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The study was conducted in the context of'gdar university interactive physics course,
aiming to foster students’ scientific explanatiod argumentation abilities and to promote
their conceptual understanding in introductory naets. The research was developed and
implemented under the mixed-method paradigm. Itf@asative and participatory evaluation
at the f'stage, resulting in the redevelopment of the euks the 29 stage (two years of
study), it was summative and non participatory,iagio investigate students’ performance in
the following areas: conceptual understanding; giom of correct and concise scientific
explanation; ability to identify weakness/fallaciasscientific arguments; quality of written
arguments. Analysis showed that — although studeets not provided with the correct
answers - there was a significant positive changheir conceptual understanding, after
participating in the course, for both years ofshely. In addition, students’ provided
significantly more appropriate and concise explanatat the end of the year than at the
beginning. Furthermore, better results were obthafeer the intervention in relation to
students’ difficulty in finding incorrect data imargument, rather than identifying irrelevant or
missing components in it. Yet, some students —aWen the implementation- had the tendency
to focus and respond only to the claim of an argunrather than addressing and evaluating
the whole argument. As for the quality of studemtstten argument, data analysis resulted in
the expansion of the theoretical model initiallypshn, so as to consider both oppositional and
non-oppositional arguments. The application offtaeework to the data showed that for both
years of study there was a positive change in tiaditg) of student’s arguments after the

intervention, with better results being obtainedhia 29 year.
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CHAPTER 1

The background and the context of the research

The importance of students’ discourse in facilitgtiearning in science is widely recognized
within a number of theoretical perspectives andldees) demonstrated by research studies
(Lemke, 1990). This recognition has promoted cutacreforms at all levels of science
education. In the introductory university physiesdl, in particular, during the last two decades
a considerable number of teaching programs basautenactive pedagogies has been
developed and implemented, aiming to promote stisdeanceptual understanding. In
addition, in recent years higher education has ba@ring away from an emphasis on
knowledge acquisition towards students’ developroébre skills. No doubt that in
educational circles, the aims that university sgsadihould pursue are still debated. However,
maybe few would argue that students’ abilitieshiok independently and to possess a critical
attitude towards knowledge are not desirable ouésoaf higher education studies (Gow &
Kember, 1990). Literature suggests that the abosetioned goals can be promoted through
student-to-student interaction and argumentatisoatirse, as they have been found to be
positively linked with critical thinking skills (Kln, 1991).

Despite these developments most introductory peysiarses in Greek universities are based
on lecture-type teaching, which focuses on ‘whakwnew’ and on the transmission of

scientific knowledge. In the view of the fundameémtde that discussion could serve not only

in facilitating learning in science, but also irethcquisition of students’ core skills, this
research study was conducted in the context ofitemaictive course at the University of Crete

in Greece. The course incorporated some majorresatnf university physics teaching

programs worldwide based on a constructivist viéearning. It is enhanced by a number of
interventions aiming to address both some of tingdtions of these pedagogies and the special
characteristics of Greek educational system. The aien of the course is to provide a learning
environment, which fosters students’ scientificlexgtion and argumentation abilities and

which promotes students’ conceptual understandingtioductory mechanics. In such an



educational context, this research was conductedoasticipatory evaluation study, which was
designed to investigate the extent to which thesmmentioned above reaches the aims that it
seeks to achieve. In particular, this study aimsxjglore students’ achievement in the areas of

scientific explanations, scientific argumentatior @onceptual understanding.

The object of this chapter is to provide an ovesvie# the research study, by focusing on the
background and the context of the research. Givanthis study deals with physics higher
education in Greece, at first this chapter pressmtse major features of the Greek educational
system (Section 1.1). Following this, attentiotuisied to physics education as provided by the
formal Greek educational system, from the secontaml to the first-year university physics
level (Section 1.2). Then, Section 1.3 presentsiwelopment, the design and the aims of the
introductory physics course, which is the field entesearch in this study. After the
educational context is clarified, this chapterdimes with an overview of the aims of the

research study and the research questions thtad beeexplored (Section 1.4).

1.1. The Greek educational system: a brief description

The present research study took place in the Phipapartment at the University of Crete in
Greece. To give a general idea about the educasgatem in Greece, compulsory educatory
includes Primary and Lower Secondary Educationt-Basipulsory Secondary Education (for
sixteen to eighteen years old children) consistsvofschool types: the Unified Upper
Secondary Schooknd the Technical Vocational Educational Schoodstidry Education,
pursuant to Act 2916/2001, is divided into Univer&ducation, which is provided by the
Universities, and Higher Technological Educatiohjch is provided by the Technological
Educational Institutes. Additionally, the Hellet@pen University provides an opportunity for
open and distance learning in higher educatioklriversity education, which is the focus of
this study, the main aim is to ensure a high le¥¢heoretical and all-round training for the
future scientific workforce of the nation. In acdance with the Greek Constitution,
Universities are legal entities under public laviniet are fully self-governing under the

supervision of the State, and they are financetheystate. In an effort to ensure equal



opportunities for all, tuition is generally free diarge. However there are some exceptions,
mainly in the case of certain post-graduate programand studies at the Hellenic Open
University. There are 20 universities in Greecated in various towns. The Universities
consist of Faculties, which in turn are subdivid®d Departments. Students are admitted to
these Departments according to their performancatainal level examinations, which take
place at the third grade of Unified Upper Secondxalyools. University courses last four years,
except from certain faculties, where courses iastdr six years. The academic year consists of
two semesters with thirteen weeks of tuition anddétweeks of examinations. The attendance
in the courses is not compulsory at the Greek Unitres, with an exception to the laboratory
courses. In the physics departments in all Greakeysities, the students complete their
studies after a minimum period of four years - ded they have passed the examinations both
in the compulsory and optional subjects - and tleegive a degree.

1.2. An overview of physics education in Greece

After providing a brief description of the struatusf the Greek education system, attention is to
be turned to physics education in Greece at teeyear university level, which is the area
under research in this study. However, to provige §n overview of the first-year university
physics scenery in Greece without any referengysics education at pre-university level
would uncover only a part of the picture of thédiander investigation in this study. A more
thorough investigation of the first-year univergilyysics scenery involves inevitably some

reference to the conditions at the educationall leefore it.

In secondary education in Greece, science is taaggbéparate subjects, such as physics,
chemistry, biology. Physics has traditionally beee of the basic subjects in the curriculum, in
both levels of secondary education. More partidylan the lower secondary level physics is
taught in the second and the third grade two hpersveek. In the upper secondary level
physics is taught in all three grades, from twéotar hours per week, depending on the

program of study that the students chose to atfEmelbroad areas of physics that are covered



in secondary education are mechanics, electromagnevaves, thermodynamics and

introductory atomic, nuclear and quantum physics.

Whereas the areas of physics that are taught ondacy schools have remained almost
unchanged for more than fifteen years, school selenrricula are currently the subject of
debate and reform in Greece. Beginning in 2000aamihg to bring the curriculum up-to-date,
the first wave of reforms were concerned with teaagal aims that school science should
pursue. The changes in the rationale for why wetwateach physics resulted in new debates
about the suitability of the materials used indlessroom and the recommended activities. As
a consequence, in the following years new mateaiadsbooks were developed, and they have

gradually started to be introduced in schools.

In terms of the purposes that school physics shputdue, the revised Greek national
curriculum seems in general to follow the worldwtdadency towards curriculum
convergence, as identified by Van den Akker (1998)it has been argued in a documentary
analysis of the Greek physics curriculum (Chaim2094), the new physics curriculum is
characterized by a tendency to put greater empbasisaking connections among sciences,
other disciplines and societal phenomena. Morearegter emphasis is put on students’
development of social skills and values, as wetirathe development of their analytical skills.
To acquire scientific knowledge just for the sak&mmwing is not considered a goal of science
teaching any more. These aims are also emphasizedent document and reports in the filed
of science education, for example in the ‘Natiddelence Education Standards’ document
(NRC, 1995) and the ‘Beyond 2000’ document (Mikkad Osborne, 1998).

Similar conclusions could be reached from a moceneand extensive study on science
teaching in schools in Europe (Eurydice, 2006)a btomparative analysis of current official
regulations relating to science teaching in thigttyopean countries, this document provides a
detailed breakdown of the desirable outcomes amdettommended activities that are evident
in science curricula. Some of the main conclusmfrthis work for Greece are presented in the
following figures. Figure 1.1 summarizes the recanded science activities that are expressed

in the physics curriculum for lower-secondary ediacea while Figure 1.2 presents the



desirable learning outcomes in relation to theskitsessed by standardized national

examinations at the end of upper-secondary level.

Figure 1.1: Science activities expressed in the y$ics Greek curriculum (Eurydice, 2006)

Engaging in discussion in relation to : Science and society in everyday life

Researching information

Experiments

Experimental work: Teacher demonstrations

Experiments following a pre-defined protocol

Making observations

Verifying a scientific law through experiment

Formulating and testing hypothesis

Presenting and communication procedures and results

Using scientific documentation: Researching documents for a defined purpose

Identifying and summarizing information

Presenting and communication information

Using electronic technologies: Researching the internet for data
Outside activities: Visit to museums, research laboratories
Projects: Science related project work

Figure 1.2: Outcomes of learning expressed in thengsics Greek curriculum in relation to skills assesed by
standardized national examinations (Eurydice, 2006)

Outcomes of learning Skills assessed by
expressed in the standardized
physics Greek national
curriculum examinations
Knowledge of: Scientific concepts/theories . .
Experimental/investigative techniques . .
And ability to apply Basic . .
mathematical skills
Practical skills: Ability to follow experimental .
instruction accurately
Data handling Ability to locate and extract .
skills: information from documents
Ability to interpret and evaluate . .
experimental evidence
Ability to search and present . .
information from a range of sources
Scientific Ability to resolve problems formulated . .
thinking: in theoretical terms
Communication: | Ability to engage in scientific .
discussions
Ability to communicate procedures and .
results
Ability to use ICT .




Yet, the information provided in the figures ab@y®uld be interpreted with caution. It is
important to bear in mind that in the above-mergmstudy only data available in official
documents has been used; therefore, this studyraesll us about what is actually taught in
secondary schools. One way to acquire such arhinfigthe lower secondary level is to turn
our attention to the textbooks used in the clagarand to examine whether the aims of
teaching as evident in these materials are reldeahte purposes of physics education in the
Greek national curriculum. In a comparative analystween the purposes of physics
education as advocated in the national curriculathas exemplified in the textbooks
(Chaimala, 2004), it has been argued that themecanflict between what it is proposed in the
curriculum and the activities found in the textbsokdeed, this study indicated that in the
physics curriculum most emphasis is put on the ldgweent of pupils’ social skills and values.
In contrast, the analysis of the secondary textbd@s demonstrated that the purpose which
was identified more often in them is pupils’ inggtual development. The outcome of this
study could be seen in relation to the current tieba the suitability of the materials used in
the classroom, which has been mentioned in the libeve, and to the fact that the during the
last two years new materials and books are beingldeed are gradually introduced in
schools.

On the other hand, as far as upper-secondaryieehcerned, it can be argued that the skills
assessed in the standardized national examinatdhe end of this level could be used as an
indicator of what is actually being taught in sclsods it can be viewed from Figure 1.2,
among the desirable outcomes of the physics edurcasi expressed in the national curriculum,
the knowledge of the scientific concept and thepr@ad the ability to resolve problems
formulated in theoretical terms remain the mostartgmt assessment objectives. In contrast,
practical and communication skills are not a sutpéthe examination test. Given that in
Greece upper-secondary level is regarded by maphées and pupils as a stage that prepares
students for the national exams, it could be arghatithe assessment objectives are the ones
that are also emphasized in the school classrooms.

Consequently, as far as secondary education iooed, it seems that the ongoing reforms

have contributed to the fact that there is notsal®ished consensus in the Greek curriculum in



terms of the goals that physics education shoutdysu That is because of the incompatibility
that exists among the ideal curriculum and therathericulum representations (Goodlad,
1994): the ‘enacted curriculum’ (the actual instia@al process in the classroom) and the
‘experiential curriculum’ (the learning experienadghe students). Given this lack of
consensus, if we focus on the resulting learnirtgaaes to students (the attained curriculum),
it would be rational to assume that they are closevhat is actually taught in the classroom
and to the students’ learning experiences, ratteer the vision elaborated in curriculum
documents.

Nevertheless, in contrast to secondary educatibereva recommended physics curriculum
does exist, in tertiary physics education themoisa prescribed national curriculum. This is
mainly due to the fact that Universities in Greaoe fully self-governed and that each
department has the autonomy to develop its ownagaun@l program and curriculum. The
general educational program, the syllabus of eadinse, and the specific regulations of each
department consist an official document of eachvesity. There are five physics Departments
in the Greek Universities, the studying programw/bich vary considerably. Yet, in the first
year of studies, the physics curricula in all fpleysics departments share more commonalities
than differences. First, the main aim of the intrctdry physics courses, as evident in the
curricula, is to expand students’ understandingooicepts of physics that are taught in the
secondary level into a mathematical descriptiorshlart, the introductory courses provide an
intensive revision of the upper- secondary schbgbjes syllabus, in a more advanced
mathematical level. In terms of the learning outesraf these courses, it should be noted that
they are not explicitly stated in the curriculae fhysics curricula for the first-year studies
contain only the conceptual areas that should bered, along with the recommended books
and the course materials. The absence of suclm&ate, though, does not mean that there are
no expected learning outcomes. Rather, the fatthleacurricula contain only the areas that are
to be taught implies an emphasis on knowledge attopni and mathematical problem solving,
at least in the case of theoretical courses. Theexmentioned emphases are also evident, if
we use students’ assessment methods as an indi€atbat the expected learning outcomes
are. Indeed, in the case of the theoretical coustedents are assessed mainly by means of

physics problems, which require except from knowkedf concepts and theories,



mathematical problem solving skills. Finally, as &a the teaching and learning methods are
concerned, all the introductory physics coursgshiysics departments in Greece are based on
lecturing. Some departments also provide tutomaishich students get more help in problem

solving by teaching assistants.

In short, in current years physics education ineGeein the border line between upper-
secondary and university level is mainly basedeature type teaching which emphasizes the
transmission of content knowledge. As mentionemlvabbefore entering the university,
students experience an educational environmemthioh the intellectual development is
emphasized in everyday practice, regardless ofihen elaborated in the ideal curriculum.
After entering university, in the first year of dtes the emphasis remains on the content
knowledge, in a more advanced mathematical lekelgevelopment of students’ abilities, like
argumentative and reasoning skills are not a gaheofirst-year university physics curricula.
Yet, it should be noted that the above-mentiondtsslce fundamental to what educators call
‘critical’ thinking (Kuhn, 1991); and that the ddepment of criticality to undergraduate
students has long been a central aim of higheragauncstudents. Maybe, in the case of first-
year studies in the Greek Universities, thereilistse assumption criticized many years ago
(Rogers, 1948 as quoted in Drivatral.,2000) thatfmere contact with science, which is so

critical, will make students think critically’

1.3. The educational context of the study

In contrast to the first-year physics courses iagRrUniversities, which are based on lecture-
type teaching and emphasize the content knowleédgestudy was conducted in the context of
a first-year physics course that is innovative hotterms of the teaching methodology and the
aims that it seeks to achieve. On the one hamslcthirse is based on a constructivist view of
the learning and it is conducted by means of stistdldiscussions, instead of the instructor’s
monologue. On the other hand, central aims ofdbisse are the development of students’

argumentative and scientific explaining abilitiether than mathematical problem solving. In



order to provide the context of this research sttigky following lines provide an overview of

the development, the design and objectives ofahisse.

1.3.1. The background
The design of the course was developed in sevierges. The direction taken in the
development of the unit was initiated by observatimade in a first-year University course in
the physics department of the University of Craet&reece which was based on Mazur’s
(1997) pedagogy. The instructor of the course alegkin more than one academic years that
although he provided some teaching time for stugleligcussions based on explaining their
answers, many students were at a loss to know whetay were in possession of an
explanation, let alone of an ‘appropriate’ one. i&iny, the results on students’ examination
papers, in which students were asked to explain ¥iews on conceptual questions on

introductory mechanics, were disappointing.

In the first semester of the academic year 20056 20@ first phase in the development of the
course took place, as a pilot work of this study & detailed account on the process and the
outcomes of the pilot work, view chapter 4). Setmikgtured observations of students’
dialogues were conducted and students’ past exaerpavere analyzed. The outcome of this
pilot work indicated that, although students wdskedo find the correct answer to conceptual
guestions, they confronted difficulties in suppagtiheir views. The observations suggested
that students’ difficulties were at a more primgtievel than the one of conceptual ignorance:
some students seemed to be unaware of the fat@tlexplanation requires more than
providing a set of algorithms in mathematical pewblsolving and that an appropriate
explanation cannot be seen independently of theegkbm which the question is being asked.
In addition, focusing on the processes in studeartgimentative discourse while the course
took place, the observations indicated the poolityuz students’ dialogues. For some
students being involved in a discourse seemed &mbal to practicing parallel monologues;
others exhibited mere inability to perceive logidafects in their peers’ arguments or to see

that logically defective statements cannot be vatgliments.



In short, the outcomes of the pilot work indicastdidents’ difficulties in the areas of scientific
explanation and argumentation. In order to constdearning environment with the
appropriate conditions that support scientific akghg and arguing, the related literature was

scanned and provided helpful in the design andiévelopment of the course (view chapter 2).

1.3.2. The design and the aims of the course
In the view of the outcomes of the pilot work aras$ing on research literature, the following
procedures were adopted in the structure of caandavere implemented in the first semester
of the academic years 2005-06 and 2006-07. At fik&t other university programs based on
student-to-student interaction (for example Ma2996; Millset al.,1999) most of the
teaching time was provided for students to discasgeptual questions on the area of
mechanics. The questions were in a multiple-chfwomat, containing, along with the
scientifically correct answer, alternative onest from literature reports about students’
misconceptions. Following a few minutes discussiith their peers the students voted their
answers using electronic devices. After the peergad of each answer were shown in a screen,
students were asked to explain in the classroometi®ons for supporting their answer and
were engaged in debates trying to persuade thers s their opinions. This final step was the
focus of the whole procedure; unlike the above-meertd teaching programs which focus on

students finding the correct answer, this unit easjpted the process of explaining and arguing.

For reasons supported by the literature (view se@i2.1), in the process of explaining
students were not asked to provide reasons far dipaiions in general. Instead, the process of
‘explainingto someonienvas emphasized as a distinct activity to ‘explagn Students were
introduced to a fictional person named ‘Bobos’, armae asked by the instructor to address
their explanations to him with the aim to promot&bBs’ understanding of the situation
discussed. Bobos was introduced to the studerashag-school student and he is believed to
provide a stimulus for engaging students with treeess of scientific explaining. Some of
Bobos’ characteristics, which are gradually reveéahethe educational procedure, are that he
may have fundamental questions in mechanics siad®bs study a lot and therefore needs
detailed explanations, he is in the same time serartigh to identify logical fallacies in the

explanation procedure and he gets easily boreeces|ly when the explanations addressed to

10



him contain only mathematical algorithms. In evsityation, when a student explained his or
her answers to the conceptual questions, the aotstrof the unit asked the classroom to
comment on whether their peers’ explanation is @ppate for Bobos to understand and
initiated, in that way, students’ discussions concey the appropriateness of an explanation in

a particular context.

Along with the conceptual questions in a multipleice format, a set of materials have been
developed for the aims of the course which seekipport the appropriateness of
argumentation skills and discourse. The framewdtkese materials has basically the form of
a concept map of students’ ideas and it presemtpetng arguments for students to examine,
discuss and evaluate. This is an adaptation addh@non use of the concept map (Osborne,
1997). Students were given a concept map of statenibased on students’ perceptions of a
science topic derived both from the research liteeaand students’ arguments as expressed in
the classroom. The students were then asked tossgishe concepts and the links with their
peers in order to decide whether they are scieatifi correct or not, while providing reasons
for their choices. The instructor asked the stuslemteport where exactly the fallacy in the
argument they believed to be incorrect is, initigtconversations as far as the norms of

scientific argumentation are concerned.

In the whole teaching process the teacher helddilleeof the facilitator in a productive dialogic
discourse, rather than the instructor of the nasfithe argumentative procedure. For example,
the structure of arguments was not taught explicgitthe course. Rather, during the procedure
of students’ discourse about competing argumemgsinistructor made use of a set of
argumentation prompts such aghy do you hold this view’can you provide any evidence for
your claim’, “‘can you think of a piece of evidence that challsrtbe justification of your
classmates argumentMoreover, both during and at the end of the gsscstudents were not
explicitly told by the instructor the correct ansaidnstead, students were encouraged to
decide on their own, based on the discussionstibeg participated. This was used in order to
avoid rote learning of the ‘correct’ answers to tjuestions and as a way to motivate students

to take responsibility for their learning. In shont the development of the unit the conditions

11



that may support explaining and arguing in educatisettings as found in the literature were

taken into consideration (view section 2.1.3).

The main aim of the above-mentioned procedurestavaeate a learning environment that
fosters independent learning. The specific objestiof the unit, as communicated to the
students in the beginning of the course were:@ptibmotion of their argumentative abilities,

b) the enhancement of their explaining skills oersitfic issues and c) deeper understanding of
scientific concepts on the area of mechanics.

1.4. The aim of the study and the research questisen

This research was designed to investigate the etdevhich the course described in the
previous section achieves its aims. In other wadtds,research seeks to determine the extent to
which the pedagogical strategies used in the cdeegkto enhanced explaining and
argumentative abilities, and to the improvemertarfceptual understanding on the area of
classic mechanics. More particularly, the resegradstions (RQ) that are to be investigated in
this study — and in a way form the objectives ofate the following:
RQ1: What is the change (if any) in students’ concaptunderstanding on basic
mechanics after participating in the course?
RQ2: What is the change (if any) in students’ abilgyprovide correct and concise
scientific explanations on basic mechanics afétigpating in the course?
RQ3: How do students respond to weak or fallaciousiments? What is the change
(if any) in the way students respond to such aentmafter participating in the
course?
RQ4: What is the change (if any) in the quality ofdgnts’ written arguments after
participating in the course?

The research questions presented above signifyhisastudy is related to the following broad
areas of investigation and research: the areasnafeptual understanding, scientific

explanations and scientific argumentation and tka af the interactive physics courses in
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Universities. The following two chapters provideetefore, a literature review of the above
mentioned fields of research, starting with theaaref conceptual understanding, scientific

explanations and argumentation, which are presentée next chapter.

Summary

Students’ discourse could serve multiple functionisigher education environments. Despite this,
introductory physics courses in Greek universit@aain dominated by lecture-type teaching which
emphasizes the transmission of content knowledgis. Study was conducted in the context of an
interactive course in the physics department atithigersity of Crete, which aims to foster studénts
argumentation and explaining abilities and theiragptual understanding. This chapter offered st &ir
brief description of the Greek educational systeih @n overview of physics education in Greecea#t h
been argued that physics education in Greece lisrttly under reform and that — despite the chaimges
the curriculum — the emphasis remains on contemiviedge and on students’ intellectual development.
Following this, the educational context of thisdstwvas clarified, by providing the development, the
design and the aims of the course which is thd fialder research. Finally, the aims and the rekearc
guestions that are to be explored in this studeweesented. In short, this study aims to invetitze
extent to which this course reaches the aims tisaeks to achieve; broadly speaking, the areasrund
investigation in the study are students conceptodérstanding, scientific explanations and scientif

arguments.
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CHAPTER 2

Literature review on the main foci of the study:

Conceptual understanding, scientific explanationsrad arguments

The objectives of this research, which were preskimt the previous chapter, signify that this
study deals with three broad areas of investigaiwhresearch: the areas of conceptual
understanding, scientific explanations and sciensifgumentation. This chapter examines
relevant literature to these areas. Given the siterbody of literature that exists in each one
of these areas of interest in science educationisndt is beyond the scope of this chapter to
provide a thorough investigation in each one ofrthRather, the literature review presented
here is limited in respect of its relevance todbgectives of this study. In specific, Section 2.1
is relevant to the first research question andiges/a concise literature review on conceptual
understanding. Then, in Section 2.2, attentionrisdd to literature on scientific explanations
and arguments, in relation to the research quest&{2, RQ3 and RQ4. Each section offers
the main theoretical trends, the theoretical pathpetaken in this study and the research
advances that have informed this research. Atrildeoéeach of the above-mentioned sections,

a summary highlights the main points made before.

2.1. Conceptual understanding

2.1.1. Theoretical issues
Understanding scientific concepts has been trawitlp one of the primary goals for science
studies, at all levels of formal education. Yeg tiotion of conceptual understanding is used in
different and sometimes incompatible ways, guidedetermined by theoretical beliefs about
knowledge and learning. This is mainly due toftha that ‘understanding’ is closely linked to
‘learning’, and that any account to learning coassdnevitably the nature of the knowledge to
be taught (Driveet al, 1994). Therefore, a theoretical examinatiorhefriotion of conceptual

understanding should be seen in relation to the@it@ut knowledge and learning.
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For most of the twentieth century, behaviorism wesdominant learning theory in science
education, deeply embedded in an objectivist epistegy. In short, according to this theory,
scientific knowledge is viewed as a specific entyisting outside the human mind; the aim of
science is to discover the true nature of realyile learning science is about knowing the
truth. Learning in a behaviorist perspective istegttindependent and it takes place as a result
of an external set of stimuli and reinforcementsdér such a learning paradigm, students
should exhibit behavioral skills (like knowing tardle equipment) and low-level cognitive
skills (such as the ability to repeat definitiomsl daws, to apply formulae, to resolve standard
problems). Therefore, in the behaviorist perspectinderstanding of scientific concepts could
be seen as synonymous to acquiring information tadmantific concepts and being able to
repeat it. A common criticism of behaviorism - @pléed in educational settings- is that it often
results in rote learning and recall of informatieith limited understanding (McRobbie &
Tobin, 1997).

The second half of the twentieth century was matikedhanges in theories of learning, from
an emphasis on the behavioral towards the cogratigesocial nature of thinking. Initially,
Piagetian ideas were applied in science educatibith acknowledge that learning is an active
process of restructuring one’s thoughts and of eotimg symbols in a meaningful way. Later,
constructivist ideas were developed by mergingowaricognitive approaches, with a focus on
viewing knowledge as a changing body, being conttrliby the learners, and strongly
influenced by the prior knowledge of the learneoyblk, 1977). In short, learning science
under a constructivist framework can be considaserkestructuring the existing knowledge and
constructing new models to fit to new understansliauigd experiences. Certain limitations of
the constructivist ideas of the eighties and eairtgties, such as the failure to consider the

social dimensions of learning, contributed to tbeelopment of social constructivism.

According to social constructivism, knowledge igtimer given nor absolute, but is rather an
individual construct in the social contexts in whactions occur. In science education, this
theory builds mainly on work of Vygotsky, and vielgarning as a social activity in which

learners make meaning through both individual arwias activities, like discussions and
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negotiations with teachers and other learners @atal.1994). In particular, Vygotsky
conceptualized speech not as an expression ofdalhlgloped thought, but as a means towards
the development of thought. Social constructivisnajpplied in science education settings is
not without criticisms, mainly for epistemologigasues. A common criticism is that anyone’s
construction of the world is as viable as anotimer therefore the word only exists in the mind
of each individual (Duit, 1995). In a similar vei@sborne (1998) has questioned social
constructivist epistemology, arguing that it is sm@presentation of the views and practices of
science and scientists and that it confuses theinvafich new knowledge is made with the

manner in which old knowledge is learned.

Regardless of the criticisms on cognitive and damastructivist learning theories, they had a
major contribution to the development of novel niegs to the notion of conceptual
understanding in science education. From the edghties, ‘conceptual change’ became the
term denoting learning scientific concepts understauctivist perspectives (Duit, 1999).
Maybe, the most influential theoretical framewankhe conceptual change approach was that
of Posneet al.(1982), which attempted to explain hgpebples organizing concepts change
from one set of concepts to another set, incomigetiibthe first(p.211)’. They proposed two
types of conceptual change: assimilation (whictcdless the process where students use
existing concepts to deal with new phenomena) andramodation (which describes when
students replace or reorganize their central cdsgdp focusing on the second type, they
described the conditions that must be fulfilled tfus type of change to occur: dissatisfaction
with the existing concepts, intelligibility of threew conception, that the new conception must
appear plausible, and that the new concept shoglgest the possibility of a fruitful
programme. This framework was the leading paradlgahguides research and instructional
practices, until it became subject to severalaisitns. Some of them, under social constructivist
perspectives of learning, pointed out that concdpthhange happens in a broader educational
and socio-cultural context, and that it is affedtgdmotivational and affective variables
(Pintrichet al, 1993).

Literature reviews on the development of the notibnonceptual change reveal that theorists

have viewed changes in students’ knowledge statosore than one perspective: an
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epistemological position (Posnetral, 1982), an ontological position (Vosniadou, 19849 a
social/affective position (Pintricét al.,1993). As a consequence, a range of terms hare be
used to describe conceptual change except frorméason and accommodation: weak
restructuring and strong restructuring, differeiia and re-conceptualization, enrichment and
revision (Tysoret al.,1997). Recently, there have been some effortgdmae changes in
students’ knowledge in more than one perspectiyesing multi-dimensional interpretive
frameworks for conceptual change (Venville & Trestgd998; Duit & Treagust, 2003). These
frameworks
are intended to construct a holistic picture of ceptual change by considering not
only the changes in knowledge structures that destrequires to construct a scientific
view of a concept, but also the ontological, soaiadl affective and epistemological
aspects o conceptual chan@éenville &Treagust, 1998; p.1032).
These approaches could be useful in splitting upescomponents of the process of conceptual

change and in providing a more holistic interpiietabf conceptual change.

Although there are critical differences betweenaheve-mentioned theoretical perspectives on
conceptual change, it can be argued that the@nigron ground among them: At first, in all
these perspectives and in a general sense, coatepainge denotes learning pathways from
students’ pre-instructional conceptions to thersmeconcepts to be learned (Duit, 1999).
Secondly, it can be argued that the above-mentipaespectives are not contradictory, but
complementary to each other, as they deal witlewfft factors which may influence
conceptual change (Vosniadou, 2004). Finally, austh be noted that in all these perspectives
conceptual change has been mostly considered @arizption of low and high levels, like
assimilation and accommodation, enrichment andi@v;j addition and restructuring.
Therefore, without overlooking the differenceshie various theoretical positions, conceptual
change could be used at a basic but not oversiegblével, as a term denoting learning under

constructivist paradigms.
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2.1.2. Theoretical position and definitional issuin this study
In this study, the perspective taken about whanhiag concepts involves is close to social
constructivist views, as applied in science edocasettings and as described roughly in the
previous section. In short, learning concepts is tiesis is generally viewed as an adaptive
process - both individual and social - that orgasiane’s experiential world. Therefore, science
learning is considered as conceptual change, isghse that learning is viewed as a process in
which students reorganize their existing knowleshgerder to understand concepts and
processes of science more completely (Vosniadal, 2001). The development of the
learning environment, which is the context of tegearch and which was described in the
previous chapter, was based on these assumptionslabrning, and has taken into

consideration the factors that may influence suploaess.

However, it should be noted that this study difftiees between the assumptions about the
learning process and the views about the natuke@f/lledge to be learned. Thus, although it is
close to social constructivist views about learpibgccepts some of the criticisms about
constructivist epistemology and ontology, which eerade by Osborne (1998) and were
mentioned above. In specific, in this study scienkinowledge is considered as a changing
body, socially constructed and validated. Yet @icknowledged that this body does exist -
even as a social construct - and that for the &arit is discovered as an independent pre-
existing word outside their minds. Therefore, inrte of epistemological issues, the position
taken in this study is more close to the pragmasitance that knowledge is both being
constructed and based on the reality we experidgag clear about philosophical issues is
important, as the philosophical orientation of tegearcher has contributed to the choice of the

methodological framework for conducting this resbaview chapter 4).

Moreover, this study differentiates between thepss of science learning (referred as
conceptual change in the lines above) and the lgataduct of such an activity. The latter is to
be referred in this study as conceptual understgnaind is one of the subjects under
investigation in this research. Tysenal (1997) made the remark that some empirical studie
following conceptual change frameworks have neitlserd these frameworks for analysing the

data, nor focus on the process of students legrratiger, they consider changes in students’
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conceptual knowledge. In this study, the teachtrejeqyy that was designed and implemented
took into consideration the conditions in the psscef conceptual change. However, the area
under research is mainly the changes in studeotg€aptions, rather than the process itself. It
should be noted here that theoretical frameworlsoofally based descriptions of learning
often avoid interpreting learning in terms of sta$2increasing conceptual knowledge.
However, this study takes the argument from v. Alusiter (2003, p.342) according to whom:
even if knowledge is described as being sharedstrilolted, there must be at least an
individual component, otherwise none of us wouldlde to re-organize previously

experienced situations and practices .

Under such a rationale, conceptual understandingaialy viewed in this study as the outcome
of the process of conceptual change. In specifis,donsidered a complex phenomenon, which
comprises of factual knowledge (knowledge aboulsior more complex concepts),
procedural knowledge (rules and algorithmic) anaditional knowledge (the understanding of
when to employ procedural knowledge). This defomtis similar to Nieswandt’'s (2007)
interpretation of conceptual understanding, with élxception that in that study it is also
viewed as students’ ability to apply the learngdrsitfic phenomena in everyday life.
Moreover, this definition is close to how Alao & thude (1999) use conceptual understanding,
which emphasizes ‘breadth’ of knowledge (the extéknowledge that is distributed and
represents the major sectors of a specific donaaid)‘depth’ of knowledge (the knowledge of
scientific principles that describes the relatiopsgmong concepts). Finally, it should be noted
that the term conceptual understanding is usedadsbf conceptual knowledge, given that the
second could sometimes be synonymous to acqumiogmation about concepts, which is not

an issue of interest in this research.

2.1.3. Research issues
Concept-learning has received considerable attewfithe research literature in science
education, during the past three decades. Eylorgmds (1988) review of the research
literature situated concept-learning among the fmispectives of learning that have emerged

from research into science education. Accordintpém, research from concept-learning
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perspective characterizes students’ topic relatetkrstanding of scientific concepts and it
incorporates
the conceptions that students hold, offers ideasibhow these conceptions arise and
suggests what factors elicit thém 262).
Similarly, in a more recent review, Duit & Treag(®003) placed research on students’
conceptions on various science content domaingredroles in teaching and learning among

the most important domains of science educatiosares from the late seventies till nowadays.

Indeed, a historical overview of the researchditigre reveals that work on conceptual
understanding appears in the literature in thedatenties, with the investigation of students’
pre-instructional conceptions on various sciencgart domains. This orientation could be
attributed to the emphasis that begun to be platéus time on the role of students’ prior
knowledge, as a central variable affecting any sgbent learning under constructivist
perspectives. The eighties saw the growth of rebestudies which investigated not only the
concepts that students hold before instructionalad the development of their initial
perceptions towards the intended scientific corgefitwas the era of the ‘Alternative
Frameworks’ movement in science educatiofirom the eighties till now, there have been
numerous studies describing students’ ideas imsfefields, including physics, chemistry
and biology before, during and after instructionre&iew on the field can to be found in Limon
and Mason (2002). The common consensus of theroksBadings indicates that many
students hold similar perceptions about scientificcepts, regardless of age and gender, which
are incompatible with scientific thinking. Althougéven from the early nineties considerable
attention has also been given in describing sttlemtta-cognitive conceptions (for example
ideas about the nature of science), it is notewadttht there are still research studies which

primarily investigate students’ conceptions at¢batent level (for example Chat al.,2007).

1 «Alternative frameworks’, ‘alternative perceptionsalternative frames of reference’, ‘children’s
science’ and ‘misconceptions’ are some of the tefiouad in the literature to describe students’ &ea
which are not in harmony with the science viewarreven in contrast to them.
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The advancement of cognitive science researcleigdhienties and eighties had a significant
role in the emergence and the rapid developmeimistriuctional research in the nineties. A
large body of research has tried to explain undeceptual change theoretical models how
instructional interventions change the learningiemmment and whether they result in more
efficient teaching. According to Limon (2001), thrkinds of instructional strategies can
summarize many of the instructional efforts madprtamote conceptual change: the induction
of cognitive conflict as central condition for captual change, the use of analogies to guide
students’ change and cooperative learning to preroaltective discussion of ideas. However,
it can be argued that these categories are indecatid not mutually exclusive. Indeed,
according to Chaet al.(1997), the usual cognitive conflict paradigm inxes: a) identifying
students’ current state knowledge, b) confrontiglents with contradictory information
presented through texts and interviewers who magéo# the contradiction or guide the
debate among peers and c) evaluating the deg@eanfie between students’ prior ideas and a
post-test measure after the instructional inteieaniTherefore, it can be argued that interactive
learning -with the instructor guiding the debaténmen peers- could be seen as a stage in the
cognitive conflict approach. Given the above, tisructional strategy, which is the area under
research in this study, could be placed in thegrateof cognitive conflict instructional
processes, using interactive learning as an intiateprocess (for a literature review on

interactive learning in the area of first year Usnsity physics view chapter 3).

From the early nineties a large number of empistadiies have been reported on the
application of cognitive conflict strategy, as aame towards conceptual understanding in
various scientific domains. The results of suclinatructional process have been controversial.
On the one hand, many studies have reported pesffects as far as the learning outcomes in
students are concerned (for example Dregtusl., 1990; Jensen & Finley, 1995; Limon &
Carretero, 1997; Mason, 2000). On the other hdmaigh, it has been pointed out that this
instructional strategy seems not to work to themeixthat it was expected. The most common
‘negative’ result of some empirical studies hasnbat students do not achieve a strong
restructuring in their existing knowledge and, #fere, they so no not manage to achieve a
deep understanding of the new information theyivec&hanet al. (1997, p.2) for example

have emphasized that studerase* often unable to achieve meaningful conflictaobecome
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dissatisfied with their previous conceptiongloreover, Dreyfugt al. (1990) reported that
sixteen years old students often failed to reastage of meaningful conflict. In a similar vein,
Limon & Carretero (1997) reported that such anrutdional strategy helped students be aware
of contradictions; however, they stressed thatgtep is a necessary, but not sufficient to
achieve conceptual change and that no radical @sangre produced as predicted. In
reviewing relevant literature, Limon (2001) hasogi®inted that partial changes are achieved
through cognitive conflict strategies, but in sorases they disappear in a short period of time
after the instructional intervention.

Without underestimating the positive results theatéhbeen reported from research literature on
cognitive conflict strategies, it can be argued thafurther research and improvement on the
instructional strategies it is important to foche timitations of such a strategy and the factors
that may explain why it is not always effective.i@h& Brewer (1993) pointed out that some
of the factors influencing students’ achievemenra afieaningful conflict are their background
knowledge and their ontological and epistemolodoediefs. Similarly, Vosniadou (1994)

made the point that conceptual change is hardenstuglents’ ontological beliefs need to
changed. Moreover, Pintrich & Garcia (1991) found that motivational factors are strongly
related to students’ use of cognitive strategissyall as their performance. On the other hand,
Kuhn (1991) suggested that students’ reasoningiabiare also relevant for them to achieve a
meaningful cognitive conflict. In a similar vei@hinn & Brewer (1993) found out that
students who were engaged in a thoughtful, effopifacessing of arguments and treated the
new concepts as something that needed to be eggdlaiare more likely to reach meaningful

conceptual conflict.

In short, from the lines above it can be viewed thaearch on conceptual understanding
during the last twenty years has mainly focusetivanareas: On the one hand it has been
oriented towards investigating students’ alterreatdeas about scientific concepts. This body
of literature could be helpful in constructing ar@ing environment aiming to foster students
understanding of scientific concepts, under cowstrist paradigms. On the other hand,
research has focused on evaluating instructiotahiantions aiming to more efficient

teaching, like the cognitive conflict approach.fasas this teaching and learning approach is
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concerned, more than fifteen years of researchrexpe on the field indicates that, although
positive outcomes have been reported, a numberctdrls seem to influence its effectiveness.
Some of these factors seem to be students’ backdrknowledge, their ontological and
epistemological beliefs, motivational factors atutlents’ explaining and reasoning abilities.
In the view of these factors that may influenceeffectiveness of the cognitive conflict
strategy as a means of achieving conceptual urzthelisty, this study makes a case for
developing and evaluating a teaching strategy waiets to foster students’ explaining and

arguing abilities, along with their conceptual ursi@nding.

Summary

The notion of conceptual understanding is deterchimetheoretical beliefs about knowledge and
learning. In this study, science learning is coased as conceptual change, in the sense thatigami
viewed as a process, in which students reorgah&ie axisting knowledge in order to understand
concepts and processes of science more compl&tedniadouet al, 2001). Conceptual understanding
is generally viewed in this study as the outcomthisf process. Research on conceptual understanding
during the last twenty years has mainly orientedhiols investigating students’ alternative ideasuaibo
scientific concepts and towards evaluating instomel approaches. Research results on the cognitive
conflict approach have been controversial. Posiiweomes have been reported, but it has also been
pinpointed that factors like students’ backgroundwledge, their ontological and epistemological
beliefs, motivational factors and students’ explagrand reasoning abilities may influence its sasce

In the view of these factors, this study makesse dar evaluating a teaching strategy which aims to
foster students’ explaining and arguing abilitieng with their conceptual understanding.
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2.2. Scientific explanations and arguments

2.2.1. Theoretical issues
Explaining and arguing are mainly referred in sceerducation literature as two distinct
processes and areas of study. However, even mutst detailed of definitions are adopted, it
seems that the two terms overlap to a considesadtént. Indeed, the term ‘argument’ is
derived from the Latimrguere,meaning ‘to show, to make clear, to assert, to @rtwvaccuse’.
As for explanation, it is conceived by many thetsris clarification, description, justification
or provision of reasons (Norret al.,2005). Due to the overlapping of the meanings, the
concepts of scientific explanations and argumergsat viewed a priori distinct from each
other; rather, they are discussed theoreticalpairallel, in an effort to illuminate the degree of

overlapping and the differences in the meanindhefterms.

