integrated
explicitly epistemological discourse, which guided students to develop their awareness of
the interrelationship between S&T. The continuous matching of various activities to the LOs
is also thought as scaffold throughout the development of this TLS.

Such results provide empirical support to the claim made in the research literature
that young learners can develop their NOS understanding through purposefully designed
inquiry-oriented activity sequences that enhance EED (Clough, 2006; Lederman, 2007;
Sandoval, 2003). Consequently, given that NOS/NOT issues such as understanding the
interrelationship between S&T are valued as substantial learning goals, then purposefully
planned group discourse activities need to draw students’ attention to features of both S&T
in ways that highlight their fundamental differences and also their interdependencies.

The contribution of the study is that it adds to the limited number of attempts at
developing similar TLS, especially in elementary education and the absence of similar
published research attempts for the case of teaching about the interrelationship between S&T
in elementary school students. Within this respect, the study provides promising indications
about the appropriateness of promoting such LOs through specially designed learning
environments that incorporate authentic practice of inquiry and design integrated with EED
activities. Additionally, the study provides further empirical support to the claim made in the
research literature concerning upper-elementary school students' readiness in engaging in

epistemological discourse and developing NOS/NOT awareness (Lederman, 2007). Finally,
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this study partially contributes to the validation of a TLS with respect to its ability to promote
awareness about the distinction between the overarching goals of S&T as a prerequisite for
exploring connections between the two domains. At this stage the promising results and the
available data are currently under consideration for the revision of the TLS so as to further

enhance its effectiveness with respect to the LO that it addresses.
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CHAPTER IV

Electromagnetic properties of materials as a context for
teaching aspects of the interrelationship between

science and technology: explicit or implicit approach?

Abstract

This study investigates the potential impact of EED in improving student understanding of
the interrelationship between S&T through a combined inquiry-oriented and design-oriented
teaching and learning activity sequence on Electromagnetic Properties of Materials. We
implemented two conditions of the activity sequence; one included EED activities on the
interrelationship between S&T, the other condition included identical inquiry and design
activities, with additional practice exercises substituting the reflection activities on EED.
The participants were 16 year-old students from intact classes (N=37 and N=26,
respectively). Pre-post tests and interviews evaluated students’ understanding about the
goals of S&T. Students in the EED condition with no extra choices in science school subjects
surpassed students in the non-EED condition who had chosen specialized elective courses
in high school physics. The results support that students’ awareness about the
interrelationship between S&T is improved when integrating EED into classroom activities
that are credibly authentic and relevant from the students’ perspective. We discuss the role
of reflection activities in science education and present implications of our findings for future

research towards better integration of epistemological reflection in science classes.

Keywords

nature of science and technology, explicit epistemological discourse
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1. Introduction

The NOS and the NOT have long been considered core learning objectives and fundamental
components of scientific and technological literacy (AAAS, 1989; Driver, Leach, Millar &
Scot, 1996; ITEA, 2007; Kang, Scharmann & Noh., 2005; Lederman, 2007; McComas &
Olson, 2002; NRC, 1996, 2000, 2007; Taber, 2008 among many others). Additionally, there
is widespread recognition that more research is needed to better understand relevant
parameters to teaching and learning about NOS and NOT and also to develop teaching
innovations that scaffold student and teacher efforts in this endeavor (Lederman, 2007;
Sandoval & Morrison, 2003), especially in the lower school grades (Akerson & Volrich
2006; Kang et al., 2005). This study addresses this need by focusing on the interrelationship
between S&T, which is recognized as one aspect of the NOS/NOT that should be advanced
through S&T education (Constantinou et al., 2010a; Hadjilouca et al., 2011; McComas,
2008) and has not been adequately studied thus far (Osborne, Collins, Ratcliffe, Millar, &
Duschl, 2003).

A challenging issue with direct implications on the design of teaching innovations
concerns the role of explicitness as a pedagogical strategy when integrating NOS/NOT
issues in classroom activities. Both implicit and explicit approaches have been reported
(Schwartz, Lederman, & Crawford, 2004). Implicit approaches rely on the premise that
providing students with rich experiences spontaneously leads students to fruitful reflections
on the NOS/NOT and consequent appreciations of important aspects of these constructs.
Explicit approaches deem that students’ attention to epistemological issues needs to be
explicitly targeted through purposefully planned group discourse activities (Oliveira,
Akerson, Colak, Pongsanon, & Genel, 2012; Schwartz, et al., 2004).

Prior research on investigating explicitness in NOS/NOT teaching examined the role
of systematically engaging students in reflective and structured discussions. Relevant
literature suggests that embedding such EED improves NOS understanding (Clough, 2006;
Lederman, 2007; McComas, 2002; Sandoval, 2003). However, this approach was not
extensively investigated with NOT nor was it ever been examined with respect to the
interrelationship between S&T.

Inquiry-based and design-based teaching and learning are established paradigms in
S&T education. The inquiry-based teaching and learning framework seeks to enhance the
authenticity of school science, while at the same time placing emphasis on conceptual change
and the emergence of coherent conceptual frameworks (NRC, 2012; Kyza et al., 2011).

Design-based teaching and learning facilitates active learning and engages students in
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problem solving processes with explicit reference to meeting life’s challenges and social
priorities (ITEA, 2007). It involves the methodical design and often the construction of
artifacts followed by an evaluation of the extent to which the end product or process meets
pre-defined specifications (Bybee, 2011; ITEA, 2007). This study is part of a broader project,
that studies how the combination of inquiry-based and design-based teaching could provide
a rich context for learning about differences and connections between S&T, therefore
contributing in raising students’ awareness of the NOS and the NOT. More specifically, this
study focuses on investigating the influence of EED on students’ awareness about the
difference between the overarching goals of S&T through a TLS. The study addresses the
following research questions:

(1) To what extent does extensive interaction with inquiry-based and design-based activities
(Non-EED condition) improve upper-secondary school students’ awareness about the
difference between the overarching goals of S&T?

(2) To what extent does the integration of EED activities (EED condition) in a TLS that
combines inquiry-based and design-based activities improve upper-secondary school

students’ awareness about the difference between the overarching goals of S&T?

2. Background

2.1 Teaching/learning about the NOS/NOT

Our theoretical assumptions derive from two dimensions that preoccupy ongoing research
about teaching/learning NOS/NOT: a. How should NOS and NOT be taught? b. What should
be taught about NOS and NOT?

2.1.1 Strategies for teaching NOS/NOT. Two important issues: Explicitness and context.
Explicit or implicit approach in the development of informed conceptions of NOS/NOT?
Engaging students’ in EED is suggested as a critical factor that facilitates NOS
understanding, i.e., there is value in approaching NOS as a learning objective and
consequently plan teaching in ways that explicitly draw students’ attention towards NOS
issues (Clough, 2006; Khishfe & Ab-El-Khalick, 2002; Lederman, 2007; McComas, 2002;
Sandoval & Morrison, 2003). This claim is supported by empirical evidence stemming from
two main research lines.

The first is concerned with the learning gains that are reported in studies of teaching
aspects of the NOS (other than the interrelationship between S&T) through systematically
engaging students in EED (Akerson & Donnelly, 2010; Akerson & Volrich, 2006; Bell,
Matkins & Gansneder, 2011; Carey, Evans, Honda, Jay, & Unger, 1989; Khishfe & Abd-El-
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Khalick, 2002; Khishfe & Lederman, 2006; Peters, 2012). We would note here that only
three of these studies report direct comparisons between implicit and explicit approaches,
one with sixth graders (Khisthe & Abd-El-Khalick, 2002), one with eighth graders (Peters,
2012) and one with preservice elementary teachers (Bell et al., 2011). While all three studies
report findings supporting the explicit approach, more extensive research for comparing the
relative effectiveness of the two approaches is needed, especially in upper-secondary
education where no published study was found thus far on any NOS aspect.

The second category refers to studies that investigated the possibility of emergent
NOS awareness through rich experiences of science learning. These studies can be further
classified into two subcategories. The first refers to intervention studies reporting efforts to
pursue learning objectives directly related to NOS, but without treating them in an explicit
manner. Underlying such implicit approaches is the assumption that understanding of the
NOS could emerge as a by-product of students’ engagement in inquiry-oriented learning
activities. However, findings from assessments of students’ learning outcomes fail to
corroborate this assumption considering their deficiency to reveal significant learning gains
on NOS aspects (Abd-El-Khalick & Lederman, 2000a; Khishfe & Abd-El-Khalick, 2002;
Lederman, 1992; Moss, Abrams, & Robb, 2001; Sandoval, 2003, 2005; Sandoval &
Morrison, 2003). The second subcategory comprises studies that sought to evaluate students’
awareness of various NOS aspects. One of these aims at evaluating elementary, secondary
and preservice elementary education students’ awareness of the interrelationship between
S&T and specifically their appreciation of the distinction between the orientations of S&T
(Constantinou et al., 2010a). These studies demonstrate that students’ awareness does not
improve with age or with the sustained exposition to conventional science teaching (Abd-
El-Khalick, 2006; Constantinou et al., 2010a; Kang et al., 2005). Coupled with the fact that
conventional science teaching often adopts other priorities than to explicitly address learning
objectives relevant to the NOS (e.g. conceptual understanding), this highlights the interest
in investigating the potential value of engaging students in EED.

Integrated (contextualized) or non-integrated (decontextualized) approach in the
development of informed conceptions of NOS/NOT? Research literature provides useful
insights into possible ways of advancing improved understandings of NOS/NOT in science
teaching and learning regarding the extent and type of integration with other aspects of
science learning. Specifically, three approaches are suggested: (a) Nonintegrated (de-
contextualized) activities wherein the elaboration about the NOS is disconnected from the
science topic under study (e.g., Lederman & Abd-El-Khalick, 2000; Bell, 2008; among

others); (b) Integrated (contextualized) activities that seek to embed epistemological aspects
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of science in the same activities that are intended to elaborate the conceptual aspects of the
context under study (e.g., Khishfe & Lederman, 2006; Walker & Zeidler, 2003; Zeidler,
Walker, Ackett, & Simmons, 2002); (c) Studying episodes drawn from the history of science
with a view to abstract epistemological ideas (e.g., Abd-El-Khalick & Lederman, 2000a;
Clough, 2011; Kim & Irving, 2010; Olson, Clough, Bruxvoort, & Vanderlinden, 2005;
Rudge & Howe, 2009; Solomon, Duveen, Scot, & McCarthy, 1992; Straits & Nichols, 2007;
Yip, 2006).

Further research is needed on the relevant effectiveness of these approaches. Only
three comparative studies have been reported so far, comparing integrated and non-
integrated approaches (Bell et al., 2011; Khishfe & Lederman, 2006, 2007). The results of
these three studies do not clearly favor a single approach, since moderate improvements in
students’ NOS awareness were found in all types. We have been unable to identify any
studies that compare the effectiveness of promoting NOS understandings through stories
from the history of science and the use of the integrated or the nonintegrated approach. Our

study is aligned with the integrated approach.

2.1.2 Content of NOS teaching
The appropriateness of promoting students’ awareness of the NOS as a learning objective
has been questioned in view of the lack of philosophical consensus on a single account of
how science operates (Alters, 1997). This position relies on the premise that it is not
reasonable to expect students to become knowledgeable about the NOS, given that not even
philosophers of science do not fully agree on how to best represent the NOS. However, there
is consensus within the science education community that whatever the scientific content
students are intended to gain (e.g., conceptual understanding, NOS understanding, reasoning
skills, practical skills, experiences, attitudes), it should be appropriately transformed toward
meeting students’ needs and wuse their ideas as a starting point. Consequently,
transformations are bound to include justified simplifications of the scientific content that
align the complexity of the targeted ideas with students’ cognitive readiness.

One challenge that is inherent in attempts to devise teaching transformations for the
NOS, is how to avoid conflicts with corresponding ideas that are widely accepted within the
philosophy of science. Despite being simplified and incomplete, the ideas that students are
intended to develop should serve a productive role and should be amenable to elaboration at
subsequent stages so as to become increasingly sophisticated and epistemologically coherent
(Taber, 2008). From this perspective, disagreements among philosophers of science are not

always relevant to school science (Lederman, 2007; Smith, Lederman, Bell, McComas, &
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Clough, 1997), in that science teaching merely aims at helping students develop fundamental
consensus ideas of how science works while excluding the intricacies of the underlying
(philosophical) discourse. This rationale corresponds to the consensus perspective used by
several science education researchers (Abd-El-Khalick, Bell & Lederman, 1998; Lederman,
2007; McComas, 2008; Osborne et al., 2003). The interrelationship between S&T, which is
the focus of the present study, is one idea that is part of this consensus view (McComas,

2008; Osborne et al., 2003).

2.2 Teaching and learning about the interrelationship between S&T

2.2.1 Core differences relevant to science education

S&T are two highly interacting fields of social activity. Nevertheless, they are considered as
distinct domains. A fundamental difference between S&T, which is the focal point of the
intervention in this study, relates to orientation, the overarching goal each field pursues:
Science seeks to generate reliable knowledge; technology seeks to respond to human needs
by developing solutions to problems (AAAS, 1989; Agassi, 1980; Arageorgis & Baltas,
1989; Constantinou et al., 2010a; Bybee, 2011; Custer, 1995; Gardner, 1993, 1994a; ITEA,
2007; Jones, 2006; NRC, 1996). From a methodological viewpoint, another distinction refers
to core processes adopted for achieving the different goals of S&T. Specifically, controlled
experimentation or, more broadly, investigation is a core process in science, while design is
a core process in technology (De Vries, 2009; Jones & Buntting, 2015; Lewis, 2006; NRC,
1996, 2012; Constantinou et al., 2010a).

Controlled experimentation'® is a specific methodology employed in scientific
research with the objective “to test hypothesized links of causation or functional
relationships, that is, tentative explanations” (Gyllenpalm & Wickman, 2011, p.4). This
methodology could be implemented when studying causal relationships between variables
that might be involved in a phenomenon. It includes the performance of a specific planned
change in a system and the study of its effects, while simultaneously as many extraneous
variables as possible are kept constant (Beveridge, 1961; Bock, 2001). Controlled
experimentation can be thought of as one approach to scientific investigation. An
understanding of controlled experimentation combines both conceptual and procedural
aspects, which are important facets of scientific thinking (Duggan & Gott, 1995).

In this simplified transformation, the methodological aspects of technology can be

described by the construct of design. Design rests on a set of attributes that can be iteratively

1 Also reported as control of variables strategy (D. Klahr, D. Kuhn), design and conduct of scientific
investigations (D. Kuhn, N. Lederman), experimental design (N. Lederman).
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combined to devise a solution to a problem, that corresponds to an end product or a process,
satisfying certain specifications. Such attributes include the following: Definition and
representation of the problem, formulation of specifications, search for relevant information,
brainstorming of ideas and planning, selection of the best idea, development of a model of
the selected solution, test and evaluation of the model of a solution, refinement, usability
test, communication of results (ITEA, 2007).

It is important to recognize that the processes employed in S&T are much more
complex and obviously not restrained exclusively to controlled experimentation or design,
respectively. Nevertheless these two processes are core representative features of the two
domains and therefore could serve as starting points for teaching about the distinction

between S&T (Hadjilouca et al., 2011).

2.2.2 Connections
Developing awareness about the interrelationship between S&T posits an interesting
challenge for S&T education, given the complex nature of both enterprises, their
interconnections and mutual influences. For the purposes of school teaching/learning, the
following simplified account provides a structure for rich and fruitful development: S&T
constitute two closely linked areas of human activity, which are strongly interdependent,
providing a scientific underpinning to modern technological processes and a technological
underpinning to modern scientific processes. Specifically, science contributes to the
development of technology through (a) providing background knowledge
(theories/laws/models) that inform and often guide the design of technological innovations,
and (b) posing challenges (to be seized by technology) regarding the design of novel
processes or instrumentation (ie., the instruments/procedures for
measuring/monitoring/controlling).  Respectively, technology contributes to the
development of science by (a) facilitating experimentation, through the provision of more
reliable and accurate methods and instruments and (b) generating new research questions for
scientific inquiry.

The TLS we enacted for promoting secondary school students’ awareness of the
interrelationship between S&T places emphasis on these dual ideas: mutual support and

interacting requirements between S&T.

2.2.3 Why is the interrelationship between S&T an important NOS/NOT objective?
Realising the potentials and constraints of these two domains of human activity is important

for developing an ability to effectively engage with socio-scientific issues (Sadler, 2004;
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Zeidler, Sadler, Simmons, & Howes, 2005), which is recognized as another important
component of both scientific and technological literacy (AAAS, 1989; ITEA, 2007, 2003;
Jones, 2006; Kolstg, 2001, 2008; Sandoval, 2005). New knowledge in this area could inform
and facilitate attempts to devise mechanisms for increasing students’ interest towards S&T
courses (Gago et al., 2004; NSB, 2003; OECD, 2006; Roberts, 2002) and it could offer
guidance on future careers (Jones & Buntting, 2015). More specifically, it could help the
education system to encourage students to make more informed decisions and this could, in
turn, increase the likelihood for successful career choices and advance responsible
citizenship (Hazelkorn et al., 2015; Jones & Buntting, 2015).

The prevalent conceptions about S&T are important for efforts to communicate
publicly their role in society and the outcomes of the various policy procedures for
developing research funding priorities. For instance, the level of public support for an
innovation system in close symbiosis but distinct from the science system, and also closely
related with financial investment mechanisms, is directly related to the level of public
understanding of the differences between S&T and the diverse roles they play in economic
development.

Possessing informed views about the interrelationship between S&T is recognized as
an important NOS/NOT aspect for all these reasons. However, this aspect has not been
adequately studied thus far, especially in the case of secondary school students (Akerson &

Volrich, 2006; Kang et al., 2005).

3. Method

3.1 Participants and school settings

We implemented two versions of the TLS with two intact groups of 16 years old students.
The first implementation takes place in a S&T summer school (N=26), while the second
takes place in a public high school (N=37). Each implementation lasts twenty 80-minute
sessions with the participation of the same three experienced physics teachers in each case.
Both implementations include the same combination of inquiry-based and design-based
activities. The difference between the two implementations is the presence of EED in the
second implementation. Specifically, the second implementation follows an explicit
approach that includes EED activities regarding the interrelationship (i.e., differences and
connections) between S&T, while the first implementation (non-EED) follows an implicit

approach that includes more practice exercises substituting the reflection EED activities.
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3.2 Teaching approach and learning materials
3.2.1 Prior development of the TLS
For this study, we chose a mature and tested TLS which had been implemented and refined
through a series of six iterative design cycles. It focuses on Electromagnetic Properties of
Materials. It was designed by a workgroup comprising science education researchers,
materials science researchers and experienced teachers. The design rationale of the TLS
draws on the combination of inquiry and design activities to promote complex learning that
includes conceptual understanding, technological design skills and knowledge, and
appreciation of aspects of the NOS as elucidated by Constantinou et al. (2010b, 2010c).
The TLS elaborates an authentic scenario by engaging students in the design,
implementation and evaluation of learning artifacts (Constantinou et al., 2010b, 2010c) and
is organized into two main units. The first unit involves inquiry-based activities where
students are extensively engaged in exploring magnetic and electromagnetic phenomena
through: making and interpreting observations, developing and refining conceptual models
(force at a distance-field, magnetic domains), designing and conducting investigations. The
second unit engages students in a technological design process in which they construct and
evaluate electromagnetic train models. In their designs, they need to propose mechanisms
for train levitation and propulsion, along passenger protection from electromagnetic
radiation. The EED version of the module integrates — additionally to the non-EED version
— specially designed activities for explicitly engaging students in epistemological discourse
about distinctions and connections between S&T. The overall teaching time is kept constant
by removing redundant inquiry activities (thereby reducing the time spent on gaining
practice in applying learnt concepts) and the time available for designing and constructing

the train model by a total of 10%.

3.2.2 Epistemologically oriented LOs

We investigate the hypothesis that the combination of inquiry and design activities provide
a rich context for advancing the following LOs: Students, (a) develop awareness of the
distinction between the different overarching goals of S&T (producing reliable knowledge
about natural phenomena vs developing solutions to respond to human problems and needs),
(b) develop awareness of the difference in the core methodological frameworks that are
commonly adopted by S&T (investigation and design, respectively), (c) identify aspects of
the contribution of S to the development of T (S provides the knowledge base for the
development/improvement of technological equipment and also science formulates

questions that necessitate new instrumentation, i.e., the invention of specialized
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instruments/processes for measuring, monitoring or controlling), and (d) identify aspects of
the contribution of T to the development of S (T facilitates the conduct of experiments by
providing instruments and experimental techniques and also new technologies tend to initiate
scientific research by revealing new questions concerning the phenomena and mechanisms
underlying the operation of these technologies). Assessment focused on the first LO, namely

student awareness of the distinction between the different overarching goals of S&T.

3.2.3 General overview of the activity sequence

Implicit approach (non-EED TLS). The first version of the TLS does not include any
reflective EED activities concerning the interrelationship between S&T. It includes inquiry-
based activities that extensively engage students in investigating magnetic and
electromagnetic phenomena through activities that include the following: Data collection
and analysis regarding magnetic interactions and magnetic fields, developing and refining a
conceptual model for magnetic materials, carrying out controlled experiments to investigate
variables that influence the interaction between electromagnets and ferromagnetic objects.
It also includes design-based activities that engage students in a process of designing,
constructing and evaluating a magnetic levitation train.

During the “scientific inquiry” phase of the TLS, students repeatedly use
technological apparatus (e.g., sensors for measuring the intensity of magnetic fields, a
simulation for observing the earth’s magnetic field) or construct their own objects (e.g.,
construct electromagnets to investigate how different variables might influence their
interaction with ferromagnetic objects). Correspondingly during their “technological work”,
students explicitly revisit scientific knowledge previously obtained (e.g., variables that
influence the attraction between electromagnets and ferromagnetic materials) or carry out
small-scale scientific work with the purpose of helping them construct the magnetic
levitation train (e.g., what influences the polarity of an electromagnet, what materials
provide better electromagnetic screening). In this sense, students gain first-hand experience
with the potential interactions between S&T. The material of the TLS is available upon
request through Constantinou et al. (2010b).

Explicit approach (TLS with EED). The second version of the teaching-learning
sequence is bounded with activities that engage students in reflective and structured group
discussions with respect to elaborating on some of the distinctions and connections between
S&T according to the learning goals. An overview of how these activities embed such EED

follows:
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(a) While introducing the magnetic field as a concept that accounts for interactions at a
distance and while constructing the domains model of magnetic materials, the goal of
science is discussed through structured questions in an attempt to connect the
introduction of such concepts and models with the goal of science to interpret and
predict natural phenomena.

(b) After carrying out structured investigations to examine how different variables might
influence the attraction between electromagnets and ferromagnetic objects, students are
guided to reflect on the process of investigation that was followed and ponder why this
process may serve the goal of science in producing reliable knowledge about natural
phenomena.

(c) At the beginning of the design process, after the problem is presented, students discuss
whether trying to respond to a local transport problem by developing a magnetic
levitation train is more aligned to the goal of science or technology, and why, as a
society, we value reliable knowledge as a resource for solving problems.

(d) During the design process, students are given short descriptions of various examples of
research goals and various research processes and they are guided to abstract from their
own activities and generalize by identifying similar situations where the need for
investigation or design might arise.

(e) A last part of the TLS asks students to think of their own examples of scientific and
technological goals and processes and relate them to their own experiences throughout
the TLS and, in each case, think whether S&T respectively helped them in achieving
each goal. Additionally, they study two narratives of other research programs that depict
examples of interaction between S&T and they are asked to identify instances where

technology might contribute to science and vice versa.

3.3 Educational setting constraints

The participants of each condition, although at the same age level and exposed to the same
overall teaching time do not share common characteristics in certain respects. Specifically,
participants in the non-EED condition were self-selected to participate in a S&T summer
school and had higher elective school courses comparing to the average interest in physics
of students and also had chosen to take more physics-oriented lessons than usual. Participants
in the EED condition were studying in a public school and the enactment was carried out as
part of their mandatory physics course and had no extra science-oriented major lessons in
the current or previous high school years. Nevertheless, these disparities between the two

groups do not controvert the validity of the research design for two reasons. Firstly, prior

64



research on students’ conceptions of NOS/NOT in general and the interrelationship between
S&T in particular, suggests that students do not typically possess informed conceptions
(Constantinou et al., 2010a), therefore differences between the two groups’ prior knowledge
on this theme were not typically expected. This expectation was retrospectively corroborated
through independent samples t-test comparison between students’ scores in two pre-tests (FT
and ED tests, which are explained next) where we found no statistically significant
differences between the two groups’ scores (frrest(62)=6.45, p>0.05; fapwest (62)=7.1,
p>0.05).

