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Abstract
Development of Tools and Assessment of Ethiopiaid&its’ Pattern of Scientific

Reasoning at the Upper Primary Level in the Had¥gae

Tsedeke Abate

Addis Ababa University, 2021

Studies indicate that the failure of science edanab meet the needs of the
21st century is to some extent due to the inabitityincorporate scientific reasoning and
higher order assessments in the school instruclibough the outcomes of education seek
higher-order thinking abilities there is a lack mfh ability assessments in low-income
nations. The purpose of this mixed methods resaartthexplore students’ way of reasoning
and develop and validate the Scientific Reasoniragi@ss Tool (SRPT) which measures
students’ reasoning abilities. The phenomenogragtudy was used to explore grade eight
students’ patterns of reasoning, and to validateagsessment tool the descriptive survey
method was used. The qualitative analysis of stistl@rierviews elicited three major themes
of student views towards different levels of sdi@nteasoning: naive, mixed, and scientific
along with the underlying ways of reasoning. F@& tfuantitative part of the study, 40 items
were developed, pilot tested, and administered2ft grade eight students at six schools.
Rasch Analysis was used to develop and validat&ehes with the help of Winsteps. It was
found that the SRPT is offered as a valid and b&ianstrument that is a construct-driven,
domain-specific, and a higher-order thinking assesg that can measure students’ reasoning
progress. However, it was found that the reasoability of grade 8 students’ is limited to

lower level reasoning and they faced difficulty attaining higher-level reasoning like



generating evidence and drawing conclusions. Tiidyshas produced a valid and reliable
assessment tool to measure students' scientifsom@zy abilities and a theoretical model that
could be used to develop assessment tools. Thetvark and design of this research may be
adapted to develop additional instruments to ingat# the learning progression of students’
scientific reasoning in middle and high school séssin Ethiopian and other low-income

countries.



Dedicated to

Inner Soul



Acknowledgments

I would like to thank my former research supervis@ssociate Professor Per
Morton Kind for his loving-kindness and compassi@nshowed and helping me to grasp the
basics and discover the research area. | woulddilteank my research supervisor, Professor
Carl Angell for his useful comments, and patierfu®ughout my candidature. | appreciate
him for reading patiently all the materials | séh with constructive comments. | would
like to thank my internal research supervisor, Atse Professor Kassa Michael for his
useful comments, advice, and patience throughoutamglidature. | appreciate him for the
tremendous patience he showed upon me even whes ktruggling to continue. | would
like to thank Dr. Mekbib Alemu for his comments aadvice from the inception of the
program to the end of this dissertation work. lolid like to express my appreciation to Dr.
Getachew Tarekegn for his contributions, commeansl, suggestions. | would like to thank
Adisu Daniel for his comments. | would like to ttkamy colleagues Dr. Hassen Worku, and
Dr. Deresse Terfe for their contribution by sharihgir ideas. | would like to thank Teshome
Forsido, Gedeno Mollo, Ageze Abza, Adal Jekamoegfalio Mishore, and Amaregn Kassaye
for their comments. | would also like to thank [eisa Fentaye and his family for his advices
and financial support. Finally, | would like to tilamy wife Endalu Kelklachew, and my

kids: Soteria and Shalom for their tolerance ampeu when | was occupied with my study.

Vi



Publications, Conferences, and Proceedings from thiPh. D. dissertation

Publications
Abate, T., Michael, K, & Angell, C. (2020). Assa®nt of Scientific Reasoning:

Development and Validation of Scientific Reasomrsgessment TOOEURASIA
Journal of Mathematics, Science and Technology &titut, 16(12), em1927.

https://doi.org/10.29333/ejmste/9353

Abate, T., Michael, K., & Angell, C. (2021). Upperimary Students’ Views Vis-a-Vis
Scientific Reasoning Progress Levels in Phydttsasia Journal of Mathematics,

Science and Technology Education(5)7

em1958https://doi.org/10.29333/ejmste/10834

Vii



Definitions of terms
. Classical test theory (CTT) is a test theory wipobvides psychometrics about a test

such as reliability of a test.

. Constructs are the variables to be studied in eifspstudy i.e. the construct for this

study was scientific reasoning.

. Construct map is a well thought out ordering oflgatvely different levels of

students’ scientific reasoning ability.

. Iltem response theory (IRT) is a test theory whiadvigles performance of an

individual and how it relates to individual items.

. Assessment tool is set of items designed to measigatific reasoning in this study.

. Scientific reasoning progress is a way and patteendevelops his ability to reason

from low (naive) to high reasoning level.

. Scientific styles of reasoning are six styles inchlthey were developed considering
and analyzing historical development of sciencenkadge in the course human

reasoning development.

. Proficiency level is a progress of students’ uni@derding a concept from low level of

understanding to high level of understanding.

. Scientific reasoning is a process of thinking whityolves generating a claim,
providing explanation with valid evidences eitheatcept or reject a claim in order

arrives at valid conclusion.
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Chapter 1 Introduction

1.1  Background of the study

In recent years science education has been re@mbagcrucial to transform and to
bring overall development and prosperity to natidfes example, sub-Saharan and Southern
American countries place emphasis on science aeduadatthe hope that its outcomes will

help them to reduce poverty and to improve the fitmstandardsNIoE & JICA, 2016,

whereas other nations hope that science educatibenable them to alleviate their

multidimensional political crisis, to bring abowtamomic developmentian, 2013 Stacey et

al., 2018 Turiman, Omar, Daud, & Osman, 201fo improve their citizens’ standard of life,

and to solve their socio-scientific and environna¢ptoblems £hou et al., 201% To

overcome these challenges, science education teedselop students’ scientific reasoning
abilities, which include the ability to solve prebis, to evaluate information, to work
collaboratively, to apply new technology, to thieritically, and to reason about nature

scientifically Dole, Bloom, & Kowalske, 2018 amb, Jackson, & Rumberger,

2015 Nagaoka, Farrington, Ehrlich, & Heath, 2)JAround the globe, science education is

considered as crucial to equip the next generatitinthe necessary scientific literacy skills
that enable them to be the future professionatiense and technology fields as well as to be
competent, critical, and informed decision-makers @onsumers of the product of science
and technology.

Ethiopia is a low-income nation with a desire tadme a middle-income country by
2025. There is a huge demand for creative and aingsolutions to provide quality
services and to sustain the existing developmeresé creative and innovative approaches
require higher-order thinking and reasoning skils.a result, Ethiopia requires a
scientifically literate citizen with relevant knosdge and understanding about scientific

concepts and processes. In line with this, Ethiogidence education aims to train future



professionals in science and technology as wehe@sext generations who are informed
decision-makers about socio-scientific issues dsal skilled to judge and question
information and products of science and technology.

Recently, scientific reasoning has gained atteritid®TEM (Science, Technology,
Engineering, and Mathematics) education due t@ttential of reasoning skills to develop

students understanding of the nature of sciencetsupdacticeskind & Osborne,

2017 Opitz, Heene, & Fischer, 20).7Studies also indicate that scientific reasommgmotes

students’ problem-solving skills in a real-lifeustion (HHan, 2013. In addition to this,
scientific reasoning affects students’ achievenagick success in science educatiead et

al., 2009 Osborne, 20133 In science instruction, nowadays, there's is i &iwards teaching

strategies that promote students' scientific reiagoand critical thinking. As the need for
teaching scientific reasoning skills is recognizbeéye is also an increasing demand for such
assessments. In brief, the emphasis given to swetasoning ability in science instruction
should be paralleled by its assessments too. Sidmmentific reasoning skills can be
promoted only when the assessment mirrors theuictstn and assesses students’ level of
reasoning. Moreover, such assessments should Heyadontinuously to gain valid
information about students’ levels and abilitiesoientific reasoning\RC, 2000).

A review of science education studies revealsrlatively few studies have been
conducted to assess students’ scientific reasoaltigpugh the importance of scientific
literacy has been widely discussed in science aducand psychological researchiitz et

al., 2017. Most of the existing assessments were focusetimansions of scientific

reasoning such gsoblem identification, questioning, hypothesisayation, evidence
generation, evidence evaluatianddrawing conclusiondn addition, some of these tests
assumed scientific reasoning as a single geneitayatthereas others considered scientific

reasoning as a consortium of several independdis. gdthough some studies focus on



scientific reasoning in its general senisav(son, 200}, recent trends depict a shift towards
domain-specificity of scientific reasoning skilldost of these assessment tools had reported
certain psychometric properties of their tests. st frequently reported ones are
reliability, content validity, construct validitgnd criterion validity.

Science educators have only recently begun to caiseerns about the scientific
knowledge that scientific reasoning relies on. @ahtprocedural, and epistemic knowledge

are necessary for scientific reasonidgn( & Osborne, 201;70sborne, Rafanelli, & Kind,

2018. There is, however, a lack of valid and reliaglst instruments that can uncover
students’ epistemic knowledge in physics.
Several international and national scientific redsg tests have been developed to

assess students’ level of reasonidgi(z et al., 201y, Among them, Lawson’s Classroom

Test of Scientific Reasoning (CTSR), PISA, TIMS&RIES, and NAEP are the most
prominent ones. The CTSR is one of the assessmwatiely used by researchers in science
education (Bao et al., 2009; Lawson, 2004). Thenesasures various aspects of scientific
and mathematical reasoning. That indicates thatetstemeasures the general characteristics
of scientific and mathematical reasoning. The d@geim International Mathematics and
Science Study (TIMSS) has been engaged in devejo@ms and assessing students'
abilities based on the three cognitive aspectswikmy applying, and reasoning. The
Programme for International Student AssessmentPikSalso engaged in developing items
to measure scientific literacy. The National Assemst of Educational Progress (NAEP) is
also one of the best known American assessmenefrank projects in developing
assessment which includes procedural and epistemizledge embedded in science
performancelind, 2013.

However,Osborne (2013argued that domain-general scientific reasonistste

neglect contextual considerations such as childrerays of learning in relation to different



forms of scientific knowledge, and conceptualizasi@f a construct to be assessed. As a

result,Anderman, Sinatra, and Gray (20tgued that such assessments are limited to

accurately evaluating the thinking skills and ustemding of students by taking into account
particular learning circumstances relevant to igpegopic in detail. Besides, various
studies considered science learning as domainfgpéstienceaspractice) not as domain-
general (sciencaslogic), and the developed scientific knowledge mgypessive Gelman &

Noles, 201iLehrer & Schauble, 20]1®sborne & Wittrock, 1986 The science and

mathematics assessments of PISA, TIMSS, and NAEBERhvare developed for the various
grade level and administered around the globe,ideresd scientific reasoning as one theme
of the science test. However, these tests areizat since they give much emphasis to the
domain-general aspect of scientific reasoning€i@mple TIMSS), neglect knowledge and
reasoning dimensions of science (for example NAE#)to explain the link between
knowledge dimensions and scientific reasoning §sample PISA)Kind, 2013. Thinking
that, these assessments were developed undettihg s& developed countries and used to
testify about the effectiveness of a country’s edional system and its education quality,
guestions have been raised whether the sciergfisaning items were context-dependent
and culturally situated for low-income nations likthiopia. Furthermore, the objectives of
science education vary from countries to countseesed on its demand and level of economy

(Kambeyo, 201y

Another limitation of previous assessments of ddierreasoning was that most of
the tests not only focused on skills suclvasable relationship, hypothesis generation,
constructing experiment, evidence evaluatargdrawing of conclusiomut also neglected

different forms of knowledge<(nd & Osborne, 201)/ Studies have shown that children

develop domain-specific theories that, in turndlemdomain-specific reasoning from

childhood through adulthood. Besides, it has beend that pre-school children and



elementary school students participate in reasoamghigher-level tasks using domain-

specific knowledge@elman & Noles, 201)1 These studies also indicate that human

cognition is closely related to domain-specific Whedge, such as the reasoning ability of
students, and has a progressive developmentalggstarting at an early age. Therefore,
because such a stage is attributed to graspinggssies of physics knowledge, it is important
to consider the domain-specific scientific reasgréapacity of primary and middle school
students. Besides, literature in science educatanntroduced a fresh and detailed

conceptualization of scientific reasoning (séen(l & Osborne, 201;7O0ECD, 2013 0sborne

et al., 2013 Kind and Osborne (201 @pproach scientific reasoning from the perspedaifve

the cognitive history of science and raise issweserning the scientific knowledge on
which scientific reasoning depends. Scientific ogérsg requires content, procedural and
epistemic knowledge. This failure of previous reasg tests to consider different forms of
knowledge, may originate from their failure to pd®/a “clear and coherent conceptual

model for the sciencesOsborne et al., 2018, p. 1&Guch assessments measure students'

reasoning based on the reflections of the thinkirngess instead of understanding scientific
reasoning directly from the science culture whibeereasoning has originate¢irfd, 2013.
Although previous tests have reported some psyctranpeoperties, there is limited
research that ha comprehensively reported the methanalysis of the results. Many
assessments use classical test theory (CTT) tgzntide responses of students which only
provides statistical meaning. CTT has an assumplianall test items make the same
contribution to the overall score independentlyhefir individual item difficulties and
students' abilities. In education, it is particlyamportant that tests support good teaching
and learning, and that tests assess what edudhitakds important {ind, 2013. Assessors,

therefore, strive for “construct-driven” and “evigee-based” assessments that support



learning progression. Modern test theories allonstict-driven assessment procedures that

help to develop progressive levels of a constrigictd, 2013 Wilson, 200).

African countries favor assessment of higher-ortthmking ability such as
synthesis, analysis, and evaluation, however, tifeod made science assessments are
heavily dominated by test items that measure loa@gnitive abilities and conceptual

knowledge Arega, 2014Verspoor, 2008 According toArega (2014)n the Ethiopian

context, different agencies have tried to prepasessment guidelines, techniques, and
resource materials that focus on objective andesdanEven though the Ethiopian curriculum
framework encourages students’ dialogue, argumentaand higher-order knowledge, this
was not observed in both national and classroormaaion of science subject§gshome,
2017). Previous tools are mainly aimed either to coraphie score with some established
criteria or to check the attainment of stated dbjes. They are not based on conceptualizing
a construct (construct-based) and considering Werce-based argument for they do not
consider the analysis of theoretical frameworkslysis of students’ alternative conceptions,
and context-based students’ learning before itegatmn. This indicates that the existing
assessment in the Ethiopian context is item-drigssessment instead of considering
construct-driven assessments. In summary, to pertieg teaching of scientific reasoning
and to make it a common feature of science classspscience education, in the world in
general and in Ethiopia in particular, is facedmatchallenge of defining progression in the
competency of scientific reasoning and providirgms that assess student reasoning and

thinking in science subjects.

Therefore, there is a paucity of scientific reasgrtest instruments that can uncover
students’ higher-order thinking progressively iameéntary school physics subjects.

Particularly, a scientific reasoning test, in whibk construct ‘scientific reasoning'’ is



conceptualized and its items are context-baseweasged in the Ethiopian context. Thus, this
study attempted to conceptualize scientific reaspand discussed the development and
validation of an instrument that assesses studphisics scientific reasoning - namely

Scientific Reasoning Progress Tool (SRPT hereafter)

Besides, this study investigates the progressiagrade 8 students' reasoning
using the SRPT. The tool developed here differmfprevious such tools in many regards.
One, it is context-based in which it considersdhatextual factors by participating students
and middle school physics teachers in developirdy\atidating the progress levels and the
tool as well. Two, SRPT used tB¢yles of Scientific Reasonifrgmework to identify and
demarcate the scientific reasoning construct. Tbégeency level within the components of
theStyles of Scientific Reasonings also addressed. Three, we followed the Wilson
assessment cycle and Senocak’s (2009) frameworthéodevelopment of SRPTS’ items as
well as to establish the scala short, the test development and its validagamployed the
modern test theory, commonly known as Item Respdisory (IRT) instead of dealing

specifically with the classical test theory (CTT).

1.2  Statement of the problem

This study aspired to address two long-standing&iitanal problems. One is
related to measuring scientific reasoning skillgliffierent levels. This has been a problem
since science commenced as a school subject aadceceducators divided the science

curriculum into the scientific method and scienoewledge Dunbar & Klahr, 2012Ford &

Forman, 2006 Kind & Osborne, 201)/ Students, it was claimed, should not just learn
concepts and theories scientists used to explanmbrid but also the metho@®(nbar &

Klahr, 2019. The two competing models, science as a bodynofvkedge and science as a

practice, dominated in science curriculum sincentfierd & Forman, 2005 where the two




models have weaknesses in that they do not consieimpact of cultural value and
influence. Since the second half of the 20th centuowever, the understanding of scientific
reasoning has changed substantially, with a majmact on science educationunbar &

Klahr, 2012 Kind, 2013. Science, it is claimed, is a social activity @®n argumentation

and discourse between scientists to decide whatept® and theories better fit the natural
world. Scientific reasoning, accordingly, is a rmpd of following standardized procedures
(as a process), using socially established epistamiieria, and building on established

scientific knowledge (as a product); all in a comiaf debate and discourser(ver, Newton,

& Osbhorne, 2000Ford, 2015 0OECD, 20130sborne, 2013 This new development makes it

necessary to rethink how we teach scientific reiagpim science education, and also how it
is assessed. Following the change in the focusapptoach towards science education,
countries started to incorporate scientific reasgrand argumentation in their standards and
devise the assessment of such abilities by devejoptandardized toolDECD, 201).
There is a global shift towards students learnkiljssand literacy. One of the skills focused
on global and sub-Saharan African countries isifie reasoning. However, the effort is yet
in progress globally and very limited in low-incomnmations like sub-Saharan African

countries Altinok, Angrist, & Patrinos, 201;8loem, 2013 Verspoor, 2008 Consequently,

there is growing interest globally to assess thalestits’ pattern of reasoning and their
reasoning ability levels of low-income nations. Bug¢ work done so far is either still limited
or not addressed at all in primary schools of saba®an African countries’Cresswell,

Schwantner, & Waters, 20]150ECD, 2013 Even though most sub-Saharan African

countries included skills of scientific reasonimgtheir curriculum, the students’ ability of

such skills was not explored and assessed progéolyhi & Verspoor, 20%3Verspoor,

2009.



The second problem is related to the assessmehnintémvy-income nations.
The school assessment system of low-income nat{especially sub-Saharan African
countries) is dominated by lower ability levels. imany sub-Saharan African countries,

current classroom assessments are limited in megsstudents’ low-level understanding

such as recall, memorization of facts, and abildyuse algorithmsJpshi & Verspoor,

2013 Verspoor, 2008 One may argue that there are international ass&s tools by

projects such as TIMSS, NAEP, and PISA to solvehspooblems and improve the
educational system. However, studies reveal thatstodents of low-income nations who
participate in such international tests lag behimdh-income nations in educational
achievement. International studies, such as TIMBBLS, and PISA show an achievement
gap of about two standard deviations between ttegriational mean value of these tests and

the score in a typical low-income natiomgrtin & Jamieson-Proctor, 201@ECD,

2016 Sabanathan, Wills, & Gladstone, 201% means that the average student in low-

income nations has four to five year learning lagibd a similar student in the high-income

nations Eabanathan, Wills, & Gladstone, 2().1mternational tests are typically developed in

high-income nations, which means, their suitability low-income nation students are

limited (Greaney & Kellaghan, 2008The problem is partly that international testsdn few

items matching the ability level of the averagedstis’ low-income nation (since these
students are two standard deviations below thenat®nal mean and most items are made to
match the mean), and partly that low-income nasients live in a very different culture

than those in high-income countrigsréaney & Kellaghan, 2008It is difficult to develop a

common assessment procedure that suits all cosrfiviethere are curricular variations,
achievement gaps, and weight given for a particsitéll in terms of various interests of the

country, in particular, to low income nations. Rbrs reason, international assessors are



increasingly focusing on this problem and have fmuinto a demand to develop new

assessments better suited for low-income natidasishek & \Woessmann, 2015

The research project Transforming Pedagogy of STEM,jects (TPSS) has
been working the classroom dialogue with scaff@dactivities. TPSS is a research project
that investigates ways of improving the pedagogySGEM teaching in Ethiopia. The
research study has found that Ethiopian studente k@av conceptual understanding and
reasoning ability when they are compared with theunterparts of high and middle-income

nations fAlemu, Kind, Tadesse, Atnafu, & Michael, 201 However, the items for the study

(TPSS) were selected from the international assassmtool, TIMSS. The reason for the
students’ low conceptual and reasoning ability migh related due to the items were not
developed by considering students’ way of reasoaimd) level of reasoning in the Ethiopian
context. This indicates that there is a need t@ldgvitems for assessing students’ reasoning
ability by considering the context of studentsatidition to this, the current assessments in
Ethiopian and sub-Saharan African countries donmeét the need of the 21st century. It is,
therefore, required to investigate students’ pattef scientific reasoning in physics and

develop an assessment tool to measure their reastaviels.

1.3  Objectives of the study

The purpose of this study was to develop a scientdasoning assessment
tool and to explore grade 8 students’ patterngasoning in physics. The test was developed
using a construct map to identify the differenteisvof reasoning. The construct map, here, is
a theoretical representation of students’ scientiiasoning ability from a low level to a
higher level of reasoning. This construct map wegetbped by the data collected from the
interview of students, teachers' Focus Group Dsous(FGD), and relevant literatur@he

test items of SRPT represent various levels ofarag across the construct as demonstrated
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in the construct map. Moreover, significant effosisre gone to make each item contextual
and culturally situated with the help of experigee.

In context, the general objective of this study waglevelop an assessment
tool for measuring scientific reasoning and to expl students’ ways and patterns of
reasoning at the upper primary school of Hadiyyan&Zoln line with this, the specific

objectives of this study are:

« To identify scientific reasoning skills that aredaglssed by the construct map for the
development of scientific reasoning progress t8&RT) test items

« To develop test items of Scientific Reasoning ResgTool (SRPT) to measure grade
eight students’ scientific reasoning progress;

« To establish content and construct validity of sbntific reasoning progress tool
items using a panel of experts;

« To determine the effectiveness of the scientifasming progress tool items in
measuring grade eight students’ scientific reagpmirphysics.

« To validate the Scientific Reasoning Progress (88PT) that measure Grade 8

students’ scientific reasoning progress.

1.4  Research questions

The purpose of this mixed-methods study was to ldpvine SRPT items for
measuring grade eight students’ scientific reagpwsikills in physics. The development of
these items included a process of content and rmmbstalidation in which the researcher
sought to determine how well the items measurensfie reasoning. The first study
component consisted of students’ interviews and @D primary school physics teachers
to explore students’ views in relation to four Iesvef scientific reasoning progredadtual

knowledge, explanation of factual knowledge, ewiddmased reasoning, and drawing
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conclusion. This yielded a construct map and this, in tguigded the development of SRPT.
The content validity of the SRPT was assured bytehehers and also by a panel of experts.
The qualitative data was used to provide validitidence that suggests the SPRT items are
representing the levels of scientific reasoningtas constructed in the construct map. The
second component of this study involved the corstualidation by administration and
analysis of newly developed items for measuringdgr& students’ scientific reasoning
progress.
To sum up, the following research questions guidedaddressing the

objectives of this study:

1. Which scientific reasoning skills are addressedheyconstruct map developed for the
Scientific Reasoning Progress Tool (SRPT) teststem

2. How are the content and construct validity of tleeeBtific Reasoning Progress Tool
(SRPT) items qualitatively established?

3. How effective are the Scientific Reasoning Progiessl (SRPT) test items in
measuring grade eight students’ scientific reagpmirphysics?

4. What is the trend of Grade 8 students’ progresaimong the different reasoning

subskills measured by the Scientific Reasoning fresggTool (SRPT) ?

1.5 Significance of the study

There is a common saying that “if we want to chategehing, then we have
to change the assessment”. To measure studentsllodevelopmental progress there is a
need to have high-quality instruments that will swea students’ ability to critique the
guality of scientific evidence to better suppotdsnts learning progress. For policymakers

and curriculum experts, there has to be empirivalemce about students’ progress to take
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appropriate measures. Curriculum experts and teswcteed to know the level of learner to
for better improvement.

There is a strong link between assessment andiatisin. Assessment tools
are required to ensure learning progress by progigroper scaffolding based on identified
misconceptions NRC, 2000. Such tools provide useful information about stud’
competence, alternative conceptions, and ways ittegtudents toward an understanding of

a concept and develop different levels of reasomibiljties (Griffin & Case, 1997NRC,

200])). The assessment tool needs to provide teachet®tise proper instructional strategies
to support students learning progress and asswreattainment of expected learning
performances. It is vital to develop instrumentig¢othat can measure students' reasoning
ability so that teachers identify students’ abiliand possible conceptions to develop
instruction that can benefit students to promotertihearning. It also gives evidence of
students learning for decision making bodies byshg what students can do and cannot do.
Students can also benefit by obtaining better sippsults from instruction that is planned
based on the evidence of their real-time perforraanc

In this regard, the current study in the studengsisoning progresses along
with the assessment tool is expected to have irapoet for science educators, researchers,
science education, teachers, students, and edugbstakeholders. It will inform teachers
about students’ ways of reasoning in physics, stigii@ossible alternative conceptions, and
provide a way how students' reasoning developspaogresses. The assessment tool will
provide teachers a way to develop quality, valitj &igher-order reasoning assessments. It
also provides a way of how to revise and validaseasment tools. For the researchers, it
provides empirical evidence to conduct further gtud students’ reasoning ability. The
framework and design of this research may be addptelevelop additional instruments to

investigate the learning progression of studentgergific reasoning in middle and high
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school classes in Ethiopian and other African coesit The findings of this study will also
give insights for curriculum designers to emphasimpuiry-based education with explicit
instruction of the nature of science (NOS) as atrirctional approach in science learning to
enhance students’ reasoning ability. Furthermdre, donstruct map can also be used for
exam and table of specifications developers fodgraight students as empirical evidence

about students' reasoning progress.

1.6  Delimitation of the Study

The purpose of this study was to explore studemrgasoning, to develop a
construct map that represents students’ reasorbiifyaand to develop and validate an
assessment tool for measuring scientific reasorsimce the nature of the qualitative study
requires in-depth information from limited samplés study was delimited to only Hadiya
Zone six primary schools. In this study, about &rade 8 students, and six middle school
teachers participated. Using a sequential exploratoixed research design, students’
reasoning patterns and tools in physics were dpeeloThe tool that aimed to represent
students’ reasoning progress was developed by ptm&ing scientific reasoning in terms
of students’ progress level and three styles aérdific reasoning: model-based reasoning,

data-based reasoning and mathematical reasoninghése are the dominant styles of

reasoning in primary school physi¢s$acking, 200).

1.7  Overview of the dissertation

Chapter one deals with the introduction of the fEwbaddressed in this study.
It also stated the objectives of the study, andaesh questions to be answered in this study.
Chapter 2 will discuss the relevant review of htiere related to assessments in education,

assessments of scientific reasoning, and framewofkscientific reasoning. It will also
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present the conceptualization of scientific reasgrand conceptual framework that guides
this study.

Chapter 3 will present the methods used in thiglystdt will provide the
research perspectives, research design, and sgmglahniques. The chapter will also
present qualitative and quantitative data gatheaimgjanalysis tools and techniques.

Chapter 4 will discuss qualitative analysis. It Iwpresent an analysis of
gualitative data to answer the first two reseanabstjons stated in chapter one.

Chapter 5 will present a quantitative analysisprbvides the quantitative
analysis using Rasch analysis to answer the tlessarch questions stated in chapter 1.

Finally, Chapter 6 will provide a discussion of HIbotjualitative and
quantitative results vis-a-vis of literature. Itllwalso present important conclusions and

recommendations for further study.
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Chapter 2 Review of Related Literature

These days, there is a demand for conceptualizatidra need for the assessments of
scientific reasoning. This chapter will present ¢bastruct scientific reasoning using relevant
literature and scientific reasoning will be coneggized. The construct scientific reasoning
will be presented in terms of learning progressiba,three forms of scientific knowledge,
and the styles of reasoning. Following this, fraraes for scientific reasoning will be
discussed and a conceptual framework that guidestindy will be established, and this will,
in turn, guides the development of scientific reasg tool (SRPT). Moreover, the currently
available assessments in global, sub-Saharan Afraxad Ethiopian contexts in terms of
assessments' consideration of scientific reasomilhdpe discussed. Finally, assessment

procedures and types of tests will be discussed.

2.1 Introduction

One of the core skills of the 21st century and gjo&lscience education is considered to be

developing students’ scientific reasonifigsCher et al., 20)4along with proper views about

scientific knowledgegillingsley & Fraser, 2018Fernandes, Rodrigues, & Ferreira, 20018

The ability of scientific reasoning promotes stugéto acquire domain-specific knowledge,
long-term academic achievement, cognitive abitigcision making, and solve daily

problems Andersen & Garcia-Mila, 203 Bao et al., 2009vVan der Graaf, Van de Sande,

Gijsel, & Segers, 20)9Some researchers argue that the societiesahaturvive in the

midst of currently increasing and uncertain chajeshare those who are equipped with
disciplinary knowledge, understand science as mlsewterprise, think critically and

creatively, and evaluate and critique informatidthwalid evidenceHill, 2008; Kind &

Osborne, 2017 These days, this leads nations, standard dodsiegucators, and

16



researchers to focus on how scientific knowledgmisstructed, its nature, and how to

promote the skill of scientific reasoningi(ig, 201§ Kind & Osborne, 201;7/NRC, 201).

An important aim of educatioglobally andfor sub-Saharan African
countries, in particular, is to produce citizensowtan participate in ensuring sustainable

development and poverty reductigailican, Cakiroglu, & Oztekin, 20%5oshi & Verspoor,

2013. As most sub-Saharan African countries intencttain a middle-income economy,
they need a qualified workforce who is trained stfieally with the skills of the 21st
century. The workforce who can sustainably retainhscomplex tasks is the ones who
understand key concepts of science, be able tk thitically and reason at higher levels, and
understand the modern views of the nature of sei¢Biican et al., 2015).

However, there is no common consensus about whentsic reasoning is
and how it is to be developed. Lawson’s argued Swéntific reasoning in nature is
hypothetico-deductive and consists of skills sush paoportional reasoning, control of

variables, probability reasoning, and correlatieasoning l(awson, 2004Moore & Rubbo,

2017). This conception was developed based on Piagie¢'sry of cognitive development
that includes two formal reasoning levels (concrmgierational and formal operational). The
concrete operational level involves appropriate afdegic and formal operational reasoning
involves thinking abstractly, reasoning logicalpnd drawing conclusions from available

information (Vloore & Rubbo, 201)l Based on this view, scientific reasoning is sasm

domain-general skill. On the other hand, therelss another contention that suggests that
scientific reasoning is a process that involvedediint forms of scientific knowledge

progressively Kind & Osborne, 201) This view suggests that scientific reasoningnas

more than developing scientific knowledge at a aiglevel. The proponents of the domain-

specific view of scientific reasoning contend thaman cognition is based on the knowledge
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which is tied to specific activities in specificrdexts and which cannot easily be transferred

to different activities or context§iccher et al., 20345elman, 2008 .

In the subsequent sections of this chapter, the segntific reasoning is
conceptualized will be discussed based on relelt@nature on learning progression, styles
of scientific reasoning, and scientific knowledgaieh, in turn, enables us to develop an

assessment tool to measure scientific reasoning.

2.2 Learning progression, styles of scientific reasonmand scientific knowledge

In this section, the construct scientific reasoniil be discussed in terms of
how students’ learning progresses from low to highel, different forms of scientific

knowledge, and styles of scientific reasoning.

2.2.1 Learning progression and construct map

Learners cannot develop a scientific understandingsingle lesson and
reasoning progresses also can’'t happen in a moerbcess in the mind of students has to
take place before students understand a conceptenadop reasoning. Their minds need the
necessary materials to establish a better undéiatarLearning is not a moment of practice.
In all the classrooms where proper instruction isvged, progression is expected to
continuously take place. There is a probable patlsfudents to attain every concept to its

best of it Corcoran, Mosher, & Rogat, 2009The goal of teaching-learning is to help

students to attain this understanding in their miadd help them think for themselvési(C,
2007. Knowledge is considered to be meaningful whensitustified with reasonable
evidence. This brings the concept of learning psgion.

Learning progressions in science are empiricaljugded and testable

hypotheses about how students’ understanding of ahility to use, core scientific concepts
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and explanations, and related scientific practgresv and become more sophisticated over

time, with appropriate instructionCprcoran et al., 20QWRC, 200). These hypotheses

describe the pathways students are likely to follownaster core concepts in science. They
are based on research about how students’ leapriogresses—as opposed to selecting
sequences of topics and learning experiences baskdon logical analysis of current
disciplinary knowledge and on personal experiemedsaching. This learning progression is
the thought or idea in the minds of researcherd,that it represents a hypothesis or theory
about the students’ thoughts that will be examiaatpirically, eventually in the course of
study. Learning progression can be defined as stsdeognitive learning growth from a
lower cognitive level to a higher level of understang (like Bloom’s taxonomy) (Bloom,
Hastings, & Madaus, 1971) or students’ ways of oaasy and argumentation based on the
structural levels (like Toulmin’s 1958 structureasgumentation) (Toulmin, 1958).

Toulmin’s structure of argumentation describes sius learning progression
based on the levels of argumentation and reasauing as claim, evidence, reasoning, and
rebuttal or evaluation whereas Bloom’s taxonomyre@sents students’ cognitive learning
progress from knowledge to evaluation. There is etationship between these two
progressions in which both start with students &nimowing in lower levels; and at the
highest level, both suggest evaluatiotinfl, 2013. At the highest level of argumentation,
students use all the components of argumentatiamrige at their conclusion. In addition to
this, both Bloom's taxonomy, and argumentation @asoning consist of different forms of
knowledge: from content to evidence evaluationdggonic) which increases its complexity
progressively. Epistemology is the highest form komfowledge in which it consists of
identifying, evaluating, judging based on ample amlifiable reasons to arrive at a certain
conclusion. To arrive at a conclusion studentsdiféerent explanations and identifying weak

and strong alternatives, criticize weak alternativeing rebuttals and limiting boundaries for
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their claim, and putting things in perspective. Gram, therefore, represent the construct
scientific reasoning by considering three formsaoientific knowledge (content, procedural
and epistemic) in a combined approach and thisatsmbe demonstrated using a construct
map instead of dealing with each level of undeditamindependently.

According toWilson (2009) construct map is somewhat less complex concept
than a learning progression, and is designed tp tehceptualize how assessments can be
constructed to relate to theories of cognition. Tdwnstruct map is a well-thought-out
ordering of qualitatively different levels of penfoance in a domain/(ilson, 2009).

As will be discussed in later sections, the curraesessment approach
(particularly in sub-Saharan African countries) niyifocuses on a single measurement at
some final or supposedly significant time pointheit considering students’ learning as a
progressive development. According\idison (2009)however, this cannot help us to know
clearly what to assess and how to assess it, wii#l of reasoning is attained or not,
whether to focus on generalized learning goals @main-specific knowledge, and the
implications of a variety of teaching and learnthgories. This is because that as learning
situations vary, and their goals and philosophirelerpinnings take different forms, a “one-
size-fits-all” development assessment approacblyasatisfies educational needs. Therefore,
a developmental perspective regarding student ile@arthat assesses the development of
student understanding of particular concepts aiil$ skertime is require@Vilson (2009) In
this regard, he proposed the BEAR (Berkeley Evaunatand Assessment Research)
Assessment System which was aimed to provide twolsiodel many different kinds of
learning theories and learning domains. The moded devised to facilitate assessing the
growth of students’ understanding of particular aepts and skills over a certain period of
(instructional) time. It means that it helps one mmve away from “one-shot” testing

situations toward an approach that focuses on tbeeps of learning and an individual's
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progress through that process. In turn, this pewidlear definitions of what students are

expected to learn, and a theoretical frameworkaoov that learning is expected to reveal that

is also necessary to establish the construct walafian assessment system. However, such
students’ learning needs to be mapped in a wedirtbrdequenced order as indicated in Table
2.1.

To study learners understanding, a construct meg tebe established which
represents students' thinking based on some etipestaThese expectations can be drawn
out from a standard document, cognitive theory, rseéarch results. Alternative conceptions
can also play a great role in defining useful levaf the underlying construct. The students’
alternative conceptions are not considered to kgathe rather they are considered as
“threshold concepts,” which are posited to be ti@msative, probably irreversible,

integrative, possibly bounded, and troublesoméyer & Land, 2008 They help in

identifying the bottom levels as a result one casilg judge the top levels in consideration of
this and standards. In addition to defining studenderstanding at each level of the
continuum, the notion of common errors helps taifglathe difference between levels.
Alternative conceptions, represented as commomneimoone level, are resolved in the next

level of the construct map\(ilson, 2009.
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Table 2.1: Construct map for student understandihBarth in the solar system (Wilson,

2009)

Level

Description

5
8" grade

Student is able to put the motions of the Earth kiodn into a complete description of
motion in the Solar System which explains:
The day/night cycle The phases of the moon (inolgidhe illumination of the moon by
the Sun)The seasons

5" grade

Student is able to coordinate apparent and actwiom of objects in the sky. Student
knows that
* The earth is both orbiting the Sun and orbitingitsraxisThe Earth orbits the Sun
once per yearThe Earth rotates on its axis oncedpgr causing the day/night
cycle and the appearance that the Sun moves at®skyThe moon orbits the
Earth once every 28 days, producing the phasdsweahbon
COMMON ERROR: The phases of the moon are causea $hadow of the planets, the
sun, or the Earth falling on the Moon.

Student knows that:

* The Earth orbits the Sun

* The moon orbits the Erath

* The earth rotates on its axis
However, student has not put this knowledge togaeilith an understanding of apparent
motion to form explanations and may not recognizat the earth is both rotating and
orbiting simultaneously.
COMMON ERROR: It gets dark at night because thalegaes around the Sun once a
day.

Student recognize that:

* The Sun appears to move across the sky every day

* The observable shape of the Moon changes everays d
Student may believe that the Sun moves aroundrifid E
COMMON ERROR: All motion in the sky is due to tharkh spinning on its axis
COMMON ERROR: The sun travels around the Earth
COMMON ERROR: It gets dark at night because the ghes the once a day.
COMMON ERROR: The Earth is the centre of the urgeer

Student does not recognize the systematic natur@péarance of objects in the sky.
Students may not recognize that the Earth is spdderi

COMMON ERROR: It gets dark at night because somegth{e.g., clouds, the
atmosphere, “darkness”) covers the Sun.

COMMON ERROR: The phases of the moon are causetblogls covering the Moon.
COMMON ERROR: The Sun goes below the Earth at night

No evidence or off-track

Table 2.1 represents a construct map for studedgrstanding of Earth in the

solar system. The misconception of level one islves! in level two and the misconception
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of level two is resolved in level three. This shawat misconceptions are not strange things
that cannot be determined rather they are partuafests learning progression. Once we
identify the misconception of one level, we can dianit by preparing requirements to
promote learner to the next level. The top-level tie construct map represents the
understanding expected of 8th graders in natiotaaldairds. In this way, a construct map
helps teachers in planning and delivering theirsdes based on students’ learning
progressions. It helps a teacher to plan a lesasadon evidence of students' understanding
of a construct. The teacher who uses studentseagilis not following a haphazard journey
in his/her teaching.

However, the construct map depicted in Table 2ptesents only one style of
reasoning, model-based reasoning. It is not satmfa to focus on only a single style of
reasoning of students’ understanding that growsgressively. Students’ learning and
reasoning can grow progressively in terms of varistyles of scientific reasoning such as
model-based reasoning, data-based reasoning, endtedre is a need to consider various
styles of reasoning in classroom instructions ars$essment development to bring
meaningful and authentic developments of studdatsnhing. The next section will discuss

various styles of scientific reasoning developed tli®e history of science education.
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2.2.2 Styles of scientific reasoning and construct maps

Since science commenced as a school subject amaceceducators divided
the science curriculum into the scientific methadl &cience knowledge, there has been a

continuous development of curriculum modeéishl & Osborne, 201)/ The two competing

models that dominate standards reforms are scienogpetencies and science practices

(Kind, 2013. According to Kind and Osborne (2017)both models have conceptual

weaknesses related to combining cultural and cwgnierspectives on the science learning
domain. The goal of scientific reasoning is to agiswhree specific questions about the

material world Kind & Osborne, 201;/NRC, 201). These are the questions of What exists?