As far as explaining is concerned, the literateqgorts that even within the legitimate scientific
discourse, explanation is not a uniqgue mode ofigtitherefore the question of what
constitutes a scientific explanation cannot havaigue answer. As Solomon (1986) stresses,
sometimes an explanation involves the provisiothefpurpose of the phenomenon, sometimes
the provision of the cause of it and at other timegslanation is an analogous situation to the
phenomenon, which provides a kind of metaphoritahination. In a similar vein, Martin
(1972) has analyzed the complexity of the fieldjdsntifying five meanings for the concept of
explanation in science and science education:rdicéion of what a phrase means in a
scientific context; a justification for some belmfaction; a causal account of an event or
process; a citation of a theory from which a lawyrba deduced; an attribution of function to
an object. Given the multiple meanings of the tdim,literature reports some efforts to
develop a typology of scientific explanations, whare based on the different functions that
explanations serve in different contexts. Figufief#ovides a typology of scientific
explanations and some of their characteristicspastructed by Norrist al. (2005).

Just like the notion of scientific explanationgnaltidimensional, the meaning of an

appropriate explanation varies, according to thepfgewho are involved in the process of
explaining. Gilberet al (1998) point out that the actual applicationhd triteria of
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Figure 2.1: A typology of scientific explanations ad their characteristics (Norris et al., 2005)

Types of explanation Characteristics

Interpretive explanation clarifies meaning / definerms, propositions, treatises

Justificatory explanation  explains by justifying ysomething was done / provides reasons for acting

Descriptive explanation| explains by describing@cpss or structure

Causal explanation explains by citing a cause¥ents or laws

Deductive- nomological | explains particular facts or general laws by dagvihe facts or laws from

. general laws and other facts
explanation

Statistical explanation explains facts by showimgn to be highly probable/ basic structure is an
inductive argument

Functional explanation explains a fact by indiogtits function

Explanatory unification | explains phenomena byrfgtthem into a general worldview / aims to
derive largest number of facts from smallest nundberssumptions

Pragmatic explanation explains by answering whystjoes / questions are asked and answers are
given in a context

Narrative explanation explains an event by narggtive events leading up to
its occurrence / posits some events as causebearsot

explanations’ appropriateness depends on the iote)svhich the explainee has in respect of a
particular situation. In the science community, sashthe criteria used in evaluating
explanations are the following: plausibility, pansiny, generalizibility, fruitfulness, accuracy
(Breweret al, 2000). In the context of science educationgdéiht groups (for example
scientists, curriculum designers, science teadmalsscience students) seem to have distinct
perceptions about the attributes of an appropegptanation (Gilberet al.,1998). In an effort

to overcome the difficulty that arises due to tifeecences in perceptions, Martins’ work

(1972) provides some helpful insights. In discugsite nature of scientific explanations in the
context of teaching, Martin draws a distinctionvbetn ‘explaining a thing’ and ‘explaining a
thingto someone’According to her, the former is seen as a rekeaetivity which aims to

seek the truth, to promote new discovery and nesergtanding in the researcher. The latter is
a pedagogical activity which aims to impart knovgednd to promote the understanding of the
other person, the explainee. Although both acésitake place in educational environments, in
the discourse procedures where ‘new discoveriestammunicated, the process of explaining
a thing to someone plays the major role. Therefarthe context of science teaching, the
notion of an appropriate explanation seems to loédle: on the one hand it refers to whether

or not the explanation is in accordance with thergdic theories or facts (criteria mainly used
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in the science community); on the other hand, itceons the degree to which the explanatory
act is likely to impact knowledge and to promoteenrstanding in the other person, the

explainee (criteria mainly used in educational sstvinents).

Regardless of the variations on the meaning ohsificexplanations and on the criteria for
their appropriateness, explaining has traditiona#lg a central place in science and science
education. In contrast, only recently did serioissassion begin about the role of
argumentation in science learning and about wisyithportant to enhance students’ skills of
arguing. A review of the literature on argumentatibe last decade reveals that situating
argumentation as a central element in the learmirsgiences is based on the following
theoretical underpinnings: At first, it has beegued that in order for science teaching to
address epistemological goals, it is importantstalgish learning environments, which enable
students to engage in modes of discourse that t#sanore closely those of scientific
community (Lawson, 2003; Duschl & Osborne, 200&8)addition, students’ engagement to
argumentative discourse is important for the aamaent of conceptual goals. It has been
argued that during such a process the studentsthexapportunity to articulate reasons for
supporting particular conceptual understandingstheg attempt to justify their views to other
students who may present alternatives; therefocksaaer conceptual understanding may
emerge (Newtoet al.,1999). Furthermore, from a societal perspectivieas been pinpointed
that in order citizens to engage in scientific debat is important to evaluate the validity and
reliability of the evidence used in scientific angents (Simoret al.,2003). Finally, to situate
argumentation as a central component of sciencritenis important, given that it makes
students’ scientific reasoning visible and therefenables formative assessment by teachers or

instructors (Osbornet al.,2004).

A concise definition of argumentation has been jgled by Suppe (1998), who has defined this
notion as the coordination of evidence and theoisupport or refute an explanatory
conclusion model or prediction. Duschl & Osborn@Q2), point that -in contrast to the lay
perception of argumentation as war to establislinaev - argumentation in science is a social
and collaborative process, necessary to solve @mbbhnd advance knowledge. Similarly,

according to Jimenex-Aleixande al. (2000), argumentation is a structural elemenhef t
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language of science, which constitutes strategiesesolving questions, issues and disputes by
the use of arguments. Some of these strategigb@apmocesses of reasoning, evaluating and
justifying, with the purpose to clarify and refirdeas, so as to come to a decision (Maloney &
Simon, 2006). In all the above-mentioned approgdhese is an implicit or explicit
differentiation between argumentation and argumdmtsedly speaking, argumentation denotes
the process of constructing arguments, while argusnefer to the content of such a process.
Kuhn (1991) points that that there are two inteigdrens on the meaning of argument in the
educational literature. The first one is describsdhetorical or didactic and could be
interpreted as advancing a reason for or agaipsb@osition of action. The second
interpretation of argument is involved when diffe@rperspectives are being examined aiming

to reach an agreement (dialogical argument).

Maybe the most significant impact on how scienagcatbrs have defined and used argument
in educational settings has been made by Touln8B§)L Based on an analysis of arguments in
different contexts, Toulmin presented a model wisiglcifies the components in reasoning
from data to a conclusion. The main elements airaents as identified by Toulmin are
presented in Figure 2.2. This pattern has beenrdoancreasingly in science education the
present years and has provided a way to descuersts’ arguments (for example Jimenex-
Aleixandreet al, 2000; Zohar & Nemet, 2002; Erduranal, 2004). It should be noted that
although this framework could be used to analyeesthucture of arguments, it could not lead
to judgments about their correctness. In order suggpments to be made, subject knowledge
should be incorporated for arguments to be evalu&tarthermore, as Drivet al. (2000)

argue, in this framework, argumentation is presemiea de-contextualized way. Therefore, in
order to interpret the analysis both cognitive aadial dimensions of learning need to be taken

into account in the analysis.

Nevertheless, except from being used as a toasortbe and analyze students’ arguments,
Toulmin’s argumentation pattern has provided arttgcal basis for evaluating written and
spoken arguments. Recently, Erduearal.,(2004) proposed a well-articulated approach on
how this pattern could be adapted for methodoldgiugposes in evaluating the quality of
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Figure 2.2: The main components of the argument, adentified by Toulmin (Driver et al, 2000)

Components Characteristics
of arguments
Data The facts that those involved in the argurappeal to in support of their,
claim
Claim The conclusion whose merits are to be estaddi
Warrants The reasons (rules, principles) that empgsed to justify the connections
between the data and the claim or conclusion
Backing The basic assumptions that provide théfigetion for particular warrants
Qualifiers The conditions under which the claim t& taken for granted, the
limitations on the claim
Rebuttals They specify the conditions when tharclaill not be true

students’ arguments in oral discourse. Drawingesearch literature, they argue that the
presence or absence of rebuttals is a significahtator of the quality of argumentation. In
particular, they have perceived low-level argumgotewhen the opposition between students
consisted only of counter arguments that were atedl In contrast, they consider higher level
argumentation when there was a rebuttal, whichiwd#rect reference to a piece of evidence
offered. Another approach on how to use Toulmirésnfework for evaluating arguments has
been proposed by Cerbin (referred to in Marttud@®94). In this approach, the following
criteria were used for evaluating arguments: arthsty of the claims, b) the relevance and
sufficiency of the grounds, c) the relevance ofilaerant and d) whether counterarguments
have been presented. Kelly & Takao (2002), on therdhand, in developing a model for
evaluating students’ written arguments modified [fon’s pattern, by using epistemic levels
which allowed to consider the disciplinary-speckitowledge in relation to the students’
argument structures. A weakness to this modekparted by its developers after the empirical
application, is that the subject-matter expertied#d in their assessment of the students’

arguments as compared to the predictions of thedain

In short, the lines above focused on the followtimgpretical issues, which concern scientific
explanations and arguments and which are relewahetobjectives of this research: At first, in
respect to what constitutes a scientific explamaéiod argument, it has been shown that the two
notions overlap to a considerable extent, givehttiey both refer to the process of justification
of and reasoning for a position or conclusion. éstfar as scientific arguments are concerned,

there is an implicit or explicit emphasis on theisture of the reasoning process. This can be
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viewed from the theoretical frameworks used to ywreahnd evaluate argumentation, which
focused on the structure of the students’ arguméntontrast, scientific explanations mainly
refer to the content of a position about how ang @iphenomenon occurs. Secondly, it terms
of the evaluation of scientific explanations anguanents, it was discussed how theorists have
conceived the notion of an appropriate explanaaowl, how the Toulmin’s pattern has
provided a useful methodological tool for sciendaeators to analyze and assess students’
arguments. Finally, given that the field of argutagion has only recently been a subject of
focus and research in science education, the ttiemranderpinnings of the importance of
argumentation in science learning have been iltestk. Some of the arguments found in the
literature for advancing the case for the inclussbargumentation in science classrooms are
the development of conceptual understanding, tiderstanding of epistemology of science
and the public understanding of science.

2.2.2. Definitional issues in this study
Given the multiple meanings and functions of exateoms as perceived by different theorists
and the overlapping in the meanings between stieatiplanations and arguments, it is
important to clarify how the terms are defined asdd in this study. From the discussion in the
previous section it became evident that both psessoncern justification, reasoning and
support or refutation of a conclusion. In additiirseems that each process incorporates the
other one: indeed, in order to explain (clarify theaning, justify why or how a phenomenon
occurs) one needs to coordinate evidence and thihemgfore needs to argue; on the other
hand, during the process of arguing about sciensfiues one makes use of different types of
scientific explanations (clarifies meanings, staimsses or effects). Yet, as mentioned in the
discussion in the previous section, it seems thébvtaargumentation the focus is on the
structure of the reasoning process, while sciengifiplanations mainly refer to the content of
how or why a phenomenon occurs. Therefore, inghidy explanation refers to the
clarification and the justification of a position @onclusion in detail, with the focus turned on
the content of the reasoning process. On the bted, following Suppe’s definition (1998),
argumentation is seen as the coordination of argtsrie support or refute a conclusion, with
the emphasis put on the structure of the reasgmimgess. Under such definitions of explaining

and arguing, when talking about the quality of stud’ scientific explanations in this study
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attention is turned to the content of the reasopiogess. In specific, following the rationale
presented in the previous section, an approprigiaeation in this study refers to whether or
not the explanation is in accordance with the sifiettheories or facts, while the quality of the
explanation concerns the degree to which the eapbay act is likely to impact knowledge and
to promote understanding in the other person, xpé&aee. On the other hand, as far as the
guality of students’ arguments is concerned, thplesis is put on the structure of their
reasoning process. In particular, following Erdueanal’s (2004) approach on Toulmin’s
model, which was discussed above, the qualitywafesits’ arguments, is seen in relation to the
presence or absence of rebuttals in their argum&hé&sway scientific explanations and
arguments are defined in this study lays impornggatindwork for the methodology followed in
respect of the research questions RQ2, RQ3 and(Fefat to chapter 4).

2.2.3. Research issues
Over the past few decades a number of projects fraveoted the importance of discourse in
educational environments (for a discussion onigld fn the context of first year university
physics view chapter 3). Research on these prdj@stsnainly focused on comparing
traditional instruction with cooperative learnimg relation to their outcomes on students’
conceptual understanding. Only recently has rekdantised on the actual process of students’
discussion and argumentative reasoning in scieticeagion. This section reviews relevant
literature, in terms of what it is known from pri@search studies about the conditions that
could promote explaining and arguing in learningiemments, the difficulties that students
experience in the process of arguing and the eeelen whether and how argumentation skills

can be enhanced by the use of appropriate strategie

In terms of the conditions that could promote amguand explaining in learning environments,
a review of the literature conducted by Duschl &@wme (2002) emphasized that a major
element for engaging learners in such processstablishing effective contexts and
conditions for such discourse to take place. Mpeedically, they pointed out that at the core
of such contexts is the requirement that studdrdald consider not only singular explanations
of phenomena, but plural accounts. In other wotddests’ argumentation can be supported

when students spend time considering not only ¢lensfic theory, but also an alternative one,
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such as a common misconception. On the other [&aokijngeret al. (1991) focused on the
need to develop classroom cultures that suppodéh®ocratic norms of responsibility and
tolerance. In that way the role of the teacher app® be more as a facilitator in a productive
dialogic discourse rather than an instructor ofrtbems of the argumentative procedure. Last
but not least, although some of the research aodise has stressed the importance of
establishing procedural guidelines for the studemtsview of research on conditions for
productive discourse by Cohen (1994) pointed oait bloth the lack of guidelines and highly
structured guidelines can negatively affect thdiguaf discourse. The above literature
provides some helpful insights in the process ostwicting learning environments with the
appropriate conditions that may support argumergatiscourse and was taken into

consideration in the development of the unit whecthe context of this research.

To provide the appropriate conditions in orderitonpote explaining and arguing is of major
importance, given these practices do not often coaterally to students. Kuhn (1991)
investigated children and adults’ ability to constrarguments and found that they often had
difficulty in coordinating their claims and evidendn classroom settings, research findings
indicate that —even when scientific explanatiorsnexplicit goal — students have difficulties
in using the appropriate evidence (Sandoval & Re&#4) and in providing sufficient
evidence for their explanatory conclusions (Santl&Jslillwood, 2005). Research also
suggests that students confront difficulties whgmg to justify why they choose their
evidence to support their claims (Bell & Linn, 2008imilarly, McNeill & Krajcik (2008)

found that students had the most difficulty to ssientific principles and theories to justify
why the evidence they use supports their concludeitler (1997), on the other hand, focused
on students’ difficulties in constructing argumeri?sawing on a wide research literature
relating to science education, they identified figasons for students’ fallacies in
argumentationa) problems with validity (students tend to affirnetbonsequent J) a naive
conception of the structure of arguments (studesmd to have a confirmation bias and select
evidence accordingly}) the effects of core beliefs on argumentation (arguts which are
consistent with students’ beliefs are more convigt¢han those which are counter to their
beliefs);d) inadequate sample of evidence (students are rmdadout what constitutes enough

evidence and come to conclusions before enoughiglatailable)g) altering the
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representation of argument and evidence (studentstdb make additional assertions about the
context of a problem and they introduce in that Wweg in the outcome). Finally, Chinn &
Brewer (1993) pointed students’ reluctance to mottiéir views as a consequence of evidence
contradictory to their previously held beliefs;hat, they chose to ignore the data contrary to
their beliefs, to reject it outright, or to excluildy declaring that it is irrelevant to the fiedd

study.

Although the findings from research literature cade that students confront difficulties in the
processes of explaining and arguing, evidence exiss that these difficulties could be
overcome and that students explaining and arguitlg sould be fostered by the use of the
appropriate strategies. For instance Kehal (1997), in testing the hypothesis that
engagement in thinking about a topic enhancesuhéty of reasoning about the issue, found
that dyadic interaction increased significantly thuality of reasoning in both early adolescents
and young adults. In educational settings, Osbetma. (2004) - after developing and using in
classrooms a set of materials and strategies f@osuand facilitate argumentation - found that
there was improvement in the quality of studentguanentation. However, they found that the
change in students’ argumentation was not sigmfidhey argued that this finding suggests
that developing the skill to explain and argue @ffesly is a long term process and difficult to
be achieved during the limited period of nine marahtheir intervention. This point is in
accordance with the research findings of Zadeal. (2000), who concluded from their work
with first year undergraduates that one semestepishort a period to develop higher order
thinking skills. In contrast, Zohar & Nemet (20@8und significant improvements after a
short period of implemented their intervention, gfhconsisted of integrating explicit teaching
of general reasoning patterns into the teachirtguaian genetics. In particular, in examining
the teaching of argumentation skills in the cont@Xtuman genetics, they reported an increase
both in the frequency of students, who referredaimect knowledge in constructing arguments
and in the quality of their argumentation. Sigrafit improvements in the quality of students’
argumentation were also reported recently Clarka®nfSson (2006). This study focused on
supporting scientific argumentation in the classndbrough a customized online discourse
system. The findings suggest that this interventésults in successful levels of argumentation,
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particularly in light of the scientific context, wdin Osborneet al. (2004) found it to be more

challenging for students than socio-scientific esid.

In short, in recent years the theoretical discussaibout the role of argumentation in
educational settings has contributed to the dewedop of research projects aiming to explore
and foster students’ explaining and argumentatbritias. Research findings indicate that
students confront difficulties during such processeich as the difficulty to coordinate
scientific evidence to support their views. Reseatadies have also provided evidence that
under the appropriate conditions and by the usspfopriate strategies these difficulties could
be overcome. Yet, some studies report that thikldoeia short term process, while others
pinpoint that that developing the skill to explaimd argue effectively is difficult to be achieved
during the limited period of implementing an intemtion. In the view of these controversial
findings, further empirical research on the fietdildd be useful, by providing additional
evidence on whether significant changes on stutlexygaining and arguing abilities could be

achieved in a short period of time (research gaestRQ2, RQ3 and RQ4).

Summary

The notions of explaining and arguing in the contéscience education seem to overlap to a
considerable extent, given that they both reféhéoprocess of justification of and reasoning for a
position. Yet, a review on the literature on expilag and arguing indicates that in terms of scfinti
argumentation the emphasis is put on the structuttee reasoning process, while scientific
explanations mainly refer to the content of whyrow a phenomenon occurs. Moreover, as far the
notion of an appropriate explanation is conceritesbems to be twofold: it refers both to whethenat
the explanation is in accordance with the scientifeories or facts and to the degree to which the
explanatory act is likely to impact knowledge anghtomote understanding in the explainee. On the
other hand, students’ scientific arguments havenindieen analyzed and evaluated by the use of
Toulmin’s framework. Research on explaining andiarg indicates that these practices do not often
come naturally to students; rather, students cabfitfficulties in providing sufficient evidencerftheir
explanatory conclusions and in constructing argumdResearch studies have also provided evidence
that under the appropriate conditions and by tleeofigppropriate strategies these difficulties ddé

overcome. Research findings on the degree to whielguality of students’ argumentation abilities
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could be enhanced are controversial: other studgsrt significant change in students’ explaining a
arguing abilities after a short period of teachilsing argumentative discourse, while others pirtpoin
that developing the skill to explain and argue @ffely is a long term process and difficult to be
achieved during a limited period of time. In thghli of these controversial findings, further engati
research on the field could be useful (view RQ23R@Qd RQ4).
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CHAPTER 3

An overview of the interactive introductory physicsunits

After providing a review of the literature on theim areas of interest of the study, attention is
now turned to first year university physics, whishlthe educational level under research.
Literature suggest thdbr many years the introductory physics coursesiineausities

worldwide remained dominated by the traditionatteag method based on lecturing. It was
not until the early eighties that the first initiags for teaching reform on the field appeared in
the literature. Since then and over the last twgagyrs, there has been a growing research
interest in teaching reforms for introductory umsigy physics worldwide. In the light of this
research interest, this chapter offers a literateweew on the development and the evaluation
of interactive physics units for first-year univigysstudents. At first, the main factors that have
contributed to the introduction of university phgsunits, alternative to lectures are identified.
This section provides, therefore, the backgrounth@fchanges in the first-year University
physics scenery (Section 3.1). Following this, ribeearch literature on the subject is scanned in
the light of the major features that charactermeihteractive units. The identification of these
characteristics leads to the provision of a debnibf the interactive teaching approach as
opposed to lecturing (Section 3.2). This chaptentoffers a review of the evaluation studies
of interactive physics units for first-year Univiysstudents. The focus here lies on presenting
what has already been reported on the field, mdasf both the direction of the research
methodology and the main research results of eachk (ection 3.3). Some issues, which
arise from a critical reflection on the evaluatgindies mentioned above and which are based
on the literature examined in the previous chaies finally pinpointed (Section 3.4). This last
section highlights some of the limitations of thizdy of research and justifies in that way the

direction taken in this study and the importancewth an investigation.
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3.1. The background

From the early eighties till nowadays there has\l@egrowing research interest in curricular
reforms for introductory university physics. Whesehe first efforts for reform are found in
universities in the U.S.A., throughout the lastriyeyears the literature has reported a number
of interactive introductory physics units in unisities all over the word (for example Booth &
James, 2001 in the UK; Millst al, 1999, in Australia; Chang, 2005 in Taiwan). Givkeat the
changes have been implemented in different regtise world where the educational
conditions vary in a considerable degree, it cindéxpected that there are different reasons in
each case that led to the need for change. Howaneverview of the research literature on the
subject indicates that three factors have mainhirdouted to the development of interactive

units in introductory physics.

At first, a number of changes that took place terg years in higher education seem to have
played a role in the introduction of curriculargefs in university physics worldwide. These
changes can be summarized as an increase in theenamd the diversity of the students
entering the universities, along with a large nunddgoor results in students’ performance
before the introduction of the teaching reform. @h&005), for example, reports that before
the introduction of innovatiorthe rapid increase in university students led tdegerioration in
the quality of entrants (...) not only in their acade background but also in their attitudes
towards learning(p. 408). Similarly, Sharmat al (1999) refer both tdarge numbers of
poor results in first semester physics examinatiansl‘the increasing size of universities’
(p.840), in response to which cooperative learaipgroaches were introduced along with
lecturing. No question that it is hard to advoaatzuse and effect relationship between the
above-mentioned changes in the first year uniwessiénery and the initiatives for teaching
reforms. However, it is likely that a link betwetre efforts for teaching reforms and the
increase in the number, the diversity and the guafithe entrantdoesexist: these changes
are likely to have sparked off considerations tooadors on how best to deal with them,

leading them to modify and adjust their teachinghmés to the new conditions.
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A second factor that seems to be closely relatédet@evelopment of innovative courses in
University physics is the re-consideration of wiiet aims of higher education studies are and
how best they should be achieved. At least fomtastern university cultures, maybe one of the
less debatable goals of higher education curriaslaspoused by both educators and employers
has long been the development of criticality. Rdlgas of the unanimity in this desirable goal,
though, it is questionable whether students’ aliig can best be achieved in courses in which
the conventional teaching of lectures is beingofo#td. Research has shown that traditional
units in higher education do not seem to promotleanajority of students skills who are
closely linked with critical thinking, such as aegeapproach to learning (Gow & Kember,
1990). Furthermore, in recent years there have beanges in the needs and the demands of
the employers in relation to the skills and theazates of their employees. Along with the
substantial subject knowledge and the developnierriteality, universities are asked to
provide society with individuals who have developegnge of transferable skills, such as
good communication abilities and teamwork (LighC&x, 2001). The development of
transferable skills, though, is a marginalized deabf the traditional teaching method based on
lecturing. Both the demand for students acquirraggferable skills and the re-consideration of
how best to achieve the development of core skillsh as criticality, contributed to the

recognition that new pedagogies are needed toaeplato complement lecture-type teaching.

Last but not least, it can be argued that the dhuction of curricular reforms in first year
university physics has been influenced by the @mireg emphasis that has been placed in
recent years on the role of discussion in facilitatearning in science. Even from the early
eighties it has been widely accepted that concépnderstanding cannot be achieved merely
through the transmission of knowledge, but witl@arhing environments that support discourse
and enquiry (Lemke, 1990). As mentioned in the jonev chapter, a number of theoretical
perspectives have advocated the importance ofsBgmuin relation to learning. According to
the Vygotskyan perspective, for example, which hyasees knowledge as socially derived,
discourse is regarded as the foundation of anyesjulent learning. In the Piagetian view,
which emphasizes the personal construction of kadgé, discussion is seen as a basic step
towards the creation of cognitive conflict in thgyphological process of equilibration. In the

light of these theoretical developments, the teaghethods in introductory physics started to
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move away from the lecture-type and teacher-cettix@ching towards new pedagogies that

involve students’ interaction and active participat

In short, an overview of the literature on the mwium reforms for introductory physics units
over the last two decades - with the focus on #ek@round of the changes - indicates that the
increase in the size, the diversity and the qualitthe university entrants in recent years seems
to have sparked off the need for change in thenteg@and learning scenery of the first-year
university physics. Moreover, the considerationt gtadents’ development of transferable

skills is a desirable goal of higher education ssithas created the need for new pedagogies to
complement or replace lecturing. This need has beieforced by research results suggesting
that traditional teaching methods do not necegsewihtribute to students’ development of core
skills, such as criticality. Finally, the theopsti advances in recent years regarding the
importance of students’ discussion in facilitatoantent learning in science seem to have
influenced the introduction of innovative pedagsdmr first-year university physics which
move away from the teacher-centered, lecture-tgpetting. It has been a mainly a
combination of the above-mentioned factors thaeh@ontributed to the development of
interactive units in first year university-physitise main features of which are to be identified

and presented in the following lines.

3.2. Major features of the interactive programs

In a first view, it seems that the teaching appheacwhich have been proposed as alternatives
to lecture-type teaching vary in a considerablereegrhis variation is evident both in the
terminology used to characterize the innovativésuaind in the specific implementation of

each instructional approach. As far as the termigyplused is concerned, except from
‘interactive approach/pedagogyHake, 1998; Booth & James, 2001; Buncick & Horgan

2001; Meltzer & Manivannan, 2002), some of the wattve programs are reported in the
literature asactive/cooperative learning approacfSamiullah, 1995; Gautreau & Novemsky,
1997; Laws, 1997; Heller & Hollabaugh, 1992; Méisal, 1999; Sharma, 1999), while one

approach is characterized'Bger Instruction pedagogyMazur, 1997). Regardless of the
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variation in the terminology and the specific impkntation of each instructional approach,
though, all these teaching programs have moreairf@atures than differences in common.
These major features are identified in the follayviimes and provide the ground on which the
interactive teaching approach is to be defineth@end to this session, as opposed to lecture-
type teaching.

At first, all these teaching programs are charadrby a shift in the focus as far as the
teaching-learning process is concerned. Whereagéscare teacher-centered and mainly focus
on the process of instruction (teaching), in theeaf the above-mentioned programs are the
students and the learning process. Actually, tiféishemphasis from teaching to learning has
been reported as one of the major features ofribeeps of change in undergraduate education
over the last decade, at least in the United Stateswell-informed review of the changes that
have occurred in higher education in the UnitedeStesSeymour (2001) identified the following
inferences that characterize the change of thesfo€alassroom activities from teaching to
learning: carefully defining course objectivespoeising classroom practice upon enhancing
student understanding, clarifying student learmgogls, engaging students in their own
learning and designing assessment tools to ske learning goals are being met. According to
her, the development of units based on interadtipe-teaching could be seen as a response to
the demand of appropriate methods which could stgpoeducational environment that

focuses on learning rather than on teaching.

Moreover, all the interactive teaching programscr@ acterized by the provision of teaching
time for discussion among students, either in tmenfof pairs (for example Mazur, 1997,
Chang, 2005) or in the form of small groups (foample Millset al, 1999; Booth & James,
2001). The proportion of time dedicated to studafiscussions varies: some approaches
include frequent periodic interruptions in teachbsturing for students’ discourse; in others,
the vast majority of the teaching time is providedstudents’ discussions on conceptual
guestions or demonstrations. Whichever the casegth students’ discussions is a defining
feature of the innovative teaching approaches,giliat the lecture-type teaching is dominated
by the teacher’'s monologue.
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The provision of teaching time for students’ disiass should be seen in relation to two other
characteristics that are central to the interagie@agogies: engagement and inclusivity. As
Buncick & Horgan (2001) emphasize, in the corehefinteractive programs lies the
recognition that alstudents are — or at least should be - activelpged with the material in

the classroom. In other words, in this approathktadents - regardless of their different
potentials, needs and resources - are involvededgtin their learning through continuing
dialogue, negotiation and reflection about thedenstanding. This is in contrast to lecture-type
teaching, which is based on the assumption thdests absorb physics concepts simply by
being told that they are true and in which thesrasm is often dominated by the few students

who have the best potentials.

Last but not least, a feature that characterizevalst majority of the interactive units in
introductory physics is that they emphasize con@dpinderstanding rather than mathematical
problem solving. Gautreau & Novemsky (1997), foample, state explicitly that students
should first develop an understanding of physictepts without using mathematics.
Similarly, Mills et al (1999) have developed a cooperative learningegtyavhich mainly

seeks to enhance students’ understanding of kegeptsin physics. This is also the case as far
as both Mazur’s (1997) pedagogy and Booth & Jarf#891) instructional approach are
concerned. Sharnet al. (1999), on the other hand, advocate a mixturauahtjtative problems
and concept-based questions, with the focus Iyirthe latter. Although the specific
instructional approaches vary from qualitative @ptetests to in-class demonstrations, in the
core of all the above-mentioned teaching prograntise development of students’ mastery

over concepts in physics rather than solving atigorc problems.

The identification of the major common characté&ssof the interactive introductory physics
units that was presented above is essential tatidy in an effort to provide a definition for
them, as opposed to the traditional or conventiands. It should be noted here that an often
guoted definition for interactive courses has beposed by Hake (1998). According to him:
‘Interactive Engagement (IE) courses are thasggorted (...) to make substantial
use of IE methods. IE methods are those designledsttin part to promote

conceptual understanding through interactive engaget of students in heads-on
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(always) and hands-on (usually) activities whicBlgimmediate feedback through
discussion with peers and/or instructorg:65)
Although this is a rather concise definition, fréime lines above it becomes evident that the
interactive units exhibit some defining charactersswhich are additional to the ones reported
by Hake (1998). Therefore, in a more detailedrdedin, the interactive programs could be
defined as the ones containing the main charattsrislentified in the lines above and

summarized in Table 3.1 below.

Table 3.1: The major characteristics of interactiveunits vs. lecture-type units

Interactive units Lecture-type units

Focus on learning Focus on teaching

Provision of teaching time for students’ Dominated by teachers’ monologue
discussions

Students’ learning through active engagement Students’ learning by absorbing what they are being

with the material and negotiation told or shown that is true

Inclusion of all students in the classroom Classroom often dominated by the students having
activities the best potentials

Emphasis on conceptual understanding Emphasis on algorithmic problem-solving

3.3. Overview of the evaluation studies of interaste units

Along with introducing the design and the implenagioin of the interactive teaching programs,
many studies in the literature report researchltesn the evaluation of these units. As
exemplified in the following lines of this sectiahese research studies were oriented towards
evaluating the outcomes of the programs in terneoghitive and/or affective objectives. The
majority of the studies report positive resultsgeérms of both academic and affective objectives
of these pedagogies. At the same time, thougHitémature pinpoints potential challenges and

obstacles that the instructors might need to comfrdien attempting the teaching reforms. The
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following lines provide an overview of the evalwetistudies of the interactive units, focusing

on the evaluation methodology and the researchtsesu

One of the most influential and extensive evaluasitudies of interactive units has been
reported by Hake (1998). This study reports resoflia survey of pre/post-test data for 62
introductory physics units, 14 of which were basadecturing and 48 of which made use of
interactive teaching methods. The main objectivihefsurvey was to compare the lecture-type
with the interactive-type method of teaching ofibasechanics, in terms of their effectiveness
on students’ learning. More particularly, Hake (8p8nalyzed statistically the pre and post-test
data of three standardized tests. Two of thess keste been designed to capture students’
conceptual understanding of Newtonian mechanicgl@ndther has been constructed to
measure students’ abilities in problem-solvingthiis study, the performances in conceptual
tests of students following interactive programsemMeund to greatly surpass those of
traditional groups. Moreover, the interactive srdhowed higher averages in students’
performance in problem solving. Based on thesearekgesults Hake (1998, p.64) concluded:
‘The conceptual and problem-solving test resultsrgly suggest that the classroom use of
interactive engagement methods can increase mexdanirse effectiveness well beyond that

obtained in traditional practice.’

Similar to Hake’s (1998) research results wereoiliteomes of an evaluation study reported by
Crouch & Mazur (2001). This study was based on ftata ten years of implementing their
teaching methodology called Peer Instruction (Rljouch & Mazur (2001) compared the
cognitive outcomes between the lecture-type metiiaeaching and their teaching program. In
this study the researchers measured students’ ptuadeinderstanding and their ability to
solve quantitative problems using two standardiests and traditional examination questions.
The data analysis showed that the average postdests of the conceptual test increased
significantly when changing from traditional insttion to the interactive pedagogy. Moreover,
the research results suggested that students taitHPeer Instruction outperformed the
students taught traditionally on quantitative pesblsolving, despite the fact that algorithmic
problem-solving is de-emphasized in Peer Instracticcording to its developers. This result is

consistent with the results of two other reseatatiss (Thackeet al, 1994; Gautreau &
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Novemsky, 1997) reported a few years before, whgdessed the problem solving
performance of students in interactive introductoinysics units. In short, the results of these
studies indicate that the emphasis on conceptwsEmstanding seems to lead to the

improvement of the students’ problem solving aleiif as well.

Along with the improvement on students’ conceptualerstanding and problem solving
abilities, Crouch & Mazur (2001, p.970) also repdrthat their resultsridicate increased
student mastery on (...) conceptual reasoning (...hupelementing Pl.’Yet, they failed to
provide a well-defined framework or state the ci@@nder which they evaluated the students’
conceptual reasoning. Indeed, they stated thatithelemented a free-response conceptual
guestions test, requiring students to explain theswers along with stating the correct answer.
They then stressed thaihé number of students who explained their anse@mectly (...) is
comparable to the number of students who answéeedtindardized concept test correctly
after discussions and significantly greater thae tumber who answered the concept test
correctly before discussiorgp. 973). It is noteworthy, though, that the reskars did not
provide either the appropriate data or the methamglothey analyzed the students’ scientific

explanations in order to reach this conclusion.

While the Crouch & Mazur’s (2001) study reportedulés based on the implementation of Pl
by the developers of the pedagogy, Fagieal. (2002) investigated the implementation of Pl by
instructors other than its developers. In particulzey conducted a web-based survey to collect
data on the effectiveness of this interactive tearmethod in terms of conceptual
understanding. Out of thirty units using Pl and lienpenting the Force Concept Inventory

(FCI) standardized test both before and after theses, twenty-seven (27) units showed an
average normalized conceptual gain over 30%. Fagah(2002) referred to Hake’s survey
(1998) to pinpoint the effectiveness of Pl as comagao the traditional lecture type teaching,

since none of the traditionally taught coursesdlstrowed conceptual gains in this range.
Another study of the effectiveness of the intergecteaching methods for large-enrollment

classes has been reported by Meltzer & Manivan2@02). Similar to the above-mentioned

reports, the main objective of this study was teas students’ conceptual understanding. In
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contrast to the other studies, though, which assestsidents’ understanding of basic
mechanics, the subject area of their unit was me@gnetism. The researchers implemented
for five academic semesters two standardized éegtsome tests containing concept questions
and quantitative problems. The analysis of theltesevealed high normalized learning gains

in the standardized tests, while the studentsitgltd solve quantitative problems in
electromagnetism was found to be maintained or siightly improved. These results suggest
that the effectiveness of the interactive teachmgghods on conceptual understanding does not
seem to be related with the specific subject ayj@an that positive outcomes have been

reported from courses on both mechanics and eteagonetism.

Along with evaluating students’ learning outconmds]tzer & Manivannan (2002) reported
some results on the students’ attitudes towardsititeBased on end-of-course surveys, the
researchers noted that approximately 30% of thaesiis gave the highest ratings on the course
evaluations, while less than 10% seemed to deipsenethod of teaching. A more thorough
research, though, concerning the students’ attttol®ards interactive teaching methods has
been conducted by Millst al. (1999). In this report, both quantitative (closestions) and
qualitative (interviews, observations, open questare) methods were used to capture
students views on a learning strategy based omstsidnteractions. This study showed that
the interactive method seemed to benefit studefiisttive learning outcomes and their
attitudes towards learning physics. More partidylaome of the positive aspects of the unit
that were frequently mentioned by students werddt@wing: high level of enthusiasm,
confidence, opportunity to discuss and modify pbeliefs, awareness of the value of
understanding concepts and of how they were legraia opportunity to explore implications

of concepts.

While most of the above-mentioned research studmsplace in the western world, Chang
(2005) reported on three years of experience adraceésearch on an interactive-based unit in
Taiwan. In line with the majority of previous resgastudies on the field, the main aim of this
work was to compare conventional with innovativecteang methods in terms of students
academic performances and attitudes towards tbhitepmethod. The researcher used three

standardized tests to examine the students’ uradhelisty on mechanics and electromagnetism
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and their problem-solving abilities. The researcilso used open-ended questions to capture
students’ attitudes on the strengths and weakne$slee program. In short, the data analysis
in the area of conceptual understanding revealsdtlie gain percentage of the innovative
courses was higher than the traditional ones. Hewelis gain appeared to be lower than the
majority of the conceptual gains reported by stsidhethe western countries. This result may be
due to the cultural differences and the differenndbe specific implementation of the
programs. More studies in different countries amitices are needed to elucidate this

important point.

Nevertheless, the above study gave a new insigtitefield: it mainly focused othe process
of change from conventional to interactive teactand on the difficulties that the instructor
faced during the implementation of the teachinggpam. It should be noted here that the
consideration of the potential challenges whengoeiiing interactive teaching, can be traced
back in some of the reports presented before snsiction. In Fageet als (2002) study, for
example, the instructors who used Pl pedagogydsthtt some of the difficulties that they
faced were the following: spending too much tim@ieparing appropriate materials and in
covering the material in the classroom, confrontimgjr colleagues’ skepticism, dealing with
some students’ resistance to the method and #lectance to participate in class discussions
and managing the classroom when it became too .nd@yever, Chang’s (2005) study moved
one step forward: it reported empirical data whigbealed that due to such difficulties the
process of change from traditional to interacte@ching was neither linear nor straightforward.
Indeed, in the first year that the innovation watsaduced, the program did not lead to the
learning outcomes anticipated by the researchéharen developing students’ conceptual
understanding nor in enhancing their interestamiang physics. In contrast, the results during
the following two years of implementing the prograppeared to improve considerably,
indicating thatone year of implementation may be too short tocai® the outcomes of the
innovative program, especially if it is a radicadmhrture from the existing teaching style and
culture’ (Chang, 2005; p.420).

Regardless of the challenges to be confronteddardor the innovation to be successful, it

should be pinpointed here that all of the reseatatlies cited above report positive outcomes
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as far as the cognitive and affective objectivethefinteractive pedagogies are concerned.
However, the literature also reports a few caseravthe results of the evaluation of
interactive units were not satisfactory. Samiulla895), for example, investigated the
effectiveness of an interactive unit in first-y@duysics in terms of students’ conceptual
understanding and their attitudes towards learpmgics. In line with the results of other
research, his analysis showed that the studenesstirtteraction led to an improvement of
students’ attitudes towards the course and incdethser motivation to learn. Yet, in this study
the statistical analysis of the standardized coepest failed to reveal a significant
difference in the mean scores between the contoolpy(lecture-type teaching) and the
experimental group of students (cooperative legnihhis is a notable result given that it
contrasts the outcomes of the other statisticaissuof the effectiveness of the interactive
pedagogies as compared to lectures presented dboexample Hake, 1998). However, it
should be added, that Samiullah’s (1995) studyava®all scale one with only a total of 33
participants, while Hake’s (1998) research conthiasample of 6542 students and that in

statistical analysis larger samples enhance thebiitly of the outcomes.

Poor learning outcomes after the implementatioarointeractive unit were also reported by
Booth & James (2001). In this study, the evaluatban interactive program was conducted
by means of a standardized conceptual test, aigoeatre aimed at establishing a deep
learning ‘index’ for each student and a standadiiest on students’ preferred learning style.
The analysis of the data showed that that thereneasgnificant improvement in either deep
learning or conceptual understanding of mecharsas r@sult of the interactive teaching. In
addition to this, the analysis showed that more thelf of the class had a preferred learning
style that coped well with traditional rather thateractive classes. There is no question that
the design of this study does not allow the esthbient of a cause and effect relationship
between the students preferred learning style l@gdor outcomes after the implementation of
the interactive pedagogy. Nevertheless, this stirdws attention to an aspect which is often
neglected when studying the effectiveness of ttexaistive units: that cooperative learning
may not have the expected learning outcomes fatadlents, given that some of them may
have a transmission view of learning and therefegard cooperative teaching as ineffective in

terms of knowledge accumulation.
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3.4. Remarks on the evaluation studies of the intactive programs

With the focus being turned on the main researshlte of the studies presented above, it could
be argued that they provide compelling evidencéherefficiency of the interactive pedagogies
as opposed to lecturing in introductory physicssurindeed, the vast majority of the evaluation
studies report better outcomes compared to modéitnaal approaches in students’ conceptual
understanding and the affective domain. Moreover averview of the literature shows that
these studies constitute a body of evidence of itiname twenty years of research in different
regions of the world and that most of them havkovetd a large scale research design. These
are elements that enhance the reliability of theckesion that interactive methods in
introductory physics have been proven more efficilban lecturing. No question that some
studies report potential challenges and obstakksieed to be confronted when implementing
the interactive teaching approaches. Even in @& cthough, the literature provides evidence
to support that the barriers can be confrontedthatthis is a worthwhile endeavor given the

positive outcomes after the implementation of titeriactive teaching programs.

In the light of the above and from an educatiomatjice perspective, it could be assumed that
the evaluation studies of introductory physics sininstitute a well-documented area of
research. Given the large number of studies rep@amne the rather high degree of consensus
among the various studies in terms of the posdivkeomes of the interactive pedagogies, the
following question could be reasonably raised: Wéise¢ do we need to investigate in this area
of research, when there is a compelling body di@vwce on the efficiency of interactive
methods in introductory physics courses as opptustsgtturing? Yet, from an educational
research perspective, it can be argued that tHaatian studies reported so far are limited in a
number of respects. These limitations are not ewjdenless the focus is moved from the
research results to the objectives of the evalnatiodies and the methodologies followed so

far.