Secondly, the study is interested in possible differences between students’ initial and
final conceptions in each group, and not on actual horizontal differences between the final
conceptions of each group. We clarify that to answer the second research question we use
the results of the first research question, i.e., the non-EED group served as a control group
and the corresponding differences between the EED group’s initial and final conceptions

were compared between the two conditions.

3.4 Data sources and data analysis

Prior to and after the enactments of the two versions of the TLS we collected data to assess
students’ awareness of the distinction between the different overarching goals of S&T for
potential learning gains and, thereby, derive a preliminary measure for the potential
effectiveness of the TLS when adopting an implicit (non-EED) or explicit (EED) approach
in addressing this aspect of NOS/NOT.

The assessment involves the combined use of two tests that were developed in a
previous study (Constantinou et al., 2010a)*°. The two tests, are designed so that their items
work in parallel and they are administered sequentially in one session. Each of these tests
consists of the same 18 multiple choice items, with each item describing the main objective
of a certain research project in contexts unrelated to the ones that students study as part of
the TLS: science (e.g., We examine whether microwave ovens are dangerous for our health
and also what sort of problems they might cause), technology (e.g., We try to make filters to
absorb polluting fumes that are emitted from factory chimneys) or neither of these two (e.g.,
We are trying to decide the best location to build a desalination plant). Students are asked to
categorize these descriptions using a given criterion. In the first test (Formal Terminology,

FT), students are asked to determine whether the stated objective of each project was more

20'We removed some items that were found in previous studies as the easier ones, for the purpose of
saving time. This shortened version can be found in Appendix C.
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closely aligned with the goal of science, technology or neither. In the second test (Elaborated
Definitions, ED), students are asked to differentiate between projects whose objective either
involves the improvement of our understanding with respect to the behavior of some aspects
of the natural or built world, or involves the development of solutions to problems
encountered by society, or involves a different goal, unrelated to the previous two. The ED
test assesses whether students respond with consistent effort, based on what they read,
without resorting to random answers. Noticeably, the two sets of criteria in the two tests are
epistemologically equivalent in that the second set (ED test) draws on the core objectives of
S&T. Underpinning the combined use of FT and ED tests is the idea that students who are
able to differentiate between S&T in terms of their overarching objectives, would respond
to both tests in a similar manner. Thus, the correlation of students’ responses to the two tests
assesses their awareness of this topic and, hence, provides a measure of their awareness of
the distinction between S&T (Constantinou et al., 2010a). Additionally, Wilcoxon tests on
students’ performance in the pre- and post- tests are used to identify possible statistical
differences in students’ performance prior to and after the enactments. In addition to the
multiple-choice items, at the end of the FT test and prior to the administration of the ED test,
an open-ended question is included, which asks students to explain how they would
determine whether a given research project seems either technologically or scientifically
oriented. This information is used for triangulation purposes (Constantinou et al., 2010a).

Students’ responses to the open-ended task are categorized in qualitatively different
levels of distinguishing between S&T. Existing categories from a previous study
(Constantinou et al., 2010a) that resulted from phenomenography (Marton & Booth, 1997),
are initially adopted and next slightly adapted so as to better describe the data of the present
research. The initial categories used from Constantinou et al. (2010a) had resulted from a
careful study of the students’ responses with the explicit purpose to identify and describe
each underlying reasoning. This process had led to the identification of the qualitatively
different ways of distinguishing between the two fields.

Follow-up semi-structured interviews?' with 30% of the participants, were intended
to help us describe students’ reasoning and interpret possible conceptual or epistemological
difficulties hampering their learning pathways. Each interviewee was asked to respond (for
a second time) to a selected sample of items included in the two tests and next explain his/her
reasoning. Additionally, whenever the interviewer identified inconsistencies (e.g., cases in

which interviewees provided incompatible responses to the various items or responded

21 See Appendix D for the interview protocol.
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differently as compared to the written test), she explicitly confronted students with these
discrepancies and asked them to elaborate on them. These interviews are intended to provide
a more detailed account of the reasoning underlying the student responses. This is also
anticipated to inform our interpretation of data from the open-ended question of the FT test,
in which students are explicitly asked to explain their reasoning (Lederman, Abd-El-Khalick,

Bell, & Schwartz, 2002).

3.5 Reliability and content validity issues

The two tests assessing students’ awareness of the distinction between the overarching goals
of S&T were adopted from a previous study in which they were exposed to various
procedures intended to ensure their content validity and reliability (see Constantinou et al.,

2010a).

4. Results

All results are tabulated in Tables 1 and 2 and described in the next two subsections.

4.1 Research question 1: To what extent does extensive interaction with inquiry-based and
design-based activities (non-EED condition) improve upper-secondary school students’
awareness about the difference between the overarching goals of S&T?

The question was answered through various measures from the students who participated in
the non-EED condition. Firstly, the students’ mean scores to the multiple-choice task of the
FT test: 59% prior to and 63% after the implementation. Secondly, the Wilcoxon test did not
yield statistically significant changes in the students’ performance in either of the two
instruments: FTprepost (z=1.98, p>0.05) and EDpre-post (z=—1.05, p>0.05). These suggest a lack
of change in these students’ awareness of the distinction between the overarching goals of
S&T. The negative and non-significant z value in EDprepost performance implies that
students’ performance did not improve after the intervention. Additionally, given that the
two tests are conceptually identical, as explained in Section 3.4, it was hypothesized that,
had the students appreciated the distinction between the different goals of S&T, they would
answer the two tests (FT and ED) in a similar manner and thus the correlation analysis would
have yielded high coefficients. However, this was not verified; in contrast, the correlation
coefficient decreased by 20%, after the intervention: Rrr-ep=0.55 (p<0.05) prior to and Rrr-
Ep=0.45 (p<0.05) after the implementation. This decrease in the correlation coefficient
suggests that after the intervention some students answered the questionnaires randomly. All

three indications as shown in Table 4 in the non-EED row, suggest a lack of improvement
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in students’ awareness of the distinction between the goals of S&T in the non-EED

implementation.

Table 4
Results from the FT* and the ED* tests

Test Time No-EED group EED group
(1) Scores, % in FT pre (sd) 59 (2.39) 52 (2.15)
post (sd) 63 (2.19) 62 (2.93)
ED pre (sd) 73 (2.81) 61 (2.77)
post (sd) 69 (3.12) 74 (2.47)
(2) Wilcoxon test, z between FT pre-post (p) 1,98 (0.12) 3.60 (0.00)**
ED pre-post (p) —1.05 (0.23) 4.60 (0.00)**
(3) Correlation, r between FT-ED pre (p) 0.55 (0.00)** 0.43 (0.00)**
FT-ED post (p) 0.45 (0.02) 0.64 (0.00)**

* FT: Formal Terminology, ED: Elaborated Definitions
** Reject the null hypothesis at p<0.01

Similar indications result from students’ responses to the open-ended item. Six
qualitatively different categories of distinction between S&T were formulated as shown in
Table 5 with examples of typical student responses. Epistemologically informed responses
fall into the first category, where the distinction refers to the different goals pursued by the
two domains.

Responses in the remaining five categories deviate from epistemologically informed
conceptions and corroborate conceptions found previously in an extensive investigation of
students’ understanding of this issue (Constantinou et al., 2010a).

Responses in the second category discriminate between S&T based on the methods
appeared in each domain (e.g., experimentation and construction of artefacts in S&T,
respectively) lacking epistemological justification, but rather influenced by conventional
teaching practices in S&T lessons. Students’ responses did not reflect the distinction between
S&T in terms of processes (i.e., investigation as core process in science, design as core
process in technology). Instead, students were more influenced by their experience in
conventional teaching practice in S&T, in line with current curricular priorities in this
setting, which often emphasize these specific processes (experimentation, construction
work) without explicit connections to the epistemological underpinnings of S&T. These

types of superficial ideas were also reported by previous research (Constantinou et al, 2010a;
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Gardner, 1999; Gil-Perez et al., 2005) with one of the most indicative being reflected in the

following interview excerpt:

Student 11, EED condition, interview prior to the intervention

Student: It’s science when we do experiments. In earlier grades when we did
experiments it was in order to prove something through science. The other
statement refers to technology because technology discovered computers and
through computers we can search to find information and get results.
Interviewer: So, are you saying that the actual using of technology is the main
goal of technology?

Student: Yes.

Responses in the third category reflect discriminations based on objects of study in
each domain. These responses distinguish between S&T by placing emphasis on a perceived
dichotomy between natural Vs constructed objects of interest, regardless of the specific aim
of the project. Students in this category depart from the premise that science relates to the
natural world and technology relates to human-made artefacts. Based on this premise, they
seem to draw the false inferences that no scientific work can be done with constructed objects
or processes as the main object of interest and also that no situations can be conceived where
it might be possible to have technological intervention on natural processes or natural
objects. As further investigated through the follow-up interviews, such student statements
fail to perceive the overlap between the natural world and human products, as objects of
study or intervention sometimes by science and other times by technology. By applying this
overarching Natural Vs Artificial criterion, students are led to a variety of intriguing ideas

about which goals are scientific or technological. Examples follow:

Student 7, EED condition, interview prior to the intervention

Student: It is a goal of technology when they deal with technological products,
e.g., microwave ovens are technological, not something scientific.

Interviewer: So, let’s take as an example the case where researchers are trying
to investigate whether microwave ovens are dangerous for our health and what
types of problems they might cause.

Student: Then, it’s technology.

Student 9, EED condition, interview prior to the intervention

Student: When they are constructing something useful for mankind, then it is
science. When they are constructing something else, irrelevant to human life,
such as an aquarium, then it’s technology.

Responses in the fourth category are rather ambiguous about discriminating between
S&T, while responses in the fifth category explicitly treat S&T as identical fields. The sixth

category included irrelevant or no responses.
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Comparing the percentages between the categories for the non-EED condition, no
shift toward informed awareness about this issue is observed. This fourth indication is

consistent with the first three indications that were obtained from the multiple-choice tasks.

4.2 Research Question 2: To what extent does the integration of EED activities (EED
Condition) in a TLS that combines inquiry-based and design-based activities improve
upper-secondary school students’ awareness about the difference between the
overarching goals of S&T?

This question was answered by comparing the results presented above for the non-EED
condition with the corresponding results for the EED condition. Students’ performance in
the FT test prior to and after the EED enactment was 52% and 62%, respectively. The two
groups had a different starting point in the pre-tests (59% by the non-EED group, 52% by
the EED group). Interestingly, they end up with similar final scores (63% in non-EED group,
62% in EED group). In other words, students with same core physics course background
(EED group) improved 2.5 times more than students with higher-level of elective courses in
school physics as well as a demonstrated higher interest in physics (non-EED group).
Concerning students’ performance in the ED test, a 13% increase for the EED group was
observed as opposed to the 4% corresponding decrease of the non-EED group. This increase
for the EED group reveals that students of this group developed markedly increased
awareness of the different goals of S&T, after the enactment. Wilcoxon tests also indicate
this learning gain, by yielding statistically significant increases in students’ performance in
both tests: FTpre-posT (2=3,6, p<0,05), EDpre-POsT (z=4,6, p<0,05).

Additionally, the correlation coefficient between students’ scores in FT and ED tests
presents an approximately 30% increase: Rrr.ep=0.43 (p<0.05) prior to and Rrr-ep=0.64
(p<0.05) after the enactment. This indicates students’ tendency to respond to the two tests
after the implementation in a more consistent manner. Namely, students respond to the two
tests with more similar reasoning as compared to their own responses in the pre-tests and
also the post-tests of the non-EED group, i.e., they are in a better position to differentiate
between S&T with the epistemologically-informed criterion they were taught.

All these indications support that students’ awareness of the distinction between the
overarching goals of S&T was improved after the EED enactment. Concerning students’
responses to the open ended item (see Table 5) prior to and after the EED enactment, a large
shift of post-responses towards the first category is observed. This finding also suggests
improvement in students’ awareness of the distinction between the overarching goals of S&T

in the EED implementation.
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Table 5
Students’ responses to the question ‘How do you determine whether a given research project
is more scientifically or technologically oriented?’

Non-EED EED
Typical student group group

responses pre post pre post
(%) (%) (%) (%)

Description of category

1 Discriminating based on the ‘A project belongs to 50 46 11 62
goal of each domain. Science science when the goal
seeks to explain why is understand how
something happens. something is done. It
Technology seeks to invent or belongs to technology
construct something useful when they try to find
that solves a particular ways that improve
problem. human life.’
2 Discriminating based on the ‘A project belongs to 12 8 8 0
methods that appear in each science when we do
domain. Reference to an experiment. A
experiments, observations, research project
predictions, etc. as methods belongs to technology
used in science. Reference to when we construct
construction, measurements, something.’
etc, as methods employed in
technology.
3 Discriminating based on the ‘When it refers to 0 19 43 14
object of study in each nature, the research
domain. Science deals with belongs to science.
the natural environment But when it relates to
(objects not made by humans),  inventions made by
while technology deals with people, then it
the artificial environment belongs to
(objects built or improved by technology.’
humans).
4 Inadequate or ambiguous ‘In science we study 15 15 16 8
discrimination. things. In technology
people make things.’
5 No difference mentioned and ‘There is no difference. 15 12 0 5
the two domains are attributed  Science and
with the same identity. Technology are two
parts of the same
activity.’
6 Irrelevant answers (do not ‘In science we do 8 0 22 11
respond to the question, scientific stuff and in
tautologies) or no response. technology we do

technological stuff.’
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5. Discussion

5.1 Teaching implications

Reflecting on the results of the study we need to discuss the role of EED in achieving
traceable learning gains on NOS/NOT issues. Existing relevant research identifies the need
to investigate the issue of explicitness in NOS/NOT teaching by examining the role of
systematically engaging students in structured reflective discussions. Literature already
proposes that embedding such EED improves NOS understandings (Clough, 2006;
Lederman, 2007; McComas, 2002; Sandoval, 2003). Results in this study extend these
findings and additionally, highlight the need for further elaboration on how to embed EED
in science classes and especially on the importance of planning for reflective activities. Our
findings confirm that doing S&T is not a sufficient condition that spontaneously leads upper-
secondary students to epistemological reflections related to NOS/NOT. Students enter S&T
lessons with alternative intentions (just like they enter the classroom with alternative
conceptions of scientific concepts). These intentions are alternative in the sense that they
diverge from the learning objectives. Therefore, by guiding them in doing S&T, it cannot be
assumed that they would spontaneously reflect on issues related to NOS/NOT.
Consequently, if these are valued as substantial learning goals, then purposefully planned
group discourse activities need to draw students’ attention to features of both S&T in ways
that highlight their fundamental differences and also their interdependencies.

Interestingly and not irrelevantly, this issue is consistently connected with the history
of science and is reported as the mismatch between what scientists do and what they state
they did when they communicate their findings in publications (Schickore, 2008). In the
history of science, we see scientists not merely striving to produce new knowledge but
having other various (scientifically divergent) motives for enacting and elaborating on their
research, such as personal or community interests, religious or cultural beliefs (Szumilewicz,
1977). These alternate intentions are apparent in non-formal writings (e.g., personal diaries,
correspondence with associates), but, for various reasons, are not mentioned in formal
communications of scientific work. On the contrary, research publications, not only omit the
non-scientific background, but are also structured to present a rationalized picture of the
scientists’ activities, which is (intentionally or not) consistent with the view of science that
was much later formulated and operationalized by the science education community as the
NOS construct.

Explicitness in NOS/NOT teaching can be formulated as planned activities that

engage students in reflective and structured discussions. In our case, embedding such EED
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improved NOS/NOT understanding and thus enforces existing similar claims (Clough, 2006;
Lederman, 2007; McComas, 2002; Sandoval, 2003). Moreover, integrating EED in a TLS
relates to improvements in students’ awareness and reflection habits. Namely, the reflective
EED activities served as scaffolds for students to become more aware of what they were
doing and possibly more receptive through their exposal to S&T activities. For the specific
learning objective investigated in this study, the integration of transitional EED reflective
activities as part of the hands-on activities is found to directly connect to effective scaffolds
of the development of students’ awareness of S&T in an epistemologically informed manner.
More specifically, the gradual introduction of the main goal orientation and characteristic
methodology of each of the two domains, in association with explicitly encouraging students
connect scientific and technological work to their classroom work associates to improved
awareness of the overarching goals of S&T and their facility to use this awareness as a way

to distinguish between the two fields.

5.2 Contribution of the study and implications for future research

This study investigated how the combination of inquiry-oriented and design-based learning
can provide a rich context for teaching epistemological issues about differences and
connections between S&T, thus contributing towards improving efforts to raise students’
awareness of these issues. For this purpose, we examined secondary students’ awareness of
the distinction between S&T prior to and after two implementations of two versions of a
TLS on electromagnetic properties of materials. The main difference between the two
variants was the presence of EED about distinctions and interconnections between S&T in
the second version.

Care was taken to control for other variables that might possibly influence the
learning outcomes, such as teaching time and teaching style (see section 3.2.1). As
mentioned in section 3.3 (Educational Setting Constraints), the educational background of
the participants in the non-EED group would potentially lead them to attain higher gains in
a S&T course as compared to the less committed and less interested students who
participated in the EED group. However, additionally to the reasons mentioned in that
section, this assumption was also in retrospect not verified through the findings of the study
and therefore did not put into question the validity of the research design. The less committed
students performed better, showing markedly greater improvements. Had the participants in
the two cases been equally competent, it is plausible to predict that the findings of this study
would have revealed even greater differences in favor of the explicit approach followed in

the EED version of the TLS.

73



The data collection process relied on evaluating students’ awareness of the
distinction between the overarching goals of S&T prior to and after the two implementations.
Based on the results, according to the definitions adopted in the study about the overarching
goals of S&T, the contribution of the study can be identified in two aspects of scientific and
technological nature, respectively.

Scientifically, the study provides insights into the theoretical assumptions about
teaching and learning NOS/NOT. Firstly, the results corroborate the claim from prior
research that students’ epistemological awareness does not typically emerge as a
spontaneous outcome of their exposal to rich inquiry/design educational experiences
(Khishfe & Abd-El-Khalick, 2002; Lederman, 1992; Sandoval, 2003, 2005; Sandoval &
Morrison, 2003). Specifically, the results from the non-EED implementation do not suggest
any positive influence of the TLS enactment on students’ awareness of the distinction
between S&T.

Secondly, on top of highlighting the inability of a TLS enactment that provides rich
inquiry and design experiences to improve students’ awareness on the specific
epistemological learning objective, the study provides encouraging indications about the
extent to which this objective could be attained through purposefully designed learning
environments. To recapitulate, the most important of these indications include (a) the
increased ability of students at the end of the EED enactment to respond to the FT and ED
tests in a similar and simultaneously correct manner, (b) the prevailing shift of post-
responses towards the first category in the EED implementation, in sharp contrast to the non-
EED implementation, (c) the corresponding reduction in the percentage of the non-
epistemologically informed categories of responses. Clearly, these indications suggest that
it is possible to impact on students’ awareness on NOS/NOT issues from a school age and
scaffold them in developing informed views in this direction.

An additional scientific contribution of this study in providing empirical support to
the claim concerning the effectiveness of teaching approaches that explicitly address
epistemological awareness, is that it extends the limited number of comparative studies that
report direct comparisons between the implicit and the explicit approach and provides the
first report of such research for upper-secondary students and the unique reported for
promoting understanding of the interrelationship between S&T.

Concerning the technological contribution of the study, we deem that our work
contributes to the validation of a TLS with respect to its facility to promote awareness about
the distinction between S&T as a prerequisite for exploring connections between the two

domains. This contribution responds to the widely recognized need for research-based and
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research-validated teaching innovations that integrate explicit aspects of NOS, a learning
objective that still receives limited consideration in conventional teaching practice in S&T
education (Lederman, 2007; McComas, 2002; Sandoval & Morrison, 2003). The study
partially meets this need by proposing an activity sequence for developing students’
awareness of a specific NOS aspect and complements prior work on developing an
instrument for assessing students’ awareness of the distinction between S&T.

The study has drawn on data restricted to one of the four-targeted NOS/NOT
objectives, i.e., the different overarching orientation of S&T. In Study 1, we have
documented that understanding differences between S&T is a prerequisite for developing
awareness about the strong interactions between S&T and specifically how one field can
contribute to the development of the other. It is important to state that the project’s research
orientation is not to provide science education with a sharp distinction between S&T. The
project draws on the premise that trying to think about this distinction can lead to a better
understanding of what can clearly be classified as Technology and what can clearly be
classified as Science.

Findings presented in this study stress the importance of future research on the
design, development and validation of TLSs for helping students in the age range 15 to 18
to develop an awareness of the role of S&T in society and also of their differences and
interconnections. More specifically, findings of the study highlight the need for future
research on evaluation strategies for other learning objectives related to NOS / NOT.
Moreover, building on the successful triangulation strategies of this study, we are interested
in exploring the added value possibilities of alternative evaluation strategies diverging from
the formal pre-post tests, which could be more context-based and used during teaching in
ways that provide students with feedback about their awareness and thus scaffold the
integration of epistemological reflections in science classes. We consider the comparisons
of data from various evaluation formats a promising possibility for improved resources for

assessing learning.
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CHAPTER YV

The educational value of coherence in designing
science teaching-learning sequences that integrate
philosophical issues: an example from developing
awareness of the relationship between science and

technology

Abstract

This study examines the role of philosophy in the educational decision-making involved
when designing teaching-learning sequences (TLSs) for science. To illustrate our argument,
we focus on a single learning objective: developing awareness of the relationship between
science and technology. We present and compare four philosophical perspectives that
describe the relationship between science and technology as two domains of social activity,
namely: the “indistinguishable fields” view, the demarcationist view, the “technology as
applied science” view and the materialistic view. Next, we reflect on implications of
applying each individual perspective for the design of TLSs in science and technology
education. From this analysis, we conclude that exclusive adoption of any one of these four
approaches would lead to flaws in the design of TLSs with significant implications on
emergent student views. Inspired by the inference to the best explanation methodology
(Harman, 1965; Lipton, 2003) we propose an approach that emphasizes coherence as a
guiding principle in designing philosophically informed TLSs on the relationship between
science and technology. From this illustrative example, we scaffold a broader coherence
argument to support the claim that the design of TLSs for introducing philosophical aspects
of science should transgress individual philosophical perspectives and help students develop
the more fundamental ideas while overlooking the intricacies of the underlying philosophical
dialogue. We identify the interactionist view of the relationship between S&T as one such
approach that meets the coherence criteria and we discuss implications of adopting this view
in the design of philosophically informed TLSs.

Keywords

teaching-learning sequence; relationship between science and technology; nature of

science; nature of technology
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1. Perspectives on the relationship between S&T

The phrase “science and technology” is commonly used in policy documents, the daily press
and in informal discourse, referring to a single concept or at least two indistinguishable
aspects of one enterprise. This public representation contrasts with the philosophical act of
probing into the relationship between Science and Technology (S&T). This philosophical
discourse is summarized in Figure 1. The four axes ends represent four inferences of the
relationship between S&T; at the cross-section of the two axes is a fifth inference. The
diagram represents four different perspectives on the relationship between S&T that are

present in the ongoing philosophical discourse.

Technology as applied science (TAS)
(science dominant) view

Identical Interaictlomst Demarcationist
o . view . .
(indistinguishable fields) (independent fields)
view view

Materialistic

(technology dominant)
view

Figure 5. Perspectives on the relationship between Science and Technology (S&T)

The identical (indistinguishable fields) view reflects the broad public perception that
S&T are two facets of the same coin. This view sees no value in discriminating between
S&T and is reinforced by the fact that modern science rarely develops without technology
and vise-versa. “Hence modern technology can be seen as deliberately scientific in nature,
and contemporary science is largely geared to technological ends, using technological means
to achieve them.” (Davies, 1995, p.102). Additionally, reports on techno-science education
corroborate this view (Tala, 2009). At the other end of the horizontal axis, the demarcationist
view describes S&T as “independent, with differing goals, methods and outcomes” (Gardner

1994, p.5), and developing separately.
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In the vertical axis, the technology as applied science (science dominant) view conveys that
“science precedes technology, i.e. technological capability grows out of scientific
knowledge; this position [...] is widely held and influential.” (Gardner 1994, p.5). The
opposite, technology dominant view, rests on the premise that “technology precedes science;
this materialist view asserts that technology is historically and ontologically prior to science,
that experience with tools, instruments and other artefacts is necessary for conceptual
development.” (Gardner 1994, p. 5).