(the ontic question); Why it happens? (the causelstion); and How do we know? (the
epistemic question). To answer these questionsneeieducation needs to consider different
styles of scientific reasoning which involve thenfie of scientific knowledgeCrombie

(1994) and Hacking (2012)identified six styles of scientific reasoning. Mamatical

reasoning: This style is the use of mathematicsefwesent the world and for deductive
argument. The representation of physical phenontgnanathematics is key to all the
sciences. It is taken as the language for physici@nce. Example: rate change, lines, and
geometric shapes. Experimental reasoning: thiooreag aimed to test the predictions and to
establish what exists. It is used to test ideascience whether they are true or not. ldeas
which such tests considered to be true otherwieg Will be rejected. This can be done by
observation and measurement. Example: experimentatilab class. Conceptual reasoning:
This deals with the theoretical representationhaf physical world. It suggests that it is
possible to represent objects of the natural wibréd are not accessible to observe and touch

clearly to give explanations based on the consomadf the model. It is used to represent
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things that are too large to imagine (the SolateSy$, or too small to see such as the cell or
the atom. It was developed as a method to expl@nunknown properties of a natural
phenomenon by simulating the phenomenon with thewknproperties. Example: Wave
model of light (to explain diffraction and reframti), we use ray diagrams to reason about the
behavior of lenses, or free body diagrams to readmut the effects of forces. Taxonomic
reasoning: This reasoning is for the ordering ofietg by comparison and taxonomy. It
answers the question ‘what exists?’ it helps ial@gthing what entities exist. It also serves to
establish fundamental similarities and differend®@sample: distinguishing concepts such as
heat and temperature, mass and weight, and enadyp@ver, magnetic and nhonmagnetic
materials. Probabilistic Reasoning: It is to prédipatterns with a degree of
certainty/uncertainty what might happen (to whateak how often, to what degree some
pattern happens).Example: Gaussian distributioremainty principle, wave and particle
nature of matter require such reasoning. Histarithis tries to answer the question ‘how or
why a particular phenomenon comes to be or behavedoes’. It starts with assumptions
about how things stand. Attempts to explain thgins of the material world and its features
are a major element of reasoning in the sciences.

Students’ learning progresses for each style ofngific reasoning from
simple to complex form. There are forms of knowlkedghich represent the lower, middle,
and higher levels of reasoning. Therefore, eacle st scientific reasoning needs to be
defined in terms of domain-specific scientific krdedge and the forms of scientific
knowledge need to be identified in each style aérddic reasoning. The next section will
discuss about the three forms of scientific knowketh relation to various styles of scientific

reasoning.
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2.2.3 Scientific knowledge

Scientific reasoning is dependent on three formeoivledge: content knowledge,

procedural knowledge, and epistemic knowledged & Osborne, 201y, Content

knowledge is the traditionally dominant type of lwiedge science teaching has focused on
over the years. It helps to answer the ontic gaestvhat exists”? It is content knowledge
appropriate to domain-specific concepts—that isothi@logical entities that science uses to
reason with. According t& ECD (2017) content knowledge involves knowledge of the facts
concepts, ideas, and theories about the naturdd\&od the explanations. Procedural
knowledge is knowledge of the procedures and ast®mtconstructs that science uses to
establish its claims to know. It helps to answerdhusal question “Why it happens?”
Procedural knowledge is related to scientific enimieto accept or reject a clai@dit,

Duggan, & Roberts, 2008In model-based reasoning, for example, scientise

representations such as rays and wave-models laiegound and light, and free-body
diagrams to solve problems in mechanics. Similanylata-based reasoning, they use
standardized procedures to design experiments, neéikble measurements, and present and
analyze data. Epistemic knowledge is the knowlaxfgbe epistemic constructs and values
and how these are used to justify science’s clanksiow. It is the concepts and ideas used
to describe scientific knowledge and methods. Epist knowledge involves evaluating
claims, explanations, evidence, hypothesis, modeld theories in order to establish
scientific knowledge@ECD, 201Y. It helps to answer the epistemic question * Hibowe
know”? Scientists use concepts such as dependedéependent- and control-variables in
experimental reasoning, and they talk about faitirig and control of variables.

In model-based reasoning, they distinguish betvee@mntific laws, theories, models, and

hypotheses. Furthermore, a key issue in all s€éiemgiasoning is the criteria used for
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evaluating knowledge and data, such as the suppempirical evidence. These criteria have

to be learned by novices entering the scientifituce.

In order to develop learning progression from senf@d complex levels of
reasoning, a construct to be assessed needs tefiheddin a way that incorporates various
styles of scientific reasoning as well as the thigges of scientific knowledge: content,
procedural and epistemic. A construct, here, isu@able or an operationalized concept one
wants to measure in a particular study. In thighgtthe construct being addressed to study is
scientific reasoning. The consideration of stylesaentific reasoning, scientific knowledge,
and learning progression provides a sound and mgfahirepresentation of the construct in
assessing students’ abilities. Thus the constsagntific reasoning, is conceptualized in
terms of learning progression, styles of scientiiasoning, and different forms of scientific

knowledge in the section below.

2.2.4 Conceptualizing scientific reasoning

An extensive review of literature allows identifgirwhat entails to the
construct to be studied. Before the creation ah#ethe construct under study needs to be
defined explicitly. For this study, the construot lie studied i.e. scientific reasoning was
defined in terms of learning progression and St@eientific of Reasoning (SSR). Scientific
reasoning is conceptualized and four progressivadevere identified (see section 2.4).

All aspects of human cognition are expressed bggsses such as perception,
attention, memory, categorization, logical reasgnisnd associative learning considered as

domain-general Gelman & Noles, 2001 Consequently, previous studies of scientific

reasoning gave more weight to the view that sdiemteasoning is domain-generaiuhn,

2002 Zeineddin & AbdEI-Khalick, 2010. Based on this assumption scientific reasoning

was considered as independent of content knowladdeat was assumed to be merely a skill
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to be developed. This view led researchers to dpvassessments that can measure students’
ability of scientific reasoning and skills such@mtrol of variables, generating hypotheses,
generating evidences, evaluating evidence, andidgaaonclusions independentii<ihn,

2002 Zeineddin & AbdEl-Khalick, 2010 without emphasizing the content knowledge.

Recently this view has substantially been challdngyge the view that scientific reasoning is

dependent on domain-specific knowledgen(l & Osborne, 201;70sborne, 201,3Zeineddin

& Abd-El-Khalick, 2010. Studies revealed that children construct donspeecific theories

which, in turn, lead to domain-specific reasoniranf infancy through adulthood (Gelman &
Noles, 2011). Moreover, pre-school children andneletary school students have been found
to be engaged in reasoning and higher-level ae®vitising domain-specific knowledge

(Gelman, 2003Gelman & Noles, 2001 Studies also reveal that human cognition such as

students’ reasoning ability is highly related tardon-specific knowledge and has a gradual

developmental pattern starting from an early a@gelrian & Noles, 2001 It is essential to

address the primary school students’ domain-sgesifientific reasoning ability because
such an age is characterized by grasping the bafspdsysics knowledge.

These noted that it is important to assess not cogpetencies of reasoning
skills but also the three types of knowledge: contprocedural and epistemic in relation to
styles of scientific reasoning and how such skile be manifested in real-life situations.

To this end, recent studies give attention to iredatstyles of scientific

reasoning to the competencies of reasoning instkddaling with competencies of reasoning

alone Kind & Osborne, 201;70sborne et al., 20)8Kind and Osborne (20)7argued that

giving much focus on reasoning skills alone wouldt melp to bring a sustainable
improvement in the whole picture of students’ Iéagnprogress. Styles of reasoning are
advantageous over the other assessments of sciergdsoning frameworks in that it

recognizes the need for all the three elementsoafain-specific knowledge and different
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forms of reasoning that science has developedtbeeyears. Even though thinking skills are
transferrable, the ability to think and reasonicaity requires in-depth knowledge and
understanding of a particular domain and is depeatnoie domain-specific content knowledge

(Davies, 2013Tiruneh, De Cock, Weldeslassie, Elen, & Jansseh?)2&cientific reasoning,

therefore, in this study is considered as a sulijectvledge-dependent, domain-specific, and
is expressed through learning progression and sstgfe scientific reasoningScientific

reasoning here defined by combining the framewofksord and Wargo (201@andMcNeill

and Krajcik (2011)n a way to contain the three types of scientifiowledge (level 1 and 2

— content knowledge, level 3 procedural knowledge level 4 epistemic knowledge) for the
three styles of scientific reasoning.

The conceptualization of the construct, scientiBasoning, is based on the
review of relevant literature. In addition to thibe development of assessment tools that
consist of styles of scientific reasoning, scieatinowledge, and learning progression need
also be guided by research frameworks that enaliepresent a construct to be measured in
different levels of reasoning. The following seatiwill present the frameworks in learning

progression and scientific reasoning.

2.3  Research frameworks for learning progressions andcgentific reasoning

Various theoretical frameworks can help to develop learning progression
of students’ scientific reasoning ability. Howevemnpst frameworks are not developed by
incorporating all the forms of knowledge and onetweo forms of knowledge in the
progressive reasoning levels. Some frameworks pacgressive reasoning levels in terms of

content knowledge explicitly (for examplé/¢Neill & Krajcik, 2011); others lacks to

incorporate procedural knowledge in their leveldeafrning progressiorfdr example, Ford
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& Wargo, 2013; some other also lack to incorporate content Kedge and progressive

reasoning levels in terms of content knowledge ¢faample Toulmin’s framework).

This study intends to develop a conceptual framkweat incorporates all the
forms of knowledge along with different styles afestific reasoning. To this end, different
frameworks are discussed in a way to identify thengths and weaknesses to develop the

conceptual framework of this study that can guidedevelopment of assessment tools.

2.3.1 Toulmin’s (1958) Framework

It is required to have frameworks to assess stgtiesaty of reasoning and develop
assessment tools. A framework is used to guidejpicting what type of learning to be
considered, what types of knowledge need to beidted, and what different levels of

reasoning represent students’ ability.

Toulmin’s (1958) framework is considered as a fatmhal framework for
the analysis of arguments by introducing varioumgonents. Various frameworks have been
developed to assess students' reasoning and artatimenby taking Toulmin’s (1958)

framework as a foundational frameworkafnpson & Clark, 2008 It consists of mainly

claims, data, warrants, backings, qualifiers, aeluttals. Claims are statements that are
being argued. Data are evidence that supports €laMarrants are comments that are used to
justify why data are relevant to the claims. Bagkirare statements that serve to support the
warrants/strengthen the acceptability of the warr&ualifiers explain conditions under
which the claim holds. Rebuttals are statement$ toatradict the data, warrants, or
backings. This framework was developed in a way ithean measure arguments based on
the structure students provide. According to thesrfework, the argument which consists of

all the components of the structure is consideoelet strong and the argument with the lest

30



components of the structure is considered as a veegkment without considering the
validity of the content of the argument.
However, Toulmin’s framework does not consider thignificance of

scientific knowledge demonstrated in students’ argots rather structural components

(Sampson & Clark, 20081t does not directly assess the content knovdedgonly focuses
on examining whether the argument components atedad or not. According to Toulmin’s
framework, although the student argument containstrnomponents of the argument, the
content can be inaccurate and inappropriate frostiantific perspective. For example,

students can generate arguments with wrong cokitentledge.

2.3.2 McNeill & Krajcik’'s (2011) framework

McNeill and Krajcik's (201) framework provides teacher’'s the necessary

guidance to support students in constructing sfiergxplanations for grades 5-8. This
framework is developed by adapting Toulmin’s (1968)del of argumentatioriVcNeill &
Krajcik, 2017). The framework consists of four structures: claewidence, reason, and
rebuttals (see Table 2.2). According to the franméwthe claim is a statement that expresses
the answer or conclusion to a question or problém; evidence is scientific data that
supports the claim; reasoning involves providingsification that links the evidence to the
claim; and the rebuttal recognizes and describésrnaltive explanations and provides
counter-evidence and reasoning for why the alter@as$ not the appropriate explanation for
the question or problem. This framework has diffiéneariations based on students’ ability,
age difference, and grade level. The first varratiovolves providing a claim, evidence, and
reason. The second variation involves three commusnieut it requires the appropriateness
and sufficiency of the evidence. The third variatiovolves the three components but each

piece of evidence required different justificatioifie last variation is a complex one for it
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involves rebuttals which requires students to mtewexceptions in which the claim does not
work.

The framework considers the explanation as buildingwledge of how and
why a phenomenon occurs, and argument as soca@tistizicting knowledge when there is a

need to justify a claim and persuade others ofatglity (Berland & McNeill, 2010. Their

framework, however, does not provide different pesgive levels of reasoning in terms of
content knowledge; it merely focuses on the prooéssgument. Even if the framework is
developed in a way that can incorporate both cangem structure of reasoning and
argumentation, the levels are categorized baseth@mere structure of the argument, not
according to progressive content knowledge. Thigyests that the focus of the framework is

only procedural and epistemic knowledge.

Table 2.2 McNeill &Krajcik (2011) Framework for sditific explanation
Framework Description of Framework for Students
Seqguence
Claim Claim
» A statement that answers the question

Evidence Evidenc
» Scientific data that support the claim
* Includes multiple pieces of data
Reasoning Reasoning
1. A justification for why the evidence supports th&m using
scientific ¢ principles

Rebuttal Rebuttal
2.Describes alternative explanations, and providesitewevidence
and counter reasoning for why the alternative engdian is not
appropriate

2.3.3 Ford and Wargo Scaffolding Framework

Ford and Wargo (2012jdentify four science epistemic practices with

increasing cognitive demand (see Table 2.3). Thaiméwork describes how students' content
knowledge understanding progresses from low lensglounting) to high level (evaluation).

The first level of the hierarchy is mere recountgenerally (i.e., without reference to data)
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what an explanatory scheme is. At this level stiglemme expected to construct models
consistent with prior evidence and theories tcstiate, explain, or predict phenomena. The
second level is an application of an explanatoheste to explain a particular piece of data
or a natural phenomenon. In this model, studergsnuzdels to illustrate, explain, and predict
phenomena. In mathematical-deductive reasoningy it formulas to solve physics
problems. That is, students should recount scierkifowledge, in addition to this, they use
the knowledge to explain phenomena in nature aha seientific problems. The third level
is a juxtaposition of more than one explanatoryesod. At this level, students compare and
evaluate the ability of different models to accelatrepresent and account for patterns in
phenomena, and to predict new phenomena. This v@sokxplaining the design in a
scientific experiment, identifying the line of argant in a scientific explanation, or
separating the model from the science phenomeaiang to explain. The fourth level is the
evaluation of an explanatory scheme in light ofatslity to account for data or a natural
phenomenon, relative to another scheme. Here, #sidee expected to revise models to
increase their explanatory and predictive powekintainto account additional evidence or
aspects of a phenomenon. This practice primardands critique and evaluation and it aims
at validating knowledge, methods, and arguments.

The Ford and Wargo (201’8) framework can help one to assist students in

classroom discourse identifying various levels edsoning. However, the framework does
not provide the way one can assess the qualityoi éevel of reasoning explicitly. It does
not provide measuring each level with the strustwkthe argument. This indicates that the
framework focuses on the content and epistemic ledye in developing the learning
progression. It lacks procedural knowledge whickriewn by students providing evidence

for the claim they generated.
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Table 2.3 Ford and Wargo (2012) Framework

Levels Operations

Evaluate Evaluate the explanatory Sche

Juxtapose  Consider two or more explanatc
schemes simultaneously

Explain Explain a specific phenomenon using a
particular explanatory scheme

Recount A general restatement or clarification of
an explanatory scheme

Nonact A statement that does not connect to any
explanatory scheme

From Section 2.2 and 2.3, one can see that teasswl develop assessment
tools a construct needs to be conceptualized (se&o8 2.2.4) by considering three forms of
scientific knowledge (see Section 2.2.2) and StyleésScientific Reasoning (see Section
2.2.3) that is guided by a suitable theoreticamieavork which depicts student learning
progressions (see Section 2.2.1). The followingti@ecwill discuss how the conceptual
framework is developed that guides the assessniestientific reasoning and the tool that

represents different progressive reasoning levels.

2.4  Conceptual framework

It was suggested that classroom instruction aneisassent development procedures need to
address three forms of scientific knowledge, vagistyles of reasoning, learning progression,

and evidence-based approachesrforan et al., 200¥ennedy & Wilson, 200;/Kind &

Osborne, 201 AWilson, 2009. To address such issues this study approachexbtistruct

scientific reasoning from two-dimensional structurene Styles of Scientific Reasoning
(SSR) and the other proficiency levels. The StgleScientific Reasoning framework

(seeKind and Osborne (201includes six styles of scientific reasoning idgeti through

analysis of the history of science: mathematicdudéon, experimental evaluation,
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hypothetical modeling, categorization and clasatfan, probabilistic reasoning, and history-
based evolutionary reasoning. These styles of fitereasoning recognize the need for
three elements of domain-specific knowledge: canignocedural and epistemigi(id &

Osborne, 201)7 Among the six SSR, the first three styles ammonly represented and

dominated in primary school scienc¢éaking, 201Y. Reasoning in primary school physics
may require mathematical-deductive reasoning, mbdséd reasoning, and data-based

(Alemu et al., 201) In Model-based reasoning, students may usetffaetoncepts,

theories, laws, principles, and relationships taovjate a claim, generate evidence, and draw
conclusions. In data-based reasoning, studentsuseglata in tables and graphs to provide a
claim, generate evidence, and draw conclusionmdtihematical reasoning, students may use
mathematical formulae, variable relationships twvjate a claim, generate evidence, and
draw conclusions. Hence, this study framed thensifie reasoning construct on these three

SSR and developed the SRPT that assesses grad#etst scientific reasoning ability.

Literature confirms that students’ scientific knedfie and reasoning abilities
progress from lower to higher reasoning levels tasethe currently discovered knowledge

and understanding&érland & McNeill, 2010 Ford & Wargo, 2012Kind, 2013 McNeill &

Krajcik, 2017). Besides, these studies represent a learninggssign in a construct map by
identifying what students can and can’t do in €aelel of progress along with possible ways

of progression Alonzo & Steedle, 200Berland & McNeill, 2010 Corcoran et al.,

2009 Kennedy & Wilson, 200;/Wilson, 2009. This indicates that proficiency levels require

identifying the progress of students’ understanding reasoning from tacit towards a higher
form of understanding and reasoning. Proficienegle for this study are identified based on

theFord and Wargo (201@ndMcNeill and Krajcik (2011 theoretical frameworks.

TheFord and Wargo (201Zramework is developed to address conceptual

understanding and epistemic knowledge from recooirgvaluation level whereascNeill
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and Krajcik's (2011framework was developed in a way to incorporate structure of

reasoning. Thé&ord and Wargo (2014ramework gives more focus on the content and

epistemic knowledge. They developed a scaffoldragnework that shows students learning
progression in a way to answer what and how ststl&nbwledge and understanding ability
progresses from low to a high level. The framewgiies less emphasis on the structure of

the reasoning, particularly evidence generation,clwhdescribes students’ procedural

knowledge. On the other handjcNeill and Krajcik's (2011framework represents the
structure of reasoning from claim to rebuttal whiehds to describe students’ procedural and

epistemic knowledge. In addition to this, therd and Wargo (201Zyamework informs

students’ progress of conceptual understandingtlgives less emphasis towards students’

pattern of reasoning. ThiécNeill and Krajcik (2011 framework considers the structure of

reasoning which also gives less emphasis to conakphderstanding.

Therefore, the combination of both frameworks eedlthe development of a
conceptual framework which guides the developments@entific reasoning learning
progress levels and assessment tool which considers

» Three types of knowledge (content, procedural gostemic);
» Progressive learning (define proficiency levels);
» Construct-based (conceptualization of the constracd

» Domain specific (knowledge-dependent scientificsceang).
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Table 2.4: The proficiency levels of McNeill & Ked§ (2011), Ford and Wargo (2012),
and conceptual frameworks

Proficiency levels of
Ford and Wargo
(2012) framework

Proficiency levels of
conceptual framework (for
this study)
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Factual knowledge

Explanation of
factual knowledge

Evidence-based
reasoning with
juxtaposed
knowledge

Drawing
conclusions based
on critical
evaluation.

Involves content, procedural and epistemic knowdedg

LP is in terms of three forms of knowledge

Based on the amalgamation of these two framewahies proficiency levels

that depict students’ progress of scientific reasgprwere depicted in Table 2.4. The first

level of McNeill and Krajcik's (2011), a claim cdre categorized under the first and the

second level of Ford and Wargo’s (2012) becausk betount and explanation are about

students' claims in different levels of understagdi Therefore, the first level of the

conceptual framework is the generation of facteakl which demands students recounting

knowledge based on simple facts and the seconditetiee explanation of claim by relating

and integrating factual knowledge. The first an@ thecond level of this conceptual

framework represent content knowledge because diogpto OECD (201}, this form of

knowledge involves the facts, concepts, ideas,thadries about the natural world with its

explanation. The third level is evidence-basedaeiag based oivicNeill & Krajcik (2011)
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that can obtain students' evidence for the explamathey provided for the second level and

the evidence is based on the juxtaposed knowledgading toFord and Wargo (2012The

third level of this conceptual framework, evidengeneration, represents procedural

knowledge because the evidence is considered podoedural knowledgeXott et al., 2008

The fourth level is drawing-conclusion by considgrithe high-level of understanding

according td-ord and Wargo (201@and by evaluating available evidence according

to McNeill and Krajcik's (2011framework. The fourth level of this conceptualnfi@work is
considered as epistemic knowledge because it isidered as establishing scientific

knowledge by using procedural knowled@e=(CD, 201J.

Styles of Scientific Reasoning (SSR) Proficiency Levels

model-based reasoning, data-based Learning Progresses fom low
reasoning, mathematical reasoning to high level

Combination of SSR & PL

Figure 2.1: Conceptual framework for the study vahielates scientific styles of
reasoning and proficiency levels.

The conceptual framework in Figure 2.1 demonstartite combination of
styles of scientific reasoning and proficiency levihat are depicted in Table 2.5 explicitly.
This combination provides the inclusion of the éhferms of scientific knowledge, three
styles of scientific reasoning, and students' neagpprogresses from factual knowledge to
drawing conclusion. The conceptual framework dertrated in Table 2.5 explicitly guided

the development of the item map demonstrated inerdkd0 which, in turn, guided the

38



development of the scientific reasoning progresel talong with the person map

demonstrated in Table 4.12.

Table 2.5 The demonstration of conceptual framewgrkombining proficiency levels
with styles of scientific reasoning

Styles of Scientific Reasoning

Mathematical Model-based Data-based
deductive reasoning reasoning reasoning
Drawing Epistemic knowledge Epistemic Epistemic
> conclusion knowledge knowledge
c
3 Evidence- Procedural Procedural Procedural
5 based knowledge knowledge knowledge
a reasoning
© Explanations  Content knowledc Content knowledc  Content knowledc
- of claim
2 Factual Content knowledg  Content knowledc  Content knowledc
— knowledge

Having establishing conceptualization of the cardtibeing studied in this
study and the conceptual framework that guideddtheslopment of assessment with review
of relevant literature, in the following sectiorig&tconcept assessment will be discussed in

relation to scientific reasoning.

2.5 The alignment between assessment, curriculum andaehing

Assessment of student learning provides evidencethsd educational

decisions can be madg€drcoran et al., 20Q09%o0ldman & Pellegrino, 20)5Any decision

that is made by the evidence of assessment leamsgiructive progress. In contrary to this,
any decision that is made without consideratiorvaid assessment leads to a confusing
result that cannot help to point out what to do had to go forward. It is difficult to decide
without valid information. The assessment help&lémtify strengths and weaknesses; it also
suggests what might be done to reinforce the dtinsrand to overcome the weaknesses. To

improve students’ learning, clear identificationtveeen theory and practice has to be
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identified. Implementing theory without consideristudents’ practical experience yields a
vague result that cannot be measured clearly. Gdsalso bring difficulty in identifying

where the problem is; whether in the learner, & tiiieory, or the practice itself. To bring
fruitful change, we need to identify what works amidlat does not work in the context of the
students. We need to answer the question “whas doeory on students cognitive structure
state on a particular construct?” and “what cam a&annot our students do practically?”.
Before implementing a new model or learning theiblig of paramount importance to give
priority to knowing our students concerning the moet or theory to be implemented.
Knowing our students help us to identify what tadie, how to teach, and what instructional

materials are appropriate for students learniagldman & Pellegrino, 20)51t is valuable

for educational management to judge or make aidecabout teaching-learning. If this is so,
the question that follows is, “how can this be d8i This is to stress how much educational
assessment is powerful in bringing change and iwgmnent in teaching-learning.
Assessment is a means to identify what is workimd)\ahat is not working. It tells us what is
missed and what is needed in teaching-learningegsssent should mirror good instruction;
happen continuously as part of instruction; andvide information (to teachers, students,
and parents) about the levels of understanding shadents are reachingNiRC, 2000).
Assessment of student learning provides evidendbatoeducational decisions can be made
by different bodies. One can use the evidence &uate a teaching program or to make
statements about student competence or to maksialeiabout the next aspect of teaching
for particular students.

For effective teaching-learning to occur there lade a better alignment
between assessment, curriculum, and instructiomricClum, assessment, and instruction
need to support each other to improve studentshieg. According toNRC (2001) to

support students’ classroom learning the educdtiassessments need to be developed in a
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way that can align with curriculum and instructidn.addition to thisMartone and Sireci

(2009) argue that, even though assessments, standardsinstnuction have each been
determined and enacted at multiple levels of thecational structure, they are all integral to
students’ achievement. As they argue further gjationtent standards (embodied in state
curriculum frameworks) represent state-level potloguments, but the policymakers do not
create the assessments, and the curriculum standaddassessments are implemented at the
local level. Clearly stated objective shows dir@etwhat students are expected to learn. This
objective can be achieved via instruction. Assesssnare required to show explicitly how
well students have learned what we expect theraaml This link help to reveal the overall
act of teaching-learning, in turn, promote bettedents learning progress. Contrary to this,
current assessments provide very limited infornmatimr teachers and educational
administrators to identify why students do not parf well or to modify the conditions of
instruction in ways likely to improve student acl@ment \RC, 200). In addition to this,
they provide “snapshots” of achievement at paricploints in time, but they do not capture
the progression of students’ conceptual understandiver time. That is, there is no clear
alignment between current assessments and insinuclissessment is required to give
information for students, teachers, and other $talklers so as to improve students’ learning
and inform proper instructional decisions.

There has to be a clear objective that students eapected to learn.
Assessments are required to show explicitly how steldents have learned what we expect
them to learn. Through instruction, this can bhieed in a classroom. This shows that
alignment between assessment, curriculum, androlassinstruction has a crucial aspect in
improving teaching-learning. For effective studétgarning progress one needs to bring the

three aspects in a proper context.
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2.6  Assessment in Education

Assessments in education require determining holWv stiedents are learning

(NRC, 200). It is a significant part of education in thatprovides feedback to students,

educators, parents, policymakers, and the publoutabhe effectiveness of educational
learning. According tdNRC (2001) educational assessments are playing a greatrirrol
decision making than enhancing instruction and sctasn learning. It is required to
emphasize classroom assessment than assessmdatiion making to support learners in
constructing their knowledge. Classroom assessnatactivities undertaken by teachers
and by their students in assessing themselvesotader information as feedback to modify

teaching and learning activitie®lfck & Wiliam, 1999. Assessment for learning is the

process of seeking and interpreting evidence ferhysteachers and learners to decide where
learners are, where they need to go and how begettdhere Arega (2014) This can be
achieved by using strategies such as questionibgereing, discussing, checking on
students’ understanding, and analyzing their resperon a regular basis. In addition to
assessment for learning, assessment of learnialgasused to confirm what students know
and can do, to demonstrate whether they have sathithe expected learning outcomes. This
can be used to ensure what students know and ca tthe end of the unit, course, term,
semester, or year. To support students learnilsg&quired to have assessments of students’
ability and assessment instruments that identiiirtiievels of progress indicating how
students are likely to think and what they areljike know, understand, and be able to do

along with their likely misunderstandings as wélb(coran et al., 2009

There are different assessment models in educatem-driven model and
construct-driven model. Item-driven models can dsocategorized into criteria-based and
content-based. The criterion-based model is theldpment of assessment based on stated

criteria. It addresses the question of how welkkst estimates the criterion, which could be
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defined in terms of performances of the actual {&skie, 200} In such a model, the focus

is to pass or fail students based on the statedrieti Teachers might focus on attaining
criteria instead of assessing the authenticityeafrling. On the other hand, the content-based
model is based on the stated students’ undersigneuel and the content involved in the
program. The main focus is attempting to coverdbetents students are expected to learn;
still, much attention is not given for authentiafeing. Teachers strive to make sure that their
students achieve the expected outcome. Contentizsessments can provide an adequate
analysis of validity for observable aspects or apienally defined attributes but are not
adequate for theoretical (hidden) construéiseci, 200}). Both content-based and criteria-
based are categorized under the item-driven assessmhich tends to omit the construct
definition and focus more directly on availablemtg for example, in an already established
item bank. If the item statistics are satisfactoilye models assume the instrument is

considered finished or validateBrown & Wilson, 201). They give a conclusion from a

score point of view; they don't tell us the levdl siudents understanding concerning a
specific construct. One of the most serious probldm assessment is not only using
statistical methods for analyzing items but alsomy that test development has been far too

item-driven (Corcoran et al., 2009 The major aim of the item-driven assessment is

developing and validating items and analysis othsynetric properties.

In education, it is particularly important that teesupport good teaching and
learning, and that tests assess what educatols ihimportant. Assessors, therefore, have
also been striving to find better procedures foorfstruct-driven” and “evidence-based”
assessment and to developing assessments thatrtsiggraing progressionK(nd, 2013

Wilson, 2009. Unlike item-driven assessment, construct driredel provides “maps” that

enable teachers to tell where students are inraifgajourney, not just to see whether they

have arrived or fallen short, but rather to helpnthsee where to go next or what has been
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missed Corcoran et al., 20091t tells the level of student understanding @tation to the

expected learning goals. It is an argument-basptbaph to validation; it presupposes that it
is the interpretations and uses of test scoresatigato be evaluate@@ne, 200. It does not
only focus on the test but the test and the prapogerpretations and uses of the test scores.
The major aim of construct-based is not developing validating the items rather analyzing
current scientific knowledge, identifying what studs can do and can’t do (identifying
different levels of students understanding or reagp, identifying the possible
misconceptions, and establishing a framework toaeroé authentic and meaningful
classroom learning.

In this regard, there is a need for properly daliassessments of students
reasoning ability and tools in science educationcivimeasure such abilities which guide
teachers to develop classroom instruction, to iflerstudents’ ability level, to identify
alternative conceptions, to help students progfess one level to another and to make

students lifelong learner by themselves.

2.7 Trends of Global assessments

Globally there are several high stake tests andelascale international
assessments that are meant to provide comparatdenee on the extent to which students
have mastered and apply their knowledge of schaotioulum content in different
disciplines, to examine shared students’ achievémean international level, to assess the
ability of students concerning common core elemefitsurricular objectives and to assess

skills which characterize among the natioAs!,(2007 Cresswell et al., 203%ind, 2013.

These assessments are aimed to assess whethasihadeds of children meet, to improve
guality of education, to help in making decisiotmat students, educators, administrators,

schools, and communitieg\(f, 2007 Cresswell et al., 20)5In this regard, the well-known
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and dominant assessments such as the Lawson olastst of scientific reasoning, TIMSS,
PISA, PIRL, and NAEP are discussed in the followsertion. These assessments are
dominant, well-established for a long time, and ownly used items in science education

(Bao et al., 2009DeBoer, 2011Linn & Baker, 1995.

2.7.1 Lawson classroom test of scientific reasoning

Lawson’s Classroom Test of Scientific Reasoning TBR) was developed
based on Piaget’s (1954) formal operational schemwdich consider scientific reasoning as
hypothetico-deductive and consist of skills such pmsportional reasoning, control of

variables, probability reasoning, and correlatieasoning l(awson, 2004Moore & Rubbo,

20110). Piaget’s theory of cognitive development inclsiddassification into two formal
reasoning levels (concrete operational and forrpatational). The concrete operational level
involves appropriate use of logic and formal operatl reasoning involves thinking
abstractly, reasoning logically, and drawing cosidns from available informatiorivipore

& Rubbo, 201). However, the Lawson classroom test was heatviilicized in that it focuses

on a domain-general aspect of cognitive thinkiBgd et al., 200%Kind, 2013 Osborne,

2013. The proponents of domain-specific view of sdfemtreasoning contend that human
cognition is based on the knowledge which is tedpecific activities in specific contexts
and which cannot easily be transferred to differactivities or contextsHischer, Chinn,

Engelmann, & Osborne, 2018elman & Noles, 2011

2.7.2 Assessment of TIMSS

The Trends in International Mathematics and Sciedicely (TIMSS) is also
one of the international assessment projects thed lheen engaged in developing items in

mathematics and science achievement of studentthéofourth and eighth-grade students.
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TIMSS 2015 organized the science assessment frarkemto two dimensions: The content
dimension, specifying the subject matter to be ssex and the cognitive dimension,
specifying the thinking processes to be assesshd. TIMSS content domain includes

biology, chemistry, physics, and environmental scée for grade eight students’ and the

cognitive aspects include knowing, applying, andsoming {ullis, Martin, & Sainsbury,

2016. The three cognitive aspects were treated asdependent entity and reasoning was
considered as a domain-general aspect. They deackldpms for each cognitive aspect
independently without relating these aspects iraamar that the skills depend on each other

and in ways to demonstrate students' learning dpsgirogressively.

2.7.3 Assessment of PISA

The Program for International Student Assessmel@APaimed to assess
three basic academic competencies: reading commsiEime mathematical competence, and
scientific competence. According @@=CD (2017) the science assessment entails scientific
literacy that comprises of competencies in sciemaktechnology such as:

. Explain phenomena scientifically — recognize, qffemd evaluate explanations for a
range of natural and technological phenomena.

. Interpret data and evidence scientifically — analnd evaluate data, claims, and
arguments in a variety of representations and @ggpvopriate scientific conclusions.

. Evaluate and design scientific inquiry — describd appraise scientific investigations
and propose ways of addressing questions scieailyfic

One of the important aspects PISA underscored wasiry-based science
education (IBSE) (Sjoberg, 2019). This is becalB®H was expected to promote students’
critical thinking, gain students’ interest and mation to learn scientific knowledge and

provide a positive attitude towards science leayniRurthermore, PISA conceptualization of
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the construct i.e. the scientific competency iseblasn the three types of knowledge: content,
procedural, and epistemic. However, it is yet cizgd for lack of explanation of the link
between knowledge dimensions and scientific reagpifKind, 2013). Though scientific
reasoning and critical thinking were some of thacapts addressed by PISA assessment in
the form of IBSE and scientific competency, theg ambedded in the construct scientific
competency. The construct scientific reasoningisexplicitly conceptualized using domain-
specific scientific knowledge. That means the &amrk unable to create a link between the
three forms of scientific knowledge and lacks towadep a progression for each form of

scientific knowledge to conceptualize scientifiagening.

2.7.4 Assessments of NAEP

The National Assessment of Educational ProgressE®RAan American
assessment framework that is engaged in assessidg g, 8, and 12 students to determine
what students know and do in science mathematiod, @her subjects. Though this
framework is an American assessment framework fdabes given for the domain-specific
scientific knowledge (especially for the procedui@hd epistemic) has a significant
contribution to the development of assessment tddle NAEP framework defines science
content in terms of three broad fields of scieruaysical science, life science, and earth
science (see Table 2.6). NAEP categorizes the cmmgies of science into conceptual
understanding, scientific investigation, and piadtireasoning. NAEP measures students’
performance based on three achievement levels (lmderate, and high) for each age and
grade in each subject area to be testeddB, 2015. The development of the levels
considered to be consistent with relevant widelyegted professional assessment standards
and based on the appropriate level of subject m&mewledge for grade levels to be

assessed, or the age of the students. The leeels ar
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. Basic: This level represents a partial masteryrefguisite knowledge and skills that

are fundamental for the next level.

. Proficient: This level indicates a solid acadenecfprmance for each grade assessed.

Students who reach this level are characterizedelnyonstrating competency over a difficult

subject matter such as mastering subject-mattewletige, applying such knowledge to real-

life situations, and developing analytical skills..

. Advanced: This level implies superior performanegdnd the level of Proficient

The first level is characterized by describing arglaining nature as it is and

the second level is characterized by students’ eness of multiple alternatives for a science

concept and the final level regarded as studerdgsofi®vidence either to accept or reject

among the multiple explanations.

Table 2.6 The NAEP 2015 science framework

Science content

Physical science Life science

Earth and space

Content Content sciences
statements statements Content statements
Identifying science Performance Performance Performance

$  principle expectation expectation expectation

% Using science Performance Performance Performance

S principle expectation expectation expectation

3 Using scientific Performance Performance Performance

2 inquiry expectation expectation expectation

-% Using technological Performance Performance Performance

9 design expectation expectation expectation

The NAEP framework has strengths in incorporatingent perspectives in

learning science and science studies; howevers itriticized in that it lacks explicit
categorization of the knowledge and reasoning dsioais explicitly Kind, 2013. The
NAEP framework tried to address scientific reasgnising domain-specific procedural and

epistemic knowledge, the construct scientific reasp is embedded in the construct science
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practices that comprise of asking questions anthidgf problems, developing and using
models, planning and carrying investigations, azialy and interpreting data, using
mathematics and computational thinking, constrgcérplanations and designing solutions,
engaging in argument from evidence, and obtainiagaluating and communicating

information (Sjgberg, 2018). This indicates thalaitks the conceptualization of the skills
(such as scientific reasoning) being assessed tyggiexplicit emphasis to scientific

knowledge.

The tests discussed above have contributed to thgrgss of students’
learning for decades. They have had significancehaiding teachers accountable for
students’ learning to achieve what students areargd to learn, to achieve the quality of
education, to set high expectations that suits ajlpbaccepted skills, to provide students’
information for the concerning body, and to compatadents’ results among nations

(Cresswell et al., 20)5The test results have made an impact on polesygth, curriculum

revisions, and promotions of students, educatard, sthools. These assessments have had
also great importance in developing and improvinduoational policy, curriculum
development, educational practices, improved legrréxperiences, and positive learning
outcomes among participating countries.

However, such tests are criticized for an inability contextualize current
educational theory towards the needs of learnes sotieties, ways of learning, and
available resources; they faced challenges in quoaézing various learning domains by
creating a meaningful link between domains of leamnthey faced difficulty in devising
assessment procedure that suits all the coun#igs2007; Creswell et al., 2015). The trends
of the assessments might limit teachers to focsisuations on the content areas that the tests
frequently appear and to prepare students for #@meinstead of helping students’ in

developing higher-level reasoning and knowledgestraction.
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They are also criticized for narrowing curriculunbjectives and lack of
incorporating minority groups adequatelyu( 2007. The tests have also faced difficulty in
conceptualizing the construct to be assessed. glestast can't be expected to conceptualize
various domains of learning into one construct.sTie evidently seen in large scale
assessments for the position they hold in attergptm assess the construct, scientific
reasoning ind, 2013. Some assessments try to develop tests for gaiemasoning as a
separate element from content knowledge and solmersoton’t put clear distinction and
similarity of scientific reasoning from differentges of knowledge.

This indicates that there is a need to have dompdétific assessments of
scientific reasoning that consider contextual fexct@and that conceptualize scientific

reasoning in terms of three types of scientificizalge.

2.8 Assessment in low-income nations

In assessing the abilities of students and deuaddfems there are issues that need to be
considered such as suitability of the items forgtuglents in terms of ability level, the
difficulty of items, socio-cultural background, truct to be measured, and forms of
knowledge involved. Students in low-income natitatk facilities like television, internet,
equipped laboratory classes, and even relevanerefe materials. We cannot compare
students without considering who has the first-hexykerience of some phenomena that
enhances understanding and can give some studeattvantage over others. Therefore,

there has to be such consideration when itemsearel@ped.