First of all, the research studies reported stéae were orientated towards evaluating the

outcomes of the interactive programs in terms oiceptual understanding and algorithmic
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problem solving objectives. In other words, thaydmainly addressed aims concerning the
students’ cognitive development on the sciecm&entlevel. This orientation can be attributed
to the fact that content understanding objectivageltraditionally been the focus of any type of
education. However, a crucial question that ardehis point is whether objectives on content
level are or should be the main focus of highercatlan studies. Isn’t students’ development
of core skills (like criticality) and transferals&ills (like communication abilities) equally
important targets of university education? Actuadly discussed earlier in this chapter (view
section 3.1), it has been mainly the demand fatesits acquiring transferable skills and the re-
consideration of how best to achieve the developmecore skills, such as criticality, that
have partially contributed to the introduction ofaractive teaching in universities. Under such
a rationale, it seems that evaluation studiestobductory interactive physics units have
reported outcomes in a limited area of the spectitithe potential objectives of the interactive

pedagogies.

Nevertheless, even if we consider aims which exadlg concern students’ cognitive
development on the science content level, the atialuapproaches reported so far seem to be
limited in the following respects. On the one hadnadim the previous section it became evident
that students’ content understanding has been ynassessed by the use of conceptual
guestions. The focus, therefore, is put on whethatent’'s views about science concepts and
principles change after the implementation of #eching programs. One question that arises
here, though, is what content understanding in®liZ®mesn't it include knowledg# science
concepts and principles aaoutscience content knowledge as well? As discuss#tein
previous chapter, recently there is an increasody of literature that advocates the importance
of students understanding not only the concepsiehce, but also the epistemology of it (for
example Driveet al, 2000). Moreover, it has been argued that inrdi@escience teaching to
address epistemological goals, it is importantstatdish learning environments, which enable
students to engage argumentative discourse therntds more closely the discourse of
scientific communities (view section 2.2.1). If wesume, therefore, that knowledge of science
content involves knowledge about science, theedtrss that the studies reported so far are
limited in terms of focusing on isolated scientifiencepts, rather than addressing also the

processes that led to the scientific evolutions.
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On the other hand, even if we equate cognitive ldpwmeent on the science content level with
conceptual understanding, attention should be d@wmow conceptual understanding has
been evaluated. As mentioned earlier, contempaesgarch on the field has assessed students’
conceptual understanding by using multiple choteadardized tests. In these tests, the focus
lies on students finding the correct answer in epiwal questions, therefore they are suitable
for investigatingvhat students believe about various physics concepies fGrmat of these

tests, though, does not allow investigativigy students hold such beliefs on science concepts,
in a way that they can justify to themselves ootteers. Maybe, implicit to the methodology
followed is the assumption that students’ beligfsoience topics are reasoned views. Yet,
should cognitive skills on scientific explaining ta&en for granted? At least this body of the
literature does not provide any evidence thatchigd be the caseln contrast, as exemplified
in the previous chapter, research findings sugheststudents confront difficulty to use
scientific principles and theories to justify whetevidence they use supports their conclusion
(view section 2.2.3). Therefore, a limitation thatomes evident at this point is that the
studies on the field have drawn attention onlyttmients’ views about physics concepts,
overlooking that conceptual understanding may eigolve students’ capacity in conceptual

reasoning.

Finally, it should be noted that some of the redeatudies presented in the previous section
have also focused on evaluating the outcomes ahteeactive pedagogies in terms of affective
objectives. Implicit to this orientation is the ackvledgement of the important role that
motivational factors play in conceptual learninge Affective measures, though, the only
factors that may influence learning in the contenel? It should be reminded, here, that
conceptual understanding in interactive approache®sinly seen as an act socially driven and

as the desirable outcome of students’ discursitexantions. In this process, doesn’t the

! Indeed, as can be viewed in Section 2.3 in thiptema Crouch & Mazur's (2001) study turned its
attention to students’ capacity in conceptual reamp However, as argued eatrlier, this study ditl no
provide either the data or the methodology withcilthey analyzed students’ scientific explanations.
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students’ ability to participate in a meaningfulesdific dialogue play a role to the range of the
potential outcomes that discourse may have? Indgeeahentioned earlier in this study (view
section 2.1.3) research findings indicate thatestigl explaining and reasoning abilities are
factors than may influence students’ conceptuahgbaTherefore, another limitation of the
research studies appears: it is the fact they haveonsidered factors embedded in the process
of dialogic discourse, such as students’ argumiemtaind explanation skills, which may

influence the final outcome of the interactive tdag methods.

Consequently, research has revealed that inteeaictethods in introductory physics are more
efficient as compared to traditional approacheeathing and learning in terms of conceptual
and affective objectives. Yet, a critical reflection the literature cited in the previous section
of this chapter indicates that the evaluation gsidin the field seem to be limited in terms of
the focus of the research and the methodologiémadetl. More particularly, in the lines above
it has been noted that research studies on tlteHaale mainly addressed aims concerning
cognitive development on the science content IédeWever, they have overlooked aims
concerning students’ development of core skilkg Griticality, or of transferable skills, like
communication abilities. Furthermore, it has ndteat students’ cognitive development on the
science content level has been seen exclusivelgraseptual understanding, rather than
including as well understanding of the scientifiogesses that led to the invention of these
concepts. Moreover, it has been pinpointed thateptual understanding has been evaluated in
terms of what students believe in regard of vargugsics concepts, rather than including as
well the students’ ability to provide scientific@anations and arguments. Finally, it has been
argued that research studies on the field havedenesl affective measures as potential
influences to cognitive development; however, thaye neglected factors embedded in the
process of dialogic discourse, which may affectdeome of the interactive teaching

methods, like students’ difficulties to participabea scientific dialogue.

In the view of the above-mentioned limitations lmktbody of research literature, this study
makes a case of considering areas of researchamdito the conceptual and the affective

domain, in the context of interactive first yeaansity units. Based on the theoretical and
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research advances presented in the previous chaytas been justified that - while
developing and evaluating an interactive introdocfghysics unit - it is it important to focus
not only in students’ conceptual understanding,dmustudents’ abilities to explain and to
participate in argumentative discourse, as welldé#rsuch a rationale, this study investigates
an introductory interactive physics unit in a Gré#kiversity in terms of students’ conceptual
understanding, explaining and arguing abilitiese Tdllowing chapter provides the way by

which the above mentioned objectives were methajilcddly tackled.

Summary

This chapter offered a literature review on theedgpment and the evaluation studies of interactive
introductory physics units. Focusing on the baclgrbof the changes in the first-year physics sgener
it was first argued that three factors have coutdb to the development of such units, namely&) th
change in the size, the diversity and the quafithe entrants, b) the reconsideration of the détr

aims of higher education studies and c) the thisaleind research advances regarding the importance
of discussion in facilitating learning in scienéellowing this, the major characteristics of the
interactive units were identified (focus on leamistudents’ discussions, active engagement,
inclusivity, emphasis on conceptual understandifigls chapter then offered a review of the evatumati
studies on interactive introductory physics uritsusing on the methodology and the main research
results of each work. A critical reflection on trealuation studies revealed that interactive appres
have been found more efficient than lecturing gpare of conceptual and affective domains. However,
it was noted that this body of the literature msited in the following respects: It has not addeelsaims
central to university studies, like students’ depahent of criticality; it has identified cognitive
development on the science content level with sttgl@iewsof science concepts, rather than also
including knowledgeaboutscience; it has not addressed conceptual reasdnimg not considered
factors embedded in dialogic discourse which mélyeémce content understanding, like students’
ability to participate in scientific dialogues. &=l on these limitations and the literature review

presented in the previous chapter, the directikartan this research is justified.
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CHAPTER 4

Methodology, methods of data collection and analysi

When dealing with methodological issues in thiglgiuwo areas of focus are implied: the first
concerns the research paradigm that has influemoedhe research was formulated and
tackled; the second has to do with the specifibrigpies used in the study, as a means of
achieving the research objectives. In relatiorhtofirst area, this chapter makes a case for the
use of a mixed research methodology, as a framef@odesigning and conducting research
(Section 4.1). The fundamental principles and e fleatures of the mixed-method research
paradigm are described in brief, while the ratierfat choosing a mixed-method research
paradigm in this study is presented. Following thend in relation to the second area of focus
— Section 4.2 offers an outline of the researclgdesn this section, the stages of the research
are described, the specific procedures followdd\estigate the research questions are
presented, and the type of the research studeimifebd. After the brief outline of the design

of the study, attention is to be turned to a mataitbd examination of the procedures followed
in the research. Specifically, Section 4.3 pres#m pilot work done for this study. Then, this
chapter presents the main part of the researchi¢8et4). At first, this section provides an
insight to the setting and participants (Sectigh}; then, it discusses the methods of data
collection (Section 4.4.2); finally, it describémtprocedures of data analysis in relation to each
one of the research questions (Section 4.4.2)séudsion about the rigor of the study follows
in Section 4.5, while some comments about ethiocaterns and procedures followed in this

research finish the chapter (Section 4.6).

4.1. Mixed-method research paradigm

Traditionally, research studies in education haaenborientated towards either the quantitative
or the qualitative research paradigm. Behind tbilanization lies, explicitly or implicitly, the

incompatibility thesis, according to which theset@search paradigms cannot or should not
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be mixed (Howe, 1988). Recently, though, the mixadthods research has emerged as an
alternative research paradigm, aiming to bridgegtye between qualitative and quantitative
research. Mixed-methods research could be defiséti@class of research where the
researcher mixes or combines quantitative and tptale research techniques, methods,

approaches, concepts or language into a singleyst(lsbhnson & Onwegbuzie, 2004).

Philosophically, the mixed-methods research paradsgembedded on pragmatism, which has
attempted to find a middle ground between philogmgldogmatisms. Indeed, pragmatism
itself rejects traditional dualisms (for examplgeativism versus subjectivism) and endorses
pluralism as a way to gain an understanding ofstbed from different perspectives (Johnson
& Onwuegbuzie2004). For example, in pragmatist epistemologypvkedge is viewed as
being both constructed and based on the realitgxperience. From an ontological
perspective, on the other hand, each notion sHmaildterpreted by tracing its respective
practical consequences (Murphy, 1990). For resaarthodology, this last remark could be
interpreted as putting the appropriateness of thioas as a point of reference (Flick, 2002).
In short, the pragmatist philosophy is not ovedyneerned with longstanding philosophical

arguments; it rather makes a case about doing wdrkis in a given situation.

The mixed-methods research paradigm adheres tonptagn as a philosophy, given that it is

an attempt to legitimate the use of multiple pecsipes, theories and research methods in
answering research questions. According to Joh&sbuarner (2003), the fundamental

principle of this paradigm is that multiple apprbas, strategies and methods @mbinedin

a way that the resulting combination is likely ésult in complementary strengths and non-
overlapping weaknesses. In other words, the relseacan use one method to overcome the
weaknesses of another method, without being cansttdy qualitative or quantitative

research orientations. In mixed-methods reseanehpbjectives and questions are fundamental,
while the research methods should follow in a weat bffers the best opportunities for

answering the questions.

This study was conducted within the mixed-methagaech paradigm. This orientation can be

attributed to the fact that the philosophy thatempths this paradigm is close to the
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researcher’s ontological and epistemological beligfdeed, the researcher’s background in
both physics and educational studies has contdotéer preference for a more moderate
version of philosophical dualism, based on how wedly work in solving problems. This
philosophical orientation was evident previouslyhrs study, when discussing the attributes of
constructivist theory (view Section 2.1.2). It Heeen argued, there, that although this study is
based on constructivist assumptions about learringjects some of its epistemological
assumptions. Rather, it is closer to the pragnsatince that knowledge is both constructed and
based on experience. The philosophical pragmatrgntation of the researcher, therefore, has

played a role in choosing a mixed-methods framevi@riconducting this research.

Apart from philosophical reasons, the nature ofrésearch problem for this study has
determined the research methodology. Traditionalyexemplified in Chapter 3, introductory
physics units have been investigated mainly usiqgamtitative research approach. However,
these studies have focused on investigating stademnceptual understanding by comparing
traditional with interactive teaching methods. bmtrast, this study investigates the areas of
conceptual understanding, scientific explanatiomsagumentation, and the links among
them, while it does not aim to compare traditiondh interactive instruction or to establish
cause and effect relationship. Under such a rdeoitas believed that a quantitative research

paradigm is not an appropriate reference for cotngigithis research.

Given the objectives of this research, the mixedaods research paradigm provided an
appropriate framework for designing this reseaiime of the strengths of this paradigm that
have found an application in this study are thioWihg (Johnson & Christensen, 2004): Under
such a paradigm words have been used to add me@anmugnbers, while numbers added
precision to words. Moreover, the strengths of method have been used to overcome the
weaknesses of another. Furthermore, mixed-metlesdgsrch is believed to provide stronger
evidence for the conclusion, through convergendéefindings (triangulation). Apart from

the strengths, some of the weaknesses of this iganaglere taken into consideration when
designing and conducting the research: that itrie tonsuming; it requires the researcher to
understand how to mix the methods appropriatebt; tiere are difficulties on how to interpret

conflicting results.
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In summary, both the philosophical orientationtef tesearch and the nature of the research
problem for this study have determined a mixed-mmetiesearch methodology, as the
appropriate framework for conducting the resealtider the influence of this theoretical
framework, the appropriate techniques to investigia¢ research objectives were chosen and

are presented below.

4.2. Overview of the research design

As mentioned earlier in this study (view Sectiof)1the main purpose of this to investigate the
interactive first-year university physics unit, whiwas described in Section 1.3, in terms of
students’ conceptual understanding, scientific &xalions and scientific arguments. To
achieve this aim, the study was conducted undemiked-method research paradigm - as
described in the previous section of this chapgigmeans of constructing a mixed research
design. The research design is illustrated in EEgul, which summarizes the methods of the
data collection and the methodology under whiclseélgata were analyzed for each one of the

research questions.

The research was developed and implemented inadestages (see Figure 4.2). A more
detailed description of the procedures followechimiteach stage is presented in the following
two sections of this chapter. As it can be viewe#igure 4.2, the first phase of the research
took place in the first semester of the academar 2804-05, as a pilot work of this study. The
main aim of this part of the research was to gaimaight to the class environment and the
teaching-leaning procedures and in that way to eptualize and frame the aims of this
research. Based on the results of this phase aéfsarch, the unit was redesigned taking the
form that was described in Section 1.3.3 of thaeihavhile the objectives of this research were
formed and the methods of data collection were @hoshe second phase of the research was

conducted in the first semester of the academic 2@@5-06, in the context of the interactive
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Figure 4.1: The research design of this study

RESEARCH QUESTIONS METHODS METHODOLOGY
(OBJECTIVES) OF DATA OF DATA
COLLECTION ANALYSIS
RQ1: Multiple choice test Quantitative analysis
What is the change (if any) in students’
conceptual understanding on basic mechanics
after participating in the course? Observations Qualitative analysis
RQ2: i ati
What is the change (if any) in students’ ability Open-ended Quantlz_atlon of
) ; S . ; qualitative data
to provide correct and concise scientific guestionnaire
explanations on basic mechanics after
participating in the course? - .
Observations Qualitative analysis
RQ3:
How do students respond to weak qr Open-ended Quantization of
fallacious arguments? guestionnaire qualitative data
What is the change (if any) in the way
students respond to such arguments
after participating in the course?
Observations Qualitative analysis
RQ4: Open-ended

What is the change (if any) in the

quality of students’ written argument questionnaire

Uy

Quantization of
qualitative data

after participating in the course? -
P pating Observations

Qualitative analysis

Figure 4.2: The outline of the stages of the resezr

MAIN STAGES OF THE RESEARCH
RESEARCH INTERESTS
When What
2004-05 Pilot work Gain an insight to the teaching-learnérmyironment-
Recommend improvements- Conceptualize and frame the
research
2005-06 F'year of the Achieve the research objectives (view Figure 4.1)
research
2006-07 2%year of the Achieve the research objectives (view Figure 4.1)
research Compare to the®lyear of study
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unit (as it had been redeveloped) and it aimedvestigate the research objectives that were
presented in Figure 4.1. Finally, in the first setee of the academic year 2006-07 the third
phase of the research took place. This phase wasstldentical to the second one, in terms of
the research objectives and procedures followetwlih different participants (the new
students who entered the university in this academr). The decision to repeat the main
research was made for two reasons: First, it has bheknowledged that some of the teaching
and learning strategies used were novel for theuo®r; therefore, it might need more than
one semester of implementation to achieve its pialsnOn the other hand, a two-year design
of the main study was adopted, so as to gain a msightful description and interpretation of
the implemented innovation, within two differentsef participants. It is believed that the

comparison between the results of the two yearyg,coatribute to the rigor of this study.

From above, it becomes evident that this investgatould be characterized as an evaluative
research study. Indeed, the first stage of theareeewhich was done in the first year of study,
could fall into the category of ‘formative evaluatiresearch’. In this part of the research the
focus lay on identifying the strengths and weakeesd the unit under investigation and it
served the purpose of recommending some improvemerlhe intervention. In this part of the
research the researcher had an active role inebhel@pment and the redesigned of the unit;
therefore, in terms of the researcher’s role, shagle was a participatory evaluative research. As
far as the second main stage of the study is coaddisecond and third year of study), the
research took mainly the form of a ‘summative egabn’, given that it aimed to determine the
effectiveness of the intervention, as it had besleveloped. This part of the evaluation was
goals-based, in the sense that it aimed to inwegstidpe extent to which the unit had attained its
objectives. In this part of the research, the nesea tried to obtain an ‘outsider’s view’ of the
project, as far as the data collection and the aa#dysis is concerned, and to minimize the
degree of her engagement to the settings. Inels{zact, the research was a non-participatory
evaluation. In short, the researcher had the roge'i@searcher participant’, as she participated
in a social situation, but she was personally galgtially involved so as to function as a
researcher.
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Figure 4.3: The type of the research and researcledtures

Type of the research / Characteristics
In terms of purpose In terms of the researchersleo
1% stage Formative evaluation Participatory evaluation (gesand
(pilot work) observations)
2" stage Summative evaluation Non-participatory (in theadetllection
(main research) and analysis)

In short (view Figure 4.3), this research studgrisevaluation study; it is
formative/participatory in the first stage and suatiwe/non participatory in the second stage; it
was conducted by the use of a mixed-methods deisigias developed and implemented in
two main stages. The following two sections prowadg#etailed description of the stages of the

research and the procedures followed, starting thigtpilot work done for this study.

4.3. The pilot work of the study

4.3.1. The background and the aims
The pilot work of this study took place in the agadc year 2004-05, in the context of a first
year physics interactive unit, based on Mazur®{d$edagogy. The area of physics covered
in the unit was introductory classical mechanidse main aim of the unit was to enhance
students’ conceptual understanding in introductoegchanics and to contribute to the
improvement of students’ communication abilitieeeTessons were conducted on the first
semester of the year, twice a week (four hoursyeek). The teaching method was based on
student-to-student- interaction. In particular, stedents were given a number of multiple
choice questions containing, along with the sciimaliy correct answer, alternative ones
derived from literature reports about students’amigeptions. The students were given a few
minutes to discuss the questions with their peedstiaen they voted the answers they believed
to be the correct ones, using electronic devichs.gercentages of each answer were shown on
a screen and then the instructor was asking steidesupport their views and explain their
answers to their peers. In order for the instruttidrelp students in the process of explaining,

he had introduced to them ‘Bobos’, a fictional hgghool student. Students were asked to form
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their explanations in such a way, so as to prorBoteos’ understanding. The assessment
included two examinations, at the middle and atti@ of the semester, containing open-ended
guestions, in which students were asked to answander of conceptual questions and to

explain their answers.

In such an educational context, a formative pauditory evaluation study was conducted, in
order to investigate the strengths and weaknedshsdeaching program and to recommend
improvements to the intervention. The main roléhid part of the investigation in the overall
study was to help the researcher gain an insigtite@lass environment and conceptualize and

frame the research investigation.

4.3.2. The participants
In Greek Universities attendance is not compulsthrgrefore, not all of the students, who were
enrolled, were present in each lesson. Thirty stndents attended the majority of the
sessions, as they participated in more than halefessons and they constitute the research

population in the pilot study.

4.3.3. The methods of data collection
The following data sources were used in this patti® study, in order to conduct a formative
evaluation of the unit: the Force Concept Inven(@@I)'- a standardized conceptual test -
both at the beginning and the end of the coursstéfiest al, 1992) students’ exam papers;
unstructured and semi-structured participant olademrs of the lessons and field notes;
informal interviews with the instructor. In partlay, the FCI was implemented in the beginning
of the second week of the unit and at the last vedétk aiming to investigate students’
conceptual understanding of basic mechanics adteiicpating in the unit. Out of the thirty-
nine students, a sample of thirty one students tetegb both the pre- and the post- test. For
these students, two open-ended questions werdestfeom the exam papers, and they were
examined qualitatively, in terms of how the studemtplained their answers in conceptual
scientific questions. Moreover, important insighthe class environment was gained through
observations of all the lessons: at the beginnfrtheunit, the observations were unstructured,

! View Appendix A
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so as to help determine the subsequent pattewissefvations (students’ abilities to participate
in a meaningful dialogue, students’ explainingitibs, and their attitudes towards the
intervention). The field notes that were taken dgithe lessons were typed, right after the
completion of each lesson. During this semestagmber of informal interviews were
conducted with the instructor, in order to exchavigevs about the process of the lessons. In an
effort to make the instructor feel more comfortadahel given that these interviews were
informal, they were not recorded; in contrast tlesearcher took notes during them, which

were typed right after the end of these meetings.

4.3.4. Outcomes of the pilot work
As far as Hestenext als (1992) standardized test is concerned, thewlasanalyzed by
means of the gain percentage, as proposed by HaR8), The gain percentage is defined as
<g> = (% <post-test> — % <pre-test>) / (100- % <y@s>) and it indicates the ratio to what
has been gained to what remains unlearned. Thagescore was 63.3% in the pre-test and
79.2% in the post-test and the <g> gain percertalyeilated as 0,43. According to Hesteees
al. (1992), a score of 60% is regarded as being titey'¢hreshold’ to Newtonian physics and
below that limit students’ grasp of Newtonian cgoteds considered insufficient, while a score
of 85% is considered to be the Newtonian ‘mastergghold’. Moreover, on the basis of the
data Hake (1998) gathered from a survey of 14 tedgpe courses and 48 interactive
engagement ones, he classified introductory mechawiurses in three regions: a) high-g
courses ( <g> > 0.7), b) medium-g courses ( 0<¢> > 0.3) and c) low-g courses ( <g> <
0.3). No unit from this study reached the high-gjoa, as the best was 0.69. Most of the
innovative teaching programs based on studentsudgons, which were mentioned earlier in
this thesis, used Hake’s classification in assgs$ia outcomes of students’ academic
achievements and reported that they fall in theiomedy courses category. The results on FCI
indicated an increase in students’ conceptual wtaleding after participating in the unit.
However, the observations made during the lessaheated that, although students were in
many cases able to find the correct answers icdheeptual questions, they confronted
difficulties in the process of explaining their amss to their peers. The observations suggested
that students’ difficulties could not entirely bentributed to their conceptual ignorance. In

contrast, they suggested that some students sderbedinaware of the facts that an
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explanation requires more than providing a setggrghms in mathematical problem solving
and that an appropriate explanation cannot beisdependently of the context in which the
guestion is being asked. The following exacts ctno the field notes and could be used to
exemplify the points made above:
Many students -when asked by the instructor toa@xpheir answers to their peer in conceptual
guestions - try to formulate the question in mathtgral terms and to provide the correct set of
algorithmic so as to come to a result. It seemsfilvathem a scientific explanation is
synonymous to mathematical problem solving.
Some students -when encouraged by the instruxc@xglain their answers, in such a way so as
Bobos could understand - they provided the facteefjuestion and then the result, without
referring to the intermediate process/thinking whied them to this conclusion.
Students rely mostly on the instructor to prottkm the correct explanation, so as to note it
down. When a student provided a correct explandtianconceptual question, the instructor
asked the others to comment on whether they agrdisagree with it and why. The class
seemed reluctant to evaluate their classmates’agmgbion and asked the instructor to comment
on whether it is correct or not.
Some students seem to evaluate their peer’s egdan mostly in terms of whether he/she has

reached a conclusion with which they agree, rathethe facts and the thinking processes.

Students’ difficulties in providing scientific exglations were also identified in their exam
papers, which were of the form of open-ended camedguestions, requiring explanation. At
first, students’ grades in the exams could be aseah indicator for this difficulty: For the
sample of thirty one students who participated orerthan half the lectures and completed
both the pre and post test, the average grade 9¢asrbthe first exam at the middle of the
semester and 47% in the second exam at end dfatintructor, in an informal interview that
was conducted, attributed his low grading to tlet flaat many students, despite giving the
correct answer to the conceptual questions, pravideorrect explanations. The qualitative
examination of two questions of the final examtfas sample of students indicated that - apart
from the above-mentioned observation made by oirtsteuctor- some of the students’
explanations were incomplete, as they lacked tipeogpiate justification to back up the

conclusion they had reached.
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Moreover, the observations made during the lesswhsated that some students confronted
difficulties in the process of the discourse. Fmme students being involved in a discourse
seemed to be equal to practicing parallel monolsgothers exhibited mere inability to
perceive logical defects in their peers’ argument® see that logically defective statements
cannot be valid arguments. The following extraotsfthe researcher’s field notes exemplify
some of the points made above:

During many debates, it seems that the studentp@rticipate in parallel monologues. They

respond only to the conclusion of their classmeitder just by stating their conclusion, or by

giving their own argument. In that way the dialoguenes to an end, without any actual effect

in either of the students.

A student stated that she disagrees with the aegtuof her classmate. The instructor asked her

why, and where he had made the mistake. She steatede must be wrong because he had

reached a different conclusion. No reference wadevabout where the fallacy was.

Students’ entering debates keep on judging thagsmates arguments only by means of the

conclusion. The dialogues do not seem to be product

The outcomes of the pilot work that were preseatsalve had effects in two levels that concern
this study: On the one hand, they led to the medlifon the redevelopment of the unit. After
negotiations with the instructor, the aims of ting were reformed, new materials were
developed to help the students in the arguing aptaming process and the unit took the form
described in Section 1.3. On the other hand, theoowes of the pilot work, contributed to the
design of the main research. During the second stemef this academic year, the research was
conceptualized, taking the form outlined in secdol. At the same time, the methods of data
collection were chosen and developed. The folloveiaction provides a detailed description of

the procedures followed within this stage of theesech.

4.4. The main stage of the research

4.4.1. The participants and their background
Both in the first and the second year of studytthal number of students enrolled in the unit

exceeded eighty, the vast majority of them beirgg-frear students. In the first year of the
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research (2005-06), an average of forty studensspresent during the course, while thirty-five
students participated in more than half of thedassDuring the second year of the research
(2006-07), an average of forty five students pgudited in each lesson and forty students
participated in more than half of the lessons. Binto the pilot stage of the research, for the
purpose of this research the students who partezipa more than half of the lessons constitute
the population of the study —i.e. 35 in 2005-0&jyear 2006-07.

As far as the background of the first-year student®ncerned, it should be noted that they
came from a higher secondary environment, whichuvaker reform at the time. As it has been
discussed in Section 1.2, in higher secondary @mucahe main focus was on the acquisition
of scientific knowledge and on resolving problemgg mathematics, regardless of the
learning objectives presented in the ideal curdcul Students were taught mechanics in the
first grade of upper secondary school, while intthied grade they were taught the areas of
periodic motions, waves, oscillations and rigid p&thematics. The participants of this study
entered the university after achieving a minimumdgrof 15 out of 20 in the national exams at
the end of upper high school. Moreover, apart flmmg enrolled in the interactive unit, all of
the students took the compulsory course ‘Physicw/tich offered an intensive revision of the
upper- secondary school physics syllabus, in a mdvanced mathematical level. The course
‘Physics I’ was based on lecturing and studentsaasessed by means of physics problems,

which require mathematical problem solving skills.

4.4.2. The methods of data collection
The following methods of data collection were usethis part of the study, in order to achieve
the research objectives: the Force Concept InverELI) (Hestenest al, 1992) an open
ended questionnaire about explaining and arguinigesits’ exam papers; unstructured and
semi-structured participant observations of thedas and field notes; students’ evaluation

sheets; semi-structured interviews with the paréinis

The Force Concept Inventory (FCf) The FCl is a widely used multiple choice test desily

to measure students’ understanding of force amde@lkinematics concepts. It is given as a

2 view Appendix A
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pre-test at the beginning of a course and thenpasiatest at the end of it and it has been used
by many instructors and researchers as a diagriostiand as a means for evaluating
instruction. The FCI is based on the Mechanics baagjc Test (MDT), which was designed
around common misconceptions on the concept oéfdrhe reliability and the validity of the
MDT were established by interviews and statistaralysis. About half of the FCI questions
are essentially the same as those in the MDT, vehikvised version of the FCI was developed

later, involving mainly the clarification of somenhiguities (Mazur, 1997).

It should be noted that the developers of the B@l not repeat the lengthy procedures to
establish test reliability and validity forethFCI. This has caused some criticism in terms of
the reliability and the validity of the test (foxaample Dancy, 2000 - quoted in Savinainen &
Scott, 2002). Savinainen & Scott (2002), thouglppsut that the reliability of the versions of
the FCI has been well established through extenseeof the test - for example Hake’s (1998)
large survey-, while face and content validity haeen established through the support of the
numerous physics instructors who have used theAasther criticism of the FCI has been
made by Huffman & Heller (1995): After conductindeator analysis (based on groups of
questions proposed by the developers of thd)tesey concluded that this test can be used as a
means for evaluating instruction, but it does netisure the coherence of students’
understanding of concepts. Recently, though, anstihedy provided evidence that the FCI can
be used to evaluate students’ conceptual coherespegially the contextual coherence, which
is the ability to apply a concept across a vardgdtgontexts (Savinainen & Viiri, 2008). Another
concern raised by Huffman & Heller (1995) -aftez thctor analysis they conducted- is that the
FCI should not be decomposed into the six dimesswiginally proposed by its developers;
they advised caution in analyzing any of the sina@ptual dimensions separately. Hestenes &
Halloun (1995) have responded to this argumengrbghasizing that the FCI should be

administered and interpreted as a whole.

3 The Kuder-Richardson reliability coefficients weletermined to be 0.86 for pre-test use and 0.8pdet-test
use, which are indicative of a highly reliable test

* The groups of the questions, which are proposetiédwuthors and are called ‘conceptual dimensiaresthe

following six: kinematics, Newton'’s first law, Newort’s second law, Newton’s third law, superpositimciple

and kinds of forces.
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For the purpose of this research the FCI was usednaeans for evaluating the intervention, in
terms of students’ conceptual understanding. It wgdgemented in the beginning of the second
week of the unit and at the last week of it, batfirst and the second year of the research. The
last version of the test was chosen (Mazur, 199 thirty multiple choice items, given that it
has fewer ambiguities and it is shown to be reddyivree from the tendency towards false
positives (correct answers for incorrect reasoayinainen & Scott, 2002). The test was
translated by another researcher from English eelgrthen the researcher translated it back
into English. A comparison between this translatod the original test was conducted so as to
correct any ambiguities. The test was used andmepreted as a whole, followirduffman

& Heller’s (1995)concerns, which were discussed above.

Open-ended questionnaire on explaining and arguingin order to investigate students’
explaining and arguing abilities, a test contairangumber of open-ended items was developed
by the researcher. The questionnaire was implerdeitdhe beginning and at the end of the
unit both in the first and the second year of tsearch. The test is divided in two parts: In Part
A of the test the students were given a statemeaenfrom one of their classmates in the area
of mechanics; they were asked to explain to tHasstnate why they agree or disagree with
this statement. This part of the test containstsims. The items 1-5 derived from the FCI,

while the item 6 was constructed for the purpogéhis research. The following criteria were
used in the selection of the items of this patheftest:

a) Fitness to the purpose of the researBlome items of the FCI were used, given that
they have been selected from the vast literaturgtwients’ common alternative
perceptions. Given that the main aim of this pathe test was to investigate
students’ scientific explanations, from the thitgms of the FCI, the ones which
require design of forces were excluded.

b) Difficulty of the itemsThe analysis of the FCI given to the student wihenpilot
work took place (2004-05) revealed that items 2 amcere the ones in which
students confronted most difficulty, both in thepand the post-test. As for the
items 1, 3 and 5, although the majority of the stud gave an incorrect answer in

the pre-test, most of them gave the correct answibie post-test; therefore, they

® View appendixes B and C, for th& and the 2 part of the questionnaire accordingly
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must be considered easier for the students aiguiction. The item 6, derived from
the exam papers of this year, and it is a quegtievhich the majority of the
students confronted difficulty in answering and lakgng correctly.

c) The effect of the content on students’ explanatidsst has been pinpointed in
other studies (for example Osbomteal, 2004), the lack of knowledge of any
relevant theory or concept often constrains stigiatility to reason effectively. In
an effort to control the effect of the content ba individual performance to
explain, the items which were chosen were fromedifit conceptual dimensions in

mechanics.

The second part of the questionnaire containsitemrs (items 7-10). In this part, the students
were given an argument made by one of their claesntney were asked to comment on
whether they are persuaded by it or not, and téta@xfhe reasons for their choice; in other
words they were asked to provide their counter+aents. The items were constructed under
the following rationale:
Iltem 7:The item derived from a past- exam paper and itamagrgument given by a
former student. It aims to test whether studentgjsica conclusion, when it is not a
necessary consequence of the premises, regardigstouth or falsity of the content
of these premises. This is one of the fallaciesrnomto argumentation (Zeidler, 1997).
Item 8:As it has been observed during the pilot workhig study, many students seem
to be unable to split an argument to its premiseisdecide on the scientific correctness
of each one of them. As a consequence, they apgeastic about the validity of their
classmates’ conclusions. This argument derived fiqrast-exam paper. The student
reaches the wrong conclusion, because she claahdlith W, despite the fact that the
man on the scales accelerates. In order to cahiedhct that students may not be able
to find the fallacy to the argument because of ignoe of the relevant theory, this item
should be interpreted in relation to the item 6whrich students are explicitly asked on
whether N = W in this situation. By comparing thegalof the two questions, it would
be possible to investigate whether students aretabtentify an incorrect premise in

an argument, which leads to a wrong conclusion.
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Item 9:This item contains a fallacy common to argumeata(Zeidler, 1997), which is
to affirm the consequence in deductive argumertts.cbntent of the item is not related
to physics, in an effort to exclude the possibitifystudents deciding to be agnostic,
because of lack of any relevant theory in physics.

Item 10:In many studies, authority has been pinpointea esicial factor affecting
argumentative discourse. This item is used to ity&te the degree in which students

are affected in their judgment by the authorityhef person forming an argument.

Semi-structured observations and field not&bservations of all the lessons took place both
in the first and the second year of the researahowing the outcomes of the pilot work, the
patterns of the observations were the followingdstts’ ability to find the correct answers to
conceptual questions, students’ scientific explanat(correctness and their quality), students’
abilities to participate in a meaningful dialoguakficulties and fallacies to argumentation),
students’ attitudes towards the interventions @tisl comments during the lessons). The field
notes that were taken during the lessons were tyigbtiafter the end of each session. During
the observations the researcher neither partidpatthe students’ dialogues, nor did she
provide them the correct answer to the conceptueastipns or correct explanations. Especially
after the second week of the unit, students sedémked become comfortable with the presence

of the researcher as an observer and not be desirhy it.

4.4.3. The procedures of the data analysis
In relation to each one of the research questioddar the two years of study, the data

collected by the sources described above was atlpzhe following ways:

RQI:  What is the change (if any) in students’ coteajpunderstanding on basic

mechanics after participating in the course?
Data deriving from the FCI were used and analyzethbans of the gain percentage, as
proposed by Hake (1998). The gain percentage isatkhs <g> = (% <post-test> — % <pre-
test>) / (100- % <pre-test>) and it indicates tgorto what has been gained to what remains

unlearned. A statistical was also implemented vestigate whether there is a significance
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difference between the pre- and post- test achieméof the students. The field notes from the

structured observations were used to interpretabelts.

RQ2: What is the change (if any) in students’ abiidyrovide correct and concise scientific
explanations on basic mechanics after participgiimthe course?

The first part of the open-ended questionnairexgiagning and arguing was used (questions 1-

6). Students’ pre and post-test answers in eaclobiine six questions of Part A of the test

were categorized both in terms of the content hedjuality.

As far as the classification in terms of the cohterroncerned, typical responses were
identified and placed in a hierarchy in terms oéstfic reasoning content. Three broad
categories were formed for each one of the sixtoures a) appropriate explanations (which
include scientifically accepted ideas about phen@aj®) inappropriate explanations

(including students’ alternative ideas) ardaho explanation (including cases where no answer
was given or where the response was not referaitiget question asked). Then, for each
student, his or her pre- and post-test responsadb question was identified in terms of the
category in which they fell and the overall numbafrthe students’ responses in each category
were calculated. Comparing the pre and post stadeetformance on the field, the change in
students’ ability to provide correct and concisiestific explanations was identified, while the

field notes were used to interpret the results.

The students’ responses were also classified mstef the quality of their explanations. The
focus here was turned on the scientific appropeafdanations and more specifically on how
complete their explanations are. In other wordsliguin students’ explanations was seen as
the degree to which the information provided byshalent is enough to back up his or her
conclusion. Coding categories were formed for eashof the questions. The properties on
each category varied in different questions intretato their different content. However, for all
guestions Category 3 stands for the most compigtiaueation, Category 2 refers to an
explanation where the student needed to providiogtkpmore information to match with the
conclusion reached, while Category 1 stands farsifically correct response, where only the

correct conclusion is provided by the student.dawh one of the questions, the overall number
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of students’ explanations in each category wastifies both in pre- and post-test and the
differences in the numbers of the students in eabdgory were calculated (posttest — pretest).

The field notes from the observations were usedtespret the results.

RQ3 How do students respond to weak or fallacious amus? What is the change (if

any) in the way students respond to such argunsdtes participating in the course?
The second part of the open-ended questionnaiexplaining and arguing was used (items 7-
10) in order to identify students’ ability to recoge fallacies common to argumentation. For
each one of the items, students’ responses welgzadaqualitatively and typical patterns on
responses were identified. The primary aim of tha&ysis has been to investigate whether
students manages to identify the weakness or tlaeyan each argument. The overall numbers
of the students’ responses in each category wéealated both for the pre- and the post-test

and the numbers were compared.

RQ4 What is the change (if any) in the quality of studewritten arguments after
participating in the course?
In order to investigate the quality of studentgjuanents, attention was turned to items 7, 8 and
9 which were analyzed under the following ration&esearch evidence suggests that the skill
of argument is linked to an understanding of howetaut another’s point of view (for example
Kuhn, 1991). Therefore, the quality of an argunwnild be judged on the presence or absence
of rebuttals. Under such a rationale, studentdimwents were classified in three broad
categories: low-level arguments, middle-level argata and high-level arguments. When an
opposition consisted of only counter arguments\eat a simple claim versus a counter
claim, it was perceived to be a low-level argum&When an argument consisted of claims with
data or backings but with no rebuttals, it was rdgd as a middle-level argument. On the other
hand, when rebuttals were evident and were in diegerence to a piece of evidence (data,
warrant or backing) offered - thereby engaging i present argument - it was considered a
higher level of argumentation. This theoreticahfeavork for analysing scientific arguments in
terms of the quality is similar to Erduranal’s (2004) methodological approach. In Erduran
et al’s (2004) study, though, this framework was usedrtalyze interactive discourse in small
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groups and five levels on the quality of argumeatetvere formed, given that data from

interactive discourse could be richer (more tham @buttals could be possible).

4.5. The rigor of the study

Following the description of the research desigtenéion is turned to the rigor of this study,
which mainly concerns the degree to which the ptoces of data collection, analysis and
interpretation inform the research questions. tgpe of research, while discussing the rigor
of the study, issues about validity and reliabiéitg prominent. Cohegt al. (2000), suggest

that these terms can be applied in both the qtigétand quantitative research, but the way by
which they are addressed in the two approacheesvarhis study was conducted under the
mixed research paradigm; therefore, a combinatidheoways by which validity and reliability
are addressed in qualitative and quantitative pgmaslis used, in order to establish the

trustworthiness of the research.

In terms of the research design, threats to vglalié minimized in this study by selecting the
appropriate methodology to answer the researchtiquneswithout being constrained by
guantitative or qualitative research orientatidnghe mixed methods design that has been
used, the research questions are fundamental, thieilmethods follow in a way that offers the
best opportunities for answering the questionss Tbelieved to introduce more rigor into the
study, in comparison to mono-method investigatidosinson & Christensen, 2004). Moreover,
the credibility of the findings and the interprétat is established through data and methods
triangulation, the prolonged engagement of theareber to the field and persistent observation
(Cohenet al, 2000). Finally, reliability as a measure of cetesncy over similar samples is

tried to be established by conducting the researthio years, for two different sets of
participants having similar educational backgrouritdshould be noted, though, that the
findings of this study do not claim to be universabe generalized to the wider population;
rather they should be interpreted as dependabileoeducational and cultural context, which

has been discussed earlier in this study (viewi@edt 3).
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In the stage of the data gathering, a standardestdvas used (FCI), for which reliability has
been established through extensive use by otheamasers. For this test face and content
validity have been established through the suppfdiie numerous physics instructors, who
have used the test (Savinainen & Scott, 2002)mifomize the threats to validity from
ambiguities in the translation from English to Gegeeer debriefing took place, as mentioned
before. As for the open questionnaire that has bised, the clarity of the items, instructions
and layout was checked by peer debriefing duriegpilot stage of this research. The criteria
and the rationale under which the items were satieshve been discussed in detail before, in
an effort to demonstrate that it covers comprelvehsihe domain that it purports to cover

(establishment of content validity).