At the junction of the two axes, the interactionist view treats S&T as domains of
human activity with dynamic, two-way interaction (Brooks, 1994) and “considers scientists
and technologists as groups of people who learn from each other in mutually beneficial
ways.” (Gardner 1994, p. 5). Comparatively to the other four, this view seeks to portray a
more balanced and rather consensual representation of the relationship between S&T

(Davies, 1995).

2. Background

The integration of philosophical issues in science teaching has been a longstanding priority.
How to achieve this has been the subject of extensive discussion by the science education
research community leading to efforts to promote teachers’ and students’ understanding of

the nature of science.

2.1 Nature of Science and Nature of Technology as constructs of the educational sciences
The Nature of Science (NOS) and the Nature of Technology (NOT) have long been
considered core learning objectives and fundamental components of scientific and
technological literacy (AAAS, 1989; Driver, Leach, Millar & Scot, 1996; ITEA, 2007; Kang,
Scharmann & Noh., 2005; Lederman & Lederman, 2014; McComas & Olson, 2002; NRC,
1996, 2000, 2007, 2012; Taber, 2008 among many others). The relationship between S&T,
is recognized as one aspect of the NOS/NOT that should be advanced through S&T
education and has not been adequately studied thus far (Constantinou et al., 2010; Hadjilouca

et al., 2011; McComas, 2008; Osborne, Collins, Ratcliffe, Millar, & Duschl, 2003).

2.2 Assumptions on the design of philosophically informed TLSs

A challenging issue with direct implications on the design of philosophically informed
teaching innovations (i.e. integrating NOS/NOT issues in classroom activities), concerns the
role of explicitness as a pedagogical strategy. Explicit approaches deem that students’

attention to philosophical issues needs to be overtly targeted through purposefully planned
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group discourse activities (Oliveira, Akerson, Colak, Pongsanon, & Genel, 2012; Schwartz,
Lederman, & Crawford, 2004).

Prior research on investigating explicitness in NOS/NOT teaching examined the role
of systematically engaging students in reflective and structured discussions. Relevant
literature suggests that embedding such Explicit Epistemological Discourse (EED) activities
and engaging students in EED facilitates NOS understanding, i.e., there is value in
approaching NOS as a learning objective and consequently in planning teaching in ways that
explicitly draw students’ attention towards NOS issues (Clough, 2006; Khishfe & Ab-El-
Khalick, 2002; Lederman, 2007; McComas, 2002; Sandoval & Morrison, 2003).

In our work, we choose to focus on two pedagogical perspectives for the design of
TLSs. Inquiry-based and design-based teaching and learning are established paradigms in
S&T education. The inquiry-based teaching and learning framework seeks to enhance the
authenticity of school science, while at the same time placing emphasis on conceptual change
and the emergence of coherent conceptual frameworks through active participation of
students in processes of investigating phenomena and constructing meaning (NRC, 2012;
Kyza et al., 2011). Design-based teaching and learning also facilitates active learning, this
time through engaging students in problem solving processes with explicit reference to
meeting life’s challenges and social priorities (ITEA, 2007). It involves the methodical
design and often the construction of artifacts followed by an evaluation of the extent to which

the end product or process meets pre-defined specifications (Bybee, 2011; ITEA, 2007).

3. Designing teaching-learning sequences from different philosophical

perspectives: main features and consequences

Davies (1996) provides arguments both in favor and against each one of the four perspectives
illustrated in Figure 1 and reports corresponding pedagogical implications to advance the
thesis that “the view we take of the relationship between science and technology will,
necessarily affect the way we teach them” (p.102). Depending on which view is adopted,
there are implications both for the design of a teaching-learning sequence (TLS) and its
enactment. Below we describe the main generalized features of TLSs designed from the
perspective of each of the four views and we also formulate the student views that would

emerge as anticipated outcomes.

3.1 Identical (indistinguishable fields) view
This view would be reasonably expressed by means of an integrated subject “science and

technology” or teaching and learning activities that seamlessly transverse the worlds of
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theoretical ideas, natural phenomena, artifacts and problems that can be addressed through
innovative design. A typical TLS would include a blend of scientifically-natured (inquiry-
oriented) and technologically-natured (design-oriented) activities without providing any
hints that would make students aware of any boundaries between these worlds. During these
activities, students would try to respond to questions about explaining phenomena and also
solve problems by specifying, developing and evaluating artifacts.

Applying this view through such an undifferentiated approach, disregards that S&T
assume inherently different ways of thinking, different methodologies and different
priorities. As a consequence, it is possible that any superficial attempt at blending S&T
activities could mislead, confuse or enhance existing misconceptions about “what is” and
“what is not” science or technology. One possible response to the critique of the
indistinguishable fields’ view could be given by adopting the demarcationist perspective for

the design of TLSs.

3.2 Demarcationist (independent fields) view

Following the demarcationist perspective, separate and mutually exclusive TLSs for each
field would reasonably be prepared for possibly separate subject areas, with distinct content
and terminology. Activities would be clearly categorized as scientific or technological with
mere use of technology in science lessons and vise-versa, e.g. use of tools of modern
technology’s achievements during science lessons, without exposing students to design
processes or aspects of the nature of technology. Correspondingly, technology lessons,
would apply scientific knowledge whenever required, without necessarily challenging
students to explain relevant phenomena or develop a consistent understanding of related
scientific concepts. Several educational systems have indeed adopted this perspective when
introducing Technology or Design and Technology as a separate subject (De Vries, 2009;
Jones & Buntting, 2015), often replacing Handicraft or Art and Craft, while leaving Science
as a largely untouched amalgamation of Physics, Chemistry and Biology units.

A consequence of this approach that often arises is that students’ ability to transfer
knowledge from science lessons to technology activities and vice-versa is impeded (Jones
& Buntting, 2015). Another relevant consequence relates to the fact that applying this
approach for the design of TLSs does not accurately represent nor do justice to the actual
research reality where the two fields mostly if not always, coexist and interact. Accordingly,
students would not be likely to appreciate the contribution of one field to the other, since no

bridging between the two lessons would be achieved. This condition could produce false
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impressions of how the two fields operate as well as their individual value. Subsequently, it

could lead to misguiding students’ perceptions concerning future career aspirations.

3.3 TAS (science dominant) view
This view would affect the academic role of science education on technology education.
TLSs expressing the TAS view would be designed to place emphasis on the academic
prestige of science in comparison with technology and the industrial application of scientific
knowledge. Most technological projects would be carried out in terms of applying scientific
knowledge, with emphasis on the practical side of construction work. If there would be two
separate school subjects, the Technology subject would be designed to fit and apply the
content learnt in the Science subject. In other words, explaining the relevant phenomena in
the Science subject would always be a prerequisite for developing the concepts needed to
invent adequate solutions within the projects undertaken in the Technology subject, such as
in the case of scientific investigations about electric circuits followed by constructing a torch,
for example (Davies, 1995).

A consequence of this approach is that the value of developing design skills could,
by and large, be degraded as compared to gaining scientific knowledge (Gardner, 1994).
Although historically valid in several instances, in the industrial and post-industrial
economy, the TAS view of the relationship between S&T ignores both the fact that, in
historical terms, technology preceded science, as well as the current, reciprocal relationship,
since: (a) scientific knowledge frequently needs elaboration before it becomes
technologically useful (Layton, 1993), (b) many examples of technological development
occurred without scientific scaffolding (Basalla, 1988; Jones, 2012), (¢c) numerous examples
of careful application of scientific knowledge failed because of critical design flaws or the
absence of other necessary parameters (Davies, 1995; Jones, 2012), and (d) science itself
was inspired by technological practices and in many cases was dependent on them (as in the
cases of telescopes, computers and particle accelerators, for example) (Pitt, 2018). All these
could misguide students to underestimate the significance of technological knowledge and
innovation vis-a-vis scientific knowledge and inquiry. This would in turn undermine efforts
to develop realistic notions in the students’ aspirations and future career choices (Davies,

1995).

3.4 Materialistic (technology dominant) view
In the case of adopting a materialistic approach when designing TLSs, science education

would serve much like an assistant to technology education. Specifically, science education
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would be invoked only on a need to basis, i.e., to investigate certain scientific concepts
whose necessity would arise during the implementation of a technology project (e.g.,
investigation of the thermal insulation properties of various materials as a resource activity
for a project with a mission to design a ski jacket) (Davies, 1995).

Although this view, just as the opposite one of TAS, has been historically valid in a
variety of situations and historical periods, one of its consequences could be that it leads to
disregarding the importance of its converse, i.e. the equally valid inspirational role of
scientific development towards technological innovation. Restricting scientific learning
activities to an absolutely utilitarian part of the design process, would qualify technology
education to the status of being unrealistic: without the contribution of science it is highly
unlikely that modern technology could have developed. Additionally, important aspects of
science would possibly be left outside the curriculum, since most things taught would be
confined to meeting the needs of specific technological projects (Davies, 1995). Lastly, it
would be less likely for students to develop the notion of the evolution of scientific
knowledge as a process sometimes driven by an innate need to be able to understand and

make valid predictions.

4. A coherence view for familiarizing students with the relationship
between S&T

The effort to integrate philosophical issues in science and technology teaching beyond being
a longstanding priority, is also particularly challenging when it comes to issues that are still
open to philosophical scrutiny, such as the relationship between S&T. The design of TLSs,
as tools for classroom use, faces exactly this challenge. As illustrated by the analysis in the
last section, drawing exclusively on anyone of the four philosophical perspectives on
scrutinizing the relationship between S&T, educationally, is not an option. It is not an option
partly because the main aim of the educational effort is to encourage student awareness of
the distinct roles and priorities of S&T in a modern democratic society, as well as to help
students recognize their main features, their dynamic interconnections and their significance.

Having rejected the possibility of adopting anyone of the four philosophical
perspectives, two options remain: either to present all four and try to engage students in
appreciating the underlying philosophical discourse or to identify a single narrative that
crystallizes some fundamental ideas for philosophical reflection.

For the first option, one needs to take into consideration that the objective of the

corresponding philosophical scrutiny is to seek an exhaustive account that can guide
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informed debate about the very nature of science and the very nature of technology, in ways
that satisfy the criterion of validity and consistency but also have the potential to influence
informed policy development and decision making in terms of setting scientific and
technological priorities. Such an account would require a pre-existing understanding of the
concept related to the specific topic as well as the fundamental functions of S&T and also a
basic facility with philosophical inquiry. In addition, students would need to be able to
connect with an account for S&T that they can relate to their own studies and options for the
future.

In contrast, for the second option, if we were to adopt some of the shared ideas, we
need to beware of two challenges: (a) the need to identify philosophical ideas that are to
some degree consensual, revealing fundamental aspects of the purposes and relationship
between science and technology; (b) the need for those ideas to make a coherent whole so
that they can be conducive to elaboration.

For these purposes and following on our critique of exclusively adopting any one of
the four approaches when designing TLSs, we propose adopting a methodology inspired by
what Harman (1965), and Lipton (2003) —albeit in a different context— call inference to the
best explanation, 1.e. in the absence of significant empirical evidence that would be crucial
for determining the one correct approach, to aim for the best possible method for introducing
the relationship between S&T in each development stage.

The inference to the best explanation leads one to infer that it must have rained the
night before because the grass is wet this morning, since it is a highly probable conclusion
if the experience occurs in a northern European country. It would not have been an inference
to the best explanation if the experience occurred in a southern European country in the
summer, since the probability of the conclusion diminishes significantly, even more so if the
road next to the grass is dry. So, the same inference would be good or bad given the
accompanying circumstances in the neighboring environment. Let us codify this by saying
that an inference leads to the best explanation given the context of the circumstances in
which it occurs. In an analogous manner we suggest that, since we lack conclusive arguments
for deciding which of the four aforementioned approaches is best for use in the design of
TLSs, we adopt a pluralist approach in the sense of choosing the best one, or the most
suitable, given the circumstances at particular stages of the development of the students’
knowledge and understanding.

For the case of familiarizing students with the relationship between S&T, the best
possible approach needs to satisfy the following: Firstly, it should transgress problems

arising when exclusively following any specific view of the relationship between S&T.
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Secondly, it should reconcile between the various philosophical interpretations. Despite the
lack of agreement in the philosophy of science in a specific interpretation of the relationship
between S&T, it would still be possible, meaningful and useful to help students develop a
relevant set of fundamental ideas while overlooking the intricacies of the underlying
discourse. Subsequently, citing the absence of actual application of the individual views of
the relationship between S&T in education, we suggest a response to this open issue by
introducing a coherence approach (as mentioned, inspired by Harman’s (1965) inference to
the best explanation approach).

Instead of presenting one or more of the active philosophical perspectives of the
relationship between S&T, a coherence approach would include consensual elements
extracted from all four perspectives in order to familiarize students with an overview of the
relationship between S&T through suitable examples, highlighting the fundamental
distinctions and interconnections even though this view would not be compatible with all the
intricacies of an exhausting philosophical debate. One implication of the coherence approach
is that the significance of any of the above four views for introducing TLSs is considered as
context-dependent. This prima facie may not seem appropriate, but in the absence of
conclusive arguments that one approach is best, for the practical purposes of designing a
TLS, it is reasonable.

One such coherent approach would be to adopt an interactionist view of the
relationship between S&T. According to Davies (1995) the most appropriate view to
understand the other views is the one at the junction of the two dimensions of Figure 1, i.e.,
the interactionist view. Thus, applying the interactionist notion through the design of TLSs
in S&T education balances the two ends of TAS and materialistic views, reflecting the
current reality of how S&T research projects are enacted in the real world. Admittedly, “it
is very difficult to teach science and technology interactively”, especially in the primary
school (Davies, 1995, p.110). Furthermore, if students have not previously been given the
opportunity to develop a consistent understanding about the differences between S&T,
helping them recognize aspects of the intricate relationship between the two fields would
involve some degree of elaboration on the bidirectional transactions that, for example, feed
science with questions formulated by technology and tools developed by technology and, in
the other directions, feed technology with phenomena, laws and scientific hypotheses that
can find use in technological problem solving.

To achieve implementation of such a coherence approach, one could be guided by
awareness of key ideas from the historical background of the relationship between S&T, and

carefully adapt them seeking to align the complexity of the targeted ideas with students’
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cognitive resources. Following the historical development of the relationship between S&T,
we learn that initially the two fields developed independently and today they have come to
progress in mutual interaction (Hadjilouca et al., 2011). Thus, students could initially be
guided to study separately the two fields (demarcationist view) and be steered to develop
coherent criteria to distinguish between S&T. One basic and historically relevant criterion is
the different orientation between S&T, where science seeks to generate reliable knowledge,
while technology seeks to respond to human needs by developing solutions to problems
(Hadjilouca et al., 2011). Corresponding differences exist in terms of the core processes they
rely on, i.e. investigation is a process employed for achieving scientific goals, while design
is a procedure applied for reaching technological goals (Hadjilouca et al., 2011). Ensuring
that students are familiarized with fundamental distinctions between S&T, then a TLS can
proceed with activities that explore the coexistence of the two fields, to explore their
interconnections as these appear through the TAS and the materialistic views.

Based on such a coherence rationale, we have designed a TLS, which we described
analytically in another study (Hadjilouca et al., 2011). This teaching proposal, as elaborated
in Chapter III, was implemented with an intact class of sixth graders and we have obtained
promising results regarding reaching its learning objectives for distinguishing between S&T
and also appreciating their relationship.

In summary, the coherence approach employs elements from all four views in the
quest to introduce an interactionist relationship between S&T. However, it does not do so in
order to spell out necessary and sufficient conditions for the difference between S&T, but in
order to support the development of intuition about their different nature and their relations.
In this quest, the coherence approach employs each of the four views at different stages of
the development of that intuition in students or it chooses the most suitable of the four in
each particular circumstance, since its compass is to bring students to a basic level of
understanding of S&T that will allow them to recognize some of the differences and

interdependencies between S&T.

5. A broader coherence claim concerning the design of science TLSs

One could argue why not teach all views of the relationship between S&T instead of probing
on a coherence approach. The answer is simple; neither science nor technology education
are oriented to teaching philosophy. Still, both science education and technology education,
from the designers’ perspective, are interested to probe how philosophy can inform decision-
making concerning the design of TLSs that integrate philosophical aspects of S&T into

teaching and learning.
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Although philosophical views cannot determine educational practices, we think that
it is meaningful for educators to maintain a sufficient philosophical background with the
intention of following future discourse in which philosophy could possibly play a greater
role in education. Despite the lack of agreement in the philosophy of science/technology on
a specific interpretation of the relationship between S&T, it would still be possible and useful
to help students develop a relevant set of fundamental ideas while overlooking the intricacies
of the underlying discourse. In the previous section we proposed an approach for
familiarizing students with the relationship between S&T, which transgresses complicated
philosophical scrutiny, namely the coherence approach. In this section we extend this
approach by suggesting its broader use in the design of TLSs that scaffold students’
awareness of more issues relevant to philosophical aspects of science that are also considered
important in science education and simultaneously remain open to philosophical debate. We
argue in favor of extending the coherence approach by reporting the consistency of this
extension with the recent efforts of science education researchers to define the construct of
the NOS, as a synopsis of general characteristics of science that are meaningful and
beneficial for students to be aware of and for which there is a consensus among philosophers
of science (Abd-El-Khalick, Bell & Lederman, 1998; Lederman, 2007; McComas, 2008;
Osborne et al., 2003). In fact, understanding how S&T differ and relate is part of this
construct (Jones & Buntting, 2015; McComas, 2008; Osborne et al., 2003).

More specifically, the coherent approach is consistent with the consensus that seems
to exist within science education on a set of ideas consisting of the NOS (Abd-El-Khalick,
Bell & Lederman, 1998; Lederman, 2007; McComas, 2008; Osborne et al., 2003). For
example, these ideas include, amongst others, the durable, albeit tentative, nature of
scientific theories, the central role of empirical evidence in science and the distinction
between observations and inferences. This consensus rationale results from the premise that
whatever the scientific content students are intended to gain (e.g. conceptual understanding,
NOS understanding, reasoning skills, practical skills, experiences, attitudes), it should be
appropriately transformed toward meeting students’ needs and use their ideas as a starting
point. Consequently, transformations are bound to include justified simplifications of the
scientific content that align the complexity of the targeted ideas with students’ cognitive
readiness.

The challenge that is inherent in attempts to devise teaching transformations for
philosophical issues, is how to avoid conflicts with corresponding ideas that are widely
accepted within the philosophy of science. Despite being simplified and incomplete, the

ideas that students are intended to develop should serve a productive role and should be
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amenable to elaboration at subsequent stages so as to become increasingly sophisticated and
epistemologically coherent (Taber, 2008). From this perspective, disagreements among
philosophers of science are not always relevant to school science (Lederman, 2007), in that
science teaching merely aims at helping students develop fundamental consensus ideas of
how science works without trying to deepen in the underlying (philosophical) discourse.

It is important to note, that the relationship between S&T, is included among the set
of ideas consisting of the NOS (McComas, 2008; Osborne et al., 2003). Of course,
familiarizing students with the relationship between S&T is itself important for a number of
reasons, which have been elaborated elsewhere (Constantinou et al., 2010). Understanding
of the relationship between S&T could inform and facilitate attempts to devise mechanisms
for increasing students’ interest towards S&T courses (Gago et al., 2004; NSF, 2003; OECD,
2006) and it could offer them guidance on future careers. Specifically, it could help the
education system to encourage students to make more informed decisions and this could, in
turn, increase the likelihood for successful career choices. Also, the prevalent conceptions
about S&T are important for efforts to communicate publicly their role in society and the
outcomes of the various policy procedures for developing funding priorities. For instance,
the level of public support for an innovation system in close symbiosis but distinct from the
science system, and closely related with financial investment mechanisms, is directly related
to the level of public understanding of the differences and connections between S&T and the
diverse roles they play in economic development.

Our objective in this study was to reflect on the educational value of coherence when
designing TLSs for teaching issues related to the philosophy of science and suggest its
application in a specific example. Notably, we used the objective of familiarizing students
with the relationship between S&T as an example to support the claim that designing TLSs
for teaching issues related to the philosophy of science, should be structured on
philosophically informed decisions but not restricted to individual philosophical

interpretations.
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CHAPTER VI: CONCLUSIONS

1. Restating the research problem and purpose

Developing understanding about the NOS, is acknowledged as a core learning objective of
science education and an important component of scientific literacy (AAAS, 1989; Abd-El-
Khalick, 2013; Driver et al., 1996; Kang et al., 2005; Lederman, 2007; McComas & Olson,
1998; NRC, 1996, 2000, 2007, 2012; Taber, 2008 among many others). However,
conventional science teaching does not pay adequate attention to NOS as it does with the
remaining science learning objectives (e.g. conceptual understanding, scientific skills, etc.)
as compared to this acknowledgement. The present dissertation emerged as a partial response
to this problem and specifically the dual need for (a) elucidating parameters that relate to the
teaching and learning of the NOS in science education and (b) developing corresponding
illustrations of effective teaching innovations, especially in the lower school grades (Abd-
El-Khalick, 2012, 2013; Akerson & Volrich 2006; Kang et al., 2005; Lederman, 2007;
Lederman & Lederman, 2014; Sandoval & Morrison, 2003). One of these parameters
concerned the role of the philosophy of science in the design of TLSs , while another
concerned the role of EED for improving students’ awareness about NOS.

I was especially interested to pursue the above purpose by focusing on an aspect of
the NOS which lacked adequate investigation thus far. Specifically, the dissertation
elaborated on the role of Science and Technology in society, their interrelationship and
sought to investigate student understanding of this role and ways to enhance it. The
interrelationship between S&T is of contemporary interest because of the need to make better
use of the results of research in innovation and entrepreneurship. Science education has a
great potential in contributing to this societal priority by promoting student understanding of
how S&T differ and how they relate (Jones & Buntting, 2015; McComas, 2008; Osborne et
al., 2003).

2. Summary of findings — Limitations

The dissertation pursued its purpose through four distinct studies that sought to respond to
the formulated research questions. The first study developed a detailed description of the
rationale underlying a novel teaching proposal and an outline of the corresponding activity
sequence that embodied the rationale for a teaching innovation about the interrelationship

between S&T. The effort relied on inputs from three sources: the history and philosophy of
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S&T, existing knowledge on the teaching and learning of the NOS, as well as empirical data
on students’ initial ideas and the difficulties they encounter while learning about this topic.

The second and third studies designed TLSs that applied this rationale and evaluated
them through teaching interventions. Both studies evaluated the effectiveness of EED for
raising students’ awareness about NOS by exploring whether the combination of inquiry-
oriented and design-oriented teaching and learning could provide a rich context for raising
awareness about the interrelationship between S&T. The learning objectives of the TLSs in
both studies were that students would (a) develop awareness of the distinction between the
different overarching goals of S&T (producing reliable knowledge about natural phenomena
vs developing solutions to respond to human problems and needs), (b) develop awareness of
the difference in the core methodological frameworks that are commonly adopted by S&T
(investigation and design, respectively), (c) identify aspects of the contribution of S to the
development of T, and (d) identify aspects of the contribution of T to the development of S.
Assessment focused on the first learning goal, namely student awareness of the distinction
between the different overarching goals of S&T. Both studies described the research process
and what was learnt about designing TLSs on this topic, accompanied by suggestions on
improvements and refinements to the learning materials.

Specifically, the second study reported a process of technological design situated in
a design-based research paradigm that implemented a specially designed TLS in geometrical
optics with a class of upper-elementary school students. The effectiveness of the TLS was
assessed with measurements of students’ understanding about the different overarching
goals of S&T and also difficulties students encounter in their attempts to develop an
understanding of the difference between the overarching goals of S&T. The measurements
were taken prior to and after the teaching intervention through the participants’ responses to
written tasks and follow-up semi-structured interviews. The analysis of the collected data
explored students’ progress because of their interaction with the TLS. The results
demonstrated the possibilities in young learners’ ability to improve their understanding and
provided feedback for the revision of the TLS so as to further enhance its effectiveness by
further scaffolding students overcome their difficulties and better achieve the stated learning
objectives in future implementations.