Research findings show that primary and secondampd students in most
developing countries learn less than (in termsooftent, the duration they elapsed with the
lessons, materials provided, and skilled and kndgdable teachers) their counterparts in

developed countriesOECD, 201). Studies also show that there is a significahieaement
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gap between high-income nations and low-incomeonatiGabanathan et al., 201%50me

estimates put this gap at about two standard demit(Chmielewski & Reardon,

2016 Glewwe & Kremer, 2006 The reason identified for this gap included eliénces in

family characteristics and low school quality invdlping countries. It can also be poverty,
malnutrition, recurrent, and/or chronic infectiouiseases plus inadequate cognitive

stimulation and low school quality in developinguatries Gabanathan et al., 2015

Children's mental and physical growth is dependantmany factors such as biological
factors (genes, brain growth, neuromuscular matmgt and environmental influences
(parent-child relationships, community charactarsst cultural norms) over timePollitt

2001 Shankoff & Marshall, 2000 Children in the motivating and facilitated emriment

are more competent than children in a less stinmgiaand less rewarding environment

(Fernald, Kariger, Engle, & Raikes, 2009t has also been found that children with

responsive caregivers and those who are in morauktiing environments are better
advanced cognitively than children in less stimoghomes; parents who interact frequently
with their children promote their cognitive, sociahd emotional developmerii{ankoff &

Marshall, 200). These show that all items might not equally measll students in various

cultural, social, and biological contexts. In thegard, international tests have few items

matching the ability level of the average low-in@mation students (since these students are
two standard deviations below the international m@ad most items are made to match the
mean).

Many sub-Saharan African countries are shiftingrthaior primary science
and mathematics education system towards moreratgghscience approaches by including
skills such as scientific reasoning and solving-liéa problems to cope up with rapidly
changing and complex societies that demand critlesisions and judgment¥/drspoor,

2009. The design of the curriculum frameworks of swcluntries tends theoretically in a
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way that classroom instruction and assessment guoes should follow constructive
learning theory which promotes students’ higheelef learning. This shift of educational
system seems to match the students’ learning wittrnational trends. However, according

to Joshi _and Verspoor (201and {erspoor, 2008 the actual classroom learning is

characterized by low-level understanding, and otess assessments and examinations of
such countries are dominated with tests poor inlityuand lack the quality to measure
higher-order and problem-solving abilities. Evemmugh the modern curriculum of such
countries emphasizes higher skills of studentsinieg, current assessment practices are
heavily limited to the recalling of memorized facte-stating, and definition§.erspoor
(2008)contends that such an assessment system leadentstufor rote learning,
memorization, and recommends new assessment ireitanto measure higher skills of
students’ learning, 21st-century skills, and neintyoduced literacy. This suggests that there
is a need for new assessment tools to explore stsideay of learning, promote higher
learning, and identify levels of reasoning whichiogs possible measurements towards

students’ higher-level learning based on the resailstudents’ ability.

2.9 Assessments in the Ethiopian context

The Ethiopian government had launched an educatidrtraining policy that
demands a focus on problem-solving and studeneoeshteaching to improve the quality of
education and tackle the outdated teacher-cenggsptbach [(10E, 1994. The ministry of
education stated the main problems of educatioikthiopia are limited and inequitable
access, lack of quality and relevance, and contiswtecline in quality and standarfddE,
2003. One of the causes for the decline in quality stathdard of education was the teacher-

centered approachMpE, 2009. That is one of the reasons why the educationteaiding
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policy of Ethiopia underlined the need for shiftiflgm a teacher-centered to a student-
centered approachvipE, 1999.

In this regard, the Ethiopian curriculum framewat&signed in a way to
encourage learning through dialogue that proviggsodunities for classroom discussions in
which students can exchange ideas, resolve misstadelings in a variety of activities that

allow them to construct meaning for themselves afuthe information they are receiving

(MoE, 2009. The curriculum framework adopts the principldsagtive learning and a
competency-based approach to education. Accordinghé¢ framework, active learning
involves doing, observing, and dialogue. The magoal of teaching physics according to
Ethiopian grade 7 and 8 syllabi is, to help stusléimink of physics not as an established body
of knowledge, but rather as an active processapfiig in which they can participate. It states
that the learning and teaching process should Iz@néde-centered, interactive, and
participatory, and also the teacher should relzgddarning experiences to the students’ daily

life. This implies that the framework encouragesisiific reasoning and argumentation.

To materialize this, various programs were devedoptgher Diploma Programs (HDP) for
teacher educators have been designed and provideder to realize the implementation of
student-centered approac¢fidE, 2003. Furthermore, different staff development tragnin
such as Continuous Professional Development (CP&jchers’ Development Program
(TDP), and School Improvement programs (SIP) has Ipeovided for School teachers

(MoE, 2005.

This can, however, be best achieved when teachssslaarner-centered,
interactive, participatory and try to relate thetemt with day to day activities along with the
proper assessment that can help them gather mealitiformation about students’ learning.

Proper implementation of active learning along wsthitable assessments in a classroom
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situation is expected to produce students with risponsibility to construct high-level
understanding, critical thinking, and a high apibf reasoningHrince, 200}t To assess such
students’ abilities, one needs to employ constoasied assessment models that consider the
investigation of both theory and classroom contextactualize the expected learning
outcome.

The Ethiopian education and training policy undersd the continuous
assessment in academic and practical subjectscertam the formation of an all-round
profile of students at all levelsVipE, 1999. In this regard, various bodies have tried to
prepare assessments and materials that help tdogesassroom assessments. According
to Arega (2014) assessment guidelines, techniques, and resoueriats for the
development of summative and formative assessmegris developed by the organizations
such as the National Organization for ExaminatioOE), continuous professional
development (CPD), and the Institute of Curricullravelopment and Research (ICDR).
However, the resources materials, and assessmaigligas were mainly focused on the
traditional summative aspect of classroom assedsarghheavily focus on the content and
criteria. National educational assessment and exatioh agency (NEAEA) has prepared a
comprehensive and system-wide classroom assessmambal that may enable school
teachers to implement the competency-based curitih the classroom and improve their
assessment technigues. NEAEA has been conductianed exams at the end of grade eight
to promote students into junior secondary schoolEihmiopia. Early Grade Reading
Assessment (EGRA) is also another assessment Whaisibeen developed in collaboration
with USAID to obtain information about reading $kdmong grade 2 and 3 Ethiopian
students. National Learning Assessment (NLA) iso atsie of the commonly known
assessments which are conducted every four yeasbtton information about the overall

learning achievement of grade four and eight sttsdéfhe assessments, however, focus on
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assessing performance skills, in general. It ha®om to assess the skills of the 21st century
such as problem-solving, critical thinking, andestific reasoningNIoE, 2019. The results
of such assessments are mainly aimed to passl@tddents from grade to grade or higher
level of schooling instead of using the result xplere students’ level of understanding, the
pattern of reasoning, and for the improvement ofiehts’ learning. This suggests that the
assessment system in the Ethiopian context doesgneé with the stated goals of curriculum
frameworks. Therefore, one can argue that the wtiyreavailable assessments in the
Ethiopian context are not devised by establishimgssessment framework, conceptualizing
constructs to be tested, and considering studksasiing progression.

The argument of this study, therefore, is the Meeduitable assessments of
students’ ability of scientific reasoning and assesnt items which is context-based,
construct-based, domain-specific, and higher-olela¥l assessments to explore and measure

students’ level of reasoning and the pattern cdarmng in order transform science education

2.10 Assessment development and validation procedures

To develop and validate assessment tools, appte@ssessment development procedures
that align with the construct to be measured nedxttdevised. The most commonly known

assessments are item-driven and construct driEeswh & Wilson, 201). Item driven

assessments contrasts construct driven assessmenmksch, they tend to omit the construct

definition and focus more directly on availablamte

Most previous assessment procedures and asseswksnare criticized for
focusing merely on item creation and validation leeting the learners’ cognition aspect,
which is considered as a cornerstone of assessnmftye item developmenBilown &

Wilson, 201). They are likely to follow a path that consisfstem development — scoring -

analysis — scale development. Such assessmentsdaskderation of construct definition,
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what is being measured. For instance, the testa@vent procedure briondo and Dallo-

Antonio (1998)that consists of the design of the test, tria, tdstermination of validity, and
determination of reliability can be categorizedoiritem-driven assessments. Such test
development procedures, in the development anddat&n stage, ignore the
conceptualization of a construct which is expedtetie the main aspect of assessments. In
this study, Wilson's (2005) assessment cycle amb@&k’'s Framework were used because

they allow construct-driven assessment developaedtvalidation.

2.10.1 Wilson assessment cycle

Currently, it is suggested that the assessmentudests' learning should be

based on a theoretical conception of learrigor¢oran et al., 200%Kind, 2013 Wilson,

2009. It is required first to establish a studentsédretical ability this, in turn, guides
assessment development. There has to be a cyatigakative process that can help to know
who learners are and what measures should be teikiehe help of items that make trigger
students’ responses. It is better to decide aftdentifying students’ patterns of cognition
than a one-shot approachVi(son, 2009. One needs to use items to gather students’
responses that can help to know the status ofdegmogress than to collect a final result for
making a judgment of student competency after ucsivn has already been delivered.
Instead of performing analysis on a test as a wabéesingle spot, it is better to devise a way
that can provide measuring the quality of questimnsee how appropriate they are for the
respondents and how well they measure their aslitiThis leads to “construct-driven”,
“evidence-based” and developmental-perspective.stlis assessment cycle focuses on
formative assessment instead of evaluating whatlestis have performed after the
instruction. It is helpful to follow students’ pragss and to identify what they can do and

can’t do at each level by identifying misconcepsion
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The assessment development process starts witfirgtide of the construct.
A construct is a theoretical model of a person’gnitton such as their understanding of a
certain set of concept$§\filson, 2009. The construct map is a well-thought-out ordenirfig
qualitatively different levels of performance indomain {Vilson, 2009. According to

Alonzo and Steedle (2009different levels of students' abilities can bentfied in a

construct map by using standard documents and tixgynésearch. The levels can be derived
from scientific findings, research results, studerdlternative conceptions, and stated
objectives in standard documents. The top-levetessmts currently accepted scientific
understanding. Lower levels of the learning progjas can be defined through a review of
the research literature on students’ understandinghe identified construct, including

“misconceptions,” Alonzo & Steedle, 2009 Iltem design shows how the theoretical

construct can be measured. According\tdson (2005)items represent constructs that are to
be manifested themselves in the real world. By guistems, students’ capabilities about
constructs can be observed. Iltems need to be writtea way that can address all the
qualitative levels of the construct map. Outcomeac®pshows how students respond to the
items. This block describes the qualitatively diffiet levels of responses of students to the
items. This outcome space helps one to identifystihidents’ responses in a construct map.
This provides a visible representation of eachritézal level defined in the construct map. It
is based on this representation that we can inf@utathe construct map. According to
Wilson (2005) this outcome space is considered as a scorirtgglihe measurement model
describes a way to relate the scored outcomes thenitem design and the outcome space
back to the construct map. It relates individualres and assessment items to the original
construct map. It provides an understanding of thémonstruct) and observation (data), and

the relationship between these two.
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Figure 2.2 represents the four blocks of Wilsor2806) construct-driven
assessment cycle to guide the process of testafeueht and validation. It is based on
modern test theory and starts with defining a t@deonstruct, and based on that assumption
deciding what items should be used, then scorinter@, and finally producing an
assessment scale. However, this assessment cycles laxplicit presentation of

conceptualization of a construct being assessddamitextensive review of the literature.

Items

ﬁ DeSigIl

QOutcome

Measurement Space
Model

Figure 2.2: Construct modelling (Wilson, 2005)

2.10.2 Senocak’s Framework

Among different construct-driven assessment framksyo Senocak’s
framework is one of them. This framework explicitiyresents each stage of item
development by describing what to do in each stée framework involves four stages of
instrument development procedure: item formatiamtent validation, construct validation,

and reliability calculation.
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2.10.2.1Item Formulation

This stage includes three steps: an extensive wewé the literature
(conceptualization of the construct to be studigdn development, and item modifications

(Martin & Jamieson-Proctor, 201%enocak, 2009 The item formation stage involves an

extensive review of the literature to conceptuallee construct to be measured in a way that
represents students’ ability, item development invay to represent the conceptualized

construct, and item modifications before adminiatgto the selected sample.

2.10.2.2Conceptualization of scientific reasoning

An extensive review of literature allows identifgirvhat entails to the
construct to be studied. Before the creation ahgethe construct understudy needs to be
defined explicitly. For this study, the construot lie studied i.e. scientific reasoning was
defined in terms of learning progression and St@eientific of Reasoning (SSR). Scientific
reasoning is conceptualized and four progressivadenere identified.

All aspects of human cognition are expressed bggsses such as perception,
attention, memory, categorization, logical reasgnind associative learning considered as

domain-generalGelman & Noles, 2071

Consequently, previous studies on scientific reggpigive more weight to the view that

scientific reasoning is domain-gener&lufin, 2002 Zeineddin & AbdEI-Khalick, 2010).

Based on this assumption scientific reasoning issiciered independent of content
knowledge and it is assumed to be merely a skilbeéodeveloped. This view imposes the
researchers to develop assessments that can measideats’ ability of scientific reasoning

skills such as control of variables, hypotheseseggions, evidence generation, evidence

evaluation, and drawing conclusion®p(tz et al., 201y alone without emphasizing the

knowledge. Such assessments are demanding to reestslents' reasoning based on the
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reflections of the thinking processes instead adewstanding scientific reasoning directly
from the science culture where the reasoning hiagated by considering various forms of
knowledge. However, recently this view has subslintbeen challenged by the view that

scientific reasoning is knowledge-dependent domspeeific Kind & Osborne,

2017 Osborne, 201;%eineddin & AbdEI-Khalick, 2010. It is important to assess not only

competencies of reasoning skills but also the stgfaeasoning how such skills can be made
manifest in real-life situations. To this end, neicstudies give attention to relating styles of
reasoning with the competencies of reasoning akasedll the forms of scientific knowledge

instead of dealing with competencies of reasonlageaKind & Osborne, 201;70sborne et

al., 2019. They argue that giving much focus on reasonikijssalone could not help

students to develop sustainable development iwkiade picture of students’ progress. Styles
of reasoning are advantageous over the other assetsof scientific reasoning frameworks
in that it recognizes the need for all three elethe@h domain-specific knowledge: content,
procedural, and epistemic. Styles of reasoning daeeloped based on human thinking
progresses and the development of natural sciemee more than two thousand years
(Hacking, 199). Even though thinking skills are transferrablee ability to think and reason

critically requires in-depth knowledge and underdiag of a particular domain and is

dependent on domain-specific content knowledpevies, 2013Tiruneh et al., 2017

Scientific reasoning, therefore, in this study émsidered as a subject knowledge-dependent,
domain-specific, and expressed through learninggnession and styles of reasoning.

Scientific reasoning here defined by combinifigd and Wargo (201ayith McNeill and

Krajcik (2011)frameworks in a way to contain the three typesadéntific knowledge (level
1 and 2 — content knowledge, level 3 proceduralwkaedge, and level 4 epistemic

knowledge) for the three styles of scientific reang.
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2.10.2.3Item development

After the conceptualization of the construct toshedied, items that represent
all the levels of cognition need to be developeesdarchers who are engaged in measuring a
construct have two alternatives. It is possible aapt already existing and validated
standardized tests in a way that can properly sgprteall the areas of the construct with
modifications or one can develop new items in a Wet can align with the levels of the
construct. However, such standardized tests areizeid for they have not been conducive to

measure skills of 21st-century lack to represemtexiual factors Goldman & Pellegrino,

20195. This indicates that it is better to develop ni@ms by exploring real situations
(contextual factors) such as relating learning veitteryday practices and students' level of
reasoning, and participating individuals who hawed or indirect relationships with the
result of the assessments than using existing smeeess. Recent studies recommend
involving students, teachers, professionals inteelareas, and experts in test development
rather than participating individuals who havedditknowledge about students’ learning and

ability (Brown & Wilson, 201).

2.10.2.4ltem modifications

Before items are administered to the selected sgnitpis required to revise
the items by a panel of experts. Items can be neatfirstly in terms of construct level such
as a clear representation of the construct, alignmath the expected levels, and level of
difficulty. This can be done by considering themat assumptions, life situation, and
expected outcomes. Secondly, items can be modifigdrms of distracter level in which
whether the distracters are developed in a way taat represent various alternative
conceptions and progressive understanding. Thiitdyn modifications can also need to

consider the usage of language, clarity of writjraggd length of statements.
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2.10.2.5Content validation

In the test development, one has to consider theenbarea from which a test
is developed. It can be determined by the answiretguestion, “Does the test contain items
from the desired content domain?” This can be eil based on the assessment by experts

in that content domain. According ©@h, Seo, and Kozub (201,(face and content validity

can be ensured using a panel of experts by evatpé#gms in terms of the contents to be

covered.

2.10.2.6Construct validation

Traditionally, validity refers to the extent to whi the items measure what
they are supposed to measure. In modern conceienof the major types of validity is
construct validity, which is the interpretationdamses of test scores that are validated, and

not the tests themselveEane, 2006 Messick, 199R Therefore, in the modern concept,

validity is supposed to be established when eviden theory support the interpretation of
test scores (American Educational Research AssociéAERA), American Psychological
Association (APA), and National Council for Measuent in Education (NCME). The
process of validation involves accumulating evidete provide a sound scientific basis for
the proposed score interpretation. Construct uglidialso considered as the most important

type to be established and the base for other wpeslidity (Mislevy, 2007.

According toBurton and Mazerolle (201,1¢onstruct validity is the extent to
which operational measure (the responses for #masit correlates with the theoretically
conceptualized construct. In construct-based aswags, it is highly required to ensure
construct validity because the focus of such assests is measuring students’ ability in
terms of conceptualized constructs. Therefore, dsess students’ abilities concerning a

specific cognition, one has to use the proper itgralysis model which can help to ensure
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construct validity. One way of ensuring construglidity is by employing the Rasch analysis

model Bond & Fox, 2015Cavanagh & Sparrow, 2010&lartin & Jamieson-Proctor, 2019

2.10.2.7Test specification and blue print

The testing process is expected to contain at kbmee phases: pre-testing

phase, testing-phase, and post-testixig-@llay, 2019. Test specifications and blueprints are

categorized under the pre-testing phase. Speddicaft test blueprint is an important issue in
test development to decide the appropriate reptasen of content, difficulty level, and to
have clear direction before the item creation. Bgscifications and blueprints are part of
construct validity. Test specifications provide dglines for the content to be included in the
test development and the way how items to be writtdueprint involves the design of the
test and the number of questions that representdhstruct being measure@l{ampaane,
2019.

In this study test specification and blueprint wprepared by referring grade
7 and 8 physics subjects objectives, syllabi docusjeand literature in science teaching and
learning along with subject professionals to deteemthe contents to be included, the
students’ levels of reasoning, the number of itemgepresent the levels of reasoning and

design of the test.

2.10.2.8Reliability calculation

In classical test theory (CTT) reliability is codsied as consistency or
precision of a test. For such a case, reliabifitgalculated using correlation coefficients such
as Pearson correlations (for interval/ ratio lelegth) and Spearman correlations (ordinal level
data). Unlike CTT, modern test theory such as Rasatysis produces both item reliability

and person reliability along with item separatiord gperson separation. Person reliability
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along with person separation is used to determinether the numbers of items are enough
to separate the students into different levels fitg; item separation along with item
reliability is used to determine the item diffigulin terms of expected levels of a construct

(Boone, Staver, & Yale, 2013

This study followed the combination of Wilson andn8cak’s frameworks.
The two frameworks were selected for this studyalise they allow a construct-driven
assessment development procedure by first consgléine conceptualization of a construct
to be studied before item creation. However, Sekisclamework doesn’t allow one to
develop a construct map and items separately ihstgaesents both in the same category.
On the other hand, Wilson's assessment framewoelsrdoprovide validation procedures
explicitly. For this reason, in this study, the twtocks of the Wilson assessment cycle
(construct map and item design) were used to dpvebostruct map and item development
whereas the conceptualization of the construct aaldation procedure was guided by

Senocak’s framework.

2.11 Classical test theory (CTT) vs. modern test theor{iRT)

One of the longstanding educational problems iselbging good tests and
guestionnaires for educational assessors and obsesr Classical test theory (CTT) is
established in the early 20th centuygub, 199). The advantage of CTT is the relatively
weak theoretical assumptions that make it easy gplyain many testing situations

(Hambleton & Jones, 19%3That is, it is simple to apply and it has fewswasptions. It

allowed quantitative analysis of reliability, bubtnsufficient to overcome issues like
“guessing” and “careless” mistakes. The CTT alsaleénan assumption that all test items
make the same contribution to the overall scorepeddently of their individual difficulties.

That is the person statistic (i.e., observed scisr€jtem) sample dependent, and the item
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statistics (i.e., item difficulty and item discrination) are (examinee) sample dependent

(Wilson, 2009. Students’ ability depends on item difficulty amde versa. A student who

scores 70% on a particular test may score less dhaeater than 70% on other tests. A
score value of 70% is difficult to deduce about’srability. Modern tests can solve such
problems by estimating difficulty level and abilitgvel on the same scal&/{lson, 2009.

Modern test theory deals with the ability of thedsnts and the difficulty of the items as
independent parameters, unlike CTT which has no teageparately identify these two
constructs. This compelled some researchers t& @imidl find out new and better statistical

tools for validating tests and questionnairesrd, 198G Rasch, 196)) One of the most

serious problems in assessment is not only usatgstital methods for analyzing items but

also simply that test development has been farnteo-driven Corcoran et al., 20091In

education, it is particularly important that testgport good teaching and learning, and that
tests assess what educators think is importantl( 2013. Assessors, therefore, also have
been striving to find better procedures for “comstrdriven” and “evidence-based”
assessment and to developing assessments thatrtsiggraing progressionK(nd, 2013

Wilson, 2009.

All these issues are related to the modern tesrytend resulted in indicators
for good tests with a much broader perspective @El's concept of reliability.

Iltem Response Theory (IRT) provides three modei&e btne-parameter
logistic model (1-PLM), two parameters logistic nmbd2-PLM), and three parameters
logistic model (3-PLM) I[(ord, 1980. The one-parameter logistic is called the Rascleh
and the two are called IRT models. Although IRT damkch are similar to each other in
terms of computation, they differ in approach téadaodel fit representation. IRT and CTT
are exploratory and descriptive models; Rasch’sehsdconfirmatory and predictivésond

& Fox, 2019. IRT is said to be descriptive because it ainiét tihe model to the data. On the
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other hand, Rasch is prescriptive for it is reqlite fit the data into the model. Exploratory
models must account for all the data, all dataraguired to be analyzed, interpreted, and
explained. The IRT models are akin to statisticelgses in that additional parameters are
added to the model to account for/explain the drig in the data rather than adhering to
the properties of fundamental measurement and dhestioning the data points that do not
conform to those prescriptions. A confirmatory miaggjuires the data to fit that model. Data
that fail to fit the model are not required to beplained; they are only subject to

modification or rejection. According téond and Fox (2015the Rasch model is required to

answer the questions: How well do the empiricaladéit the measurement model
requirements? Does the instrument yield invarianerval-level measures for its intended
purposes? For the Rasch model, we need to find af s'ems that satisfies the model while
for an IRT model we need to find a model that ditsexisting item set. This shows that it is
easier to find items that fit a model by iteratmmocess than finding out the model that fits an
existing set of items when we want to develop itéinas help to measure a certain construct.
Moreover, the Rasch model has an advantage overinRRat it can put the item and
examinee attributes on the same scale and thengeesé sufficient statistics that can help for

Rasch estimates.

2.11.1 Rasch model

Rasch measurement theory was developed by GeorgehRa design and

revise assessment instrumeriteifd & Fox, 201% The theory allows one to determine the

validity and reliability of standardized tests. émucation developing an instrument that
measures a single trait is a challenging task. Wewethe Rasch measurement model can

help one to develop a single variable by evaluatimg quality of items in relation to a
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defined variable. Rasch's analysis assumes thaitéhes involved in measuring different
aspects of a single trait. It provides indicatdrattcan allow determining items that can
contribute to measuring the predicted construct igmas that do not fit to represent the
predicted construct. In this study, Rasch modet@apniques were used to ensure construct
validity by evaluating the fit of the instrument$&éms to the underlying construct. Rasch
analysis provides indicators that allow evaluatimg quality of items whether they represent
a construct, gives the relationship between coatstheory, a data, and tells us whether the
items measure a single dimension of intended aactstineory Baghaei, 2008 This allowed
the researchers to identify items that fit the nhoilems that need revisions and items to be
discarded from the tool.

In this study, Rasch one parametric model was bseduse Rasch analysis
provides indicators that help to develop consthagted assessments and ensures construct

validity (Bond & Fox, 2007 Cavanagh & Sparrow, 2010BJartin & Jamieson-Proctor,

2019.

2.12 Validity argument

The educational measurement uses limited sampledbs#rvations to draw
general and abstract conclusions about persongher anits Kane, 200} To validate an
interpretation or use of measurements accordingédne is to evaluate the rationale or
argument, for the claims being made, and this,umm,trequires a clear statement of the
proposed interpretations and uses and a criticauation of these interpretations and uses.
Ensuring that educational assessments have higtityas a fundamental aim of all those

involved in the development of assessmefitsa(v & Crisp, 201 The essence of validity is

to know that the inferences being made from resadis the ways that results are used are

appropriate. In the new definition of validity, tkeis more information about validity
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discussion and there are different ways of evalgathe quality of a test. Validity has
changed from estimating the accuracy of the measuthe argument about its relevance.
The process of validation involves accumulatinglewce to provide a sound scientific basis
for the proposed score interpretation.

Therefore, construct validity is said to be eswti®d when the items measure
students' understanding of the selected constpuofserly. To ensure this we need to:

* Use theory to describe the nature of the construct;
« Establish evidence that the test is measuringdhsetouct.

We need to first establish a theory about that ttoos (what students’ are
expected to do, prediction of what students ar@esgd to do), and based on that theory we
need to have evidence (what students achievedigatygtwith the help of items and
analyzing and interpreting the data). We can hdweet things to be considered: theory
(expectation), evidence (observation), and proeedtine way we score, analyze. and
interpret the data to relate theory and evider€estruct validity is said to be established:

. If a test measure what it is supposed to meashieeréiation between theory and test,
does the test properly represent the students’ratadeling).

. If we can trust the interpretation made from thst tghe procedure we follow is
appropriate).

Traditionally validity concerns only what the testeasures what is supposed
to measure. It does not concern about the evidefcthe interpretation based on the
established theory. However, evidence-based waliitals with both what is supposed to
measure and interpretation based on the establigiesay. To achieve this, theory (what
students are supposed to do) should be establasietdata needs to be interpreted and also
gives evidence to what extent is the interpretatemndence-based. That is, validity

determines to what degree inferences based orstests are appropriate and meaningful
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(Kane, 200}, and to what extent is one’s interpretation appete and meaningful. For

SRPT the validity of the test was ensured basetivoraspects of construct validity: Firstly,
the fit of the test and unidimensionality was exadi using Rasch analysis to determine
whether SRPT measures the construct under studpn8ly, the distribution of the items in
terms of theoretical assumptions was examined uamgtem-person map. These were
further validated by expert reviews.

To sum up, this chapter has presented a relevaigweof literature for the
construct scientific reasoning, assessment of sfiemeasoning, and procedures for the
assessment development. It began by introducingiéves of scientific reasoning, the ways
how to understand scientific reasoning, and com@diging scientific reasoning. Then,
theoretical frameworks were discussed and thislgtethe conceptual framework that guided
this study. Following this, the concept of assesgmglobal trends of assessments, and the
nature of assessment were also discussed. Fittadl\gssessment procedures were discussed
along with the assessment tools. In the followihgpter, the method of how the assessment

tool was developed to measure the construct sfaertsoning will be discussed.
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Chapter 3 Methods
This chapter, first describes the research perisgedhe research method, the
research design, and the research settings otily. Then, discussions about population,
sampling techniques, the construct development gss®s, and the overall SRPT
development and validation will be followed. Besidéhis chapter presents data collection
procedures and analysis techniques used in thily.sAt the end of the chapter, validity and

reliability issues will be briefly discussed.

3.1 Research perspective

In educational research settings, the philosophisaridviews of the
researcher guide the selection of research detsigrsubsequent data collection, and analysis
methods deployed in the study. Hence, it is imparta communicate the philosophical
perspectives of the researcher. In addition tg this section also presents the ontological
and epistemological assumptions held in this study.

Traditionally, there are two perspectives aboutlityeaOne of the groups
believed that reality is subjective. To this grougality is multiple ontological existences
comprehended in a number of different ways by c#ffie observers. This group considers
reality to exist in the knower’'s mind, thus reqgsirmeaning and interpretation directed
toward certain objects or things, therefore, onedsedo focus on the subjective point of view,

experiences, and feeling&reswell & Guetterman, 20).9In educational research, this

paradigm is known as the constructivist worldvidle other group takes reality as a single
ontological existence that exists ‘out there’ inglegient of the knower’s mind. This group
assumes reality as single, objective, and thabvialunchanging laws. Hence, ‘truth’ can be
known using the procedure of scientific methodsednication research, the objective reality

camp is known as the post-positivist paradigm.
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However, recently a third kind of paradigm, namgtggmatism, has become
poupular. Pragmatism rejects the division betweest-positivist and constructivist world
views. In addition to this, pragmatism is not foeddn the assumption of whether reality is
solely a social construct as constructivists presonireal’ as positivists believe.

The pragmatic view suggests that neither estaldlisheories nor meanings
behind established knowledge independently reptesem’s reasoning Jonstantina &

Constantine, 2004 Pragmatists believe that it is impossible toaemthnd the reality about

the world using either the objectivists view or thebjectivists view aloneK(vunja &
Kuyini, 2017. Rather, pragmatists support a world view thatsoders the suitability and
appropriateness of the selected approaches to gwvproblem. This dissertation is guided
by the pragmatists’ worldviews and hence explod arcorporate the strong points of both
the post-positivist and constructivist paradigmeTduthor of this study favors pragmatism
because he shares the view that reality is fouddpandent of the individual but it requires
the individual’s interpretation and meaning-makaigput that external reality.

The current study attempted to construct, develapgd validate new
instruments to assess grade eight students’ léwalientific reasoning. In line with this, what
is the nature of reality about grade eight studeletgel of scientific reasoning? Do all
students have a scientific reasoning pattern othdg have different levels of reasoning —
naive, mixed, and scientific — reasoning patternffei2nt researchers approach such
guestions differently based on their philosophimaéntation. For example, post positivists
may hypothesize that grade eight students haveiantific’ level of reasoning and then
continues to develop and validate a test instruntiest verifies or refutes this hypothesis.
Whereas, constructivists do not assume anythingrélednd. Rather, constructivists attempt

to understand the layers of scientific reasoningeoled during discussions with the research
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participants, and thus develop the instrument pinavides evidence of multiple levels and
patterns of students’ scientific reasoning.

Human reasoning is relative and hence describesgades on in a time-bound
situation or context. Good reasoning is intertwineith valid arguments at that instant
moment, though it can be changed, refuted, or ingcafterward based on the evidence
generated from recently developed scientific knolge The researcher believes that
consideration of context, meaning, and interpretatilong with the established theories are
important to this study. Hence, this study argues€ientific reasoning test development that
considers students’ reasoning based on the leveleasoning as reported in previous
scientific theories and research findings alondnwibntextual factors such as students’ views
of scientific knowledge, way of constructing knoddge, and students’ views about the nature
of science that can affect their reasoning. Hetioe pragmatic position was an appropriate
philosophical stance to guide the study.

The pragmatist paradigm provides educational rekess to mix ontological
and epistemological assumptions as well as the odetbgical processes of the research.
This dissertation combines the constructivist datiie methods and the post-positivist
guantitative methods. This study was aimed to agwvahd validate SRPT which in turn used
to investigate students’ reasoning ability in terofsthe four scientific reasoning levels
conceptualized under the literature section (Intipalar see Section 2.2. 4). The aim of
gualitative study was to explore students’ waysradsoning in relation to each level of
reasoning, to decide what type of items neede@doh level, and what types of alternative
conceptions students hold. To explore studentstepatof reasoning for each level of
reasoning students’ were interviewed, discussiorgewneld with primary school physics
teachers, and contents to which items to be degdlogere identified. This qualitative study

guided the development of items and chooses of ditnacters. After exploring students’
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pattern of reasoning for each level, the items tlepresent each level were developed,
revised, administered for the selected sampledyze® validated and students’ abilities of

reasoning were investigated.

3.2 Research design and method

One of the fundamental goals of science educatoi-i2 schools is to
develop students’ scientific reasoning skills. histresearch, due emphasis is given to
conceptualize the scientific reasoning constructdvelop corresponding science reasoning
learning progressions and SRPT instrument, andlidate this test tool.

The current study focused to develop a researcéebssale or test instrument
that allows students to be categorically assigiedgaa continuum of scientific reasoning.
To further elaborate the learning progression efgtientific reasoning construct and the test
instrument developed, the following research goestiwere raised in Chapter One of this
study.

The research questions were:

1) Which scientific reasoning skills are addressedhieyconstruct map developed for the
SRPT test items?

2) How are the content and construct validity of 8®PT items qualitatively
established?

3) How effective are the SRPT test items in measugiagle eight students’ scientific
reasoning in physics?

4) What is the trend of Grade 8 students’ progresainng the different reasoning
subskills measured by the SRPT?

Some of the research questions were related tdifijiag scientific reasoning
skills addressed by a construct map which servetkt@lop items and establishing content

and construct validity of the items qualitativelyhereas others were focused on establishing
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the construct validity of SRPT qualitatively andagtitatively as well as in looking at what
the data (students test scores of SRPT) suggest gtamle eight students reasoning levels.

The development of SRPT items corresponding with dfiferent levels of
learning progression requires not only to constagsiceptualization and item development
but also detailed information about how grade emgfiodents try to show reasoning of a
scientific phenomenon using physics concepts. Coimdpiboth methods provides a broader
perspective about the nature and character of stsidscientific reasoning in physics.
Moreover, triangulation of data collected is moikely to lead to the development of
comprehensive research-based SRPT tools to anbeeesearch questions and to greater
validity of findings. In summary, the current studigployed both quantitative and qualitative
methods to answer research questions regardingutectioning and construct validity in the
instrument development process. In addition to, thie construct, i.e., scientific reasoning,
conceptualization, item development, and instrumelidation phases are guided by the
pragmatic worldview.

In light of these underlying justifications, thisssertation opted for a mixed
methods research design. The study uses, in garticusequential exploratory design firstly
exploring students’ patterns of reasoning usingnpheenography (qualitatively) which is
followed by investigating students’ levels of reaisgy using descriptive survey research
(quantitatively). Thus, the research approach usethis study can be considered as an
exploratory sequential design.

The main reason to blend these two methods wag)tiaditative data obtained
in the first phase would provide useful contextite development of SRPT as well as to the
quantitative data deployed in the second phase. quaditative part elicits grade eight
students’ depictions of the basic nature and cheraxd scientific reasoning and uses these

descriptions to construct categories that form diféerent views of students’ scientific
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reasoning pattern. Meticulous descriptions of sttslescientific thinking and teachers’
experience of their students’ nature of reasonamggrovided contextual aspects to the SRPT
assessment instrument. In addition to this, stwlemays of reasoning were thoroughly
explored during instrument design and developmerdrder to gain insights into students’
scientific reasoning patterns about various physicacepts and phenomenon.

The use of this study utilized a mixed-method redeadesign, which is
consistent with the selected research paradigm,ntiteare of the investigated research
problems, and the type of research questions. Taibk, qualitative and quantitative methods
were deployed in the first and second phases sfstody respectively. The first phase, which
is the development of reasoning patterns and itemssd a qualitative approach. The
qualitative part aims mainly to gain insight inteetnature and characteristics of students’
scientific reasoning. For this purpose, the quaapart chooses phenomenology because
this approach enables researchers to reveal neultiplys that students reason about certain
physical phenomena. Phenomenology serves as aptieallframework to understand
students’ patterns of scientific reasoning in iefato the four identified levels of reasoning.
Hence, this study employed the phenomenologicalragmh. The phenomenological
approach used students’ interviews and teachelsf@roup discussion to organize the
pattern of students’ responses and teachers’ viemisjons, and experiences about students’
classroom physics reasoning. The interview enaliterl researcher to amass detailed
information from students about their level of @@ag. Moreover, the interview provided
vital information about students’ prior knowledgedaalso supported the test development to
be contextual by highlighting the depth and breaafttcontent coverage in their physics
lessons. The focus group discussion provided itsighout teachers' beliefs, experiences,

and views about their students’ way of physicsriesy and reasoning. Furthermore, an in-
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depth analysis of students’ interview and teache@D were used to develop the construct
map and the test items across the four scalesitiacedt reasoning levels.

In the first phase of this study phenomenograplppr@achwas used to
explore patterns of responses and associated fagsdPhenomenography is a research
approach for examining different perspectives alitg it refers to a method for describing
the various ways in which a group of people peeeia phenomenon (Larsson &
Holmstrom, 2007; Marton, 1981). Some considerechphenographic study as a strategy of
inquiry in which the researcher identifies the esse of human experiences,
conceptualizations, perceptions, and understandlmmut a phenomenon as described by
participants (Creswell, 2013; Marton, 1986). Thealgof phenomenography, according to
Marton (1981), is to investigate the differences prople's perceptions of a given
phenomenon in the surrounding environment, andnvestigation is based on the variation
in people's approaches to understanding the phemamrather than the phenomenon itself.

One of the goal of this study was to investigate students’ views in relation
to the four levels of scientific reasoning. Phennographic study was used to investigate the
students’ patterns of reasoning and underlined siiebhe use of phenomenography in this
research is due to the insights of the phenomepbgrapproach that allows one to examine
the variations of views participants hold abouhamomenon, an idea, and conceptualizations
of an object of study (Ayene, Kriek, & Damtie, 2QIarton, 1986). It is, therefore, an
effective method to investigate the views of stugemgainst different levels of progression of
scientific reasoning and to identify how the viegisthe students are linked to the different
levels of scientific reasoning.

The second phase involves pilot testing, validateomd field-tests to assess
students' reasoning abilities using SRPT. The atibd procedure of the construct map and

the tool related to tests required quantitativehmés. To analyze the quality of assessment
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tools, quantitative approaches are often preferfBde quantitative part employed a
descriptive survey research method. In the secdrasqy SRPT was pilot tested. Using
statistical procedures the construct validity aaliability of the SRPT were explored and
then field-tested. The descriptive research desigs appropriate for the quantitative part of
this study due to many reasons. The first reasdhaisthis research design can characterize
the study population thoroughly by going beyond ithigal observation of the test scores.
The second reason is descriptive study can laydations for subsequent research. Finally
and most importantly, mixed methods research wasoppate in this study because the
guantitative and qualitative methods suit for thepose of development of construct map,
tool design, development, and validation; and meaguthe student’s scientific reasoning.
Therefore, in this study mixed approach was usedhis second data collection phase, the
tool was administered by the survey research methbd survey method is an appropriate
method to obtain information from large sampleshef population at an instant time (not a
time series or longitudinal). Survey methods reguglatively minimal cost and relatively
easy for making generalizationid€l, 1997. Descriptive survey research was conducted for
this study because it was a suitable method teciotlata from a group of people on a given
subject. The SRPT was administered for the selestadple and analyzed using Rasch
analysis.

To sum up, educational research employed variox®animethods designs.
Sequential and concurrent mixed methods are amomgemmon ones. The selection of
research design is determined by the type of prnolitebe dealt with and research questions
to be answered. In this study, the researcher atmevelop a new instrument that assess
grade eight students’ ability of scientific reas@nin physics and to assess students’ level of

reasoning. This study initially explored the reasgrpattern of students and develops tools.
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It also explored teachers’ views and experienceditqtively, develop, and proceeded into
the validation phase.

Sequential Exploratory Mixed design was a suitaiéthod for such tasks that
required the development and validation phases iBHbecause, in this study, the first phase
involves exploring the phenomena with a few paptcits. By exploring the students’
reasoning pattern and teachers’ views about stedematy of reasoning, the students' pattern
of reasoning was explored, and also a tool thaessmts these were developed. In the first
phase, qualitative data were collected and analydech were followed by the second phase
of quantitative data collection and analysis. Thealdgative findings using students’
interviews and focus group discussions with teaciserved as a guide for the development
of students' reasoning and the tool that represesmtd reasoning level. Furthermore, the
mixed-method enables the triangulation of quansgatnd qualitative data to converge

information Creswell & Clark, 201B and gain evidence about the validation of the

instrument. It also helped to overcome the limiasi of using either only quantitative or
qualitative methods. Therefore, sequential exptoyamixed methods approach that mixed

phenomenographic and survey was appropriate asignder this study.