As far as the observations and the fieldwork arecemed in the stage of the data gathering, an
issue that might have affected the rigor of thislgtis the extent to which the researcher has
affected what has been observed by her presersteutd be noted, though, that especially
after the first week of the unit, the studentststhto be confident with the presence of the
researcher and not being distracted by it. In aditlthough the participants were informed
about the general aims of the research, they waraware of the patterns of the observation;
this increases the confidence that the participdidtsot respond to the evaluation conditions
and they did not regulate their behavior from fesakbgained from the observer. Another issue
that concerns validity during fieldwork is the pamal bias of the researcher, especially in the
view of her double role as a participant in ongystaf the research and an observer in another
stage. Any possible effort has been made by theareker to function separately in these two
roles; however, it should be noted that this isaagmal position and difficult to sustain. The
prolonged engagement of the researcher to the fleddigh, gives confidence that the
researcher —like any other data collection instmtmieas been refined, through training, to be

attentive and responsive to data gathering thrabighmethod.

Finally, in the stage of the data analysis, tridagion methods have been used, in a way that
the weaknesses of one method are minimized bys@eilanother method (for example
standardized questionnaire and field notes for R@&}thods triangulation is believed to

establish credibility in the research (Lincoln &6z, 1985). The credibility criterion has also
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been addressed in the stage of data analysis threegative case analysis, which involves the
refining of the findings until all known cases aecounted for. In the analysis of the open
guestionnaire, data was analyzed inductively, ratien using a priori categories, while during
the analysis regular attempts were made to find thett refuted preliminary assertions. In
Chapters 7 and 8, which provide the results ofidia analysis in the area of scientific

argument, the attempts to address the credibilitgrmon will be exemplified.

4.6. Ethical concerns

The American Education Research Association stasd®&fERA) have guided this research
study, as far as ethical issues are concernedetigarticipation in the study was voluntary

in all stages of the research. In the first dathefunit each year, the researcher described to the
students the features and the aims of the studypfdspective participants of the study were
adults; therefore consent was obtained by therman8y their parents or their legal guardians.
Given the large number of students who were erdafehe unit, for the use of the data from
the FCI and the open-ended questionnaire passinsenbwas asked. Before the
implementation of the tests (both pre and postgestts were reminded that this procedure was
not a part of the exams, that it had nothing tovith their grades and that they had the freedom
not to participate in the procedure. The studemievalso reminded that they were free to
withdraw from the study any time without prejudid&oreover, students were assured about
how confidentiality would be achieved in the resbailhe names of the participants remained
confidential during study, while the instructortb& unit had no access either to the names of
students who had given consents to participate tire data. All data collected are secured and

only the researcher has access to them.

Summary

This study was conducted under the mixed-methagbreb paradigm, according to which the research
objectives and questions are fundamental, whilegbearch methods follow in a way that offer thst be

opportunities for answering the questions. A mixegthod research design was constructed to achieve
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the research objectives, which was developed aptéimented in three stages: the pilot work, the firs
year of research and the second year of researshott, this research is an evaluation study,
formative/participatory in the first stage and suatiwe/non participatory in the other two stageshim
pilot work done for the study, the main aim wag#in an insight to the class environment and to
conceptualize the research. Thirty nine studentstitated the research population in this stagethed
following data sources were used: the FCI, studentsn papers, unstructured and semi-structured
participant observations of the lessons and fietesy informal interviews with the instructor. The
outcomes of the pilot work led to the modificatitie redevelopment of the unit and contributed & th
design of the main research. In the main stagkeofdsearch, thirty five students constituted the
population of the study in year 2005-06 and fottidents in year 2006-07. The following methods of
data collection were used in this part of the stinlyprder to achieve the research objectivesFbe

an open ended questionnaire about explaining andray; unstructured and semi-structured participant
observations of the lessons and field notes; Thégter provided a detailed account on the procedure
followed to analyze the data collected by the alsmueces, in relation to each one of the research
guestions. The trustworthiness of the researchestblished by a combination of the ways by which
validity and reliability are addressed in quaniiatand qualitative research paradigms. Finallg, th

AERA standards guided this research, as far asattissues are concerned.
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CHAPTER 5

Results on the area of conceptual understanding

This chapter addresses students’ conceptual uaddist on introductory mechanics and
presents the research results for this area oy stagbarticular, the main research question,
which is relevant to this chapter, is given below:
RQ1: What is the change (if any) in students’ congaptinderstanding on basic
mechanics after participating in the course?
In order to investigate this research questiora dativing from the FCI was used and analyzed
for the two years of study, as explained in Sedligh3. The first part of this chapter (Section
5.1) focuses on the results of the first year oflgt which relate to the above-mentioned
guestion. Then, in Section 5.2 attention is turttetthe second year of implementing the
innovation and the according results are givenalRinin Section 5.3 the results of the two
years of study are compared, so as to obtain avieweof the outcome of the implementation

as far as students’ conceptual understanding iserord.

5.1. Results of the first year of study

In the academic year 2005-06, thirty five studgratdicipated in more than half of the lessons
and constitute the population of the study. A sangblthirty four of these students completed
the FCI both in the beginning of the second weethefunit (pre-test) and in the last week of it
(post-test). For each student, the correct answwehe pre- and post-test were calculated and
are presented in Table 5.1. It is reminded thaFtBeconsists of 30 items, therefore students’
scores range from O (no correct answer) to 3Gl{alitems answered correctly). First, data was
analyzed using SPSS12, by calculating the meamrsaoithe pre- and the post-test. The
outcome of this analysis is shown in Figure 5.1vi&sved in this figure, the mean score for the
pre-test is 18.47 (61%), while the mean scoreHermost-test is 20.56 (68.5%). This result

suggests a positive change in students’ concephdsdrstanding, after participating in the
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course. The standard deviation both in the pre-thagost-test is small relative to the mean,
which suggests that the mean represents the ddtdneddition, the standard error both for
the pre- and the post-test is not relative to Hree mean, which indicates that the sample is

representative of the population.

Table 5.1: Students’ scores in the FCI (pre- and st-test, £' year of study)

Student 1 2 3 4 5 6 7 8 9 10 1 12 13 14 [5 (16 |118
Pre-score | 25| 25| 18| 22| 17 14 1 18 15 18 P9 18 |24 |20 |20 |27 |1
Post-score| 28 | 29| 26| 17| 22 1§ 1 21 17 13 19 28 |20 (21 |21 |16 | 28

Student 19| 20| 21 22 23 24 26 26 2
Pre-score | 17 | 7 14| 20( 30 8 23 1 21 26 2
Post-score| 17 | 17| 13| 23| 30 171 2 1y 2

Ay
NS4
[e¢]
o
©

30 |31 |3B| 34

[¢8)
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[ee)
w|

16 28 |13 |11 |20

Figure 5.1: The output of the SPSS analysis, congeng the mean scores in the pre- and post-test®{year of
study).

Descriptive Statistics

N Mean Std.
Statistic Statistic Std. Error Statistic
PreTest 34 18,47 1,080 6,297
PostTest 34 20,56 ,917 5,350
Valid N (listwise) 34

In order to investigate whether the positive changgudents’ conceptual understanding is
significant, the differences between the samplenme@aere compared. First, in order to decide
whether a parametric or a non parametric testpsagpiate for the comparison, the data was
tested for normality: the histograms of the pred #re post distributions were constructed and
compared qualitatively with a normal curve (viewiiie 5.2 for the output of the SPSS
program), while the Kolmogorov-Smirnov and the St@apVilk tests were implemented to see
if the distributions are significant different fromermal distributions. The output of the
implementation of the tests of normality is showrFigure 5.3. As viewed from the
histograms, the distributions of the pre- and mzgt do not seem to be close to normal
distributions. However, as seen in Figure 5.3 rnitienality tests conducted are non significant

(p >0.05); this outcome suggests that the distrilmstiof the two samples are not significantly
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different from normal distributions. Therefore, ar@metric test can be used to compare the two

sample means (between the pre and the post-test).

Figure 5.2: The histograms of the distributions othe data (pre and post-test, % year of study)

PreTest
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Mean = 18,47
Std. Dev. = 6,297
N=34
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Figure 5.3:
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PreTest

30
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PostTest

10—

Mean = 20,56
Std. Dev. = 5,35
=34

10

15

20 25

PostTest

The output of the SPSS program, in term of testing the data for normality (' year of study)

Tests of Normality

KoImogorov-Smirnova Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
PreTest 114 34 ,200* ,965 34 ,335
PostTest ,129 34 ,161 ,943 34 ,075

*. This is a lower bound of the true significance.

a. Lilliefors Significance Correction

A dependent t-test was implemented to investigdtetiaer the difference in the mean scores

between the pre- and the post-test is statistisailiyificant. The output of the SPSS analysis is

shown in Figure 5.4. In this figure, the first @lshows a summary of statistics for the pre- and

post-data (similar to Figure 5.1), which has beienussed previously in this section. The

second table presents the Pearson correlation eetiie two conditions. The correlation

coefficient is fairly larger(= 0,708) and the significance valugis 0.05, a result which

shows that the pre- and post-scores of the studeatsignificantly correlated, meaning that

there is consistency in students’ pre- and pogteneses. The third table shows whether the

76



difference between the means is large enough rw# tochance results, therefore it shows
whether the difference is statistically significafs viewed in this table, the two-tailed
probability is very low |y = 0.011), meaning that there is only 1.1% proligttihat a value of t
this big could happen by chance. In addition, fifiecesize - defined as r =%t (+df)}? —

was calculated = 0.42, which a fairly large effect, as it is clded).5, the threshold for a large
effect according to Cohen (1992). Therefore, as agchaving a statistically significant
positive change in students’ performance in the, H& effect is large and so represents a

substantive finding.

Figure 5.4: The output of the SPSS analysis (depeent t-test, T' year of study)

Paired Samples Statistics

Std. Error

Mean N Std. Deviation Mean
Pair PreTest 18,47 34 6,297 1,080
1 PostTest 20,56 34 5,350 ,917

Paired Samples Correlations

N Correlation Sig.
Pair1 PreTest & PostTest 34 ,708 ,000

Paired Samples Test

Paired Differences

95% Confidence
Interval of the

Std. Error Difference
Mean [Std. Deviation| Mean Lower Upper t df Sig. (2-tailed)
Pair 1 PreTest - PostTgd -2,088 4,535 778 -3,671 -,506 -2,685 33 ,011

Data from FCI was also analyzed as proposed by KE8@8). Given that the vast majority of
other interactive units have evaluated studentsteptual understanding by means of the gain
percentage (view Chapter 3), such an analysis pethe comparison of the outcomes between
this unit and other reported in the literature. Ghae percentage <g>, defined as

<g> = (% <post> - % <pre>) / (100 - % <pre>), wakalated 0.18; therefore, according to
Hestenes’ classification, the course falls in #gion of low-g courses (view Section 4.3.4). On
average, for the®lyear of study, the output of the t-test suggésis students scored
significantly better in the post-test (M20.56,SE =0.917), than in pre-testA(= 18.47,SE =
1.080,t (33) = -2.685p <0.05,r = 0.42). Therefore, there was a significant positkrange in

students’ conceptual understanding. In additioa ahalysis of the data, as proposed by Hake,
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signifies that the course falls in the categorioaf-g courses (<g> = 0.18). These results will
be discussed in relation to the ones obtaineden§dtond year of study, right after the

presentation of the results fdi"3ear in the following section.

5.2. Results of the second year of study

During the second year of study (academic year B0)6although forty students participated
in more than half of the lessons, only twenty troEthem completed the FCI both at the
beginning and at the end of the program. This westd the fact that at the last week of this
semester (when the post-test was implemented)#iuidesre exercising abstinence from
courses demonstrating against new laws concerngiggheducation; as a consequence most
of them did not come to the lessons. The small &aofstudents for this year is a limitation of
this study and will be taken into consideration witge results will be discussed in Chapter 9.
Nevertheless, for the sample of the 24 students,s@mpleted both the pre- and post-test,
procedures of data analysis similar to the previ@mas were implemented. First, the correct
answers in the pre and post-test were calculatdcenpresented in Table 5.2. The mean
scores in the pre- and the post-test were calaulaag SPSS12 and the results are presented
in Figure 5.5. Given that the mean score for tleetpst is 20.50 (68.3%) and the mean score
for the post-test is 22.5 (75%), there a positivenge in students’ conceptual understanding in
the second year of study. Given that the standavéation is small relative to the mean both in

the pre and the post-test, the means represedathavell.

Table 5.2: Students’ scores in the FCI (pre- and t-test, 2% year of study)

Student 1 2 3 4 5 6 7 8 9 10 1@ 12 13 14 15
Pre-score | 24 | 20| 13| 15| 14 28 21 16 22 5 21 16 (11 (23 |29
Post-score| 21 | 19| 18| 21| 16 29 2 i 29 1 19 13 [17 (26 |30

N e

Student 16| 17| 18/ 19 20 21 22 23 24
Pre-score | 28 | 20| 29| 30| 18 14 2 26 13
Post-score| 26 | 28| 30| 29| 25 1§ 2 26 17
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Figure 5.5: The output of the SPSS analysis, coneeng the men scores in the pre- and post-test'f2year of
study).

Descriptive Statistics

N Mean Std.
Statistic Statistic Std. Error Statistic
PreTest 24 20,50 1,222 5,985
PostTest 24 22,50 1,110 5,437
Valid N (listwise) 24

Similar to the procedures followed for th®ylear of study, the data for th&gear of the
implementation was tested for normality. Figure $héws the histograms of the distributions
of the pre- and post-data, while Figure 5.7 prestre output of the SPSS tests of normality.
As viewed there, the tests are non significart@.05), therefore a t-test was implemented to
investigate whether the change between the prepasidscores is significant. The output of the
SPSS analysis is shown in Figure 5.8. As viewdtiénsecond table in this figure, the
correlation coefficient is large € 0,827) and the significance value is p < 0.8Brefore, the
pre- and post-scores of the students are signtficaarrelated, meaning that there is
consistency in students’ pre- and post-responsesddition, as viewed in the third table of this
figure, the two-tailed probability is very loy € 0.008), therefore there is only 0.8%
probability that a value of t this big could hapgm®nchance. In addition, the effect size -
defined as r = {t/ (P+df)} > — was calculated= 0.47, which a fairly large effect, representing
a substantive finding. On average, the output eftitest for the second year of study suggests
that students scored significantly better in thetgest (M= 22.50,SE =1.110), than in pre-

test M = 20.50,SE =1.222,t (23) = -2.881p <0.05,r = 0.47). Data was also analyzed by
means of the gain percentage (Hake, 1998), sinaildre ' year of study. The g percentage
was calculated <g> = 0.21, which denotes that these falls in the low-g courses according to

Hestenes’ classification, similar to the first yeastudy.
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Figure 5.6: The histograms of the distributions othe data (pre- and post-test), ? year of study
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PreTest PostTest

Figure 5.7: The output of the SPSS program, in term of testing the data for normality (2% year of study)

Tests of Normality

KoImogorov-Smirnova Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
PreTest ,149 24 ,181 ,934 24 ,120
PostTest ,157 24 ,131 ,915 24 ,046

a. Lilliefors Significance Correction

Figure 5.8: The output of the SPSS analysis (depeeut t — test, 2° year of study)

Paired Samples Statistics

Std. Error
Mean N Std. Deviation Mean
Pair PreTest 20,50 24 5,985 1,222
1 PostTest 22,50 24 5,437 1,110
Paired Samples Correlations
N Correlation Sig.
Pair 1  PreTest & PostTest 24 ,827 ,000
Paired Samples Test
Paired Differences
95% Confidence
Interval of the
Std. Error Difference
Mean Std. Deviation Mean Lower Upper t df Sig. (2-tailed)
Pair 1 PreTest - PostTest -2,000 3,401 ,694 -3,436 -,564 -2,881 23 ,008
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5.3. Comparing the results between the two years sfudy

In order to compare the results on the changeuotesits’ conceptual understanding between
the 1st and the 2nd year of study, it is importanhvestigate at first whether there is a
significant difference in the two groups of papi@nts before participating in the unit, in terms
of their conceptual knowledge. If one of the twougrs performed significantly better in the
pre-test than the other group, then this could faet@r affecting a possible difference in the
results between the two years of study. Giventti@focus now is on differences between the
overall means of two different samples, an indepantitest was implemented. The output of

the SPSS analysis is presented in Figure 5.9.

Figure 5.9: The output of the SPSS analysis conceng the comparison of means in the pre-test betwedhe
two years of study

Group Statistics

Std. Error

group N Mean Std. Deviation Mean
PreTest 0 34 18,47 6,297 1,080
1 24 20,50 5,985 1,222

Independent Samples Test

Levene's Test for
Equality of Variances t-test for Equality of Means
95% Confidence
Interval of the
Mean Std. Error Difference
F Sig. t df Sig. (2-tailed) | Difference | Difference Lower Upper

PreTest Equal variances

assumed ,015 ,902 -1,234 56 ,223 -2,029 1,645 -5,325 1,266

Equal variances

not assumed -1,245 51,196 ,219 -2,029 1,631 -5,303 1,244

The first table in this figure shows that the meaare of the pre-test in th& gear of study is
18. 47 with a standard deviation 6.297, while tbeoading numbers for the 2nd yeaMs=
20.50 with a standard deviation of 5.985. Althotiggre is difference in students’ pre-score
between the two years of study, the second tabfegoire 5.9 suggests that it is not
significantly important. Indeed, the significandete test ipp = 0.223, which is bigger than
0.05, therefore the means of the two groups arsigaotficantly different. On average, the
students of the™ year of study achieved better scores in the mef= 20.50,SE=1.222) in

! Given that the significance for the Levene’s Tafstquality is p > 0.05, equal variances can berass!;
therefore the results reported are the ones ififsteow of the table, labeled Equal variancesiassd.
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comparison to the pre-scores of students in theear M= 18.47,SE=1.080); however this
difference is not statistically significartt(66) = -1.234p>0.05). Therefore, it can be assumed
that students’ conceptual knowledge before padiang in the unit in the two years of study

was similar.

As evident from the presentation of the resulttheprevious sections of this chapter, both for
the two years of study and on average, student&nmeed significantly better in the post-test
than in the pre-test; therefore, there was a statily significant positive change in students’
conceptual understanding. Indeed, comparing thexrpa&ed differences between the two
years (view Figures 5.4 and 5.8), it is evident thay are almost identical, i.8l=-2.088 and
SE=0.778 for the T year andVi=-2.000 andSE=0.694 for the ¥ year. In addition, the <g>
scores were similar, calculated as 0.18 and 0.2théof' and the ¥ year accordingly,
signifying that for both years the course fall$hie low g category according to Hestenes’
classification. From the lines above it becomed@vi that there is consistency in the results of
the study between the two years, in regard ofitseresearch question. This increases the
confidence on the reliability of the research,afided as consistency and replicability over
different groups of students, with no significaiffetence in their conceptual knowledge

before participating in the unit.

Yet, although the increase is students’ conceptodérstanding is statistically significant, it
should be noted that it is rather low. Indeed,aherage increase in students’ scores for both
years is almost 7%, while the outcome of the pilotk (view Section 4.3.4) indicated an
increase of almost 16% in students’ conceptual istaeding. In addition, focusing in the

<g> scores, the course falls in the region of loesgrses, while most of the interactive
teaching programs, which were discussed earligrarthesis (view Chapter 3), reported that
they fall in the medium-g courses category- sintitathe course in the pilot work. However, it
should be reminded that both in these interventaasduring the pilot work of the study,
students were provided by the teacher with theecbanswers in the conceptual questions. In

contrast, in the two years of implementing therveation, the instructor neither took sides,

2 The average in students’ pre- scores in the pitok was 19 out of 30, comparable to the averagespores in
the two years of the main research; thereforediffierence in the increase in conceptual knowlecly@ot be
attributed to differences in the conceptual knogketdetween the samples, before entering the course.
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when competing views were discussed, nor providedgtudents with the correct answers in
the multiple choice items discussed in the clasardo such a learning environment some
students may be led to confusion concerning wheasthentifically accepted theory is. This
may be an explanation of why the conceptual gathiswunit is lower than the one in units, in

which students are provided with the correct answer

However, it should be noted that when the corrasivrs are provided to the students, there is
a danger that some students memorize the informptiavided by the instructor at the end of
the discourse, without achieving a meaningful cptca conflict. As a result, these students
may not manage to achieve deep understanding abtingepts and theories discussed. In
contrast, when students decide on their own abmgming or rejecting the competing theories
discussed in this classroom, the danger of rotaileg of the ‘correct theory’ is minimized.

The point made here is that the progress in ststeohceptual understanding may be rather
low in comparison to other interactive units, ldusistatistically significant and it is the
outcome of the students’ interactions, rather thamote learning of the scientific knowledge
provided by the instructor, without deep understagdGiven that the issue of achieving deep
understanding through interactive and cognitivefletrpedagogies has been raised in a
number of other research studies (view Sectior8).the point made above will be discussed

more extensively in Chapter 9.

Summary

This chapter relates to the area of students’ qioeeunderstanding and provides the researchtsesul
on RQ1. Results for the two years are similar; itiseases the confidence on the reliability of the
research, defined as consistency over differentpgof students, with no significant difference in
conceptual knowledge before participating in therwention. For both years of study, the data asly
showed that there is a significant positive changdudents’ conceptual understanding, after
participating in the course. The increase, thoigjrather low in comparison to other interactive
courses, while for both years of study the coua#ie in the category of low-g courses according to
Hestenes' classification. This could be explaingdhe fact that students in the course are notigeav
by the correct answers by the instructor, as iermititeractive courses reported in the literat¥e, the

progress in students’ conceptual understandingbeawther low in comparison to other interactive
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units, but it is statistically significant and $tthe outcome of the students’ interactions, rattiem the

rote learning of the scientific knowledge providadthe instructor, without deep understanding.
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CHAPTER 6

Results on the area of scientific explanations

This chapter focuses on the area of study, whiclt@ms students’ scientific explanations on
introductory mechanics. Following the proceduredaih analysis, as presented in Chapter 4, it
provides the research results, which relate ts#&wend objective of this study:

RQ2: What is the change (if any) in students’ abildyprovide correct and

concise scientific explanations on basic mechaafites participating in the

course?
In order to investigate this research questionfiteepart of the open-ended questionnaire was
used (items 1 to 6). Students’ responses to tiheses iwere categorized in terms of both the
content and the quality, as described in SectidrB4At first, this chapter presents the coding
categories that emerged from the students’ ansieeesaich one of the questions (Section 6.1).
Then, Section 6.®bcuses on the content of students’ explanatiodspa@sents the research
results on students’ ability to provide correcestific explanations on introductory mechanics,
both before and after participating in the unit,tfee two years of study. Finally, in Section 6.3
attention is turned to the quality of students’lexations; this section gives the results on
students’ ability to provide concise explanatiopthlin the pre- and post-test, for the two years
of implementing the innovation. Comparing pre andtstudents’ performance on the field,
any change in students’ ability to provide cori@atl concise scientific explanations is
identified.

6.1. Coding categories in students’ explanations

The first step on the analysis of students’ sciientixplanations involved their classification in

terms of scientific reasoning content. As mentiome@hapter 4 (view Section 4.4.3), for each
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one of the six items of the questionnaire, studeasponses were classified in four broad
categories:
a) Appropriate explanationghey include scientifically accepted ideas alibat
phenomena;
b) Inappropriate explanationghey include student’s alternative ideas about
phenomena;
c) No explanations with justificatiothe students comment that they do not know and
explain the reasons;
d) No explanationsno explanation is given or the response is ivai to the question
asked.
Then, attention was turned to the appropriate exgtians, which were classified in terms of
their quality (defined as the degree to which tiferimation provided by the student is enough
to back up the explanatory conclusion reachedex&snplified in the following lines of this
section, the properties of this category variedelation to the different content of each item.
Yet, for all the items the categories that werenfed involved the following:
a) Category 3t stands for the most complete appropriate expians, where all the
needed information is provided by the studentackiup the explanatory conclusion;
b) Category 2:t involves the cases where more information is ne¢aléack up the
explanatory conclusion;
c) Category 1:lt refers to appropriate explanations, where diné/correct claim is
provided by the students.
The following lines present the categories thateermed from students’ responses to the six
items of the questionnaire. A brief discussion owlstudents’ responded to each item is

provided, while extracts from students’ answerawgdy the attributes of each category.

Item 1: The first item of the questionnaire (view Tabl&)@addresses a common misconception
among students, in the area of the free fall ofidmdrhe time that a body needs to fall is not
related to its mass, under the condition that isaststance from the air or when the air
resistance is negligible. Yet, a common alternatimeception among students is that heavier
objects fall faster than the lighter ones. It sddug noted that even when the resistance of the

air is not negligible, the time of falling does rmotly depend on the mass, but on the shape of
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Table 6.1: The coding categories that were formeddm students’ responses to Question 1

Question 1

Categories

in terms of the
content

Categories in
terms of the
quality

Description

Appropriate
explanations

Category 3

Containing law/principle AND the appropriate dataN the correc
conclusiol (AND the conditions)

Example ‘If the resistance of the air is negligible, thalls reach the
ground at the same time, as x=1, x is the same and g the same for
two balls.

the

Category 2

Containing law/principle AND inefficient data ANDborect cinclusion
OR

law/principle AND correct conclusit

OR

appropriate data AND correct conclusi

Example ‘The balls reach the ground at the same time, &stge same fo
the two ball and fall from the some heig

Category 1

Containing only the correconclusion

Example: ‘The balls reach the ground at the sammet

Inappropriate
explanations

Containing misconceptions

Examples

' The force that accelerates the two balls is the esatherefore the
acceleration is the same, therefore they reac ground at the same time’

‘The heavier ball needs half the time to reachdhegund, because the for
from the air is the same on the two ba

‘The heavier ball needs half time to reach the gihubecause th
gravitational force is double. Therefothe acceleration is double’

No explanation

with justification

The student stated that he/she does not know giidieed the reasor

No explanation

No answer was given or the response was not nefetoi the questic
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the object as well. The categories that were forfread students’ responses in this item are
presented in Table 6.1. As illustrated there, endhpropriate explanations in this item the
students state that the balls reach the grourfteagame timand provide scientifically correct
facts and reasons to back up their claim (whereipdanation contained more than the
conclusion). Inappropriate explanations in thisii@clude responses containing
misconceptions, which are evident either in théntlar in the reasoning, or in both. For
example, some students respond correctly thatrtheeis the same, yet they argue that this is
because the force exerted in the two balls isan@es which is incorrect given the difference in
the mass of the two balls. Another misconceptvdent in some students’ explanations is that
the heavier ball needs less time to reach the groimterms of the quality of appropriate
explanations, the most complete explanati@ed€gory 3 include the cases where the students
provide the correct claim (the time is the sam&pmect principle or law (in free fall x depends
on the time of falling and on g or x=1/2%) t the appropriate data to back up the claim (hés
same, given that they fall from the same high aisltje same) and the conditions under which
the claim is correct (when the resistance of thésaiegligible). An example of a students’
response, which falls in this category, is providedable 6.1. IrCategory 2explanations,

more information is needed to back up the conciustached. For example, in the explanation
‘The balls reach the ground at the same time, astlge same for the two balls and the fall

from the same high{which is provided as an example in the tablali category), a law or a

principle is needed for the explanation to be catgl

Item 2: This question (view Table 6.2) is more demandivantthe first one, as it refers to
motion in a plane. It requires from the studentspdit’ the motion of the object in two
unrelated movements (on a vertical and horizontisl) @nd then combine the characteristics of
two movements to one, so as to come up with theecbconclusion. Although the horizontal
distance that the two balls fall is the same (itnigelated to their mass), a common
misconception among the students is that the hebalereaches the ground at a closer point
than the lighter one (yet, not necessarily in tafdistance). As illustrated in Table 6.2, in
student’s responses both the scientifically corigieas and alternative conceptions can be
identified. In terms of the quality, the most coetplappropriate explanations are the ones in

which students offer the appropriate principle épendence of motion in the two axes),
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Table 6.2: The coding categories that were formeddm students’ responses to Question 2

Question 2

Categories

in terms of the

Categories in
terms of the

Description

content quality
Category 3 |Containing laws/principles AND the appropriate d#&&D the correc
conclusion (AND the conditions)
Example:'The trajectory results from the independence ofiom along
the horizontal and vertical directions (the verficaotion is unaffected by
the horizontal motion of the balls). In x-axis thés no force, therefore the
velocity of the ball is stable and x=ut (1). In theaxis, if there is no air-
resistance, then the object falls freely, therefpré/2gf. The balls fall
from the same high, therefore the time of fallinghie same. Therefore,
from (1), it is concluded that x is the same, tfamethe two balls reach
the ground at the same horizontal distance).
Appropriate Category 2  [Containing laws/principles AND inefficient data ANfdrrect conclusic
explanations OR
laws/principles AND correct conclusi
OR
appropriate data AND correct conclusi
Example ‘The balls reach the ground at the same horizonliatance, as
x=ut and the time of falling is the same, as | rwmgd in the previou
question.
Category 1 |Containing only the correct conclusi

Example: ‘The balls reach the ground at thme horizontal distance’

Inappropriate
explanations

Containing misconceptions

Example:The gravitation force is bigger in the heavier balherefore it
will reach the ground in a closer horizontal distanthan the heavier on
but not the half’

No explanation

with justification

The student stated that he/she does not know gridieed the reasor

Example:| don’t know, it seems complicated’

No explanation

No answer was given or the response was not nefetoi the questic
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provide the appropriate formulas for each motieach the correct explanatory conclusion and
acknowledge the conditions under which the conolug valid. An example of a students’
answer in this category is provided in Table 6n2ZCategory 2explanations, a premise or more
from the above is missing. For example, the studeesponse illustrated in the table was
regarded as @ategory 2explanation, given that there is no referencé¢ondependence of

motion in the two axes, and the condition undercivlthe conclusion is valid.

Item 3: Question 3 (view Table 6.3) can be regarded ampleitem, both in terms of

scientific knowledge demand and in terms of compjein contrast to the previous item,

which required a combination of principles and datas to result to a correct explanatory
claim, this one requires the knowledge and thetgli apply properly the'3Newton’s law.

As viewed in Table 6.3, students’ appropriate exgl@ns in this item are the ones mentioning
that the two forces have the same magnitude, resgardf the difference in masses between the
two vehicles. In terms of quality, the less contplppropriate explanations consist only of the
conclusion (for examplel agree, the two forces have the same magnitudeoppdsite
directions); in Category 2explanations, the students state that they agréenade simple
reference to the principle used, while in the noashplete explanation€ategory 3 the

students apart from the above made reference tootiitent of the principle used (for an
example view Table 6.3). Student’s inappropriatel@xations contain the following
misconceptions: some students believe that the moaignof the two forces depends on the
relevant motion of the two bodies: the bigger fascexerted by the vehicle which pushes the
other one during the collision. (In the first exdenprovided in Table 6.3 for this category, the
misconception is that force depends on the velpciBther students make an inappropriate
application of the ¥ Newton’s law (F = ma), arguing that the mass of the lorry is bigger;
therefore, the force that it exerts to the canggér than the one acting on it. Another
misconception evident in this item is that ttNiewton’s law can not be applied in this
situation, as it stands only when the forces at@@on the same body. What is actually the

case is the opposite, given that tifeNBewton’s law refers to the interaction of two besli
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Table 6.3: The coding categories that were formeddm students’ responses to Question 3

Question 3

Categories

in terms of the
content

Categories in
terms of the
quality

Description

Appropriate
explanations

Category 3

Containing reference to law/principle AND the caritef it AND the correc
conclusion

Example:'‘According to the third Newton’s law, when a bakerts a force
a second body, then the second body exerts a dortlee first one with thg
same magnitude (E F,), Therefore, for this example during the collisi
the lorry exerts force on the car which has the sanagnitude as the on
that the car exerts on the lorry.’

D

e

Category 2

Containing law/principle AND correct conclus

Example ‘| agree, because of the third Newton’s law.

Category 1

Containing only the correct conclusi

Example: ‘F=F,’

Inappropriate
explanations

Containing misconceptio

Examples

‘It depends on whether the lorry is moving or ribit does not move, the
the car exerts bigger force than the force thatesde lorry to the car’

' | disagree because the third Newton law iplied only for two forces tha
are exerted on the same boi

‘According to the second Newton’s law the forcea®s on the mass a
the acceleration. The lorry has bigger mass thandér, therefore it exen
bigger force’

No explanation

with justification

The student stated that he/she does not know gridieed the reasor

No explanation

No answer was given or the response was not nefetoi the questic

Item 4:In relation to the fourth item of the questionegiview Table 6.4), as mentioned in

Chapter 4 (view Section 4.4.2) it is an item in @/hstudents confront difficulty in answering

(a result deriving from the pilot work of this sg)dThis difficulty can to be attributed to the
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fact that in order to explore this question, stuslereed to apply thé“Newton’s law for the
system, and the"2Newton’s law for the lorry to explain why the Igris moving. Indeed,

similar to the previous item, the two forces hawe same magnitude, as a result of te 3
Newton’s law. The motion of the lorry can be atiitidd to the fact that the force from the car is
bigger than the force of friction, therefore acdnerto the 2 Newton’s law it accelerates. The
categories that were formed from students’ respoimsthis item are illustrated in Table 6.4.

As it can be viewed there, the most complete apm@tgpexplanations contain the correct
conclusion, refer to thé®3Newton’s law and the content of it (most of thedents in this
category made a cross-reference to the previoustigador the content of this law) and

explain correctly why the truck is moving. Gategory 2explanations, one or more of the
above mentioned premises is missing. Most of tisgvars in this category include cases, where
the students do not explain why the lorry is movimigcould be argued here that only by
referring to the *§ Newton’s law is enough to back up the claim thattivo forces are the
same, similar to the previous item (question 3refore, these answers could be regarded as
Category 3explanations. The decision not to include theses#n the most complete
appropriate explanations was based on the followatignale: in the claim given to the
students there is the underlying assumption tleat#n pushes the track, therefore the force
exerted on the truck should be bigger so thatrdmktcan move. Third Newton’s law is enough
to back up that the two forces are of equal magsitbbut the question of why the lorry is
moving remains. This argument is evident in soradestts’ responses (view the example in the
category No explanation with justificationh Table 6.4). Given that in this study the notan

an appropriate explanation is both an explanahanis correct and that it is likely to promote
understanding in the other person, the explainesv($ection 2.2.1), it was decided that only
the responses, which also explain why the trackasing fall inCategory 3explanations. As

for the inappropriate explanations in this itenmeoof them contain the misconception that the
force acting on the lorry from the car is biggeheswise the lorry could not move. Another
misconception evident here, is that the lorry exbrgiger force, as it has bigger mass than the
car. Finally, misconceptions are found in the pdare of reasoning why the lorry is moving.

In the second example provided for the categofhaible 6.4, the student correctly comments
that the two forces have the same magnitude; hawskie attributes the movement of the lorry

to the fact that no friction force acts on it, whis incorrect.
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Table 6.4: The coding categories that were formeddm students’ responses to Question 4

Question 4

Categories

in terms of the
content

Categories in
terms of the
quality

Description

Appropriate
explanations

Category 3

Containin¢ reference to law/principle AND the content of INB the correct
conclusion AND explain why the lorry is movi

Example:‘According to the third Newton’s law, when a bakerts a force
a second body, then the second body exerts a éortke first one with the
same magnitude (E F,), Therefore the car exerts force on the lorry viahjc
has the same magnitude as the one that the loreytexn the car. The
lorry is moving because the force F is bigger thiaa friction.’

D

D

Category 2

~

Containing referenceo law/principle AND the content of it AND corre¢
conclusiol

OR

Containing to law/principle AND the correct condhu
OR

correct conclusion AND explain why the lorry is nioy

Example ‘I disagree, because of the third Newton’s law.

Category 1

Containng only the correct conclusion

Example ‘F=F,’

Inappropriate
explanations

Containing misconceptio

Example

‘The lorry is moving, therefore the force that tter exerts to the lorry i
bigger than the force that the lorry exerts to tae’

No explanation

with justification

The student stated that he/she does not know giidieed the reasor

Example:

‘I am sure that the ™ Newton’s law applies in this situation; therefdate
two forces have the same magnitude...But, if thiseixase how can the ca
push the truck, so as the track can move? | dknotv. | am confused

No explanation

No answer was given or the response was not nefetoi the questic
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Item 5: As viewed in Table 6.5, this item addresses a commisconception among students,
according to which when two bodies are at the saoséion, they have the same velocity. As it
can be viewed in the figure given to the studethts pbody that moves above the axis
accelerates, given that that its displacement as@® at equal and successive time intervals. In
contrast, the body that moves below the axis lesestelocity, as the displacement of the
body is the same at equal time intervals. The caiegthat were formed from students’
responses in this item are presented in TableSduslents’ appropriate explanations in this item
involve responses, in which the students statettigabodies do not have the same velocity and
provide scientifically correct facts and reasonbdok up their claim (when the explanation
contained more than the conclusion). As it canibe/@d in the examples provided in this table,
in the most complete explanatior3ategory 3 students provide enough and appropriate data
and reasons in order to explain why the two bodasot have the same velocities at positions
2 and 5. For example, some students commentethihaelocity is v =Ax/At, whenAt is

small; therefore, the velocity of the bodies is $hene when the displacement of the two bodies
is the same at equal and small time intervals; #ugythat this not the case at the above-
mentioned positions. Others argue that one ofwtloevehicles has stable velocity, while the
other accelerates; therefore, it is not possildé ttie two of them have the same velocity in two
positions. Students’ inappropriate explanation®ived mainly the misconception that the
instant velocity is defined as v = x/t, or that thstant velocity is v=AX/At, without the

limitation thatAt is small. Some examples of students explanatgaach category are given

in Table 6.5.

Item 6: The last item of the questionnaire (Question éywiable 6.6) is a rather difficult one,
as the results of the pilot work indicate. It addes some students’ misconception that the
weight of the body (W) always equals the nominatédrom the ground (N). Actually, W=N

is not a general law as some students believehbuiutcome of the®INewton’s law in some
cases (for example in horizontal ground and wheanther forces are exerted on the body). In
this question the body accelerates, therefore Yi¢eivton’s law does not apply here. Students’
most complete explanations in this items involvedepting the statement given to them and
referring either to the second Newton'’s law ortte first one to back up their conclusion (view
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Table 6.5: The coding categories that were formeddm students’ responses to Question 5

Question 5

Categories

in terms of the
content

Categories in
terms of the
quality

Description

Appropriate
explanations

Category 3

Students provide enough and appropriate data aasbme in order to
explain, why the two bodies cannot have the sanmciies at positions 2
and 5.

Example:

‘The fact that the two bodies have the same postioes not mean that
they have the same velocity. The first body hddestzelocity given that ha;
equal displacement in equal time intervals. Theosdcbody accelerates
given that its displacement increases in equal timiervals. The instant
velocity is defines as v #&x/At whenAt=>0. At position 24x; < A%,
therefore y < v,. At position 54%;, > 4x,, therefore y > v,'. (note: the
student has drawn correctly the displaceméntand 4x, in the figure)

[2)

Category 2

More information is needed to back up why the twdibs cannot have the
same velocities at positions 2 and 5.

Example:

‘At positions 2 and 5 the bodies have the sametiposi but not the same
velocities. The first one has stable velocity, @/ltile other one has stable
acceleration’.

Category 1

Cortaining only the correct conclusion

Example ‘The bodies have the same positions there, natdhee velocities’

Inappropriate
explanations

Containing misconceptio

Example:

‘'Given thatv=x/t, it becomes evident that the two bodies dbave the
same velocity at positions 2 and (note: the student has drawn the
positions x; and % in the figure)

No explanation

with justification

The student stated that he/she does not know gridieed the reasor

No explanation

No answer was given the response was not referring to the question
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Table 6.6 Category 3. In Category 2explanations, although most students stated tlods

not equal W because the person accelerates, tiey fa provide the law which relates the
forces with the acceleration. As far as inapprdprexplanations in this question are concerned,
a number of misconceptions are evident: some stsidgate that N= W as a result of tH& 3
Newton’s law, which is incorrect given that in tihésv the forces are exerted on different
objects; other students come to the correct coimciubat the two forces are unequal, but argue
incorrectly that this is because of another folee ts exerted on the body from the elevator.
Some examples of students’ responses in each cat@gopresented in Table 6.6.

It should be noted that the above - mentioned caitegwere refined after the data of both
years was gathered, in an effort to address ttlsligy criterion. During the analysis, regular
attempts were made to identify data that refutetippmary assertions, such as a priori
attributes that were given to the categories fornmedddition, regular discussions with
academics from the physics department from the &fsity of Crete in Greece provided
feedback while analysing students’ explanatiorteims of scientific reasoning content and
quality. In short, the above procedures were madeinimize threats to validity at the stage of
data analysis, such as subjective interpretatidghetflata, and the halo effect, where the
researcher's knowledge of the participants or otfa¢a about them influence subsequent

judgments.
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Table 6.6: The coding categories that were formeddm students’ responses to Question 6

Question 6

Categories

in terms of the

Categories in
terms of the

Description

content quality
Category 3 [Containing law/principle AND the appropriate dataNB the correc
conclusion
Examples:
'N#W because according to the second Newton’s Xw= ma. The
elevator accelerates, thereforé@ thereforeXF+£0.’
‘If N=W, thenXF= 0, which according to the®INewton’s law means tha
the elevator is not moving or that it moves withstant velocity. Howeve
here the elevator accelerates, therefadfet0, therefore MW'.
) Category 2 |Containing law/principle AND inefficient data AND omect
Appropriate conclusiol
explanations
OR
law/principle AND correct conclusit
OR
appropriate data AND correct conclus
Example “N#W because the elevator accelerates’
Category 1  |Containing only the correct cclusion

At

Example: ‘I agree, in this ca/N+W

Inappropriate
explanations

Examples

Containing misconceptio

' N=W, otherwise the man would not touch the flobthe elevatol
‘N#W, because there is another force that moves thar’
N-W, and if the elevator is moving up, N>W'

No explanation

with justification

The student stated that he/she does not know giidieed the reasor

No explanation

No answer was given or the response was not nefetoi the questic
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6.2. Results on the content of explanations

Based on the categories presented in the prevemt®s of this chapter, for each one of the
items 1-6 of the open-ended questionnaire, eactestiexplanation was identified in terms the
category which falls, as far as the content is eaomed. The overall number of students’
explanations fallen in each category for each #eam counted, both in pre- and post-test, for
the two years of study. The results of the datdyarsare presented below in tables. In
particular, Table 6.7 shows the number of studesplanations in each category in terms of
the content for each item both in the pre- and-pesttfor the T year, while Table 6.8 shows
the according numbers for th& 3ear of study. Given the difference in the sansize

between the two years of study, the percentageadh category are also provided below the

absolute numbers, for facilitating the comparisetwkeen the two years.