The third study integrated, as previously stated, the epistemologically oriented
learning objectives and corresponding activities regarding the interrelationship between
S&T in an existing TLS on electromagnetic properties of materials and was designed to
address the needs of upper-secondary school students. Next, it applied a combined pre-post

test and interview design that evaluated upper-secondary school students’ awareness of the
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interrelationship between S&T as part of two teaching interventions with two versions of a
TLS. The targeted difference between the two interventions was the integration of EED
activities regarding the interrelationship (i.e., differences and connections) between S&T in
the second version of the TLS. The outcomes of the study provided empirical evidence
regarding the argument that students’ awareness of NOS was more effectively promoted
when integrating EED in science teaching and learning.

The results of the TLSs’ evaluations in the second and third studies concentrated to
one of the LOs that is a prerequisite for exploring connections between S&T. The promising
results at this stage, necessitate to consider for further enhancing the development of
validated instruments for the rest of the objectives, in order to collect feedback about the
remaining learning objectives.

The fourth study focused on the role of philosophy in the design of TLSs that
introduce philosophical aspects of science, such as the relationship between S&T. The study
compared five reported perspectives that describe the relationship between S&T and
reflected on corresponding implications from separate application of each perspective for
the design of TLSs in S&T education. This reflection concluded that exclusive adoptions of
any of these five approaches when designing TLSs reported flaws and lacked validity in
students’ awareness. This reflection led to suggesting a coherence approach when designing
TLSs for familiarizing students with the relationship between S&T. This approach suggests
such a TLS needs to be structured on philosophically informed decisions but not to be
restricted to individual philosophical interpretations. The example of the relationship
between S&T was further expanded in supporting a broader coherence claim concerning the
design of TLSs for introducing philosophical aspects of science by transgressing the
individual philosophical perspectives and help students develop fundamental ideas while

excluding the intricacies of the underlying philosophical dialogue.

3. Implications — Contribution

Possessing an adequate understanding concerning how S&T differ and interrelate has
implications on various dimensions including citizens’ ability to meaningfully participate in
the public debate over socio-scientific issues and make informed choices on their future
careers. The contribution of this dissertation is of a dual nature: scientific and technological.

One scientific contribution of the dissertation relates to indications of the ability to
impact on students’ understanding on NOS issues at an early stage and scaffold students in
developing informed views towards this direction. Particularly, the dissertation’s findings

elucidate our understanding about the role of explicitness in teaching about NOS issues. EED
90



in Studies 2 and 3 was applied as planned activities that engaged students in reflective and
structured discussions. Embedding such EED improved NOS understanding. The findings
of both studies (2 and 3) that EED was integrated in the TLSs, exposed improvements in
students’ awareness and reflection habits. Namely, the reflective EED activities served as
scaffolds for students to become more aware of what they were doing and possibly more
receptive through their exposal to S&T activities. For the learning objective investigated in
these studies (to understand the difference between the overarching goals of S&T), the
integration of transitional EED reflective activities as part of the hands-on activities was
found to directly connect to effective scaffolds of the development of students’ awareness
of how S&T differ in an epistemologically informed manner. More specifically, the gradual
introduction of the main goal orientation and characteristic methodology of each of the two
domains, in association with explicitly encouraging students connect scientific and
technological work to their classroom work associates to improved awareness of the
overarching goals of S&T and their facility to use this awareness as a way to distinguish
between the two fields. Therefore, such findings confirmed and elucidated the claim that
students” NOS awareness does not typically emerge as a spontaneous outcome of their
exposal to rich inquiry/design educational experiences (Khishfe & Abd-El-Khalick, 2002;
Lederman, 1992; Sandoval, 2003, 2005; Sandoval & Morrison, 2003) but can improve when
systematically engaging students in structured reflective discussions during teaching and
learning (Clough, 2006; Lederman, 2007; McComas, 2002; Sandoval, 2003). The
dissertation’s novelty in this respect becomes more apparent since only a limited number of
research reports with direct comparisons between the implicit and the explicit approach
(study 3) and no prior results were found for the interrelationship between S&T (studies 2,
3).

Another scientific contribution relates to investigating the potential of using inputs
from the history and philosophy of S&T for facilitating and supporting attempts to develop
teaching and learning materials that address NOS issues. Specifically, exposing the
perspectives of the interrelationship between S&T through the lens of history revealed
guidelines that informed the development of the activity sequence in various ways. The
findings from such reflection can also be useful for any future attempt to design NOS-
informed learning sequences. Connected to this contribution stands the suggestion of the
coherence approach when designing TLS that introduce philosophical aspects of science,
1.e., NOS aspects. Using the relationship between S&T as an example, the coherence
approach employed elements from the various philosophical interpretations of the

relationship between S&T in the quest to introduce TLSs on this topic. This approach could
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not be used for spelling out necessary and sufficient conditions for the difference between
S&T, but it can be useful in educators to support students’ development of intuition about
the two fields’ different nature and their relations. In this quest, the coherence approach was
useful to employing each of the five views at different stages of the development of that
intuition in students or it chose the most suitable of the five in each particular circumstance,
since its compass was to bring students to a basic level of understanding of S&T that would
allow them to recognize some of the differences and relations between S&T.

The technological part of the dissertation’s contribution relates to the development
of a structure for a teaching innovation addressing the interrelationship between S&T with
upper-elementary and secondary school students. The dissertation contributed to the design
as well as the validation of TLSs with respect to their ability to promote awareness about the
distinction between S&T as a prerequisite for exploring connections between the two
domains. This contribution responded to a widely recognized need for research-based and
research-informed teaching innovations that integrate explicit aspects of the NOS, a set of
learning objectives that still receive limited consideration in conventional teaching practice
(Abd-El-Khalick, 2012; Lederman, 2007; Lederman & Lederman, 2014; McComas, 2002;
Sandoval & Morrison, 2003), especially in the case of the elementary and secondary school
grades (Akerson & Volrich, 2006; Kang et al., 2005).

Finally, another contribution relates to a topical issue in the Cyprus Educational
System for public elementary education. The dissertation is directly connected to recent
changes of the framework for teaching S&T, where for grades 1-4 two lessons, Science and
Design and Technology, have recently been integrated after a long tradition of being taught
separately with quite distinct laboratory infrastructures and traditions. This transformation
is a cause for further thinking on the pedagogical grounds on which to base decisions about
the ways of effectively integrating the two fields in early elementary education. The findings
of the dissertation contribute in this direction, through specific recommendations for
effective teaching of S&T in ways that take into consideration the interrelationship between

the two domains.

4. Recommendations for future research

Future steps on this research area include more implementation circles of the revised TLSs
in upper elementary and secondary classroom environments with a view to evaluate their
effectiveness through appropriate instrumentation and to further promote all the learning
objectives. The two empirical studies (2 and 3) have drawn on data restricted to one of the

four-targeted NOS objectives, i.e., the different overarching orientation of S&T. The two
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theoretical studies (1 and 4), documented that understanding differences between S&T is a
prerequisite for developing awareness about the strong interactions between S&T and
specifically how one field can contribute to the development of the other. It is important to
state that the project’s research orientation is not to provide science education with a sharp
distinction between S&T. The project draws on the premise that trying to think about this
distinction can lead to a better understanding of what can clearly be classified as Technology
and what can clearly be classified as Science.

The empirical findings presented in this dissertation stress the importance of future
research on the design, development and validation of TLSs for helping students in the age
range 11 to 17 to develop an awareness of the role of S&T in society and also of their
differences and interconnections. More specifically, these findings highlight the need for
future research on evaluation strategies for other learning objectives related to NOS.
Moreover, building on the successful triangulation strategies, I am interested in exploring
the added value possibilities of alternative evaluation strategies diverging from the formal
pre-post tests, which could be more context-based and used during teaching in ways that
provide students with feedback about their awareness and thus scaffold the integration of
epistemological reflections in science classes. I consider the comparisons of data from
various evaluation formats a promising possibility for improved resources for assessing

learning.
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Appendix A: List of Abbreviations

Table 6

List of Abbreviations

Abbreviation Explanation

EED
LO
NOS
NOT
S&T
TLS

Explicit Epistemological Discourse
Learning Objective

Nature of Science

Nature of Technology

Science and Technology

Teaching-Learning Sequence
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Appendix B

Formal Terminology test

Name:

Class:

Date:

Below there are some statements that describe what different researchers are trying to do in
their research. For each research tick v ONE box, which you consider as the most
appropriate, i.e., whether you consider that the research fits in science, technology or neither
of the two fields.

What the | What the | ' nat the
researchers
researchers| researchers .
q q are trying to
are trying | are trying
does not
to do to do .
belong neither
belongs to | belongs to .
. science nor
science. |technology. | —— -~ —
technology.
L | we try to design faster aeroplanes.
2.1 We try to explain how lightning is created.
3. | We observe the sky through telescopes in
order to study the motion of planets.
We are searching to find the best way to
4. | measure with accuracy the speed of the
wind.
We are studying a newly located species in
5. | a park, in order to see how it differs from
the other known species living in the same
park.
We try to make filters to absorb polluting
6. | fumes that are emitted from factory
chimneys.
7. | We try to create a vaccine against various
dangerous known viruses.
8. | We try to understand the causes of
cyclones.
9. | We try to improve microscopes so that we
can make more detailed observations.
10/ We try to understand the behaviour of
small species that live in Athalassa lake.
11| We try to make an artefact that will protect
us from lightning.
12| We try to examine how the climate
conditions would change if glaciers melted.
The raw materials that are normally used
3 for producing electricity are oil and coal.

The amounts of these materials are
continuously reducing, so we try to find
new ways of producing electricity.
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What the

What the | What the | researchers
researchers|researchers | are trying to
are trying | are trying does not
to do to do belong
belongs to | belongs to neither
science. |technology. | science nor
technology.

14.

We do experiments with car machines in
order to find a way to reduce polluting
fumes that are emitted from factory
chimneys.

15.

We try to explain what causes tsunami.

16.

We try to study the factors that cause
various types of cancer.

17.

We take monthly water flow measurements
of natural streams.

18.

We try to examine whether we can modify
some food, so as to add substances known
for their ability to cure some diseases.

19.

We try to predict how the climate will
change in 500 years. We use computers in
order to make some complicate
mathematical calculations easily and fast.

20.

We try to investigate how the sun
influences our skin

21.

We try to develop an instrument that will
help us effectively predict the time of
occurrence and the length of earthquakes.

22.

We try to make materials that will be more
withstand in earthquakes

23,

We are trying to decide the best location to
build a desalination plant.

24.

Recently, there has been a car accident and
now a research is conducted in order to
find the causes that led to it.

25.

Some times arteries that send oxygen to the
heart get narrow and this causes heart
attacks. We try to examine how smoking
leads to the stenosis of the arteries.

26.

Antibiotics help us in confronting some
diseases; however, too frequent use of
antibiotics can be detrimental to our health
in the long term. We try to understand
better what types of problems may be
caused by overuse of antibiotics

27.

We examine whether microwave ovens are
dangerous for our health and also what sort
of problems they might cause.

104




What the

What the | What the | researchers
researchers|researchers | are trying to
are trying | are trying does not
to do to do belong
belongs to | belongs to neither
science. |technology. | science nor
technology.

28.

Many electrical devices (such as mobile
phones) transmit large amount of radiation
when they are operating and this could
cause health problems. We try to make an
instrument that measures how much
radiation is transmitted by various devices.

29.

We are trying to develop a substance that
acts against known viruses linked to
cancer.

30,

We keep records of the people entered in
our country’s hospitals with heart problems

31,

Many people argue that caffeine is bad for
our health. This issue has not been studied
much so far. We are trying to investigate,
so that we can explain how exactly it
affects our health.

32,

In many cases, drinkable water contains
substances that are bad for our health. We
try to find a way to remove them.

Question: Concerning your responses in the above table, how do you decide whether a
research project fits with the goal of science or technology or neither?

Answer:
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Elaborated Definitions test

Name:

Class:

Date:

Below there are some statements that describe what different researchers are trying to do in
their research. For each research tick v/ ONE box which in your opinion fits better.

They try to
understand
better how
natural
world
functions.

They try to
develop
solutions to
problems
encountered
by society and
to meet
human needs.

Neither
of the
two
previous
goals
interests
them.

1. | We try to design faster airplanes.
2. | We try to explain how lightning is created.
3 We observe the sky through telescopes to study the
" | motion of planets.
4 We are searching to find the best way to measure
" | with accuracy the speed of the wind.
We are studying a newly located species in a park, in
5. | order to see how it differs from the other known
species living in the same park.
6 We try to make filters to absorb polluting fumes that
" | are emitted from factory chimneys.
7 We try to create a vaccine against various dangerous
" | known viruses.
8. | We try to understand the causes of cyclones.
9 We try to improve microscopes so that we can make
" | more detailed observations.
10. | We try to understand the behavior of small species
that live in Athalassa lake.
11. | We try to make an artefact that will protect us from
lightning.
12. | We try to examine how the climate conditions would
change if glaciers melted.
The raw materials that are normally used for
13. | producing electricity are oil and coal. The amounts of
these materials are continuously reducing, so we try
to find new ways of producing electricity.
We do experiments with car machines in order to find
14.1 5 way to reduce polluting fumes that are emitted from
factory chimneys.
151 we try to explain what causes tsunami.
16. | We try to study the factors that cause various types of
cancer.
17. | We take monthly water flow measurements of natural

streams.
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They try to
understand
better how
natural
world
functions.

They try to
develop
solutions to
problems
encountered
by society and
to meet
human needs.

Neither
of the
two
previous
goals
interests
them.

18.

We try to examine whether we can modify some food, so
as to add substances known for their ability to cure some
diseases.

19.

We try to predict how the climate will change in 500
years. We use computers in order to make some
complicate mathematical calculations easily and fast.

20.

We try to investigate how the sun influences our skin.

21.

We try to develop an instrument that will help us
effectively predict the time of occurrence and the length
of earthquakes.

22.

We try to make materials that will be more withstand in
earthquakes.

23.

We are trying to decide the best location to build a
desalination plant.

24.

Recently, there has been a car accident and now a research
is conducted in order to find the causes that led to it.

25.

Sometimes arteries that send oxygen to the heart get
narrow and this causes heart attacks. We try to examine
how smoking leads to the stenosis of the arteries.

26.

Antibiotics help us in confronting some diseases;
however, too frequent use of antibiotics can be
detrimental to our health in the long term. We try to
understand better what types of problems may be caused
by overuse of antibiotics.

27.

We examine whether microwave ovens are dangerous for
our health and also what sort of problems they might
cause.

28.

Many electrical devices (such as mobile phones) transmit
large amount of radiation when they are operating and this
could cause health problems. We try to make an
instrument that measures how much radiation is
transmitted by various devices.

29.

We are trying to develop a substance that acts against
known viruses linked to cancer.

30.

We keep records of the people entered in our country’s
hospitals with heart problems.

31.

Many people argue that caffeine is bad for our health.
This issue has not been studied much so far. We are trying
to investigate, so that we can explain how exactly it
affects our health.

32.

In many cases, drinkable water contains substances that
are bad for our health. We try to find a way to remove
them.
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Ovopotenmvoupo:

Taén: Huep/via:

[T kdtw PAETEIG INADCELS SLOPOPOV EPELVNTAOV TTOL £ENYOVV TL TPOGTOHOVV VO KAVOLV GTNV £PEVVAL
toug. ' Tov kGbe gpevvnTh onueimoe v og ENA kovtdkt avdioyo pe to katd 1060 Oempeic 41t antd
OV KAVEL TAPLALEL LE TOV GTOYO TNG EMGTHUNGS, TNG TEYVOLOYIOG 1 LE KAVEVE, atd TOVG OV0 KAAOOLG,

O oto)0g
TOV
EPELVITOV
Tapralel
NE TO
oT0Y0 TG
gmoTnuNC.

O ot6y0¢
TOV
EPEVVITAOV
Topralel pe
TOV 610Y0
me
TEYVOLOYiaC.

O o716)0c TOV
EPELVIITAOV OEV
TOPLaleL oVTE
L€ TO 6T0Y0
TNG EMOTHUNG

7

OVTE UE TO

oTOY0 TNS
TEYVOLOYLOC.

[IpooraBovpe va oyxedidoovpe aepomAdva
YPNYOPOTEPX OO QVTE TTOL EYOVLE GNUEPQL.

[IpoomaBovpe va eEnyncovpie Tmg axpiPmg
dnuovpyeiton 0 Kepavvac.

[IpoomaBolpe va TapatnpGOLLE LE TO TNAEGKOTLO
TOVC TAOVITEG Y10, VoL EEQKPIBADGOVUE TAOG KIVOUVTOL.

Yayvoupe va Bpodpe Tov KoADTEPO TPOTO Y1oL VoL
LETPOVLE UE OKPIPELo TNV TOYVTNTO TOV OVELOV.

Epeig éxovpue evromicel mpdopata £va véo £160¢
0pYOVIGLOV 61O TTapKO TG AyAavt{ibg Kot To
LEAETOVLE MOTE VO SOVLE GE TL OLOPEPEL QO TOVG
VTOAOUTOVG OPYOVIGLOVG TTOV LOVV EKEL.

[IpoonaBovpe va ptidovpe eidtpa mov Ha
amoppoPovV T BAAPEPE KOVGAEPIO TOV EKTEUTOVTOL
0o T POVYAPU TV EPYOCTOGIMV.

Topa mov yvopilovpe apKeTd TpayLaTa Y100 TOV TPOTO
LLE TOV OTO10 GUUTEPLPEPOVTOL KATOLOL 101 OTOV
TpocParovy Tov avBpdmTvo opyovicpd, Tpoctadolpe
va dnpovpyncovpe Eva pfoito mov Ba tovg
KOTOTTOAEUAL.

O£&LlovpE VO KATOVOT|COVE TL TPOKOAEL TOVG
aveLooTpOPthovg.

[TpooraBovpe va BEATIOCOVE TO LIKPOGKOTLO (DGTE
VoL LTTOPOVLLE VO KAVOVUE TLO AETTOUEPELS

TOPUTNPNGELS.

10.

[Ipoomafolpe Vo KOTAVONGOVLE T1 GLUUTEPLPOPA
UIKPOGKOTIKAV OPYOVIGU®OV TOL {OVV 6T Alpvn TG
AbBordococ.

11.

[TpooraBovpe va pTidEovpe Kataokevég mov o pog
TPOGTATEVOVYV OO TOVG KEPOLVOVG.

12.

[TpooraBovpe va eetdoovpe g Oa ennpedlovtay ot
KOPIKES GLVONKES oV EMMVOV 01 TYETADVEG.

13.

O TpMdTEC VAES Y10 TNV TTOPAYWYN NAEKTPIGLOV givar
10 TETPELALO Kol TO KépPovvo. OL TOGOTNTES LTOV
TOV OVGLOV GTOV TAUVITI LELOVOVTOL GUVEXDG KOl
eueic mpoomabovpe va Bpodpe dAlovg TpdTOLg
TOPUYOYNG NAEKTPIGULOV.
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O ot6)0g
TOV
EPEVVITOV
Topracel
[E TO
oT0Y0 NG
EMGTHUNG.

O ot6y0¢
TOV
EPEVVIITOV
Topralel pe
TOV 6T0Y0
me
TEYVOLOYiaC,

O o16)0G TOV
EPEVVIITAOV OEV
Topralel ovTe
LE TO 6T0Y0
TNC EMGTNUNG

7

OVUTE UE TO
oTOY0 TNG
TEYVOLOYIOGC.

14.

Ta avtokivnta ekmépmovy moAAd PAafepd aéplo Tpog
v atpoceapa. Kévovpe mepdpota pe ™ punyovn
TOV OLTOKIVITOV GTO EPYACTNPLO LOG, MOTE VO BpovuE
TPOTO VO LELWGOVLE OVTA TO OLEPLOL.

15.

[IpooraBovpe va fpodpe Tt eivar 0vTd TOL TPOKOAEL TO
TGOVLVALL.

16.

[TpoomaBovpe vo PeEAETCOVE TOVS TAPAYOVTES TTOV
TPOKAALOVV O1A(POPOVE TOTTOVE KOPKIVO.

17.

Epeic maipvovpe petpnoeig tov vepol mov péet ota
epayuoto kdbe unva.

18.

[IpooraBovpe va TpomoTomGovpE KATOW0 TPOPILAL,
®ote vo falovpe og aVTA ovoieg Tov fonbovv ot
Oepancio dtpdpwv acbeveldv.

19.

[IpoonaBovpe va mtpofAéyovpue Tog B aAraset (av Ba
OAAGEEL) TO KM GT Y1 OTO EMOUEVA TTEVTAKOGLOL
xpovio. Emeldn vdpyovv kdmoot moAdvmhokot
padnpoticoi vroAoyIG Ol ¥PNGIULOTOIOVE
NAEKTPOVIKOVS VTTOAOYIGTEG, DGTE VO, TOVG KAVOLLLE
€0UKOAOL Ko YP1yopal.

20.

Epevvovpe pe moto tpomo ennpedletl To déppa pog n
NAlaKN okTvoBoAio.

21.

[IpoomaBovpe va ptidovpe Eva Opyavo pHétpnong, To
omoio Oa pag Bondd va mpoPfAémovpe moTe Bar cvpPei
€Vag GEGHOG Kot 1060 1oyvpog Ba giva.

22.

[IpooraBovpe va @TidEovpe VAIKA 01KOSOUNG ToL 0mToia
vo. glvan o avOeKTIKE G€ GEIGLOVG.

23.

Epeig mpoomaBodie va anopacicovpe moog etvot o
KATOAANAOTEPOG YDPOGS Y10 KATUGKELT LOVASOG
aQordToong Borlacsvod vepob.

24.

[Ipoopata £xet yivel Eva aTOKIVITIGTIKO OLGTUYTLLOL
Kot Topa yiveror Epevva yia va Bpebodv ot Adyot mov
001yNocayV G€ aTo.

25.

Mepucég popéc atevehovy oL aptnpieg Tov
TPOPOOOTOVV TNV KOapdLd e 0&VYOVO KoL aLTO
npokaiet Ta Kapdlokd epepdypata. [Tpoomabolpe va
€EETACOVLE TAG TO KATVIGHLO 00N YEL OTN OTEVMOOT TV
apTNPLAOV.

26.

Ta avtifrotikd eapuaxa fondodv 6Ty avipeTdTIoN
Kamolwv aceveldv. Opmg n ToAD cuyvn ¥PNoN AVTOV
TOV QOPUAK®OV aiveTon OTL dOnpuovpyet véa
npoPAnuata otov opyoviopo pog. [pocmabodpe va
KOTOVOT|COVLE KAADTEPQ TL £100VC TPOPAT|LLATOL
TPOKOAEL.
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O ot6)0g
TOV
EPEVVITOV
Topracel
[E TO
oT0Y0 NG
EMGTHUNG.

O ot6y0¢
TOV
EPEVVIITOV
Topralel pe
TOV 6T0Y0
me
TEYVOLOYiaC,

O o16)0G TOV
EPEVVIITAOV OEV
Topralel ovTe
LE TO 6T0Y0
TNC EMGTNUNG

0VTE IE TO
oTOY0 TNG
TEYVOLOYIOGC.

27.

E&etalovpe katd 1650 01 poHpVol HIKPOKVUATOV Elval
EMIKIVOLVOL Y10 TNV VYElo pog Ko Emiong Tt €i00vg
TPoPANLOTO UTOPEL VO ONLOVPYOVV.

28.

[ToAAEC NAEKTPIKEG GLOKEVES (OTIMG TOL KIVNTA
TNAEQ®VE) EKTEUTOVV LEYOAN TOGOTNT OKTIVOPOALOG
OTAV AELITOVPYOLV KOl QVTO UITOPEL VO TPOKAAESEL
wpoPAnuata otny vyeia twv avBporwv. Ilpocmabovue
VO KOTOGKEVAGOVE EVOL OPYOVO TTOV VO, LETPEL TTOOT
aKTvoPoAia ekméumeTan amd TIC O1POPES CLOKEVEC.

29.

M and t1g coPapdtepeg acéveleg mov avripetomilet
0 avOpwmog, n omoio TOAD GLYVA TPOKAAEL KOl TO
Bavaro, ivon o kapkivoc. [Ipoomabovpe va
ocvvBécovpe po ovsia 1 omoia va Agttovpyel g
(QAPLLOKO Y10 0LTH TNV 060EVELOL.

30.

Koataypagpovpe tov apfpd tov atdpwmv mov gicdyovrol
Ka0e ypdvo Ge voGoKoEin TNG YDPAG LG LE KAPILOKAL
wpofAnuata.

31.