3.3 Research setting, population, and sampling

3.3.1 Research setting

This research was conducted at Hadiyya zone, Soutiiation Nationalities,
and People Regional (SNNPR) government in Ethidgadiyya Zone is located in SNNPR
whose administrative city, Hossaena is 234 kilomseteom the capital, Addis Ababa. There
were two reasons to select this research site. treresearcher visited several schools at
Hadiyya Zone while tutoring college students. Fromeir responses to their teachers’

guestions, it was observed that students have mzmgeelated problems. This motivated the
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researcher to study the students' reasoning. Ttweas one of the sites of the TPSS project.
TPSS is a research project that is engaged in wirgdhe pedagogy of STEM subjects in

Ethiopia. The researcher was one of the particgpahthe project. The research project has
also found that students have poor reasoning yahititt conceptual understanding. These two
reasons motivated the researcher to study studeatdning abilities and develop a tool that
can measure students’ reasoning abilities whichdcbe scaled to others since they use the

same curricula.

3.3.2 Sources of data

Data for this study was gathered from primary aadosdary sources. As
primary sources subject experts, primary schoahess, and students were included. Experts
checked the relevance of the content, the clarftytams, and the appropriateness and
suitability of test items for the identified levelBhey also provided necessary comments in
revising the tool and the construct map. Teachershe implementers of the contents of the
subject. They are expected to know about the cgntndents’ levels, and students’
alternative conceptions and reasoning. They ppetied in the development of the tools and
construct map. Students are the ones whose regsabilities and performance levels were
assessed and the tool was administered for itdat&dn. Physics curricula, textbooks, syllabi,
lesson plans, and teacher guides for contentslasgroom tests were used as secondary data
sources. Tests used by teachers, national leasssgssments, grade 8 regional exams, and
physics text and reference books, TIMSS reasongsgssments were used as secondary

sources of data.
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3.3.3 Population

The population of this study are grade 8 student$ t®achers who teach
physics subject in grades 7 and 8 at Hadiyya Zdhe. selection of 8th-grade students is
because grade 7 is an early stage of the partfi@tience into three independent subjects,
the beginning of physics to be learned as a sulijettte Ethiopian curriculum, and better
maturity level of grade eight students than gradén7addition to this, National Learning
Assessments (NLA) and regional grade 8 exams wége eonsidered for the tool

development for this study.

3.3.4 Sample and Sampling

To select the participating schools, teachers,sandents, both purposive and
random sampling was used. Six schools were seldugtestratified random sampling which
allowed the researcher to include schools in difiedocations randomly. The schools from
town and rural areas were included in the samplivgo hundred and three students from a
school not included in the actual study particidaite the pilot study and two hundred and
forty-two students participated in the final study. reach the recommended sample size for

one parameter Item Response Theory (IRT) modelwiki€00 (Vright & Stone, 1970 One

section per school was selected randomly for HagHitst and second-round testing.
Six primary school physics teachers were seleatedonduct focus group

discussions. reswell, 201 recommended six to eight sample sizes for focimum

discussions. The number of participating teachers Wmited to six because this provides the
researcher to manage the discussion and obtairss@gedata from the participants. The
teachers who were engaged in teaching grade eligisigs subject. Moreover, the teachers
took training on developing activities to teach dialogical teaching methods, scientific

reasoning and argumentation, and conducting sfientirgumentation in the science
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classroom. The teachers have also implementedftihenaentioned activities in classrooms
for a year.

For the interview, 12 students were selected bpgaive sampling where the
purpose was previous achievement that helped menfb@n varying achievement levels
which includes high, medium, and low achieving stud. Marton and Booth (1997)
recommended sample size between ten to twelve @doplphenomenographic study. The
number of students was limited to 12 because teedatw data was saturated (redundancy of

information was recorded) by this number.

3.4 Data collection Instruments

For qualitative data gathering, students' intergie®nd focus group
discussions (FGD) were used. For quantitative dataering, scientific reasoning test was

developed.

3.4.1 Interview

The interview was used in this study to exploredgraight students' scientific
reasoning patterns in physics. Interviews serveeffastive tools for collecting in-depth data
to understand the meanings of a construct undersf¢cunan, 199). To collect qualitative
data from the students, semi-structured interviesstions were developed. Initially, five
guestions were developed by the researcher (SeenéippD).

The interview questions were developed to obtairdestts’ general view
about scientific knowledge and the four scientifieasoning progresses levdsctual
knowledge, explanation of factual knowledge, ewddmsed reasoning, and drawing
conclusion The first interview question was designed to emplstudents’ general views

about students’ scientific knowledge before andratarning physics concepts. The second
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interview question was developed to elicit studewiesws about scientific facts. The third
interview question was developed to elicit studemtormation about how scientific
explanations are generated and how it is relatedatly experiences. The fourth interview
guestion was developed to elicit students’ viewwlsaientific evidence and the last research
question was developed to explore students’ viehaitathe scientific conclusion and how
scientific conclusions is drawn. Under each queststudents were asked to give examples
from physics content knowledge which served tog@iee students’ patterns of reasoning
for each level. Comments were received from twdPlkandidates in physics education at
Addis Ababa University. The original questions wezeised and one more question that can
help to explore the probable trend of how studergasoning ability grows was included in
the final tool by the suggestion of one of the Phdandidates. The interviews were
conducted in either laboratory rooms or pedagogieaters of the primary schools in order
to make students freely respond to the questiom® fesearcher interviewed by first
requesting their consent and the interviews werdicarecorded. The interviews took

between 10 to 20 minutes to complete the recordings

3.4.2 Focus group discussion (FGD)

Focus group discussion is an appropriate tool ttheyainformation from
individuals who have similar backgrounds and exgeres. Focus group discussion, which
provides flexible and information-rich data, allowse emergence of a useful discussion
about a broad topicDprnyei, 200). Focus group discussion was used, in this sttaly,
collect data related to the belief, ideas, and e&pees of teachers about students' reasoning
progress when teaching physics. The questions &P Were the same questions of the
students’ interview but modified in a way that dagp to generate information from the

teachers about students’ views and patterns obngag (see Appendix E). In addition to this,
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the FGD with primary school teachers served tognidate and corroborate the data obtained
by students’ interviews. With the help of FGD, tteachers’ understandings about the
students’ levels of understanding, reasoning, asldted alternative conceptions were
identified.

The discussion was held in the physics laboratooyr at Hossaena College
of Teacher Education. The place was selecteddaquitetness which is appropriate for such a
discussion. In the FGD, six teachers participatdtithe participants reflected their views

about students’ reasoning with related examplas fieeir experiences.

3.4.3 Objective items

To study students’ levels of reasoning, this stody developed and validated
the scientific reasoning tool for grade eight stidein physics subject. The developed
instrument was comprised of multiple-choice itentsol consist of one correct answer and
three distracters. The items were designed in a thaly can represent students' reasoning
ability at each level. The correct answers represernhe currently accepted scientific
knowledge, whereas the distracters were developsedion the qualitative findings and
alternative views identified in the literature. Titem development procedures are discussed

in the following sections.

3.5 Assessment development procedure

In this section, elaborated discussions regardmegdesign, the collection of
data, and the analysis of the SRPT are presentiedv.bAs discussed above, this study
combined Wilson's assessment cycle and Senocalisefvorks for the development of the

SRPT (see Section 2.10 for details). The assessmevelopment procedure involves
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conceptualization of the scientific reasoning pesges, development of items, content
validity, construct validity, and judgmental anasys

Figure 3.1 represents the assessment developmeredure constructed by
considering Wilson's assessment cycle and Senoask&ssment framework. The conceptual
framework in Figure 3.1 served as guidance fordbaeelopment of the construct map by
conceptualizing scientific reasoning as discuseezhapter 2. To develop the initial construct
map literature was reviewed and four levels of rittfie reasoning progress, indicated in
Table 2.5, were identified along with the expegtedormance for each level. The Construct
map, in turn, guided the development of items thptesent each level of students' reasoning
progress.

The researcher provided training for the teacharsvbat a construct map is
and items that represent the levels. Having thie, researcher dispatched the initial items
developed by the researcher and a construct mepetteachers to come up with new items

and modified items. The teachers also introdudehdyna, Downing, and Rodriguez's

(2002) multiple-choice item-writing guidelineslaladyna et al. (200Zonsist of 31 multiple-

choice item-writing guidelines. Based on the guitkd, the discussion was held on how to
construct multiple-choice items, stems, distractarsd correct answers vis-a-vis students’
ability levels. The teachers came after three wedakts new items and modified items. The
discussion was made and items were modified, egjeahd new items were incorporated into
the tool. In addition to this, the test items amhsiruct map had passed content validity,
construct validity, judgmental stage, and fielditegsbefore the final test and construct map
comes out. The detail of each element of the assggsprocedure depicted in Figure 3.1

discussed in the sections below.
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CONCEPTUAL
FRAMEWORK

DEVELOPMENT OF CONSTRUCT MAP
Conceptualization of SR
Development of reasoning progresses

ITEM FORMULATION
Intitial item creation
Item modifications

v

CONTENT VALIDATION

Panel of expert

Item revision Rasch Analysis

JUDGEMENTAL STAGE
Judgemental satage ACONSTRUCT VALIDITY

v

FIELD TEST
Pilot testing
Operational testing

Item rejection

v

|FINAL CONSTRUCT

MAP AND TOOL

Figure 3.1 Test development procedure for test SRPT

3.5.1 Development of the construct map

The person-item map demonstrated in Figure 4.1 waseloped by

considering the conceptualization of scientifics@aing, students’ interviews, and FGD with

primary school physics teachers (see Section 4.T18 person-item map comprises four

levels of students’ reasoning: factual knowledgg)anation of factual knowledge, evidence-

based reasoning, and drawing conclusion (Table)Althg with the students’ views (see

Table 4.12) towards each level of scientific reasgifsee Section 4.1.3 for the detail of how

person-item map was developed).
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3.5.2 Item formulation

This stage included three steps (see Section 2atD)extensive review of
literature on the conceptualization of the congttacbe studied (see Section 2.2.4), item

development, and item modificatiorg4rtin & Jamieson-Proctor, 20;1Senocak, 2009

Items were developed from the content of graded/&physics subjects from
which students learned to represent the levels abler 2.5. Initially, the researchers
developed 44 items by referring to the Nationalrhesy Assessments (NLA) of Ethiopia,
TIMSS reasoning items, grade eight physics classrssts, physics grade 7 & 8 textbooks,
and a reference booki¢witt, 2006. The items were developed from the content stisden

learned in grades 7 and 8. The item developmelawed Haladyna et al.'s (200Multiple-

choice item-writing guidelines. Each item consistghree distracters and one scientifically
correct answer. The distracters were developeddade correct responses, partially correct
responses, incorrect responses, and naive resp@eseSection 4.1.3 for the detail of item
development).

Initially, eleven questions (each consists of faems for each level) were
developed; a total of 44 items were developed. ifdras were written in a way to contain
one parent question which consists of four itemepryesent the four levels of reasoning (see
sample items). The four items are related to orethem. For example, there is question 1,
under question 1 there is an item 1.1 to repreleset one, item 1.2 to represent level two,
item 1.3 to represent level three, and item 1.defwesent level four. This approach forces
students to establish the relationship between kst to answer the four items under each
guestion. Such way of construction of tests regusstdents to develop the relationship
between the factual knowledge (at the first leviglg explanation for the factual knowledge
(at the second level), generation of evidence lfier éxplanation (at the third level), and

drawing conclusion based on the evidence (at thettidevel) instead of picking a correct
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response in the usual multiple-choice questionss fype of item development was used in
this study because (1) it allows students to ttank reason in creating a link between the
four levels instead of merely selecting a singleveer (2) to have coherence and flow of
levels consistently based on a single conceptadsté writing different items from different
concepts. This enabled the researchers to achisvefbthe arguments of this study which
contends that scientific reasoning is dependertherthree types of knowledge and needs to
progress from the lower level to higher for a marar concept instead of viewing it as a
mere skill independent of content knowledge. Thet find the second level were constructed
to represent content knowledge; level three is wdended to represent procedural
knowledge, and the fourth level was to represemstemic knowledge. The researchers

followed Haladyna et al.'s (200Multiple-choice item-writing guidelines to writeR8T

multiple-choice items. All the questions includeeth distracters and one scientifically correct
answer. The distracters were developed in a waydade a dominantly naive view, mixed
but towards the naive view, mixed but towards ttierdific view, and dominantly scientific

view.

3.5.3 Sample items

Item 8 presented below is meant to measure studepilgy in data-based
reasoning. At the first level, item 8.1 is designedssess the factual knowledge. At this level
the students are expected to identify the unitsmeasurements, in this case, to identify the
unit of voltage (volt). At the second level iten28s designed for the students to provide
explanation about the relationship between vargbie this case, to explain what the
students performing the experiment want to knowt th, the relationship between voltage
and current. At the third level, item 8.3 is desid for the students to provide evidence as to

why they provided the explanation for the seconglldy using the data. In this regard, the
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students are expected to generate evidence fronddte (the measurement is taken on
voltage and current at constant resistance) to ktiewvrelationship between voltage and
current. Finally, at the fourth level, item 8.4dssigned for the students to draw conclusion
by observing the pattern of data given in the taliighe students are able to give the
relationship between the voltage and current bygiken values (1.5V, 3V, 4.5V, and 6V),

they are expected to give their relationship féveotvalues of the voltage (in this case 7.5V).

Question 8 Two students perform an experiment. To accomphg) they collect different
working batteries, wires, and ammeter. After cotinggoroperly they measured the values
of current (I) in the circuit by varying the numb#rbatteries for a single value of resistance

(R). The students’ measurement is tabulated asrshevow:

Voltage (v) Resistance() Current measured byCurrent measured by
first student (A) second student (A)

1.5 2 0.73 0.76

3 2 1.40 1.45

4.5 2 2.20 2.20

6 2 2.95 3.05

8.1 Which of the following unit of measurement ged to measure voltage? (Factual level)
a) volt b) ampere c) ohm d) ammeter
In the above experiment what do the students veakiow? (Explanation level)

a) They want to know the relationship between voltagand current

b) They want to know how resistance affects current.

c) They want to know the relationship between resttaand current

d) They want to know how resistance affect voltage
8.3 Why do you select the above answer for questionber 8.27? It is because (Evidence
level)

a) The measurement is taken on voltage and current afonstant resistance

b) The measurement is taken on current by varyingagel&at constant resistance

c) The measurement is taken on voltage and resisiawedculated
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d) The measurement is taken on voltage, current, esistance.
8.4 What would you expect best if the studentsauges volt battery in the above
experiment? (Drawing conclusion)
a) The value of the current measured by the studeifitsany in the range between 2.95
and 3.05A.
b) The value of current measured by the studentsbeiless than 3.05 A
c) The value of current measured by the studentsbeiless than 2.95A

d) The measured value of current will be greater thar?2.95A and 3.05A

Item 9 is meant to measure students’ ability inhaatatical reasoning. In the
first level (9.1) it is designed to assess the ualctknowledge (identifying the given
variables), in the second level (9.2) studentsraggired to reason mathematical variable
relationships, and in the third level (9.3) theg eequired to provide evidence as to why they
provided the explanation for the second level. Ignia the fourth level (9.4) students are

expected to draw a conclusion.

Question 9 A man pushes a body with a force of 20N and predwan acceleration of 2m/s
9.1What are the given variables in question 9?

a) Force and velocity b) Force and acceleration

c) Mass and acceleration Fafce and speed
9.2 What force will produce an acceleration of 4rfds constant mass in question 9?
10N b) 20N c) 40N d) 80N
9.3 Why do you select the above answer? It is kscau

a) There is direct relationship between force and acéeration

b) There is inverse relationship between mass andeaatien

c) To determine its acceleration mass should be given

d) The same force can produce different acceleratitveter mass changes or is
constant

9.4 Which one of the following graphs representsryanswer to question number 9.3?
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a) b)

Acceleration

Acceleration

Force
Force

N w

Mass Mass

<)

Acceleration
Acceleration

Item 5 is meant to measure students’ ability in eldzhsed reasoning. In the
first level (5.1) it is designed to assess theualctinderstanding, in the second level (5.2)
students are required to provide an explanatiomtathe relationship between variables, and
in the third level (5.3) they are required to pdwievidence as to why they provided the
explanation for the second level by using the daiaally in the fourth level (5.4) students
are expected to draw a conclusion based on theuexjpbn in the second level and evidence

in the third level.

Questiorb: Suppose an apple hung on a tree.
5.1 What type of energy does the apple hold ahitjeest point?
a) Potential energy b) Internal energy
c) Kinetic energy d) Elagtictential energy
5.2 If the apple falls down, what will happen te #mergy of the apple just before the apple

hits the ground?
a) Kinetic energy will be converted to potential energ
b) The type of energy at the top will remain the same

c) Potential energy will be converted to _kinetic enayy

d) Some amount of energy will be destroyed
5.3 Why do you select the above answer for que&tidn It is because
a) As the apple moves down its height increases meédgecreases

b) As the apple moves down its height decreases butesgl increases

c) As the apple moves down both its height and speetkdses
d) As the apple moves down its height decreases legidsgmain constant

5.4What can be best concluded from 5.3?
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a) Kinetic energy depends both on mass and velocity

b) Potential energy depends on height

c) Potential energy depends both on mass and height

d) Kinetic energy depends on height.

3.5.4 Item modifications

After the items were written by the researchemsy thiere given to six selected
physics teachers who have been teaching grade @igysics subject to revise and

incorporate new items. The teachers followkedadyna et al.'s (200Multiple-choice item-

writing guidelines to validate the items and depeleew items. The teachers provided
comments on the progress levels and develop nemsithat were meant to represent the
levels. Discussions were held with the teachersiati®e students’ levels of reasoning ability
and the suitability of the items for the studerBssed on the teachers’ comments and
discussions the items were revised, and new iteens imcorporated (see Section 4.2). Based
on the discussions with the teachers, twenty-tem# were revised and five items were
rejected and five new items were incorporated. iféms were then being re-adjusted and
contextualized to the students’ reasoning levels 4 items were made available for the

experts.

3.5.5 Content validation

Beyond the participation of school teachers, twaDPhcandidates with
experience of teaching physics, specializing inspts/ education, and who took courses on
assessment and scientific reasoning involved emgwontent validity. These experts were
asked to check and evaluate the alignment betwkentéms and the reasoning levels,
categorize the items into three types of styleseagoning, and check the quality of the items

if the items represent the intended construct. @kgerts provided feedback related to the
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setting of the items, their alignment with the megasat each level, language, and conceptual
problems along with the possible mechanisms on toownprove. The experts’ comments
and suggestions for improvement were duly conslefgen modifying the items during the
second round revision. Out of 44 SRPT items reviewene items were identified and
revised to increase the content validity of SRAX s having vague wording while three as
having scientific reasoning content). Through fthiscess, 44 final items were made ready

for pilot testing.

3.5.6 Construct validation and reliability calculation

One of the core tasks of this research is constgicind validating the
Scientific Reasoning Assessment Tool. Hence, skaetavities were performed to ensure
construct validity. These include using a standaedi pool of items and incorporating
experts' views discussed above, conducting pilstirtg, and relating analysis results with
theoretical bases.

Construct validity is said to be ensured when itamsasure a theoretical
construct according to the predicted manner (sedd®e2.10.2.6). Rasch analysis is used to
establish construct validity by examining whethegigen data represents the predicted

theoretical constructBond & Fox, 2007 Cavanagh & Sparrow, 2010®artin & Jamieson-

Proctor, 201) Rasch analysis provides indicators that can helgetermine the construct

validity of a construct intended to measure. Tauemgonstruct validity, this study employed
Rasch statistics (mean square (MNSQ), Z-Standatdémmres (ZSTD), unidimensionality,
item/person separation, and reliability indices) aepresentations of Rasch modelling (Item
person map, bubble chart, and ICC curves). Thedpproach of Rasch modelling to ensure
the construct validity is determining the qualitfytbe items. When the all items fall in the

expected range (fit to the model), the test is cmmed to be unidimensional or measuring a
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single construct. Fit statistics provided by MNS@daZSTD values help to determine

whether each item contributes to measuring thended constructond & Fox, 201 The

MNSQ and ZSTD are reported by infit and outfit \@du The data that fall in the expected
interval for the indicators by infit and outfit veds are likely to represent the underlined
construct.

Unidimensionality is an attempt to measure a plasttribute by focusing on
a single attribute or dimension at a time. MNSQ Z8dD are for individual items whereas
unidimensionality is about determining whether adfetest items as a whole contribute to
measuring a single construct. Unidimensionalitylef SRPT was detected with the help of
principal component analysis (PCA) (see ChaptelFGjthermore, the Rasch model relates
item difficulty and person ability in a way thatrceepresent a given construétofid & Fox,
2019. It provides a way to determine how items aredriehically distributed in a continuum
and persons are classified according to their @ehent to represent an underlying
construct. This is demonstrated by item/persorabéity and separation indices. According

toBoone et al. (2013)item separation with item reliability provides eorto determine

whether item hierarchy is in a predicted continuumnrelation to person sample to ensure
construct validity; person separation with persatiability provides one to determine
whether an instrument distinguishes high and lolweaer.

The second approach of Rasch analysis to ensuretrgon validity is
determining the quality of the items whether thepresent the underlying construct in a
predicted order which involves a qualitative intetption of a constructSe€nocak, 2009
This can be achieved by the pattern of item digtiims in terms of item difficulty and
person ability using the item person map and bubb&t. Item person map is an important
Rasch representation that depicts an illustratiostudents’ ability and item difficulty of an

underlying constructBond & Fox, 201} It can easily visualize the way how items and
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persons are distributed on a single scale. It tablsgap between items, overlapping of the
items, and the order of items in relation to a oh made by the tool developer or
researcher. The bubble chart is also the Rasclkgeptation that can help one to determine
items that fall in the expected range. It providesepresentation of item difficulty in the

ZTSD range of -2 to +20ond & Fox, 200Y.

This study employed the aforementioned indicatdrsRasch analysis to
determine the extent to which the SRPT measuredhstruct scientific reasoning. The tool,
in turn, was used to determine students’ scientifasoning ability in terms of the established

reasoning progress levels (see Chapter 5).

3.5.7 An example of how the items were developed and reséid by using the

assessment development procedure

The example below depicts how the items were deeelaising the assessment procedure
(see Section 3.5) and person-item map (See FigliyeThis section provides how question 8
which consists of items 8.1, 8.2, 8.3, and 8.4 deeloped, revised, administered for the

students, and content and construct validity waesieed.

Step 1: Conceptual Framework
Conceptual framework was developed by considerityies of scientific

reasoning,Ford and Wargo (2012McNeill and Krajcik (2011)and Styles of Scientific

Reasoning (see Section 2.4).

Step 2: Development of Construct map
Firstly the item map was generated as indicatedable 4.10 and stduents'

views were explored as indicated in Table 4.12.h\ihie help of literature review, students’
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view towards the four levels of scientific reasa@jirthe person map was developed as

depicted in Figure 4.1.

Step 3: Item Formulation

After the core objectives (specific outcomes) widsmntified for each levels of
scientific reasoning, the items that can represawh level were developed. For example,
Iltem 8.1 was meant to measure level 1, item 8.2deagloped to represent level 2, item 8.3

was developed to represent level 3, and item 8stamastructed to represent level 4.

Level 1: Identify the units of measurement:

Question 8 Two students perform an experiment. To accomhigh) they collect different
working batteries, wires, and ammeter. After cotinggoroperly they measured the values
of current (I) in the circuit by varying number luditteries for a single value of resistance (R).

The students’ measurement is tabulated as showmwbel

Voltage (v) Resistance(f) Current measured byCurrent measured by

first student (A) second student (A)
15 2 0.73 0.76
3 2 1.40 1.45
4.5 2 2.20 2.20
6 2 2.95 3.05

8.1 Which of the following is used to measure \gdta

a) Volt b) ampere c) ohm d) ammeter
Level 2:Explain variable relationship:
8.2 Which statements explain what students wakbhtav from this experiment?

a) They want to know the relationship between voltagand current

b) They want to know how resistance affects currdow f
c) They want to know the relationship between resttaand current
d) They want to know how current affect voltage

Level 3:Generate an evidencéor the explanation in item 8.2:

8.3 Why both students did not exactly get the sameasurement in the table?
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a) There is some problem in measuring devices

b) Measurement can't always give exactly the same vadu

c) One of the students is not skilful in measurement
d) Both students are wrong
Level 4:Draw a conclusionbased on the items 8.2 and 8.3:
8.4 What would you conclude if students use 7.5 vattery in the above experiment?

a) The value of the current measured by the studeliitsany in the range between 2.95
and 3.05A.

b) The value of current measured by the studentsheitjreater than 2.95 A
c) The value of current measured by the studentsheitjreater than 3.05A

d) The measured value of current will be greater thar2.95A and 3.05A

Step 4: Content validation

Comments and suggestions were received from theerexpand were

considered when modifying the items. (See Sectlohsnd 4.3).

Step 5: Field Test

After review of experts items were administerethi selected sample.

Step 6: Construct Validity

To analyze the data one dimensional Rasch’s dich@tis model analysis was
used. Using the Winstep3.68.0, the quality of ttemg was analyzed with the help of
indicators such as separation index, item fit, @atron, unidimensionality, and item person
map.

After the first version of SRPT administered to gedected sample, the data
were analyzed using Rasch analysis, and misfitgt@items that don’t meet standardized
value) were identified. To modify the items careiffu$pection was made to determine the
nature of the misbehavior. There were items toogerto understand for the students, there

were items suspected to measure other construats gredicted in the theory, there were
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items that don't represent the indicated levels| #rere were also items that lack clarity in
writing. Accordingly, the items were re-writtendathe final version was provided in the

Appendix A.

Step 7: Judgmental stage
At this stage items were accepted, modified orctegk and replaced by other

items in light of aforementioned steps (see Sest#h@ and 4.3).

3.6  The Pilot study

According toBless, Higson-Smith, and Kagee (200&)pilot study is a small

study conducted prior to a larger piece of reseémctietermine whether the methodology,
sampling, instruments, and analysis are adequate@propriate. For this study, piloting was
conducted to evaluate the quality of items, chduk ¢onsistency between items and the
construct map, check the relevance of the frameworéke a necessary revision, and
determine the duration of time required for the.t&&e pilot test was administered to grade
eight students of Kambata Zone, SNNPR.

To analyze the data, one dimensional Rasch’'s dichois model analysis
was used. Using Winsteps 3.68.0 softwaredcre, 202)) the quality of items was analyzed
with the help of indicators: separation index, itéincorrelation, unidimensionality, and item

person map.

3.7  Data collection and Data Analysis

For this study, the data were collected at diffeqgmases. In the first phase
data were collected qualitatively to explore studereasoning pattern, to develop the
construct map and the tool, and followed by quatii¢ data which served as validation of

the construct map and the tool.
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3.7.1 Qualitative data collection

To answer the research questions 1 and 2 data cedlexted qualitatively.
Twelve students were interviewed by the researahdraudio recorded. It was conducted in
Amharic. The interviews were transcribed verbationf the audio record hearing the audio
repeatedly. The interview questions were developed way to explore students’ way of
reasoning for the four levels of reasoning esthblisfrom the literature: factual knowledge,
explanation of factual knowledge and evidence-basedoning, and drawing conclusion.
FGD was also conducted with six primary school heag to further corroborate the result of
students’ interviews and to validate the tool depell by the researcher. Furthermore, to
ensure the content and construct validity of théBRanel of experts were participated by

reviewing the items of SRPT.

3.7.2 Qualitative data analysis

To develop the categories of information, the daése sorted and grouped
iteratively. To generate meaning and categorize gnoups the words, phrases, expressions,
and examples students provided were recorded,dsatel re-sorted. Through the iterative
process of the analysis, three themes emergedtfrerdata for the four reasoning progress.
The emerged themes were scientific views aboutiphy®ncepts, scientific views with day
to day practices (mixed views), and naive viewsualphysics knowledge..

The analysis of the FGD with teachers also follovike same procedure.
However, in this case, the FGD aimed to validate résults of the students’ interviews. It
was found that a similar result was obtained adesits’ interview with some additional

points to strengthen the interview results.
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3.7.3 Quantitative data collection

To collect quantitative data, the survey method wasd. Following item
development and modifications, the test was admeirgd to a large sample. The quantitative
data were collected in two rounds. In the firstnd(pilot-testing), the test was administered
for 203 students at six selected schools of KamBatge. The test was analyzed and some
items were modified, some of them remained as #rey and some are rejected, some new
items were incorporated into the tool. The finat t@as administered for 242 students at the

schools of Hadiyya Zone.

3.7.4 Quantitative data analysis

In this study, one dimensional Rasch’s dichotommsiel was conducted to
evaluate the psychometric properties of the SRTgu&/instep 3.68.0. The quality of items
was examined by the indicators of Rasch Modelinghsas Item fit, Bubble chart, item
person map, unidimensionality, item and personabdlty, category functions, and item
characteristic curves (ICC).

Item fit was used to examine how well the itemsttik model and how the
items behave in terms of standard values repregdnytenean square residuals (MNSQ) and
standardized square residuals (ZSTD) values tcesept the construct scientific reasoning.
Unidimensionality was used to identify unexplaineatiance and determine whether the
items measure unexpected construct than in thetignesand how well the items work
together to define the construct i.e. scientifias@ning. With the help of (principal
component analysis) PCA, the variance was exantmaédkentify explained and unexplained
variances. Item person map was used to examinettmiwems and person were distributed

concerning the item difficulties and person ala#tipictorially. The Bubble chart was also
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used to define the direction of the underlying abie. ICC was used to determine the

precision of the test in terms of the expected rhfideal curve).

3.8 Validity and Reliability

There are no rigid rules to ensure validity andafelity in a qualitative

instrument Creswell & Poth, 2018 However, in mixed methods, there is a need e ha

evidence of validity and reliability in a flexibl@ay. Various procedures have been used to
ensure the validity and reliability of the instrum& developed and result obtained in this
study. The instruments used for the interview ar@DFwere validated by two Ph.D.
candidates for relevance and clarity. Based on ¢benments the researcher made
modifications such as incorporating additional dues probing questions, language
improvement, and structure of sentences (see App&nd, and F).

The validity of the qualitative data was ensuredhwihe help of four
components: credibility, transferability, dependidgi and conformability. To ensure
credibility, the students’ interviews were validateith the help of focus group discussion
(FDG) with primary school teachers, and to enshee RGD results, discussions were held
with the teachers about the results. The SRPT \gasraviewed by the experts. To ensure
transferability, students’ were interviewed uniietneeded data was saturated and purposive
sampling was used to select teachers who have ybegs of participation and experiences in
implementing activities related to scientific reaismy. To ensure the dependability of the
result, the interview and FGD recordings listenedagain and again, and two Ph.D.
candidates were also participated in coding therwaw transcripts. To ensure the
conformability of the results discussions were heith the primary school teachers and two

Ph.D. candidates in physics education at Addis Abahbiversity
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To ensure the face and content validity of SRPTiemint experts were
involved (see Section 3.5). The experts providedbacks related to the setting of the items,
their alignment with the measure at each levefjuage, and conceptual problems along with
the possible mechanisms on how to improve. Furtbexnio ensure validity and reliability
of the tool pilot study was conducted (see Sec3i@) and the final tool was analysed using

Rasch’s dichotomous model that can provide diffeiedicators.

3.9 Ethical issues

In this research primary school students, primargosl teachers, college
educators, and Ph.D. candidates were involved asstiurce of data. The researcher is
required to state his position concerning his rahe data collection, analysis, and
interpretation. There is a need to ensure thap#récipants were involved voluntarily, and
all the necessary ethical standards have beenairseat

The procedures the researcher followed in thisystwdre not harmful to
participants’ moral and ethical values. The paptaits’ rights were not violated. In all
aspects, the study followed legal procedures. Respas given for participants; that means
protecting autonomy, ensuring well informed andumthry participation were secured. The
study did not put any of the participants at risgghologically, physically, legally, socially,

or economically Creswell & Poth, 2018 The purpose of the study was described for the

participants before they took part in the studye Btudents’ and teachers' names were not
recorded, the report was provided by using pseudspnyand none of the information
collected from the participants was used to idgntife participants as individuals. The
purpose of the study was informed to the schooliadtnators and teachers, and a letter of
consent was given to the teachers and adminissrgsme Appendix H and Appendix 1)

before administering the test. The administrator&l deachers have expressed their
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willingness. Finally, the data were analyzed aridrppreted to provide an accurate account of

the information through the validation proceSsgswell & Guetterman, 20).9

This chapter discussed how the pragmatist paraggonides educational
researchers to mix ontological and epistemologieasumptions as well as the
methodological processes of the research to devehdlate assessment tools. It was also
presented that how a sequential exploratory defiigtly exploring students’ patterns of
reasoning using phenomenography (qualitativelyfléoelop SRPT which is followed by
investigating students’ levels of reasoning usiegaliptive survey research (quantitatively),
to validate and investigate students reasoningepativas used in the current study. The
chapter also presented the source of data, sampléatg collection, and analysis procedures.
Finally, it was also discussed the assessment a@wvent procedure, the validity of the
analysis, and ethical issues. The next chapterpnaibent the qualitative result of the current

study.
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Chapter 4 Qualitative analysis and results
This chapter presents the analysis and resultsuafitgtive data collected
during the development and validation of the sdienteasoning instruments. The qualitative
data were analyzed to answer the first and thenseoesearch questions. The first research
guestion: “Which scientific reasoning skills arelegssed by the construct map developed for
the SRPT test items?” was tried to answer usingveew of literature, students’ interviews,
and FGD. The second research question: “How daesdhtent and construct validity of the
SRPT items qualitatively established?” was answergidg discussions with the primary

school physics teachers and a panel of experts.

4.1  Qualitative analysis

In this section, the qualitative analysis is ddsmili Qualitative data were
collected from the panel of experts, elementaryostiphysics teachers, and grade eight
students. The panel of experts gave their crifieatiback about the items of SRPT. In this

section, the result of students’ interviews and R@ih the teachers will also be discussed.

4.1.1 Analysis and findings of students’ interview

Analysis of interview transcripts provided insigfaisout the nature of grade
eight students’ scientific reasoning abilities.aldition to carefully listening to the audio of
the interview, the researcher thoroughly and reguibatread the interview transcripts. Then,
repeated terms, examples, expressions, and plitegesre related to the nature of scientific
reasoning across various levels were coded fromtridwescribed text for each level of
students' reasoning. In the first cycle of codiegemtial utterances that depict the nature and
characteristics of students' reasoning abilitiesevidentified. Then in the subsequent coding

stages, these views of students’ reasoning werdermed, and eventually, resulted in three
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major themes relevant to students’ scientific reasp experiences. Two Ph.D. candidates,
from the Department of Science and Mathematics &ilut at Addis Ababa University,
participated in coding the interview transcriptsti@ences in coding between these coders
were resolved using negotiation. For the sake tiflityg this study quotes verbatim taken
from the students’ utterances of the interview dcaipts. Moreover, interpretations of
utterances of grade eight students’ scientificanagy experiences will be provided.

As discussed above, analysis of grade eight stadamerview transcripts
resulted in three main themes regarding their lefedcientific reasoning. These three main
themes ar@aive, mixed, and scientific viewBhe interview transcripts were coded using In
Vivo coding during the first cycle of codingdldana, 2013 Then, the second cycle of
coding of students' interview transcripts deplog&il coding to develop and to gather the In
Vivo coding results into themes. When student atiee was considered as experiential and
intuitive, the utterance is coded under the theaige viewsFor example, utterances such
asfacts are truth, facts are certain, facts are albge] etcwere categorized amive
views.When a student utterance was aligned or matchedtivt accepted scientific views,
the utterance is labeled ssentific viewsFrom students’ responses, one can see that there
are scientific views about physics facts sucHaats in the textbook are important to
construct scientific knowledg&uch a view about scientific knowledge is termadientific
view. When student utterance mixed intuitive and aaxmbgcientific views, the utterance is
interpreted amixed viewsStudents’ responses suchpdysics facts correctly represent a
natural phenomenon, facts are to be rememberestiown mixed students’ views about
physics knowledgeMixed viewsamalgamatscientific viewswith naive views Often,
students, who possessxed viewscombined naive theories with scientific theories.

To sum up,naive view stand for students’ reasoning based on the non-

scientific, intuitive, irrelevant, and incorrectsmonses;mixed viewsrefer to students’
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reasoning based on the students’ mixed up respasfsesuitive practices with scientific
knowledge scientific viewsefer to students’ reasoning that agrees with siieknowledge
and theories.

Six guiding questions (see Appendix E) were dewadopo identify the
abovementioned themes and explore the nature démstsi scientific reasoning in physics.
Based on the responses of students’ three theragg, rixed, and scientific view, emerged
in each level of reasoning, namdiyctual knowledgeexplanation of factual knowledge,
evidence-based reasoningnddrawing conclusionHence, these three themes of students'
reasoning were explored concerning students' raagofor each of the four-level of
reasoning. In the next section, a detailed desonpif students’ interview with the help of
excerpts is presented.

Under each level of scientific reasoning, studepitterns and progress of

reasoning are discussed.

4.1.1.1 Factual knowledge

The question that was asked for this level was:

How do you view physics facts and concep®foling question: Do you think the
definitions, constants, formulas...in the textboole druths to be grasped or
something needs to be checked, proved, and suppwite evidences? Give one
example from physics concgpt
The analysis of this interview question indicatedttrespondents possessed
different views about facts and concepts in phydtoar of the interview participants (33%)
of this study indicated that they hadaive view (see Table 4&)out the nature of facts and
concepts in physics. Students, wiive viewassumed that scientific facts, physical

theories, and natural laws as identical terms abio&itlaws of nature. In addition to this,

students, witmaive viewpelieved that established physical theories and ke immutable.
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It seems that these students took scientific kndgdeas absolute and guided by an infallible
principle of nature. This conception of studenteated difficulties in their attempt to
generate scientific knowledge. Four of the respotglé33%) showedhixed viewsStudents,
with mixed viewstook scientific knowledge claims written on atteok or told by their
teachers as a representation of scientifigtly. Perhaps, students, withixed viewsmay
accept such knowledge claims based on authoritgle®ts are not skeptical of their teachers
and textbooks. Here, studentstle mixed viewsategory focused on understanding the
product of science, i.e., factual knowledge notiaderstanding the processes of science that
produced the factual knowledge.the mixed viewsategory, students focused on recalling
facts and rote memory rather than providing exglana about physical phenomena and
relations between concepts of physitisreestudents’ (33%) had shovatientific viewsn
their responses. Students, who possemsitific views thought that the collection of
dependent facts are the basis to build knowledgetsFor a combination of facts is required
to develop a particular understanding. Facts aebtdginning of understanding physics in a
new way. Hence, acquiring facts is not the goaleafning physics. Facts are conditional
expressions of physical quantities and physicahpheenon. Students, wititientific views
believe that scientific facts and physics theonegd to be considered as interconnected.

Table 4.1 presents three excerpts that are takemstudents interviews.
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Table 4.1 Excerpts taken from students intervidvaaiafactual knowledge.

Excerpts taken from students interviews Codes

Physics deals with physical quantitiwhich are defined and represented Scientific
simple facts. | believe the facts, concepts, amthditae in the text books artviews
important to understand natural phenomenon but wednto check for its
relevance. (Student 1)

Physics facts are observations and concepts disedugy scientists. They Mixed
are reliable knowledge to be learnt and understofithat is why they are Views
presented in the text books and teachers are emgagdeaching for

students. (Student 12)

| believe all the concepts written in the textboakes truth value. All the physic<Naive
concepts presented in the textbooks are testecerpdrimented before decideViews
to present for the students’ learning. (Student 4)

The response of student 4 is an exemplar of naéwesv Students, with naive
views, believe that scientific facts are truth. Aating to such students' beliefs, facts are
concepts, laws, and theories discovered by physitisbe recalled and remembered. Once
knowledge is discovered by someone it works foreaecording to some students. That is, a
teacher needs to catch that revelation for hisesttedand the students’ responsibility is
attempting to catch that reality. Such views seerbd an obstacle for students’ high-level
reasoning and knowledge constructions.

Respondent 12 is under the mixed view categorwall revealed from such
students’ responses, there are students who thatkwritten facts are not truth; they are
subject to change but need to be taken as theyaappeen if they understood that physics
facts are subject to change and socially constyctieey struggled to use facts as a
foundation for the construction of other levelsunfderstanding and reasoning. They think
that facts are the end product of physics knowfgch views might hinder students from
developing higher reasoning abilities. For suchdetis learning physics means
understanding what teachers tell them so or whatrigen in the textbooks. According to

such a view, it is enough to follow the teacherigenand re-read what is written in the
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textbook. Such students do not bother about reabahghey make meanings based on
notions and feelings. For such students, thereislifierence between speed and velocity,
distance and displacement, temperature and heagjyerand work.