Table 6.7: The number of students’ explanations ieach category in terms of the content, for each ite, for
pre — and post-test (1 year of study — 33 students). The percentages greovided below the absolute

numbers.

Question 1 Question 2 Question 3 Question 4 Quegiid Question 6
Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post

Appropriate 23 28 14 19 24 32 24 27 21 22 5 14
(70%) | (85%) | (42%) | (58%) | (73%) | (97%) | (73%) | (82%) | (64%) | (67%) | (15%) | (42%)

Inappropriate 8 3 7 7 4 1 7 5 8 10 21 16
(24%) | (9%) | (21%) | (21%) | (12%) | (3%) | (21%) | (15%) | (24%) | (31%) | (64%) | (499%)

No 2 0 10 7 3 0 0 0 4 1 7 3
explanation | gos) | (0%) | 31%) | (21%) | %) | ©%) | ©%) | ©%) | @2%) | @%) | (21%) | (9%)

Explain why 0 2 2 0 2 0 2 1 0 0 0 0
they donot | “(ow) | (6%) | (6%) | (0%) | (%) | ©%) | (6%) | (%) | ©%) | ©%) | ©%) | (0%)




Table 6.8: The number of students’ explanations ieach category in terms of the content, for each ite, for
pre — and post-test (¥ year of study — 23 students). The percentages gveovided below the absolute

numbers.

Question 1 Question 2 Question 3 Question 4 Questi 5 Question 6
Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post

Appropriate 18 23 10 14 19 22 11 15 16 20 9 15
(78%) | (100%) | (43%) | (61%) | (83%) | (96%) | (48%) | (65%) | (70%) | (87%) | (39%) | (65%)

Inappropriate 4 0 5 5 4 1 11 6 6 3 13 8
(18%) | (0%) | (22%) | (22%) | (18%) | (4%) | (48%) | (26%) | (26%) | (13%) | (57%) | (35%)

No 1 0 8 4 0 0 1 1 1 0 1 0
explanation | 490 | (0%) | (35%) | (18%) | ©%) | (%) | 4%) | ©%) | (4%) | ©O%) | @%) | (%)

Explain why 0 0 0 0 0 0 0 1 0 0 0 0
theﬁ’n‘;sv“m ©0%) | ©%) | %) | 0% | 0% | (0%) | ©0%) | @%) | ©%) | ©%) | (%) | (0%)

Focusing on the appropriate explanations providethé students in each item before and after

instruction, data from the tables above are alesgarted in the format of charts, so as to

facilitate the interpretation of the results. Figé.1 below shows the percentages of students’

appropriate explanations, in the pre-and postitette six items of the questionnaire, for tiie 1

year of study, while Figure 6.2 presents the adngrgercentages for th8%year of research.

A first notable feature of these data is that ttseems to be consistency in terms of students’

appropriate responses in the pre-test across betaseen the two years. Indeed, focusing on

the pre-scores in Figures 6.1 and 6.2 it becomieleet/that for both years of the study the

easiest items were the third and the first onelenthe most difficult items were the second and

the sixth question. These results are also consii¢he pilot work done for the study. Only

in item 4, the pre-scores between the two yeafsrdibnsiderably (73% and 48% of

appropriate explanations for th& and the ya year of study accordingly), while the results of

the pilot work are in accordance with tH¥ gear results. The essential issue raised hehais t

for five out of six questions of the test, the itdifficulty does not seem to be dependent on the

sample; this result increases the researcher’sdsnde on the piloting of the test.
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Figure 6.1: The percentages of students’ appropria explanations, in the pre- and post test for the®lyear
of study for each item.
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Figure 6.2: The percentages of students’ appropriatexplanations, in the pre- and post test for the"2year
of study for each item.
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Focusing on % year of research, as viewed in Figure 6.1 , tleet@st percentages of
scientifically correct responses range from 15%tém 6) to 73% (in items 3 and 4), a
variance that can be attributed to the differandée difficulty of the items; the according
percentages for the post-test range from 42% (@eta 97% (in item 3). Turning attention on
the change of students’ performance on the fiekebich item, from Figure 6.1 it becomes
evident that in all the six items of the questiarm#he overall number of students, who
provided a scientifically correct explanation i thost-test exceeds the number of students
who provided an appropriate explanation in thetpse- Yet, differences in the progress in
scientific correct reasoning across the items ansiderable, varying from 3% (in item 5) to
27% (in item 6). As far as students’ performance#am 5 is concerned (in which there is only

a 3% increase in the number of appropriate explamait is worth noticing that this is the only
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item of the test, in which more students gave appnopriate explanation in the post- than in
the pre-test, as viewed in Table 6.7. A triangalatf these results with the researcher’s field
notes suggests that the variance in the prograssms of scientific reasoning content across
the items may reflect the outcome of students’alisge, when similar items were debated in
the classroom. For example, focusing on item %vhirch students appeared to progress only
3% in terms of scientifically correct content ahdithe only item in which more students in
the post-test gave an inappropriate explanatiom ithéhe post-test) the field notes suggest that,
when a similar item to this was discussed in thssrioom, at the end of the discourse students
seemed confused in regard of the scientificallyasdrexplanation. Although the voting system
showed that there was general consensus in re§étrd ocorrect conclusion, students disagreed
about the correct explanation. The researcher’'sasgion was that the class seemed to be
influenced by the opinion of one of the best stuslef the class, who held an incorrect
explanation on this item. Given that the instrudteld the role of the facilitator in the dialogue
and did not take sides or provided the correct answhile competing explanations were
discussed, he tried to initiate further conversatia the item both at this lecture and at the
following one; yet, the other students were notimgl to rebut the opinion of a good student.
What is important about this finding is that it pides an indication of the role of authority that
a person has during discourse, an issue that evllifcussed further later in Chapter 9 of the

study.

Turning attention to the"2year of study, Figure 6.2 illustrates that inth# items the post-test
percentages of scientifically correct explanationsiumber the according percentages in the
pre-test, a result consistent with the one of thgehr of study. In addition, similar to th& 1

year of study the easiest items were the thirdthedirst one, while the most difficult items
were the second and the sixth question, as exp&ciadhe pilot work of the study. Yet, as it
can be viewed in Figure 6.2, the progress in sifiecbrrect reasoning for thé'2year varies
from 13% (in item 3) to 26% (in item 6), which igyger than the progress of the previous year.
In addition, in contrast to the'year results, for the"@year of research, in none of the six
items of the questionnaire the inappropriate exatlans of the post-test outnumber the ones of
the pre-test. Indeed, as shown in the second rovable 5.8, in five out of six items fewer

students gave less inappropriate explanationseipdist- than in the pre-test, while in one item
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(question 2) the number of inappropriate explamati@mains unchanged. From the lines
above and in a first reading of the data it sedrasdtudents performed better in terms of
providing correct explanations in th&gear than in theSlyear of research. A possible reason
for this could be the difference between the twaugs of participants before participating in
the unit, in terms of their ability to provide cect scientific explanations. This is an issue
which was tested and will be discussed later is $lection, when the results of the analysis of

the questionnaire as a whole are provided.

After viewing each item of the questionnaire sefyaand aiming to obtain an overview of
the change in students’ ability to provide cormggentific explanations, data from the
guestionnaire was analyzed in the following wayfifst, counts of the number of explanations
of each category were made for all the items oftleeand the post-test for both years of the
study. This kind of analysis permits the comparigbthe total numbers of explanation of each
category provided by the students, regardlesseo$tientific area and the difficulty of each
item. The results of this analysis are presentdégares 6.3 and 6.4 for thé' and the ¥ year
accordingly. As evident from these figures, there is a shitha end of the intervention
towards more appropriate explanations and lesgpmogpate ones for both years of study. In
order to see whether the shift towards more appatgpexplanations at the end of the course is
statistical significant the following procedure waowed. For each student, the numbers of
appropriate explanations for all the items in the pand post-test was calculated and are
presented in Tables 6.9 and 6.10. There are &iiternhe test, therefore the numbers range

from O (no appropriate explanation in the tes® {@ppropriate explanations in all items).

! It should be noted that given the difference imshmple sizes, the number of total explanatiotsirdd the T
year are 198 (33students X 6items), while for tHey@ar are 138 (23students X 6items).
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Figure 6.3: Chart showing numbers of explanationsn each category in terms of content, as provided iall
the items of the questionnaire for the % year of study (n = 198)
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Figure 6.4: Chart showing numbers of explanationsn each category in terms of content, as provided iall
the items of the questionnaire for the % year of study (n = 138)
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A non parametric test was then implemehteithe Wilcoxon Signed ranks test-, so as to see if
there is a significant difference in the numbeappropriate explanations provided by the
students between pre — and post-test. Figuresd.5.& illustrate the output of the SPSS

program for the 1st and the 2nd year accordingly.

2 The data was tested for normality; the distrigioiolated the assumption of normality therefopmeametric
test is not appropriate for the analysis.
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Table 6.9: The number of appropriate explanations pvided by each student
(Pre- and post-test, T year of study)

Student 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1B
Pre-score 6 1 3 1 5 4 4 4 3 5 4 4 2 5 5 3 3 2

Post-score 4 5 4 2 4 5 3 4 4 5 3 5 2 5 5 5 4 4

Student 19 20 21 22 23 24 25 26 27 28 29 30 31 32
Pre-score 4 6 2 5 2 4 4 6 5 3 2 1 2 1 1

Post-score 4 6 4 4 4 4 6 4 5 4 4 4 5 4 6

Figure 6.5: The output of the SPSS program — Wilcan Signed Ranks Test —*1year of study

Ranks

N Mean Rank [ Sum of Ranks
post - pre  Negative Ranks 62 9,17 55,00
Positive Ranks 18 13,61 245,00
Ties 9°
Total 33
a. post < pre
b. post > pre
C. post = pre
Test Statistics P
post - pre
z -2,7582
Asymp. Sig. (2-tailed) ,006

a. Based on negative ranks.
b. Wilcoxon Signed Ranks Test

For the first year of the study (view Figure 61hk first table provides information about the
ranked scores: it tells us the number of negatngs (these of students who provided less
appropriate explanations in the post-test thaheémpre-test) and the number of positive ranks
(these of students who gave more appropriate eafiars in the post- than in the pre-test). As
viewed in the table, only 6 out of 33 students ped less appropriate explanations in the post-
test than in the pre test, while there are 9 tadks (i.e. students who gave the same number of
appropriate explanations in the pre- and post-tébg test statisti€ is the lowest value of the
two types of ranks, i.8. = 9.17, while the score is -2.758 and this value is significanp at

0.006. The size effectwas calculated = -0.342, which represents a medium change in the
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number of appropriate explanations provided bysthidents, as it is between Cohen’s criteria
of 0.3 and 0.5 for medium change. Therefore, itlaconcluded that for thé' year of study
the number of appropriate explanations providethkystudents is significantly higher in the
post-test than in the pre-test and that the chengkemedium sizez= -2.758,p< 0.05 and = -
0.342). For the 2nd year of the study (refer taiFegs.6), it becomes evident that only 2 out of
23 students provided less appropriate explanatiotiee post-test than in the pre test, while
there are 4 tied ranks. The test stati$tis the lowest value of the two types of ranks,T.e 5,
while thez score is -3.493 and this value is highly significgn= 0.000). The size effectwas
calculated = -0.515, which represents a large change in tineber of appropriate
explanations provided by the students, as it ivali@ohen’s criterion of 0.5 for large change.

Table 6.10: The number of appropriate explanationgrovided by each student

(Pre- and post-test, 2nd year of study)

Student 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1B 19 20 21 22 23
Pre.scoe 4 4 3 5 2 6 3 3 3 3 3 4 2 3 6 4 4 5 1 4 5 4 1

Post-score 5 5 5 5 4 6 3 4 5 3 5 5 5 5 5 6 5 6 5 3 6 6 3

Figure 6.6: The output of the SPSS program — Wilcan Signed Ranks Test —"% year of study

Ranks

N Mean Rank | Sum of Ranks
post - pre  Negative Ranks 22 5,00 10,00
Positive Ranks 17° 10,59 180,00
Ties 4¢
Total 23
a. post < pre
b. post > pre
C. post = pre
Test Statistics °
post - pre
z -3,4932
Asymp. Sig. (2-tailed) ,000

a. Based on negative ranks.
b. Wilcoxon Signed Ranks Test

Therefore, for the™ year of study the number of appropriate explanatjrovided by the
students is significantly higher in the post-téstrt in the pre test and the change is of large size
(z=-3.493p< 0.05 and = -0.515). In the whole, what the numbers abodécate is that for
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both years of the study the students gave signifizanore appropriate explanations in the
post- than in the pre-test; therefore —in relatmthe research question investigated in this
chapter- there is a significant positive changtheir ability to provide correct scientific

explanations after participating in the unit fotlbgears of the study.

Apart from viewing each year of the study sepayatéle kind of analysis made above permits
the comparison of the change in students’ abiditprovide correct scientific explanations
between the two years. As it was mentioned edrighis section, while analyzing each item
of the questionnaire separately, in a first loogeiemed that students in tHé gear performed
better than in the®lyear. The analysis made above is in accordandethii preliminary

reading of the data; indeed, the statistical ammipslicate that for the®lyear of the study the
change is of medium size £ -0.342), in contrast to thé%year for which there is a large
changer(=-0.515). A possible reason for this could bedifference in the two groups of
participants before participating in the unit, @nrhs of their ability to provide correct scientific
explanations. To test this hypothesis, attentioa tuened to the numbers of appropriate
explanations given by the students in the preftedioth years. For this data — which are not
normally distributed as mentioned before - a ManhitWéy test was conducted to investigate if
the two groups (Land 29 year) differ considerably in terms of the numbgappropriate
explanations the participants provided at the bagmof each year. The output of the SPSS
analysis is shown in Figure 6.7. As shown in tigsife, thez value is smaller than 1.96
(ignoring the minus sign), while thevalue is far bigger than 0.0p € 0.792); this result

signify that there is no significant differenceween the ¥ and the 2 year, in terms of the
number of appropriate explanations the students @ale to provide before the beginning of
the course. Therefore, the data here do not suipottypothesis that the difference in
performance between the two years is due to tHierdifces in such ability between the samples

before the intervention.
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Figure 6.7: The output of the SPSS program — Mann-\hitney test

Ranks
group N Mean Rank | Sum of Ranks
pre 0 33 28,03 925,00
1 23 29,17 671,00
Total 56

Test Statistics (a)

pre
Mann-Whitney U 364,000
Wilcoxon W 925,000

Z -,263

Asymp. Sig. (2-tailed) ,792

a Grouping Variable: group

Another possible reason as to why the group ofesttgdof the second year improved more in
providing correct scientific explanations than greup of the first year could be the
instructor’'s accumulation of experience in the wetove teaching approach. As mentioned
earlier in this study (view Section 1.3.2), ondhed main modifications of the unit — which
resulted from the pilot work - was the new roldtwd instructor as a facilitator of students’
discourse and not the provider of the correct answhk the early stages of the implementation
of the program, the researcher’s field notes suggasthis role of the instructor was neither
easy to be followed by him, nor always led to tesickd results. In many cases students put
pressure on him to give them the correct answeées tfe debate. A characteristic students’
comment from the®iyear of study, which was noted in the researchrtes during the
observations and exemplifies the pressure put@mstructor is the followingl‘guess it is
your job to teach us, isn’t it? All | am asking fgou is to do your job...1n such cases at the
beginning of the intervention the instructor’s neaggons with the students while trying to
highlight the importance of their autonomy in laagwere not always successful. In other
cases, students were expressing insecurity indegfavhat they have learned, or in terms of if
what they have learned is actually correct. Typamahments by the students at the beginning
of each semester were the followingow can | be sure that | am correctd ‘I pretty sure

that | am correct, but still | would like to haveassurance at the end of the discourse by
someone who really knows... the profesdbtbok time and modifications in the instructors

strategies during the semester, so as the stutteatsept his new role. The above indicate that
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the better results acquired during th&than the T year of research may be a reflection of the
development of the teacher’s ability to supportrigs role in the classroom and of the
accumulation of the new teaching approach. Thiothgsis is supported by other studies on
interactive units (view Section 3.3), which higttifgsimilar difficulties confronted on thé'l
year of implementing an innovation - which were r@eene in the following years- and the

sophisticated nature of interactive teaching apgres.

In summary, this section has presented the resitte data analysis, which relate to the
change in students’ ability to provide correct stifec explanations after participating in the
course. At first, analysis of each item of the tefore and after instruction for the two years of
study has shown that the item difficulty does repehd on the sample; this increases the
researcher’s confidence on the piloting of the tesaddition, this kind of analysis suggested
variance in the progress in terms of scientifisogang content across the items, which was
related to the outcome of students’ discourse, vén@ilar items were debated in the
classroom. A triangulation of these results with tbésearcher’s field notes has provided
indication on the importance of the role of auttyotinat a person holds during discourse.
Secondly, analysis of the test as a whole showatddn both years of study, students gave
significantly more appropriate explanations in plest- than in the pre-test; therefore, there is a
significant positive change in their ability to prde correct scientific explanations after
participating in the unit: for the*lyear, the change is of medium s{ze -0.342), while for the
2" year the change is of large size=(-0.515). Given that no significant differencesfiaund

in the two groups of participants before partidipgin the unit, in terms of their ability to
provide correct scientific explanations, the betésults of the s year were attributed to the
development of the instructor’s accumulation oferignce in the innovative teaching
approach. In the following section, the data analifsat relate to the change in students’ ability

to provide concise scientific explanations is pnesd.
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6.3. Results on the quality of explanations

In order to investigate the possible change irginaity of students’ explanations after

participating in the unit, attention was turnedtadents’ appropriate explanations. Based on

the categories presented in Section 6.1, for eaelobthe items 1-6 of the open-ended

guestionnaire, the appropriate explanations pravimethe students were identified in terms of

the category into which they fall. Counts of thenters of explanations in each category for

each item, in pre- and post-test for the two yeastudy were made and the results are shown

in the tables below. In particular, Table 9.11 shakae numbers of explanations in each

category in the pre-and post-test along with thregrgages for the®lyear of study, while

Table 9.12 illustrates the according numbers ferdfl year of research.

Table 9.10: The number of students’ explanations ieach category in terms of the quality, for each &m, for
pre — and post-test (I year of study — 33 students). The percentages aaiso provided.

Question 1 Question 2 Question 3 Question 4 Question 5 Quegtié
Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post
Category 3 3 15 4 4 19 16 5 3 7 8 2 3
(10%) | (45%) | (12%) | (12%) | (58%) | (49%) | (15%) (9%) (21%) | (25%) (6%) (9%)
Category 2 14 13 7 14 5 16 16 23 10 8 3 10
(42%) | (40%) | (21%) | (42%) | (15%) | (48%) | (48%) | (70%) | (31%) | (24%) | (9%) | (31%)
Category 1 6 0 3 1 0 0 3 1 4 6 0 1
(18%) | (0%) | (9%) | (4%) | (%) | (0%) | (10%) | (3%) | (12%) | (18%) | (0%) | (2%)
TOTAL
(Appropriate | (70%) | (85%) | (42%) | (58%) | (73%) | (97%) | (73%) | (82%) | (64%) | (67%) | (15%) | (42%)
Explanations)
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Table 9.11: The number of students’ explanations ieach category in terms of the quality, for each &m, for
pre — and post-test (¥ year of study — 23 students). The percentages aakso provided.

Question 1 Question 2 Question 3 Question 4 Question 5 Quegti6
Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post
Category 3 6 11 3 7 9 13 0 5 7 9 1 8
(26%) | (48%) | (13%) | (30%) | (39%) | (57%) | (0%) | (22%) | (30%) | (39%) | (4%) | (35%)
Category 2 10 12 7 7 8 8 10 10 6 9 7 6
(43%) | (52%) | (30%) | (30%) | (35%) | (35%) | (43%) | (43%) | (26%) | (39%) | (30%) | (26%)
Category 1 2 0 0 0 2 1 1 0 3 2 1 1
©O%) | 0%) | (0%) | (%) | (%) | @%) | @%) | (0%) | (13%) | (9%) | (4%) | (4%)
TOTAL 18 23 10 14 19 22 11 15 16 20 9 15
(Appropriate | (78%) | (100%) | (43%) | (61%) | (83%) | (96%) | (48%) | (65%) | (70%) | (87%) | (39%) | (65%)
Explanations)

Focusing orCategory 3explanations —defined as the most complete on@ishveontain all the

needed claims to back up the explanatory conclusttata from the tables above are presented

below in the format of chart bars. Figure 6.8 refierthe pre- and post percentage€ategory

3 explanations for the®lyear of study. A first feature evident from thigure that is worth

commenting is that the percentages of stud€Pasegory 3explanations at the beginning of the

year are low: with an exception to the third itémall the other items the best quality

explanations range from 6% to 21%. More encourageegn to be the according percentages

for the 2 year of study (view Figure 6.9), which are lowasl, but they come up to 39%. As

for item 3 (in which for both years the pre-peregas are the highest among all the items),
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Figure 6.8: The percentages of student€ategory 3explanations, in the pre- and post test for the®lyear of
study.
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Figure 6.9: The percentages of student€ategory 3explanations, in the pre- and post test for the™ year of
study.
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it is the least complex item of the test- as medabin the first section of this chapter;
therefore, it should be expected that studentsavoulind much difficulty to provide a concise
explanation (refer to Section 6.1 for examplestinisnts’Category 3explanations for each
item). In all the other items, though, student&-pcores are rather disappointing, as it is the
minority of students, who provided both a correw a concise scientific explanation. This
outcome is in line with the pilot work done for thieidy, where it had been pinpointed that one
of the entrants’ major difficulty is on communigaditheir explanations to their classmates,
rather the ignorance of scientific facts and theo(view Section 4.3.4). It should be reminded

that the entrants of these two years are thediesluates of the upper-secondary school, after
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the curriculum reforms (view Section 1.2) and thia¢ of the subjects of these reforms was to
put more emphasis on students’ communication asliAlthough no generalizibility can be
established by these results, students’ perfornsamcehe area before entering the course can
provide an indication of the attained curriculumhétthe actual learning outcomes of the
reforms were). Data here shows that -at leasstmsple of students- the vision elaborated in

the ideal curriculum and the actual learning outesmof the reforms are incompatible.

Turning attention to the change in students’ gbtlit provide concise explanations after
participating in the unit, which is one of the méigi of this chapter, results of th& gear of
study are mixed. As it can be viewed in Figure 1&hree out of six items of the test there is a
positive change in the number©é&tegory 3explanations, in one item the numbers remain
unchanged and in two items there is regress. Itrasmfor the & year of the study in all the
items students provided maBategory 3explanations in the post- than in the pre-testoitlid

be argued that mixed results for tieykar might have been expected: it is maybe urstéatd
expect radical changes from th&year of implementing an innovation, especially whe

deal with such a complex skill, as the provisiortofrect and concise explanations. Maybe one
semester is insufficient time for the instructoatticulate the innovative approach in such a
degree so as to foster the quality of studentslaggtion. On the other hand, though, it is worth
noticing that items 3 and 4, in which fewer studegdve &ategory 3explanation in the post-
that in the pre-test, are the two items which vasléast difficult for the students of this year.
Indeed, if we view back the pre- scores at Figute these are the items in which 73% of the
students gave an appropriate explanation in thegstewhich is the maximum score among all
the items. This observation may suggests thatdkeeor the more obvious an explanation is
for some students, the less degree of informatigagravided by them to back up their

conclusion.

There is no question that the data here must bepirdted with caution. First, the above
hypothesis is not supported by the data of g&ar of study - where students’ provided more
Category 3explanations after the intervention than befareli the items. Second, the sample

size is small; therefore, it would be unrealistidriy to establish any generalization of the
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results. If, however, the outcomes of this stuagysaen as the starting point for further
investigation and research -rather than regarddidnagonclusions- it is worth to emphasize
the observation made in the lines above. Dataefiityear of study provide an indication that
the difficulty and the degree of conciseness oéxgplanation maybaegativelycorrelated; in
other words, maybe for some students the moreaabpbvious an explanation is regarded,
the less information they provide to back up theatasion reached. If this is the case, then an
explanation that is regarded as concise by theaggals (as some dataabviousfor them,
therefore they are not worth to be mentioned eifyljanay be seen by the explainee as one
that lacks important information. As a result, gual of the explanatory act — if defined as the
promotion of understanding in the explainee — igkety to be fulfilled. Given that the factors
that constrain students’ effective reasoning ist@a of study of both theoretical and practical
interest (view Section 2.2.3), the above obsermatidl be discussed thoroughly later in this

study (view Chapter 9).

Nevertheless, after analyzing each item of the tijpasaire separately, data from the
guestionnaire was analyzed as a whole, with ant@iaequire an overview of students’ ability
to provide concise explanations. Specifically, idey to compare the total number of
explanations in each category between the prepasttest, counts of the number of students’
explanations of each category were made for alitémes, for the two years of study. The

results of this kind of analysis are presentediguifes 6.10 and 6.11.
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Figure 6.10: Chart showing numbers of each categornyf appropriate explanations, for the £' year of study,
before and after the intervention
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Figure 6.11: Chart showing numbers of each categoryf appropriate explanations, for the 2 year of study,
before and after the intervention
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For the ®'year of study, Figure 6.10 shows that the largastber of explanations emerging
from the data at both the beginning and the ertletemester is &ategory 255 and 84
respectively). In addition, from this figure it leoes evident that at the end of the intervention
there is a shift towards mo€@ategory 3explanations, while the number©éategory 1

decreased from 15 to 9.The decrease in the nunilégategory lexplanations is important, as

it signifies that only a small minority of the egplations provided by the students did not offer
a rationale to back up the explanatory concluditmwever, the statistical analysis conducted
failed to provide that the shift towards m&@ategory 3explanations and le€zategory lones

is statistical significant. Indeed, as shown inufeg6.12 — presenting the outcome of the
Wilcoxon Signed Ranks Test for comparing the nundbexplanations in each category before
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and after intervention — thevalue is bigger than 0.05. Only for the increas€ategory 2
explanations statistical significance is establisigaven thap< 0.05, while the size effect was
calculated = -0.355 signifying a marginally medium change. ®encouraging seems to be
the outcome for the"2year of study on the field. As evident from Fig6t&1, at the beginning
of the year the larger number of explanations {Sategory 2 on the contrary, at the end of the
intervention, theCategory 3explanations outnumber the explanations in therdtho
categories. In addition, comparing the pre- and-pambers in the three categories, from
Figure 6.11 it becomes evident that —similarlytte £' year of study- students at the post- test
gave moreCategory 3and lesategory lexplanations than in the pre-test. In contrast,

though, to the previous year the change in the mummtCategory 3explanations is statistically
Figure 6.12: The outcome of SPSS analysis (Wilcox@igned Ranks Test) in comparing the number of

explanations in each category between the pre- artide post-test (' year of study)

Ranks

N Mean Rank | Sum of Ranks
catlpost - catlpre Negative Ranks 92 8,67 78,00
Positive Ranks 6P 7,00 42,00

Ties 18¢

Total 33
cat2post - cat2pre  Negative Ranks 4d 11,25 45,00
Positive Ranks 19¢ 12,16 231,00

Ties 10f

Total 33
cat3post - cat3pre  Negative Ranks 109 10,20 102,00
Positive Ranks 130 13,38 174,00

Ties 10'

Total 33

a. catlpost < catlpre
b. catlpost > catlpre
C. catlpost = catlpre
d. cat2post < cat2pre
€. cat2post > cat2pre
f. cat2post = cat2pre
9. cat3post < cat3pre
h. cat3post > cat3pre
i. cat3post = cat3pre

Test Statistics ©

catlpost- | cat2post- | cat3post -
catlpre cat2pre cat3pre
Z -1,1072 -2,888° -1,134°
Asymp. Sig. (2-tailed) ,268 ,004 ,257

a. Based on positive ranks.
b. Based on negative ranks.

C. Wilcoxon Signed Ranks Test
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significant: the Wilcoxon Signed Ranks Test thas wanducted showed that {Bategory 3
explanation$<0.05 and the size effect was calculated-0.445 (view Figure 6.13). Therefore,
for the 2 year of study the students provided a signifigelatiger number of the most concise
explanations at the end of the intervention, aedctiange is of medium size. As for the other
two categories, no statistical significance waaldgthed for the change between pre- and post-
performances. In short, the numbers above indibatteat the end of each year of the
intervention, there is a shift towards I&ategory lexplanations and mof@ategory 2and
Category 3ones. This shows a positive development in stwdability to provide concise
explanations for both years. Yet, better resuksodntained during thé'®year of study: on the
one hand at the end of the semester the bestyjeaptanations outnumber the explanations in
the other categories (while for th& ylear the larger number of explanations in the-pestis

Figure 6.13: The outcome of SPSS analysis (Wilcox@igned Ranks Test) in comparing the number of
explanations in each category between the pre- arde post-test (2 year of study)

Ranks

N Mean Rank | Sum of Ranks
catlpost - catlpre  Negative Ranks 62 4,00 24,00
Positive Ranks 1b 4,00 4,00

Ties 16°¢

Total 23
cat2post - cat2pre  Negative Ranks 7d 8,79 61,50
Positive Ranks 11¢ 9,95 109,50

Ties sf

Total 23
cat3post - cat3pre  Negative Ranks 3¢9 6,00 18,00
Positive Ranks 15h 10,20 153,00

Ties 5'

Total 23

a. catlpost < catlpre
b. catlpost > catlpre
C. catlpost = catlpre
d. cat2post < cat2pre
€. cat2post > cat2pre
f. cat2post = cat2pre
9. cat3post < cat3pre
h. cat3post > cat3pre
i. cat3post = cat3pre

Test Statistics ©

catlpost- | cat2post- | cat3post -
catlpre cat2pre cat3pre
p2 -1,8902 -1,108° -3,024°
Asymp. Sig. (2-tailed) ,059 ,268 ,002

a. Based on positive ranks.
b. Based on negative ranks.

C. Wilcoxon Signed Ranks Test
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at Category 2). On the other hand, for tA®y2ar students provided significantly more
Category 3explanations in the post-test than in the pre{{e2.05,r = -0.445). In contrast, for
the ' year of the implementations, statistical significa was established only for the increase
in Category 2explanationsg<0.05,r = -0.355).

In order to explain why the group of th¥ gear performed better in providing concise
explanations after the intervention than the grotihe ' year of study, students’ pre
performances were tested for statistical differeA¢tention was turned to the number of the
explanations in each one of the three categorigs gadent was able to give at the pre-test.
For this data, a Mann-Whitney test was conductedeach category to explore if the two
groups (1 and 2% year) differ considerably in relation to the numbgexplanations the
participants gave at the beginning of each year sifown in Figure 6.14 (which present the
output of the SPSS analysis), no significant défee was found between the two groups in the
number of explanations in each category beforaqyaating in the unitZ < 1.96 ignoring the
minus sign, whilgp > 0.05 for all the categories). Therefore, thedyaesults on the field for
the 2%year can not be attributed to differences betweemroups before the intervention.

Figure 6.14: The output of SPSS analysis (Mann-Whiey Test) in comparing the number of explanationsi
each category in the pre-test, between the two grpa (&' and 2" year of study)

Ranks

group N Mean Rank | Sum of Ranks

pre.l1 O 33 29,20 963,50
1 23 27,50 632,50
Total 56

pre2 0 33 26,48 874,00
1 23 31,39 722,00
Total 56

pre3 0 33 28,47 939,50
1 23 28,54 656,50
Total 56

Test Statistics @

pre_1 pre_2 pre 3
Mann-Whitney U 356,500 313,000 378,500
Wilcoxon W 632,500 874,000 939,500
z - 474 -1,140 -,018
Asymp. Sig. (2-tailed) ,636 ,254 ,986

a. Grouping Variable: group

% Data violated the assumptions for parametric thstefore a non-parametric test was implemented.
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Rather, the difference between the two years mseasf students’ is likely to be a reflection of
the development of the instructor’s ability in iraplenting the pedagogic practices in the
classroom. In should be reminded here that inrdadoster students’ abilities in providing
concise explanations, the instructor used a fiefiperson — Bobos- to whom students should
address their views with an aim him to understatel( Section 1.3.2 for more details). As
resulting from the field notes of the observationaducted, the researcher’s impression is that
for the 2 year of the implementation, Bobos’ role was marecgssful than in the'year.
Specifically, during the slyear of the study it took the instructor more titnenake the
students discover gradually Bobos’ characteristio$ as a result to understand his role in the
teaching-learning procedure. Some characteristitneents of the students as evident in the
researcher field notes, towards the end of the seamehich exemplify the above, are the
following:

| really cannot understand what Bobos really netdget what | am saying...| mean...

my explanation is obvious. Is he stupid or whatu@hs)
or addressing to the instructor:

| believe that the important thing is thgdu understand my argument. At the end of the

day youare a professor, you can get what | am saying.
In contrast, during the"2year the accumulation of experience helped thetic®r to make
students discover Bobos’ role even from the firselts of the unit. A crucial incident that took
place in the % week of the semester and it is noted is the rekess diary is the following: At
the end of a discourse between two pupils, onbehtcommented:

You know, | am a first-year university student atilll | cannot get your

explanation...how can you expect Bobos to under8tangto explain in a more

simple way...it is too complicated...
Based on this comment, the instructor seized tiperbpnity even from the early stages of the
semester to initiate conversations concerning ppeapriateness of an explanation in a
particular context. It is important to note thaststudent’s comment soon became a kind of a
‘slogan’ among the pupils during their discourséhi@ classroom, initiating discussions about

what more the explainee needs from the explainasgdo promote his or her understanding.
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In summary, this section has dealt with the resflthe data analysis on the change in
students’ ability to provide concise scientific &mations after participating in the intervention.
A first notable feature of the analysis is that tluenber of student’'s most concise explanations
in the pre-test is low for the vast majority of ikems of the questionnaire for both years of
study. Given that the participants belong to thet fyroup of graduates after the curriculum
reforms in upper-secondary school, their perforreanio the pre-test provide an indication of
the learning outcomes of the reforms. In addittbe,analysis of each item of the questionnaire
separately has provided indication that maybe tbeerabvious an explanation is for some
students, the less degree of information is praVigethem to back up the conclusion.
Although this hypothesis is supported only by tfie/dar of data, whether the difficulty and the
degree of conciseness of an explanation as pettbivstudents are correlated, is an open
guestion. Focusing on the change in students’tabdiprovide concise explanation after the
unit, data analysis showed that for both yearduafysat the end of the intervention students
provided les€ategory lexplanations and mof@ategory 2andCategory 3ones than at the
beginning. This shows a positive development idetis’ ability to provide concise
explanations for both years. Yet, the analysis sttbthat for the Lyear of study statistical
significance is obtained for the increas€iategory 2explanations, in contrast to th& gear

of study for which students gave significantly m@ategory 3explanations in the post-test
than in the pre-test. The better results obtainetié 2° year can not be attributed to difference
between the two groups of participants in termghefability to provide concise explanations
before participating in the unit, as no significdifference was established. Rather, the
triangulation of these results with the researdietat notes has suggested that the difference
between the two years is likely to be a reflectbthe development of the instructor’s ability

in implementing the pedagogic practices in thesctasm.

Summary

This chapter provides the results on RQ2 and latstudents’ change in providing correct and
concise scientific explanations after participatimghe unit. For the®*lyear of study, data analysis
showed that students provided significantly a largenber of appropriate explanation in the post-tes

than in the pre-test, with the change being of omediize. In addition, at the end of the intervamtio
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there was a shift towards leSategory lexplanations and mof@ategory 2andCategory 3ones; yet,
statistical significance was established only far increase i€ategory Zxplanations, which was of
medium size. Likewise, for thd®year of study, the analysis indicated that theas asignificant
positive change in students’ ability to providereot explanations at the end of the unit; in catira
though, to the previous year, the change for figer is of large size. Moreover, for this year the
pattern again suggests that there were more higligexplanations at the end of the interventioart
at the beginning. Yet, for this year of study sttdeprovided significantly mor€ategory 3
explanations in the post-test than in the pre-teih, the change being of medium size. The above
indicate a positive development in students’ aptlit provide correct and concise explanation fahbo
years of the study, while better results were oleiduring the year of the implementation. Given
than no significant difference was found betweenttto groups (Lyear-2“ year) in the pre-test on the
field, the better results for thd“3ear were attributed to the development of thauiesors ability in
implementing the pedagogic practices in the clagard-inally, from the data analysis a couple of
issues emerged, worthy to be further discussedraedtigated: on the one hand the analysis has
provided indication on the importance of the rdl@athority that a person has during the discowse;
the other hand, the data has suggested that theedefydifficulty of an explanation and the degote
information the students give to back up theirmkimight be negatively correlated. The points made

above will be discussed thoroughly in Chapter 9.
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CHAPTER 7

Results on students’ responses to weak or fallacis@rguments

This chapter provides the results of data analgdi®Q3, which falls in third area of interest in
this study, the one of scientific arguments. Irtipatar, the main research question, which is
relevant to this chapter, is given below:

RQ3: How do students respond to weak or fallaciousiments? What is the change

(if any) in the way students respond to such argushafter participating in the course?
The chapter comprises of two main sections, in eotion with the two parts of the research
guestion under examination. At first, in relationthe first part of RQ3, Section 7.1 focuses on
the way that students respond to arguments, whintas weaknesses or fallacies, both before
and after participating in the course. Studentspomses were analyzed qualitatively: typical
patterns of students’ responses were identifigélation to how students responded to each
argument provided to them, while extracts from stud’ answers provide examples of the
outcomes. Then, in relation to the second part@8RSection 7.2 provides the quantitative
results, regarding pre- and post-test student$opaances on the field. Comparing the pre-
and post-test students’ responses, the change inais they respond to weak or fallacious

arguments, for the two years of implementing therirention, is identified.

7.1. The way that students respond to weak or fali@ous arguments

This section presents the results of data analysesms of how students respond to weak or
fallacious arguments. As mentioned earlier in #igly (view section 4.4.3), to achieve this
aim data deriving from the second part of the qaestire was usedtéms 7-10. It is

reminded that in these items students were givgtnaents containing weaknesses or fallacies
and they were asked to state and to justify whetiesr are persuaded or not by them. As
mentioned in Section 4.4.3, the primary aim ofdhalysis of students’ responses has been to

explore whether students managed to identify thekwess or the fallacy in each item.
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However, the data analysis revealed cases, whiicbefgond the polarization ‘identification’ -
‘no identification’ of the weakness or the fallaafythe argument. This was the outcome of an
effort to address the credibility criterion, as #ralysis was conducted in the base of
identifying data, which refuted a priory categofiesned. The following lines present the
categories that were formed in each item, as grediod the data, in terms of how students
responded to each argument. The outcome of thgsam@irovides evidence for some

difficulties that students confront, when respogdio weak or fallacious arguments.

A) How did students respond to an argument, in wainithe conclusion is not an outcome of
the premises?

Item 7 aims to test whether students accept a gsiotl, when it is not a consequence of the
premises, regardless of the truth or falsity ofélements or the conclusion reached. The first
part of the argument given to the students provadiesients, which are irrelevant to the
conclusion reachédin addition, a missing component of the arguniettiat when the ice
melts, the distribution of the mass will changeréfore the moment of inertia will change.
Given that the angular momentum should be resethedptational speed will change. The

analysis of students’ responses in this item redutt the following categories:

Al. Explicit identification of the weakness of trergument: Some students state that — even if
they agree with the conclusion - they are not eted by the argument, because it comprises
of irrelevant or/and missing components. An exanaplsuch an answer is provided belloW’(2
year, post-test):
| am not persuaded by the argument. Even if | agnée the conclusion, | believe that
Tom provides irrelevant evidence at the beginnihtne argument. In addition, he
should add that the moment of inertia changes gioee the angular speed changes in
order for L to remain stable.
Cases like the above are regarded as the mostssfigicattempts to identify the weakness of

the argument: on the one hand, in these responeesis a distinction between being

! View Item 7 of the open-ended questionnaire, Apipe@
2 Indeed, even if the ice which floats in the sedsnéhen there would be no change in the levehefsea. In
contrast, the level of the sea would rise, if paftthe ice on the ground melt.
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convinced by an argument as a whole and acceptengdnclusion reached. On the other hand,
in such responses it becomes evident that therdthds the ability to identify that the
conclusion is not an outcome of the evidence pexvidikewise, successful attempts to
identify the weakness of the arguments are the, am&ghich students state that they are not
persuaded by the argument, as there are elemesgsgibr/and others that are not relevant to
the conclusion, without, though, commenting ondbeclusion. For example a student
responded (lyear, pre-test):
(I am not convinced). What has Pascal’s principleld with the fact that the rotational
speed of the earth changes, if the ice in the NBdle melts and the level of the sea
rises? It is irrelevant.
In such cases, although no information is proviogdhe students in regard of the conclusion,
it is clear that they evaluated the argument ab@evand they managed to identify the

weaknesses of the argument.

A2. Implicit identification of the weakness of thergument: Some students display a more
implicit response to the weakness of the argumera:first view, they seem to focus on the
conclusion - which they accept - without an explieference to the weaknesses of the
argument, like in the cases above. Yet, it is wadticing that these responsiscontain the
elements that are missing from the initial argumsatas to back up the conclusion reached.
For example, a student from th&ylear of study (pre-test) states:

(I am convinced) | agree. As we know, L = Iw. Witenice melts, the distribution of

the mass in the earth will change. As a resulttioenent of inertia will change. Given,

though, that L remains constant, w will change ai.w
It could be argued that in such responses the stsi@decept a conclusion, which is not an
outcome of the elements provided; therefore, ttergit to identify the weakness of the
argument should be regarded as unsuccessfulslivas the case, though, then the students
wouldn’t feel the need to complement the argumatit the missing components, so as to back
up the conclusion that they accept. Rather, it st the students acknowledge that there are
missing components in the argument and provide tleeen without an explicit reference to

the weaknesses of the argument. Under such a aéian this study responses like the above
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are regarded gsartially successful in identifying the weakness of the argot: they are not
fully successful, given that the students mainlyu®on the conclusion reached, rather than
addressing explicitly the whole argument. Howetteey are considered successful, given that
the students have examined the line of reasonitigeoihitial argument and address its

weakness, even in an implicit way.