Yrhpyovv apkeTol TOv TOTELOVY OTL 1) KOPETVN
BAdmtel TN vyeia pog. Avtd Opmg dev Exet pehetnOel
axoun apketd. Epeic mpoonabovpe va o
OlEPEVVIIGOVUE MOTE, EAV GYVEL, VO EENYNCOVUE UE
nowo akpPog tpdémo PAdmTEL TV VYElQ HOC.

32.

[ToAAég popég 10 OGO vEPD TTEPIEXEL OVGIEG TTOV Elvail
BAraPepéc yro v vyeia pog. [poomabovpe va Bpodue
TPOTO VO TIG APOLPOVLLE.

Epdmon: Zyetikd pe T1g mo TEve amovIGES TOL £3MGES, MG AMOPAGILEG OTL O GTOYOG TV
EPELVNTOV TUPLALEL LE TO GTOYO TNG EMOTNUNGS 1 LLE TO GTOHYO TNG TEYVOLOYING;

Amndvinon:
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Ovopatendvopo: Taén: Huep/via:

Mo kato Primeg oNAOGES LHPOPOV EPEVLVNTOV TV £ENYOVV TL TPOoomaBov vo. KGvouv otnv
épeuva tovc. N Tov KGO gpsuvnTh oNueimcs v 6T0 KOVTAKL 1OV TUPLALEL KAADTEPQ.

. Agv T00
IIpoomaOovv va s
. . gvorapéper
IIpoomadovv | fpovv TpoTOUVS .
, . ovTE M
va MDOTE Vo AVooVY :
. . Agrtovpyia TOV
KatoAapovv Kamolo .
. . , (QPUGIKOV
oG npofinqpan va | !
, S KOGPOV 00TE N
AE1TOVPYEL 0 | IKAVOTOGOVV ,
. . gmilvon
QPUGIKOG Kamoueg .
X . apofinpatov
Koopoc. OVAYKES TNG A
avlporotnrac. s
avlponéTnTog

1. | IIpocmaBobpie va 6YESAGOVLLE OEPOTAGVAL
YPNYOopOTEPQ Amd OVTA TTOV £YOVLE GYLEPQL.

2. | [IpoomaBovpe va eEnynoovpe Tog axpiPag
onuovpyeitar 0 Kepovvog.

3. | llpoocmafodpe va TapatnpGOVLE LE TO
TNAEGKOTIO TOVG TAOVITES Y10l VL
eEaxplocovpe TMG KivodvTal.

4. | Wéyvovoue va Bpodpe Tov kaATeEPO TPOTO Yo VoL
petpovue pe axpifeta v topyHTNTO TOL AVEUOV.

5. | Eueic éyovpe gvionicel mpocpata £va vEo €100g
0pYOVIGHOV 6T0 TTapKo TG AYAavt{idg Kot To
peAETOOE DOTE VO JOVUE GE TL SLUPEPEL OO
TOVG VITOAOUTOVG OPYOVIGLOVG TTOL LOVV EKEL.

6. | [IpoomaBovpue va gTiaEovpe eidtpa mov Oa
amoppo@ovV Ta PAaPEPE KavGAEPLO TOV
EKTEUTOVTOL OO TO POVYAPO TOV EPYOGTAGIMV .

7. | Topa mov yvopilovpe apKeTd TPAyHOTO Y10 TOV
TPOTO |LE TOV OO0 GLUTEPLPEPOVTOL KATOL0L 101
otav TpocPdrovy Tov avlpdmivo opyaviGlo,
TPOCTOOOVLE VO, ONOVPYNGOVLE Ve EUPOALO
7oL Ha TOVE KOTATOAEUA.

8. | ®éLovLEe VO KATOVOT|GOVE Tl TPOKAAEL TOVG
avepootpOfriovg.

9. | IIpocmaBovpe va PeEATIOGOVLE TO LIKPOTKOTLOL
MGTE VO UTOPOVILE VO KAVOVUE TLO AETTOUEPELG

TOPOTNPNCELS.

10.| [TpocmaBolie va KaTOVO|GOLLE TN
GUUTEPLPOPE. LIKPOCKOTIKAOV OPYOVIGLLAOV TOV
Covv ot Alpuvn g ABordcooc.

11.| IlpoomaBovpe va PTIAEOLIE KATACKELES TOL Ot
LLOG TPOGTATEVOVY OO TOVS KEPOLVOVG,.

12.| IlpoomaBovpe va eEgTacovpe mmg Ha
emnpealovtay o1 Kopkég cuvOnKes av EMmvay
01 TTOYETMVEG.

111



IpoonaBovv
va
KaTtoiapfovv
0%
Aertovpyel o
PVOIKOG
KOopoG.

IIpocmadovv va
Bpovv TpémOvg
MDOTE VO, AOGOVV
Kamoro
npopfinpa 1 va
1IKOVOTTOU|GOVV
Kamoleg
avaykeg TG
avlporotnrTac.

Agv T0vg
gvolaQéper ovTE
N Aettovpyia
TOV PUOGIKOV
KOopov o0TE M
emilvon
npofinpnatov
™me
avlponétnToc.

13.

Ot TpdTeg VAES Yo TNV TOPAY®YT] NAEKTPIOUOD
glvon 1o meTpéAato kai o KapPovvo. Ot mocoHTNTEG
AVTAOV TOV OLGLDY GTOV TAAVNTI LELDVOVTOL
oLVEXMDG Ko eElg Tpoomabolpe va Bpovpe
dALoVG TPOTOVG TOPAYWOYNG NAEKTPIGUOV.

14.

Ta avtoxivnta ekmépmovy moAAd PAafepd acpia
POg TNV aTpocpalpa. Kavoovpe meipapota pe
U)oV TOL OVTOKIVITOL GTO EPYOCTIPLO LG, DGTE
va Bpovpe TpOTO VoL LELWGOVE QLT TO 0EPLOL.

15.

[IpoomaBovpe va Bpodpe Tt givor avtd OV
TPOKAAEL TO TGOVVALL.

16.

[IpoomaBovpe va LEAETIGOVE TOVG TTAPAYOVTES
OV TTPOKAAOVV 014(pOPOVS THTOVE KOPKIVOL.

17.

Epeic maipvovpe petproeig tov vepol mov péet
oTo PPAYLOTO KAOE VoL

18.

[IpocraBovpe va tpomomomcovpe Kémoo
TPOPLO, OOTE VAL PAALOVLLE GE OVTA OVGIEG TTOV
BonBov ot Bepaneia dtopdpwv achevelmv.

19.

[IpoomaBovpe va mpoPfAéyoupe TG B aALAEEL
(av Ba aALGEel) TO KA 6T YN OTO EMOUEVA
nevtakoota ypovia. Enedn vépyovv kdmotot
ToAVTAOKOL pafnpoticoi vroloyiopol
YPNOOTOLOVLE NAEKTPOVIKOVS VTOAOYIGTEG, DOTE
V0L TOVG KOVOLLLE EDKOAOL KO YPTYOPO.

20.

Epgvvovpe pe moto 1pdmo emmpedlet To dEppa oG
N NAMok” axtivoBoAia.

21.

[TpoomaBovpe va ptidéovpe Eva Opyavo HETpNong,
t0 omoio Ha pog fonda va tpoPArénovpe mote Ha
cuuBel évac oeiondg Ko 060 1YLPOG Ha givar.

22.

[TpoomaBovpe va ptidovpe VAIKE otkodoung T
omoio va gival o avOeKTIKG G€ GELGLOVG.

23.

Epeig mpoonafolpe va amopacicovpie molog eivat
0 KOTOAANAOTEPOC YDPOG Y10 KOTAGKEVT] LOVAOOG
apardtoong Borlocotvol vepo.

24.

[Ipoécpata €£xet yivel Eva oVTOKIVNTIOTIKO
SLOTOYM O Kot TOPQ YIVETOL EpELVA YO VOL
Bpebovv o1 Adyotl Tov 001 yNGav GE OVTO.

25.

Mepikég popég 6TEVEDOLV O1 APTNPIES TTOV
TPOPOOOTOVV TNV KOPdLd Le 0&uyodvo Kot avTd
TpoKaAel Ta kapdlokd epepdypata. [Ipocmabodpe
Vo EEETAGOVUE MG TO KATVIGHO 0dNYEl 0N
GTEVOGT TOV OPTNPLOV.
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IpoonaBovv
va
KaTtoiapovv
oG
Aertovpyel o
PVOIKOG
KOopoG.

IIpocmadovv va
Bpovv Tpémovg
MDOTE VO, AOGOVV
Kamolo
npopfinpa 1 va
1IKOVOTTOU|GOVV
Kamoleg
avaykeg TG
avOporotnTac.

Agv T0vg
gvorlapéper
ovTE N
Agrtovpyia TOV
PUOIKOV
KOGpHOVL 00TE N
emilvon
npofinpatov
™me
avlpondTnTag

26.

Ta avtiprotikd eapuaxka fondodv otnv
QVTILETOTIOT KATOl®wV acbeveldv. Opme n
TOAD GLYVN (PN OT AVTAOV TOV POPULAKDV
eatveTor 6Tt dnpovpyel véa TpofAnLaTa GTOV
opyoavioud pog. [lpoonabodpue va
KOTOVON|GOVLE KAAVTEPX TL £100VG TPOPAN AT
TPOKOAEL.

27.

E&etalovpe Katd 1660 o1 povpvol
piKpokvpdtov etvat emkivovvot yio tnv vyeia
HaG Ko €miong Tt €i00vg mpoPAnpato propel va
ONovpyoLvV.

28.

[ToAAéC NAEKTPIKEG GLOKEVES (OIS TOL KIVNTA
TNALQOVO) EKTEUTOVY LEYAAT TTOCOTNTA
axtvoBoAiag 6tav Agttovpyovv Kot ovTod
umopel va TpokoAEGEL TPOPANLOTA GTNV VYELQ
tov avlporov. [Ipoctabovpe va
KOTAOKEVAGOVLE £VOL OPYAVO TOV VO, LETPA
oon axtivoPorio ekmEéumeTaL Ol TIG SIAPOPES
GUOKEVEC.

29.

Mia and 116 coPapdtepeg acOEveLEg TOL
avtpetonilel o dvBpwmog, 1 omoia TOAD cuyvd
TpoKaAel Kot To BGvato, etvat o kapkivog.
[IpooraBovpe va cuvBécovpe pa ovoia 1
omoia Vo AEITovpyel ™G PAPLLOKO Yol QLT TNV
acBévela.

30.

Kartaypdeovpe tov apBpd tov atdpmv mov
glodyovron kaOe ypovo e vVoGoKoueio TG
YOPOG Log Le kapdlokd tpofAnuata.

31.

Ymhpyovv apkeTol TOV TGTELOVY OTL 1) KOPETVT
PAdmter TV vyeio pag. Avtd Opmg dev Exet
perenBel axoun apketd. Epeig mpoonabodpue
VOl TO IEPEVVINCOVLE DOTE, EAV 1oYVEL, VO
eEnynoovpe pe molo akpPmg Tpomo PAATTEL TV
vyeia pog.

32.

[ToAAéG popég TO TOGILO VEPD TTEPIEYEL OVLTIESG
mov gtvan PAafepéc yio v Yo TV vyeia pog.
[IpoomaBovpe va Bpodpe TpOTO VoL TIg
OQOLPOVLLE.
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Appendix C

Formal Terminology test

Name:

Class:

Date:

Below there are some statements that describe what different researchers are trying to do in
their research. For each research tick v ONE box, which you consider as the most appropriate,
i.e., whether you consider that the research fits in science, technology or neither of the two

fields.
What the
What the What the
researchers are
researchers | researchers .
. . trying to does
are trying to| are trying to
not belong
do belongs | do belongs to . .
. neither science
to science. | technology.
nor technology
2. | We try to explain how lightning is created.

We observe the sky through telescopes in
order to study the motion of planets.

We are searching to find the best way to
measure with accuracy the speed of the
wind.

We try to create a vaccine against various
dangerous viruses.

10.

We try to understand the behaviour of
small species that live in Athalassa lake.

11.

We try to make an artefact that will protect
us from lightning.

12.

We try to examine how the climate
conditions would change if glaciers melted.

13.

The raw materials that are normally used
for producing electricity are oil and coal.
The amounts of these materials are
continuously reducing, so we try to find
new ways of producing electricity.

14.

We do experiments with car machines in
order to find a way to reduce polluting
fumes that are emitted from factory
chimneys.

16.

We try to study the factors that cause
various types of cancer.

17.

We take monthly water flow measurements
of natural streams.

18.

We try to examine whether we can modify
some food, so as to add substances known
for their ability to cure some diseases.

19.

We try to predict how the climate will
change in 500 years. We use computers in
order to make some complicate
mathematical calculations easily and fast.
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What the
researchers
are trying to

do belongs
to science.

What the
researchers
are trying to

do belongs to
technology.

What the
researchers are
trying to does
not belong
neither science
nor technology |

23.

We are trying to decide the best location to
build a desalination plant.

24.

Recently, there has been a car accident and
now a research is conducted in order to
find the causes that led to it.

25.

Some times arteries that send oxygen to the
heart get narrow and this causes heart
attacks. We try to examine how smoking
leads to the stenosis of the arteries.

27.

We examine whether microwave ovens are
dangerous for our health and also what sort
of problems they might cause.

28.

Many electrical devices (such as mobile
phones) transmit large amount of radiation
when they are operating and this could
cause health problems. We try to make an
instrument that measures how much
radiation is transmitted by various devices.

29.

We are trying to develop a substance that
acts against known viruses linked to
cancer.

31.

Many people argue that caffeine is bad for
our health. This issue has not been studied
much so far. We are trying to investigate,
so that we can explain how exactly it
affects our health.

32.

In many cases, drinkable water contains
substances that are bad for our health. We
try to find a way to remove them.

Question: Concerning your responses in the above table, how do you decide whether a
research project fits with the goal of science or technology or neither?

Answer:
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Elaborated Definitions test

Name: Class: Date:

Below there are some statements that describe what different researchers are trying to do in
their research. For each research tick v/ ONE box which in your opinion fits better.

They try to Neither

They try to develop solutions | of the
understand
to problems two
better how .
encountered by | previous
natural .
society and to goals
world .
. meet human interests
functions.
needs. them.

2. | We try to explain how lightning is created.
We observe the sky through telescopes in
order to study the motion of planets.

We are searching to find the best way to

4. | measure with accuracy the speed of the
wind.

We try to create a vaccine against various
dangerous viruses.

We try to understand the behaviour of
small species that live in Athalassa lake.
We try to make an artefact that will protect
us from lightning.

We try to examine how the climate
conditions would change if glaciers melted.
The raw materials that are normally used
for producing electricity are oil and coal.
13.| The amounts of these materials are
continuously reducing, so we try to find
new ways of producing electricity.

14.| We do experiments with car machines in
order to find a way to reduce polluting
fumes that are emitted from factory
chimneys.

16.| We try to study the factors that cause
various types of cancer.

17.| We take monthly water flow measurements
of natural streams.

18.| We try to examine whether we can modify
some food, so as to add substances known
for their ability to cure some diseases.

19.| We try to predict how the climate will
change in 500 years. We use computers in
order to make some complicate
mathematical calculations easily and fast.

10.

11.

12.
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They try to
understand
better how
natural
world
functions.

They try to

develop solutions

to problems

encountered by
society and to

meet human
needs.

Neither
of the
two
previous
goals
interests
them.

23.

We are trying to decide the best location to
build a desalination plant.

24.

Recently, there has been a car accident and
now a research is conducted in order to
find the causes that led to it.

25.

Some times arteries that send oxygen to the
heart get narrow and this causes heart
attacks. We try to examine how smoking
leads to the stenosis of the arteries.

27.

We examine whether microwave ovens are
dangerous for our health and also what sort
of problems they might cause.

28.

Many electrical devices (such as mobile
phones) transmit large amount of radiation
when they are operating and this could
cause health problems. We try to make an
instrument that measures how much
radiation is transmitted by various devices.

29.

We are trying to develop a substance that
acts against known viruses linked to
cancer.

31.

Many people argue that caffeine is bad for
our health. This issue has not been studied
much so far. We are trying to investigate,
so that we can explain how exactly it
affects our health.

32.

In many cases, drinkable water contains
substances that are bad for our health. We
try to find a way to remove them.
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Ovopotenmvoupo:

Taén: Huep/via:

[T kdtw PAETEIG INADGELS SLOPOPOV EPELVNTAOV TTOL £ENYOVV TL TPOGTOHOVV VO KAVOLV GTNV £pEVVA
toug. ' Tov kGbe epevvnTy onueimoe v o ENA kovtdkt avdioyo pe to katd 10co Oempeic 41t antd
OV KAVEL TAPLALEL LE TOV GTOYO TNG EMGTHUNGS, TNG TEYVOLOYIOG 1 LE KAVEVE, atd TOVG OV0 KAAOOLG,

O ot6)05
TOV
EPEVVITOV
Topracel
NE TO

oT0Y0 TG
gmoTUNC.

O o710y0¢
TOV
EPEVVIITOV
Topralel pe
TOV 610Y0

O ot6)05 TOV

EPEVVIITAOV OEV
Topralel ovTe
LLE TO 6TOYO TNG
EMOTH UG 0VTE

me
TEYVOLOYIUGC.

LE TO GTOYO TNC
TEYVOLOYIOC.

[Tpoomabovpe va eENyNoovE TMG aKpPmg
onuovpyeitar 0 Kepovvog.

[Tpoomabovpe vo TopaTNPGOVLE LE TO TNAEGKOTLO
TOVG TAOVITEG Y10 VoL EEaKPIBDOGOVLE TG KIVOOVTOL.

Yéyvovpe va Bpodpe Tov KOAHTEPO TPOTO Y10 VOl
UETPOVUE UE aKpiBelo TNV TOYOLTNTO TOV AVELOV

[IpooraBovpe va dnpiovpyncovpe Eva eLPOALO TOL
VO KOTOTOAELN SLAPOPOVG EMIKIVOULVOLS 100C.

10.

[IpoomaBovpe va KOTOVONGOVLE T GLUTEPLPOPA
UIKPOGKOTIKADV OPYAVIGUAOV oL {ovV 6T Alpvn TG
ABoldccog.

11.

[TpoomaBovpe va eTidovpe Kataokevés mov Oa pog
TPOGTATEVOVV OO TOVS KEPOVOVG.

12.

[IpoomaBovpe va egtdoovpe tmg Ba ennpedlovtav
01 KOPIKES GLVONKES OV EMOVAV 01 TOYETOVEG.

13.

O TpdTEG VAES YL TNV TTOPOY®YN NAEKTPIGHOV Eivat
10 TETPELALO KOl TO KApPovvo. O1 TOGOTNTES AVTMOV
TOV OLGLAOV GTOV TAUVITI LELDVOVTOL GUVEXMDG KO
epeig mpoomabovpe va Bpodpe dAlovg TpdmTOVG
TOPOYOYNG NAEKTPIGLLOV.

14.

Ta avtokivnta ekmépmovy moALd PAaPepd aépro
TPOg TNV aTpocealpa. Kavoovpe mepapoto pe
U0V TOL OVTOKIVITOL GTO EPYOGTNPLO LG, DOTE
va Bpovpe TpOTO VO LELWGOVE QLT TO 0EPLOL.

16.

[TpoomaBove Vo LEAETICOVE TOVS TAPAYOVTES TTOV
TPOKAAOVV S1APOPOVS TUTTOLG KOPKIVOV.

17.

Epeic maipvovpe petpnoelg tov vepol mov pEeL ota
Qpaypoto kGhe unvo.

18.

[IpoomaBovpe va e€etdoovpe Katd OGO UTOPOvLLE
VO TPOTOTOCOVLE KATO10 TPOPILA, DOTE VO
Baiovpe oe avtd ovsieg mov fonbovv ot Bepaneio
O10POPp®V 0.6HEVEIDV.

19.

[TpoonaBovpe va mpofréyovpe oG Ba aArdEeL (v
Ba aAAGEEL) TO KA GT YT GTO EMOUEVO, TEVTOKOGLO
ypévwo. Emeldn vdpyovv Kamotot moAvmAokot
podnuotikoi VITOAOYIGHOTL ¥PNCIUOTOIOVE
NAEKTPOVIKOVG VITOAOYIGTEG, DOTE VAL TOVG KAVOLLLE
€VUKOAQ KOl YPIYOpO.
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O ot6)0g
TOV
EPEVVITOV
Topracel
NE TO
oT0Y0 TNG
EMOGTHUNC.

O ot6)0g
TOV
EPEVVITOV
Topralel pe
TOV 610Y0

O ot6)05 TOV

EPEVVIITAOV OEV
Tapralel ovTe
LLE TO 6TOYO TNG
EMOGTNUNGS OVTE

il [
TEYVOLOYLUC.

LLE TO GTOYO TNG
TEYVOLOYLOC.

23.

Epeig mpoonabolpe va amopacicovpie molog eivat o
KOTOAANAOTEPOC YMPOGC Y10 KATOGKELY] LOVADOG
apardtoong Borlaootvol vepo.

24.

[Ipoécpata €xel yivel Eva VTOKIVITIOTIKO SLGTOHYM LA
Kot Topa yivetotl épevva yia vo Bpedodv ot Adyot mov
001ynoay e avTo.

25.

Mepikég popég oteEveDOLY 01 aPTNPieg TOV
TPOPOSOTOVV TNV Kapdtd pe 0EuyOVo Kot 0T
mpoKaAel Ta kapdiakd epepdyupata. [Ipoomabodue
va €£€TAGOVUE TMG TO KATVIGHA 00NYEL 6T 6TEVOOT
TOV ApTNPLOV.

27.

E&etalovpe Katd 1660 01 povpvol LKPOKLUATOV
elvan emkivdvvor yro v vyeio pog kot emiong Tt
gldovg poPfAnuata pumopel va Snutovpyovv.

28.

[ToAAéC NAEKTPIKEG GLOKEVES (OTMG TOL KIVNTA
TNALQOVO) EKTEUTOVY LEYAAT TTOCOTNTA
aktvoBoAiag 6tav AETtovpyovV Kol aVTO UIopEl va
TPOKAAEGEL TPOPANLOTA GTNV VYEIR TOV OVOPOTOV.
[Ipoomafovie Vo KATAGKELAGOLVLLE £V OPYOVO TTOV
va petpd oo aktivoPfolrio ekmEUTETOL OO TIG
OLIPOPES GUOKEVEC.

29.

M amd T1g GoPapotepeg acHEveEEG TOV
avtipetonilel o avOpmmog, 1 omoia ToAD cuyvh
nmpokaAiel Kou to Odvaro, elvar o Kapkivog.
[TpoomaBovpe va cuvBécovpe o ovcio 1 omoia va
Asrtovpyel ®¢ eappaKo yio ot TV acBévela.

31.

Yrdpyovv apkerol mov moTEVOLV OTL 1| KAPEIV
PAdmter v vyela poag. Avtd Opmg dev €xetl pedetn el
axoun apketd. Epeic mpoonabovpe va o
dlepeELVNCOVUE MOTE, €4V 1GYVEL, va eENYNooLUE e
oo axkpmg Tpdmo PAATTEL TNV LYEIX HOC.

32.

[ToAAEG popég TO OGO VEPD TTEPIEXEL OVGIEG TTOV
elvan BraPepés yia v vyeia pog. Ipoortabovpue va
Bpovue TpOTO VA TIG APOLPOVLLE.

Epdton: Zyetikd pe T1g mo mTAve omavINGES Tov £0MOES, TAG AToPdoileg OTL 0 6TOYOG TOV
EPELVNTAOV TUPLALEL LE TO GTOYO TNG EMOTHUNG 1 LLE TO GTOYO TNG TEYVOLOYING;

Amndvinon:
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Ovopoten®voupo:

_Téén:

Huep/via:

Mo kdte Prémerg onAooelg SLPOPOV gPeLVNTAOV OV £ENYOUV TL TPOSTAOOVY VO KAVOLV GTNV
£peova touc. INa Tov kG0 epgovnT oNueEi®GE v 610 KOVTAKL 1OV TUIPLELEL KOADTEPO.

IIpoomaBoiv
vo.
KatoAapovv
{0]a
Aertovpyei o
PUVOIKOG
KOopOG.

IIpocradoiv va
Bpovv TpémOUG
MOTE VO, AOGOVY
Kamowo
npopinpa 1 va
KOVOTTOU|GOVV
Kamoleg
avaykeg g
avlporoéTnTac.

Agv T00g
gvolaQéper 0vTE
N Aettovpyia
TOVL PUOIKOV
KOopov o0TE M
gmilvon
npofinpdtov
™me
avlporotnTac.