Respondent 1 is under the scientific view categ8tydents’ with scientific
views believed that facts are mere expressions ejgresent the physical occurring
phenomenon. This seems a proper view of scietéifits. This view can be progressed when
students develop the abilities to engage in disenssy using scientific facts to explain their
claim. These students think in advance considddnts as a cornerstone for constructing and

discovering up-to-date knowledge, and higher reiagplevel.

Table 4.2 Students' view about factual knowledge

Factual knowledg Students achieve Students achieve
the level (number) the level (%)

Naive 4 33
Mixed 4 33
Scientific 4 33

4.1.1.2 Explanation of factual knowledge

The question that was asked for this level was:

How do you view scientific explanations@®Probing questions: how scientific
explanations are constructed? Is there any relaiop between scientific
explanations and day to day experiences? Give ampbe from physics concept.)
The interview of grade eight students’ responsédgaied that five students
(41%) had a naive view (see Table 4.5) about #&vsllof reasoning. Students who had naive
views believed that the law of physics is the lafwature. They think that physics law,

theories, and principles are infallible. For suctudsnts, providing explanations is

discovering naturally aligned working principles f@rious things in common. The excerpts
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of Student 4, which was given below, reflected spetspectives. Based on this naive view,
the working principles of various discoveries asensthing that has already been existed but
hidden because of lack of knowledge. This view alphysics knowledge can’'t be expected

to produce scientific reasoning.

Table 4.3 Excerpts taken from students’ interviatasut explanation of factual
knowledge.

Excerpts taken from students interviews Codes

Physics, for me, is a subject which tells aboutghenomenon which occurs i Scientific
our surroundings. It gives description for thinge abserve and practice in dail'views
basis. For example, when we take the concept ¥gldctan understand its
meaning with the distance covered from startingetwl point in a specific
direction by measuring time it takes to cover ththgength. (Student 1)

After | learn Newton’s second law of motion | uretand why a moving bod'Mixed
comes to rest. | now understand that if there i$anoe there is no motion. ObjecViews
move from one place to another because they pdssmswithin them. (Studen

11)

One needs to give meanings for a physical phenomkeased on understandiniNaive
of how the constituent elements of that phenom&mohk. Unless one discover Views
and understands how things are aligned naturallg @¢an’'t give correct
relationship between them and the explanation doesrk anymore. (Student

4)

Students’ responses revealed that four (33%) stadeglieved that learning
physics concepts have nothing to do with their tayday activities. However, after the
physics concept is introduced they tend to creaanmgs from what they see, touch, and do
regularly. As far as the concepts are not provigleterms of concrete and tangible things,
they remain meaningless expressions in their miiitleen if students at this level are willing
to construct their mental theory about nature, steyggled to construct scientifically. They
struggle to relate physics concepts with day toataivities scientifically or they try to relate
physics concepts with day to day experiences wyongkcerpts of Students 11, which
showed a mixed view, is given above. Student 1Inse€eto mix up science concepts with

daily experiences based on a wrong understandinghg$ics knowledge. Such students’
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view and way of explanation is not expected to poedscientific reasoning because they
incorrectly interpreted the law of physics in tirstfplace.

Scientific views for explanation of factual knowtgrl were observed in 3
(25%) students’ reasoning (see Table 4.4). Aftedestits having an understanding of facts to
some extent, they tend to relate different physarzcepts to explain a physical phenomenon.
Using facts as a basic element to construct knayelethey start to give meanings to physical
guantities. This was explained by Student 1 as shalvove. This indicates that the student is
trying to understand the concept of velocity byatielg the concepts of distance, time, and
direction. The concept of velocity for him is alstr until he creates a relationship between
the physical quantities distance, speed, and tirtk direction. This way of explaining

concepts leads students to help in promoting hitghel understanding and reasoning.

Table 4.4 Students views about explantion of fakinewledge

Explanation of factual Students achievecStudents achieved the

knowledge the level (number) level (%)
Naive 5 45
Mixed 4 33
Scientific 3 25

4.1.1.3 Evidence-based reasoning

The question that was asked for this level was:

Does the construction/development of scientifioAkadge require
evidence? If so, what are the sources of evide(Ga/2 an example from
physics concept)
Most views (8 students or 58%) about evidence (Baekle 4.5) tend to

maintain the prior beliefs or to arrive on the kiedge of the law of nature assuming the law

of nature is to be manifested. (See excerpts afieédtiu2 provided in Table 4.6). For such
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students, physics knowledge is infallible trutreabty proved by scientists. They thought that
the law of physics is the same as the law of natBessed on this belief the only thing

required from students is trying to catch what l@ready been discovered. This also
indicates that the importance of evidence is oolgdtablish and apply the knowledge which
was discovered by scientists in practical aspautista arrive at unchangeable knowledge. A
sample of stduent response was provided whichgitien such view about evidence. (See

excerpts of Student 6 provided in Table 4.6Tab#.4.

Table 4.5 Students views about evidence basedniegso

Evidence-based Students achieved th(Students achieved

reasoning level (number) the level (%)
Naive 8 58
Mixed 2 16
Scientific 2 16
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Table 4.6 Excerpts taken from students intervieves/imlence based reasoning.

Excerpts taken from students interviews Codes

Evidence is required because we can't be sure wehetltlaim is correct unles Scientific
we have proper evidence. Therefore, one needsdckolthether a claim worksviews

or not before accepting or rejecting. Even the jds/soncepts, laws and theories

are man-made, theoretical and subject to changemadifications. (Student 1)

One needs evidence to understand scientific coscepta better way. TheMixed
sources of evidence are teachers, experienced peod natural phenomenorViews
Evidences can be generated from individuals whee Haetter knowledge anc
understanding in physics. The evidence for the gmres of gravity is falling
objects. The evidence for the presence of magretwe is repulsion and
attraction of magnetic materials. (Student 2)

Evidence is needed to be generated from physics &l also from practice Naive
demonstrations. We need evidences to understanthwh@f nature. ScientistsViews
have already discovered the laws of nature but asudent | need evidence t
arrive on the knowledge discovered by scientiste importance of generating
evidence is not to accept or reject the findingphofsics but it is only to improve

my understanding about physics laws and theortsident 2)

It is not required to prove or disprove what haseady been discovered by
scientists. The concepts are already tested andgeprdo be true by scientists.

The findings or theories are to be accepted andnketo use them in our daily

life. Evidence is not required to reject or accseptentific findings. Evidences

are only for the sake of understanding what hasady been proved by
scientists. (Studen) 6

Students (two students or 16%) have also showntghdency to generate
evidence for claims by relating day to day exper&nwith physics laws (see Table 4.5).
They believed that evidence is required to constraeowledge. Any observations,
experiences, demonstrations, and examples aredevadivalid evidence to support a claim.
They are also convinced that the most accurateeaei can be generated by experienced
persons, good teachers, and physical phenomenea.g&erpts of Student 2 for particular
responses). This view indicates that as far aseeciel works for a particular situation it could
be considered as valid. Students’ seemed to beiljyedapendent on external bodies and
practical demonstrations to generate evidence.eBtacelieved the significance of evidence
but there is no clear view about scientific eviden€his way of viewing evidence implies

that there is a challenge in identifying valid amealid evidence.
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There were a few students (two students or 16%) tiwboght that evidence is
required to construct new knowledge and also t@picor reject a claim. They understood
that scientific knowledge is dynamic, ever-expagdiand subjected to both modifications
and changes. They knew that science laws and &seare man-made and have limitations.
(See excerpts of Student 1 for such explanatid®isgh students understood that scientific
evidence is required to accept, reject, modify, aedelop new knowledge. They also

believed that there are valid and invalid evideloased on the relevance to support the claim.
4.1.1.4 Drawing conclusion

The question that was asked for this level was:

Can we arrive on a certain conclusion based onetidence? (Probing
guestion: How can one draw a scientific conclusjon?

Most students (9 students or 75%) believed thataweof physics is the same
as the law of nature (see Table 4.7). Accordingsich beliefs, there are no personal
conclusions to be claimed scientific. Conclusiomsduch students are to arrive on an ever-
working principle of nature for a given phenomendhey concluded that, if someone arrives
at a conclusion about a phenomenon based on vatiéree, there would be no change for
such a finding. (See excerpts of Student 3 for gacticular responses).

According to such students’ beliefs, scientific cloisions are reserved for
scientists and the ones who uncover the law ofreaflihe others’ responsibility is only

attempting to understand and apply in life situagioOne can construe from this belief that

scientific conclusion is the final say about therkitog principle of nature.
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Table 4.7 Students views about drawing conclusion

Drawing conclusion Students achieved tl Students achieve

level (number) the level (%)
Naive 9 75
Mixed 2 16
Scientific 1 8

Some students (two students or 16%) believed thiatlasions are based on
the experiences they observe from the environnsad Table 4.7). They attempted to draw a
conclusion by mixing-up scientific theory with day-day activities. When students are asked
to relate about a physical phenomenon based omphiisics laws and theories, they give
wrong generalizations. Such students claim that ttraw a conclusion based on scientific
knowledge but there exist contradictions with tbiestific findings. (See excerpts of Student
5 for such particular reflections). From the resmonf Student 5, one can construe that the
student struggled to draw a scientific conclusidbhe reason for this could be the lack of
correct scientific understanding of the conceptebétivity. It seems that he used the law of
physics to arrive at a wrong conclusion. It suggéisat a lack of detailed knowledge about
physics laws and theories might leads studentsléder scientific knowledge with day-to-day

practices to arrive at a wrong assumption, preahictand conclusion.
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Table 4.8 Excerpts taken from students interviehvagawing conclusion.

Excerpts taken from students interviews Codes

We can generalize based on available evidence, we can reject or accept b¢ Scientific
on the experimental tests but we can’'t arrive orfirl and ever working views
conclusion. The understanding of physics concdpénries, and laws are ever
expanding and subject to modifications. (Student 1)

One can arrive at a conclusion based on the physis and theories. One caMixed
draw conclusion about a physical phenomenon bytirejaphysics knowledge Views
For example based on Newton'’s first law of motitem{s are at rest and will
remain at rest for ever. They are always at resess someone moves them from
where they are. According to this law there areeslt§ which never move for
ever. (Student 5)

Scientists and philosophers draw conclusions afsaveral trials anc Naive
experiments. The laws and theories are acceptettusls only when they areViews
proved and checked the alignment with the law @finea But one can generat
available evidences to improve his knowledge bedorging on the conclusions
scientists made. (Student 3)

There was a student (8%) who claims that one aaweaait currently working
conclusions based on the evidence, discussionsam@uinents. For such students, scientific
knowledge can be modified, rejected, and accepgbnting on the quality of evidence.
Such students believed that no one is exempted fnaiking mistakes; there is no absolute
reality, and every finding should pass a testmktbefore application and taken as scientific
knowledge. (See excerpts of Student 1 for suchqodait reflections). Even if they were a
few in number some students believed that basetienalid and reliable evidence one can
arrive at a tentative conclusion and they also tstded that there is no ever working
scientific knowledge.

Analysis of students’ interview transcripts resdlte further elaborations
about grade eight students’ nature and characteciehtific reasoning. In the above section,
a description of students' reasoning across thelévels of reasoning was provided. In what

follows a summary of the analysis of interview di@ss is given (see Table 4.9).
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Table 4.9 Summary of students’ interview

Reasonin¢ Sample transcript Descriptions

pattern

Naive ...9.6m/<” is truth value... (fact) (stude v’ Physics facts are truth, univers
3) and certain
F = ma is law of nature discovered tv' There is universal explanation
scientists (explanation) (student 5) v Physics ideas, concepts, laws and
...... physics laws and theories are tri theories are the source of absolute
evidence (evidence) (student 9) evidence
...... findings are revealed trutlv’ There is true/absolute conclusion
(conclusion) (student 11) (conclusion)

Mixed ...facts are observations and conct v' Mixed understanding abo

discovered by scientists. They ar physics concepts
reliable knowledge...(fact) (student 12) v' Unable to differentiate between
. velocity represents how fast a boc speed and velocity

moves (explanation) (student 6) v' unable to identify valid and
The sources of evidences are teache invalid evidences
experienced persons and naturv’ Unable to draw scientific
phenomenon... (evidences) (student 7)  conclusion
....based on Newton’s first law of motion
trees out there are at rest and will remain
at rest for ever. (conclusion) (student 5)

Scientific ...100 km represents a distance... (f v Facts are foundations to constr
(student 8) new knowledge.
Velocity......is the distance covered frorv’ Provide an explanation of variable
starting to end point in a specific relationship...
direction.... (explanation) (student 12) v* Evidences can be generated from
The evidence for the presence of gravi physics concepts, laws and
is falling objects (evidence) (student 1)  theories
....F = ma can be improved (conclusiolv' Understand tentative nature of
(student 1) conclusion

Findings from the overall students’ interview releeh that the level of
students’ scientific reasoning was dominated byulaslcreasoning and their views were also
dominated by naive theories. Most students merdidheir conception of facts, laws, and
theories in physics. Their discourse was dominatedleas such ahysics facts are true,
universal, and certain; explanations are universahysics ideas, concepts, laws, and
theories are the source of absolute evideareithere is true/absolute conclusiofuch
responses revealed that the majority of studesisnasd scientific knowledge as static, fixed,
universal, certain, and unchangeable. These stigenteived physics as mere collections of

facts, concepts, laws, and theories to be graspead of thinking and realizing physics as a
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culture of practicing and exercising activitiescanstruct tentative knowledge. Beliefs such
as scientific knowledge is unchangeable truth mmigh students’ science learning towards
recalling of physical laws and rote memorizatiorfasfts. Student interviews provide insight
into the nature and characteristics of studentignsific reasoning. To validate the students’
pattern of reasoning and their views in terms @& thur scientific reasoning levels the

subsequent section dealt with teachers’ FGD

4.1.2 Analysis and findings of Focus Group Discussion

The researcher facilitated the focus group disomsgFGD) with the six
selected primary school teachers using guiding tepres developed for the students’
interview to explore students’ reasoning patterderneach theme that emerged from the
students’ interview. The discussion was held in phgsics laboratory room at Hossaena
College of Teacher Education. The place was saldaieits quietness which is appropriate
for such a discussion. All the participant teachemgaged actively in the discussion. The
purpose of the FGD was to discover the alignmennsolidate, and validate the findings
obtained by students’ interviews. FGD, here, ser@ed tool to explore more information
about the themes which have already been emergstidgnts’ interview.

The primary school teachers reflected their ownebl understanding, and
experiences about students’ reasoning during theudsion. The teachers were selected for
this task because they were participated in theSTigSearch projectPSS was a three-year
research project which aimed for improving the guadf teaching in STEM subjects in
Ethiopia. During this period the teachers tookniray on dialogical teaching which engages
students in discourse with a teacher and otherestsd scientific argumentation and
reasoning, developing scaffolding activities fordence-based discourse, and implemented

the activities in the classroom for a year. Theheas were also provided with a material that
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contains various activities on scientific reasonamgl argumentation, and that can guideline
how to implement the activities for the students.

The data were recorded using an audiotape recomieimg the discussion,
the primary school teachers identified common festwf students’ scientific reasoning such
as naive reasoning, alternative conceptions, dasizgd ways of thinking about physics
laws, poor sources of evidence, and unscientifigswad drawing conclusions.

The analysis was done as described in Section Zhdve. Firstly the
researcher listened to the recordings of FGD agaitt again, and read and re-read the
transcripts to select segments of texts. Seconhléy,data were interpreted in terms of the
selected segments of texts, words, expressionsexauples by listening to the recordings,
and transcripts, again and again, to give meariogshe teachers' responses and develop
themes. Finally, the interpretations were coor@idatthe three themes emerged during
students’ interview were also appeared.

The Table 4.11 demonstrates how valid was the theemeerged from the
students’ interviews and how the similarity appdasgth the students’ results. The following

section presents the results obtained from thesfgeoup discussion with teachers.

4.1.2.1 Factual knowledge

4.1.2.1.1 Scientific view

It was found from the teacher’s responses thatestisdunderstand that facts
are important to construct a higher form of knowlednd to develop reasoning. Students at
this stage emphasize facts beyond memorizatioeadsas a necessity to develop a higher
level of knowing and thinking. For this reason,dgnts try to differentiate one concept from
the other, one unit measurement from the other faciefrom the other. One of the teachers

put this as:
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This is very important level for students. Theyegivore emphasis for this level than
other levels because they realize that withoutulaicknowledge they can’t explain,
solve problems and give reasons for their claird®)

This indicates that students at this level useudtnowledge as a transition
to a higher level of knowledge and reasoning. Huggests that students have a scientific
view about the level of factual knowledge whichetssentially for all the higher level of
understanding and reasoning with evidence.

Unlike the students’ interview, here, the mixedwiat factual level was not
clearly emerged. This might be because studentsddnview is more related to explanation

level for the explanation seeks one’s understarsdidg the explanation level, students’

mixed view was clearly emerged in both student®rview and FGD than any other levels.

4.1.2.1.2 Naive view

It was found that low-level reasoning is charaettiby students’ perception
of factual knowledge. Factual knowledge was considl@s all about learning physics. In
this level, the factual knowledge such as defingmgns, remembering constant values given
in the textbook (g = 9.8 nfisroom temperature is 25..), and remembering formulae are
considered by students as reality. Students beli¢évat learning physics aims to remember
the facts. Memorizing the facts taught by teachmmd the facts written in the text is
considered as the end product of learning phy3ibe. indication raised by the teachers for
this belief is that students give more focus t@tekitten notes on the blackboard by teachers
than engaging themselves in various activities. tdghe time students don’t bother about
participating themselves in the discussions thgyiog what is written on the blackboard.
As MKa3 tried to explain this as:

When | ask questions students try to open exebds&s or text book to answer the

question thinking that the facts in the text boo& &uth or correct answers. Some
other answer questions from their memory of whay ttead and write in their note
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books. They also consider that the constants gimetie text book is true value.
(MK3)

This tells that students in this level struggled accept anything outside
written facts, definitions, and formulas. Anythiogtside written facts, definitions, formulae
are considered as errors. They like external ‘tratliside themselves. The factual level is
characterized by students’ responses without utatetsg and pondering; they respond as it

appears in their mind.

4.1.2.2 Explanation of factual knowledge

4.1.2.2.1 Scientific view

From the teachers' responses, it was revealedfteatstudents are introduced
to physics concepts they face challenges to urateisthe relationship between physics
concepts and prior knowledge. They then start wetstand that physics is not abstract as
they were expected before coming to the classa#t also construed from the discussion that
students who have better knowledge and understgradithe factual level, explain concepts
by providing related examples. Based on the knogédtiey attain from the subject and prior
conceptions, they answer questions by giving tmeianings. One of the participants, MUK3,
sated this as:

Students reasoning begin by comparing what they wad with what they learn in
the classroom. Students start relating what thepwkrbefore the concepts are
introduced to what they learnt in the classroonteA$tudents are exposed to physics
concepts they start looking for pattern, create Imetween known and unknown to
construct their own view(MUKS3)

This suggests that one of the reasons that corymigrits to attempt providing

explanations is the uneasiness created in theidsridecause of contradictions between what

they knew before and after new knowledge is intoediu A few students ask questions
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boldly to resolve the problem of contradictionse¥Hinally provide scientifically acceptable

explanations.

4.1.2.2.2 Mixed view

The beginning of students' reasoning is tryingreate a link between physics
concepts with day to day activities before prowdstientifically correct explanations and
seek evidence. At this stage, they try to establishtemporary mind formulation
(accumulation of meaningless information) aboutgits concept in terms of day to day
experiences. This was explained by one particigabt,as:

Students’ eyes start to open when they are askptbtade their own understanding
about their claims. This time they begin to seeglseriously. They try to understand
similarities, contradictions, relationships betwetmnngs... this is the beginning of
establishmenof their own knowledge and understanding. (DD)

This level is characterized by students’ attemptgite meanings for natural
phenomena such as the motion of objects, the moficharges in wires, motion of particles,
transfer of heat. At this level, they reflect theiew and position but most students fail to
provide evidence that supports the claim. When teyasked the reason for their claim,
either they prefer not to say anything or they pewnrelated evidence unconsciously. Only
those who are successfully able to integrate tearpoconceptualizations by creating a
relationship between the prior view and newly emdryiews start to seek evidence to
consolidate or reject the mental theory. Evenutlents’ at this level are willing to construct
their mental theory about nature, they strugglecbtastruct scientifically.

The level of explanation requires students’ gréaiggle because it is the level
that determines the way they see things in a nessghnd seek to develop personal mental
theory about the law of naturéldys, 1999. It also determines students’ progress of

reasoning towards a high level. The level is cheraed by accepting, modifying, or
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rejecting previously informed or known ways of reaigg. The success of the level is
determined by the quality and amount of evidenay thre confronted with. This level
requires a special need for it determines the éutir students’ reasoning and learning
physics. This requires providing contextualizedwétaés and facilitation for the successful

students’ reconstruction of a new way of reasoning.

4.1.2.2.3 Naive view

At this level, students try to explain things pyrélased on the knowledge
previously informed. They try to explain based ba view they have for physics. The view
for physics laws, theories, and knowledge is aliscdnd ever working. Based on that view
they attempt to be perfect and always seek comgptanations. Such a view prohibits
students to try and develop genuine knowledge. @tiee participants reflected this as:

Some students are not bold enough to share thedwsyi explanations and
constructing ideas freely. They, most of the tiare, not bold enough to share their
understandings for feanf mistakes. They respond from the view of a firedl set
(TK4)

It was construed from the discussion that studemd to make use of science
concepts to establish prior belief without catchthg very meaning of the concept. They
were not ready to accept scientific conceptionsregjgorior knowledge in the beginning.
They don’t allow accepting the scientific conceptisith open-mindedness to re-adjust prior
conception instead they try to say what the condeptn’t say. This was the same finding as
it was found before five decades earlier that nigtstiopian students persist to maintain

unscientific beliefs (Woodward, 1969). Studentsefadifficulty in accepting scientific

findings when the observations do not much withgher belief Chinn & Malhotra, 200p.

These authors also suggested that such problemseaovercome by devising proper

scaffolding.
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This is also in agreement with literature whichists that children construct
mental theories to understand the world startinghfearly ages, but these theories need to be
revised and evaluated when they grow from middiglbbod to adolescence by engaging in

an evidence-based dialogical discoursein & Dean, 200p Different research also

indicates that students’ reasoning can be affebje@rior domain-specific knowledge and

contextual knowledge<{uhn, Schauble, & Garcia-Mila, 1992

4.1.2.3 Evidence-based reasoning

4.1.2.3.1 Scientific view

It was also found from the discussion that studgmtvide evidence from
physics concepts, laws, and theories they leareéatdn But the challenge is the inability to
create a meaningful link between evidence and claiims is also illustrated by one
participant, TK4, as:

Students provide evidence from physics laws anorittee But they face difficulty to
clearly match the situation with exact laws andotties. Their evidences, most of the
time, do not have clear alignment with the claim. (TK4)

It was revealed from primary school teachers’ resps that their students
lack the ability to justify their reasons and te wata as evidence to defend their claim or

explanation. Moreover, their students did not exarthe relevance and sufficiency of their

evidence. Only a few students are observed to haged in generating valid evidence.

4.1.2.3.2 Mixed view

It was found from the discussion that once studeatsexplain ideas by their
understanding, there is a trend of trying to geteervidence for their claim. At the

explanation level, students try to develop concaptheories in their minds about the
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relationship between physics concepts and day yaadavities. Students develop an interest
to verify the temporarily created mental assumtiasing practical evidence. The evidence
of students is characterized by trying to put tkimgto practice. The students’ theoretical
mental construction about the relationship betwssance concept and day to day practices
needs to be stabilized with practical evidence fgefdrawing a conclusion. One of the
participants, MUK3, reflected in this regards as:

Students prefer to generate evidences from prdctispect than physics laws and

theories. Evidence for students is something whenh be seen practically, to be

demonstrated, and works in day to day activitiesth@t practical evidences,

students’ mental construction about physics corsceytl remain illusion as they

have already expected before coming to class. (MUK3

It was construed from the teachers’ response tiuakests provide practical

evidence that fits with the claim, some other pdevincomplete evidence and some other
also provide incorrect and irrelevant evidence demce provided by students is very similar
to scientific but mixed with their prior beliefs éulaily experiences which need to be treated
and resolved by contextualizing the activities. yiiece difficulty to merge their evidence
with the scientific one. It was stressed in thedssion that such a contextualization requires

teachers’ higher level of conceptual and pedagbgicawledge to help students assimilate

the concept.

4.1.2.3.3 Naive view

Teachers also revealed that students provide esédéirat is not related to the
issue raised during the discussion. They simplyegae for the sake of providing evidence.
This implies that there are students who attendetbson without a detailed understanding of

the concepts of physics. One of the teachers regabim this regard as:
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At times students give something meaningless egdewith the subject under
discussion. We (teachers) face difficulty to héliglents because we don’t understand
why they generate such evidences. (DD)

This indicates that there are students’ who giveence but difficult to
categorize whether theoretical, practical demotistreor from day to day experiences. The
sources of such evidence could be from their previexperiences and preconceived
knowledge. Such evidence might be categorized uhéenaive evidence.

From the discussion above the sources of studesngience can be
categorized as theoretical, practical, and datathals was found from the discussion that
students generate evidence from physics concegpis, land theories they learned before.

This is also supported by the literature. Childigemerate evidence by considering the

theoretical relationship between concepts, laws, theories Kuhn, 2005 Kuhn & Dean,

2005 Zimmerman, 2000 Practical tasks such as experimental activitidsy to day

activities, and demonstrations are also indicatgdrdsearches as sources of evidence

(Zimmerman, 2000 In this study, it was found that there are shisl@vho provide evidence

from events that occur in day-to-day practicesd8iiis generate evidence from day to day
experiences such as rolling ball, playing with moehving vehicles, moving objects, flying
objects. Data can also be sources of evidence. §léegrate evidence from values given in

the tables, graphs, and recorded data in praciasses.

4.1.2.4 Drawing conclusions

4.1.2.4.1 Scientific view

Most students fail to arrive at valid conclusiorsause of the abstract nature
(if not able to contextualize) of the concepts lo¢ tsubject. Most of the conclusions are

characterized by superstition, biased, and noteend-based. Students need the concepts to
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be practically demonstrated, experimented with, egldted with day-to-day activities to
arrive at a valid conclusion. After providing suabsistance students might do things by
themselves and arrive at a scientific conclusionm&y school teachers believed that
students have abilities of drawing conclusions alsmience concepts if the concepts and
activities were presented in a clear and authemtig. One of the participants of the FGD,
DB, shared one of his experiences about the stsdanitity to draw conclusions as:
When | asked students view about the sayings ‘ufitfight there is no life’, a
particular student responded as ‘plants produceirttmvn food by a process of
photosynthesis. The process of photosynthesis resquight. We eat the food
produced by plants directly or indirectly. Theredpif there is no light, there is no

life’. This shows that students have ability towreonclusion. (DB)

4.1.2.4.2 Mixed view

Students might come into science class with sorgenisistent views with
scientific knowledge. But after physics is introdddhey start to recognize that physics is not
an illusion rather about the law of natural phenoan@round them. But the theoretical
conception about physics is not satisfactory teyede them that physics can be materialized
in their context. Therefore, they seek practicaidence to establish these theoretically
introduced conceptions. After having ample eviderstadents arrive at a conclusion that
physics concepts are not an illusion as expectéatdobut can be practically put into practice
in a day to day situations. This was summarizetB as:

When students come into class they consider phgsicsot only a very difficult
subject but also an illusion. But when they stadrhing physics objectives, its uses,
the relationship with day to day activities, andhgtical uses they change their mind
about physics. They start seeking practical eviderto check whether the concepts
they learn from physics laws and theories have mmgtionship with every day
experiences. However, most of the students’ coiocisisire not accurate enough with

the scientific one. (MK3)

This suggests that students try to draw conclusigisg physics concepts,

laws, and theories but they fail to arrive at &stfic conclusion.
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4.1.2.4.3 Naive view

Primary school teachers believed that only a lichitember of students able
to draw conclusions scientifically. It was also mdufrom the discussion that, students
frequently draw fallacious conclusions, which da agree with scientific knowledge. Some
students consider challenging or opposing otheesas as evil or ethically wrong. This might
be related to respecting someone. It might be densd as a good cultural value for it was

told by seniors $olomon, 2008 There are also times no student is willing tavdra

conclusion from evidence if they are not confidemough about their evidence. The
challenge with this level of reasoning, as recoggiZrom the discussion, is a lack of
conceptual understanding and proper evidence &rdisas of the discussion. This explained
by one participant, MB, as:
A few students’ draw conclusion based on what thagn, see and observe in their
own environment. But most students’ conclusion 0§ lmased on the scientific
explanations and evidences. They may draw concluzmsed on only ideas they have
in mind, or which give sense to them. (MB)
This shows that such students draw a conclusioadoapon what they hear

from the teachers, read from textbooks, and theicgptions. For such students providing

explanations by itself is the end product or tluhtiof the matter.

4.1.3 Development of construct map

This section presents the development of the aceectstmap, which was
emerged from the review of the literature and thelitptive analysis of students' interviews
and teachers' FGD. In this dissertation, the coosis scientific reasoning. Hence, the first
part of this section narrates the generation of iteap of scientific reasoning construct based
on the theoretical frameworks discussed in Chahtérwill be followed by a discussion of a

person map, based on students' interviews and descRGD, to illustrate the nature of
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students' scientific reasoning. Eventually, thespaefitem map will be thoroughly described

in detail.

4.1.3.1Development of item map

The item map comprises four levels of students'seeing ability which
extends from the low ability (factual knowledge)high ability (drawing conclusion). The
levels of the item map depicted in Table 4.10 wastained from the literature. See Section
2.4 for the detail of how these levels were emefgea the literature.

The level offactual knowledgdor each style of reasoning involves reading
data from a table or figure, identifying units okasurement, formulae, and variables, and
stating laws. The level oéxplanation of factual knowledg@volves providing variable
relationships, providing explanations for the fatténowledge, providing meaning for a
given data, and solving physics problems. These lavels represent content knowledge
because content knowledge involves knowledge offdlaes, concepts, ideas, and theories
about the natural world and the explanationsE=CD, 201§. Evidence-based reasoning
involves generating scientific evidence for the larption provided under level two and
identifying valid and invalid evidence; this is egbrized under procedural knowledge
because procedural knowledge is related to gengratientific evidence to accept or reject a

claim (Gott et al., 2008 Drawing conclusiorinvolves providing inferences and conclusions

based on scientific evidence and this could begeoaized under epistemic knowledge for
epistemic knowledge involves evidence, hypothesasdels, and theories to establish

scientific knowledge@ECD, 201§.

Therefore, the item map depicted in
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Table 4.10 demonstrates the construct of scientiéi@soning that includes four levels
(Factual knowledge, explanation of factual knowledgeidence-based reasoning and

drawing conclusiohin a way that incorporates the three forms oésitiic knowledge.
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Table 4.10: Progresses of Reasoning in termsyd¢Ssof Scientific Reasoning and
proficiency levels

Styles of Scientific Reasoning ltems
Mathematical | Model-based | Data-based
deductive reasoning reasoning
reasoning
_ Draw Draw Provide 1.4,2.4,3.4
Drawing mathematical | conclusion inferences basec4.4, 5.4, 6.4,
conclusion | model based on| using the relationship | 7.4, 8.4, 9.4,
the relationship | Knowledge of | between data | 10.4, and 11.4
between scientific
variables concepts,
laws, theories
_ Generate Generate Generate
Evidence- evidence based | scientific evidence to 13, 23, 33
based on the evidence from| strengthen the |43, 5.3, 6.3
reasoning relationship physics laws | explanation 7.3, 83, 93
between and theories t¢ based on the | 10-3,and 11.3
variables support relationship
explanations | between data
_ Provide variabl¢ | Provide Interpret anc
Explanations | relationship relationship | give meaning |12, 2.2, 3.2
knowledge | physical conceptsto | measurement | /-2, 8.2, 9.2
quantities. Use | provide and observation 10.2, and 11.2
mathematical | scientific based on the
> equations to explanations | given data
5 solve a physics
S problems
o
< [Factual Recall formulae | State laws and Read data from| 1.1, 2.1, 3.1
© | knowledge and units of theories. tables and 41, 51, 6.1
% measurement, | Recall graphs, tellunit| 7.1, 8.1, 9.1
& definitions, of 10.1, and 11.1
— constants measurements

indicated in the construct map (see Table 4.10%. fital items were developed to represent
the levels identified in Table 4.10in a way thatdabbased reasoning comprises of items
(.1, 1.2, 1.3, 1.4, 2.1, 2.2, 2.3, 2.4, 3.1, 33, 3.4, 5.1, 5.2, 5.3, & 5.4), mathematical

deductive reasoning comprises of items (9.1, 92,94, 10.1, 10.2, 10.3, 10.4, 11.1, 11.2,

Iltems were developed to represent the levels @hsific reasoning progress
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11.3 & 11.4), and data-based reasoning compriséemos (4.1, 4.2, 4.3, 4.4, 6.1, 6.2, 6.3,
6.4,7.1,7.2,73,7.4,8.1, 8.2, 82, 8.3 & 8Ahd also note that items with .1 represent the
first level of reasoning, items with .2 represdetgel 2, items with .3 represents level 3, and

items with .4 represent level 4 reasoning.

4.1.3.2Development of person map

Based on the data collected from the interview taflents and videotaped
FGD of teachers, the qualitative analysis used #tiemanalysis. The thematic analysis of
students’ interviews had depicted that students tkewhonstrated three different views,
namelynaive view, mixed view, and scientific view each of the four level of scientific
reasoning, namelfactual knowledge, explanation of factual knowledgeidence-based
reasoning, and drawing conclusio®uring the coding process, students’ utterance wa
coded as naive when the utterance is intuitivevenotlg scientific conceptions. The utterance
was coded as a scientific view when students’ resgwere correct scientific conceptions
whereas any utterance that combined the naive wigwthe scientific view was coded as a
mixed view.

This result was also corroborated by the findingthe qualitative analysis of
videotaped FGD, which had focused on teachers’rexpees about the nature and characters
of their students’ scientific reasoning (See Ta#lél). The FGD with school teachers
represents hermeneutic phenomena. Teachers rewealeds experiences in relation to their
students' scientific thinking and reasoning. Durthg FGD, teachers were encouraged to
express their experiences no matter how divergeatcantradictory their experiences were.
The focus of FGD was not to reach a consensusing Wwith this, the researcher had

attempted to create a dissensus to address a waidg rof teachers’ experiences. Thus,
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hermeneutics guided the role of the researcherfasilaator of the FGD as well as dissensus

inciter.

132



Table 4.11 An example that depicts how valid issthdents’ reasoning pattern

Levels of Themes Indicative students’ Indicative teachers’ responses
reasoning emerged responses

from data

Factual Scientific .| first try to remember  Students’ try to recall basic concepts

knowledge  view definitions and formula&o before providing their explanations
develop better and solving problems (teacher DB)
understanding (student 6

Mixed view -

Naive view ..9.8m/g is truthvalue...  When | ask guestions students try to
(Student 1) open exercise books or text book to

answer the questions thinking that the

facts in the text book are truthn

always correct answers (teacher MK3)
Explanation Scientific Velocity......is the distanci After students are exposed to physics
of factual view covered from starting tc concepts they start looking for pattern,
knowledge end point in a specific create link between known and

direction... (student 12)  unknownto construct their own view

(teacher MUK3)

Mixed view ... velocity represents hov Students understand the concept of
fast a body moves (studer velocity by relating distance and time
6) but they fail to differentiate between

speed and velocity

Naive view F = ma is law of nature Students believed that there is perfect
discovered by scientist variable relationshiteacher MK3)
(student 5)

Evidence- Scientific The evidence for the Students provide evidence from
based view presence of gravity is physics concepisaws and theories
reasoning falling objects(student 2) (teacher TK4).

Mixed view  The sources of evidence Evidence for students is something
are teachers, experience which can be seen practically, to be
persons and  nature demonstrated, and works in daily
phenomenon. (student 7) practices (teacher MUK3)

Naive view  ...physics laws anc Students believe that physics concepts,
theories are true evidence laws and theories are absolute realities

(teacher DD)
Drawing Scientific ....F =ma can be improve ...an object is said to be in
conclusion  view (student 1) motion when we see that object in
reference to other object (teacher DB)

Mixed view  ....based on Newton'’s first ...try to draw conclusion using physics
law of motion plants are a concepts but they fail to arrive on a
rest and will remain at res scientific conclusion (teacher MK3)
for ever(conclusion)

Naive view ... findings are revealed ...draw conclusion based on the

truth (student 11)

commonsense knowledge (teacher
DD).

The interview and FGD data were transcribed, réadoughly using relevant

documents again and again, and collected memosgpldnations. On top of this, Ph.D.

133



candidates in Physics Education from Addis Ababaéisity were involved in auditing the
data analysis to ensure the credibility of the lteJihe summary of the qualitative result is
provided in a person map demonstrated in Table thdRinvolves a comprehensive account
of the level of grade eight students' views abbatfour levels of scientific reasoning skills.
Students based on their views about the four-lesketientific reasoning can be categorized
into three strata, from Level 1 ( naive view), Liefe(mixed view), to Level 3 (scientific
view). The levels in Table 4.12 represents studerds of each level of scientific reasoning.
For example, the first level represents studenth waive views for most of the levels of
scientific reasoning and the third level repressiisients who hold scientific views for most

of the levels of scientific reasoning.

Table 4.12: The summary of students’ views (pensap) towards the four of level of
scientific reasoning

Level Description

3 Student has shown scientireasoning abilit.
> Stronger scientific view is observed.
> Physics facts, explanations, laws, and theoriescan@orarily
constructed and they are subject to change andficattns
> This need to be understood with valid evidence

2 Student has shown mixed scientific reasoning gbilit
» Focused on understanding the product of sciendgrwying the process
that produced scientific knowledge
» Physics facts, concepts, theories and laws ardrcated but they are to be
remembered, and grasped.
» Students focused on recalling of facts and rote amgmather than
providing explanations about physical phenomenaralations between
concepts of physics

1 Student has shown naive view towards each levehsfic reasoning in Physic
» The reasoning is intuitive and dominated by ungtiertonception of the
natural/physical world
» physical theories and laws are considered to beuitaiphe.
» physics facts, concepts, theories and laws aréest@ed, and certain.

4.1.3.3Person-item map of the scientific reasoning constai

Based on the literature review, the four levelssafsoning were identified (see

Section 4.1.3.1) and students’ views were exploogards each level of scientific reasoning
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(see Section 4.1.3.2). This is then combined tadyee the item-person map demonstrated in
Figure 4.1. The left-hand side of the item-persoapmmepresents students ability (views)
towards each level of scientific reasoning andrtgbt-hand side of the map represents the

hypothesized construct (scientific reasoning) imteof the four levels.

High Scientific Reasoning Abilities Difficult Scientific Reasoning Items
Drawing Conclusions

Scientific Views

Evidence-based Reasoning

Mixed or Hybrid Views
Explanation of Factual Knowledge

Naive Views
Recalling Factual Knowledge

Low Scientific Reasoning Abilities Easy Scientific Reasoning Items

Figure 4.1 The person-item map of SRPT in a contmu

Sections 4.1.1, 4.1.2, and 4.1.3 dealt with qualgaanalysis and findings. It
was found that three themes emerged from the stsidaterview and this was also found to
be valid as per the findings of the FGD with prignachool teachers (see Table 4.11). The
result was considered in the development of itentsthe construction of the distracters of
the items. The distracters of each item were d@eslon a way that consists of a dominantly
naive view, mixed but towards the naive view, mided towards the scientific view, and

dominantly scientific view.
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The items were then being given to the teacherswaére participated in the
FGD. According to the teachers' comments, 5 iterasewejected and replaced by 5 new
items and, 22 items were modified. Moreover, scheathers and a panel of experts had
participated in the review process of SRPT. Indbetions below, additional analysis will be
presented. Qualitative data were collected fronh lsmhool teachers and a panel of experts

iteratively about SRPT items.

4.2  Review of primary school physics teachers

To establish the content and construct validity SRPT, primary school
teachers (who were also participated in the FGDjewmarticipated. These teachers had
between ten to 27 years of experience teachingigghgs primary schools, all hold the first
degree in physics, were participated in the trgirdianducted by the research project TPSS.
The themes of the training were teaching scientda&soning and argumentation, developing
activities for dialogical teaching, and how to implent dialogical teaching in the physics
classroom.