A3. No identification of the weakness of the arguneln responses in this category it is
evident that the students did not manage to idetitdt in this argument the conclusion is not
an outcome of the data provided. For example, siodents state that they are convinced,
without an explicit or implicit reference to the akaess of the argument. In the following
response, it is evident that the studefty@ar of study, pre-test) evaluated only the casiolu
(which is indeed correct), without reflecting o ttorrectness or the conciseness of the
argument.

(I am convinced) It is a correct argument. | agtbat the rotational speed of the earth

will change if the ice melts.
Actually, some students’ tendency to focus on threctusion of an argument and accept or
reject it without examining the line of reasoningloe data provided has been observed in the
other items of the test, as well. This tendency béldiscussed further, while providing the
analysis oftem 10of the test. Other students reject the argumeti¢iutne rationale that there
is a scientifically incorrect premise in it: thetate that ice floats because of Archimedes’
principle and not because of Pascal’s principl¢hdugh these students have a point, it should
be noted that this incorrect premise of the argurdeas not relate in any way to the
conclusion reached; therefore, it does not afteetttuth of falsity of the claim. The main
weakness found in these students’ responses, isdh#ity to identify which of the evidence
provided relates to the conclusion and which is Aeta consequence, in this study such
responses are regarded as examples of the leastsstud attempts to identify the weakness in
an argument, in which the conclusion is not an @ute of the elements provided.

A4. Plead agnostic on the argumenfome students plead agnostic on the argumerdubec

they do not know the relevant theory. Others dojustify their response at all. There are also a

few cases, in which students state that they d&moiv and question whether the change in the
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rotational speed of the earth is significant. lohstesponses students’ tendency to focus on and
reflect about only the conclusion of an argumeragain evident. Similar to the previous
category, responses in this category are regasldtedeast successful attempts to find the
weakness of the argument, as there is no evidéatehte students have followed the line of

reasoning of the argument and have identifiedaua@ht or missing components in it.

B) How did students respond to an argument, in whigcientifically incorrect elements lead
to a wrong conclusion?

Item 8 aims to test whether students are ableetotiky an incorrect premise in an argument,
which leads to an incorrect conclusion. As evidemh the argument given to the students,
Nik reaches the wrong conclusion, because he asstiiaeN=W (which is incorrect, given
that the person accelerates). In order to corttiepbssibility that students are unable to find
the incorrect data in the argument because of aear of the relevant theory, this item was
analyzed in relation to tHéem 6,in which students are explicitly asked whethet W/ in such
a situation. By comparing the data of the two goest it is possible to investigate, whether the
students, who know the relevant theory, are abideotify an incorrect premise in an
argument, which leads to a wrong conclusion. Thalleh analysis oftems 6and8 resulted in

the following categories:

B1. Knowledge of the theorgnd identification of the incorrect premiseResponses in this
category include cases where the students knoviNtatV, given that the system accelerates
(as evident from their answersltem §. In addition, inltem 8they respond that they are not
convinced by the argument, because the nominag fdoes not equal the weight; in other
words, they comment explicitly on the incorrectrpige of the argument, which leads to the
wrong conclusion. A students’ response, which ex#iepthe above is the following {2year,
post-test):

(I'am not convinced) The nominal force change®liation to the acceleration of the

elevator. Therefore, the force that is exertedrendcales changes as well and it is not

equal to the weight of the person.

% View Item 8 of the questionnaire Appendix C
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As evident from the example, the student managetetuify the falsity of the argument;
therefore, responses like the above are regardedcasssful attempts to find what is wrong
with the argument. In addition, in such respontexe seems to be a positive relationship
between knowing scientific facts and being ablesttognize the according scientifically

incorrect claim in an argument, which leads to angrconclusion.

B2. Knowledge of the theotyut no identification of the incorrect premiseStudents whose
responses fall in this category statétém 6that the nominal force does not equal the weight;
therefore, they are regarded as having the sdehktibwledge to address the argumentém
8. Yet, inltem 8they do not manage to identify the wrong elemerthe argument, which
leads to an incorrect conclusion. Therefore, respsiin this category are considered
unsuccessful attempts to identify the fallacy i@ &ngument. The vast majority of these
students claim that they are not persuaded bydhelasion reached; instead, they provide their
own, i.e. that the reading of the scale changes. Howenstead of opposing to the existing
claims of the initial argument, they provide daidack up their conclusion. A characteristic
response is the following year, pre-test):
(I am not convinced) When the elevator moves @xaading of the scales should be
bigger than the actual weigh of the person; whenawves down, it should be less than
the weight.
Regardless of the scientific incorrect elementhé@students’ argumenthe essential
weakness found in this response in terms of argtatien is that the student does not address
the data of the initial argument. Rather, the sttdeems to evaluate only the conclusion,
without examining the correctness of the data mledi As it had been observed during the
pilot work done for this study, counter argumeiks the above are problematic, as they do not
contribute to productive dialogues, rather theyl leaparallel monologues (refer to Section
4.3.4). Nevertheless, other students whose respdake this category plead agnostic on the
argument, while in a very few cases students ghatethey are persuaded by it, even if they

have stated iitem 6that the nominal force does not equal the weighthese two cases, no

* The student confuses movement i.e. velocity witteteration. The reading of the scales does chiamiged, but
in relation to the acceleration of the elevators{fiee or negative) and not to the velocity (updomwn).
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further justification was given by any of the statie In short, from students’ responses in this
category, it becomes evident that knowledge ofthientific theory does natecessarilyelate

to the ability to recognize a relevant scientifigahcorrect claim in an argument.

B3. Ignorance of the theorand no identification of the incorrect premisdn the responses
that fall in this category, students have stated B+=W inltem G therefore they possess
incorrect scientific knowledge; in addition, asduld have been expected, they do not manage
to find the incorrect premise in the argumenitém 8 For example, a student from th¥ gear
in the pre-test, who commentedliem 6that N=W because of thé Newton’s law, replies in
this item that she is not persuaded, but failglémiify the wrong data that led to the wrong
conclusion.:
‘(lam not convinced.) The force that is exertedite scales changes in relation to the
movement of the elevator, i.e. it is different wivengo up and when we go down.’
This response is similar to the one quoted as ample in the previous category, given that the
student evaluates only the conclusion, without esising the data of the argument. Yet, in this
case the inability to identify the incorrect preenould be attributed to lack of knowledge of
the relevant theory, in contrast to the previousgary, in which the students seem to have the

knowledge required to deal with the argument.

B4. Ignorance of the theorput identification of the incorrect premiseTheoretically, it could
have been expected that some students, who hatet@mect view as evident item § might
manage to identify the fallacy Item 8 Yet, from the data obtained from this study, nohs
case was found in both years of this study. Thiwigles a strong indication that the ignorance
of scientific facts is a crucial factor affectirfgetability to identify incorrect premises in

scientific arguments.

C) How did students respond to a deductive argumehich affirms the consequence?
According to Zeidler (1997), one of the most comrfedlacies of the deductive arguments is

affirming the consequence. Errors in syllogismshsag the above, might seem naive, however

® View item 9 of the questionnaire in Appendix C
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they do occur even within the scientific commuhityevertheless, the analysis of students’

responses in Item 9 resulted in the following catess:

C1. Not convincednd identifying that this is an invalid syllogismThe students whose
responses fall in this category comment that ghaniinvalid form of argument; therefore, they
are not persuaded by it. These students charaetiezargument or the syllogism asvalid’,
‘irrational’, ‘not logical’ or ‘wrong’. Others move one step forward, trying to explaitoo
exemplify why the argument is invalid. A quote franstudent’s response is the following (1
year of study, pre-test):

(I'am not convinced.) It is not a valid syllogishime fact that dinosaurs are extinct
cannot necessarily be attributed to the meltinthefice; other reasons might have led
to their extinction.

In a similar vein, a student from the 2nd yeartatly, stated in the pre-test:

(I'am not convinced.) It is possible, but not reseey that dinosaurs are extinct because
of this reason. For example, just say that if Iéavcertain disease, then | will definitely
die. Well, one day | die; does this prove thatVvé¢he disease?

Responses like the above are regarded as succatisfupts to identify the falsity of the

argument.

C2. Not convincedut not identifying that this is an invalid syllogisnData suggests that
there are students, who - despite stating thaé thier not convinced by the argument - fail to
recognize validity problems in it. A small minority them offered no justification on why they
are not convinced by the argument. The majoritthef seem to focus on the conclusion and
reject it, on grounds of ‘truth’ or personal betieFor example, the student who gave the
following response (2 year of study, post-test) rejects the conclusheing based on personal
beliefs:

(I am not convinced.)l know that dinosaurs arenettbecause of another reason, and

not because the earth flooded.

® Barnes (1985), as quoted in Zeidler (1997), repofidifferent studies in which 25-33% of scierstiatcepted the
following argument as valid: ‘If the scientific hgthesis His correct, then the empirical event & el observed.
The event E is observed. Therefore, hypothesisddrigect.” Actually, the syllogism behind this angent and the
one given to the students is the same.
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Another example of a student’s response, in whalldity issues in the argument is not a
matter of concern, is the following*{year, pre-test):
(I am not convinced.)This is not possible, giveat titowadays there are vast expanses
of land. In addition, we have found fossils of demars, which could not have been
preserved in the water. Therefore, logically, deas must have been extinct in the ice
ages. Fossils can be preserved in the ice.
This student examines the truthfulness of the emich and rejects (tthis is impossible’)
without addressing the line of reasoning in théahargument; rather, she provides grounds to
support her alternative theory. Another studewiselio present an alternative theory about the
extinction of the dinosaurs, as an explanatiomfioy she is not convinced by the argumerit (1
year, pre-test):
(I am not convinced.) Their extinction does notéhto do with the melting of the ice. In
order for them(the dinosaursfo survive, food is a major factor. The argumeamaot
correctly documented.
It could be argued that this student provided agroplossible factor, which could lead to the
extinction of the dinosaurs; therefore, she migivehcommented on the validity of the
argument, in an implicit way. A careful readingtié student’s response, though, suggests that
this hypothesis should be rejected: one the ond,liha student does not provia@ossible
reason, buthe reason for the extinction, according to her bslieh the other hand, she
comments on the ‘correctness’ of the argument,uwnf truth with validity. Given that
problems concerning the distinction between truith ealidity in deductive arguments have
been reported in other studies (for a review refeteidler, 1997), this point will be discussed

further in Chapter 9.

C3. Convinced by the argumenftrom the data gathered during the two yearsusfystboth in
the pre- and the post-test, there have been omycases, where the students commented that
they are persuaded by the argument: in one of thestudent offered no justification for his
choice; in the other response, the student commehgt'this is a valid syllogism’This is an
encouraging outcome, as it indicates that only allsminority of the sample accepts or

characterizes as valid, deductive arguments, wdiiithm the consequence.
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C4. Plead agnostic on the argumerfthe vast majority of students, who answeledb’' not
know’ in this item, provided no further justificatidar their choice. Except from not being able
to identify validity issues in this item, maybe soof them did not feel confident enough to
provide an answer, given that this is the only itéme content of which does not relate to
physics. Nevertheless, what is worth commentirtgas some of these studenid question the
validity of it; yet, they plead agnostic on the ament. For example, a student from ti&y2ar
(post-test) states:
(I do not know.) They might have been extinct beeaf other reasons, as well, like
earthquakes; or because of lack of food.
In responses such the above, it becomes eviderfothreome students even if validity concerns
do exist, they are not enough to reject an argunfeniNickersoret al. (1985, p.112) comment,
although people make the distinction between tamidh validity, theyfail to appreciate that in

evaluating the logical soundness of a deductivelargnt validity alone is relevant.’

D) How did students respond to an argument exprekbg an expert, which provides a claim
without any justification?’

As observed during the pilot work done for the gtadd as it turn up in the results of data
analysis (refer to Section 6.2), the way studewsduate arguments is sometimes influenced by
the expertise of the person, who expresses therangi Item 10 aims to examine how students
deal with arguments held by a person, who is regghly them as ‘experts’ on the field. The
argument is weak, as it comprises of a claim wittamy justification. An extreme case was
purposefully selected (argument containing onlfaant), so as exclude the possibility that
students accept or reject the argument on grouinelgatuating the data provided. The

following lines provide the outcome of the analysistudents’ responses.

D1. Not convinced by the argumen&tudents whose responses fall in this categoty #tat
they are not convinced, because there is no jeatiéin for the claim provided. Most of these
students comment briefly that the professioes not give evidencehat shédoes not explain

what she supportsbr that shédoes not provide scientific justificationThese students do not

" View Item 10 of the questionnaire Appendix C
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comment explicitly on the expertise of the perseno expresses the argument; yet, the
professor’s expertise does not seem to influeneevtly they deal with the argument. Other
students add as well that they cannot accept suegament just because it is expressed by an
expert on the field. For example, a student froendticond year of study (pre-test) comments:
(Not convinced.) She does not give any justificafito what she supports. The fact that
she is a professor of the Harvard University is @eobugh for me to accept her claim.
In a similar vein, another student of the firstiyebstudy (post-test) comments:
(Not convinced.) Should | be convinced by her argnt in which she explains nothing
at all, just because she is a professor? | do himikt so.
In short, in such responses the students ideft#iythis is a weak argument, as no justification
is provided by the person who holds it. In additihre expertise of the person on the field does

not seem to be an adequate reason for them totesrggtpan argument.

D2. Examining and responding to the truthfulness tife claim:In responses fallen in this
category the students focus on the claim and peorgdsons for accepting or rejecting it. What
differentiates these responses from the ones ipréh@ous category is that students examine
the correctness of the claim, rather than tredtiegargument given to them as a whole. For
example, a student from the first year of studys{gest), who rejects the claim, states:

(Not convinced.) The force that the people widrern the earth is equal with the force
that the earth will exert on the people, becausthefthird Newton’s law. Given that
2F=0, | do not think that the orbit of the earth amad the sun will change.

A first notable feature in these responses istti@t provide evidence about a confusion that
some students make: the confusion between examtimngorrectness of a claim and
examining a soundness of an argument. In othersydod some students the questiare'you
convinced by the argument8 interpreted asdo you agree with the claim of the argumént?
Actually, such confusion has been observed in theratems of the test, as well. For example,
in Item 7 it have exemplified that some students ten@toi$ only on the conclusion of the
argument and to provide reasons for acceptingjectiag it, rather than examining the data of
the argument provided. Likewise, ltem 9 it has been pinpointed that some students examine
only the truthfulness of the conclusion, withoutisessing the line of reasoning in the argument

provided. In chapter 9, the students’ tendencytomene and respond only to the claim of the
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argument will be discussed more extensively. Néabess, the encouraging finding here is that
students, whose responses fall in this categomg hetlected on the claim of the professor.
Regardless of whether they have accepted or réj¢oteclaim, their choice has been the
outcome of examination and based on justificatibarefore, it can be assumed that the
authority of the person who holds the argumentisam adequate reason for them to accept a

claim without any evidence provided.

D3. Convinced by the argumenErom the data gathered during the two years ofystoeth in
the pre- and the post-test, there are have bees,daswvhich students comment that they are
persuaded by an argument, which comprises onlyctdim. Some of these students comment
explicitly that it is the expertise of the persaino expresses the argument, which has driven
their choice. A characteristic response from theosd year of study (post-test), which
exemplifies the above, is the following:
(Convinced.) | cannot question the view of a prdesl am | first year university
student.
In other responses fallen in this category, stuleffer no further justification for their choice;
as a consequence, it is not possible to make assedn whether their response is influenced
by the authority of the professor. Whichever theegahough, for these students the fact that the

argument consists of no evidence to back up thmatanot enough to reject the argument.

D4. Plead agnostic on the argumerResponses in this category comprise of the casesewh
students reply that they do not know. Most of thgame no justification, while a few of them

commented that they do not know the relevant theory

In summary, Table 7.1 provides the categoriesttieggt were formed for all the items of the
test, as grounded on the data. Apart from sumnmayitie points made above, this table will be
helpful in the following section, where qualitatikesult will be provided, regarding pre- and

post-test students’ performances on the field.
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Table 7.1: The categories in students’ responsesweak or fallacious arguments

Fallacy/ weakness examined Categories of students’ responses
Code Description
Al Explicit identification of the weakness of the amgent
A. The conclusion is not a necessanyA2 Implicit identification of the weakness of the angent
outcome of the elements provided| A3 No identification of the weakness of the argument
A4 Plead agnostic on the argument
Bl Knowledge of the theorgndidentification of the
ncorrect elemel
o ) B2 Knowledge of the theoryut noidentification of incorrect
B. Scientifically incorrect elements
] elemen
lead to a wrong conclusion i _
B3 Ignorance of the theoand no identification of the
ncorrect elemel
B4 Ignorance of the theoilyutidentification of the incorrect
elemen
C1 Not convincedandidentifying that this is an invalid
syllogism
C. Deductive argument which affirms C2 Not convincedut nd identifying that this is an invalid
the consequence syllogism
C3 Convinced by the argument
C4 Plead agnostic on the argument
D1 Not convinced by the argument
D. An argument hold by an expert, _ .
. . . ) D2 Examining and responding to the truthfulness of the
which provides a claim without any )
o claim
justification i
D3 Convinced by the argument
D4 Plead agnostic on the argument
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7.2. The change in how students respond to weak failacious arguments

Based on the categories presented in the previdgasestion, for each one of ttems 7 - 1f
the open-ended questionnaire, each student resp@ssiglentified in terms the category in

which it fell. The overall number of students’ resges in each category for each item was
counted, both in pre- and post-test, for the twaryef study. The quantitative results of the
data analysis for each item are presented beldheiformat of tables and chart bars, along

with a brief discussion about students’ performance

At first, Table 7.2 presents the numbers and tmegmtages of students’ responses in each
category foiltem 7of the questionnaire, which sought to examine Btwdents responded to an
argument, in which the conclusion is not an outcofrtie elements provided. Focusing on the
pre-test students’ performances, as evident franfigiures in the table, it is the minority of
students that identified explicitly the weaknesshaf argument (18% and 13% for théahd

the 2%year accordingly). In addition, it is worth commtieg that for the ' year almost half

of the students pleaded agnostic on the argum8at)4The above figures indicate the degree
of the difficulty that students confront before enmg the course in identifying the elements
that are not necessary or that are absent for stipgpdhe conclusion in the argument. Turning
attention to the post-test students’ performantesresponses in the categdmplicit
identification of the weaknessutnumber the answers in the other categoriesdtr years of
study (40% in theSlyear and 35% in thd'2year).

Table 7.2: The number of students’ responses in dacategory, for Item 7, for pre — and post-test, fothe
two years of study. The percentages are provided lmsv the absolute numbers.

Fallacy/ weakness Categories of students’ 1% year 2" year
examined responses (33 students) (23 students)
pre post pre post
Al. Explicit identification of the 6 8 3 4
weakness of the argument (18%) (24%) (13%) (17%)
A. The conclusion| A2. Implicit identification of the 18 13 4 8
is not a necessary| Weakness of the argument (55%) (40%) (17%) (35%)
outcome of the | A3. No identification of the 4 8 5 7
elements provided weakness of the argument (12%) (24%) (22%) (31%)
A4. Plead agnostic on the 5 4 11 4
argumer (15%) (12%) (48%) (17%)
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Figure 7.1: The percentages of students who explilsi or implicitly identified the weakness of the agument,
in the pre- and post-test for the two years of stug

Percentages of students who explicitely or implicit  ely identified the
weakness of the argument
(The conclusion not an outcome of the elements provided)
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o pre-test

1st year of stud
y y —| 73
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On the one hand, this could be considered a faitbpouraging outcome, as it signifies that
most of the students followed the line of reasomhthe initial argument and addressed its
weakness, even in an implicit way (view the presisubsection for the rationale under which
responses in this category are regarded as pasiaticessful). On the other hand, though, post
— test figures in the table show that one thirthefstudents of the'lyear and almost half of

the students in the'®year either did not identify the weakness of trgueent or pleaded
agnostic on it. This indicates that for a fairlyga proportion of students in both years of study
the difficulty in identifying unnecessary or misgioomponents in an argument is still present

after the intervention.

Nevertheless, in order to facilitate the comparisetween pre- and post- students’
performance on the item, data from Table 7.2 aeegnted in the format of chart bar in Figure
7.1. The chart bars illustrate the percentagetudiesits, who explicitly or implicitly identified
the weakness of the argument, in the pre- andtpsster the two years of study. As evident
from this figure, in the Lyear of study fewer students in the post-test thahe pre-test
managed to identify the weakness of the argumatit,the decrease being of 9%. In contrast,
the results for this item of thé%year are more encouraging, as 22% more studesmified

the weakness in the post- than in the pre-tesit Wil be evident in the following lines -where
the quantitative results for the other items are/jgled- this is the only item of the test in which
there is such a controversy between tharid the ¥ year of study, and in which less students

in the post- than in the pre-test found the weakineshe argument. One possible reason for
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this is that during the"3year of study some of the materials that had bieseloped to help
students evaluate arguments (view Section 1.3.89 eehanced: the experience of the previous
year of implementing them in the classroom resuhedodifying some items so as to clarify
some ambiguities, while a few additional items ctangented the existing materials. Maybe
the better results of thé2year could be attributed in some degree to thesdifivations; this
does not explain, though, why in this particulamtand not in the others as well, such a
controversy between the two years is observeddssgn the % year and progress in th&'2
year). In short, for the controversy between the y&ars of study in this item, the researcher
has no explanation supported by classroom obsengéind field notefather, the
researcher’s impression is that for both yearguafys students confronted difficulty in
identifying unnecessary or missing components iargnment even at the last stages of the

intervention.

In contrast tdtem 7, quantitative results fdtem 8of the test are consistent between the two
years of study and indicate that for both yearsenstwmdents in the post-test than in the pre-test
identified the fallacy. Results are provided in [EaBb.3, which shows numbers and percentages
of students’ responses, in terms of how studesfsoreded to an argument, in which an
incorrect premise leads to a wrong conclusion.rét fivorth noticing feature in this table is that
for both years of study no response was found hichvstudents, who hold an incorrect view in

Item § managed to identify the fallacy item 8 As it might have been expected, this finding

Table 7.3: The number of students’ responses in dacategory, for Item 8, for pre — and post-test, fothe
two years of study. The percentages are provided lmsv the absolute numbers.

Fallacy/ weakness Categories of students’ 1% year 2% year
examined responses (33 students) (23 students)
pre post pre post
B1. Knowledge of the theory 5 20 4 15
and identification of the incorrect o 0 0 0
clemen (15%) (60%) (17%) (65%)
8. Scientifcally 1, o0 Caton of mooreet | 18 4 0 3
incorrect elements clemen (18%) (12%) (40%) (13%)
lead to a wrong
conclusion | 2 cation of the incorrect | 22 0 10 5
clemen (67%) (28%) (43%) (22%)
B4. Ignorance of the theobut 0 0 0 0
identification of the incorrec o 0 0 o
clemen (0%) (0%) (0%) (0%)
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Figure 7.2: The percentages of students who managaaidentify the incorrect premise in the argument,out
of those who knew the relevant theory, in the preand post-test, for both years of study

Percentages of students who identified the
incorrect premise in the argument
(out of those who knew the relevant theory)

2nd year of 83
study
B post-test
O pre-test
1st year of 83
study 45
| |
0 20 40 60 80 100

indicates that the ignorance of scientific facemse to be a crucial factor affecting the ability to
identify incorrect premises in scientific argumerdswever, a careful reading of the data in the
table shows that the opposite is not always the.dather words, the knowledge of the
scientific theory does not seem to be necessalifyed to the ability to address the correctness
of the data in the argument. Indeed, as evident ffable 7.3, before the intervention, in the 1
year of study, 6 out of the 11 students, who reptierrectly totem 6 did not managed to
identify the incorrect premise in the argument;tfee 2 year of study, the according number

is 9 students out of 13. The above figures sigthift for both years of study and before the
intervention, less than half of the students, wad the scientific knowledge to address the
argument, identified the wrong element in it (vieigure 7.2 for the actual percentages). As
discussed in the previous subsection, most of thieskents responded only to the conclusion of
the argument, without evaluating the data that sctpd it. In contrast, at the end of
intervention, the vast majority of the studentspwhew the relevant theory, managed to find
the fallacy in the argument. Indeed, Figure 7.2xghthat at the end of intervention and for

both years of study 83% of the students, who krathieory found the fallacy in the

argument. This signifies an increase of 38% foriffigear and of 53% for thé'®year in the
number of students, who recognized the incorremse - out of those who knew the relevant

theory.

137



Comparing the outcome of the analysis betwiésmn 7andltem § it becomes evident that
better results are obtained in relation to studeliffsculty in finding significantly incorrect

data in an argument, rather than in identifyingle@vant and missing components in it. This
outcome is supported by the observations in thesob@m during both years of study. As it has
been explained previously (view Section 1.3.2Qpnaer to help students evaluate their
classmates arguments, a set of materials in time ébiconcept-map were implemented in the
classroom. In each item the instructor asked tingesits to evaluate the argument in terma)of
the scientific correctness of each component oatgement and) the way the components

are linked. The researcher’s field notes sugdedtit was easier for students to identify wrong
components in an argument, rather than follow itie ¢f reasoning in it and comment on
possible unnecessary or missing components, evamgdbe last weeks of the intervention.
Indeed, when the argument under examination caedanrong evidence, in most of the cases
even at the beginning of the intervention thisaia}l became the centre of students’ discussion.
In contrast, when the argument was weak in terntseofine of reasoning, students tended to
focus on the conclusion and debate on whetherabege with the claim. Many instances have
been noted in the researcher’s diary, in whichrieguctor’s attempts to change the focus
towards the line of reasoning of the argument wetesuccessful, even in cases where the gap
between the data provided and the conclusion relasaes obvious. Given that students’
difficulties in argumentation is an issue of proemhresearch interest (view Section 2.2.3), the

above finding are discussed more extensively inp@he.

Turning attention tédtem 9 which sought to examine how students respondedieductive
argument that affirms the consequence, quantita¢iselts are presented in Table 7.4.
Although the syllogism under evaluation might bgareled as naive, pre-test results show that
only 61% and 48% for the’and the o year of study accordingly, stated that this israalid
syllogism. As discussed in the previous sectiothefchapter, apart from the students, who
pleaded agnostic on the argument, the others ceafusth and personal beliefs with validity.
This outcome is in line with other studies on tieédf (view previous subsection), which
highlight that such errors in syllogism occur ewethe scientific community. As for the results

at the end of the intervention, the percentage¢leo§tudents who found validity problems
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in the argument is increased to 73% and 83% foltrend the ¥ year of the study
accordingly (view Figure 7.3). This increase isheatencouraging especially for th¥ gear of
study. Yet, a number of caveats should be placati@mterpretation of these data. At first, it
should be noted that during the lessons the stadidtnot have the chance to evaluate many
arguments like the above, given that a very fewm@nts with validity problems were
expressed by students during discourse. Secoasliycan be seen in Table 7.4, it is mainly
the decrease in the number of students, who pleagigaktic in the pre-test (which is rather
high in both years of study), which contributedte increase in the numbers of the students,

who found the fallacy in the argument after theméntion. As it has been pinpointed in the

Table 7.4: The number of students’ responses in dacategory, for Item 9, for pre — and post-test, fothe
two years of study. The percentages are provided lwsv the absolute numbers.

Fallacy/ weakness Categories of students’ 1% year 2" year
examined responses (33 students) (23 students)
pre post pre post
C1. Not convincea@nd
identifying that this is an invali (6212@ (72;,'/0) (4}31%) (8129%)
syllogism
C. Deductive C2. Not convincedbut nd
e | we Al S 4 3 4 2
argur_nent which |dent|f_y|ng that this is an invali (12%) (9%) (17%) (9%)
affirms the  syllogism
consequence C3. Convinced by the argumerit 1 1 1 0
(3%) (3%) (4%) (0%)
C4. Plead agnostic on the 8 5 7 2
argumer (24%) (15%) (31%) (9%)

Figure 7.3: The percentages of students who iden&f the invalid syllogism in a deductive argumentwhich
affirms the consequence in the pre- and post-tedgr both years of study

Percentages of students who identified the invalid
syllogism
(deductive argument which affirms the
concequence)

2nd year of 82
study 48

| post-test

@ pre-test

1st year of 73
study 61
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previous section, we cannot exclude the possililiéy some students in the pre-test pleaded
agnostic on this item because they did not feefident enough to provide an answer (this is
the only item of the test that does not relatehygsprs). The above indicate that the better
results obtained in the post-test for this itemhhige a reflection of students’ confidence in
evaluating arguments after the intervention, rathen regarded as a change in their ability to

evaluate deductive arguments.

Finally, moving to the last item of the tele(n 10, Table 7.5 presents the numbers and the
percentages of students’ responses in an argumbitt) contains a claim without any
justification, as expressed by someone who hasreés@en the field. It is reminded that the
primary aim of this item has been to examine hosvetkpertise of the person, who holds an
argument influences the way that students accegject it. In order to support this aim, it was
judged necessary to minimize the possibility thatlents evaluate the argument in terms of the
evidence the expert provided. That is the reasonsuih an extreme case was selected, i.e. an
argument containing only a claim without any juséifion. Regardless of the primary aim of
the item, though, the qualitative analysis of shideresponses revealed another issue worth
commenting: the confusion that some students mateden evaluating the soundness of an
argument and examining the truthfulness of itsregigtaim. As evident in Table 7.5 almost

one third of the responses of tiéykar and approximately half of the ones of tPfey2ar

(both in the pre- and post-test) fall in the catggexamining and responding on the

truthfulness of the claimThis signifies that a fairly large proportion students in both years

Table 7.5: The number of students’ responses in dacategory, for Item 10, for pre — and post-testdr the
two years of study. The percentages are provided lmsv the absolute numbers.

Fallacy/ weakness Categories of students’ 1% year 2% year
examined responses (33 students) (23 students)
pre post pre post
D1. Not convinced by the 10 10 4 8
argumen (30%) (30%) (18%) (35%)
D. An argument "B “Examining and responding 9 10 12 11
hold by an expert, o, the truthfulness of the cla (27%) (30%) (52%) (48%)
Wh.ICh prowdes a D3. Convinced by the argument 1 4 0 1
claim without any o ) o o
justification (3%) (13%) (0%) (4%)
D4. Plead agnostic on the 13 9 7 3
argumer (40%) (27%) (30%) (13%)
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of the study focused on the claim and justified thibethey agree or disagree with it, rather

than rejecting an argument in which the claim igpguted by no evidence.

Actually, as discussed previously, students’ tengida evaluate only the conclusion of an
argument is evident in the other items of the a@st has been observed during students’
discourse in the classroom. What differentiates iteim from the others, though, is that in the
previous arguments of the test the line of reagpamd some evidence to support the
conclusion were evident. In these cases, the stsidendency to focus only to the conclusion
rather than addressing the whole argument coulittbbuted to the fact that such strategy
requires less investment of cognitive energy; tloeeg it might be favoured by the students.
Another possible reason that has been pinpointegemier (1997) is that maybe students find
ways to ignore evidence in an argument, if it dotdlwith their initial beliefs—similar to
scientific misconceptions. The outcomes of the ysiglin this item, though, signify that even
when no evidence is provided to back up a claitmeretfore issues of ignoring evidence or
investing less energy do not apply- , student®folihe same strategy. For the moment, the
guestion about the possible reasons for why soutkests tend to evaluate only the conclusion
rather than addressing the whole argument remaes;at will arise again in the last chapter

of the thesis.

Nevertheless, returning to the main ainitef 10,i.e. the way that the expertise of the person,
who expresses an argument influences the way ssidealuate it, data from Table 7.5 are
presented below in the format of chart bar. Figudepresents the percentages of responses,
which fall in the first two categories of the tablédhese responses are considered successful
attempts to reply to the argument — when examithegssue of the expertise - under the
following rationale: As explained in the previowes8on, in the first category the students
stated explicitly that they are not convinced bgrsan argument, given that it provides no
justification. Either they have commented explicth the authority of the professor who
expressed the argument or not, the professor’'sres@elid not constrain these students from

rejecting an argument that contains only a clamthe second category, students seem to have
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Figure 7.4: The percentages of students who were t@onvinced by the argument or examined the
truthfulness of the claim in the pre- and post-testfor both years of study

Percentages of students who were not convinced
by the argument or examined the truthfulness of
the claim

2nd year of 83
study 70

1st year of 60
study

m post-test
@ pre-test

[dxl
~

0 20 40 60 80 100

reflected on the claim of the professor. Given thetr statements on whether they agree with it
or not are justified, it can be assumed that treserexamined the soundness of the claim. In
other words it seems that the expertise of thegssur is not an adequate reason for them to
accept a claim without any evidence. There is restjon that the data in the other two
categories do not allow to be certain that allhef students, who were either convinced by the
argument or pleaded agnostic to it, were influenmethe expertise of the professor (given that
not all of them justified their answers or commenba the authority of the professor
somehow). Considering, though, the extreme casdizabeen selected for this item (no
evidence is given at all in this argument) it ighly possible that the expertise of the person,
who holds the argument influenced in some degrestidents, who were convinced or did not
provided a justified reply to the argument. In @age, the results presented below, should be

read having in mind the above rationale in therpretation of the data. .

Nevertheless, as evident from Figure 7.4, in thgehr of study the percentages of the
students’ responses in the first two categoriesanead almost unchanged (around 60%). This
signifies that 4 out of 10 students were eithenvauced or pleaded agnostic to an argument that
contains only a claim. This is a very big perceatagespecially in terms of the post-test results-
if we consider that the instructor’s prompts tovgastlidents to justify their view and to

evaluate evidence were prominent in any lecturéteBeesults are obtained in th® gear of

study, as there is an increase of 13% in studeesgonses who fall in the first two categories,
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with the post-test figures increase to 83%. Givet in the 2 year of study pre-test
percentages in this item are higher than in theehr (70% and 57% accordingly), it could be
assumed that the difference between the two yéatsidy in this item is may be attributed to

the difference between the samples before enténamgourse.

After providing the results for each item of theegtionnaire separately, and aiming to obtain
an overview of the change in the way students re$po weak or fallacious arguments, data
from the questionnaire was analyzed in the foll@yivay: Attention was turned to each student
performance in théems 7-100f the questionnaire and counts of the numbessiotessful
responds to the arguments were made in the prea@sidest. Based on the rationale that have
been presented in the previous section and begrimgnd the assumptions provided in the
lines above, for each item successful responsesoasedered the following: fdtem 7,
categories Al and A2; fdtem § category B1; fottem 9 category C1 and fdtem 1Q
categories D1 and D2 (refer to Table 7.1 for thecdption of each code, and in the previous
section for the rational under which the respomsaisis category are considered successful).
Figure 7.5 shows the numbers of successful andcaassful responds to all the items, as

provided by the sample of students, before and #feeintervention for both years of study.

Figure 7.5: The numbers of successful and unsuccédsesponses to the arguments, as provided in dhe
items of the questionnaire for the 1 year (n = 132) and the % year (n = 92)

1st year of study

120

80

ol 65 O pre-test
60 +— W post-test

a7
40 +——1
20 +—
o T

successful unsseccesful

Nunrber df sterts' respases

2nd year of study

90
80 +
70 4 65

60 1 54
50 + @ pre-test

40 4 & ® post-test
30 +

20 +
10 —

Nurbers of studerts' resporses

successful unsseccesful

143



It is reminded that given the difference in the plbetween the two years, the total numbers
of responses between the two years are differ@@t(33students X 4items) and 92 (23students
X 4items) for the ¥ and the ?' year accordingly. A first worth commenting outcoofehis
analysis is that for both years of the study pstperformances are rather disappointing:
indeed for the % year the total numbers of successful and unsufttessponse are practically
the same, while for thé"2year the unsuccessful attempts outnumber theiorthe other
category. This is an indication of the degree efdiificulty that students confront before
entering the unit to respond to weak or fallaciatguments, which has also been pinpointed
while providing the results of each item separat®lgving the focus on the change between
the pre- and the post-test performances, as evidentthe figure above for both years of the
study there is a shift at the end of the inten@mtowards more successful responses and less

unsuccessful ones.

In order to see whether this change is statissicglificant the following procedure was

followed. For each student, the numbers of sucakss$ponses for all the items in the pre -

and post-test was calculated and are presenteahileg 7.6 and 7.7. There are 4 items in the
test, therefore the numbers range from 0 (no sstdagsponse) to 4 (successful responds in
all items). The Wilcoxon Signed ranks test was enpgnted for this data, so as to see if there is
a significant difference in the number of successfsponses provided by the students between
pre — and post-test. Figures 7.6 and 7.7 illustteeutput of the SPSS program for tieahd

the 2% year accordingly. The analysis showed that forithgear of study the number of
successful responds provided by the studentsngfisiantly higher in the post-test than in the
pre-test, but the change is of small size (2.087 p< 0.05 and = 0.256). Statistically

significant results are also obtained for tA&y2ar of study; yet, the change in the number of
successful responses for this years is of large(srz -3.453,p< 0.05 and = 0. 509). In short,

the above signify that for both years students igexy significantly more successful responses
to weak and fallacious arguments after the intefearthan before. Better results are obtained
in the 29 year, in which the change in the number of resesiisof large size, in contrast to the

1% year, where the change is of small size.
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Figure 7.6: The output of the SPSS program — Wilcaxn Signed Ranks Test —*1year of study

Ranks
N Mean Rank | Sum of Ranks
post - pre  Negative Ranks 72 12,43 87,00
Positive Ranks 18° 13,22 238,00
Ties 8¢
Total 33
a. post < pre
b. post > pre
C. post = pre

Table 7.7: The number of successful responses prded by each student

Test Statistics P

post - pre
z -2,0872
Asymp. Sig. (2-tailed) ,037

a. Based on negative ranks.

b. Wilcoxon Signed Ranks Test

(Pre- and post-test, 2nd year of study)

Table 7.6: The number of successful responses prded by each student
(Pre- and post-test, 1 year of study)

Student 2 4 5] ¢ 41 8 9 10 11 12 13 b4 h5 [16 [1¥8
Pre-score 3| 2 2 2 1 1 3 . 3 p
Post-score 4 1) 3| 3 4 2 1 3 2 1 1 3
Student 19| 20| 21] 22 23 24 25 26 27 8 p9 [30 [31 [3W
Pre-score 3 1 1 2
Post-score 2 2 1 4 1 4 4 2| 3

Student 12| 3| 4 5 6 7 8§ 9 10 11 12 13 14 {5 (16 |1¥8| 19| 20| 21| 22 23
Pre-score 20| 0 31 0 q 3 1 2 3 2 2 3 B D 2
Post-score 32| 3 3| 4 3] 3 3 3 2 4 4 3 3 4 B P 2

Figure 7.7: The output of the SPSS program — Wilcan Signed Ranks Test —" year of study

Ranks
N Mean Rank | Sum of Ranks
post - pre  Negative Ranks 12 5,00 5,00
Positive Ranks 16° 9,25 148,00
Ties 6°
Total 23
a. post < pre
b. post > pre
C. post = pre
Test Statistics °
post - pre
z -3,4532
Asymp. Sig. (2-tailed) ,001

a. Based on negative ranks.
b. Wilcoxon Signed Ranks Test
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Similar to the area of scientific explanations (fdrich the data analysis revealed better results
for the 2 year), the difference between the two years i ¢thse cannot be attributed to
differences between the groups before the intelmenthis was the outcome of a Mann-
Whitney test, which was conducted to investigateftwo groups fland 29 year) differ
considerably in terms of the number of successfsphonds the participants provided at the
beginning of each year. The output of the SPSSyaisak provided in Figure 7.8. Although the
mean rank for the®lyear is bigger for the®lyear than in the™, as shown in this figure, te
value is smaller than 1.96 (ignoring the minus sigrhile p > 0.05. The above numbers signify
that there is no significant difference betweenihand the ¥ year, in terms of the number of
successful responds the students were able todartéfore the beginning of the course.
Rather, the better results for tH¥ gear of study might be attributed in a degredéo t
enhancement of the materials given to the studerttslp the in the process of argumentation.
As mentioned previously, the implementation of tegterials in the format of concept-maps
with competing arguments in the first year showet some items had ambiguities, so required
modifications. In addition, during thé%year, additional to the existing items were depetb

and implemented in the classroom, as the experiefittee £' year showed that students might
need more occasions to reflect on and evaluate etmgparguments in such a format. On the
other hand, field notes suggest that in thfey@ar of study the instructor made more use of
argumentation prompts, while competing argument®wescussed, such awhat is the
evidence for rejecting this argumeritan you think of any reason for supporting yourwie

‘what do you think is the main problem with thiswargent’ In short, the researcher’s

Figure 7.8: The output of the SPSS program — Mann-\hitney test - for comparing the numbers of
successful responds to weak or fallacious argumentsefore the intervention between the two years aftudy.

Ranks

group N Mean Rank | Sum of Ranks
pre 1 33 30,33 1001,00
2 23 25,87 595,00
Total 56
Test Statistics 2
pre
Mann-Whitney U 319,000
Wilcoxon W 595,000
z -1,046
Asymp. Sig. (2-tailed) ,295

a. Grouping Variable: group
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impression - based on the observations and infodmsalssions with the instructor- is that for
the 2 year of study the instructor himself had concelftad better the norms of
argumentation, so he made better use of the migtarithe classroom. This could have been
expected, given that the previous year was thetiire that the instructor was asked to
implement such materials. The point made heresisthie ability to argue effectively is a long-
term process not only for the students — as culitendture suggest (for example Osboenel,
2004). Teachers and instructors themselves needitirdevelop a theoretical understanding of
the nature of scientific arguments and they negebeance and practice to implement
successfully strategies aiming at eliciting satisfay arguments from the students. It is
important to have this point in mind, when sigrafit improvements are expected after a short

time of implementing interventions towards devetgpargumentative abilities.