[Tpoomabovpe va eENyNoovE TMOG aKpPmg
ONuovpyeitan 0 Kepovvog

[IpocmaBovpe va mopatnp|GOVLE LE TO
TNAEGKOTIO TOVG TAOVITES Y10l VaL EEAKPBDOCOVE
OGS KIVOOVTOL

Yayvoupe va Bpodpe Tov KOADTEPO TPOTO Yol VO,
petpovue pe akpifeta v toyhTNTo TOL AVEUOV

[IpoomaBovpe va dnpiovpyncovpe Eva eLPorLo

OV VO KATOTOAEULA O1APOPOLVG EMKIVOLVOLG 100G,

10.

[IpoomaBovie Vo KOTAVOT)GOVLE T GUUTEPLPOPA
UIKPOGKOTIKMV OPYOVIGUOV TOL {OuV 611 Alpvn
™m¢ ABaAdococ.

11.

[TpoomaBovpe va pTidEovpe KoTaokevEég Tov Ha
LLOG TPOGTATEVOVY OO TOVS KEPOLVOVG,.

12.

[IpooraBovpe va egtdoovpe Tmg Oa
emnpealovtay o1 Kopikég cuvinKes av EMmvay
Ol TTOLYETMVEG

13.

O tpdTEG VAES Y1 TNV TTOPOY®YN NAEKTPIGLOV
etvan To metpélato Kot To képPouvvo. Ot
TOGOTNTES AVTAV TOV OVGLOV GTOV TAAVITN
LELOVOVTOL GLVEXMG Kot epElg Tpoomafolpe va

Bpovue GAAOLG TPOTOVG TOPAYDYNG NAEKTPIGUOV.

14.

Ta avtokivnto eknépmovy ToAAG PAaPepd aépta
TPOg TNV aTpocpalpa. Kavoovpe mepapota pe
UV TOL OVTOKIVITOL GTO EPYOCTNPLO LOG,
®oTe va. BpoLe TPOTO VO LELWGOVIE OVTA TOL
aépla.

16.

[IpoomaBovpe va LEAETIIGOVLE TOVS TAPAYOVTES
OV TTPOKAAOVV SLAPOPOLG THTTOVG KOPKIVOV.

17.

Epeic maipvovpe petproeig tov vepol mov péet
ot Epaypata KaOs pva.

18.

[IpooraBovpe va egtdoovpe Katd mOG0
UTOPOVLLE VO TPOTOTO|GOVUE KATOLOL TPOPULQL,
wote va falovpe o avTd ovcieg Tov fonbovv

o Bepamneio dSpdpav acheveumv.
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IIpoomaBoiv
vo.
KatoAapovv
{0]a
Aertovpyel o
PUVOIKOG
KOopOG.

IIpocradoiv va
Bpovv TpémOULG
MOOTE VO, AOGOVV
KaAmowo
npopinpa 1 va
KOVOTTOU|GOVV
Kamoleg
avaykeg g
avOporoétnTac.

Agv T00g
gvolaQéper ovTE
N Aettovpyia
TOVL PUOIKOV
KOopov 00TE M
gmilvon
npofinpdtov
™me
avlporoétnTac.

19.

[Tpoomabovpe va TpofAréyovpe TOG Oo aALAEEL
(av Ba aALGEer) TO KA 6T YN OTO EMOUEVA
mevtakoota ypovia. Eneidn vdpyovv kdmotot
TOAVTAOKOL pafnpoticoi vtoloyiopol

AP CLOTOIOVE NAEKTPOVIKOVS VTTOAOYIOTEC,
(MOTE VO, TOLG KAVOLLLE EVKOAN KOl YPTYOPOL.

23.

Epeic mpoomabodpe va amopacicovpe molog ivat
0 KOTOAANAOTEPOG YDPOG Y10 KATAGKELT] LOVADOG
a@oidtmong Balacotvod vepo.

24.

[Ipocpata €xet yivel Eva aTOKIVNTIOTIKO
SLOTOYMUA Kot TOPA YIVETOL EpELVA Y10 VOL
BpeBovv o1 Adyot mov odfynoav cg oTo.

25.

Mepucéc popéc oteveDOLV 01 apTnpieg ToL
TPOPOSOTOVV TNV Kapdtd pe 0ELYOVO Kot 0T
TPOKOAEL TOL KapSLOKE ELEPAYLLOTOL.
[IpoomaBovpe va e£gtdoovpe TMOG TO KATVIGHLOL
00N YEL OTN GTEVMOOT TOV APTNPLOV.

27.

E&etalovpe Katd TG0 01 povpvol LKPOKLUATOV
elvan emkivovuvor yro v vyeio pog kot emiong Tt
€ldovg mpofAnuata pumopel vo dSnuovpyoHv.

28.

[ToAAéEC NAEKTPIKEG GLOKEVES (OGS TOL KIVNTA
TNALQOVO) EKTEUTOVY LEYAAT TOCOTNTA
akTvoBoAing dtav AEltovpyovV Kot aVTO pmopel
VO TPOKOAAEGEL TPOPANLOTA 6TV LYEID TOV
avOpanwv. [Ipoorabodie vo KoTaoKeLAGOVLLE
éva Opyavo oL va PLETPA TOoM akTivooAio
EKTEUTETOL A0 TIC SLAPOPES GUGKEVES.

29.

M amd T1g GoPapotepeg acOEVEIEC TOV
avtipeTonilel o AvOpmmog, 1 omoia ToAL cuyvd
nmpokaAiel Kou to Odvaro, eivar o Kapkivog.
[IpoomaBovie va cuvBécovpe pia ovsia 1 onoio
va Aettovpyel o¢ Oepameia/papuroKo yio vt TV
acOévela.

31.

Ymhpyovv apkeTol TOV TGTELOVY OTL 1) KOPETVT
BAdmter TV vyeio pog. Avtd Opmg dev Exet
perenBet axoun apketd. Epeig mpoonabodpe va
T0 SIEPEVVIIGOVUE DOTE, EAV IGYVEL, VO
eEnynoovpe pe molo akpPmg Tpomo PAATTEL TV
vyeia pog.

32.

[ToAAéG popég TO TOGILO VEPD TTEPIEYEL OVLTIEG
mov gtvan PAafepéc yio v Yo Ty vyeia pog.
[IpoomaBovpe va Bpodpe TpOTO VoL TIg
OQOLPOVLLE.
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Appendix D: Semi-structured interview protocol used in Studies 2 and 3

Ovopa:

Téén:

Hpep.:

(A) Apyun odnyia: Ztov mivako oV £YELG UTPOSTA GOV VIAPYOLY INADGELS SLAPOPMY EPELVNTAOV
mov eENyovv TL TpooTadolv va Kdvouv oty Eépevvd toug. ' kdbe pia onimon mov Bo cov daPfalw
ypelopot va oképtecatl KO popd Katd TOG0 0 GTOYOC TOV EPEVVITOV TUPLALEL TEPICTOTEPO LUE
TOV GTOYO0 TNG EMOTNUNG, N OV TALPLALEL TEPIGGATEPO LLE TO GTOYO TNG TEXVOAOYIONG N e KOVEVO 0o
ToVG dV0 KAGOove. Otav emhéyelg OEA® va pov e&nyeic Kot TS T0 OKEPTNKEG.

KoOag aravrovv:

e [Toc 10 oxéptnkeg; [Tl emédelec emotnun kot Oyt texvoloyia; [Mati emédelec teyvoloyia Kot

oyt emotun; Tati anéppryeg o éva kot yloti to Ghdo; EENya pov yuoti to X. Otav Aeg «...» Tt
EVVOELG;

e Av Bewpovv 611 gumintet kot ot 000, va pag eEnyovv yuuti to va kot yioti To GALO Kot pHetd va

ToV¢ {NTovpE Vo EMAEEOLY aVTO OV POV OTL TaPLALEL TEPIOTOTEPO.

e Av gvtomilove aoLVETELEG VO TIG Mo Laivovpe ko va (ntodpe emeEnynon.

O oto6)0g
TOV
EPELVITOV
TOIPLaCEL pe
70 0100
e
EMGTNUNC.

O otoy0¢
TOV
EPEVVITAOV
Topralel pe
TOV 0T0Y0

O o16)05 TOV

EPEVVITAOV OEV
Topralel ovTe
LE TO 6TOY0 TNG

ETICTUNG OVTE

e
TEYVOLOYIOC.

LLE TO GTOYO TNG

TEYVOLOYILOC.

Tdpa mov yvopilovpe apKeETA TPAYUATO VIO TOV
TPOTO LLE TOV OTOI0 CLUTEPIPEPOVTOL KATO101 101
Otav TpocsPdrovy tov avOpmmivo opyavicuo,
mpoomafovpE Vo dNUOVPYNGOLUE Eva EUPOMO
mov o TOLG KATATOAEUAL.

14.

Ta avtoxivnta exmépmovy ToAld PraPepd aépia
mpog TNV atpoceatpa. Kavoope mepapota pe
LNYOVT] TOL OVTOKIVITOL GTO EPYACTIPLO LOG
(OoTE Vo BPoVLLE TPOTO VO, LELWGOVLE OV TA TO
aépo.

18.

[TpoomaBove vo TPOTOTOMGOVHE KATOLN
TPOPLUN, DGTE VO BALOVILE GE OVTA OVGIES TOL
BonBovv on Bepancio dStapdpwv acbeveldv.

19.

[Ipoomabovpe va tpofAéyovpe Tdg B aALGEeL
(av Ba aAAGEer) TO KA 6T YN OTOL EMOUEVA
mevtakooia ypévia. Emeidn vdpyovv Kdmoiot
moAVTTAOKO pafnpotikol vtoAoyiopol
XPNOYLOTOLOVE NAEKTPOVIKOVS VTTOAOYIOTES
(DOTE VO TOLG KAVOLLLE EVKOAN KOl YPNYOPOL.

23.

Epeig mpoomafodie va amopacicovpe moog etvot
0 KOTOAANAOTEPOC YDPOG Y10 KOTAGKEVT] LOVAOOG
aQordToong Borlacsivod vepob.

27.

E&etalovpe kKatd TG0 01 @oHPVOLl HIKPOKVUATOV
etvat emkivouvol yio v vyeia pog Kot eniong Tt

cidovg TpofAnuata umopel va dnpiovpyovv.
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29.

Mo omd T1G coPapotepeg acHEvelEg TOV

avTILETOTICEL 0 AVOP®TOG, 1 0Toia TOAD GUY VA
mpokael Ko to Odvato, etvar o Kapkivog.
[Tpoonabovpe va cuvBécovpe o ovaia 1 omoia
VoL AEITOVPYEL OC PAPLLOKO Y10, VT TNV AcHEVELD.

32.

elval PAafepés Yoo Tnv Yo TV vyeia pog.

[ToAAEC POPEG TO OGO VEPO TEPLEXEL OLGIES TTOV

[Tpoomabovue va Bpode TpdTo Vo TIC 0POPOVLE.

(B) I'evikétepa, mote 0mo@acilelg 6Tt 0 6TOY0G TOV EPELVNTOV TALPLALEL LLE TO GTOYO TNG EXOTNUNG N
LLE TO GTOYO TNG TEXVOAOYIOG N} e KAvEVO atd TO dVO;

(I') Oa cov doPdom kot TAAL KAmoleg SNAMGELS GTIG OTOIEG AVOPEPETAL O GTOYOG OPICUEVIOV EPEVVAV.
Avt ™ opd, OU®G, Yo kaBe o OMAwon mov Ba cov daPdlm yperdlopat vo okepteic KoTtd TOGO o1
gpevvnTég BEAoVY va kaTaAdfovy TG Asttovpyel 0 PLOIKOC KOGHOG, I KaTA TOG0 TTpocmafodv va
Bpovv tpoOmOLG MoTE Vo AvBel KATMOO TPOPANUA KOL VO IKOVOTOWGOLV KOTOEG OVAYKES TNG
avOpomotnTag, N Kavéva and ta 6000. Otav emAéyelg 0EAm va pov eENyeig Kot Thg 10 OKEPTNKEG.

5 oanrooseig (1-3-1)

IpoocmaBoiv
va.
KatoAdpfovv
{0]a
Aertovpyel o
PLOIKOG
KoOopoc.

I[IpoonaBoiv va
Bpovv Tpémovg
MOTE VO MHGOLVV
Kamowo Tpofinpa
VO, IKOVOTTOL|GOVY
KATOES OVAYKES
¢ avlponotnrac.

Agv T0vg

EVOLAPEPEL 0VTE

1N Aettovpyia

TO0V

(PVOLKOV KOGHOoV
0ovTE N emilvon
npofinpuatov

™me

avlponiotnToc.

18.

[Tpoomafole Vo TPOTOTOGOVLLE
KATolo TPOPIULO, MOTE VO, BAAOVILE GE
vt ovcieg mov BonBovv o Bepamneia
OLpOp®V acbeveldv.

32.

[ToALEG POpPEG TO TOGLUO VEPO TTEPLEEL
ovcieg mov givon PAaPepéc Yo v Yo v
vyeio pag. [Ipootabovue va fpodpe
TPOTO VO TIG APOLPOVLE.

29.

Mo omd 116 coPapotepeg acHiveleg mTov
avTipeTonilel o avOpmmog, 1 oroia ToAD
cvyva mpokoaiel kot o Bdvarto, elval o
Kapkivog. [Ipoorabodpe va cuvBécovpe
Lo ovcio n omoio v Agttovpyel og
(POPLLOKO YO LT TNV 0GOEVELXL.

27.

E&etdlovpe Katd mOG0 o1 povpvol
LIKPOKLUATOV givort Emkivovvol yia TNV
vyeio pog Ko emiong Tt €idovg
mpoPANLOTA UTOPEL VO ONLLOVPYOVV.

23.

Epeic mpoomabovpe va amopacicovpe
mOl0G £lval 0 KOTAAANAOTEPOS YDPOG Y10l
KOTOGKELT] LOVASOS OLPAAATOONG
Boracovod vepoD.
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Appendix E: Teaching-Learning materials used in Study 2

Screenshots from Stochasmos platform and Worksheets

“Mission” page accompanied by a “hint on demand”

TexvoAoyiki) ZxoAi)
ATTogTolN

| TexvoAoyikr IxoAn

Bon#nuo
EMIZTOAH 0dnyia 2
13 AR EOTE TpOTEKTIKG THY SITIOTOA.
AT Adwen e Beveriag Eppiko B 23 T1r) qUvEREIT, TULRTHOTE a7y Opd B mue i 1o
] . , A , | o mvdykn £xa 0 aTooToASng, nAdan o 11
Mpo¢ Epeuvnmke opdoa TExvorOYIKAC ZXOMC | wnadderm 1 pofged o
Huepopnwic: 13 Maioo 1609 3) Meite oTn BUOKAAT O0C CUTH TToU oUENTAOTIE.

4 AKoro(Bwe, THYTvETS u:rrn_ﬂ:u:'mahcu Epyoging ki
Fel gog, AnpioupyRars m Uja}xl'ﬁt[ 'ﬂpoﬂﬂm.r({ -
TTpod Yy @sc AT YIG va ESkIvh OTTE

THY £pEuvd o,
W

EtTkor il Jodl oo eTTa0n Exs akolae O 0ayoANOTE JE TO Wi PRIdKETE AJTEIC T8 TTRORBANHOTY
TTOATURY TTOU £X0UY TYETT LE OTTTIKG Spy/ava Kol voilu &1 UTTOPRETE woi JE BonBRaere.

W0 TS TIC BOdIKATERES JOU ATy oMES LG Adyne Eival N TTapakoAUBNTN KOl TO KUY TTOUAUY TTOU
foly 0 Gdan kol Auves TN TTatpidac Wou. Mall Je SAhoug apIgTakpares oTTd GAMEC ITGMKES TTOAEIC
TUMHETEY OUHE T8 SIoy L ITPoUs KUy ol KGEE vpdvo.

D PR TN FONBE T, WOTE wa vl KOAITEDOS KUWIYOC KO w0 KELOITW ToY ETTOUEYD G108 LIWITTD
KLY 1oL

ZUYKEKPILEYS, YpEIGloMdl KATTOI0 TROTTO, 0 OTTOI0C vd JE fonBd WoTe va TTapaThpWw atro
HOKpIa Kal v EVTOTTI{W EUKOAD To X pajid HoU GTo KUVRAYIL. ZEQETE UTTEDKE YOLIOBETIA, 1
OTTO GTTEY OREUE! TO KUY TUYKEKDIMEY LY S50 TTouALY. T gurd wped Ceral va EilcaTe TTo Al
TTROTEKTIKOT GTAY KW OUME, UITTE VO TTROTENOUE W Ny TKOTWYOUE auTd Ta gidn TTouhuy, oisd
M0 OO0 ETTITRETTOWTI .

20 7O EKTINOUCTG 1SICTEDRS Oy JOU GTTETOUTATE Y ROTTTUIC T TUVTORGTEDO SUVATS, IO wa oL TTETE
TTUIE PTTORETE v JJE BOonBHTETE Kal JE TTOID TROTTO Ba £y GaTETE.

ME ekTipnagn,

Adwyne o Beveriag
Eppikog o B

AlPASTE Kol KAVETE AUTd TToU A£El aTO BoRBnua (AapTtrdakn Trave Se€1d)
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Worksheet “Problem statement, formulation of the solution’s specifications, next steps”
( Hpriorng daskala | Anogivézan

N '
UTOXG Ouoc Znpsiwpardpie | Opomid
I avanresaoti UTEITAMER aUTBYEjoW Siz 3R aswY 4

E .ﬂlspsﬁvnun |a O&KE.\og Ep\rum'm; ' b

DwToypapIon ‘ @' Amobikevon [_E_] ExTimwon D D &‘ @
i A 4

AaBimpeg sicoveg

[E I'arti sog ypaps avr v emetodt o ewoctoiéag; Ilowa avaykn £xe1 0 amostodiag g

Déirchon emetoAtg; Ilow wpofdnua aviypstomilsy;

[FR=N-¥T.18 El

Npofhnpa-Npodiaypapic homg
Bl Emidoyr ddong &
Bz

[ IMowsg mpodraypagis mpémel va éxel 1 Aot mov Do ikavomoLEi TIg avayKEs TOV anooToAéia;
-

JE Tv vopilete 6T gpeLalsTar va yivel 6TT) CUVEXELE G0 TV EPEUVTITIKT Gog opdaba;
-

W 1 [ |

APOY IYMITAHPRIETE TO IXEAIOTYTIO, ZYZHTHITE MAZI ME TH AAZKAAA TAZTIA TH
ASOYAEIA TAZ MEXPI TRPA.

125



Introductory page of the “Optics library” accompanied by a “hint on demand”

P v
=) OTOXAOHOC & ¢
) avacroxaotikd LTOOTAPIEN aUTEVOlIY BiEPEUVROEMY L
a Aiepelivnon I} ®akeAog Epyuciag

dwroypdgion Texvoloyiki ZxoAn

BIpA10BAKN OTITIKAS

‘L BIBAI0ORKN ONTIKOV 0pyavmv

Bonénpa

OTTTIKG dpyavo Ovopd{OULE TO Py ave TO OTTOI0 ATTOTEAOUNVTA OTTO Eval 1
TTEPITTOTEPOUE GaKoUg, 1 KABPEPTEC (KETOTTTRO) 1) GUVBUOTHG QOKUIY
KOl KOBPEQTUIY.

= KaAg1dooKoTmo

= Mikpookomio

= Mepiokomo

= TnAgokomo

7 —\ Nw¢ va paEeTe yia va Ppeite 4
Q€ >
gy ———

hoon;

13 Wifre pEou atn 'BIRMOBAKN OTTIKDY opydvuy’
IO W EVTOTIITETE 10 KX TEANAATEPD OTITIKG Dpyyn
TOU CWTHTTOKPRET OTHY awdykn ToU Adyn pg
Réam 1i¢ mpodiaypa g ToU £¥ETE OREQTE

AMERATTE TIC TANpOPOPREG ToU UTTGpYoUY Yk
KBz omTIKG dpyavo.

3 ZudnmjoTs UTaED UG WIT Vi KOTOA EETE OTHy
KETOAMAGTEQE ADOT) TTOU Wi ovTOTOKQIVET 1 a7y
©2009 Copyright ETOXAIMOZ QTOOTOM] TUE. =1

Page from the “Optics library” (kaleidoscope)

=) Alepelvnon i} ®ékedog Epyaciag '

DwToypigion TexvoAoyiki) ZXoAnR

|

; BIpA10BAKN OTITIKN S
J -

{ KaAs1dookonio
= KaAs1idookomo
= MIKpOOKOTIO

= Mepiokomo

‘ = TnALoKomIO

To KOASIOOTKAOTTIO TTRPOKEITO Y10 EVOlY TLUAV TTOU OTTO TN Widl dKpn Tou

TOTTOBETEITON GTO AT TOU ¥PrjaTn Kol OTTO Ty GAkn EXE DIGQOvVES KAAUUIIO TTOU ETTITRETTEN TN BIEAEUCN
TOU QITOC. ZTO ETWTEPIKG, KOTE MAKOC TOU GLiArve BRITKOVTOI KOBPEPTEC (KATOTTTRO), EVLL TO
BIOQOVEC KEAURWO TNy GKEn Tou gival DITTAG KOl OTO E0WITEPIKG TOU BRITKOVTOI HIKPG KOMGETIO OTTd
yUah. O KOBPEPTEC avTavOKAOUY TO EITEQYOUEYO QIC |IE TETOIO TROTTO WATE EUQOVI{ovTl
TUMHETPIKES EIKOVEC ATTO TO MIKPG KOUUGTION yUOAl. ME Ty TTEQITROPH TOU TLuAiva TO KOUOTAKIO
KIvOUNTaI KOl £T01 ONIoUpyoUvTOl SI0QOPETIKOI TYNHOTITHOI.
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Page from the “Optics library” (microscope)

a Aigpelivnon i} ®axedog Epyaciag '
| Mikpookonio

|

= KaAeidookomio

= MIKpOOKOTTIO

= Mepiokomo

= TnALoK6TIO

To MIKPOGKOTTIO ¥PNOIOTTOIETON YIa TNy TTORATAPNGTN OVTIKEIMEYWY IKPUY BI00TATEWY, Ta OTTOI0 Ggy UTTopOUY Yo TTapaTnENBoUY
ME YUY JATI. METW TOU MIKPOTKOTTIOU, MTTOPOUKE WOl TTARATNPATOUE AETTTOMEREIES TIC OTTOIEC Eival adUvaTo vo DOUME HE YURWO
g,

ATTOTEAETN OTTO EvOl GLArva e GUo Paadikolg gakolg oTa OU0 dKpo TOU: TOV AVTIKEIMEVIKO QAKO (0 QaKAC TTOU PPITKETAI OTN
MERIG TOU QNVTIKEIEYOL) Kal TOY TTROCO@BAAMIO QUKO (0 GOKOC TTOU Eival TTROC TN KEPIG TOU JaTIol TOU TTapaTeENT). o

©2009 Copyright ETOXAIMOE | FowerED BY | 22 ngconten

Page from the “Optics library” (periscope)

] tiepedvnon I} ®hkeAoc Epyasiag .

|

Texvoloyiki ZxoAn

1 BIpMOBAKN OTITIKIS

| Nepiokénio

To TIEPITKOTTIO KON TILOTTOIET IO TTOROTARRTN awTIKEE O TTou Sy Bl GLETS TTEpaThpRaiu,
EECITIONG EvGg EUTTORIOU (T, TIERAT NN s SaAWTng GTay UTTERYE TIOANS KOO TTROOTE o
kol GEy BAETTOUME). Z 0 ¥ ONTILOTTOIET T8 UTTORROYIC Y10 wd JITTOROM wol BASTTOUY T GTTG THy
ETTIPAVEID TOU vEPOU EvL) BPITKOVTOI T8 KUTEDUTN, 1} T8 GpuaTa Hdyng. = MIKpoGKOTTIO

= Kah£1booKoTTI0

ATTOTEAEITON OTTG Eval TLiAva OTa AKPO TOU OTToIoU BpigkoyTal TTapdihnia TotTToBeUED G0
KOBpEQTES WE kAT 45 poipily aTTd To Tushriva. = MEpITRATIO

= Tpheokomo

b

©2009 Copyright ITOXAZMOZ POMERED BY | £ ngcontent

127



Page from the “Optics library” (telescope)

&) diepedvnon I} ®axedog Epyaciag
Texvoloyiki) ZxoAi
BipA108KN OTITIKNAS
 TnAsgKoNIO
= KaA£1dookomio
= MIKpOOKOmIO

= MepIoKOTIO

= TnAeokomo

H AEEN TNASOKOTTIO Shvall GUYBETN Kl TTapAyETal aTTé TO UVBETIKG TRAE-, SnAadr, pakoid kol -oxorma, dnaadn maparhew. To
TNAETKOTTIO ¥ PN TILOTTOIETE YIC THY TICROTARNCTN WOKQMUDY OTIKEMEYLYY,. E¥EN TN SUWOTOTATO Yo TTRpOoUTIGIE £vel OwTIKEIUEYD TTOU
BEAOULE O TTOROTNRATOULE WEYOAITERO aTTO OT0 GUTS Qaiveral PE UG AT Eival aov &va TEpAoTIo WdT, TO OTTOIO WTTORE v
TUAMEYE TTEQITTATERD PLIC OTTO EVO CYTIKEIUEYD KO wa Iy EBUVE TNy £kdval TOU, LTE wo UTTOPOUME voi TO SOUWE TTIO KoBapd.