The teachers’ contribution included the developmennhew items and the
modification of existing items. The new items weeveloped for the final version of SRPT
to replace the items that lacked to represent tmestouct scientific reasoning in terms of
difficulty level i.e. lack of contextualization inthe students’ ability level. In this regard, five
new items were developed to represent the initgahs. In addition to this, 25 items were
modified based on language problems and lack oftgldn the next sub-sections, some

examples will be presented to illustrate the iterigion by the teachers.
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4.2.1 Exemplars on difficulty level

Three teachers from the six teachers provided gactbn about the suitability of question 2

(which consists of items 2.1, 2.2, 2.3, and 2.4)e Teachers commented that the items'
difficulty level was beyond the Ethiopian curricoluframework because students are
required to have a high level of conceptual undeding to answer the questions and
Newton’s law of motion was presented implicitly. fras end, one of the participant teachers
presented alternative items that can suit studexttifity levels. He developed items 2.1 and
2.2 that can represent Newton’s law of motion exiji. The items were accepted with

minor revision in terms of language and sentenostroction (see Figure 4.2).

Initial SRPT Item New SRPT ltem

Question 2: Consider a football is placed o
floor covering and a girl pulled forward tk
floor covering.
2.1 As she pulls the covering forward whi
way do you think the ball will probably move

a) Forward

b) Backward

¢) No motion of the ball

d) | don’'t know which way will it move

unless | observe the phenomena

rQuestion 2 Suppose a ball is moving in a
rsmooth horizontal frictionless surface
2.1 Which physics law states that if the ball is
cin_motion with constant velocity it will
zcontinue its motion if no net external force is
exerte®

a) Newton’s f'law

b) Newton's 2¢law

c) Newton’s ¥ law

d) There is no physics law related to the

given statement.

2.2 Why do you select the above answer
question number 2.1? It is because

'2.2What will happen to the motion of the

ball if no net external force is exertedn

question 2.1?

a) It will slowdown and comes to rest.

b) It will continue in motion with
constant velocity

a) It will speed up

b) It is difficult to predict

at

a) The ball will move forward togethe
with the covering

b) The tendency of the ball is to remain
rest,

c) Only the floor covering is moving

d) The information given is ng
satisfactory

Figure 4.2 Initial SRPT item, that were identifigader the category of 'difficult level'
and the modified SRPT item based on the recommendaif the teachers

The change made on items 2.1 and 2.2 had forctmldesvelop new items that

can replace the initial items 2.3 and 2.4 of

SRPrerefore, new items that can represent
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items 2.3 and 2.4 were developed, for the finalsieer of SRPT, by the researcher to

represent the level of evidence-based reasoningli@vdng conclusion.

4.2.2 Exemplars on lack of clarity

In terms of clarity and language problems, 25 itamese modified based on
the teachers’ comments and suggestions. Two itezns presented as below as exemplars.

One of the participating teachers commented oncthgty of question 10
saying that it is confusing for primary studentsdentify the two scenarios described in the
question. He suggested the cases to be expresgkatiyxfor the students to understand the
guestion easily. In addition to this, one of thacteers identified problems related to the
answer options of the initial version of SRPT. @fitions could be the correct answers for
the item.

For this reason, the question was re-written, tees were identified clearly
by adding ‘case 1’ and case ‘case 2'in sentenostoaction, and answer options were re-

written (see Figure 4.3).

Initial SRPT ltem Revised SRPT Item

Questiorl0: A man lifts vertically 30kg objec¢iQuestior10: A man lifts an object of 30 kg
to a height of 2m, and 20kg mass vertically fcvertically to a height of 2 m (case 1), and an
height of 3m. object of 20 kg vertically to a height of 3 m
10.1 Which of the following variabless | (case 2).
required to calculate gravitational potenti1l0.1 Which of the following variableare
energy? required to calculate gravitational potential
a) mass and height energy?
b) mass and gravitational acceleration. a) Mass and velocity
c) height and gravitational acceleratio b) Height and velocity
d) mass, height and gravitational c) Velocity and gravitational
acceleration acceleration.
d) Mass and height

10.2 In which case the man does requires m10.2 In which cases work done by the man to

work? lift the object is greater?
a) In the first case a) In the first case
b) In the second case b) The same work for both cases
c) The same work for both cases c) In the second case

138



d) Impossible to predi d) Impossible tqredic

Figure 4.3 Initial SRPT items, that were identifigader the category of 'lack of clarity'
and the modified SRPT item based on the recomniendatf the teachers

To add one more exemplar, teachers raised somesisslated to the
construction of the sentence structure on item fd@ake the item clear. According to one
of the primary school teachers, the item was umdigathe students. Careful inspection has
shown that the writing had a problem related torgreatical arrangement. Therefore, the
item was re-written to make it clear for the studeas shown in Figure 4.3. In the same way,
the other 23 items were also modified accordingthe comments, suggestions, and
recommendations of the primary school teachers.

In addition to the primary school physics teachdh® SRPT was also
reviewed critically. In the following sub-sectiorsgme exemplars of the review of pannel of

experts will be presented.

4.3 Review of panel of experts

To establish content validity, the panel of expbgd iteratively reviewed the SRPT test
items. The panel of experts was composed of twb Rtandidates in Physics Education at
Addis Ababa University. Both candidates had takeonwse, which was entitled 8sientific

Reasoning and Argumentatiaiyring their doctoral study.

In addition to this, each candidate had more tlegnyears of experience in
teaching physics to pre-service teachers. Henesgetbandidates had the relevant expertise to
review SRPT items. First, the panel reviewed tlitgalrSRPT items and identified items that
had issues related to the content validity. Outhef initially prepared 44 SRPT items, the
panel designated nine items as having problemedintith its content. By and large, the nine

items, with content validity issues, can be categar into two as those with vague wordings
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and those that need further improvisations and fivadions due to concerns in scientific
reasoning contents. Six SRPT items were labeleé@se wordingvhile the remaining three
SRPT items ascientific reasoning contenti the next two sub-sections, explanations about
each category will be briefly presented. Exempfeos both categories will be provided to
illustrate particular validity issues to substatgithe analysis in this phase.

Under the category ofague wording items that were imprecise in their
wording, problematic to smoothly understand thestjoa, and had vague vocabulary were
identified. Under the category stientific reasoning contenti@éems that were not relevant
to measure the scientific reasoning levels of gridat students, items that had inaccurate
physical concepts and beyond the level of gradéy&ips of Ethiopian physics curriculum,

and were not contextual to the students culturisings were selected.

4.3.1 Exemplars onvague wording

The panel identified item 8.4 of SRPT as havingueawording, and hence
have validity issues. Figure 4.4 presents this iésnan example of the SRPT item under this
category. The item was designed to probe studewés four (drawing conclusions) scientific

reasoning.
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Initial SRPT Item

Revised SRPT Item

8.4What would you conclude if students 1

7.5 volt battery in the above experimentf

The value of the current measur
by the students will vary in th
range between 2.95 and 3.05A.
The value of current measured
the students will be greater th
2.95 A

The value of current measured
the students will be greater th
3.05A

The measured value of current w
be greater than 2.95A and 3.05A

b)

d)

8.4 What would you conclude if students t

?

ed
e

by
AN

by
AN

7.5 volt battery in the above experiment?
a) Student A and Student B will
measure current that lies in the range
between 2.95 and 3.05A.

b) Student A and Student B will
measure current less than 2.95 A

c) Student A and Student B will
measure current less than 3.05A

d) Student A and Student B will
measure current greater than 2.95A
and 3.05A respectively.

1.2How can you describe your state dur
this journey from Addis to Hosanna?
a) | am in motion
b) | am in motion and also at rest
c) lam atrest
d) Neither at rest nor in motion

r1.2How can you describe your state of

motion during this journey from Addis to

Hosanna?

a) | am always in motion

b) | am some times in motion and
sometimes at rest

c) | am always at rest
d) | am neither at rest nor in motion

Figure 4.4 Initial SRPT item, that were identifiedder the category of 'vague wording'
and the modified SRPT item based on the recomniendatf the panel of experts

Both Ph.D. candidates, who are serving as a pdre{perts to this study, had
designated the abovementioned SRPT items as hawiclgar wordings. The panel assumed
that imprecise phrasing observed in the multipleia¥s (particularly on the wording of
choice d and the phrase “by the students”), hetieepanel concluded that lack of clarity
might lead students to frustration and anxiety. Ohthe members of the panel, for example,
suggested that the phrase “by the students” shmulthodified to show clearly that there are
two students: student A and Student B — who aregddihe experiment. And the panel
suggested considering rephrasing to show that thergwo students and to provide more
clarity to the multiple choices of this SRPT iteftherefore, this SRPT item was edited to
include the suggestions of the panel of expertstardld to its content validation. See Figure

4 .3 for the initial and modified SRPT item 8.4.
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To add more exemplars, another item of SRPT (ite?) Was evaluated as
lacking precision in wording. The initial item 1(please see Figure 4.4) has a phrase
“...describe your state during...”"One of the expesagd that “the phrase in this question,
which is ...describe your state during...might haveltiple meanings. What state? |
suggested saying...describe your state of motiomduriln addition to pointing the lack of
word clarity of this item, the comment of the pahad given insights about how some of the
students might comprehend the question. In liné tie feedback of the panel, item 1.2 was
modified to avoid further confusion and to incre#ise overall content validity of the SRPT

test items. See Figure 4.3 for the initial and fiediSRPT item 1.2.

4.3.2 Exemplars on scientific reasoning contents

In this section, exemplar items that depict contealidity issues on the
ground of the content of the scientific reasoniagresented in the item will be discussed.
ltem 9.4 is attempting to probe students’ ability draw conclusions. In this study’s
framework, drawing conclusions is considered ashilgbest level of reasoning expected to
be observed on grade eight students.

Item 9.4, which is shown in Figure 4.5, was ideatifby the panel as having
problems in relation to measure that specific lefeleasoning. Hence, it was considered as
having content validity related issues that wasiireg to be addressed. One of the experts
said, “I don’'t see the capacity of this item to Ipgothe “drawing conclusion” level of
reasoning. For students to draw sensible conclasistudents should show a chain of
reasoning from the observation phases to the csiocistage. Item 9.4 lacks to depict such
assessment trends.”

This insight from the panel led to the modificatiointhis item. The item was

edited in both its questions and multiple choid®g.changing the multiple choices into
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graphical representations, item 9.4 had providedpportunity for students to display a
chain of reasoning that goes from determining #@iation between force, acceleration, and
mass to inferring visual representation of thetreteship between force, acceleration, and
mass. Figure 4.5 provides both the initial item9et and the modified item of 9.4 side by
side. In brief, this figure depicts how the obtaineedback was considered and used to

change the item.

Initial SRPT Item Revised SRPT Item
9.4 Which one of th| 9.4 Which one of the following graphs representsr answer tc
following equationg question number 9.3?
represents the beg
variable relationship - 5
in question 9? (Wherg ,, & K b) |
k is constant; x and y E 2
are variables) ' - " Force
a) y = kx
b) y = k¢ E £
c)y = k/x © 2 k d) 2
d)y = kx® < <=
Mass Mass

Figure 4.5 Initial SRPT item, that were identifiedder the category of 'vague wording'
and the modified SRPT item based on the recomniendatf the panel of experts

In addition to these two exemplars, the panel opeets had suggested
providing directions that are clear and easily us@smdable by grade eight students. Besides,
the same comment was forwarded about questionsriargl. The panel advised using clear
language in both directions and questions thatbmaeasily understandable by the targeted
test-takers population. During the revision of SRRd&ms, this study had considered
experiences and insights gained from studentshirees, teachers’ focus group discussion,
and experts review.

To sum up, in this chapter students’ views aboatftiur levels of scientific

reasoning skills explored. the four levels of rewsg that were identified from the review of
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literature were also revealed using students’ wiggrs. Only 8% of students had shown a
scientific view for the fourth level, 16% had showrscientific view for the third level, 25%
of students had shown a scientific view for theosekclevel, and 33% had shown a scientific
view for the first level. Based on the four levelsthe scientific reasoning and three views
towards each level of scientific reasoning, thenifgerson map was developed as shown in
Figure 4.1, and this, in turn, guided the developihm& SRPT. Furthermore, the content
validity of SRPT was established using teachergieve and a panel of experts review
(seeFigure 4.2, Figure 4.3, Figure 4.4, and Figuito overview exemplar SRPT items
reviewing and revising processes). Out of 44 iteeviewed by the teachers, 5 items were
replaced by new items, and 22 items were modifiaat. of 44 SRPT items reviewed by the
panel of experts, nine items (six as having vagoeding while three as having scientific
reasoning content) were identified and revisechtoease the content validity of SRPT. The
panel had participated in identifying items thatklavalidity to the test purpose and in
providing insightful feedback during the revisioropess. The revised version of SRPT is
provided in Appendix A.

In the next chapter, the quantitative validity ametlability of SRPT will be
presented. The Rasch model had been used forybbgraetric analysis of both validity and
reliability. A corpus of data for the quantitatipdhase was collected during the filed-test
phase. The field test had used all 44 SRPT itemstestigate validity and reliability
guantitatively. Two hundred and three in the fiessting and two hundred and forty-two

grade eight students from six schools in Hadiyaezwad taken the revised SRPT.

144



Chapter 5 Quantitative analysis and Results
In this chapter, the quantitative analysis of tietpest and the field test will
be discussed. In this quantitative stage of amglyise psychometric properties of SRPT will
be measured using Rasch analysis. This chaptepedsents the Rasch analysis of SRPT that
include reliability, item discrimination abilitytem difficulty level, various fit analysis, and
Wright map analysis. These analyses were utilipedalidate SRPT and to select the final

version of SRPT items.

5.1 Result of pilot testing

5.1.1 Demographic characteristics of the pilot test parttipants

The pilot test was conducted in Kembata Zone, SNNR#nbata zone was
selected for the pilot testing due to the textboaksl curricular materials are similar to
Hadiya Zone. In addition to this, all the schoatsl &eachers who participated in the pilot test
did not participate in the TPSS project. The ptiedting was administered by the school
teachers. The researcher had participated int&ailg the testing of grade 8 students. In the
pilot test, 203 grade eight students from six sthbad participated.

After making the necessary revisions based onubgestions of the panel of
experts and schools during the qualitative congéerat construct validation stages, the pilot
test was administered to a cohort of 203 gradet asigluents. Before the commencement of
the SRPT test, students were informed about theoser of the SRPT test. In addition,
general directions were also communicated. Six @cpbysics teachers invigilated the test.
The researcher took notes of various issues stsidesd raised when taking the SRPT.
Moreover, the time taken to finish the test by esttlilent had been recorded. Initially, the
allotted time to take SRPT was 1 hour. However,trbshe students had finished the test in

one hour and twenty minutes. Thus, the allocated tivas revised. Such nuances of data and
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the quantitative Rasch analysis were used to esiatiie construct validity as well as the
overall quality of the test. In what follows, thaamtitative Rasch analysis will be presented.
Winsteps 3.68.0 software had been used for datgsas@urposel(inacre, 202\

In this dissertation, to establish the construdiditg and reliability of the
SRPT, the Rasch model was used. To measure vgsyatometric properties of SRPT, the
following common Rasch analysis was done. Thestdecunidimensionality, item and
person reliabilities, fit statistics, bubble chadsd Wright map analysis. The result of these
analyses was used to revise items of SRPT beferfdia testing stage.

Before the item creation, the person-item map, Witionsists of four levels,
and three students’ views were established (seard-ig.1). Following this, the items that
represent each level were developed. To determimether the items properly represented
the intended levels in the construct map, fit egatilong with other indicators were used. Fit
statistics provide the discrepancies between tpea®rd Rasch modeling and actual data of
the test. It helps to identify misfit items alongwthe possible causes. The probable reason
for items to be poor to measure the wanted cortsttoald be using unclear words,
conceptual problems, the ambiguity of the questiansl measuring more than one construct

(Bond & Fox, 2007Engelhard Jr, 20)3 The Rasch model provides infit and outfit

indicators with values measured in terms of MNS@ Z8TD.

5.1.2 Fit Statistics of SRPT

To determine the degree to which the data fit taedR model, item Infit and
Outfit statistics were calculated. Infit statistamsals generally with the pattern of responses in
terms of theoretical prediction. It evaluates whketthe theoretical prediction agrees with the
data (students’ response). Outfit statistics detls simple responses of students concerning

item difficulty. It is concerned about determinindnether students’ ability aligns with item
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difficulty. This means that it evaluates whethaghhachieving students answered easy items
and vice versa. The recommended range of infitautfit for such a kind of multiple-choice
tests is 0.7 to 1.3. The values greater than tieevial indicates the data are less predictable to
the model and the values less than the recommeindedal indicates the data are more
predictable to the model. MNSQ and ZSTD are a méanmovide the results of Infit and
Outfit values. The acceptable range of ZSTD valibdtween -2 and 2 but only important

when the MNSQ values are not in the acceptableeréhond & Fox, 2015Linacre, 202)

For the pilot test, the Infit MNSQ values of SRR in the range of .88 to
1.11 (see Table 5.1) which indicates that the k&fnreasoning abilities match the item
difficulties according to the reasoning levels bbthed in Table 2.5. The Outfit MNSQ
values fell in the range between .88 and 1.24 (@tem 8.3) which also indicates that the
responses have met the expected patterns (seeJ.apldhe ZTSD values for the items fell
in the accepted interval (-2 to +2) except for gef3, 11.3, 5.3, 5.2, and 3.3. This also
indicates that students’ responses to the itemerins of item difficulty are in an expected
manner except for the five items.

The validity of a scale becomes a threat when themee more misfit
(underfitting) items with unacceptable values foNSQ, and placed at the right side of the

bubble chartl(inacre, 2020 Martin & Jamieson-Proctor, 20).9The items which have an

unacceptable range for MNSQ value should be inspeseriously. However, items with
unacceptable ZSTD values may not cause a thrahttwalidity of a test if they are in the
acceptable range of MNSQ value. In this regardmit8.3 and 11.3 are subject to
modifications or rejection. Items 5.3, 5.2, and @&¥e not subjected to revision or rejection,
on the ground of what is observed in the bubbletcfie justification is presented in detail

in Section 5.1.3.
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Table 5.1 Fit statistics for the first version & ST

Item INFIT INFIT OUTFIT OUTFIT Pt.
No MNSQ ZSTD MNSQ ZSTD Corr.
ltem 1.1 .98 -3 .94 -.6 .29
Item 1.2 .96 -11 .95 -1.2 .34
ltem 1.2 1.1C 1.C 1.2t 1.€ .0C
Item 1.¢ 1.0¢ g 1.0¢ 11 A8
ltem 2.1 .96 -1.2 .96 -9 .33
ltem 2.2 .98 -5 .98 -4 .29
Item 2.2 1.0¢ 15 1.11 1.7 A1
Item 2.4 1.01 A 1.04 A .2C
Item 3.1 .99 -1 1.00 A .25
Item 3.2 .92 -1.8 91 -1.6 .40
Item 3.< .88 -3.2 .88 -2.8 A€
Item 3.¢ .94 -1.6 .92 -14 37
ltem 4.1 .99 -2 .98 -3 .28
Item 4.2 .95 -1.4 .94 -1.4 .36
Item 4.< .92 -1.7 91 -1.8 AC
Item 4.4 .9¢ -2 .9¢ -1 27
ltem 5.1 1.00 3 1.00 A .25
Item 5.2 .86 -3.4 .86 -3.3 48
Item 5.< .88 -3.C .88 -2.8 AL
Item 5.4 .8¢ A 1.0z 2 .22
Item 6.1 1.06 5 1.20 1.2 .04
Item 6.2 1.09 1.9 112 2.1 .10
Item 6.5 1.0¢ 3 1.17 .9 .07
Item 6.4 1.04 .6 1.0¢ g A8
ltem 7.1 1.07 .6 1.20 1.2 .03
Item 7.2 .95 -1.3 .94 -15 .35
ltem7.3 ReL -1.0 .93 -1.2 .34
Item 7.4 1.0¢ 2.1 1.0¢ 1.€ A2
Item 8.1 1.01 A 1.04 3 .19
Item 8.2 .97 -.8 .97 -7 31
Item 8.2 1.1c .9 1.45 2.3 -.13
Item 8.4 .9¢ -2 .98 -3 27
Item 9.1 .95 -.8 .92 -9 .34
Item 9.2 1.04 .9 1.04 1.0 .20
Item 9.5 1.0¢€ 1kt 1.0¢ 1.2 A€
Item 9.4 .9¢ -2 .9¢ -1 27
ltem 10.1 1.00 A 1.00 -1 .26
Item 10.2 .95 -1.0 .95 -11 .34
Item 10.: 1.0 .6 1.0¢ .6 .22
Item 10.¢ 1.07 11 1.07 14 AC
ltem 11.1 .98 -5 .98 -5 .30
ltem 11.2 .98 -5 .98 -5 .30
ltem 11.: 1.1z 2.8 1.11 2.8 .0€
Item 11.4 .9¢ -1 1.0C -1 28

Let us consider two items (item 8.3 and 11.3) tpl&x how the fit statistics
was used to identify item problems, causes, and toounprove the items to measure the
predicted levels of scientific reasoning. As shawitable 5.1 the outfit MNSQ value of item

8.3 is 1.45 and outfit ZSTD is 2.3 which is notlie acceptable range. This indicates that the
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students were not answered the item accordingetio #bility level (see the explanation for
outfit value above). This means that less ableesttedwere answered better the item than
most able students. It was, initially, developednteasure students’ ability of evidence
generation, and the subsquent item 8.4 was dewékop@easure students’ ability of drawing
conclusion. However, based on the students' resgdtesm 8.3 appeared to be more difficult
than item 8.4 which contradicts theoretical praditt The reason for this mismatch was
found to be the way item 8.3 was constructed toesmt the level of evidence-based
reasoning. the careful inspection had shown thatinktial version of item 8.3 tends to be
more conclusive than demanding evidence from the fda the explanation provided at level
2. For this reason, item 8.3 was re-written in & Waat can request students to generate
evidence for the explanation provided at level &dobhon the data given in the table. In the
same way, item 11.3 has an infit ZSTD of 2.8 antditodSTD of 2.8. These values might
also indicate that the item is not measuring theestts’ ability as predicted in the construct
map (see the explanations for infit value abovd)e ftem was intended to be answered by
considering item 11.2. However, careful inspectsuggests that the item has a lack of
coherence and consistency with the alternativeteof 11.2; initially, they were supposed to
be related to giving a meaningful pattern. Thuseseary revisions were done for this item

11.3, to make it coherent and consistently alig \iil.2.

5.1.3 Bubble Chart

Figure 5.1 presents the bubble chart of SRPT usirgpilot test data. The
validity of a scale becomes a threat when theremaree misfit (underfitting) items on the
right-hand side of the bubble chart than items iiite@g) on the left-hand sideMartin &

Jamieson-Proctor, 20).9As indicated in the bubble chart (see Figure,hth items (item

8.3 and 11.3) are placed outside of the expectegeré&+2 and -2). In addition to this, item
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8.3 correlates negatively with other items; item3lhas a very low correlation with other
items to measure the level of the predicted coos{see Table 5.1). This means that they are
not contributing to measure a single constructndiéie reasoning as established in the
construct map. This indicates that the items apbaily measuring some other construct than

the intended construct i.e. scientific reasoning.

ITEMS

Measures

t Outfit Zstd
Figure 5.1 Bubble chart of the SRPT shows how eatte 44 items fit the scale

Table 5.2 demonstrates that item 8.3 was replagednbther item that can
better suit item 8.3 and properly represent leyatiedn 11.3 was revised in a way that can be

consistent with the alternatives of item 11.2 tkenthe item clearer for students.
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Table 5.2 Sample item that depicts the initial eamsed SRPT items

Initial SRPT Item

Revised SRPT Item

8.3 Why did not both students get exactly
same measurement in the table?

a) Measurement can’t always give
exactly the same value

b) One of the student is not skilful in
measurement

c) There is some problem in measuring
devices

d) Both students are wrong

8.3 Why do you select the above answer for que
number 8.27? It is because

a)The measurement is taken on voltage and
current at constant resistance

b) The measurement is taken on current by
varying voltage at constant resistance

¢) The measurement is taken on voltage and
resistance is calculated

d) The measurement is taken on voltage, current,
and resistance.

Question 11 Your neighbour needs a 2.0-@
resistor but he has only 4.0-ohm resistors.
asks an electrician to help him how to prod
a 2.0-ohm resistor. The electrician tells h
that to connect two 4.0-ohm resistors
parallel to get a 2.0-ohm resistor.

11.2 Do you agree or disagree with f{
electrician?

a) | agree
b) I disagree
c) | am not sure

IQuestion 11 Your neighbour needs a 2.0-ohm
resistor but he has only 4.0-ohm resistors. He asks
uan electrician to help him how to produce a 2.0-ohm
iresistor. The electrician tells him that to conrneai
4.0-ohm resistors in parallel to get a 2.0-ohm
resistor.

111.2 What is your opinion about the electrician
advice?

a) | agree with the electrician
b) | disagree with the electrician
c) | agree to some extent.

d) I am not sure

11.3 Why do you agree or disagree with
electrician in 11.27? It is because

a) In parallel connection voltage is consta
b) The total resistance of two 4.0-ohm
resistors in parallel gives a 2.0-ohm
resistor

The total resistance of two 4.0-ohm
resistors in series gives a 2.0-ohm
resistor

He is the electrician who gave the
advice.

c)

d)

t11.3 Why do you agree, disagree, agree to some
extent or not sure with the electrician in 11.27slt

because
.

a)
b)

c)
d)

In parallel connection voltage is constant.

The total resistance of two 4.0 -ohm resistors in
parallel gives a 2.0 -ohm resistor.

The total resistance of two 4.0 -ohm resistors in
series gives a 2.0-ohm resistor.

Resistance cannot be added, rather made with
fixed values.

On the other hand, the other three items (itemiteB 5.2, and item 3.3) have

the ZSTD values outside the expected range anghlaced on the left side of the bubble

chart (see Table 5.1 and Figure 5.1). These item®at a threat for construct validity; the

validity of a scale becomes a threat only whendtee more misfit items on the right-hand

side of the bubble chart. The results above indatdhat the first three items are redundant
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(there are more items to represent the same ardheotonstruct) and not necessarily
remained to be part of the tool unless the rejactifiects the overall quality of the tool.
These items can remain in the tool, rejected, odifieal to represent students’ reasoning
ability properly. They are not a threat to the diyi of the tool. However, the items were
modified before including in the final version. ritie 3.3 was modified in a correct
grammatical arrangement and item 5.3 was re-writtenway to be answered by referring to

item 5.2.

5.1.4 Wright map analysis of SRPT

Even though the item-person map of SRPT using tl# test data had
demonstrated the good distribution of items actbssmap, there were gaps among items
(see Figure 5.2). For instance, there was a gapeeetitem 7.1 and item 1.1; item 3.2 with
item 3.1 and item 9.1; item 1.3 with item 8.3; d@eeh 1.3 with items 2.4, and item 5.4.

The location of item 7.1 was -1.92 (ability mea3uamd the location of
iteml1.1 was -1.29. This suggests that students abtlity between -1.29 and -1.92 may not
be well targeted with this scale. This tells thadre is a need for additional items to fill this
potential gap between the items, modification & donstruct map or modification of the
three items is required to make the items somehase ndifficult. In the same way, the
location of item 8.3 on the map was 1.83 and tloatlon of item 1.3 was 1.3. This also
indicates that there is a significant gap betwéentivo items. This also tells there is a need
to incorporate an additional item to fill the gapdaneeds reconsideration in the final tool.

The gaps between the other items are not wortkpnsider.
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Figure 5.2 Item person map for the SRPT: Logiteseth increasing values from bottom
to top distributes the person abilities (on the)lahd the item difficulties (on the right).

5.1.5 Reliability and Separation Indices of SRPT

Table 5.3 shows the separation indices of SRPTtHerpilot test. The item
separation index of SRPT was found to be (5.28) theditem reliability was (.97). This
indicates that the person sample is large enougbotdirm the difficulty of the items'

hierarchy to measure the expected levels of reagoability (Linacre, 202). The person
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reliability was (.63) and the person separatioreindas (1.31) which indicated that the items

are not discriminating properly the high and lovkiawers Boone et al., 2003 This suggests

that the SRPT needs some revisions to separateeshéakers into high, medium, and low

achievers.

Table 5.3: Summary of person and item statistiebability coefficients and separation
indices

INFIT OUTFKIT

Mean Separation Reliability MNSQ  ZSTD MNSQ ZSTD

ltems 15.6 5.28 .97 .99 .0 1.02 1.0

Students 94.3 1.31 .63 1.00 -2 1.02 -1

5.1.6 Revision of the construct map

Based on the students’ responses during the @iing of the SRPT, there
was no need to change the basics of the initiabtcoot map. However, the responses of
students’ for some items did not match the thecaktprediction as hypothesized in the
construct map. Most items were distributed as ptediexcept items that are constructed to
represent evidence-based reasoning (see item pergprabove). As shown in the construct
map, evidence-based reasoning appeared to be nif@iculdfor students than drawing
conclusion which contradicts the theoretical pradic

To identify the cause of this unexpected findirigs was inspected carefully.
The researcher tried to identify whether the quadit items or order of construct map in
terms of reasoning level causes such mismatch ketweoretical prediction and data from
students' responses. It was discovered that tiparitis between theory and data originated
from the way how items were constructed for theelexf evidence-based reasoning. The
evidence for this is that items intended to meathedevel of evidence-based reasoning were

poor and did not fall in the expected interval @iseh modelling. For example, item 8.3 and
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11.3 were not fit items (see the description urgleetion 5.1.2 and 5.2.2); item 1.3 has zero
correlation with the other item to measure the toes This suggests that the way how the
items were constructed lacks alignment with theeetgd performance. Therefore, this
indicates that there is no need for modificatiothef construct map in terms of the mentioned
items.

However, in the pilot test, students’ responsehé¢oitems of SRPT suggested
that there was a gap between items 8.1, 6.1, dndvith the item 1.1. The three items (8.1,
7.1, and 6.1) were constructed to measure the lfisstl of data-based reasoning. This
suggested that the first level of data-based reagowas initially written with easier
performance in the construct map and the correspgritems that represent the level than
model-based and mathematical reasoning. The &k&l lof the initial item map (see Table
4.10) for model-based reasoning demanded studered units of measuremerthe second
level demanded them taterpret and give meaning for measurement datas suggests that
there is a gap between the first and the secorad ieterms of data-based reasoning. It was
discovered from this that, before the students giterpretation and meaning for data, they
need to differentiate the value of one variablenfrthe other. To fill this gap and bring
consistency with the two styles of scientific raasg, the construct map was modified as in
Table 5.4. However, this brings the possibility asfother level of reasoning, particularly
below the first level of reasoning (Factual knovgeyito be further investigated in future

research endeavors.
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Table 5.4 Initial and revised construct map faog first level of scientific reasoning.

Level of Factual knowledge
reasoning
Mathematical deductiv Recall formulae
g reasoning
Initial Model-based reasoning State laws and theories. Recall definitions,

construct map

Revised
construct map

constants
Data-based reasoning tell unit of measurements
Mathematical deductive |dentify given variable, unknown variables and

reasoning formulae; differentiate one variable from other
variable, one formula from the other.

Model-based reasoning |dentify physics concepts, laws, and theories;
differentiate one statement of law from the other.

Date-based reasonil  |dentify data from tables and graphs; differentiate
value of one variable from the other

In the same way, to create consistency of the fesel of data-based

reasoning with other styles of scientific reasonfmgthematical deductive and model-based

reasoning), modifications were also made for the $tyles of scientific reasoning as shown

in
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Table 5.4. This modification was also made for itleens that represent the first level of
scientific reasoning.

Table 5.5 presents an exemplar of item modificatmmepresent the revised
construct map. Item 8.1 was constructed initiatlyrépresent the first level of the initial
construct map (to identify units of measuremengis&l on the modification of first level
reasoning the item was modified as Table 5.5 wh&rmanded to identify a given data from a

table.

Table 5.5 Exampler item 8.1 to demonstarte thesiewiprocess of SRPT items
developmnet phase

Initial SRPT Item Revised SRPT Item

Item 8.1 Which of the following units ailtem 8.1 Which one of the following
measurement is used to measure voltage? | measurements ot value of current
a) volt b) ampere c¢) ohm d) ammetermeasured by the first student?

a) 1.40 A b) 0.73 A

) 2.20 A d) 1.45 A

Moreover, the initial version of the construct ndig not give any clue about
students’ ability of each level of scientific comsion. It was written in vague and general
terms; it did not demonstrate students’ ability éach level of scientific reasoning. For this
reason, the initial construct map was modified Hase the qualitative and quantitative
findings of the two levels. For example, both giagive and quantitative results had shown
that most students failed to generate scientificlence and draw a scientific conclusion;
most students generate invalid evidence and drawlesion based on intuitive knowledge.
Therefore, the initial construct map was modifigdibcluding their performance level as

shown in Table 5.6.

Table 5.6 Initial and revised construct map for #eeond level of scientific reasoning

Level of Evidenc«+based reasoni Drawing conclusion
reasoning
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Initial Mathematica Generate evidendased on th Draw mathematical mod:
construct deductive relationship between variables based on the relationship
map reasoning between variables
Model-based Generate scientific evidence Draw conclusion using
reasoning from physics laws and theories Knowledge of scientific
to support explanations concepts, laws, theories
Data-based  Generate evidence to strengtheProvide inferences based the
reasoning the explanation based on the relationship between data
relationship between data
Revised Mathematical Students attempt to generate Students try to draw
construct deductive evidence based on the conclusion based on the
map reasoning relationship between variables evidence but most students
explanation but they struggled fail to arrive on scientific
to generate scientific evidence.conclusion.
Model-based Students attempt to generate Students face difficulty of
reasoning evidence but most students  drawing conclusion based on
faced difficulty to generate withscientific facts, concepts, laws
correct physics laws and and theories.
theories.
Data-based  Students attempt to generate Students face difficulty of
reasoning evidences for the explanations drawing conclusion based on

but struggled to correctly
interpret the meaning of data.

the given data.

To sum up, the initial construct map was to sonmtergxevised in a way that

can create a better link between each level oforeag, and in a way that can demonstrate

the students’ ability based on the results of ttigly for each level. The initial and final

construct maps were depicted in Table 4.10 andeTall respectively.

Table 5.7: Final version of construct map basedhlanstudents’ reasoning ability

o

Styles of Scientific Reasoning
Mathematical Model-based Experimental
deductive reasoning | reasoning reasoning
Drawing Students try to draw | Students face Students face difficulty
conclusion | conclusion based on thdifficulty of drawing | of drawing conclusion
evidence but most conclusion based on | based on the given dat
- students fail to arrive | scientific facts, Characterized with
S on scientific concepts, laws and | naive conclusion.
% conclusion. theories.
"'§ Characterized with Characterized with
- naive conclusion. naive conclusion.
o
% . Students attempt 1 Students attempt 1 Students attempt 1
> Evidence- | generate evidence generate scientific generate evidence for
- based based on the evidence to support | the explanations of
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reasoning

relationship betwee
variables explanations
but they are struggled
to generate scientific
evidence.
Characterized with
mixed evidences

explanations but lack
consistency between
evidence and factual
knowledge. Students’
evidence is
characterized with day
to day experiences bu
not accurately.

variable relationshi
but struggle to correctly
interpret the meaning g
data. Characterized
with incorrect variable
relationship.

—

Most students able to

Most students are abl

cMost students are able

unknown variables and
formulae; differentiate
one variable from othe
variable, one formula

concepts, laws, and
theories; differentiate

r one statement of law
from the other.

Explanati | solve physics problems to provide to give meaning for
ons of using mathematical explanations based onmeasurement values
factual equations; provide the physics concepts,| and observation based
knowledge | explanations about laws and theories. It is on the given data in
variable relationships. | characterized by table and graphs
It is characterized by | creating link between | Characterized by
creating link between | physics concepts, lawscomparing data to
known and unknown. | and theories with daily understand meaning of
practices variable relationship.
Factual Students are able to | Students are able Students are able to
knowledge | identify given variable,| identify physics read data from tables

and graphs;
differentiate value of
one variable from the
other

from the other.

Generally, the Rasch analysis of the pilot tesicaigéd that SRPT consists of

items that are a threat to its construct validB8RPT items that were prepared to measure

level 3 and level 4 were not also positioned heheally as per the established construct

map (see initial item person map). In addition hes,t it has also low person and item

separation, low person reliability (see Table 5aB)d a significant gap was observed between

items 8.1, 6.1, and 7.1, with item 1.1 (see Figbi®). This suggests that the test needs

improvement to measure a single construct accorttintpe order of the construct map. In

brief, the quantitative validation of the pilot tesdicated that SRPT needs further revisions

to improve its quality.

After making the necessary revisions to items oPSRhat were identified as

problematic using quantitative analysis of Rascihdefllng, SRPT was field-tested. In the
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next section, the demographic information of stusiewho participated in the field test, and
the subsequent quantitative analysis of the reviSRPT items will be exhaustively

discussed.

5.2  Quantitative analysis (2 round) for field testing

5.2.1 Demographic characteristics of the field test partipants

The field testing was conducted in six schools aflija Zone, SNNPR. All
the schools and teachers did not participate in phet test. The field testing was
administered by the school teachers. The reseahetieparticipated in facilitating the testing
of grade 8 students. In the field test, 242 gragghtestudents from six schools had
participated. Next, Rasch analysis that measurgsusapsychometric properties of SRPT

will be discussed.

5.2.2 Fit statics

In this section, fit statistics for the final veysiof SRPT will be discussed. A
series of Rasch analysis procedures were presémtestablish the psychometric properties
of SRPT: fit statistics, unidimensionality, ICC,sdiimination indices, Wright maps, and
reliability computation. These analyses were usedvialuate whether SRPT items measure
similar unidimensional construct — scientific remisg, and eventually to identify the final
items included in the SRPT. After evaluating thenis in relation to the criteria of Rasch
analysis, forty-four items (see Appendix A) werkeia as the final items included measuring
the construct scientific reasoning in physics fiadg eight students.

The field testing of SRPT provided Infit MNSQ valaeZSTD for items 7.2,
7.3, and 7.4 were 4, 4, and 3.5 respectively, antit MNSQ value of ZSTD for items 7.2,

7.3, and 7.4 were 4, 3.2, and 3.3 respectively wimclicate that the items could cause a
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threat for the validity of the test. The correlasoof the items were also poor (less than 0.2)
and which also indicates that the items are nahénsame direction as the other items to
contribute to measuring the construct scientifesming. The three items (item 7.2, 7.3, and
7.4) did not meet the criteria of Rasch analysisluding the items in the test brought the
tool inconsistent with the theoretically establidhlevels of scientific reasoning. For this
reason, item 7.1, 7.2, 7.3, and 7.4 were rejectad the final version of SRPT (item 7.1 was
included in this list because the four items weewetoped in a way they are related to
measuring the four levels of reasoning). Thereftire,analysis provided in the next sections
will focus on the remaining forty items and thedlirversion of SRPT comprises only forty
items.

After rejecting the four items, the item fit mesjavhich was reported in Infit
MNSQ and Outfit MNSQ for the field test of 40 itenwgere .81 to 1.10 and .78 and 1.15
respectively which indicates that the learnerspogses for the items are according to the
levels established in the construct map. The ZSaMmes for items for Infit and Outfit fit
statistics for the field test were in the accepigerval (-2 to +2) except for items 3.2 and 4.3.

Items 4.3 and 3.2 were placed outside the expeategke of ZSTD (see Figure
5.3). As the table in Appendix B has shown thesfdtistics tell that item 4.3 has an infit
MNSQ of 0.85, outfit MNSQ of .83, infit ZSTD of -3. and outfit ZSTD of -2.8. In the same
way, item 3.2 has an infit MNSQ of 0.81, outfit MQDf .74, infit ZSTD of -3.6, and outfit
ZSTD of -3.4. One can see from this that the itdrase acceptable MNSQ values and
unacceptable ZSTD values. Such items are said wveHditting items ((inacre, 202) and
don’t cause any threat to the validity of the scaézause they are measuring the same
construct as far as the MNSQ value for infit antfiblies within the expected range between

0.7-1.3 Linacre, 2020Martin & Jamieson-Proctor, 2019
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Figure 5.3 Bubble chart of the SRPT shows how eédihe 40 items fit the scale

Furthermore, the validity of a scale becomes aathvehen there are more

misfit (underfitting) items on the right-hand sidethe bubble chart than items (overfitting)

on the left-hand sidé{artin & Jamieson-Proctor, 20).9As shown in Figure 5.3, both items

were placed on the left side of the bubble chalhter&fore, the two items don’t affect

construct validity and remain as a final part & 8RPT.