Summary

This chapter provides the research results othitaobjective of this study, which relates to thay

that students respond to weak or fallacious argtsreemd to the change in their responses after
participating in the course. Qualitative analydistadents’ responses resulted in the formation of
categories showing how students dealt with argusaahtn which the conclusion is not an outcome of
the data providedy) in which an incorrect element leads to a scieaify wrong conclusion)

deductive one which affirms the consequenceddrmntaining a claim by an expert with no
justification. After counts of students’ responsesach category for each item were made, the
following issued emerged, which will be furtheradadissed in the last chapter of the thesis. Fietter
results were obtained after the intervention iatieh to students’ difficulty in finding incorredata in

an argument, rather than identifying irrelevaninissing components in it. Secondly, problems
concerning the distinction between truth and validi deductive arguments were evident in some
students’ responses. Third, it was observed thmessiudents —even after the implementation- haye th
tendency to focus and respond only to the claimncérgument, rather that addressing and evaluate th
whole argument. In relation to the change in thg stadents’ respond to weak or fallacious arguments
statistical analysis revealed that for both yedistudy, students provided more successful resptinds
such arguments after the intervention than beftee. better results were obtained for théy2ar as the
change was of large size, in contrast to the ptesvi@ar, in which the change was of small sizeeiv
that no statistical significance was found in theagbetween the groups before the intervention, the

better results of the"®year were attributed to a) the modification of thaterials given to the students
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to help the in the process of argumentation inplisod; b) the instructor’s better conceptualimatf

the norms of argumentation, and the better uskeofrtaterials in the classroom.
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CHAPTER 8

Results on the quality of students’ arguments

In this final chapter — in relation to the resufdata analysis - the interest remains on the area
of scientific arguments, but the focus is shiftedidrds the quality of students’ written
arguments. The main objective of the research, misicelevant to this chapter, is provided
below:
RQ4: What is the change (if any) in the quality ofdgnts’ written arguments after
participating in the course?
At the early stages of the research, students’naegis were intended to be analyzed by the use
of Toulmin’s Argumentation Pattern (TAP), as implented by Erduraet al's (2004) and as
adapted for the purposes of this study (view Sectid.3 for further details). However, the data
analysis revealed that the theoretical framewodseh for evaluating the quality of arguments
needs to include features, additional to the omiéglly planned. Given the limitations that
were found during the analysis, this chapter begitis a brief discussion about the need for
modification and of the theoretical framework iaity chosen (Section 8.1). Following this, the
expanded theoretical framework for evaluating thality of written arguments is presented,
while examples of students’ arguments are providedustithte how it has been applied to the
data (Section 8.2). Finally, in Section 8.3 thaultssof the data analysis after the application of
the framework are provided, in a view of identifyithe change in the quality of students’

arguments after participating in the course.

8.1. Modification of the theoretical framework: therationale
As mentioned in Chapter 4 of this study, the thcakframework chosen initially for

analysing scientific arguments in terms of the & an adaptation of Erdurast al!s (2004)

methodological approach. It is reminded that thaliguof an argument was planned to be
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judged on the presence or absence of rebuttalthahdtudents’ arguments were intended to be
classified in three broad categories:

¢ Low-level argumentswhen an opposition consisted of counter arguaérat were a
simple claim versus a counter claim.

e Middle-level argumentswhen an argument consisted of claims with dataagkings
but with no rebuttals.

e High-level arguments when rebuttals were evident, in direct referetace piece of
evidence (data, warrant or backing) offered - thgmngaging with the present
argument.

As evident, the above mentioned framework can Ipdieay only when there are oppositional
episodes in argumentation, in other words whenestisdare not convinced by their classmates’
arguments and offer an oppositional claim. Thegdenito focus only on oppositional
arguments had been informed by recent researcim§isdwhich suggested thabn-

oppositional episodes tend to be unsophisticatéelms of scientific discourse structure. For
example, Clark & Sampson (2006) when analysingne argumentation found a number of
non-oppositional episodes in their research (14®6416), and classified them (in terms of
whether they consisted or not of claims, data, avds). Yet, they argued that in these
arguments students tended to accept what it isanrgnd move onward. Under such a
rationale, they decided not to use these episode evaluating the quality in students’

argumentation.

During the analysis for this research, though, datealed that the above is not always the
case. Similar to Clark & Samson’s (2006) resultsp@asiderable number of non-oppositional
arguments were identified in this study: theseudel the cases, when the response to an
argument offered further support to the claim @ $hudent chose to be agnostic about the
claim by questioning some piece of evidence iratfggiment. Yet, in this study, not albn-
oppositional arguments, which were provided bydtuelents, appeared to be unsophisticated.
In contrast, data analysis showed that they diffémeerms of qualit. More specifically, some
students, who stated that they were persuadedebgrument, offered further support to the
claim or further clarification; other students jastepted or rephrased the claim of the initial

argument. Given the differences observed betwesw#ys students provide non-oppositional
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arguments, the researcher decided that such argsistesuld merit further attention. This
resulted to the consideration that the theorefremhework for evaluating arguments should be
expanded, so as to include non-oppositional epssatieg with oppositional ones. The

following lines present briefly the rationale, unaénich the framework was modified.

A review of current literature does suggest thatabsessment of the overall quality of an
extended written argument or dialogic argument Setenie problematic. Apart from the
difficulty to make objective distinctions betwedretvarious Toulmin components, some
researchers report that the structural analysisabdgic argumentation needs to include
additional to Toulmin’s argumentative operationgtsas clarification, query, or support for
another’s claim (for a review, view Erduran, 200B)is last remark concerns arguments where
students do not oppose to an argument. Some stdiegaluating the quality of students’
arguments have acknowledged this deficiency, baselto focus only in oppositional

arguments, as described above (for example, Cla8lagpson, 2006).

Yet, it can be supported that when evaluating thadity of students’ argumentation, non-
oppositional arguments could asidouldbe used, along with oppositional ones. Maybe,
implicit to focusing only in oppositional argumentghile evaluating scientific discourse is the
everyday sense of argumentation, which suggestttisad competitive interaction with
‘winners’ and ‘losers’ and which contains mainlypogitions. Yet, both science educators and
philosophers of science have extended this evergeiage of argumentation: they seem to
agree that scientific discourse is a collaborgpirecedure, in which participants work together
to resolve an issue (Osborekal, 2004). Under this perspective, the proceduresblving an
issue does not only contain controversies, butlregas well sharing in the construction of
explanations or questioning. Therefore, apart ftbenability to offer rebuttals when opposing
to an argument, the ability to clarify the meanangffer further support to another’s claim are

also important aspects in the ability to arguectively in educational environments.
In addition, observations of students’ discoursthaclassroom for the two years of this study

reinforce the theoretical position supported ababeut the significance of non-oppositional

episodes in the process of argumentation. Indesthses when two students, who participating
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in a debate offered two opposing arguments and8teictor asked the other students to
comment and take sides, the following remarks reshimoted in relation to which arguments
contributed to an effective dialogue: Some studehtse to oppose to one of the arguments,
while others choose to support one of them. Irs#e®nd case, when the student supplemented
the missing components of the argument, or clarifiee meaning when there was an

ambiguity, he or she contributed positively to finecess of argumentation. In contrast, when
the student rephrased the claim or repeated tlaevdan asked to say why he is convinced by

the argument, in most of the times the discoursged® an end.

In short, the analysis of students’ written arguteemd the observations of students’ discourse
suggest that — although the theoretical framewaitially chosen to evaluate the quality of
arguments is useful — it does not address allspeds evident in the data in this study. That is
because it considers only oppositional argumeint@ddition, from a theoretical perspective, it
has been supported that non-oppositional episodagumentation should merit some
significance. That is because in educational sgttargumentation does not only include
contradictions, but also collaboration towardsdratinderstanding. Under such a rationale and
as an outcome of the data analysis, in the follgvgiection an expanded theoretical framework
is presented and proposed for evaluating writtgaraents.

8.2. Presenting and exemplifying the expanded thestical framework

Based on the rationale presented previously, #uga offers the schema of analysis of
students’ written arguments in terms of their gyahs applied to the data of this study. For
evaluating the quality of students’ arguments, digt@ing from the second part of the
guestionnaire was useligms 7-9. In these items students’ were given arguments;iw
offered justification, in contrast to the othemitg which comprised only by a claim. At first,
students’ arguments were identified as beé\gppositionalarguments (contradicting to the
claim of the offered argument) B)) non- oppositionabnes (supporting or questioning the

claim of the offered argument). For each of these ¢ategories three levels of quality were
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formed. Tables 8.1 and 8.2 present the levelseofjtiality of arguments in each category,

along with the description of each level of studeatguments.

For non-oppositional episodes, as evident in T8dethe quality in students’ arguments was
judged by the ability to offer rebuttals. Argumentish rebuttals are considered of better
quality than those without, given that oppositioagjuments without rebuttalsdve the

potential to continue for ever without no changenarid or evaluation of the quality of the
substance of an argumerf©sborneet al.,2004). In this study, which involves students’
written arguments as a response to a provided agumebuttals are considered as statements
that provide criticism to a piece of evidence @ line of reasoning of the initial argument.
High-level arguments consist of responses in whichevident that both the provided and the
alternative ‘theory’ have been considered by thedett, arguing that the alterative theory is
more correct or the provided one is wrong. As K(891) has argued, this is the most
complex skill in terms of argumentation. In othesrds, these responses consist of statements

that are direct reference the provided argumertofrirast, in middle-level arguments, there is

Table 8.1: Levels of arguments in oppositional epigles in terms of quality

Levels of argument Code Description

Low-level Opl When the opposition consisted diymounter arguments, that were a
simple claim versus a counter claim

Middle-level Op2 When an argument consisted ofnatawith data or backings, but no
rebuttals
High- level Op3 When rebuttals were evident (stegsts in direct reference to a piecg

of evidence, thereby engaging with the presentraegt)

Table 8.2: Levels of arguments in non- oppositionapisodes in terms of quality

Levels of argument Code Description

Low-level Nopl When the response consisted afments that the claim was re-stated
or rephrased

Middle-level Nop2 When an argument consisted ohhggnting a piece of evidence of the
initial argument

High- level Nop3 When a clarification or additidfieatures were provided by the
students to support or query the claim
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no evidence that the students have integrateduh@aositions (the one provided and the one
supported), given that there is no statement iim tegponses, which engage to the provided
argument, except from the claim. In other wordsjdtg-level oppositional arguments consist
of a counter-claim supported with evidence (dathamkings), but no rebuttals. Finally, in low-
level oppositional arguments there is only a claérsus a counter-claim, without any
justification. The examples that follow are prowdde illustrate how the analysis has been

applied to the data, for oppositional episodes.

Examples of low-level oppositional argumerithe following extract is taken from the pre-test
in the 2% year or study; it is a students’ responskeém 70f the test:
| don't agree. | believe that - even this happetise change in the rotational speed
would be small and non-significant.
In this response the students rejects the claitheoinitial argument (that the rotational speed
will change), without, though, offering any suppfant this position. In a similar vein, a student
who rejects the claim item 8of the test (1st year pre-test) states:
(I am not convinced.) | believe that the readinghef scales changes, when the elevator
moves.
The above arguments consist only of a claim veastsunterclaim, with either data to support

it, nor any rebuttal; therefore, they are considéosv- level oppositional arguments.

Examples of middle-level oppositional argumett: the following exampl€2™ year, pre-test)
the student provides some evidence for the countden:
(I am not convinced) The reading of the scalestsime same, when the elevator moves.
When the elevator is going up, the reading of ttades is bigger than the actual weigh
of the person; when it is going down, it is lesmtthe weight.
Another example of a student’s response, whichigesva piece of data to back up the position
supported, is the following {lyear, pre-tesitem 9:
(I am not convinced.)This is not possible, givaat titowadays there are vast expanses
of land. In addition, we have found fossils of demars, which could not have been
preserved in the water. Therefore, logically, dexas must have been extinct in the ice

ages. Fossils can be preserved in the ice.
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In both these arguments, the students examineutiditiness of the claim and reject it without
offering a statement engaging to the provided asntrexcept from the claim. Given that no

rebuttals are evident, these are considered adeHlekl arguments.

Examples of high-level oppositional argumenrt the following examples, students’ responses
are engaged with the provided argument, giventhieae are statements in direct reference to
the initial argument. The following extract is takieom the2™ year, post-testtem §:
(I am not convinced) The nominal force change®iation to the acceleration of the
elevator. Therefore, the force that is exertedrendcales changes as well and it is not
equal to the weight of the person.
In this argument, the student opposes to the meegidence of the initial argument, that the
nominal force is equal to the weight; in additibe,provides evidence to support it (there is
acceleration). Similarly, the following responsergjaged with a piece of evidence of the
provided argument flyear, pre-tesitem 7:
(I'am not convinced). ‘What has Pascal’s princifdedo with the fact that the rotational
speed of the earth changes, if the ice in the NBdle melts and the level of the sea
rises? It is irrelevant.
In short, in the examples above the students tebile argument given to them, therefore they

are regarded as high-level oppositional arguments.

For non-oppositional episodes (view Table 8.2), thalityuin students’ argument in this study

is judged by the ability to clarify or to offer atddnal features that support /query the claim.
Based on the rationale presented in the previattgose low- level non-oppositional arguments
are considered the ones, in which the studentatepeephrase the claim that they accept from
the initial argument. As supported before, it ifikely that such responses might contribute to
a successful dialogue. Middle-level arguments aganded the ones, which offer a kind of
justification by highlighting some piece of evidenarovided in the initial argument; by doing
so, there is an increased possibility to contriltatihne construction of knowledge, given that
this evidence might have been overlooked by therattudents, when evaluating the initial
argument . Finally, in higher-level non-oppositibasguments, the students complement the

initial argument with additional evidence, so asdimforce or to question the claim of the
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initial argument. The extracts of students’ resgsrtbat follow exemplify the above-mentioned

categories.

Examples of low-level non-oppositional argumerit the following exampl¢1® year of
study, pre-testtem 7) the student just repeats the claim of the initiglanent:
(Iam convinced) It is a correct argument. | agtkat the rotational speed of the earth
will change if the ice melts.
Similarly, a students’ responseltem 8(pre-test, T year of study), in which the student
rephrases the claim of the provided argument isal@wing:
(I am convinced.) The reading of the scales remtéiasame, while the elevator is
moving.
In responses like the above it might be possitdéttie students have focused on the
conclusion and accept it without following the oaale of the provided argument, given that
there is no evidence in their answers that engagbshe provided argument-except from the
claim. Students provide no justification for thegsponse; therefore such responses are

regarded as low-level arguments.

Examples of middle-level non-oppositional argumei: contrast to the examples above, the
following responses provide some evidence thasthéents have engaged with the initial
argument; apart from repeating the claim, they Igbh a piece of evidence of the initial
argument, either to support the claim or to questioThe response ttem 7below is taken
from the 29 year of study, post test:
(I do not know). | agree that if the ice melts kel of the sea will rise and as a
consequence the rotational speed of the earthclvdhge. That is because the angular
momentum of the earth must be conserved. Butsigliainge significant or observable?
| don know.
In this example, the student queries the clainhefinitial argument, repeating some of the data
of it, without, though, offering additional to tleisting justification for questioning the claim.
In a similar vein, in the following argument (asesponse titem 8§ 1% year pre-test) the

student repeats a piece of evidence of the iratigdiment:
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| agree. We know that the nominal force always &xjtee weight, which does not
change.
As mentioned before, by highlighting a piece ofdattthe initial argument, rather than just
repeat or question its claim, there is a highesidgy to contribute to a successful dialogue: it
gives the opportunity to the other students to $omn the data of the argument rather the claim
and — in that way — facilitate the process of affgjustification that engages to the initial

argument.

Examples of high-level non-oppositional argumenh the following responses the students
reinforce the claim that they accept or questignpioviding further evidence. For example, a
student fronthe T'year of study (pre-test) statesiem 7
(I am convinced) | agree. As we know, L = Iw. Wtenice melts, the distribution of
the mass in the earth will change. As a resulttioenent of inertia will change.
Given, though, that L remains constant, w will apams well.
In the above response the student complement itied argument with further elements, to
back up the conclusion reached. Similarly, a stuffem the 2nd year of study, stated in the
pre-test intem 8
(I am convinced.)The nominal force always equadgsweight. The elevator is
accelerating because of the force, which is exeidatlby the ropes. Given that N=W,
and the weight does not change the reading of¢hkes remains the same.
In this argument, the additional evidence provibdgdhe student is that the acceleration of the
elevator is attributed to a force exerted by thees) this piece of evidence —although it is
scientifically incorrect — reinforce the data oéfimitial argument that N=W, and as a
consequence provide further backing to the clamshiort, responses like the above are
considered high-level non-oppositional argumentslen the rationale that they clarify or

reinforce the claim that they accept and —in thay-vcontribute to a successful dialogue.

The framework for analyzing the quality of writtarguments as presented and exemplified
above, was applied to the data of the study. Thewiong section presents the results of the
analysis, which was made to investigate the chantiee quality of students’ written

arguments after participating in the course.
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8.2. Applying the expanded theoretical framework: he results

The application of the expanded theoretical fran&ior evaluating the quality of students’
written arguments involved the following stagessEieach student responsdtems 7-9f

the questionnaire was identified as being a) amsitipnal argument and b) a non-oppositional
argument. Then, for each of the above categoras) student response was identified in terms
of the level it achieved (view Tables 8.1 and 8T2)e overall number of students’ arguments
fallen in each level for all the items was countaath in pre- and post-test, for the two years of
study. The results of the data analysis are preddyglow in tables.

Table 8.3 provides the numbers of oppositionalramt oppositional arguments in the pre- and
post-test for the two years of study/Jt@ms 7, 8and9 of the questionnaire. The total number of
arguments differs between the two years of stutgngthe difference in the sample size (33
students X 3 items = 99 episodes for tFlegdar; 23 students X 3items = 69 episodes for the 2
year). As evident in this table for both yearstofly the majority of the episodes were
oppositional ones (42% and 60% in the pre- and-@sstaccordingly for the®lyear; 43% and
75% in the pre- and post test for tH8 year). A considerable number of non-oppositional
arguments were also provided by the students (vgifyom 16%-24%). A notable feature
about these data, though, is that the percentddetabresponses in which students did not
provide any argument, as a justification for theich ‘convinced’ / ‘not convinced’, is
considerable high: for the first year of study 38Pthe total responses in the pre-test fall in the

category ‘no argument’, with the according percgatm the post-test falling to 21%.

Table 8.3: The numbers of oppositional, non-opposidnal and no arguments that were provided by the
students in Items 7, 8 and 9 of the questionnair@) the pre and post-test for the two years of studythe
percentages are provided below the absolute numbers

1% year of study 29 year of study
pre post pre post

Oppositional 42 60 30 52

(42%) (60%) (43%) (75%)
Non-oppositional 24 18 12 11

(24%) (18%) (17%) (16%)
No argument 33 21 27 6

(33%) (21%) (40%) (9%)
Total arguments 99 69

(100%) (100%)
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More encouraging seem to be the results for thergkgear: although in the pre-test 40% of
the responses did not contain any argument, ipasétest the according figure falls to 9%.
The high percentages in this category in the psefte both years can be attributed to students’
lack of confidence to deal with questions in sudareat, rather than to mere inability to
respond to arguments. This is possible the cagengn the last class of the upper-secondary
school (which is the previous educational levethaf participants) students were assessed by
test in the format of the national exams papersghwimcluded algorithmic problems and
multiple choice questions. As for the post-testpatages, results on th& ylear are rather
disappointing, as almost 20% of the total respodggsot contain an argument. If issues of
confidence are the reason for students’ not pragidiny argument in these items, then it seems
that for the 1’ year, the intervention did not have the expectedamnes on the field; in

contrast, for the'® year the according number falls below 10%, signiithat only a small

minority of responses did not entail an effort toypde an argument.

Focusing to students’ oppositional arguments, T8blgresents the results of data analysis in
terms of the levels in the quality of argumentstaDauggest that for both years of study the
total number of the low-level arguments was de@eadter the intervention and represents the
small minority of the total number of argumentsisltiecrease in important as it signifies that
only a few episodes entailed a claim versus a estot@im; in other words, in a very few

instances the students did not offer any data ¢& bp the conclusion supported.

Table 8.4: The numbers of oppositional arguments iterms of quality in the pre and post-test for thewo
years of study- the percentages are provided belotlie absolute numbers are out of the total oppositital

arguments
1% year of study 29 year of study
pre post pre post

High-level 20 31 14 32

(48%) (52%) (47%) (62%)
Middle-level 15 26 13 18

(35%) (43%) (43%) (34%)
Low-level 7 2 3 2

(17%) (3%) (10%) (4%)
Total oppositional 42 60 30 52
arguments
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Better results obtained in th&%ear of study: the percentages of middle-leveliarents
decreased, while the ones of high-levels increasgdifying that more counter-arguments
were engaged with the provided argument. In contfasthe ' year of year, a rather small
increase was found for both the percentages oflexgl and middle-level arguments. The
increase in middle-level arguments is a fairly pesioutcome, given that more episodes in the
post- than the pre-test were found in which stusipndvided data to support their view. Yet, as
argued in the previous section, counter-argumeittsivo rebuttals are likely to lead to parallel

monologues.

Turning attention to non-oppositional argumentd)l&a8.5 presents the numbers of students’
arguments that fall in each level in terms of gyabimilar to the case of oppositional
episodes, the pattern again suggests a decrebse-lavel arguments, for both years of the
study. For starters, this is a positive outcomi signifies that the number of post-test
students’ responses that contained some piecddadree is increased. In addition, a marginal
increase is observed for high-level argumentsbéh years of study — defined as the ones in
which students offered a clarification or additibfeatures to support or query the claim of the
provided argument. Mixed results are obtained finidhe-level category: for thelyear the
percentages of total arguments remained practittzélsame, in contrast to th® gear for

which they are increased after the interventiomgufnents in this category involved

highlighting a piece of data of the initial argurhemather than just repeat or question its claim.

Table 8.5: The numbers of non-oppositional argumestin terms of quality in the pre and post-test fothe
two years of study- the percentages are provided lmv the absolute numbers are out of the total
oppositional arguments

1% year of study 29 year of study
pre post pre post

High-level 14 11 6 6

(58%) (61%) (50%) (55%)
Middle-level 8 6 4 5

(34%) (34%) (33%) (45%)
Low-level 2 1 2 0

(8%) (5%) (17%) (0%)
Total non-oppositional 24 18 12 11
arguments
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As argued in the previous section, this gives thgootunity to the other students to focus on
the data of the argument rather the claim andtkahway — facilitate the process of offering

additional justification that engages to the ihiiegument.

In short, for both categories (oppositional and-nppositional episodes) and after the
intervention data analysis showed that it was thallsminority of arguments developed by the
students that did not attempt to offer a ratiomedame grounds for their claims. In an
educational context, the predominance of argumenitaining only claims would be
problematic, in that they do not offer fruitful gned for the establishment of better
understanding. In addition, for both years of stadyincrease was observed for high-level
arguments: for oppositional ones this signified thare arguments developed by the
participants rebutted the provided argument ang toatained statements in direct reference to
a piece of evidence; for non-oppositional ones ithcreased signified that more arguments
clarified or reinforced the claim with additional the existing evidence. The above provide an
indication that for both years of study there wamsitive change in the quality of student’s
arguments after the intervention. Better resulesrst have been obtained in tHé year: one
the one hand for thelyear in the post-test 20% of the responses di¢atain any argument,
which is a negative outcome-in contrast to theofeihg year for which the according figure
falls to 9%. On the other hand, for tH¥ gear it was a greater increase in the percentafges
arguments with rebuttals, than in the first yednisTs important, given that the ability to rebut

is considered the most complex skill in argumeatatKuhn, 1991).

However, a number of caveats should be placedemthrpretation of these data: First, the
number of arguments given to the students to etaluad respond is small —only three items -,
and it may not represent all the potential typearghiments that students could confront in real
—time discourse. For example, the quality of stislenunter arguments in episodes when the
initial argument contains only a claim, or when team is implicitly supported was not
investigated. Second, the total number of studemtgiments in each category was rather
small. As a result no investigation was possibleg¢anade, in terms of whether the changes in
the qualityare statistically significant. Provided that a geeamaumber of arguments were

evident, a similar statistical analysis to the arae for the quality of scientific explanations
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(view Chapter 6), would permit the investigation $tatistical significance on the outcome.
Nevertheless, regardless these limitations, an itapboutcome of the above analysis is that it
exemplified the application of an expanded theoatframework for evaluating the quality of
students’ written arguments — the one that considppositional and non-oppositional episodes
as well. In the following chapter, the theoreticaplications of this analysis will be further

discussed, as well as recommendations for futw®areh on the field will be made.

Summary

This chapter addressed the fourth objective obthdy and provided the results of the data analgsis
relation to the change of the quality of studeatguments after participating in the interventiData
analysis reveled that the theoretical framewortailty chosen for evaluating students’ written
arguments is useful, but limited as it considely apn-oppositional episodes. This resulted to the
modification of the framework, so as to addressdidu@ evident in this study. The expanded theaietic
framework — considering both oppositional and nppesitional episodes- was presented and its
suitability was supported, both from a theoretmaispective and as grounded to the data. The
application of the framework to the data showed fitvaboth years of study there was a positive glean
in the quality of student’s arguments after therinéntion, with better results being obtained i 2
year. Yet, the low number of arguments in eachgoatedid not allow the investigation of statistical
significance in the outcome. Some strengths anitliimns regarding the outcomes of the analysis are

finally pinpointed.
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CHAPTER 9

Discussion on the findings, summary and implicatios of the study

The primary aim of the study has been to exploeestttent to which the course described in
the first chapter of the thesis achieved its aimshort, the research has sought to
determine the extent to which the pedagogicaleggras used in the course contributed to
enhanced students’ explaining and argumentatiditie®i and to their improvement of
conceptual understanding on the area of classieahanics. In the first part of this final
chapter, the findings regarding the main objectfethe research are summarized and
discussed (Section 9.1). Apart from the main figdiof the study, though, during the data
analysis several issues emerged, worthy to be fudibeussed and investigated. Section 9.2
considers and summarizes these findings, which snaoricern the areas of scientific
explanations and arguments, in the view that thightprovide the ground for further
research on the field. Following this, in Sectio® Some limitations of this study are
provided. The chapter finishes by considering bi@otetical and the research implications

of the investigation and by recommending directifumgurther research (Section 9.4).

9.1. Summary and discussion on the main findings ttie study

This study was conducted in the context of a fiestr university physics unit, innovative
both in the teaching methodology and the aimsughkoto achieve. The research was
guided by four research questions, which have fdritseobjectives:
RQ1: What is the change (if any) in students’ concaptinderstanding on basic
mechanics after participating in the course?
RQ2: What is the change (if any) in students’ abilayprovide correct and concise
scientific explanations on basic mechanics afteigypating in the course?
RQ3: How do students respond to weak or fallaciousiments? What is the
change (if any) in the way students respond to angbments after
participating in the course?
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RQ4: What is the change (if any) in the quality ofdstats’ written arguments after
participating in the course?
These objectives have been realized under the amettiod research paradigm, by means
of constructing a mixed research desigroadly speaking, findings have suggested that the
intervention achieved the positive outcomes thdtlieen expected, albeit not to the extent
that it was hoped in all of the areas of investayatThe following lines discuss and

summarize the main findings, in relation to theethmain areas of interest.

9.1.1. Students’ conceptual understanding on classil mechanics
In relation to the first objective of the resea(BiQ1), results of the data analysis showed
that there was a significant positive change inett&l conceptual understanding, after
participating in the course, for both years ofshedy. On average, for th& gear of study,
the outcome of the t-test suggested that studeonted in the FCI significantly better in the
post-test i = 20.56,SE =0.917), than in pre-tesil(= 18.47,SE =1.080,t (33) = -2.685,
p <0.05,r = 0.42). In addition, the analysis of the data, @ppsed by Hake, signified that
the course falls in the category of low-g coursas>(= 0.18). Similarly, for the"3year of
study and on average, the output of the t-test sddhat students provided more correct
answers in the post-tedil (= 22.50,SE =1.110), than in pre-test(= 20.50,SE =1.222t
(23) =-2.881p <0.05,r = 0.47), while the g percentage was calculated <g=2%,

denoting that the course falls in the low-g courses

The encouraging finding here is that students’ ephgal understanding was significantly
increased for both year of study after participgiimthe course. Yet, the course fell in the
region of low-g courses, according to Hake’s clasaion, in contrast to most of the
interactive teaching programs, presented in Chaptehich reported outcomes on the
medium-g courses category. A possible reason fedifference is that in the other
interactive programs students were provided byeéheher with the correct answers in the
conceptual questions. In contrast, in the two ye&mplementing the intervention,
students decided on their own about the correctfetse views expressed, without the
instructor taking sides, when competing theoriesrevdéscussed. As Osboreeal (2004)
have argued, the exposure to plural explanatomyrig® might confuse some students, or
lead to the development of a scientifically incotnelea. Especially when at the end of
discourse students do not get reassurance by parttabout the correct view, the danger

that some of them are led to confusion is increagéds may be an explanation of why the
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conceptual gain in this unit is lower than the omnanits, in which students are provided

with the correct answers.

A question that arises here, though, is whethefestis, who are provided with the correct
answers in interactive programs, achieve deep btnakunderstanding, or just memorize
the ‘correct’ views that are expressed by the utstr after the discourse. In Chapter 2 it
had been supported that the issue of achieving deagrstanding through interactive
pedagogies has been raised in a number of otheainasstudies. It is reminded that
according to Chinn & Brewer’s findings (1993) statkeare more likely to reach
meaningful conceptual conflict, if engaged in a ttattul and effortful processing of
arguments. This process, though, requires actualgemgent by the students, when
competing arguments are expressed. In contrastptbdearning of the correct answers —if
they are provided - requires less cognitive enargyit might be favoured by some
students, who are reluctant to take responsilofityeir learning. In such a process, though,

it is unlikely that deep understanding might occurs

In short, there is no question that the strategyadfproviding the correct answers to the
students entails the danger of confusion or devedoprmf incorrect views to the students.
On the other hand, though, when the instructorigessexplicitly the correct scientific
view, there is the danger that the students aremgeaiged actively in the argumentative
process, rather memorize what the teacher advoddiegoint made here is that in this
course the progress in students’ conceptual uradelistg was rather low in comparison to
other interactive units, maybe because students marprovided with the correct answers
by the instructor. Yet, data analysis revealedaaissically significant positive change in
their conceptual understanding. Most importaniyhas been argued that this change is the
outcome of the students’ interactions, rather thamote learning of the scientific
knowledge provided by the instructor, without deeperstanding. Under such a
perspective, one of the aims of the course — tieerelating to students’ acquisition of deep

conceptual understanding — is believed to have bekieved.

9.1.2. Students’ scientific explanations
In relation to the second objective of the stud@aR findings suggest that for both years of
the implementation, the students gave significamibye appropriate explanations in the

post- than in the pre-test. Specifically, for tieygar of study the number of scientifically
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correct explanations provided by the students wasfieantly higher in the post-test than

in the pre-test, with the change being of mediure &= -2.758 p< 0.05 and =-0.342).
Better results are obtained in tH¥ Year: again, appropriate explanations in the pesst-
outnumbered significantly the according ones ingteetest, but the change in this year was
of large size{= -3.493,p< 0.05 and =-0.515). What is important about the increase in
the number of correct explanations is that studeictsiot only hold correct views about
scientific phenomena in the area of classical maickabut that their views wereasoned,

in a scientifically correct manner. As exemplifiedChapter 3, contemporary research on
interactive ' year university courses has mainly focused onsitigating what students
believe about various physics concepts. Theseestutliough, did not investigatéy

students hold such beliefs on science conceptsway that they can justify to themselves
or to others. Maybe, implicit to the direction falted in this body of research is the
assumption that students’ beliefs on science tapieseasoned views. Kuhn (1991),
though, has questioned this assumption, by makiegase that cognitive skills on
reasoning should not be taken for granted. Thisares adds to the existing body of
literature on interactive units by investigatingd#nts’ scientific reasoning. Most
importantly this study showed that -through theiacttive strategies used in the course- it is
possible to contribute positively to students’ @ypilo provide correct scientific

explanations, as well as to their understandingcadntific concepts.

On the other hand, data analysis showed a posiévelopment in students’ ability to
provide concise explanations. For both years efstdy, at the end of the intervention
students provided le€zategory lexplanations — defined as the ones in which dray t
explanatory conclusion is given. The decreaseemtimber ofCategory lexplanations is
important, as it signifies that only a small minpf the explanations provided by the
students did not offer a rationale to back up faarc Better results were again obtained
during the 2° year of study, as students provided significanttyreCategory 3
explanations in the post-test than in the pre{e<d.05,r = -0.445) - defined as the most
complete ones. In contrast, for tHéykar of the implementation, although students
provided more Category 3 explanations in the pbstn in the pre-test, statistical
significance was established only for the increag@ategory 2explanationsg<0.05,r = -
0.355) — defined as the ones in which more evidenneeded to back up the explanatory

conclusion.
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In should be reminded that in order to foster stsleabilities in providing concise
explanations in the course, the attributes of gmmaite explanations were not taught
explicitly. Instead, the process of ‘explainittgsomeoneivas emphasized as a distinct
activity to ‘explaining’ — defined as a pedagogiaativity, which aims to impart knowledge
and to promote the understanding of the other petbe explainee. To do so, the instructor
used a fictional person — Bobos - to whom studert®asked to address their views, with
an aim him to understand. The improvement in thedityuof students’ explanations
provided indication that this was a successfutasga the decrease ategory 1
explanations signified that it has probably conitéal to students’ understanding that
explaining is more than providing a set of algarithto solve a problem or offering a
conclusion without making explicit the rational;addition, the increase @ategory 3
explanations —although not statistically significanthe £'year of study — gives confidence
that the students have gained an insight thataexply in educational contexts entails the

consideration to promote understanding in the gbleeson, the explainee.

There is no question that this study does not atlenestablishment of a cause and effect
relationship between the strategies used in theseand the outcomes in the area of
scientific explanations to the students, given ihais not conducted under an
experimental design. Therefore, it can not be aafesd that the use of the fictional person
Bobos in the classroom necessardgults tothe enhancement of students’ explaining skills.
However, the prolonged engagement of the reseatatike field by observing the lessons
for the two years of study has provided indicatioat such a strategy has positive outcomes
in engaging students in the process of providingisenexplanations. It should be reminded
that the better results obtained in tf&y&ar, cannot be attributed to difference betwaen t
two groups of participants in terms of the abitiyprovide concise explanations before
participating in the unit, as no significant diece was established (view chapter 6).
Rather, the triangulation of these results withrésearcher field notes suggested that the
difference between the two years is likely to refection of the development of the
instructor’s ability in implementing the pedagogi@actices in the classroom. The above
provide the researcher with confidence about tsitipe contribution of the strategies used
in the classroom to the observed positive outcamhése study in the area of scientific

explanations.
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In summary, in relation to the second objectivéhefresearch, data analysis showed that
the course has achieved the objective of enharstudgents’ explaining abilities, in terms of
students providing correct and concise scientijgl@nations. The significance of this
finding is that students do not only hold correews about scientific concepts, but
reasonedviews as well, in a scientifically correct manneraddition, the findings of this
study indicated that students gained an insightilybat explaining involves in an
educational context; in other words, that it inalaly involves the consideration to promote
understanding to the other persons, the explaifBater results were obtained in tHé 2
year of study on the field. A triangulation with tfield notes from observations of the
lessons suggested that the better results foy#laiscan be attributed to the development of
the instructors’ ability in implementing more susstilly the pedagogic strategies in the

classroom.

9.1.3. Students’ scientific arguments
In the area of scientific arguments, the main dbjes of this research are: to explore how
students respond to weak or fallacious argumerds@mvestigate the change in the way
students deal with such argument (RQ3); to ideniié/change in the quality of their
written arguments after participating in the coR®4). Although these objectives were
realized, the findings discussed below must be heathg in mind a couple of limitations
that emerged at the stage of data analysis: Hrdte process of forming categories in the
way students’ respond to weak or fallacious argusjessues of bias may be evident in
terms of subjective interpretation of the datahaligh during the analysis, regular attempts
were made to identify a priori attributes that wgneen to the categories formed (as
exemplified in Chapter 7), it is acknowledged ttegt use of more researchers to code
students’ responses would provide greater religitolfi the outcome. Second, in terms of
identifying the change in the quality of studer@gjuments, the low number of arguments

in each category did not allow the investigatiorstaitistical significance in the outcome.

Nevertheless, as far as the first objective is eamed, qualitative analysis of students’
responses resulted in the formation of categohes/sg how students dealt with
argumentsa) in which the conclusion is not an outcome of th&agrovidedb) in which
an incorrect element leads to a scientifically vgg@onclusionp) deductive one which
affirms the consequence adiicontaining a claim by an expert with no justifioat Apart

from exemplifying the way that students’ deal wstith arguments, data analysis showed a
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couple of issues worth mentioning on the fieldsEiit was shown that even at the end of
the intervention and for the two years of reseastlents confronted more difficulty in
identifying irrelevant or missing components inaagument, rather than finding incorrect
data in it. This signifies that maybe the proces®itddwing the line of reasoning in an
argument and of evaluating the adequacy and theppateness of evidence is a more
complex skill in comparison to the ability to evale the correctness of a piece of evidence
in an argument— provided that the students havesdieatific knowledge to address it.
Given that no generalizibility can be establisheuif these data, the above indication
provides ground for further research. Another omtef the analysis was that issues
concerning the distinction between truth and vafidi deductive arguments were evident
in some students’ responses. Such issues havepbe#gad in other studies as well (for a
review, see Zeidler, 1997); it is important, thoughnote that in this study were also
evident, in the view that errors in syllogism sashaffirming the consequence in deductive

arguments might be regarded as naive and not Wentiy addressed.

In relation to the change in the way students’ oesito weak or fallacious arguments,
statistical analysis revealed that for both yearstadly, students made more successful
attempts to respond to such arguments after teevienition than before. Yet, better results
were obtained for the"2year as the change was of large size {3.453p< 0.05 and = 0.
509), in contrast to the previous year, in whioh thange was of small size<-2.087 p<
0.05 and = 0.256). Given that no statistical significancasviound in the area between the
groups before the intervention, the better reafithe 2° year were attributed to a) the
modification of the materials given to the studdntielp the in the process of
argumentation in this period; b) the instructor’ sté&econceptualization of the norms of

argumentation, and the better use of the matenidlse classroom.

As for the quality of students’ written argumerite application of the theoretical
framework that was developed showed that both y&as81dy there was a positive change
in the quality of student’s arguments after thennention: both for oppositional and non-
oppositional arguments it was the small minoritaajuments after the intervention that did
not attempt to offer a rational for their claims.dddition, for both years of study an
increase was observed for high-level argumentofpositional ones this signified that
more arguments developed by the participants auedastatements in direct reference to a

piece of evidence; for non-oppositional ones, itniseased signified that more arguments
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clarified or reinforced the claim with additional the existing evidence. Better results seem
to have been obtained in th¥ gear as there was a greater increase in the pgagesnof
arguments with rebuttals, than in the first yearskill that is considered as the most
complex one in argumentation. Although the datdenstudy did not allow the

investigation for statistical significance on théammes — something that represents a
limitation of the research— the above analysis jolex an indication that the intervention

has achieved the positive outcome that were desimete field.

9.2. Further issues emerged from the data analysis

Along with the findings regarding the main objectiv# the study, during the data analysis
some issues emerged, worth to be considered anohaured. Although they are out of the
main focus of the research, the remarks below baea an outcome of the data analysis
and provide directions for further research. Th&t fiemark relates to the area of scientific
explanations and the factors that may affect affeceasoning. Koslowski (1996) has
argued that the lack of knowledge of any relevaabty often constrains young's people
ability to explain effectively. Data of thé'year of study (view Chapter 6) provided an
indication that another factor may play a rolefiie&ive reasoning: maybe for some
students the more easy and obvious an explanati@garded, the less information they
provide to back up the conclusion reached. Ind¢hse, though, an explanation that is
regarded as concise by the explainers (given tmaesvidence is obvious) may be seen by
the explainee as one that lacks important inforomatiherefore, the goal of the explanatory
act is unlikely to be fulfilled. Given that the dysis made does not allow any generalization
of the outcomes, whether the difficulty and therdegof conciseness of an explanation are

negativelycorrelated, is an open question for further redear

Another issue that emerged during the data anakysiat students tend to focus and
evaluate only the conclusion of an argument, ratien addressing the rationale and the
evidence of the argument. This tendency was evidetfit in all the items of the test, as well
as during the observation of students’ discoursedi&cussed in Chapter 7, focusing only to
the claim could be attributed to the fact that ssichtegy requires less investment of

cognitive energy; therefore, it might be favourgdiiee students. Another possible reason
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that has been pinpointed by Zeidler (1997) is thaybe students find ways to ignore
evidence in an argument, if it conflicts with theiitial beliefs. However, data analysis
showed that even in arguments that contain a ahatmno justification, students follow the
same strategy, rather than rejecting the arguneweak. It is possible that the students
confuse the notions of ‘examining the correctness daim’ and ‘examining a soundness
of an argument’. In other words, maybe for somehefrt the questiorare you convinced
by the argument?s interpreted asdo you agree with the claim of the argumént?
Nevertheless, further investigation is neededglation to gaining an understanding about

the reasons for which students focuses and evabtmiehe claim of argument.

Finally, data in this study provided an indicatetdmout the role of authority that a person has
during discourse (view Chapter 6). A triangulatadrihe analysis of the test and the field
notes suggested that the way students evaluatectagsmates’ views is maybe influenced
by the expertise of the person, who expressesxplaration or argument. Actually, being
influenced by the expertise of the arguer is natiional and might have been expected.
Although, ideally cognitive autonomy requires pomgtaway from reliance on experts
(Walton, 1997), inevitably individual judgment i§luenced by experts authority. After all,
as Kolsto & Ratcliffe (2008) have argued, in prpieistudents’ scientific knowledge has
been mainly built through trust in the authoritytloé teacher, or the science textbooks. This
point highlights the importance of social aspelett aire embedded in the argumentation
process. Further research would be useful in itlémgj social factors that influence the way
students evaluate their peers’ arguments, as wétieaeducational conditions under which

the ideal cognitive autonomy could be achieved.