ATTOTEMETON ATTO Ev0 KLWIKG TLAva, 0 OTTOIOC TTEpIAGUBAYE aTa B0 drpa Tou SU0 QUKo TOY AVTIKEIMEVIKG QAKO (0 uKi]
TTOU BRITKETC OTN WERIG TOU OVTIKEIIEYOU) KOl TOY TIROGo@BdaAMIo @aKo (0 QokOg TTOU Eival TTPOC T MERIS TOU HoTIol).

> XdpIng

©2009 Copyright ETORAZMOL [ FOWERED BY | & Ng
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Template for choosing the best solution

3] 0TOXaOouOG

avagtoxaotikh unootnmEn autdvopwy dipeuviosmy
= Mepsdvnon I} ®ikedog Epyaciag '

‘ DwToypdgion ‘ @ Amobijkiuan |2| ExTimrwen D [1 a @

MaBéoipec elkdveg

wpnotng: daskala | Anooovdzcn
Inusiwuardpo | Opogid

@hkedol

[E] TTowec mAnpogopiss sog LPTOLLEVGAY Tia va KataAiEETs o TEAKT] AToT;

B 3 paon E‘

NpaBanpo-Npodiaypapés @
B Emboyn hiong B2
s Tl ~ |

[E] ITove zivas 1 emdoy oog; Efnijots yuoti emAéfats ovrh mov emAsEots;

ity =iome £10tpod, cRENTHOR | Th SoemkkAn We
e EmAo oo TIpEmEL GA0L owg i PropeitE v
=EVATETE mog kit VT K TeATEeTE oF coTh The
EMACYT.
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Iloc va pTiaete éva THAEGKOTIO;

1. TIpotov apyicete, OwWPAOTE TPOCEKTIKA TIG
odnyieg kataokev)s (Bfpe 1 — Bnpa 5) tov
TNAECKOTIOV KOl pOTAOTE TN OUOKAAN GO OV OEV

KataAopoivete KATL.

2. Otav elote ool va Eexwvnoete, €vog padntmg/tpio ™ opddag va

wpounBevtel To amapaitnTo VAIKE 0o TV £5pa.

(X

2 peyefuvtikovg eakovg, puo peydAn piya 1 petpotowvia, 1 yaptivo kOAVEpo

(X}

Bipo 1. Hp@to tpémel va EVTOTICETE TV ATOGTAGT] TOV TPETEL VO, VITAPYEL

OvVAUESH GTOVS OV0 PUKOVG.

- Ouundeite 611 TO TNAEGKOTIO. YPNGLLOTOOVVIOL Y10 TNV TOPOTIPNON
HOKPWVAOV  avTIKEWEVOYV. Emouévmg, ypeldaletor vo €viomicete Kol vo
GUUQMOVNGETE GTNV OUAdN GOG £va YMPO Amd TOV OMOI0 VO UTOPEITE Vol
TOPOTNPEITE HOKPIVA AVTIKELREVA, Y10 TA TEPAUATA GAG (TT.)., KOVTIA OE Eval
TopdOvpo).

- TomoBetnote TOV £val POKO KOVTA GTO UATL GOG KOl TOV GAAO QOKO TPOC TO
HEPOG TOL avTiKeEWEVOL oL BéleTe va mapatnpnoete. O @okog mov givat

KOVTA 6TO HATL GOG OVOUALETON TPOGOPOEALOC KOt 0 POKOG TTOV Elval TPOC

TO UEPOG TOV OVTIKEYWEVOL OVOUALETOL OVTIKEWEVIKOC.

- Kpamote toug dv0o pakovg otny i01a eubeio. Metafdiete TV andctocn
PETAED TOV 000 QUKOV, PUEYPL VO UTOPEITE VO TOPATIPICETE NE
EVKPIVELD NOKPIVE OVTIKEINEVO KoL 6€ péyedog peyalvtepo amwd 0T TO.
PrémeTe pe youvo pati.

- Molg Bpeite avt v amdctoon Eva LEAOG TNG OUAS0S VoL TNV LETPTOEL.
Av dvokoreveote va Bpeite avty v amdcotoon, (nmote Pondeta amd
dUGKAAQ.

- Amndotoon petaEd TV 00 PoK®V: EKOTOGTOUETPA
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Bipa 2. IIpounBevteite and v £dpa £va yapTivo KOMVIPO HE TOGO UNKOG
oom mpémel vo. €lval 1 amdOOTOON OVAUESH GTOLG VO (PAKOLG TNV OToin
petpfoate oto Brua 1.

Bijpa 3. Xtepedote TPooEKTIKA TAV® GTIC 0V0 GKPES TOV YAPTIVOL KLAIVOPOL

TOVG OVO POKOVC.

Bipo 4. Xpnowomnowwvtag Eva LolOPt oxeddote éva ‘udt’ oty dKpn tov
ocwAnva otV onoia Ppiocketor 0 TPOcOPOAAUIOG PAKOC MOTE Vo EEPETE ATO
noto TAELPA Ba ypNOLOTOIEITE TO TNAESKOMLO Gag. (AANOe VITApPYEL dlaPOPa

oV KOITAEOLHE aTd TN o 1 TNV GAAN TAELPE;)

Bipo 5. Zvyyopnmpa! MoOAg éxete Kataokevdoer €va TNAEoKOMIO!

XPNGYOTOUWGTE TO EVAG-EVOS Y10 VO TTOPOTPNCETE LOKPIVE OVTIKEILEVA.

To mpwTo Mpdypa Tou Ba éxeTe iow¢ TapaTtnpnoel gival 0TI Koitdlovrag Héoa
amod To TNAEOKOTIO 0dC, TA AVTIKEIUEVA @aivovTdl aveoTpdppéva Kal TToAU TTio

HeydAa amo o011 6Tav Td KoITAleTe HE YUHVO HATI.

OupnBciTte To KPITAPIO 0aC YId va eTIAEEETE TO TNAEOKOTIIO WG ThV TTIO KATAAANAN
Auon. ToxUel autd To KpITAPIO; AV val, TOTE N AUoh odg cival OvTwG KatdAAnAn

via Ti¢ avdyke¢ Tou Adyn Eppikou.

Mnv 7poy®PNGETE OV OEV MANGETE UE TN OUGKAAN GYETIKO UE TIC

EPMOTNGELE TOV VTAPYOVV GTO TLO TAVE® KOVTI.
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Iloco ovvato cival To TNAECKOTIO GaAS;

- ZOUQPOVNOTE UE TNV OUAON GG VO KOITAEETE OAOL EVOL CUYKEKPIUEVO LOKPLVO
AVTIKEIIEVO.

- XT1 GLVEYELN YPNCLOTOUGTE TO TNAECKOMLO GOG
évac-évog Kabe @opd yuow vo TOPOTNPNCGETE TO
HOKPIVO OVTIKEILEVO TO OTTOT0 £XETE GLUPMVIGEL.

[Ipéner 6Ao ta modd TG opddac va

YPTNCUYLOTTO|COLVV TO TNAECKOTLO.
- [IpoonmaOfote vo PAEmeTe TOVTOYPOVO TO GVTIKEINEVO OVTO péca amod TO
TNAEOKOTI0 Kol pg yopuvoe pati! o vo 10 TeTuyeTe aLTo, LE TO £VOL GG LATL
Vo KOtalete Hésa amd To THAECKOMIO TO AVTIKEIILEVO KOt e TO AALO GOG LATL

va. fAénete KatevBeioy TO avTIKEILEVO.

I[MpounOevteite wa piyo

a) [16G0 givat 1o VYOG TOL POKPIVOD AVTIKEEVOL 0TV TO KOLTALeTE LEGA OO

10 TNAECKOTO; [ Amdvinon: EKATOGTOUETPO. ]

B) IT6co gtvon 10 VYOG TOL 1010V AVTIKEWEVOL OTAV TO KOITALETE LE YOUVO UATL,
[ Andvinon: EKATOGTOUETPO. ]
v) Zvykpivete v amdvtnon coc 6to (o) pe v andvinon cog oto (B). Ti

TOPOTNPELTE;

d) Atupéote T0 VYOG MOV PETPNGATE GTO (0) LE TO VYOG TToL peTpncate oto (B).

[ Andvinon: |

To mnAiko Tou Pphkate ato epwTnua (8) autéd ovopdleTar peyéOuvon Tou
TnAEoKomiov Kal pag deixvel TOOEC YoPEC IO HeYdAo @aiveTal éva avTiKeipevo oTav
To KoITAloupe Héoa amd To ThAEOKOTIO ag aUyKpion He To HEyeBog TTou

TapaTneoUpe 6Tav To KOITA(OUKE HE YUPVO HATI.
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€) H peyébuvon tov miecskoniov pog eival . EEnynote 11 onuaivet

oVTOC 0 aplOUoC.

Mnv TPOYWOPNGETE OV OEV MANGETE UE TN OUGKALY, DGTE VO TNG
eENYNGETE TNV UTAVINGT GOC GTNV L0 TAVE® EPDOTNGT).

- Avtadddéte TNAECKOTIO PE TN dUTAOVY] OULAO0 KOl PN CLLLOTOMGTE TO Yo
VO TOPATNPTCETE TO 1010 AVTIKEILEVO TTOV TOPATPOVGOTE KO
TPONYOLUEVAG.

- Zvuykpivere 1L mapotnpeite dtov KOTAleTE HEGA OO AVTO TO TNAECKOTIO
™G AAANG opdidog e to TL Tapatnpeite 0tav kortdlete péoa amd 1o O1Kd
oo TNAECKOT0. AEITOVPYOVV UE TOV 1010 TPOTO T VO TNAEGKOTIN,
"Exovv v 10100 peyébouvon; Zuinmote 10 o1y opdoo cog.

- Tlog Ba pmopovcate va PEATIOCETE TO TNAECKOTIO GOC;

YuINTNOTE TIC LOEEC GOC UE TN OUGKAA.
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H gpevvntikn dtadikacio mov akoAovONGALLE Y10 VO TETOYOVLE TV TTLO TAV®D

OmOGTOAN amoTeAEiTon oo Taw akOAovOa GThdIN:

2 l ]
— >
. l P
" l

5 i .
6 l -
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H Bovdanéot eivor o moAn oty Ovyyapio mov yopileton omn péon amd tov TOTAUd
Aobvafn. Zmv oA avTn, 01 TEPIGGHTEPOL KATOKOL Y peLdlovTay va TaSidehovv kabnuepva

KOTO KOG TOL TOTOLOV Y10, VAL TAVE GTIG QOVAEIES TOVG.

[Na va Aoovv avtd 10 mpdPAnua, o dMpapyos g mOANg {ftoe and daeopovg
€101K0VG va. Bpovv €va KaAOd TPOTO MGTE VO UTOPOVV Ol KATolkol TG Bovdoméotng va
KUKAOQOPOUV Gg OAOL Ta LLEPT TG TOANG gVKOA. Ot d1dpopot 1d1koi Tpoorddncav va fpovv
Aon oto mpdPAnua. ‘Exave o kabévag Tig 01kég Tov peréteg kot Eyacav va fpovv Tt Eyve
oe OAAeg TOPOUOIEG TMEPUITAOCELS GE (GAAEG MEPLOYEG TOL glyav TAPOUOO TPOPANLLAL.
[IpotdOniav dtaeopeg Acels. Mepikég amd avTég NTAV: N KATOOKELT YEPLPAOV, 1| oyopd
TAOIOV TTOV VO KAVOLV GUYVEG OLOPOUES aTtO TO £voL LEPOG TNG TOANG GTO GALO KOTA UNKOG
TOV TTOTAWOV, 1| AYOPE LIKPOV WOIOTIKOV GKOPOV, T0 0TToio Vo Lropohv va evotkidlovy ot

TOALTEC.

Tehkd amogaciotnke 6Tl T0 KOADTEPO GE aVTN TV TepinT®on Ba NTav va eTidEovv
HEPIKEG YEPLPEG OGTE Ol KATOIKOL VL LTOPOVV VAL TTIYOLVOEPYOVTOL LLE TA QVTOKIVITA TOVC.
[Ipdta KricTnke o LOVO Yé@upa, MGTE Vo S0LV KATA TOC0 TEAIKA avtd Ba fonBovce Tovg
moAitec. Ipdypott, moAlol moriteg TOPO UTOPOVGAV VO SOKLVOUVTOL GE OAN TNV TOAN

YPNOYLOTOIMVTOS IOIWTIKA QLTOKIVITO 1] TAL ONUOCIO AE®POPETaL.

Metd and moAAd ypdvio Ou®G OTOV  KOTOUOKELACTNKAV HeYoADTEPA TAOLC,
TOPOVGLAGTNKE £V TPOPANLO SLOTL 1] KATOOTKELT] TNG YEPLPAG VTG OV EMETPENE GE YNAL
mhola va daoyilovv tov motoud. Emopuévog anopaciotnke 6nwe yivouv kdmoteg aAlayég
o YéQLPW, OCTE Vo Uropel va Kiveitanr 0mote ypetdleTon va mepAcel KAmolo Yynio mhoio
a6 kbte. Extdg and avtd ékavav m YEQupa o TAATIO OCTE VO LTOPOVV VO KUKAOPOPOVLY

vl TAGO GTIYUN TEPICCOTEPH OYTLOTOL.

H moAn ¢ Bovdanéotng
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[Ipoorabnote va evtomicete oy 1otopia Tov daPdoate T dladkacio Tov akolovdnOnke,

dNAadn, To oTAdo TOL OKOAOLONONKAV GE aVTN TNV TTEPINTOO).

2 i ]
E——
. i «
. i

5 i -
6 i |
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Tapooeiyuoro. emioiwewv yio. yevikevon emioiwlng e teYvoLopiog

[Ipoonabnote vo opadomomacete Tig akOAovdeg epeuvnTiKéC Tpoomdfeleg o€ dVO OUAOEG

avOiAOYO HE TO OV aVAKOLV 1] Oyl otV 01 opdda pe Tn 0K o0 £PEVVO TOV KOVOTE.

Eénynore v andvinon gog...

> yewwovid tov MiydAn to televtaio xpovio EXouv HeTAKOUicEL TOAAOT Kotvovplot
Kdtowot pe amotélecpa o0 OpoOuog va yepiletl pe otabpevpéva avtokivnTo Kot oTig dVo
mhevpés. Xpetdleton va Bpebel kbmolog TpOTOG MGTE Vo PNV TOPKAPOLY TO OLTOKIVITA
TOVG GTO OPOUO YlaTi Yivetar TOAD 6TEVOG KoL OV YMPOVV va TEPAGOVY dVO aVTOKivNTO.
Yruepa n AAMkn ékhorye 610 oxoieio S10TL xace v ayamnuévn g kovkAa. H @iin
™™g N Maipn amo@doice va Kavel pa £pguvao o€ OAQ TOL KOTOGTILOTO TOLYVIOIDV TNG
TOAMNG, AGTE VA Ppet pia koOKA TOL va. Lotdlel € ATtV Tov £xace 11 AAKN Ko €161 val
™ Ponbnoet oto mPOPANUG TNG.

Ta televtaia ypoévia oty Kodmpo dev PBpéyer molv, vy’ avtd ypedletor vo Bpodue
TPOTOVS ££0TKOVOUNONG VEPOD.

Y Ouavdio. ot yelmves eivar TOAD doynuot 00Tt €xel TOAAEG KaTOoyideg Kot
KEPOWVOVG, Ol OmMOoiol TPOKAAOVV TOAAEG KATAGTPOPEG. Ot KATOWOL NG YDOPOS
xpelovat vo Bpovv TpOTOVS VoL TPOGTATELOVTOL OO TOLG KEPUVVOVG.

Oélovpe va katardfovpe mmg dnpuovpyeiton To yLovL.

H Xo¢ia 0érel va pébet katd moco Ba BpéEetl avpio yia va aropacioet av Oa maet adplo
exdpoun He Tig eiAeg TNG.

O Asgovidag eivor vrevBuvog yoo v KaBapldOTNTA TOL TAPKOL TNG YELTOVIAS TOV.
Xpetdletar €vo va tpomo ®ote va paledel To OKOVTOW amd TOo TAPKO YMPIS VoL Ta
TOIPVEL LLE T YEPLAL TOV.

210 £PYOCTAGIO VPAGUATMOV TOL OOVAEVOVLE TPOCSTAHOVUE VO TPOTOTOWGOVLLE KOt VL
BeATIOGOLLE KATOL0 VPAGLLOTA DGTE VO PNV TCOAAKDOVOVTOL.

Evtoniotnke diappor| vepov 6to gpdypa tov ZvAdrtov. [Ipoorabolpe va evtomicovpe

™V €otiol TOV TPOPANUATOC.
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22 Matov 1609
I'ewa cag,

Ovoudlopon INoAthaiog T'alAél kou ipon Kabnynmg kot epgvvng oto [oavemomuo
™G [TadoPag oty Itaria. Me evotapépel TOAD 1) TOPATIPNOT TOV LEYAA®V AGTPOV,

Omwg gtvon | ZeAnvn, n Aepodit, K.4.

Exyo padet and €va otkoyevelakd pov ¢ilo, to Adyn g Bevetiag Eppiko B’ yia v
eMVONoN VOGS GTOVANIOV OTTTIKOD OPYAVOL OO KATOL0VE AAAOVG EPEVVTEC.
Ovopdletatl TNAEGKOTIO Kol EYEL TN OLVATOTNTA VO LEYEDVVEL LaKptvaL avTIKEILEVOL.
Omnotog to ypnoonotlel pmopel va PAETEL TO LOKPLVE OVTIKEIPLEVO TTOAD IO KOVTA KO
TOAD T peydAa amd Ot etvan otV TpoypaTikdTnTo. AToTELEITOL OO VAL GOANVA, O
omoiog €xe ota 000 dKkpa TOV SVO PAKOVG: TOV GVTIKELREVIKO QaKO (0 OKOS TOV
BpiokeTon 6N pEPA TOL AVTIKEUEVOV) KOl TOV TPOGOPOGANL0 QUK (0 POoKOS TOV

glval Tpog TN HePLd TOL HaTioD).

Zréptopat 6Tt pe éva SuvaTod TNAECKOTIO Bo LTOPOVCH VAL TOPATPNC® KAAVTEPA TO
aoTEPLO KOL VO TPOYOPTNOM® OTIS EPELVEG Lov. BéBata, 1o TAeokdmio Tov @ilov pov
YPNOLOTOIEITOL Y10l TAPOUTIPT|OT] TOVMADV GTO KLVI|YL, EVOD €YD TO YPEGlopat Yo va
TAPOTNPNC® TOAD MO pokpva aviikeipeva. Opme, av katarlafo ndg Aertovpyei To

TNAECKOMO0, TOTE IoMG 0VTO Vo pe Pondcer oTic EpevvEC pov.

Ed® givan mov yperdlopar m Ponberd cog. I'vopilo 011 k1 eoelg aoyoreiote e avtd TO

Bépata yi’ avtd 6 o va pe

Bonbnoete va kataAdfo Alyo TEPIGGHTEPA TPAYLOTA Y10 TO THAECKOTIO

GLYKEKPLUEVA Y10 TO TG AELTOVPYOLV Ol POKOL. ..
Oo Tepluévem vEa oo,

Evyapioto ek tov mpotépmv,

ToaAthaiog

\>,
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OVOLLOTO EPEUVIITAV: ..ottt ittt ettt et et et ettt et et ettt e a e e e et e et et ateateateeneanenneanees

1. IToV ypnopomorovvTal o1 paxoi 6TV Kadnuepvil pog Con;

2. IIpounOBevteite 600 Pakovg 06 TN dookdra. Nopilete TAOG €ivar o1 i6101; Av dLa@EPOLY,

OGS S10QEPovV;

To §épare OTI UmoOpPEiTE va KAYETE XAPTi XPNOIHOTOIWVTAC £vd YAKO;

Av vai, enynote otn daokaAa od¢ WG PTOPEITE va To wETUXETE auTo. MeTa and
auto Oa JoKINAOETE va KAYETE £va KOUUATI epnuepidac.

Mnyv TpoY®OPNGETE AV OEV MANGETE NE T1 O0GKJIAN GYETIKA NE TO TLO TAVO.

3. EEnynote pe 0on mo morhi) Aentopépera propeite To frijpata Tov axkorovdnoate

Yo VO KOWETE £va. opTi pe £vo, QuKo.

4. AkorovOnote To Pripata TOL YPAWYATE TO TAVO YO VO KOWETE YOPTL pe éva GALO

¢ok6. Kaiyerar otnyv idwo adéotacn to yopTi;

Mnv TPpOYOPNGETE OV OEV MANGETE UE TN O0OCKAAD GYETIKG UE TO TLO TAV®.
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Apa av KatdAopo cmoTd. ..

Ye Kd@0e @aKd aviloTOWElL OLYKEKPIUEVN
amoOcTaCT TNV omoia OTov Tomofetnoove Eva,
Koppdtt  yapti, TOTE ALTO Koiyetol  Ag
OVOUAGOLUE QTN TNV ONOGTOCT OG £GTLUKN
0m0GTACT] TOV POKOV.

O Adyog mov «Kaiyetor TO  YOopTi O
OLYKEKPWEVN amdoTaon eivor 0Tl 0 QAKOG
GUYKEVIPMVEL TO PMC TOL NALOL TAV® GTO YOPTL
oynuatiCoviag poe eoTeV KNAda. Avt 1
KnNAMda ovopdletor €O®A0 TOL MAOL. XNV
TEPIMTOOT LOG ETELON 0 NAOG EXEL TOAD dLVATO
QmG, T0 E0MAO TOV lval TOAD POTEWVO, YU AVTO
Ko Kaiyeton to yoprti!

FaAilAaiog

5. Xpnowpomomote £éva QUKO Y0 VO GYNUOTICETE TO EI0OAN OLOPOPOV
QOTEWVOV OVTIKEPEVOV (7)., Aapma TS TaéNne, mapdOvpo, KAm.) TAvVE®
otov Tolyo TS Taéng. llpoonadiote vo oynuaticete evkpivi] (0NAaon Ot
00AaG) eldmAa TOV avTikepnévov. Epgavifovratl otig id10 amdécTac) 0o Tov

TOUY0 TO OLAPOPa EIOMA;

Mnv TPOYMPNGETE OV OEV MANGETE UE TN O0GKAAY GYETIK( LLE TO TLO

TAVO.
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Atgpotodpal Katd 1660 1 aré6TUcT)

OVTIKEUEVOV-PUKOV ETNPEALEL TV

006 TGO PUKOV-EVKPLVOVG

MaAIAaiog

H amoéoTaon avrikeipgévou-g@akol ernpedlel Thv amdoTaon Pakou-€cUKPIvoUg

€1dWwAou; Ac ponBnooupe 1o MaAlAdio va aravrioel o auté To EpwTnNUA

Kavovrac gia diepelvnon...

1. I'a va drgpevviioovpe to epotna tov I'omiaiov, 0a yperactovue To

aKo0AOV0O VAIKG:

+ 'Eva peyebuvtikd ookd

+ Mia Bdon yio 1o QoKo

*+ Mo 006vn méve oty omoia O oynuatiCete to eidwio kéOe popd

* Piyo yio0 va Hetpdre TIc SIBPOPEC AMOGTAGELG

2. TomoBetoTE TO POKO TAVO 0TN PaAcn Tov Kot fdATE TOV OvapESH OTNY

Aapma ko Ty 000vn

3. XpNnolpomotote T1) piyo 600G Yo vo, TOTOOETIGETE TO PUKO 6€ TOON
006 TOoN 00 TN AAPTTO 06T YPAPEL GTV TPITY GTI|AN TOV TIVUKO TNV

EMONEVY] GEMOO.
4. Avawyete ™ Adpma.