Table 5.8: Infit and outfit values for the totalidents (242) and items (40)

INFIT OUTFIT
Mean MNSQ  ZSTD MNSQ  zSTD
ltems 17.¢ 1.0C A .9€ -1
Students 97.7 1.00 .0 .98 -.0
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The Infit and outfit MNSQ overall values for 40 nte were 1.00 and .98
respectively that indicates that the expected nsgaare value of 1.00 was achievediid &

Fox, 2007}. The Infit and outfit ZSTD overall values for #6ms were .1 and -.1 respectively

which also indicates that the expected ZSTD meahwés almost achieved (see Table 5.8).
According to the overall result of fit statistiche levels of reasoning established in the
construct map match students’ responses for thesit€onsequently, the results indicate that
the data fit the model and this, in turn, implibattthe overall fit of the SRPT reasonably
represents the construct of scientific reasoning al the items contribute to a single

underlying construct (scientific reasoning).

5.2.3 Unidimensionality (PCA on residuals)

The assumption of unidimensionality is one of thestrimportant aspects of
Rasch analysis. Rasch Model assumes that the scadésures a single variable. The
Unidimensionality of a test can be examined by plisg patterns in the residuals. Residuals
refer to the difference between the theoreticatligteon and actual performance of the items

to measure the expected tréito(d & Fox, 201} Data that contains smaller residuals are

expected to be unidimensional. AccordingRteckase (1979a measure is considered to be

unidimensional when the Rasch model explains armim of 20% variance. Farmbretson

and Reise (2013he criterion for unidimensionality is a minimurh31 ratio of the variance

explained by a Rasch measure to the variance dirteprincipal component of residuals.
The unexplained variance in the first contrastl$® @xpected not to be greater than 15%.
Furthermorelinacre (2020has suggested that the first component of resitaging an
Eigenvalue less than 3 (strength of lesser thagetliems) probably unidimensional. With the
help of Principal Component Analysis (PCA), the iaace was examined to identify

contrasts in the residuals. This enabled us torméte whether the data has a secondary
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dimension or not. Data with a secondary dimensartain items that measure constructs that
were not planned to measure.

The unidimensionality of SRPT was evaluated basefbor criterions:

+ a measure is considered to be unidimensional wiefRasch model explains
a minimum of 20% variancé&réckase, 1979

« a minimum of 3:1 ratio of the variance explainedebjRasch measure to the
variance of the first principal component of resilduis recommended

(Embretson & Reise, 20):3

« The explained variance in 1st contrast is recommeénubt to be greater than

15% Embretson & Reise, 20);3

« The unexplained variance of the Eigenvalue for firet contrast is
recommended less than 3 (strength of lesser thiaa ttems) and unexplained

variance explained by first contrast < 5% is acaelgt Cinacre, 202).

With the help of Principal Component Analysis (PCA)e variance was

examined to identify contrasts in the residualthafinal version of SRPT.

Table 5.9:PCA Analysis of SRPT using the field test

Variance in Eigenvalue units Eigenvalue Observed Expected
Raw variance explained by measi 12.¢ 23.7% 21.6%
Raw variance explained by per: 3.€ 6.9% 6.3%
Raw variance explained by items 8.8 16.8% 15.4%
Total raw variance in observations  52.4 100% 100%

Table 5.10Contrast in Eigenvalue Units of SRPT

Contras in Eigenvalue units Eigenvalue Observed Expected

Unexplained variance in 1st conti 2.€ 5.3% 7.0%
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Unexplained variance in 2nd conti 2.2 4.2% 5.5%

Unexplained variance in 3rd contrast 2.1 4.0% 5.3%
Unexplained variance in 4th contrast 1.9 3.6% 4.7%
Unexplained variance in 5th contrast 1.7 3.3% 4.3%
Raw unexplained variance (total) 40.0 76% 100%

In the final version of SRPT, the raw variance axkpd by the measures was
23.7% which fulfills the first criteria (see Tab%9). Secondly, the ratio of the variance
explained by measurement to the first contrastosua 5:1 which is also greater than the
minimum criteria of 3:1. Thirdly, the unexplaine@nance in 1st contrast for SRPT was
5.3% which is also less than the recommended 15%ally; the unexplained variance
accounted for Eigenvalues in the first 2.8, secdingl third, the fourth, and the fifth contrast
was 2.8, 2.2, 2.1, 1.9, and 1.7 respectively whiele good according to the criteria (see
Table 5.10).

This suggests that the forty items of SRPT are oréas the intended
construct, scientific reasoning. This further shdhet the levels of the construct map which
was designed in a way to include the three typdsioWwledge in a progressive manner stand

for measuring a single construct.

5.2.4 Item characteristics curve (ICC)

ICC is one parameter used to check the qualitjheffinal version of SRPT.
Theoretically, it is expected that the ICC curvel acore of data nearly approximate and
close to each other to show that the data fit tieeleh As it was displayed in Appendix G
(see the ICC curves for the 40 items displayedhénAppendix G), most items fit the model.
In this section, only two items (best fitting arehst fitting) were presented for discussion

purposes. In Figure 5.4 the red line is the ite@ratteristic curve as expected by the Rasch
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model. It is the ideal score value. The Gray limeBcate the 95% confidence interval. The
blue line represents the actual score value okthéents for a given item. From Figure 5.4,
one can see that the score of item 10.2 (blue imelose to the ideal score, in the expected
interval, and covered a meaningful distance ofidieal curve. This suggests that the item is a
good fit for the model and is measuring what wagpssed to measure according to the
construct map. Figure 5.5 represents the totalsoorthe test and the actual score of item
5.3. From Figure 5.5 one can see that the scoremf 5.3 is far from the ideal score and
there is a score outside the expected range, wihézns that the item is a less good fit for the
model. This also suggests that the item was stedgth measure what was supposed to

measure according to the construct map.

34. ITEM10.2

0.75 |

Score on ltem

0.25 +

t t t t t t t t t t t t t t t t
-5 -4.5 —4 -3.5 -3 -Z.5 -Z -1.5 -1 -0.5 o 0.5 1 1.5 2 2.5 3 3.5 4

Measure relative to item difficulty

Figure 5.4: ICC curve for item 10.2 in terms of scand its difficulty
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19. ITEMS5.3
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Figure 5.5: ICC curve for item 5.3 in terms of se@nd its difficulty

5.2.5 Discrimination: Category Values

The Rasch model is designed to provide the reldietwveen the abilities of
students and the difficulty of the items on the sasnale. It can predict the responses of a
person for a particular item by estimating the iibd level of the students in terms of the
difficulty level of an item. It provides predictiomhether a person can score right or wrong
by estimating based on the ability of the persod #e difficulty of the item. That is, it
provides a way to identify whether more able pessbave a greater likelihood of correctly
answering all the items in a test and easier iterasnore likely to be answered correctly by

all personsKond & Fox, 201} More able students are expected to answer itrectly

than less able students and easier items are expexte answered by most students than
difficult items. In the first version of SRPT, tleewere two items in which the score of less
able students is greater than or equal to moresdabtients. However, for the final version of
SRPT, all the items have a greater probabilityeg@bswered by more able students than less

able students. The average ability of studentsragdrpoint (correct answer) for all the items
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is greater than students scoring O points (wrorsyvan) (see Appendix C). This shows that
there is an improvement in terms of students’ rasps in the final version of SRPT and all

the items have a positive correlation which teliattthe items are pointing in the same
direction to measure a single construct. This atslicates that the test is good enough to
measure the construct of scientific reasoning gppately as established in the construct
map. The result further suggests that there iseati relationship between students’ overall
score (achievement) and reasoning ability. Thahesmost high able students achieve higher
levels reasoning than the less able students.sTilEagthens the way scientific reasoning was
conceptualized for this study in the way it corssist three forms of scientific knowledge

progresses from content knowledge to epistemic keye.

5.2.6 Item person map

The Item-person map in Figure Sdpresents item difficulty and person
ability. To demonstrate such representation a kgale is commonly used. The logit scale is
a measurement unit to locate a person ability tard difficulty according to person's ability

and item difficulty estimatesBond & Fox, 201} In Figure 5.6, the left side shows students

and the right side shows items. Each "#" on thesiele represents two students. The students
at the top of the map are the high scoring andtéras at the top of the map are the most
difficult ones. A student 1 logit above or below item indicates that the student has a 75%
possibility to answer the item right or wrong respesly. A student placed opposite to the
item on the map means the student has approxim&@y likelihood to answer the item
correctly. The relative positions of item mean “Mid the person mean “M” provides the
status of students’ ability in terms of item diffity.
The left side of Figure 5.6 shows the ability levétom the lower ability

(factual knowledggeto the higher leveldrawing conclusioh Students were distributed fairly
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from low abilities (at the bottom) to the low abés (at the top). From Figure 5.6, one can
see that only a few students’ were able to achibeehighest level of scientific reasoning
(drawing conclusioj)y and most students were able to achieve the |dewezls {actual
knowledge and explanations of factual knowl@dddis is in agreement with qualitative
findings (see Table 4.2, Table 4.4, Table 4.5, Ealole 4.7).

From the right side of Figure 5.6, the item measaiees on the item person
map demonstrated that SRPT for all 40 items isedrfgpm the highest measure (item 5.4
with the measure of 1.79 logits) to the lowest meagitem 3.1 with the measure of -1.77
logits). From this figure, one can see that itemt Hind 5.4 are the most difficult items. Item
11.4 is answered by only 28 (13%) students and fehis answered by 26 (11%) students
correctly among 242 students. Iltem 8.4, item @efni2.4, item 10.4, item 2.3, and item 8.3
are also very difficult items for most students.eyhare good items to measure high able
students but still, they are very demanding. Iteni8 the easiest item for the students and
answered by 178 (75%) students correctly. Othemnstsuch as item 6.1, item 4.1, item 1.11,
item 9.1, item 8.1, item 3.2, item 11.1, and ite@ &@e ordered in the bottom part of the item
person map which is according to the theoreticatljotion except for item 3.2 and item 4.2.
In the same way, item 11.4, item 5.4, item 8.4ni@4, item 2.4, item 10.4, item 2.3, and
item 8.3 are also located in the upper part ofittw® person map except item 8.3 and 2.3
which is also according to theoretical predictianTiable 2.5. Items 11.3, 6.3, 8.2, 1.4, 1.3,
3.4, 4.4, 9.4, 9.3, and 5.3 are items for measuwgwidence level of reasoning. This is also
according to theoretical predications except samms were included from the level of the
drawing the conclusion. Finally, item 10.2, item3Gtem 6.2, item 9.3, item 1.2, item 5.2,
item 11.2, item 2.2, item 3.3, item 9.2, item 1@&dm 4.2, item 4.3, and item 10.1 are located
around the level of explanation which is also adowy to expected prediction except for a

few items. This indicates that the items which roeas higher level of reasoning such as the
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evidence generation and the drawing conclusion \aassvered by a few students and items
which require low ability such as recalling facteres answered by most students. Students’
ability and item difficulty were distributed in t@s of what has been expected according to
the levels generated in Table 2.5. Note that temst ending with .1 represent level 1, .2
represent level 2, .3 represent level 3, and .resemt level 4.

The item-person map also demonstrated the itemssaudkents are fairly
distributed in the scale except there were gapsngntems between item 3.1 and item 4.1;
item 8.4 and item 11.4. The location of item 3.1swh 77 (ability measure) and the location
of item 4.1 was -1.52. The location of item 8.4 viaé4 and the location of item 11.4 was
1.68. The gaps between the items were less thalo@it8. However, the distance between
the items in logit value implies that there is mgngicant gap among the items that force to
modification of the items. This suggests that stsleability was well targeted with the
scale.

The item measures for SRPT were expressed usiniggfiescale that ranged
from —1.77 for item 3.1 to 1.79 for item 5.4. Thergon measures for SRPT were expressed
using the logit scale that ranged fret®.77 to 1.3. The range of the person's abilityider
at the bottom of the item person map and thinneéhénupper part of the map. The range of
person measure in logit value is greater thantdma measure. This indicates, along with the
position of students mean (M) and the item mean, {kat the test was difficult for the
sample and it is required more easy items to repteabe item difficulty and person ability in
better proportion.

The result from the item person map, generallyjcet@s that the scientific
reasoning test seems to fairly measure studerasbreng ability as predicted in the construct

map. The item person map also indicates that thmsitand persons are consistently
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distributed. This suggests that SRPT provides emideor construct validity and that the

instrument is measuring in a way that matches wieatheory predicted.
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Figure 5.6 Item person map for the SRPT: Logiteedth increasing values from bottom
to top distributes the person abilities (on the)lahd the item difficulties (on the right).

5.2.7 Reliability Calculation

The separation and reliability index tells the oercibility of the items and

orderings of persons. The item separation is uselétermine how well the items are ordered
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to separate the students in their ability levelse Ttem separation (> 3) implies the item
hierarchy is good enough to verify the item difftyuinto high, medium, and low; item
reliability (> .9) implies the person sample isgarenough to distinguish the high, medium,

and low achievers_(nacre, 202))

Table 5.11: Summary of Person and item StatisRediability Coefficients and
Separation Indices

INFIT OUTFKIT

Mean Separation Reliability MNSQ  ZSTD MNSQ ZSTD

ltems 15.6 5.75 .97 1.00 .0 .98 .0

Students 94.3 1.88 .78 1.00 .0 .98 -1

The summary statistics of 40 items and 242 studmmtshown in Table 5.11.
The result of item separation of SRPT (5.75) alai the item reliability (.97) confirms
that the person sample is large enough to sepaeatedifficulty hierarchy to measure the
expected levels of reasoning. The item reliabi(il§7) along with item separation (5.75)
indicates that the items were hierarchically sefpagahe ability of students into four levels

of reasoning Boone et al., 20103 The item reliability (.97) suggests that the SRi8

replicable. That means if one gives the test tatarosimilar group; it can be replicated on
this order of item estimation.
The person reliability (.78) along with person gegpian (1.88) indicates that

the SRPT tool separates students into high, medumah Jow achievers3(oone et al., 2013

The person reliability (.78) also suggests thatmwbiee gives these persons other similar tests
the item can estimate reliably. The data, in gdnetagests that the SRPT has the quality to
separate students into groups based on theiryalaliid the items are ordered in the desired

continuum based on the difficulty levels.
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The final version of SRPT was comprised of 40 iteseseloped from the
grade eight physics syllabus. The developed assedsitool, SRPT, differs from
international tools such as TIMSS, PISA, and natiassessments such as NLA, regional
assessments, and classroom assessments in manysregame of the unique features of

SRPT includes the following:

a) SRPT is context-based. In developing and validatthg SRPT items,
gualitative data was collected from students andirtheachers using
interviews and FGD respectively. In addition, studereasoning pattern was
explored and teachers were engaged in the devetldpmeevision and
validation stage of SRPT. Hence, the interviewraidg eight students and the
iterative discussion and engagement of teacherpeshaSRPT to be
contextual;

b) The construct being studied, scientific reasonings conceptualized using
construct map before item creation, in a mannet iteorporate the three
types of knowledge (content, procedural and episferacross students’
learning progression from low level of reasoninghigh level of reasoning
(factual knowledge, explanation of factual knowledgevidence-based
reasoning, and drawing conclusion);

c) The tool development and validation followed anratere process which
enabled to modify the construct map and items;

d) Most of the available test instruments that attedpio measure scientific
reasoning did not implemented the Rasch model weldping and validating
their tests. However, SRPT, in addition to qualtatvalidation, followed
construct-driven assessment procedure by usinghRasdel for the analysis

and validation stages.
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To sum up the chapter, it was found from the quatinte result that SRPT is
valid and reliable to measure students’ scientiBasoning ability. After making some
modifications on the items, item and person sejmaratere improved (see Table 5.11), and
items were ordered according to the construct nsap Figure 5.6). This implies that the
revised version of SRPT (see Appendix A) is morédvand reliable to measures the
construct scientific reasoning than the first vams(pilot testing). Based on the findings of

chapter 4 and chapter 5, the next chapter willgarediscussions of the results of this study.
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Chapter 6 Discussions, conclusions and
recommendations

6.1 Discussions

This dissertation aimed to develop and validate céensific reasoning
assessment tool that was used to investigate g$8ideatterns and progress of scientific
reasoning for grade eight students in physicsenBthiopian context. The following research

guestions guided the study:

1) Which scientific reasoning skills are addressedhieyconstruct map developed for

the SRPT test items?

2) How are the content and construct validity of tleeeBtific Reasoning Progress Tool
(SRPT) items qualitatively established?

3) How effective are the SRPT test items in measuginagle eight students’ scientific
reasoning in physics?

4) What is the trend of Grade 8 students’ progresamnong the different reasoning

subskills measured by the SRPT?

In the previous chapters (chapters 4 and 5), dat@ wnalyzed qualitatively
and quantitatively. In this chapter, the resulittod analysis will be discussed in terms of
qualitative and quantitative findings vis-a-vis liérature to answer the research questions.
The trend of Grade 8 students’ progression amoadlifierent scientific reasoning sub-skills
will be discussed in terms of naive, factual knalge, explanation of factual knowledge,
evidence-based reasoning, and drawing conclusiesed on the findings of this study and
literature, the research questions will specificdle answered and finally, conclusions and

recommendations will be followed.
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6.1.1 Discussions of general findings

6.1.1.1 Naive reasoning

From chapter 4, it was found that students come tiné class with various
non-scientific conceptions. According to findingerh phenomenography, all the students
were observed that they hold a naive view abousigByconcepts in one form or another.
There was a dominant belief that science presentede textbooks, reference books, and
classroom teachings were considered as knowleddee ttaken as it is. Some students
believed that physics is difficult to understandiversal truth, and unchangeable (see section
4.1). It was also revealed that most students cortwe class with the assumption that
concepts of physics are not related with day toadgeriences. These might force students to
think of science or physics in the beginning basadthe conception they have from the
environment around them. Such reasoning most diitieeis not scientific. Such perceptions
may lead students to undermine advanced studiegjri, and reasoning and could have an
effect on students’ low conceptual understandirdyraasoning abilities.

Students’ naive reasoning is well-established typ&nowledge in science
education. There is theoretical and empirical eweethat suggests students come into
classes with various inconsistent conceptions sgilntific knowledge. Theoretically, it was
confirmed that students come into class with varimeconsistent conceptions about science

(Croker & Buchanan, 203 5chauble, 1996 Some considered this naive reasoning as a

common-sense belief about physics, based on dajereences Eertamini, Spooner, &

Hecht, 200) and it is described as the way of thinking shatechmonly by most people

instead of thinking scientifically. Others consiglérthese as irrelevant, incomplete, and

meaningless responseés(d & Wargo, 201 Some others are also have found that students

believed physics is difficult to understand, albdtrand imaginary\(erspoor, 2008 Such
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students’ view was found to be one factor that affact students’ scientific knowledge

construction and higher-level reasoningdker & Buchanan, 203 Verspoor, 2008

One of the most challenges related to student®nsiic knowledge
construction and high-level reasoning, accordinglamnmer and Elby (2003), is considering
students' naive conceptions of physics as fixehlet and context general. They suggested
that students' naive conceptions of physics shdddviewed as productive epistemic
resources that can be used to assist studentsrimvilknowledge and higher-level reasoning
through effective instruction. This implies thaistcritical to respect what students have in
their minds before introducing formal instructiosather than pressuring them to discard their
thinking system. This allows students to learnrsifie knowledge and develop higher-level
reasoning without having to strive or exert unneags effort. This liberates the minds of
anyone concerned about students' knowledge cotistiugy demonstrating that there is no
need to destroy information in order to replacsiih new knowledge; rather, there is a need
to go from one point of view to another based areptable evidence. Students learn physics
more effectively when instructions are based ontexdrsensitive resources and students
understand physics knowledge as a system of idedscan be developed gradually by re-
constructing and refining current understandingeathan thinking of physics knowledge as
a coherent system that can be acquired from exteouwsces such as as teachers, texts and

scientists according to reasearch studiegsi{mer & Elby, 2008

6.1.1.2 Factual knowledge

From the students’ interview, FGD with primary schphysics teachers, and
guantitative Rasch analysis it was found that sitelelo not faced difficulty in attaining

factual knowledge. About 91% of students attairtesl level (see Table 6.1). It was easy for
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most of the students to state laws and theoriesitiig units of measurement and formulae,

read data from the tables and graphs, and diffietentariables (see Table 6.1).

Table 6.1 Summary of students’ achievement pdetteds reasoning for SRPT

Levels of reasoning Number of studentsPercentile of the students
achieved the level achieved the levels (%)

Factual knowledge 222 91

Explanation of factual level 137 56

Evidence-based reasoning 56 23

Drawing conclusion 3 1.2

However, as it was found from students’ intervieavsl FGD the focus of

middle school science is on factual learnivigrspoor (2008andJoshi and Verspoor (201,3)

strengthens this finding which contends that tlessioom assessments and instructions of
sub-Saharan African countries including Ethiopi® @ominated by students’ low-level
abilities. Such a trend may limit students’ furttdavelopment in thinking and reasoning
abilities. This, in turn, may lead students to depea culture of status quo instead of
developing practical problem-solving abilities fmmplex situations.

Table 6.2 demonstrates the key findings for thdéutdclevel along with the
indicative responses for the categories. It wasidothat students believed facts, concepts,
and formulae in textbooks are the basic founddtoradvanced knowledge and important to
construct new knowledge. This is in agreement with literature. This level in literature is
considered a low-level understanding of sciencecaBse it is the cornerstone for the
building of all scientific knowledge, there are neasons for skipping this level. Before
establishing conceptual knowledge, students misdtrfiaster the fundamentals. In literature,
this level is considered as an inevitable partcbbsl science for students’ healthy and proper
progress towards higher levels like evidence geieraand evaluation Anhderson,

2012 Ford & Wargo, 201p This suggests that students can’t provide prep@tanations,

engage in constructive thinking and arguments, amake a progress into high-level

reasoning without having a proper foundation bagezh the basics of factual knowledge.
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Table 6.2: Categories vs indicative responsesaiitd level

Level of reasoning: Factual

Key categories Indicative responses Descriptions

Scientific fact ...| first try to remember definitions Facts, concepts, and formulae in the
and formulago understand better text books are important to construct
new knowledge.
Mixed fact ...facts are observations and Physics facts are the product of men’s
concepts discovered by scientists. concepts and observations about
...Is reliable knowledge... (student physical phenomenon and they are also

12) ) reliable
Naive fact g = 9.8m/<’is true value o Concepts, laws and theories are
gravity. discovered by physicists to be recalled

and remembered.

From the students’ interviews, it was also explotieat they believed that
facts, concepts, and formulae are truth but nbietsubjected to change and need to be taken
as they are written in the text. When studentscargronted with scientific knowledge at the
surface level they start to define, recall, and estber physics concepts. At this stage,
students faced the difficulty of accepting anythingside textbook definitions, data recorded
in the tables, and values in the graphs. Facte@isidered to be basics to establish science
knowledge and are all about learning physics thatmilar to Schommer's (1990) findings in
which students considered knowledge of facts, fémamuand procedural solving strategies as
a comprehensive understanding of physics knowledipere is also students’ tendency to
capture more concepts by rote learning than tryiogconstruct a deeper conceptual
understanding about a specific concept and thikddoei related to curriculum influence that
enforces students to cover a wide range of contditis was also reflected in FGD with
primary school teachers. It was found that studesusn the lesson starts, prioritize copying
notes from the blackboard than participating in eacher's discussion and engaging
themselves in group activities; they attempt towarsquestions from the textbooks and
repeat what teachers said as it is. This view afsmi$ limits students’ scientific knowledge

construction and developing reasoning at a highezlISchommer, 1990
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It was also found that physics facts are considéedtudents as concepts,
laws, and theories discovered by physicists toelsalled and remembered. Once knowledge
is discovered by someone and it works forever. Suglief tends to a simplistic view of
science. This was also consistent with researchngs in which students think that scientific

knowledge is objective and universalansson & Leden, 20)6This belief is related to

students’ views about the nature of science. Foh students, science and the law of nature
are the same. This suggests that it is requirecbisider the nature of science in physics
education and curriculum materials to help studbatsformed about the nature of scientific

knowledge Hansson & Leden, 20i6ederman, 2006Matthews, 201p. Students with such

view of science knowledge compel to develop nagasoning Bertamini et al., 2004

6.1.1.3 Explanation of factual knowledge

The findings revealed that grade eight studentgnsific reasoning ability is
limited majorly to the first and second levels edsoning (see Table 6.1). This was reflected
in quantitative results in which most students wezavily populated in the two lower levels
of reasoning (about 222 (91%) attained level ore B8/ (56%) achieved level two). Item
person map also demonstrated that more than twastlof students achieved the first and
second level of scientific reasoning. i.e. mostdehis answered only the items that were
developed for first and second levels.

After having some more understanding of physicscepts, students start to
explain and reflect their understanding based enkimowledge they got. Before students
conceptualize the concept, they faced the diffycaft creating an integration between what
they have in their minds with what they are introgldi in the physics class. This process of
creating a link between their prior knowledge aegvly introduced physics knowledge was

observed as a challenging moment for studentshiftiével, students were observed actively
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trying to give meanings by providing related examspl This stage is characterized by
students tending to use the knowledge they graaptw factual level to relate concepts with
daily practices, provide explanations, and integ@ncepts to give meanings for a physical
phenomenon. It was observed that students teneldaterfactual knowledge with the natural
phenomenon to construct science knowledge. Literatalso supports this level

characterizing by students' attempt to relate @aer facts and concepts to arrive at the

general conception of how those facts and concgpts meanings (orcoran et al.,

2009. Ford and Wargo (2017ut this level as a level of explanation and ctigrézed by

students recount scientific knowledge to explaia ttatural phenomena. This view about
explanations of scientific knowledge is expectetet students in constructing higher-level

knowledge and reasoning¢rcoran et al., 2009

Table 6.3: Categories vs indicative responses\allef explanation

Level of reasoning: Explanation

Key categories Indicative responses Description
Scientific Velocity......is the distance covere An explanation is provided by
explanation from starting to end pointina  relating different variable

specific direction.... (explanation)
(student 12

Mixed ... velocity represents how a fast ¢ There is difficulty of providing
explanation body movegexplanation (student scientific explanation by relating
6) different variables.

Naive explanation F = mais law of nature discovere Physics explanation is absolute.
by scientists (explanation) (studet
5)

Table 6.3 demonstrates the key findings for thelaqgiion of factual
knowledge along with the indicative responses lier categories. It was found that students
attempt to construct science knowledge by relatindp day to day experiences without
catching scientifically accepted knowledge. Theydtéo make use of science concepts to
establish prior belief without having an understagdf the very meaning of the concept.

This is consistent with research findings in thatdsnts try to give meaning to physics
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concepts unscientifically based on the experiertbey faced regularlyEHsanu & Hatu,

2019. The reason could be students tend to memorizs,fiormulae, and problem-solving
procedures instead of trying to construct deep ratdeding Elby, 1999 that stems from
naive beliefs about the nature of physics, andigierge to maintain unscientific beliefs

(Chinn & Malhotra, 200pand lack of depth understanding of the concefatrlen, 201}

They do not seem ready to accept scientific commeptagainst prior knowledge in the
beginning. students fail to establish the sciantifinceptualizations because they attempt to
construct knowledge by focusing on only pursuingadygrades that is also in agreement with

the literature Elby, 1999 Verspoor, 2008 The results also indicate that students are

struggling to transcribe what they learned intoamatizations to create meaningful scientific
conceptualizations. The result implies that theamy of grade eight students have a limited
understanding of how scientific knowledge is camstied which is also consistent with

literature that reveals that most k-8 students’ehfaced such difficulty Garey & Smith,

1993. This could be one of the reasons that studemts the difficulty of generating

evidence-based reasonirigofcoran et al., 2009

There was also a tendency to seek a flawless eqpdan They think that
providing an explanation is discovering naturalljgmed working principles for various
things in common. This thinking could stem from tbieidents’ views of the nature of
science. This is also consistent with the litetarwhich students try to construct universal
scientific knowledge by assuming there is only gl method and way of constructing

scientific knowledge and which is more proceduhant creative lansson & Leden, 20)6

They don’'t understand that scientific knowledge barconstructed using various ways and it

is tentative in nature.

6.1.1.4 Evidence-based reasoning
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Evidence-generation is the most critical stage $tardents’ real progress
towards higher reasoning ability. At the level odplnation, students conceptualize what
seems meaningful for them until they are confrometh evidence. It was found that a few
students recognized that one needs to check wigheprevidence whether a claim works or
not before accepting or rejecting (see Table @hjs is in agreement with literature which
suggests that evidence in science is used eithesufiport or reject claimsKind,

2013 McNeill & Krajcik, 2011; Sampson & Clark, 2008 Once students provide a claim,

generating evidence to support the claim is whiloMe and establishment of scientific

reasoning@erland & McNeill, 2010.

Table 6.4: Categories vs indicative responses iofeexe generation

Level of reasoning: Evidence generation

Key categories Indicative responses Descriptions

Scientific evidence The evidence for the presence Evidences can be obtained from
gravity is falling objectgstudent 2) physics concepts, laws and theories

Mixed evidence The sources of__evidences a Unable to identify valid and invalid
teachers, experienced persons ¢ evidences
natural phenomenon

Naive evidence ... ... physics laws and theories ¢ Physics concepts, laws, theories

true evidence (evidence) (stude true sources of evidences.
9)

As it was found from students’ interviews that oofethe challenges with
generating evidence was the tendency to use mixatbrece (partially correct). Students
were generating evidence from day to day expergmezeccept or reject someone’s claim.
They were trying to generate evidence for explamgtifrom examples they observe in the
environment around them but the evidence was riensiically accepted (See Table 6.4).
However, one can help students generate evidewceptor reject a claim by providing
physics concepts in a way that students can tdeeh, and demonstrate, and practice based

on their environmentHrlina, Susantini, Wasis, & Pandiangan, 20which was found to be

one of the missing elements of the schools' science
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It was also explored from students’ interview ttiegy believed that evidence
is required to support a claim but the significanevidence is to catch an infallible truth
which has already been proved by scientists. Fostrstudents, the evidence is only to
understand and apply on the daily basis the knaydedhich has already been established in
physics theories, laws, and principles once an@foMost students failed to understand that
evidence is either to accept or reject a claimatirely until the best alternatives views
emerge.

Previous studies revealed that type of instructiod assessment strategies are
the main ones in hindering students’ developmentewflence-based reasoning. Most
instruction are not designed in a way to promothéi learning abilities and incorporate a
simplistic form of inquiry; assessments are alsan@oriented and meant to measure merely

factual understandingh\(iderman et al., 20)2Another challenge for students’ lack of ability

to generate scientific evidence could be relatetthécapproach of classroom teaching which
focuses on helping students to pass the regiormhexhan providing activities that invite
students to be engaged in evidence-based activiisare in agreement with previous

studies Anderman et al., 203Zhinn & Malhotra, 2002Joshi & Verspoor, 20)3The type

of assessment provided by teachers also contritatetudents’ poor ability in generating
evidence. The assessments developed by teachestofithe time meant to measure factual,
they lack assessing students’ ability to generatdeace which also agrees with previous

findings (Anderman et al., 203Joshi & Verspoor, 2013

It was also found that students tend to providdewie to support the mental
conceptualization but the quality and quantity dflence they provide is not convincing
enough. As it was revealed from data, studentepsafiving problems procedurally than
engaging themselves in evidence-based discussiohadivities which might be the reason

why the students fail to generate valid evideneg ihin agreement witGchommer (1990
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Quantitative results indicated that students tengenerate evidence if the concepts are
provided in clear, context-based, and authentivities. It was observed from both
qualitative and quantitative study students fadgéitdlty in generating valid evidence. The
type of evidence generated mostly unrelated tonsiicknowledge, mixed with day to
activities, and sometimes irrelevant. About 23%hef students tried to generate valid

evidence

6.1.1.5 Drawing conclusions

This level was observed that the most difficulteefor the students to achieve
(See Table 6.1). The qualitative and quantitatiteedys revealed that students have faced
difficulty to draw a conclusion based on valid stigic evidence. They faced a challenge in
reflecting the nature of the tentativeness of gidienconclusions and unable to draw
scientific conclusions according to the resultsrirtne SRPT analysis. Only 1.2% (see Table
6.1) of the students were able to attain this lelikéy are more tempted to draw a conclusion
based on the intuitive knowledge and notion ofuh&ersal nature of scientific knowledge.
The conclusions are mostly invalid and stem from ¢widence generated from day to day
experiences which are not consistent with the reseentific research findings. Rasch item-
person map indicates that only a few students'itiesil were matched with the items
developed to measure students’ ability of drawimgatusion. Mostly, students tried to
generate evidence to establish their pre-existimgedge instead of attempting to draw new
conclusions. This implies that students’ way of staucting knowledge, nature of evidence,
and conclusions are heavily influenced by naiveoseng.

Table 6.5 depicts various students’ views aboutvarg conclusions. There
are a few students’ who believed the evidence-basadlusion and they were attempting to
draw a conclusion based on the evidence from stieeptinciples, laws, and theories. They

believed that one can arrive at a currently acddptaonclusion based on evidence,
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discussions, and arguments. They understood tisadban the available evidence scientific
knowledge can be modified, rejected, and acceptiégekature suggested that this is a level
with the requirement of students’ ability to conhelse conceptualizations (claims and
explanations) with evidence to arrive at a conolngKind, 2013. Providing a claim and
supporting the claim with the evidence is not alsvdiyal, uncertainty and disagreement
about their relationship may occur and need taubgfjed to draw conclusion&ind, 2013

Sampson & Clark, 2008

Table 6.5: Categories vs indicative responses afving conclusion

Level of reasoning Drawing conclusion

Key categories Indicative respons

Scientific ....F = ma can be improved Scientific conclusions are tentative

conclusion (student 1) and subject to change and
modifications

Mixed conclusion ....based on Newton's first law o Lack ofability to state a law physic

motion plants are at rest and wil (partial understanding of law of
remain at rest for ever (student physics)

Naive conclusion ...... findings are truth discoverec One can arrive on an absoll
by scientists (student 11) conclusion

For some students, a conclusion is to arrive ag\ar-working principle of
nature for a specific phenomenon (See Table 61y Toncluded that, if someone arrives at
a conclusion about a phenomenon based on valieg el there would be no change in such
findings. Such beliefs are related to the concepbibthe existence of universal and constant
knowledge which is the product of the unchangeabtare of physics concepts, theories, and

laws (Hansson & Leden, 20)6

It was difficult for students to draw conclusior@estifically. Why students
fail to draw valid conclusion could be related wstich skills requires high cognitive abilities

and practices in a regular badisl(ha et al., 201Band requires training and teacher’s skills

(Han, 2013y which were not the trend of the schools as it alagined in this study. Children

face difficulty in generating evidence, drawing clusions, and other types of reasoning
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skills unless the concepts are contextualized, ssarg scaffoldings are provided and

activities are devised properly that can help tlesroourage to participaté\fieri, Brooks,

Aldrich, & Tenenbaum, 202 Butler & Markman, 2012Zimmerman, 200)

Some literature on students’ understandings ofneire of science (NOS)

characterizes three levels of epistemic developr{ieatey & Smith, 1993Ford & Wargo,

2012 Lederman, AbeEl-Khalick, Bell, & Schwartz, 2002 At the lowest level, students can

carry out scientific reasoning by remembering, dbswy, and solving conceptual problems.
At this level students’ reasoning ability is chdesized by holding the positivist view that
distinguishes little between describing and exptejnnature. At an intermediate level,
students can explain their reasoning and providdeece for the explanations. It requires
knowledge about science and methods. At this lestatjents tend to express the possibility
of multiple explanations for science phenomenaftbey may acquire a view that there exists
a single reality. At the most advanced level, stisleean critique scientific reasoning and
draw a scientific conclusion based on the avail&vieence. According to the result of the
current study, the students’ reasoning ability irmited towards the lowest level, and
intermediate level to a lesser extent. They faditwlty in attaining higher epistemic levels.
Studies have also revealed that a lack of hightlesasoning is related to
students’ positivist view which propagates objetieality (\iaz, 2017. The dominance of
school science with objectivist teaching strategigkich is based on the positivist
epistemology, a dominant teaching method in sulafah African countries Teshome,

2017 Verspoor, 2008 influences school science to be dependent ormdaring what is

written, factual memories, and algorithmic learnifbis might imply that students think that
learning physics is recalling and remembering facépeating what was said instead of
constructing knowledge, and developing reasoningethaon the newly emerging data

resources. Research findings have also shown thdersts with a naive view of science
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focus on factual knowledge and accept scientifiovkedge without reasoning, and
questioning, accept everything written in the textb and what is told by teachers, and they

are unable to relate scientific knowledge with dayday practicesE§dmondson & Novak,

1993 Ozdemir, 200Y.

This section provided general discussion aboutésalt of this study. In the

following sections, the answers for the researastians will specifically be presented.

6.1.2 Research question one

1) Which scientific reasoning skills are addredsgthe construct map developed for the
SRPT test items?

Research question one explores the nature andotbastics of students’
scientific reasoning and elucidates the construap itihat guides the development of SRPT
items. This research question further investigatedients’ views across the four levels of
scientific reasoning, which were identified throubk reviews of relevant literature..

In this dissertation, interviews with 12 grade e¢igtudents from both urban
and rural districts around Hosanna town were usednderstand the nature of students'
scientific reasoning. The on-site interview witludgnts had lasted from 10 to 20 minutes.
The interview was guided by six semi-structureénview questions (given in Appendix E).

It was found from the students’ interviews that gedents had demonstrated
three different views, namehaive view, mixed view, and scientific vi@wveach of the four-
level of scientific reasoning, namdiyctual knowledge, explanation of factual knowledge
evidence-based reasoning, and drawing concludibe results from the qualitative analysis
of students’ interviews revealed that the majooitystudents had shown naive views across
the four levels of reasoning. Moreover, as the derity of the levels of scientific reasoning

increases (say frofactual knowledge to drawing conclusipthe naivety of students' views
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also increases. Most of the students had showrenaéws (75 %) for the fourth level of
scientific reasoning (drawing conclusion), while 83 of students were naive for the first
level of scientific reasoning (factual knowledgal. in all, naive view is the dominant view
of students' understanding of the nature of science

The development of the construct map was boundedindr students’
interviews, teachers’ FGD, and relevant literatufée interview and FGD data were
transcribed, read thoroughly using relevant documagain and again, and collected memos
and explanations. On top of this, Ph.D. candidateBhysics Education from Addis Ababa
University were recruited in auditing the data sl to ensure the credibility of the result.

Moreover, iteratively consulting the findings ofudents’ interviews, the
results of teachers FGD, the collected relevaetdiure, and the conceptual frameworks
depicted in Table 2.5 had yielded the person-iteap raf grade eight students’ scientific
reasoning in physics. The person-item map provaledmprehensive account of the level of
grade eight students’ scientific reasoning skilsng with the students’ views about each
level of scientific reasoning. The findings alsopignthat the students' level of reasoning
ranges from scientific view to mixed view and themaive view, whereas the complex level
of scientific reasoning range increase from factkabwledge to drawing conclusion.
Students based on their reasoning ability can tegoazed into three strata: Level 1 (naive),
Level 2 (mixed), and Level 3 (scientific), wherdhe scientific reasoning construct has four
hierarchical that spread in the continuum fromdatknowledge (Level 1), explanation of
factual knowledge (Level 2), evidence-based reagpflievel 3), and drawing conclusion
(Level 4).

The developed person-item map in terms of the stst&iew is shown in
Figure 4.1. This person-item map guided the devety of the initial items. In the SRPT

items development phase, the due emphasis was @ivtbrse matrices to include items that
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assess content, procedural, and epistemic knowlefiggudents across the corresponding
proficiency levels along with the students’ viewwsrds the four levels of scientific
reasoning. The next research question answers f@wdntent and construct validity were

qualitatively established.

6.1.3 Research question two

2) How are the content and construct validity & 8ctientific Reasoning Progress Tool

(SRPT) items gualitatively established?

Teachers' FGD and review of SRPT items by the painexperts were used to
ensure validity qualitatively. In both, teacher&F and experts reviews, items that have
vague wordings, lack of contextualization into #tedents’ ability level, problems related to
the scientific reasoning contents, language probjeand lack of clarity were identified and
thoroughly revised based on the suggestions prdvideimprove the problematic SRPT
items. During the revision, 31 items had been exljisand 5 items were replaced by new
items. Some exemplars had been provided underoBedt and 4.3. The validations of
teachers and experts were critical in establiskilegcontent as well as construct validity of
SRPT, which in turn provide evidence to claim t8RPT is a valid assessment tool.
Moreover, the qualitative validation phase ensumhtent validity by qualitatively
evaluating how the SRPT items are valid to meatweconcept of scientific reasoning (the
construct). The iterative reviews and revisionsueed that the qualitative methods of
validation had established content validity as veall construct validity. In addition to the
gualitative methods utilized, this dissertation ladégb explored the quantitative psychometric
analysis of SRPT items using Rasch modelling. la ttext section, this study used

guantitative analysis to answer research questioes and four.
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6.1.4 Research question three

3) How effective are the SRPT test items in meagugrade eight students’ scientific

reasoning in physics?