9.3. Limitations of the study

Although during the stage of the research desigy passible effort was made to ensure
validity and reliability for this study (refer toh@pter 4), some issues that emerged during
the implementation of the research might limit strength of evidence for the outcome. A
first limitation of this research regards sampliag:mentioned earlier (view Chapter 5),
during the pa year of study, although forty students particidatemore than half of the

lessons, only twenty three of them completed thistas at the last week of this semester
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(when the post-test was implemented) students eegecising abstinence from courses.
Another limitation may be found in the processarhiing categories in the way students’
respond to weak or fallacious arguments, as it negkdil subjective interpretation of the
data. It is acknowledged that the use of more rebess to code students’ responses would
provide greater reliability of the outcome; howethgs was not possible given the
conditions under which this study was conductedalfy, for RQ4 no statistical

significance was investigated for the change inginlity of students’ arguments, given that
the number of arguments in each category did h@veduch an investigation.

Apart from the above limitations that emerged dutimgdata gathering and analysis, a
number of interrelated issues were not explorgfigistudy due to time and space
constrains. First, in the early stages of the stitchas been planned to explore students’
attitudes towards the pedagogy, along with theifopeance in the three areas of
investigation. Although data from interviews and sfiannaires focusing on students’

views on the course was gathered, time constrmmtetl any reports of the outcomes. This
issue, though, is planned to be a focus of futavestigation. Secondly, it is acknowledged
that it would be interesting to investigate theeesh objectives, not only for the sample of
students who participated in the majority of thestens, but for those who did not come
regularly to the sessions, as well as to thosedvbpped out. Unfortunately, it was not
possible to gather some data for an adequate nushiieese students (pre- and post test); in
addition, these students were reluctant to proaienterview, that would allow the
researcher to investigate the reasons for not corepgjarly to the course or for deciding

to drop out. Finally, data of this study allows theestigation of the three areas of interest
(conceptual understanding-explanations-argumemt®lation to each other, and the search
for potential links among them. Although this issues not addressed in this study due to

time and space limitations, it is planned to beftioeis for future research.

9.4. Implications of the study and directions for @irther research

The study has sought to examine the extent to whigltourse — in the context of which the
research took place — achieves its aims. In Se8tibithe main findings of the study were

summarized: broadly speaking, it was concludedtti@intervention achieved positive
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outcomes, albeit not to the extent that it was dapeall of the areas of investigation. A
guestion that might arise here, though, relatésaaignificance of such an outcome: it
could be argued that when implementing an interganh educational contexts, positive
outcomes to the students are expected up to aalegreat least negative ones are not
frequently reported. Under such a rationale, whimhiat be the implications of this study in

the research domain?

It should be reminded, though, that in this coursi¢gher the correct scientific views were
provided by the teacher, nor the norms of arguntientavere explicitly taught. In such a
context, the improvement of students’ conceptuakustdnding, the increase in the content
and quality of their explanations and the enhancemnethe quality of written arguments
should not be taken for granted. The point made Isethat this study made a case that even
in an educational environment, in which the stuslelaicide on their own about the
correctness and appropriateness of scientific que@nd explanations, positive outcomes

in these areas can be observed. On the other hammdyided evidence that even when
argumentation is not explicitly taught, improvemanthe quality of students written
arguments can occur with the aid of more ‘moddsitsgies. In addition, in relation to the
implications of this study for further researchtadanalysis has revealed a number of issues,
worthy further investigation (for a summary viewcen 9.2). These issues provide
directions for further research.

Apart from the research implications, this studg bantributed theoretically in the broad
area of argumentation research: it proposed anthgix¥eed a theoretical framework for
evaluating the quality of students’ arguments, Whitcludes both oppositional and non-
oppositional episodes. This was an outcomgefanalysis of students’ written arguments
and of the observations of students’ discourseclivBuggested that the theoretical
framework initially chosen — an adaptatioraof adaptation of Erduraet al's (2004)
methodological approach -useful but limited, as it considers only non- opposal
arguments. The framework was successfully apptie¢te data, in terms of investigate the
change in the quality of students’ written argursegét,the limited number of arguments
in each category in this study did not allow inigeting statistical significance for the
change. A more extended research is needed todergvound for the implementation of
the proposed framework, so as to investigate niatighly its strengths and weakness.

Given that the way of assessing the quality of argts is a major issue in the study of
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argumentation in either written or verbal data gietds difficulties and challenges
(Erduran, 2008), the proposed theoretical framewlaak resulted from this study is
believed to constitute the main theoretical imgloa of it.
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APPENDIX A

Force concept Inventory: The Greek translation

1.Auo PETAAAIKEG PTTAAEG £xOUV TO iDI0 pEYEBOG AAG N Wia Cuyilel OITTAGCIO atTtd TNV AAAN. AQrivouue Kai
TIG dUO UTTAAEG TAUTOXPOVA va TTECOUV OTO £€8d@OG aTTO TNV TAPATOO €VOG POVWPOPou Kripiou. O
XPOVOG TTOU XPEIACOVTAI O UTTAAEG YIa va TACOUV OTO £0aQOg gival

1) TTEPITTOU O HicOoG yia TRV TTI0 Bapid uTrdAa atmd OTI yia TNV TTI0 eAa@PId

2) TTEPITTOU O PICOG IO TNV TTI0 EAA@PIG UTTAAQ aTTd OTI yia TNV TTI0 Bapid

3) TTEPITTOU 0 iBI0G Kal yIa TIG BUO PTTAAEG

4) APKETA PIKPOTEPOG YIA TNV TTI0 Bapid PTTAAQ, AAAG OXI ATTOPAITATA O MiCOG
(5) APKETA PIKPOTEPOG YIa TNV TTI0 EAAPPIG UTTAAQ, OAAG OXI ATTaPAITATA O PiCOg

2.01 6u0 PETAAAIKEG UTTAAEG TNG TTPONYOUUEVNG £PWTNONG KUAOUV TTAVW O€ £va OpICOVTIO TPATTEQ JE TNV
idla TaxutnTa kai étav @TACOUV OTNV AKPn Tou Tparrediou TTEQTOUV OTO £80QOG. X QUTH TnVv
TTEPITITWON

(1) ka1 o1 800 PTTAAEG XTUTTOUVE OTO TTATWUA OTNV idIa TTEPITTOU OPIfOVTIa aTTOCTACH ATTO TNV AKPN
(base) Tou TpatTECioU

(2) n Baputepn PTTAAQ XTUTTG OTO TTATWHA OTAV PICH TTEPITTOU OPICOVTIO ATTOCTACH, aTTd TNV AKPN
TOU TpaTTECIoU, aTTd AUTA OTNV OTTOI XTUTTA N eAa@PUTEPN WTTAAA

(3) n eAaplTEPN PTTAAQ XTUTTA OTO TTATWHAG OTNV MICH TTEPITTOU 0pIfOVTIa aTTdOTACH, ATTO TV
dkpn Tou TpaTTECIoOU, aTTd AUTH OTNV OTToIa XTUTTA N BapuTepn PTTAAQ

(4) n Baputepn PTTAAA XTUTTG OTO TTATWHA APKETA TTIO KOVTA OTNV AKpPn Tou TpaTtediol atrd o7l n
eAa@pUTePN UTTAAQ, aAAd OxI atmapaitnta oTn WiIoR opilovTia atrdéoTacn (o€ oxéon PeE TNV
ehagpUTEPN)

(5) n eAa@pUTEPN PTTAAG XTUTTA OTO TTATWHA OPKETA TTIO KOVTA OTNV AKpen Tou Tpatrediol atrd OTI N
BapUTtepn pTTAAQ, aAAG OXI aTTaPAITNTA OTN MICH OPICOVTIO ATTOOTOCN

3.Mia TTéTpa TTou TTEQTEI 0TO £8AQOG ATTO TN OTEYN VOGS HOVWPOPOU KTIPIoU

(1) atrokTd TN PEYIOTN TaXUTNTA TNG TTAPG TTOAU CUVTOMA KOl HETA TTEQPTEI uE OTOBEPH TAXUTNTA

(2) kaBwg TEQPTEl emTAXUVETAN YyIaTi n dUvaun Baputntag augdvel onuavTikd 600 n TETPA
TANCI14gel 0TO £5APOG.

(3) emTayxuveTal yiati pia oxedov atabepn dUvaun BapuTnTag aokeital Tavw oTnV TTETPA KABOAN
TN OIdPKEIQ TNG TITWONG

(4) Té@TEl e€auTiag TNG PUOIOAOYIKAG TAONG OAWV TWV CWHATWY VA NPEUOUV TTAVW OTNV ETTIPAVEIA
g 'ng.

(5) mépTel Adyw TnG ouvduaopévng dpdong Tng duvaung Tng BaplTnTag, TTOU GTTPWXVEI TTPOG TA
KATW, Kal TNG dUvaung Tou a€pa, TTOU OTTPWXVEI TTPOG TA KATW

4'Eva peydAo @opTnyd OCUYKPOUETAl METWTTIKA HE €va MIKPO auTokivnto. Katd tn didpkeia NG
alykpouong
(1) To @opTnyd aokei peyaAuTepng éviaong dUvaun OTO AUTOKIVNTO aTTd OTI TO QUTOKIVNTO OTO
@opTNyo
(2) To autokivnTo aokei yeyoAuTtepng évraong duvaun oTo @opTnyd atmod OTI To  QopTNyd OTO
auTokivnTo.
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(3)Kavéva amd T1a Ouo oxfAuata Oev aokei duvaun oto GANO, OTTAG TO AUTOKIvVNTO
TTOPANOPPWVETAI YIaTi TTOAU aTTAd BpioKeETalI OTO BPOHO TOU POPTNYOU

(4) To popTnyod aokei SUvaun oTo AUTOKIVNTO AAAG TO AQuTOKivNTO BV AOKEi dUVANN OTO POPTNYO

(5) To @opTnyo6 aokei dUvaun OTO AUTOKivATO idIAG £€vTAONG E QUTA TTOU OOKEI TO AUTOKIVNTO OTO
PopTNYO.

XpNOIYOTIOINCTE TIG TTAPOKATW TTANPOQYOPIEG KAl TO OXAMUA VIO VO OTTAVTACETE TIG €TTOUEVEG OUO
epwTtnoelg (5 Kal 6)

To mapokdtw oxnua decixvel éva PeTaAAIKO KavAaAl pe apeAnTéa TpIRR, YE OXNUA KUKAIKOU TOEOU Kal
KEVTPO TO onueio O, péoa oTo oTToio KIveiTal pia uTTiAla. To KavdaAl givalr otaBepoTroinuévo TTavw oTnv
eM@Avela evog opIovTIou TpaTreCiou TTOU £XEl aueANTEQ TPIRA. ZTO TTAPAKATW OXMMA KOITATE TO TPATTEC)
amd avw. O1 duvduelig TTou aockouvTtal Adyw Tou aépa eival apeAntéeg. Mia ptrihia ektogeleTal e
MEYAAN TaxuTNTa HECa OTO KavaAl oTo onueio P kal Byaivel ammd 1o kavaAl oto onueio R.

rd

.l”

0
R

(

5.0cwpeioTe TIG TTAPAKATW SIOPOPETIKEG OUVAEIG:
(A) Mia dUvaun TTPog Ta KATW Adyw Baputntag
(B) Mia dUvapun TTou aoKeital atrd 1o KavaAl pe dilBuvon atrd 1o Q pog 10 O
(C) Mia duvapun pe dietBuvon auTr NG Kivnong
(D) Mia duvapun pe digvBuvon ammo 10 O o1o0 Q
Mola(troleg) atd TIg TTapatmdvw dUVAUEIG aoKeiTal (aokouvTal) TNy PTTiAla éTav autr @Tavel OTo OnuEio
Q KIvoUpEevn Xwpig TPIREG HETO GTO KAVAAI,
(1) Movo n (A)
(2) H(A)kain (B)
(3) H(A)kain(C)
4) O1(A), (B), kai (C)
(5) O1(A), (C), kai (D)

6.Moia atrd TIG TTapaKATW TPOXIEG 1-5 Ba akoAouBrioel n uTTiAla OAIG Byel atrd To KavAaAl Kal EVW KIVEITAI
XWpig TpIBA TTAvw OTNV £TMIQAVEIa TOU TPATTECIOU;
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7. Mia peTaAAIkn ptraAa eivalr Ogpévn o€ €va OXOIVi Kal OTPEQPETAI O€ KUKAIKN Kal opI{ovTia TpoxId
TTAPAAANAN OTO €TTITTESO TOU XAPTIOU OTTWG PAIVETAI OTO TTAPAKATW OXAMA.
Ortav Bpioketal oto onueio P 1o oxolvi oTTdEl {oPVIKG KOVTA O0TO onueio Tou ATav dguévn N PTTAAA.
Mola atré TIG TPOXIEG 1-5 TrepIypd@el TToI0 TNIOTA ThV Kivnon TNG UTTAAAG a@ou OTTAoEl TO OXOIVi, OTTWG
TNV BAETTEI £vag TTOPATNENTHG TTOU TTAPAKOAOUBEI atrd TTAvw TNV aKnvr,
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XpNOIYOTTOINOTE TIG TTAPAKATW TTANPOQOPIEG Kal TO OXAUA YIO VA ATTOVTACETE TIG ETTOUEVEG TECOEPIG
epwTnoEIg (8-11).

To mapakdtw oxfiua dcixvel pia uTrdAa Tou XOKel KaBWG oAioBaivel pe oTabepr) TaxUTNTA Uy o€ €UBeia
TpOoXId ammd 1o onueio P 1mpog 10 onueio Q TTadvw og pia opifovTia Kal Xxwpeig TpIBEG em@aveia. Ol
OUVAEIG TTOU AoKOUVTAl atTd ToV aépa gival aueANTEEG. 210 axUa BAETTETE TN PTTAAA aTTd TTAvw. OTav
n MTTaAa @Tdoel oto onueio Q, déxeTal £€va TTOAU ypriyopo KTUTThUa Katd Tn dielBuvon Tou BEAoug Tou
OXAMATOG. Av n PTTGAQ ATAV aPXIKA akivnTn O0TO onueio P, T0TE TO TTapaTTavw KTUTTNUA Ba Tnv €0€Te O€
opICOvTIa Kivnon pe TaxutnTa U, Katd n 81eUBuvan Tou KTUTTAPATOG.

8.Moia amd TIg TapakdTw TPoxIEG 1-5 Treplypd@el o TOTd TNV Kivnon Tng YTTAAAG agou dexTei TO
XTUTINMG;
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9.To péTpo TNG TaXUTNTOAG TNG UTTAAAG AUECWG POAIG deXTEl TO XTUTTNUA gival
(1) loo pe TNV TaXUTNTA U TTOU €iXE N UTTAAQ TTPIV OEXTEI TO XTUTTNUA
(2)'loo pe TNV TTapatrdvw TaxUuTnNTa U Kal aveEapTnTo TNG TaxUTNTAG U
(3) 100 pe To aAyeBPIKG ABPOICHUA TWV PETPWY TWV TAXUTHATWY Ug KAI Uy.
(4) MikpdTEPO KAl aTTO TNV Ug KaI ATTO TNV Uy
(5) MeyaAUTepo Kal atmd TNV Ug Kal atrd TV Ug GAAG PIKPOTEPO aTTd TO aAyeRpikd dBpoioua Twv
METPWYV TWV TAXUTATWY Uy KOl Uy.

2
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.
b
L

10.Katd pnkog 1ng (xwpig TpIREG) Tpoxidg TTou SlaAégaTte oTn epwTtnon 8, n TaxuTnTa TNG WTTAAAG UETA
TTOU OEXTNKE TO XTUTTNHO

(1) Eival otabepn

(2) AugaveTal ouvexwg

3) MelwveTal ouvexwg

4) Augavetal yia Aiyo Kal HETE JEILVETAI

(5) Eival otaBepd yia Aiyo Kal HETE PEIWVETAI

11. Katd pfkog TngG (Xxwpig TpIBEC) Tpoxidg TTou dlaAé€ate oth epwTtnon 8, n Kupia duvaun (Suvdauelg)
TTOU QOKEITal (aoKoUVTal) OTNV PTTAAQ PETA TTOU DEXTNKE TO KTUTTNMA Eival
(1) H d0vaun Baputntag e dielBuvaon TTPOG TA KATW
(2) H duvapn Baputntag pe dielBuvon TTPOG Ta KATW, Kal hia opi¢évTia duvaun otn dielbuvon Tng
Kivnong
(3) H duvaun Baputntag pe diglBuvaon TPog Ta KATW, Pia dUvAn TTPOG TA TTAVW TTOU ACKEITAl
atd TNV €MEAVEIA, Kal hia opi¢évTia duvaun otn dielBuvan Tng Kivhong
(4) H duvaun Baputntag pe dielBuvon TTPog Ta KATW Kal pia dUvapn TTpog Ta TTAVW TTOU AOKEITal
artrd TNV ETMIPAvEIA
(5) Kayia. (Kapia d0vaun dev aokeital oTn YTTAAQ)

12.Eva kavovi ekTogelel pia UTTAAQ a1rd TRV KOPUQH £vOG YKPEUOU OTTWG QAiVETAl OTO TTAPAKATW OXAMA.
Mola atro TIg TPoXIEG 1-5 TTEPIYPAQEl PE HEYOAUTEPN aKPIBEI TNV TPOXIA TNG MTTAAAG;
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13.Eva ayépr mmerdel pia HETOAAIKA PTTAAQ KaTOKOPUPA TTPOG Ta TTAVW. OtwpnoTe TNV Kivnon Tng
MTTAAAG a@ou auTr] €xel QUYEl aTTO TO XEPI TOU ayoploU Kal TTpoToU ayyigel To €8a@og, Kal UuTToBEoTE
OTI oI duvdpelg TTou aokoUvTal atrd Tov agpa eival apeAnTées. YTTIO auTtég TIG ouvlrkeg, n duvaun
(Sduvdpeig) Trou aokeital (aokouvTal) oTnv PTrdAa givai

(1) Mia duvapun pe d1eUBuvon KATAKOPUPN TTPOG T KATW Adyw BapuTnTag Kal pia duvaun mTpog Ta
TTAVW TTOU CUVEXWG MIKPAIVEL.

(2) Mia d0vapn TTPOG Ta TTAVW TTOU PIKPAIVEI GUVEXWG OTTO TN GTIYUA TTOU N UTTAAQ @elyel atrd TO
XEPI TOU ayoploU Kal PéEXPI va @TAoEl 0TO YNAGTEPO ONpEio TNG TPOXIAS TNG. KaBwg n ptrdAa
KaTeBaivel, UTTAPXEN pIa dUvapN TTPOG Ta KATW Adyw BapUTnTag TTOU CUVEXWS auEdveTal KaBwg
n urdAa mAnoiader otn n.

(3) Mia oxeddv oTabepry dUvaun Adyw PBapuTtntag pe dlelBuvon TTPOG TA KATW Kal pia duvaun
TTPOG TA TTAVW TTOU OUVEXWG MIKPAivel PEXPI N UTTAAQ va @Tdoel 0To YnASTEPO onuEio TG
TPOXIGS TNG. KaBwg n ptrdAa karefaivel, utrdpyxel Jovo pia oxedov otabepr) dUvaun TTpog Ta
KATW Adyw BapuTtnTag.

(4) Moévo pia oxedov oTabepr) duvaun BapdTnTag TTPOG TA KATW

(5) Kavéva amd 1a mapamdvw. H utmdAa méeTel Tiow oTo €8a@og €ITiag TNG QUOIOAOYIKAG
TAoNG TWV CWHATWY VA €PYXOVTAl O€ NPEWia TNV £TTIPAvela TG 'Ng.

14.Mia pmrdAa Tou pTTOOUAIVYK (bowling) TTé@Tel Katd AdBog atrd Tnv TIOPTA OTTOOKEUWV VOGS
agPOTTAGVoU TToU TTETAEI KATA PAKOG WIag opi¢ovTiag dieuBuvang. Mola atro Tig TpoxIEG 1-5 Teplypdel
ME PEYOAUTEPN aKpiBeia TRV TPOXIA TNG WTTAAAG a@oU auTh @uUyel ammd To agPOTTAdvo, OTTWG TNV
BAETTEl évag AvBPWTTOG TTOU OTEKETAI OTO £8APOG KAl TTAPATNPEI TO AEPOTTAGVO OTTWG GTO TTAPAKATW
oxnua

XpNOIYOTIOINCTE TIG TTAPOKATW TTANPOQYOPIEG KAl TO OXAMA YIO VO OTTAVTACETE TIG €TTOUEVEG OUO
epwTnoEIg (15 kal 16)

H pnxavnA evog peydAou @opTtnyou oTapatdel va SOUAEUEl eV auTo KIVEITaI TTAVW oTo dpduo. MNa va Byel
atd TN Péon Tou OpOUOU TO OTTPWXVEI £VA MIKPO AUTOKIVATO OTTWG QAiVETAI GTO TTAPAKATW TXMA.

= ©)

—

15.Evw TO auTOoKivNTO, OTTPWXVEI TO QOPTNYO, ETITAXUVEI JEXPI VO @TACEI TN PEYIOTN TaXUTNTA TOU
(1) H d0vaun pe Tnv oTToia TO AUTOKIVNTO GTTPWYVEI TO OPTNYO €ival ion Katd YETPO PE Tn dUvaun
ME TNV OTToia TO POoPTNYO OTTPWXVEI TO AUTOKIVNTO

(2) H duvaun pe TV OTTOIO TO AUTOKIVNTO OTTPWYVEI TO QOPTNYO Eival HIKPOTEPN aTTé TN dUVANN KE
TRV OTTOIO TO POPTNYO CTTPWYVEI TO AUTOKIVNTO
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(3) H duvapun pe TNV OTToia TO AQUTOKIVNTO OTTPWYVEI TO QOPTNYO €ival YeyaAuTepn atméd Tn duvaun
ME TNV OTToia TO POPTNYO OTTPWXVEI TTICW TO AUTOKIVNTO

(4)H pnxavry Tou autokivnTou SouAelel Kal Apa TO AUTOKIVTO OTTPWXVEI TO QOPTNYO, EVW N
pNxavr) Tou opTtnyou dev douAelel Kal dpa To QopTnyod dev PTTOPEI va OTTPWEEI TO AUTOKIVNTO.
To @opTnyd OTTPWXVETAI TTPOG Ta EUTTPOG OIOTI BPICKETAI OTO PGP0 TOU AUTOKIVNTOU.

(5) Oute 10 autokivnTo OUTE TO POPTNYO QOKOUV dUVAUEIG TO éva O0TO GAAO. ATTAWG TO OoPTNYS
OTTPWYVETAI TTPOG TO UTTPOG OIOTI BPiCKETAI OTO SPONO TOU AUTOKIVNTOU

16.0t1av 10 autokivnTo QTACEl TN PEYIOTN Kal oTaBepr) TaxUTNTA PE TNV OTToIa ETTIOUMEI va OTTPWYVEI TO
@opTNYyo 0 0dNyo¢ Tou,

(1) H dUvapun e TNV oTToia TO AUTOKIVNTO OTTPWXVEI TO GOPTNYO Eival ion Katd PETpo pe TN duvaun
ME TNV OTToia TO POPTNYO OTTPWXVEI TTICW TO AUTOKIVNTO

(2) H duvaun pe TV OTTOIO TO AUTOKIVNTO OTTPWYVEI TO QOPTNYO Eival HIKPOTEPN aTTé TN dUVANN KE
TNV OTTOIO TO POPTNYO CTTPWXVEI TTIOCW TO AUTOKIVNTO

(3) H duvapn pe TNV OTToia TO AQUTOKIVNTO OTTPWYVEI TO QOPTNYO €ival eyaAuTepn atméd Tn dUvaun
ME TNV OTTOI0 TO POPTNYO OTTPWYVEI TTICW TO AUTOKIVATO

(4)H pnxavi Tou autokivnTou OO0UAEUEl KAl dpa TO QUTOKIVATO OTTPWXVEI TO QOPTNYO, EVW N
pNxavr) Tou eopTtnyou dev douAelel Kal dpa To QopTnyod dev PTTOPEI va OTTPWEEI TO AUTOKIVNTO.
To @opTnyd OTTPWXVETAI TTPOG T UTTPOCTA OI6TI BPICKETAI OTO PGP0 TOU AUTOKIVNTOU.

(5) OuTte 1O auToKivnTO OUTE TO POPTNYO ACKOUV BdUVAUEIG TO £va 0TO AANO. ATTAWG TO OopTNYd
OTTPWYVETAI TTPOG TO UTTPOG OIOTI BPicKETAI OTO OPONO TOU AUTOKIVNTOU

17.Mia kautriva acavoép aveBaivel pye otabepry Taxutnta KaBwg TpaiETal TPOG Ta TAVW ME €va
aToGAIVO KaAWDIO OTTWG QaiveTal aTo TTAPAKATW oxrpa. OAeg ol TPIREG €ival apeAnTEES. Z€ aUTH TNV
TTEPITTITWOT, O BUVAEIG TTOU ACKOUVTAI OTO CaVOEP €ival TETOIEG WOTE
(1) H duvapun 1mpog Ta TTévw TTOU OOKEITAI OTO agavaép aTrd To KAAWDIO gival yeyaAuTepn atmod Tn
duvaun TTPog Ta KATW TTOU AdoKeiTal 0To acavoép Adyw BapltnTag.
(2) H d0vapn 1mpog Ta TTAvW TTOU doKeiTal oTo acavoép atrd 1o KaAwdio eival ion pe Tn duvaun
TTPOG Ta KATW TTOU AOKEITAI GTO acavoép Adyw BapulTtnTag.
(3) H duvapn 1mpog Ta TTévw TTOU OOKEITAI OTO agavaép atmd To KOAWDIO gival PHIKPOTEPN aTTd Th
OUvapun TTPog Ta KATW TTOU aoKeiTal aTo acavoép Adyw Bapltntag
(4) H duvapun 1mpog Ta TTévw TTOU OOKEITAlI 0TO acavaoép atrd 1o KAAWSIo gival ueyaAdTepn ammod 1o
dBpoioua NG dUvaAPNG TTPOG Ta KATW TTOU QOKEITal aTo acavoép Adyw Bapltntag Kai Tng
OUvapng TTPOG Ta KATW TTOU OOKEITAI OTO aoavoép atrd Tov aépa.
(5) Titrota a1réd Ta TTapattdvw. (To acavoép avePaivel SIOTI TO KAAWDIO OAo Kal KovTaivel, OxI yiaTi
QOKEITalI 0TO aoavoép pia dUvaun TTPOG Td TTAVW ATTO To KAAWSDIO).

O]

L]

METaAMKD
KoAm oo

oV TUTED aveolvel
He oToBzan rax0TnTo

LT, -
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18.To mmapakdTtw oxAua Ocixvel Eva ayopl va KAvel Kouvia EEKIVWVTAG atrd pia Béan wnAdTepn atmd 1o
onueio P. OeswpeioTe TIG TTAPAKATW BIAPOPETIKEG OUVAEIG:

(A) Mia duvapun TTpog Ta KATW Adyw BapuTnTag

(B) Mia dUvaun 1Tou aokeital atrd 1o axolvi e dieubuvon atéd 1o P mpog 10 O.
(C) Mia dUvaun TapdAAnAn atn dielBuvan Kivnong Tou ayopiou

(D) Mia d0vaun ue dietBuvon atd 1o O Tpog 10 P

Mola(troieg) atrd TIg TTapaTTdvw dUVAUEIS aoKeiTal (aokoUvTal) oTo ayopl 6Tav autd BpiokeTal oTn B€on

(1) Mévo n A

(2) HAkainB
3) HAkainC
4) Ol A B, kal C

X
P

19.01 6¢ocig duo OWUATWY Ot BIABOYXIKEG XPOVIKEG OTIYUEG TTOU aTTEXOUV PETOEU Toug katd 0.20 s

TTaPIOTAVOVTAl aTTd TA APIBUNUEVA TETPAYWVA OTO TTAPAKATW OXANd. Ta duo cwuaTa KivouvTal TTpog
Ta Oegid.

.,_|__
ol | E

‘Exouv KatToia aTiyur Ta duo cwpata Tnv idia TaxutnTa;
(1) Oxi
(2) Nai, Tn XpovikA oTiyun 2
(3) Nai, Tn XpovikA oTiyun 5
(4) Nai, TIG XPOVIKEG OTIVUEG 2 KOl 5
(5) Nai, kdaTmoia oTIyuA avAueCa OTIG XPOVIKEG OTIYUEG 3 Kal 4

20.01 Béocig duo cwudTwy o OIOdOXIKEG XPOVIKEG OTIYUEG TTOU aTTEXOUV METALU Toug katd 0.20 s

TTOPICTAVOVTAI ATTO TA APIBUNUEVA TETPAYWVA OTO TTAPAKATW OXAMA. Ta duo CwUaTa KIVOUVTal TTPOG
Ta Oegid.
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O1 emimayUvoelg Twv dUo CWHATWY OUVOEOVTAl WG EEAG:
(1) H emitdyuvon Tou A gival yeyaAuTepn atré TNV €TMITAYXUVON Tou B

(2) H emtdyxuvon tou A cival ion pe tnv emtayxuvon tou B. Kai o1 duo emtaxuvoeig €ivai
MEYOAUTEPEG TOU PUNDEVOG

(3) H emimrdyuvon Tou B gival peyaAuTtepn atrd Thv €MITAXUVON TOU A

(4) H emitdyuvon Tou A eival ion pe Tnv emTdyuvon Tou B. Kai ol duo emmitaxuvoelg ival undgv.

(5) Aev divovTal ApKETEG TTANPOPOPIES YIa VA aTTavVTNOEi N €pWTNON

XpNOIYOTTOINOTE TIG TTAPAKATW TTANPOQOPIEG Kal TO OXAUA YIO VA ATTOVTACETE TIG ETTOUEVEG TECOEPIG
ePWTAOEIS (21 wg 24)

‘Eva diaotnuoTtTAolo Kiveital TTAQyla oto didoTnua atd 1o onueio P oto onuegio Q Ommwg deixvel 1O
TApakdTw oxAua. To diaotnudétAoio dev dExeTal e§wTePIKEG duvapelg. Otav @Tdcel oTo onueio Q
TTaipvel JTTPOCTA N pnxavr] Tou d1acTnUOTTAOIOU Kal TTPOKAAEl pia otabepry wlnon (dnAadn duvaun oTo
dlaoTnuoTTAoI0) e OievBuvon kABetn otnv eubeia PQ. Auth n oTtabBepry wbnon aokeitar pEXPI TO
dlaoTnuATTAOIO Va @TACElI OTO onueio R oTo didoTnua.

21.Moia atmd TIg TpoYXIEG 1-5 Teplypd@el KAOAUTEPA TNV TPOXIA TOU dIACTNUOTTACIOU AvAUECT OTA onueia Q
Kal R;

/. R . R ; R s R e R
! 2 3/ 4 5
----h-l' ---~h-i “"h., FRICE, e e
Q 0 0 Q 0

22. Evw 10 dlaotnuoTTAoIO KIvEiTal atrd To onueio Q oto onueio R n taxuTtnTa Tou
(1) Napapével oTabepn

(2) AugdaveTal cuveXwg

3) MelwveTal ouvexwg

4) Augavetal yia Aiyo Kal HETE TTapapével oTaBEPN
(5) Eival otaBepn yia Aiyo Kai geTE pEIWVETAL.

23.%210 onueio R 10 dilaoTnuoTTAOIO ORAVEI TN UNXOVHA TOU KAl aUéowg N wonon 1Tou SEXETal undevigeTal.
Mola atrd TIg TTapakdTw TPoXIEG 1-5 Ba akoAoubrioel To dlaoTnuoTTAOIO JETA TO onuEio R.
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24. Metd 10 onueio R, n TaxUtnTa Tou dIaaTNHOTTAOIOU
(1) Eivai otaBepn
(2)  Augdavetal ouvexwg
(3) Mewveral ouveEXWS
(4)  Augavetal yia Aiyo Kai JETA Pével aTaBEPA
(5) Eivai otaBepn] yia Aiyo Kal JETA PEIWVETAI

25.Mia yuvaika aokei pia otabepry opilovTia duvaun o€ éva peydho Kouti. Q¢ aTToTEAEOMA, TO KOUTI
KIVEITOI KOTA PMAKOG TOU opIOVTIoU daTTEdOU e oTabepn TaxUutnTa Ug. H oTtabepn opiddvtia duvaun
TTOU AOKE( N yuvaika

(1) 'Exel yétpo ioco pe autd Tou BAPOUG TOU KOUTIOU

(2) Eival yeyaAUtepn atmod 1o BApog Tou KouTiou

(3) 'Exel 10 id10 PHETPO PE TN GUVOAIKA dUVAMN TTOU AVTIGTEKETAI TNV Kivnan TOU KOUTIOU
(4) Eival yeyahutepn atd tn ouvoAikr) dUvapn TToU avTIOTEKETAI 0TV Kivnon Tou KouTioU

(5) Eival peyaAutepn eite atmd 1o BAPOG TOU KOUTIOU €iTe ATTO TN CUVOAIKR dUvaun TTOU AVTIOTEKETAI
oTnv Kivnon

26.Av n yuvaika Tng TTapatmmdvw £pwTtnong dimAacidoel Tn otabepn opilovTia duvaun TTOU OOKEN OTO
KOUTIi yla va To oTTpwéel TTévw oTo id10 0pIfovTio 8ATTed0, TOTE TO KOUTI KIVEITAI

(1) pe oTaBepn TaxUTNTA BITTAGCIA TNG Ug TNG TTPONYOUHEVNG EPWTNONG

(2) ue oTaBepny TAXUTNTA PEYAAUTEPN GAAG OxI atrapaitnTa JITTAGCIA TNG Ug TNG TTPONYOUUEVNG
£pWTNONG

(3) yia €va xpoviké didoTnua Pe TaxuTnTa OTABEPR Kal PEYOAUTEPN TNG Uy TNG TTPONYOUUEVNG
£PWTNONG, KAl HETA pE TaXUTNTA TTOU aU&Avel SIOPKWG

(4) y1a éva xpoviko didoTnua Pe TaxuTNTa TTOU QUEAVEI Kal JETA PE oTabepn TaxutnTa
(5) Me TaxuTtnTa TTOU AUEAVEI OCUVEXWIG

27.Av n yuvaika Tng gpwtnong 25 {agvikd oTauatroel va aockei TNV opifovTia duvaun oTo KouTi, TOTE
auTto

(1) ©a oTapaTAoEl APECWS

(2) ©a ouvexioel va Kiveital pe oTtaBepr] TaxutnTa yia €va Xpovikd OidoTnua Kal PETa Ba
EMPRPaduvel YEXPI VO OTAUATHOEI

(3) Oa apyioel auéowg va emBpaduvel HEXPI VO OTAUATACEI

(4) ©a ocuveyioel va KiveiTal ge oTabepr) TaxuTnTa

(5) ©a augAoel TNV TaxUTNTa TOU yia €va XPOVIKO didoTnua Kal JeTd Ba apxioel va emiBpadivel
MEXPI VO OTOUATHOEI

28.Z10 TTAPAKATW OXNAMA, 0 oITNTAG A €xel uala 75 kg kai n @oitATpia B €xel ydfa 57 kg. KadBovrtal o€
Opoieg KapEKAeG ypageiou avTikpioTd. O @oitntig A Bddel Ta 1édia Tou TTAvw OTa yovaTa TG
QOITATPIOG B, OTTWG @aiveTal oto axnua. O @oitntg A Eavikd KAwTodel e Ta TTédIA TOU TTPOG TA
£EW KAVOVTOG Kal TIG OUO KAPEKAES va KivnBoUv.
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KaTtd tn didpkeia TG KAWTOIAG KAl EVW 01 QOITNTEG ayyifouv o €vag Tov AAAO
(1) Kavévag atmd Toug duo @oITnTEG Ogv aoKei dUvaun aTov GAAO
(2) O poitntAg A aokei duvaun oTtn @oITATPIa B, aAAG n B dev aokei dUvaun otov A
(3) Kai o1 duo poItnTéG aokoUv duvaun o évag atov AAAO aAAd n B aokei peyaAdTtepn duvaun
(4) Kai o1 duo poItntég aokoUv duvaun o évag atov AAAO aAAd 0 A aoKei peyaAuTepn duvaun
(5) Kai o1 duo poItnTéG aokoUv Tnv idia dUvaun o évag aTov GAAO

29.Mia adeia kapekAd ypageiou BpiokeTalr akivntn TTadvw oTo &d4medo. OcwpeioTe TIG TTAPAKATW
OUVAEIG:
(A) Mia duvapun 1Tpog Ta KATW Adyw BapudTtnTag
(B) Mia duvapn 1Tpog Ta TTavw TTou ackeital atmd 1o ddmedo
(C) Mia ouvioTduevn duvaun TTPOG T KATW TTOU AOKEITaI ATTd TOV aépda

Mola (1ro1eg) atrd TIG TTapatmdvw duvApElg aoKeiTal (aokouvTal) TTAVW OTNV KOPEKAQ ;
(1) Mévo n A
(2)HAkainB
(3)HBkainC
(4)O1 A, B, kai C
(5) Kayia atd T1ig Tapamdvw duvduelg (agol n KapékAa gival akivntn dev aokoUuvtal dUVAUEIG
Tavw TNG)

30.Mapoho Tov TTOAU duvatd aépa, pia TEVIOTPIO KOTAQEPVEI VA KTUTTHOEI TN PTTAAQ TOU TEVIG PE Th
POKETA TNG £TO1 WOTE N PTTAAA va TTEPACEl TTAVW atrd To SiXTU Kal va TTPooyEIwBei oTo yATTEdO TNG
avTITTaAoU TNG. OewpEioTe TIG TTAPAKATW OUVAUEIG

(A) Mia dUvapun TTpog Ta KATW Adyw BapudTtnTag
(B) Mia dUvapun AGyw TOU «KTUTTFHATOG»
(C) Mia dUvaun TTou OOKEITE aTTO TOV aépa

Mola (TToieg) atrd TIg TTapaTTdvw duvduelg aokeital (aokouvtal) TTdvw oTn PTTGAa Tou TEVIG agou
£QUYE aTTO TN POKETA KAl TTPIV TTPOCYEIWBEI OTO £00QOG

(1) MoévonA
2) OAkaiB
B) O AkaC
4) O BkaiC

(5) OIA B, kai C
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APPENDIX B

The open-ended questionnaire (Part A)

PART A:

Here are some of your fellow-students’ statementen issues concerning mechanics. Do you agree or
disagree with these statements? Try to explain tdném why you agree or disagree. In case you do not know,
tick the option ‘I do not know’ and explain why you cannot decide (e.g. you do not know the theory, yalo
not understand the statement...)

1. | Georgia asserts thatf | release simultaneously two metallic balioih the roof of a building and one
weights twice as much as the other, then the hehwik needs half the time to reach the ground thize
lighter ball.’

o | AGREE ol DISAGREE ol DO NOT KNOW

Explain why...

2. | John says thatif the same above balls roll on a horizontal tatlih the same velocity, reach the edge of
the table and fall, then the heavier ball will tiite ground at approximately half the horizontaltaie,
from the base of the table, as compared to thedigball.’

ol AGREE ol DISAGREE ol DO NOT KNOW

Explain why...

3. | Manos asserts thatif a big lorry is involved in a head-on collisiowith a small car, then during the
collision the lorry exerts force on the car whichstthe same magnitude as the one that the carseaprthe
lorry.’

ol AGREE ol DISAGREE ol DO NOT KNOW

Explain why...

4. | The engine of a big truck stops working while theck is moving. A small car pushes the truck outhef
road. Maria says thatWhile the car pushes the truck and the car aersks till it reaches its maximum
velocity, the force by which the car pushes thektis bigger than the force that the truck exergtee car.’
ol AGREE ol DISAGREE ol DO NOT KNOW

Explain why...

5. | 5. Vaggelis observes the following figure which ilkages the positions of two bodies in successive ti
intervals of 0.20 s. The two bodies are movingamg the right. He says thathe two bodies have the
same velocity at positions 2 and 5.’

ol AGREE ol DISAGREE ol DO NOT KNOW
Explain why...

6. | Jack says'lf a person stands on an elevator that accelesathen it is not correct to say that N=W (where
N is the normal force from the elevator floor, ands the person’s weight).’

ol AGREE ol DISAGREE ol DO NOT KNOW

Explain why...
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APPENDIX C

The open-ended questionnaire (Part B)

PART B:

Here are some of your classmates’ arguments. Areoy convinced by them or not? Try to explain to them
what is/are exactly the element/s of the argumenhat persuaded or did not persuade you. If you do rio
know, tick the option ‘I do not know’ and explain why you cannot decide (e.g. you do not know the theg
you do not understand the statement...)

7. | Some students discuss in the classroom the pagsibiat the rotational speed of the earth chanifebge
ice in the North Pole melts and the level of the 8ses. Tom saydk believe that it can happen. Ice floats
because of Pascal’s principle. The density of &ckess than the density of water and it floats heeeof the
buoyant force. If ice melts, then the level of $ba will rise. And because the angular momentuitief
earth must be conserved, then inevitably the rotati speed of the earth must change.’

aoHe convinced me o He did not convince meal do not know

Explain why....

8. | Some students discuss in the classroom about awhanis standing on a scale inside an elevator. The
question under discussion is the reading of théesghen the elevator is going up or down. Nik stogt:
‘The reading of the scale is determined by the mbriorce from the elevator floor. Given that thermal
force from the elevator floor equals the person&ghit and that the person’s weight does not chatign

the normal force from the elevator floor does nbamge. Therefore the reading of the scale does not
change.’

oHe convinced me o He did not convince meal do not know

Explain why...

9. | Evi says that!lf during the pre-historic period the ice in theoNh Pole melted and the earth flooded, then
the dinosaurs would have been extinct. Dinosaueseatinct. Therefore, in the pre-historic perioé ibe in
the North Pole melted and the earth flooded.’

oShe convinced me o She did not convince meal do not know

Explain why...

10. | Some months ago, thousands of people receivednaaileurging them to jump at a specific date amakti
The person who sent this e-mail asserted thatahlay it is possible to make the earth changeribé
around the sun. You are present in the classrootheastudents discuss on whether something likeishi
possible, even if the whole population jumps atclyahe same time. At some point, a famous Plsysic
professor from Harvard University who is visitingrdJniversity and is present in the discussion s&es,

it may happen!'She gives no further explanation.

oShe convinced me o She did not convince meal do not know

Explain why...
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