5. Metaxiviiote v 000v1] pTpocTd-micm pEYPL vo. GYNUATIGTEL EVKPIVES

(xaBapo, oy 0010) cid®A0 TAVD TNGC.

6. MeTp1ote TNV 0OGTAGT 6TV OTTOL0 GYNUOATICETE EVKPIVES EIOMA0 KL

KOTOYPAWYTE TNV TNV TETOPTI OTHAN TOV 7O KATO TIVOKAQ
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7. Eravaldfete o fripota 3-6 Yo GALeS TECGEPLIS POPES KOL GUUTANPOCTE

TOV TIVOKO.

TIpoooxn: lMNa va civar dikaio 1o weipapa, xpeialerar kaBe Yopad va
aAalete povo éva mapdayovra (amdéoTacn AGUNAG-PAKOU), va HeTpATe évav
aAo mapdyovrta (ambéoTaon pakoU-cUKpIvoUC €13WAOU) Kal va KPATEITE

oTaBepolc 6Aouc Toug umdAoimoug wapayovTeg (idlogc @wakog, idia 0Oovn,

id1a Adpma).
ININAKAY AITIOTEAEXMATQN
Iapayovroc Tov Ioapayovrac Tov
perafarroone LETPOVUE
Eotwox)
ATOOTOON POTELVOD Amo0TO0N QPUKOV-

006 TACT PUKOV ) ) ] ]
OVTIKELPEVOL — PUKOD |  EVKPIVOVG EL0MAOV

(exatootopeTpa,
em) (exatootOpeTpo, cm) | (EKOTOGTOUETPO, CM)
1) 40
2)
3)
4)
5)

TN 6VVEYELN EENYNGTE TL GKEOTNKOTE GTY O0UGKAAQ.
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8. ITowo givar 10 copumépaopnd cac; Anhaon] oo gival N advTNON 6TO

gpatnua tov Falraiov;

9. LuYKpIvETE TNV UTOGTUGT QUKOV-EVKPLVOVS ELWOMAOV IE TNV ECTLOKY

006 TOCT] TOV QUKOV GUC, KOOGS HEYOADVEL 1] UTOGTUGT] AVTIKEINEVOL-

oaxov. Tv mapatnpeite;

2T1 GUVEYELY, ETOLUUGTEITE MGTE VO TUPOVGLAGETE TO, OTOTEAEGUUTA GUC

GTLC GALEC ONAOEC EPEVVIITOV.
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Avyammrol pov gpgvovntéc, petd amd
™V OlEPEVVNON TOV KAVATE, EUEV
Hov  mpoékvye Kol €va GAAO
epOTUO.  Apaye 1N EO0TWOKI
amooTuc ennpealel 10 pEyedog
TOV EWOMAOV E€VOS TOAD MOKPLYOV
avrikelpévov;  IlpoomdOnca  va
akoAovBnom v idwa dradikacio Tov
axolovOncarte Kl €0€lg
TPOTYOVUEVAG.

AnAodn €kava o ENG:

1. IInpa éva peyeBuviikd @okd Kol €VTOMIGO TNV E€0TIOKY TOL OTOGTOC,
LETPOVTOG TNV OTOGTOCT] GTNV OTO10 KOLYETOL VO KOUUATL YopTi OTOV TO BAA®
KAT® oo TOV MO Kol amd TAV® TOV EXM® TOV QOKO.

2. Xpnowonoinoca 1o @okd Yo vo oynuotio® 1o €l0mA0 €VOC HOKPIVOD
OVTIKEWWEVOD TV G€ o 006v.

3. Métpnoa kot Kat€ypoyo, 6€ mivaka o akOAoLOa: amdcTACT] OVTIKEIUEVOL-
(QOKOV, OTOGTOCT] PAKOV-EVKPIVOVG E10MA0L, NEYEDOC avtikeléEvov, neyedog
E10MAOV.

4. Enavélafa 10 meipapo axoun 4 @opéc ypnoipomoidvtoc Kabe @opd
dtpopeTikd Qaxo. Evtomlo tnv amdcstact 6NV omoio oYnUATICOTOV EVKPIVEC
eldmAo Kot petpovoa 1o HEYEDHS Tov. Xe kabe melpapa ypnoiporoinca o 010
AVTIKEIPEVO, OTNV 1010 amOoTACT) Amd TO PUKO.

5. Ot petpnoelg pov eaivovtal 6Tov o KAT® mivoka.

Méye0og Amléctaon Eotwox Amoctaon | MéyegOog
OVTIKELUEVOV | OVTIKELPEVOL- amocToon POKOV- EL0MAOV
QPUKOV PUKOV EL0MA0V

80 cm 2500 cm 10 cm 10 cm 2 cm

80 cm 2500 cm 15 cm 15cm 3 cm

80 cm 2500 cm 20 cm 20 cm 4 cm

80 cm 2500 cm 25 cm 25 cm Scm

80 cm 2500 cm 30 cm 30 cm 6 cm
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1. ITovwo gival To epaTHE OV amocyorel To ['alhaio;

H emmpedlet

™mv :

2. ITow mapayovra £yer perafarer; lag to £kave;

4. ITow mapdayovrta £xer perpnost; IHog To ékave;

5. ITowovg mapayovtes KpaTnoe ota0epovg;

6. Xg o0 ocvpuméPpacpno pog 00Myovv Ta anoteAéopato Tov I'aAtiaiov;
ANA0o1] o0, EIvAL 1] GTTAVTI|G] GTO OEVTEPO EPAOTI|UG TOV TOV
0O OANCE;

2T GUVEYELO ETOLUUGTEITE DGTE VU TUPOVGLAGETE TO UTOTEAEGUATO GOC
6TLC AALEC ONAOEC EPEVLVIITAV.
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Lopoadetyuato exioinlewv yio. yevikevon exioiwlne e emaTiuns

Ilpoorabnote vo. deite katd mOGo N axolovdy Epevva avikel oTHY 1010, OUCOO, 1]
Oyl UE TH OIKN 0OC EPEVVA. TOV KAVATE Y10, VO. UAOETE TS AEITOVPYOVY 01 POKOL.

Eénynote v amdvinon cog...

o®&Ahovpe va kotaAdBovpe Tmg dnuovpyndnke 1 tpdma tov 6Lovtog

o®a tpoomadnoovle Vo KOTAAABOVE KATA TOGO 1) YPNOT KIVIITOL TNAEPDVOL
emnpedlel TNV oKon.

o®a YAEOLLE OTN YPOULOTIKY] Yol Vo, BpoVLLE TIC EEAPETELS TOV KOVOVOL Y1dL TOL
pruata o€ -iw

00O movoképalog elvar o moAy cvvnOiouévn mabnon n omoio umopet va
opeihetor oe mOAAOVG AOyovs. Ilpoomabovpe va  eEnynoovpe  mmg
ONovpyeiton 0 TOVOKEPAAOC.

oB®a kAvovue pio. €pELVA. Y VO OOVUE OGO VEPO KATOVOAMVETOL GTO.
VOIKOKLPLA TOL YM®PLOV LOGC.

oEueig mapatnpoope ™ Lon tov mdmov otn Alpuvn tov TEPKOL TNG

ABordoooc doTE Vo KATOAGBOVLE LE TTO10 TPOTO LEYOADVOVV TOL TOLOLE TOVC,.

Oa Tpooradncovpe vo KoTaAdBovpe Katd TOGO 1 (P1oN Kvntod THAEP®VOL

ennpedlel v akon.

MoBOntig 1: H épgvva oty amokAeieTol vo oviiKeL 6TOV KAAOO TG EMGTNUNG,
o0TL M €pevvd Toug oyetiletan pe Kwvntd TMAEQPOva, Tov givor KATL

TEXVOLOYIKO.

MoBytig 2: AMapove poali cov. Avtd mov tpoomabovv va kévouvv givol va
paBovv KAt Tov de EEPOVV GYETIKA UE TN AELTOVPYIN TOV KIVIITAOV THAEPOVOV.

Kdati 1ét010 T0 KAVOLV 01 EMGTHUOVES Ko 01 Ol TEYVOADYOL.

2VUPWVEITE 1] OLOPOVEITE UE KATO10 OO TOVG 0DO UOONTES,
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llpooraOnote va ouodomooete Tic aKOAOVOES TEPITTWOEIS T ODO OUCOES

OVOAOYOL UE TOV GTOYO TOVG, ONAAON UE TO TL TPOTTOHODY Va. KEVODY

1. Aev yvopilovue T1g eEopéoelc Tov Kavova yio o pipate o€ —ilm. I't’ avtd
Oo yacovpe o1 YPOUUATIKN Yo VoL TIG BpOoULLE.

2. Oa ya&ovpe og dAPOPES EYKVKAOTAIOELES Y10 VO OOVUE T AEVE GYETIKA LIE
TOVLG AOYOLG TTOV dNoVPYNONKeE 1 TpOITA TOV OLOVTOC.

3. IIpwv amd 10 ypovia pio opdoa pELVTMOV APYLGOV VO EPELVOVV Y10l TO TMDG
dnuovpyndnke 1 tpovma tov 6Lovtoc. ‘Htav ot TpdTOL TOL TOLG ATOGYOANCE
aVTO TO EPAOTNLLOL.

4. Oa ydaéovpue o100 OGIKTLO YL Vo PBpovpE TANPOPOPIES YO TO MG
KOTOOKEVAGTNKE O TPMOTOG NAEKTPOVIKOC VITOAOYIGTNG

5. E&etdlovpe kotd mOG0 01 000veEC TV NAEKTPOVIKAOV LITOAOYIGTOV &lval
EMKIVOLVEG Y100 TOL LATIOL LOG Kot TL 00V TPOoPAHaTO UTOPEL VO TPOKOAODV.
6. Exovpue ayopdoet éva véo €100¢ NAeKTpovVIKOD LTOAOYLIGTH. Oa dtofdcove

TIG 00MYieg XPNOEMC Y1 Vo LABOVLE TS VO TOV YPTCLOTOMGOVLLE.

llpooraOnote va oucdomooete g aKOAOVOES TEPITTWOEIS T ODO OUCOES

OVOAOYOL UE TOV OTOYO TOVG, ONAAON UE TO TL TPOTTOHODY Va. KAVODY

1. TlpoomaBodue vo Ppovue TpOHTOVE MOTE Vo KAVOLUE TS 006veg TV
NAEKTPOVIKOV VTTOAOYIOTAOV AlyoTEPO PAafepéc.

2. XpNOOTOM|COVUE MAEKTPOVIKO VDTOAOYIGTH YO0 VO ETOWUACOLUE TNV
epyacio pogc yio £vo EVPpOTATKO S y®VIGUO.

3. ®@éhovpe va PTIAEOVLE TTO YPYOPOLS NAEKTPOVIKOVS VITOAOYIOTEG,.

4. Evtormiotnke dwappon) vepov oto gpdyna tov Kovppn. Ilpocrabodue va
EVTOMIGOVLE TNV £6TIO TOV TPOPANUOTOC.

5. Ta televtaio yxpovia oty Kompo dev Ppéxet moAv, yU avtd yperaletor vo
Bpovpe tpoTOVE £E0TKOVOUNONG VEPOD.

6. [IpoonaBodpe va Ppode ADGELS Y10 VO OVTILETOTIGOVUE TO TPOPANLA TNG
avEnong g Beproxpaciog Tov TAAVITN.
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AVO ouddeg epELVNTAOV AGYOAOVVTAL LE £V CLYKEKPIUEVO TPOPANUA, TOV
apopd o1n Bepaneio pog ondviag acOévelog.

1. H mpodt opdda epguvntmv mpoomabdel va kataAdfel mowo pikpoPio odnyodv
oTNV EUPAVIOT TNG acOEVELNG.

2. H devdtepn opdoa epguvntdv mpoomadel vo OTIAEEL Vo APLOKO TTOV VL
OKOTMVEL OPIGUEVO LIKPOPLa Ta omoia 1101 Yvopilovpe Thg oyetiCovtat pe Tnv
EUQAVIOT OVTNG TNG acOEVELNG.

3. H tpit opdda gpeuvntav mpoomadei va Bpel Eva tpdmo aviyvevong tomv
uikpoBiov g achévelag, m.y., LEC® KATO0G EWOIKNG 0VAALGTG OHLOTOG.

T1 gidovg épevva kavel n kabe oudoo,; Emiatnuovikn n teyvoioyikn, Elnynote
NV OTOVTNON 00G.

1iotebete OT1 LVIAPYOVY TEPITTWOTELS OOV 1 EPEVVO, TOV KAVEL KATOLO, OO TIG
TPEIS OUBOES EPEVVHTAV EIVOL YPHOIUN Y10, KATOLOW OO TIG VTOAOITES, LKEPTEITE
OAEC TIC TEPIMTWOEIS KAl EENYNOTE TNV OTAVTNON 0OG.

[Taipvovpe dvo idwa doyeia, Ta yepilovpe pe v id10 TOCOHTNTA VEPOL KO TAL
Bdalovue pésa oto 1010 dwUdTlo. X10 éva doyeio Exel p€oa Kpvo vepd amd To
yoyeio Kot 61o dAL0 doyelo €xel pésa (eotd vepd. TomobBetovue péoa o Kdbe
doyeio amd Eva maydKt Ko YpovoUETPOVLE TOGO YPEALETOL LEYPL VOL AMADGEL TO
oYKl Av ta 000 ToydKio MAOGOVY GE dLOPOPETIKO YPOVO, TOTE AVTO G HOivEL
o0t M Beppoxpacio Tov vepov enmnpedletl To YPOVO OV YPELALETUL Y10 VOL ALDGEL
EVoL TOY OKL.

H mo movw mepiypopn toipialer ue kOmoio oTadl0. KATOLOD OTO TG ODO
OLAYPOUUOTO. TTOV EYETE UTPOTTO, OOG;

e éva, gpELVNTIKO EPYOGTIPLO O EPEVLVNTEC KAVOLV O1APOPO TEPAUATO LLE TA
SaPopa LEAGUATO, OCTE VA, POVV EVa TPOTO TOL POVYOL VOL LUT] TOAAOKDOVOVTOL.
[TepapoatiCovrat pe d1aopa LAIKE HEYPL VO EVTOTIGOVY TNV KATAAANAN OvGia
ypedlovtal. MoAg ) Bpovv Ba ™ dOKIUAGOVY TAVED GE SIAPOPO VPAGLOTOL
Y10L vo, 00VV G€ 010 Pafud KaTapEPVEL Vo KAVEL TA O16POPA VPAGLLATO VO, U1
TGAAOKDOVOVTOL.

H mo movw mepiypopn toipialer ue kmoia oTailo. KATOLOD OXO TG ODO
OLAYPOLYUOTO. TTOV EYETE UTPOTTO, OOG;
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AlaBdoTe Ta akOAouba ATTOCTIACHATA ATTO TO NHEPOASYIO TOU
MaAlAaiou. KaBe ammooTaoua meplypagel Kal £va £idog épeuvac.
2ul{NTACTE OTNV OMAdA CAC TIC EPWTHCEIC TTOU UTTAPXOUV OXETIKA UE TO
NHUEPOAGYIO auTO.

19 Maiou 1609

AyaTinTo pou nuepoAdyio,

ZAUEPT TINPU VO YPAUPA aTTO EVa @IAD JOU aTTe T
Beveria, o Adyn Eppiko. Mou Afer yia éva vED OTITIKD
opyavo TTou epeupéfnke. Ovopddetal TRAEOKOTTIO Kol £XEI
Tn SuvaTeTNTA Va KAVE! TO JUKPIVA avTIKEIJEVa va
paivavTal o Jeyaha Kai o KovTivd. YTTedfuvol yia auTr
TNV ETTIVONTN Eival KATTOION EPEUVINTEC 01 OTTOIO! EiXaV
apyikd AdBel emaTohn oTnv amoia o @ikog Jou Toug
{nrouoe BonBeia yiati XpeialdTav éva TpOTTO WOTE vVd
UTTOpEi va evToTidel sikoha To Brpoapd Tou OTo KUyl
Touhiwy. O1 epeuvnTéC auToi Ewatav avdueoa ot SIdQopEC
mBavig AoEeig yia va Bpouv To oTITIKO Opyavo TTou Ba
Taiplale KUAUTEPD OTIC AVAYKEC TOU @iAOU pou. AQou
Bpnkav om To Theokomo Ba propouoe va Tov Bondhos,
EQTIacav Eva yI' autdv Kal To DoKipaoav yia va douv ot
oo BaBuo hemoupyei

IaAikaio¢

H £peuva Trou TrepiypdpeTal SITTAQ QviKel oTNV ETMSTAMN,
atnv Texvoloyia ) gg Kavéva ammd Ta duo £idn epeuvwy;
Mwg¢ oke@TAKATE yia va atroQacicaTe; ZuinTAaTe To OTNV

opGda oag.

ZNHEIWCTEIS:

149



25 Mdiou 1609

AyatnTo pouw nuepohdyio,

ATIG TN pépa TTou EpaBa yig Tnv avakdhuwn Tou
TNAEOKOTTIOU, £XW TNV TTERIEPYEID va paBw TTwg AeiToupyei
TO TNAETKOTTIO Kal EXEI TNV IKAVATNTA VO JEYAAVEL TO
HoKpIva avTIKEipeva

Apaye, Tiwg AsImoupyoly o1 @akoi TTou 1o amoTeholy,
MaiZel poAo av ¥pNoILOTIONMOW QaKOUC TTOU EXOUV

DIoQOPETIKN ETTIOKT aTOaTOON;

Aulpio Tpwi Tpwi Ba Kdvw KATToIEG BIEPEUVATEIC PE
DId@opouc QUKOUC YIT va TIpOaTTaBow va eEnynow 1o

TWC AEIToupyei To TNAECKOTIO

FaAidaiog

H épeuva Trou TrepiypdgeTal SiTTAa avrikel:

aTnVv EMCTAMN, OTNV Texvohoyia r| o kavéva ammod Ta duo
eidn epeuvwyv; Mg oKeQTAKATE YIA VO aTTOPACiCATE;

ZuintioTe To TV opdda oag.

ZNHEIWTEIS:

MTropeite va evioTrioeTe 01O NUEPOASYIO KATTOIO TPATIO HE
TOV OTTOIO N avamTuén TnE TeXVoAoyiag éxel BonBrioel TV

avaTTugn NG EMOTAKNG; ZudNTACTE TO TNV OdAda cag.

ZNHEIWTEIS:

150



26 Maiou 1609

AyamnTo Lou nuePoAdyIO,

Zripepa £kava 800 DIEPEUVIOEIC.

2TV mpwTn dlgpelvnon dlEpelvnad KATA TTOCO N ECTICKN
amOaTAT TOU OVTIKEINEVIKOU akoU Tou TRAECKOTTIoU
emnpEeddel Tn pey£Guvan Tou, dnAadn To TOOEC POPEC
peyahwvel Ta pakpivd aviikeipeva. Baoikd épmafa Sidgpopa
TNAETKOTTIO, TA OTTOI0 GUWC EiXOV DINQOPETIKO GVTIKEILEVIKO
@akd. Ta XpnaipoToinga yia va Tdpatnpu Tn gehivn kal kabe
@opa utroAOyIfa TN PeyéBuvan TNC. To CUUTTEPATUA JoU RTav
aT OO0 Mo PEYAAN 1 E0TIAKT] ATOCTAOT TOU QVTIKEIHEVIKOU
@UKoU, TOOO TTIO PEYAAX QUIVOVTOI TO AVTIKEIJEVA.

Me TTapOpoIo TROTTO EKAVA Kol Jia DEUTEPN DIEPEUVNAT VIO VU
UABW KATA TTOTO N ECTIAKN ATTOCTTACH TOU TTpoco@Baipiou
@aKkoU eTNPeddel Tn JEYEBUVON Tou TNAECKOTTIOU. Td
amoTeAégpata auTic TN Biepelivnanc pe odfynaav oTo
QUUTTEpOTpa 0TI GO0 O PIKPA N E0TIOKN ATTdéaTaan Tou
Tpogo@Bdipiou, TO0O o Peyaha gaivovTal Ta avTIKEIJEvVT

FaAidaio

H épeuva TTou TrepiypdpeTan SiTTAa AvrKel oTNV ETMISTAMN,
atnv Texvohoyia f ae kavéva atmd Ta duo eidn epeuvwv;
Mwg oKepTAKATE YIa va aTToQacicaTe; ZUnToTE TO OTHV

oudda oag.

ZNHEIWCEIS:
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27 Mciou 1609

Ayamnrd [ou nuepoAdyio,

Ta gupmepdopata ou ERyaia atmd Tic d0o DIEpEUVHTEIC
Tou £kova XTeg, Pe Bondnoav va amogpaoiow T pakog
TIPETIEI VO ¥PNTIPOTION|TW YId VA GTIAEW EVa TNAETKATTIO
TO OTTOIO VO PEYEBUVE! TTOAD TTEPITOOTERO TG OTI
peyeBivel To TnAeokamo Tow Adyn Eppikou.

ZUyKekpipéva, Egriata dUo pakolc. O TpwTag £XE TTOAD
peydhn egTiakn amoaTaan, evio a BeUTepog TToAD pIKpn
Bprika Tnv améaTaagn aTny omoid TPETEl va TOTOBeTnHo0Y
KOl 0T OUVEXEID TOTTOBETNO Toug BUO QuKoUC OE Eva
CwANva KarahAnAou pnkouc. To amoTéAeaua nTav
ekTAnkTiKol Av Ekova gwaTd Touc uTTohoyigpolc pou, To
TNheakdmo pou £xel peyiBuvon 20, nhadn kdvel pakpiva

avTIkeipeva va paivovTtal 20 gopic peyarlTepa.

FaAiraiog

H épeuva mou TepiypdeeTal SiTrha avrkel oTnv TIOTAMN,
oTnv TeXvVoAoyia ) og kavéva amd Ta dUo €idn epeuvwy;
Mw¢ oKeQTAKATE YIa va atTogacicaTe; ZulnTAoTe TO OTNV

opdda gag.

ZNHEIWCEIS:

‘Exel fonBnoel n eTOTAKN TNV TeXVOAoYid Je oTTolodRTTOTE
TpOTTO 08 AUTA TNV TTepiTITWON; ZulnTAoTE TOo oThV opdda

cag.

ZNHEIWGCEIS:
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H épeuva Trou TrepiypdpeTal SITTAQ QvrKel OTNV ETTSTAMN,
otV Texvoloyia i ot kavéva amd Ta SUo &idn epeuvwy;

Muwcg okepTAKaTE yia va atro@acicaTe; ZufnTioTe To OTHV

31 Maiou 1609 oldda ouc.

Ayamnro pou nuepoAoyio,
ZNMEIWCTEIS:

TIg TEAEUTQIEC VOXTEC XPNOIUOTTOINGT TO TNAECKOTIIO PoU
yid va Trapatnpriow didgopa actépla. Npog PeEydin pou

EKTTANEN Topatipnoa Sidgpopa TRAYUATA yid TIPWTN popd

TO oTroia Bev @aivovTal Je yupvo pdr. NMapatipnoa o1 N
emMpavela Tng Zehnqvne Sev eivan Aeia alhd amoTeheitan amo
Bouvad, kolAadeg kol TToMOUC KpaTnpeg. Emiong €ida o1 o
Thavitng Appoditn akhdfe oyfpa kaBe Bpadu OTmwe kol ’ : ., i B
) o ] o : Exzl BonBnoei n Texvoloyia Tnv TICTAMN He OTTOIOBNTTOTE
n ZeAnvn. AKoun eida 61 o TAaviATNG Aiag £XEN KI EKEIVOC
GTIwC Kat 1 yn, 6x1 éva ald TEGoEpa Bikd Tou geyydpial TPOTIO O£ AUTH TNV TEPITTTWAN; ZUlNTACTE TO OTHV opdda
Q0 guveXiow TIC TTAPATNENTEIC YOU yIaTi BEAW va oag.
HEAETOW Kal va Pabw TEpIOTOTEPT TTRAYHATT 1T TV
Kivnon Twv dia@opuwy TTAQVNTWY.

ZNHEIWCEIS:

FaAiAgiog
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Appendix F: Teaching-Learning materials used in Study 3
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N., etal. (2010b). Electromagnetic properties of materials: Teaching and learning activities.
(in Greek and English). Learning in Science Group, University of Cyprus, ISBN: 978-9963
689-58-3 978-9963-689-56-9.
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