One of the main tasks of this study was developing validating the SRPT.
The tool was, initially developed and content viidvas assured qualitatively. These test
items were administered for the students and thestoact validity was assured
guantitatively. It was found that the SRPT is oéfitias a valid and reliable instrument that is
a construct-driven, domain-specific, and highereorthinking assessment that can measure
students’ reasoning progress. To ensure the cehstalidity of the SRPT, Rasch modelling
was used. In terms of Rasch indicators such asditstics all the forty items of SRPT fell in
the acceptable range (Table 5.8), and satisfiemithenum criteria of unidimensionality (see
the description in Section 5.2.3), items were itigted on the item person map according to
the predicted order (see Figure 5.6). Furthermitee) and person reliability, and item and
person separation were found to be in the acceptalnige (see Table 5.11). This indicates
that the SRPT classified students’ from low-levehsoning ability (factual knowledge) to
high-level reasoning ability (drawing conclusioit);separated students into low, medium,
and high achievers; it was valid and reliable. Thigher indicates that the SRPT was

appropriate and fairly measures students’ scientgasoning progress.

6.1.5 Research question Four

4) What is the trend of Grade 8 students’ progegsamong the different reasoning subskills

measured by the SRPT?
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This study dealt with students’ reasoning abiliireselation to the four levels
scientific reasoning progress. The students’ trehdprogression in relation to the four
reasoning level of scientific reasoning presentetblows:

Factual knowledgshould not be neglected in science learning sinisethe
foundation for the construction of other levels@hsoning progresses. Students are required
to grasp the basics before establishing conceptudérstanding. In literature, this level is
considered as an inevitable part of school scidocstudents’ healthy and proper progress

towards higher levels like evidence generation amdluation Anderson, 2012Ford &

Wargo, 201). The items meant to measure students’ lower reagoabilities such as

remembering factual knowledge, identifying units méasurement, identifying the given
values, identifying unknown values were answerednogt students and ordered in the item-
person map according to the theoretical construap.nThe students’ responses were in

agreement witlirord and Wargo (2014mn which they categorized this as a low level of

students’ conceptual understanding. At this letetlents are expected to put things as they
are; that is why the students did not strugglertewaer the items and the items are properly
measuring the students’ abilities.

The level of explanatioils characterized by students’ attempting to relate
particular facts and concepts in order to arriva general conception of how those facts and

concepts give meaningS¢rcoran et al., 20091t was found that the items which were

designed to measure the level of explanation a® @dered as expected and established in

the level of reasoning progress in
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Table 4.10. At this stage, the items were develdpetheasure students’ abilities to relate
concepts or variables to provide meaningful exgiana. The tool seems to properly
measure students’ ability. Most students were #&blprovide correct explanations for the
factual responses. Students were also able to glysics problems using formulae, and
provided meanings for the data, and tried to rgdgsics theories with day to day activities
to some extent.
Evidence Generatiois the most important stage in students' actuadgness

toward improved reasoning ability. Even if the tambrks satisfactorily, students were
observed struggling to generate evidence. Evearieating evidence is the core component

of scientific reasoningK(ind, 2013 McNelll & Krajcik, 2012, Sampson & Clark, 2008it

was demanding for most grade 8 students' to sugipertlaim with valid scientific evidence.

Only a few students were able to generate sciergifidence for the explanation or claims.
The reason why students faced the difficulty ofegating valid evidence might be related to
which evidences require one’s creative abilitiesnaich the theoretical relationship between

concepts, laws, and theories with available datén(, 2002 Zimmerman, 200)) To provide

evidence, students have also required the knowletigeactical tasks such as experimental

activities, day to day activities, and demonstrai¢Zimmerman, 200)) Another challenge

for students’ lack of ability to generate sciewtifividence could be related to the approach of
classroom teaching which focuses on helping stgdenpass the regional exams more than
providing activities that invite students to be aggd in evidence-based activities, which is in

agreement with previous studiesnderman et al., 2031Zhinn & Malhotra, 2002Joshi &

Verspoor, 2018 The type of assessment provided by teacherscalswtibutes to students'

poor ability in generating evidence. The assesssméeneloped by teachers mostly are meant
to measure factual and conceptual knowledge; Kslassessing students’ ability to generate

evidence, which also in line with previous findings)\derman et al., 202 eshome, 2017
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The items that were meant to measure students’ityabilo draw
conclusionsvere also ordered at the top of the item-persop imdicating that most students
were not able to draw a scientific conclusion. #iswound that only a few students were able
to draw conclusions scientifically. The reason sardents’ low ability to draw conclusions
could be related to a lack of conceptual understandnd the inability to generate valid
evidence. In order to draw a conclusion, studeredrthe ability to compare and contrast
evidence from various sources. Why students failréawv valid conclusions could also be due
to lack of practices of such skills in regular sle®@m activities, and skills of drawing

conclusions require high cognitive abilitiesrina et al., 2018 and requires continuous

training and teachers’ skill$ian, 2013. Children face difficulty in generating evidenaed
drawing conclusions unless the concepts are cardkzéd, necessary scaffoldings are
provided and activities are devised properly tooemage them in participatory tasksli{eri

et al., 2011Butler & Markman, 2012Zimmerman, 200/

Finally, this study has produced two important dbations to science
education. Firstly, a valid and reliable assessriwit(SRPT) was developed that could help
to measure students’ scientific reasoning abilége( appendix A). Secondly, a theoretical
model was developed (see Table 5.7) that could ctegiudents’ ability of scientific
reasoning, guide assessment development in s@emg#soning, and syllabus and curricular

materials developers.

6.2 Conclusions

This study was engaged in exploring students’ neiagopatterns, and the
development and validation of scientific reasonimggress tool for grade 8 students based

on Senocak’s and Wilson's assessment frameworkvétaled that students hold a positivist
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view about scientific reasoning progress levelsid8nts think that scientific knowledge is
static, fixed, universal, certain, and unchangeable

The study obtained that SRPT is valid and reliablelassified students’ from
low-level reasoning ability to high-level reasoniagility; it separated students into low,
medium, and a high achievers. The items are ordacedrding to theoretical prediction —
easiest items ordered in the lower part of the ttoasmap and the most difficult items are
ordered in the upper part; most students were tabdsswer the easiest items and very few
students were able to answer the most difficuthge- which is expected according to the
theoretical model.

It was also found that grade 8 students’ scientdi@soning ability was poor
which was demonstrated from the item person maphich the mean value of the items is
greater than the mean value of the student. Mastestts were able to achieve only the first
levels; they faced difficulty in attaining highezasoning levels.

Studies revealed that lack of high-level reasonamgl students’ naive is

related to students’ positivist view which propagaobjective realityNiaz, 2017 Ozdemir,

2007. The dominance of school science with objectitéstching strategies which is based
on the positivist epistemology, a dominant teacmmahod in Sub-Saharan African countries

(Teshome, 201 Aerspoor, 200Binfluences school science to be dependent onnmdreeng

what is written, factual memories, and algorithdgarning. This might imply that students
think that learning physics is recalling and remenmy facts, repeating what was said
instead of constructing knowledge, and developgasoning based on the newly emerging
data resources. Research findings have also shmatrstudents with naive view of science
focus on factual knowledge, they accept scientkitowledge without reasoning and

questioning, accept everything written in the textb and what is told by teachers, and they
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are unable to relate scientific knowledge with dayday practicesE§dmondson & Novak,

1993 Ozdemir, 200Y.

6.3 Recommendations

Based on the findings of this study and researckirigs the following
recommendations were forwarded for curriculum desig, classroom teachers, test

developers, and science education researchers.

6.3.1 The need for higher level understanding knowledgeral reasoning assessments

Students’ reasoning ability is expected to progréssn they are engaged in a
complex cognitive task such as evidence-based agtation Kuhn, 2009, promoting
inquisitive learning strategyH@rien, 201} employing higher ability assessmefip(iz et

al., 2019, and employing evidence-driven toolsafcoran et al., 2009 Ethiopian

government launched an education and training palibich demands focus on problem-

solving and student-centered teaching to improeegimlity of education and tackle the old-

age teacher-centered approach by implementingaheus programN\|oE, 1999. However,

all the efforts made were not by considering evigebased students learning progression
and evidence-based tools that tell how studentaceptual understanding and reasoning
progresses varies. The objectives are meant tar @véde range of contents, memorizing

facts, solve procedural problems, demanding regsomgthout detailed explanations and

evidence, and arrive at non-evidence-based cownclsisiF-rom this study, it was also found

that there is a students’ tendency to memorize maneepts than trying to construct a deeper
conceptual understanding and engaging themselvesidence-based activities. This could

be one of the indicators of curriculum influencésshi & Verspoor, 20)3which compels

students to learn more concepts than in-depth ilegrieven if the Ethiopian curriculum
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framework encourages higher-order learning andsassent, the classroom assessments are
dominated by lower-order knowledge assessmentstefidre, there is a need to consider
inquiry-based teaching not only in curriculum metsr but also in classroom situations.
There is a need to devise a mechanism to followhepclassroom situations about students
learning towards inquisitive learning strategy.
Studies revealed that one of the challenges thatdrdhe development of

students’ reasoning abilities is the nature ofrutdton and activities provided for the
students. The over-simplistic and a simple way oéwering and questioning method

dominated in middle school scienégiinn and Malhotra (2002yuestioned overly simplistic

forms of inquiry as an obstacle to promote higleaspning abilities. They further suggested
that classroom instructions that do not incorpoladga-level reasoning that requires to think
about alternative explanations or to connect theiorydata lead students to algorithmic
reasoning. The assessments of the schools are exanted either to pass or fail students
and to measure merely factual memory. The recomatenmémedy to overcome such

problems is introducing dialogical teaching in ayvilaat allows students to talk to each other
meaningfully, provide evidence and justify theiridmnce along with proper assessment

mechanisms Adey & Csapo, 2012 Therefore, it is required to consider and stiife

classroom assessment system, national assessnaeutstextbook assessments towards
evidence-based and higher-order ability measuniog) &is evidence generation and drawing
conclusions. To enhance students' reasoning skills required to shift the current
assessment system which heavily focuses on theemmbésed ability by incorporating
assessments that measure higher reasoning abifitiee instructions. The curriculum needs

to emphasize inquiry-based science educafiombar & Klahr, 2012Han, 2013, dialogical

teaching QOsborne, 2010 Osborne, Erduran, & Simon, 2004%4long with the proper

assessment strategies to enhance students’ hegsaming abilities.
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6.3.2 The need for incorporating three forms of scientift knowledge

The teaching goals in STEM education also neeché¢tude enhancing the
three types of knowledge: content, procedural,epistemic knowledge. This study indicated
that students’ are limited in the factual and toneoextent in the explanation level. This
suggests that there is a need to develop contesttegural, and epistemic knowledge to act

in higher-order thinking which is also supportedregearch findingskind, 2013 Kind &

Osborne, 2017 Merely focusing on content-based teaching asdssnents inhibit students’

long-term academic achievement in science and parsievelopment. To shift the current
dominance of science education from emphasizingeotoriented teaching methods and
lower order cognitive demands which produces stisdesith mostly factual knowledge to

construct-based and higher-order cognitive demahdse is a need to shift classroom

instruction along with the assessment systéem{beyo, 201;70sborne, 20133

6.3.3 The need for inquiry based instruction in consideréion with the NOS

Even if the students’ reasoning ability was limitedjorly in the lower levels,
there is an indication from the result which suggékat students’ reasoning ability can be
improved towards higher-order reasoning if suitabhktructions and assessment techniques
are preferred that can promote such abilities. @ineiculum needs to emphasize inquiry-
based science education with explicit instructidntlee nature of science (NOS) as an

instructional approactDUnbar & Klahr, 2012Duschl & Grandy, 201;1Meyer & Crawford,

2011, dialogical teachingdsborne, 201;,00sborne et al., 20)4along with the proper

assessment strategies to enhance students’ highsoning abilities. It is recommendable
that teacher training institutions and curriculuesigners need to incorporate the nature of
science in the school curriculum and classroonructibns explicitly to enhance teachers’

and students’ views about the nature of scienaade®its should be informed of the modern
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view of the nature of science which emphasizes #wéntific knowledge is tentative;
empirical, derived from human inference, imaginatiand creativity; socially and culturally

embedded Lederman, 2006NRC, 200). Explicit instruction of the nature of science in

classroom instruction enables students to think 8wentific knowledge is subjective,
tentative, socially constructed, culturally embetldestead of thinking scientific knowledge
as objective reality, factual information, univdrsath, and to be transferred from one source

to another leyer & Crawford, 201). To enhance students’ reasoning skills it is also

required to shift the current assessment systernhwineavily focuses on content-based and
low ability by incorporating instructional activés and assessments which measures higher
reasoning abilities during classroom instructions.

This study revealed that most students do not sitaled science or physics as
a way of knowing. They only understand physics @sething which exists naturally and
waits for somebody to reveal to them. Studentsgreed physics as merely concept, law, and
theory instead of thinking and realizing physicsaasulture of practicing and exercising
activity to construct tentative knowledge. Suchiew may lead to physics as a skill to
accomplish a task not an enterprise to construet kieowledge. The problem stems from
students' views about the nature of science. Thisblem could be overcome by
incorporating explicitly the nature of science ahd history of physics in science education
and school science. Introducing the history of pe/s- particularly incorporating a short
introduction about how a particular theory or lafigmated and take current form can help to
inform students to appreciate that physics is gmapprogressive activity practiced over the

years by individual scientists.
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6.3.4 The need to contextualize science concepts

The other finding of this study was students haeed difficulty in relating
scientific concept with day to day activities tovdl®p meaningful understanding and
scientific reasoning. One of the important aspeétscience education needs to be making
science relevant, practical, and meaningful fodemis. It is important to help students to
create a proper link between day-to-day activitesl scientific concepts. This can be
achieved by providing proper examples from dailpeariences and everyday phenomenon

that students observe and experience reguladly & Nguyen, 200k Educators and

concerning bodies need to think about how to amaientific knowledge to real life
situations. This needs to be reflected in scieniteation and curriculum materials to inform
experts and teachers to incorporate in classrostruiction.

This study provides evidence-based students’ réaggorogress, students’
pattern of responses, and level of understandidgeasoning. This will provides insights for
curriculum developers on what needs to be incotpdran the curricular materials, how
objectives are re-arranged, and what objectivebetancorporated. It also provides some
inputs for a classroom teacher what instructiom ptaappropriate, what types of activities
are required, what types of assessment is apptepmdnat kind of scaffolding is required,
what instructional materials are suitable, how stug' reasoning ability to be developed and
validated, and with what prior conceptions andgratbf responses students might come into
the classroom.

Finally, this study followed a construct-driven @ssment model to assess and
develop scientific reasoning abilities and tootswas observed in this study that the Rasch
model is a simple and effective tool for the analysf the quality of items and in the

development of scales. The design of this researaip be adapted to develop additional
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instruments to investigate the learning progressiostudents’ scientific reasoning in middle

and high school classes in Ethiopian and otheicAfricountries.

6.4  Limitations of the study

This study focuses only on the development anddaabn of scientific
reasoning progress tools that can measure in tetinsispect of students’ ability of scientific
reasoning. The study provides evidence which irspie middle school students' reasoning
progresses from the generation of claim to the mrgwonclusion. However, a single study
in limited schools and a single construct can’tvpte the whole picture of students’ status
and levels of reasoning. More studies are requeexplore students’ pattern of reasoning
progresses to obtain detailed information aboutlestits reasoning abilities and identify
possible naive reasoning which enables to makeopppte improvements in the current
learning methods and assessment strategies.

This study was conducted to explore students’ patef reasoning based on
the four levels identified in the literature. Hoveeyit was found that there is a need for more
levels to represent and assess students’ reasability in a better way. The result identified
a gap in the lower level to represent studentdites. Including more levels (especially in
the lower levels) along with suitable items canvte a way to represent more students and
their performance.

The study did not incorporate classroom interventibis highly required to
conduct classroom intervention to identify varioaternative conceptions, students’
reasoning progresses, and patterns of reasonimegl leassuitable instruction to help students’

knowledge construction and develop higher reasoahbiliies.
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Appendix A: Final Scientific Reasoning Progress TdqSRPT)

Question 1 Assume you are in a car traveling from Addis toskhna, covering 60
kilometers in one hour. Consider the car's stad &nish points when answering the
guestions below.

1.1 Which physical quantity represents 60km?
a) Distance
b) Displacement
c) Speed
d) Velocity
1.3How can you describe your state of motion during jiurney from Addis to Hosanna?
a) | am always in motion
b) | am some times in motion and sometimes at rest
c) | am always at rest
d) | am neither at rest nor in motion
1.3 What evidence do you have to select one célteenatives of question 1.27?
a) Itis because there is a change in position
b) Itis because the car that ran from Addis to Hogsan
c) Itis because | am seated in the car but in motiorelative to the earth
d) It is because only the tire of the car that moves.
1.4 What can you conclude from the evidence yowigea for question 1.37?
a) A body is said to be in motion when there is chaoigeosition
b) A body is said to be in motion when an object is ithe state of moving
c) A body is said to be in motion when it changespitsition with time in a frame of
reference
d) A body is said to be in motion when the body festéde of change

Question 2: Suppose a ball is moving in a smooth horizontiatitmless surface

2.1 Which physics law states that if the ball isnition with constant velocity it will
continue its motion if no net external force is ied?
a) Newton’s I'law
b) Newton’s 2 law
c) Newton’s ¥ law
d) There is no physics law related to the given statém
2.3What will happen to the motion of the bilho net external force is exertedn question
2.1?
a) It will slowdown and comes to rest.
b) It will continue in motion with constant velocity
c) It will speed up
d) Itis difficult to predict
2.3 Why do you select the above answer for queidn It is because
a) The ball will continue in motion until it loses itsrce within
b) There is no change of state about the motion of theall
c) The ball continue in motion only if action and reaw forces are equal
d) The ball continues in motion when only externatéwhich is directly proportional to
acceleration is exerted.

2.4 What can be concluded from question 2.3?

A



a) Moving objects always come to rest unless net eatdorce is exerted on it.
b) Objects come to rest when they lose the force wittem

c) Objects tend to remain in its state without net exdrnal forces act on it.

d) Objects move only when external force is exerted.

Question3: Suppose a solid is heated af&0
3.1 What does 5% represents?

a) Heat

b) Temperature

c) Heat or temperature

d) There is no such a quantity

3.2 How can you describe about the state of madscol the solid as heat increases?
a) The molecules will move faster
b) The molecules will move slower
c) The molecules will remain in constant state
d) The amount molecules will escape
3.3 Why do you select the above answer for questidn It is because
a) As heat increases speed of the molecules increases
b) As heat increases speed of the molecules decreases
c) There is no relationship between heat and spe#teaholecule.
d) As heat increases the mass of the molecules ireseas
3.4 What can be concluded from questions 3.2 a8l 3.
a) Heat doesn't affect the motion of the molecules.
b) Heating of substances will break the bonds betweeanolecules and move apatrt.
c) Heating of substances disturb motion of molecules
d) Heating substances increases the mass of molecules.
Question 4.In the figure below the graphs represent the metioha bus and a car. By
referring the figure below answer questions thidb¥o

\% {mfs)‘ Motion of car
/, Motion of bus
I P
50
| [
40 // 1 /I
L7k
30 ‘/: < I 1
_ 1 | 1 |
20 I : I I
10 = 1 I | |
| T T .
5 10 1

5 20 25 t(s)

4.1 What is the speed of the bus at t = 5 seconds?
a) 10 m/s
b) 15 m/s.
c) 20m/s
d) 30 m/s

4.2 Which of the following statements correctly ciéses the relative speeds of the car and
bus?
a) The bus is faster than the car
b) The car is faster than the bus




c) Both are moving at the same speed
d) Itis difficult to predict

4.3 What is your reason for question number 4.2?
a) The bus has greater change of velocity than thendane interval
b) The car has greater change of velocity than the bus time interval
c) The graph of the car in the figure above is clasahe velocity axis
d) The graph of the bus in the figure above is cltsehe time axis

4.4 What can you conclude from question 4.3?
a) The Car is always faster than bus
b) The object with the greatest rate of change in vetity is the fastest
c) Moving objects can never have equal speeds
d) There is not enough information given to draw cosidn.

Question5: Suppose an apple hung on a tree.
5.1 What type of energy does the apple hold ahitjeest point?

a) Potential energy

b) Internal energy

c) Kinetic energy

d) Elastic potential energy

5.2 If the apple falls down, what will happen tee thnergy just before the apple hits the
ground?

a) Kinetic energy will be converted to potential energ

b) The type of energy at the top will remain the same

c) Potential energy will be converted to kinetic enary

d) Some amount of energy will be destroyed
5.3Why do you select the above answer for questiod B.i3 because

a) As the apple moves down its height increases médgecreases

b) As the apple moves down its height decreases butesgl increases

c) As the apple moves down both its height and speetkdses

d) As the apple moves down its height decreases legidsgemain constant
5.4 What can be best concluded from question 5.3?

a) Kinetic energy depends both on mass and velocity

b) Potential energy depends on height

c) Potential energy depends both on mass and height

d) Kinetic energy depends on height.




Question6: A teacher asked a group of six students to oreasom temperature of a certain
day and to report the result to the class. Assuraedll of the students are using the same
thermometer. The students' measurements are listdee table below. Based on the table,

answer questions 6.1-6.4.

6.1 Which one of the following is theepeated measurement from the table on the right?

a) 25°C
b) 26°C
c) 24 C
d) 25.5C

6.2 Which student's measurement is important fponéng the
result?
a) All the students measurements are important
b) Except for the student 6's, all of the students'
measurements are important.
c) Only the student 6's measurement is important.
d) Only the measurement of students 3's and 5's
important

Measured Temperature
by
°C)

Student 1 25

Student 2 255

Student 3 26

Student 4 24

Student 5 26
a$‘§udent 6 40

6.3Why do you select the above answer for questiod BeZause

a) The highest measurement is more important.
b) All students use the same thermometer.

c) Measurement of the student 6's is far from other masurements.

d) Only the repeated measurements are important te madision.

6.4 Which statement best concludes about the stsidapasurement?

a) There is no error in measurement

b) All the measurements are not expected to be exactlye same

c) The most repeatedly measured value is the cameasurement
d) The nearest value to the text book is the corregsurement




Question 8 An experiment is carried out by two students.dboso, they gather a variety of
functional batteries, wires, and an ammeter. Thegpsured the current values in the circuit
after properly connecting it by altering the numbérbatteries for a single resistance. The
following is a table of the students’ measurements:

Voltage (v) | Resistancet) | Current measurefdCurrent measured hy
by first student (A) | second student (A)

1.t 2 0.7 0.7¢
3 2 1.4C 1.4¢
4.5 2 2.20 2.20
6 2 2.95 3.05

8.1 Which of the following measurementsnist the value of current measured by the first
student?

a) 1L40A

b) 0.73 A

c) 220A

d 1.45A

8.2 In the above experiment what do the studentd teeknow?
a) They want to know the relationship between voltagand current
b) They want to know how the resistance affects ctirren
c) They want to know the relationship between reststaand current
d) They want to know how the resistance affect voltage
8.3 Why do you select the above answer for thetoqpresumber 8.27 It is because
a) The measurement is taken on voltage and currextrestant resistance
b) The measurement is taken on current by varying véhge at constant resistance
c) The measurement is taken on voltage and resisiawedculated
d) The measurement is taken on voltage, current, esigtance.
8.5 What would you expect if the students use a 7I6baitery in the above experiment?
a) Student A and Student B will measure current tieet in the range between 2.95
and 3.05A.
b) Student A and Student B will measure current leas £.95 A
c) Student A and Student B will measure current lbas 8.05A
d) Student A and Student B will measure current greatethan 2.95A and 3.05A

respectively.

Question 2 A man pushes a body by 20N force and producesesleration of 2mfs

9.1 What are the given variables in question 9?
a) Force and velocity
b) Mass and acceleration
c) Force and acceleration
d) Force and speed

9.2 What force will produce the acceleration of €rfdr constant mass in question 9?
a) 10N
b) 20N



c) 40N
d) 80N
9.3Why do you select the above answer (to questioy?9t2s because
a) There is direct relationship between force and acéeration
b) There is inverse relationship between mass andeaatien
c) To determine its acceleration mass should be given
d) The same force can produce different acceleratioatier mass changes or remains
constant.

9.4 Which one of the following graphs representsryanswer to question number 98NS:

o g
B=1 =
g b) 5
a) o o
B 1
a -
-
: Force
Force
= =
.2 2
= =
= it
L¥] ¥
o 3 d) 5
5] S
- <<

Mass Mass

Questionl0: A man lifts an object of 30 kg vertically toheight of 2 m (case 1), and an
object of 20 kg vertically to a height of 3 m (c&e

10.1 Which of the following variableare required to calculate gravitational potential
energy?
e) Mass and velocity
f) Height and velocity
g) Velocity and gravitational acceleration.
h) Mass and height
10.2 In which cases work done by the man to |étdbject is greater?
a) In the first case
b) The same work for both cases
c) In the second case
d) Impossible to predict
10.3 Why do you select the above answer for quediib2? It is because
a) The man has lifted more mass in the first case
b) The man has lifted the object to a greater heiglité second case
c) Both masses possess the same amount of gravitatibpatential energy
d) Two different situations can’t be compared
10.4 Which statements below best conclude thetsituan question 10?
a) Potential energy varies with mass of the objectaowleration due to gravity
b) Potential energy varies with mass of the object andeight the object has lifted
c) Potential energy varies with height, mass of theaitand acceleration due to gravity.




d) Potential energy varies with acceleration due &vity and height a body has lifted.

Questionll: Your neighbor needs a 2.0 -ohm resistor butdsetwo 4.0 -ohm resistors. He
asks an electrician to help him how to produceda@m resistor. To get a 2.0 -ohm resistor,
the electrician tells him to put two 4.0-ohm resistin parallel.

11.1 Which equation is helpful to find the totasistance of resistors connectedparallel?
Ans: a

11 1
a) R——E-i-g
b) R=R, + R,

=1, 1
©) _R_R.-l_R.
d =R, + &,

11.3 What is your opinion about the electriciardsiae?
d) | agree with the electrician
e) | disagree with the electrician
f) | agree to some extent.
d) I am not sure
11.3 Why do you agree, disagree, agree to someteatenot sure with the electrician in
11.27? It is because
a) In parallel connection, voltage is constant
b) The total resistance of two 4.0 -ohmesistors in parallel gives a 2.@®) resistor
c) The total resistance of two 4.0 -ohm resistorseies gives a 2.0 -ohm resistor
d) Resistance cannot be added, rather made with Viakecks.
11.4 What can you conclude from your answer forgiestion 11.3?
a) Total resistance can be greater than individuadtaasces
b) Total resistance can be less than individual resehces
c) Resistances can be added by both series antepaosmnections.
d) The electrician knows better than others




Appendix B: Fit statistics for final version of SRPT

Item Mode INFIT INFIT OUTFIT OUTFIT Pt.
No Measure MNSQ ZSTD MNSQ ZSTD Corr.
Item 1.1 -1.44 1.08 1.2 1.15 1.€ .2€
Item 1.2 -.13 1.04 .9 1.06 .8 31
Item 1.3 .57 .99 -2 1.05 5 .32
Item 1. .58 1.00 .0 .98 -1 .32
Item 2.1 -1.10 1.03 .6 1.00 A .3t
Item 2.2 -.33 1.05 1.0 1.08 1.3 .30
Item 2.3 .81 1.03 4 1.09 7 .25
Item 2.4 1.19 .94 -5 .79 -1.3 .3€
Item 3.1 -1.77 .95 -.6 .92 -.6 41
Item 3.2 -.91 .81 -3.6 .78 -3.4 .58
Item 3.3 -.32 .90 -2.1 .92 -1.3 A7
Item 3.¢ .58 1.08 1.2 1.09 .8 .24
Item 4.1 -1.52 .97 -4 .94 -.6 AC
Item 4.2 -.64 .97 -.6 .98 -3 .40
Item 4.3 -.29 .85 -3.3 .83 -2.8 .53
Item 4.¢ .45 .94 -1.C .86 -1.4 41
Item 5.1 -.88 1.10 1.8 1.10 15 27
Item 5.2 -.35 1.08 1.7 1.09 14 .28
Item 5.3 .33 1.03 5 1.01 A 31
Item 5.4 1.79 1.00 A .86 -5 .24
Item 6.1 -1.37 .96 -5 .92 -1.C A2
Item 6.2 -.03 1.06 1.3 1.12 1.6 .28
Item 6.3 .69 1.05 7 1.05 5 .26
Item 6.4 1.36 .96 -3 .79 -1.1 .33
Item 8.1 -1.23 .96 -.6 .97 -3 41
Item 8.2 .34 1.02 4 1.02 3 31
Item 8.3 .94 1.00 A .92 -5 .30
Item 8.4 1.44 1.04 4 1.14 7 .18
Item 9.1 -1.16 .91 -1.E .87 -1.8 A48
Item 9.2 -.49 1.10 1.9 1.11 17 .27
Item 9.3 .26 .96 -.6 .87 -1.5 .40
Item 9.4 .67 1.01 2 1.09 .8 .2¢
Item 10.. -.67 1.09 1.7 1.11 1.8 .28
Item 10.2 .09 1.01 3 1.04 5 .33
Item 10.3 .37 .99 -1 .96 -4 .34
Item 10. 1.00 1.07 .8 1.06 4 21
ltem 11.. -.91 1.04 7 1.02 4 .34
Item 11.2 -.24 1.05 1.0 1.07 11 31
Item 11.3 .63 .95 -7 91 -7 .38
Item 11.4 1.68 .93 -5 .73 -1.3 .33




Appendix C: Item category entry order for the final version of SRPT

|ENTRY  DATA SCORE | DATA | AVERAGE S.E. OUTF PTMEA| |
|NUMBER CODE WALUE | COUNT % | MEASURE MEAN MNSQ CORR.| ITEM |
[---=--mmmmmmm e e L . |
| 1 wEE 2 1#| - .85 @9 .85 |ITEM1.1 |
| @ e | 73 3@ | -.84 .11 1.2 -.26 | |
| 1 1| 167 7@ | -.35 86 1.1 26 | |
I I I I I
| 2 wEE 11 5#] -.46 .38 LBl |ITEML1.2 |
| a8 8 | 133 58 | -.72 .87 1.8 -.31 | |
| 1 1| 98 42 | -.19 .88 1.1 31| |
I I I I I
| 3 wEE 4 2#| -.89 .19 .86 |ITEM1.3 |
| a8 8 | 178 71 | -.67 .85 1.8 -.32 | |
| 1 1] 68 29 | -.87 .89 1.1 32| |
I I I I I
| 4 wEE 2 1#| .21 .31 B8 |ITEML1.4 |
| @ 8 | 172 72 | -.G67 B 1.8 -.32 | |
| 1 1| 68 28 | - .85 B8 1.8 .32 | |
I I I I I
| s w | 3 1#| -.98 .61 -.B6 |ITEMZ.1 |
| 2 e | 88 37 | -.87 .89 1.8 -.35 | |
| 1 1| 151 B3 | -.26 .86 1.9 .35 | |
I I I I I
| 6 wEE 13 5#| -.78 .28 -.B6 |ITEMZ2.2 |
| @ 8 | 121 53 | -.72 .87 1.8 -.38 | |
| 1 1| 188 47 | -.21 .83 1.1 .38 | |
I I I I I
| 7 wEE 11 5#] -.22 .25 .87 |ITEMZ.3 |
| a8 @ | 175 76 | -.B3 .86 1.8 -.25 | |
| 1 1| 56 24 | -.13 de 1.1 .25 | |
I I I I I
| 8 wEE 13 5#| -.18 .12 J11 |ITEMZ.4 |
| @ e | 187 82 | -.G6 86 1.8 -.36 | |
| 1 1] 42 18 | .14 .@9 .8 .36 | |
I I I I I
| 9 wEE 5 2#| -.16 .23 .85 |ITEM3.1 |
| @ 8 | 59 25 | -1.11 .11 .90 -.41 | |
| 1 1| 178 75 | -.38 .85 1.8 A1 | |
I I I I I
| 18 . w | 13 5#| -.35 .17 84 |ITEM3.2 |
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Appendix D: Interview schedule by the researcher fitial)

1.

2.
3.

What is physics for you? How do you perceive/viehygics knowledge before and

after learning the concepts of physics?

How do you view physics facts and concepts?

Is there any relationship between physics conaamdsday to day activities? How can
you relate physics facts, concepts with what yoovkin regular basis? (3)

Does the construction/development of scientificwealge require evidences? If so,
what are sources of evidences?

Can we arrive on a certain conclusion based orevidences? How can one draw a
scientific conclusion?



Appendix E: : Validated Interview Schedule for the Students

1.

2.

How do you perceive/view physics/scientific knowdedoefore and after learning the
concepts of physics?

How do you view physics facts and concefiBfobing question: Do you think the
definitions, constants, formulas...in the textboole druths to be grasped or
something needs to be checked, proved, and suppuwith evidences? Give an
example from physics concept.)

How do you view scientific explanation§?robing questions: how scientific
explanations are constructed? Is there any relafop between scientific
explanations and day to day experiences? Give ample from physics concept.)
Does the construction/development of scientific wiealge require evidencesf?so,
what are the sources of evidences? (give an exaimgotephysics concept)

Can we arrive on a certain conclusion based oreth@ences{Probing question:
How can one draw a scientific conclusion?)

How can you develop/construct your understandin@tofsics/scientific knowledge
from the low to high level of understanding? (gareexample from physics concept)



Appendix F: Questions Used in the Focus Group Disssion

hPrwnhpE

o

How do students’ perceive/view physics/scientifiowledge?

How students view physics facts and concepts?

How do students view physics/scientific explanasdn

Do students generate their own evidences for thews?If so, what type of
reasoning?

Do students able to draw conclusions? If so, wirat kf conclusion?

How can you put students’ progress of reasoningp fimwv level to high level of
reasoning from your experience (if possible)?



Appendix G: ICC curves for SRPT items
a) ICC curve foitems 1.1, 1.2, 1.3 and 1.4 in termsaafre and its

difficulty

Item Characteristic Curves

Score on tem

-5 45 4 35 -3 25 -2 15 -1 05 0 05 1 15 2 25 3 35 4

Measure relative to item difficulty

1. MEM1.1 »* 3 MEM1.3 == 1.MEM1.1 == 3 MMEM1.3
»* 2 TEM1.2 ¥- 4 MEM1.4 == Z TEM1.2 4 [TEM1.4



Score on kem

b) ICC curve fo items 2.1, 2.2, 2.3 and 2.4 in terrinscore and its

difficulty

Item Characteristic Curves

-5 45 4 35 -3 25 -2 45 41 05 0 05 A 18 2 25 3 35 4

Measure relative to item difficulty

3 5. MEWMZA ¥ 7. MEMZ3 == 5 MEMZ.1 = 7. MEMZ.3
3 6 MEMZ.2 8. [MEMZ.4 == & MMEMZ.Z 8. [TEMZ.4



C) ICC curve for items 3.1, 3.2, 3.3 and 4.4 in teohscore and its

difficulty

Item Characteristic Curves

0.7s +

Score on kem

5 45 4 35 -3 25 -2 15 1 05 0 05 1 19 2 25 3 35 4

Measure relative to item difficulty

-3 9. MEM3.1 - 11.MEM33 == 9 MMEM3.A == 11. MEM3.3
2 10. MEM3.2 12, MEM3.4 == 10. MEM3.2 12. MEM3.4



d) ICC curve for items 4.1, 4.2, 4.3 and 4.4 in teohscore and its

difficulty

Item Characteristic Curves

Score on kem

5 45 4 35 -3 25 -2 15 1 05 0 05 1 19 2 25 3 35 4

Measure relative to item difficulty

3 13. MEM&.1 3 15. MEM43 == 13. TEM4.1 == 15. MEM4.3
3 14 MEM4.Z 16. MEM4.4 == 14 MEM4.2 16. MEM4.4



Score on kem

0.7s +

=
tn

035 +

ICC curve for items 5.1, 5.2, 5.3 and 5.4 in teohscore and its

difficulty

Item Characteristic Curves

4 35 3 25 -2 15 1 05 0 05 1 19 2 25 3 35 4

Measure relative to item difficulty

- 17. [TEMS.1 - 19. MEMNS.3 = 17. MEM5.1 == 19. MEMN5.3
- 18 MEM5.2 20. MEM5.4 == 18. MEM5.2 20. MEM5.4



f)

0.7s +

Score on kem

035 +

ICC curve for items 6.1, 6.2, 6.3 and 6.4 in teohscore and its

difficulty

Item Characteristic Curves

4 35 3 25 -2 15 1 05 0 05 1 19 2 25 3 35 4

Measure relative to item difficulty

3 21. MEME.1 3 23 MENME3 == 21. TEME.1 = 23. MEME.3
2 22 MEME.Z 24 MEMG.4 == 22 MEME.2Z 24, MEMG.4



0) ICC curve for items 8.1, 8.2, 8.3 and 8.4 in teohscore and its

difficulty

Item Characteristic Curves

Score on kem

-5 -45 -4 35 -3 2% -2 15 1 05 0 05 1 15 & 25 3 35 4

Measure relative to item difficulty

- 25 MEMEBA 3 Z7. MEMB3 == 25 MMEME.1 = 27 MEME.3
- 26. MEMB.Z 28, MEMB.4 == 26 MEMB.2Z 28, MEME.4



h) ICC curve for items 9.1, 9.2, 9.3 and 9.4 in teohscore and its difficulty

Item Characteristic Curves

07s +

Score on kem

0.25 +

-5 -45 -4 35 -3 2% -2 15 1 05 0 05 1 15 & 25 3 35 4

Measure relative to item difficulty

- 29, MEMS.1 3 31.MENM9.3 == 20, TEMS.1 = 31. MEMS.3
-3 30. MEM9.Z 32, MEM9.4 == 30. MEMS.2 32 MEMS.4



i) ICC curve for items 10.1, 10.2, 10.3 and 10.4 imteof score and

its difficulty

Item Characteristic Curves

Score on kem

-5 -45 -4 35 -3 2% -2 15 1 05 0 05 1 15 & 25 3 35 4

Measure relative to item difficulty

- 33 MEM10.1 3 35.MEM10.3 == 33. MEM10.1 = 35. MEM10.3
- 34 MTEM10.2 36. MEM10.4 == 34 MEM10.2 36. MEM10.4



j) ICC curve foritems 11.1, 11.2, 11.3 and 11.4 im&of score and

its difficulty



Item Characteristic Curves

075 +

Score on kem

025 +

Measure relative to item difficulty

> 37 MEMA14 - 35 MEM113 == 37 MEMi141 = 35 MEM11.3
¢ 35 MEM11.2 40 MEM11.4 == 38 MEM11.2 40. TEM11.4



Appendix H: Consent letter to the participating teahers

ADDIS ABABA UNIVERSITY

COLLEGE OF EDUCATIONAL AND BEHAVIORAL STUDIES

Informed Consent for the Teachers
Dear Sir/Madam,

The following information is provided to help yoweade whether you wish to
participate in the present study. You should berawiaat you are free to decide not
to participate or to withdraw at any time.

I am conducting this research for the fulfiimentaoPhD degree in Physics Education. This
interview/discussion was aimed to obtain informatabout grade 8 students’ which can be
used to develop assessmet tool and explore stdyettsrn of reasoning at upper primary

school in physics.

Thank you for your willingness to participate instldiscussion. | would like to hear

your ideas and opinions. | want to assure you Yyoat responses to the questions
will be kept confidential and your name will not lbesociated with the research
findings in any way. Do not hesitate to ask questi@bout the study before

participating or during the study. | would be hagpyshare the findings with you

after the research is completed.

Please sign this consent form. You are signingitih Wull knowledge of the nature
and purpose of the procedures. A copy of this faithbe given to you to keep.

Name

Signature -------------

AA



Appendix I: Consent letter to the participating sctools

BB



Declaration

I, the undersigned candidate declare that thigdssson entitledDevelopment of Tools and
Assessment of Students’ Pattern of Reasoning afpimary School of Hadiyya Zone,
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