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Abstract

The inclusion of nature of science (NOS) in science curricula has long been advocated
as a key means to accomplish scientific literacy. For example, in the U.Scidmee
for All AmericangAAAS, 1989) andBenchmarks for Science Litera@yAAS, 1993)
included an explicit emphasis on the teaching of NOS. More recéntfyamework
for K-12 Science Educatiof NR C, 2012) al so highlighted
consensus about characteristics of the scientific enterprise that should be understood by
aneduat ed citizendo (p. 78) . Wh i ldecumertse s e ar
around the world have emphasised the inclusion of NOS since the 1990s, there is
currenttya | ack of empirical evidence on teac
focused on NOS angarticularly on theirviews of and practices ithe classroom
assessment ®OS

In an attempt to fill this gap, this study investigaltor ean sci ence t
practices of classroom assessment in the wake of the recent national curriculum reform
that foregroundsNOS as an explicit learning expectation. In the 2015 National
Curriculum of Kor ea, a new ®xlpjeectmenamed
(SIE) was introduced as a separate compulsory subject and is being taught to Grade 10
students SIE features NOS, which has epistemic characterigtissnguishedfrom
those ofscientific content knowledge, ase ofits mainlearninggaoals. To understand
how teachers approach the assessment of this¢¢@t®ed curriculum, | focus on one
school where three teachers taught and assessed NOS through a number of different
assessment tasks. Interviews, classroom observations, assessmealsmateviarious
lesson artefacts collected over two yeamrsused to illustrate how the three teachers

viewedand practised thelassroomassessment of NOS.

Sever al i mportant aspects of t he teach
classroom assessmteof NOSare reportedFirst, | discuss the mismat¢hat existed
bet ween NOSaeathieg isténtions and NOS assessment intentions, and
between their views and enactments of the summative assessment ofidQBree
teachers enacted the same $&@Ssummative assessmexttivities in different ways,
and their enactments weassociated withheir perceivedpurposs and foe of NOS
assessment Second, th e teachersbo coll aborative dec

assessment revealed sevechhllenges of NOSsummative assessmerguch as



Abstract vii

di stinguishing 6éunderstandingsd and O6vi ew
enactments oéssessmertasks, and controlling the literacy and content knowledge
demandwhen assessing NOShird, an indepthanal ysi s of one t eeé
instruction suggested that her feedback and other formative assessment practices
mediated th&NOSlearning goal othe lesson with science content knowledgstory

of science and othaxspects of NOSand built conndons between these elements
Throughout the lessonhe teachecreatedNOS learning opportunitieBy eliciting,

responding to and acting upon evidence of student learning

Given thecentralityof high-quality classroom assessmentstudentearning,the
findings will be useful to inform future curriculuand assessmergforms as well as
to bettersupportteachers for teaching and assessing NB&sed on the existing
literature and the findingsf this study] assert that supporting teachéor meaningful
and effective classroom assessment of NG&ystoempowering students develop

an elaborataunderstanding of what science is and how it works

Word count 94,655



viii

Acknowledgements

This thesis could not have come together withouirttedlectual and emotionaupport

of many people. | thank Sibel Erduran and Judith Hjlveho have been amazing
supervisors, mentors, colleagues and collabsatoring the past three yeairsa way
that | hope teemulateone day | amalsograteful to my examiners, Alison Cullinane
and Jim Ryderalong withearlierexaminers Ann Childs and lan Thompson, whose

feedbackcareandencouragemeritavestrengthenede content of the thesis.

| am proud to have been part bétscience education team at Oxfasdwell aghe
OARS project that has coincided with my doctoral stuprking with colleagues,
including Liam Olga,Nigel and Jessicgave menvaluablelearning opportunitieghat
helpedto shape and develdpe thesisl am also grateful tan unending list ofriends
and colleaguesvithin and outside the Departmeot Education at Oxfordwhose
encouragemerdandwisheshelped mdinish this thesisamida global pandemid am
immeasurablyindebted tomy three participanisDr Kim, Ms Nam and Ms You
(pseudonyms)who graciously allowed me to learn fraimeir classroomsand share

their wisdomwith the science education communityough his thesis

| am deeply grateful to Ilju Academy and Culture Foundagiodthe Department
of Education at Oxford for their financial support during my doctoral stdghgreatest
love and thanks go tblum, Dad and Brotheand my extended family with whoin
haveshared this journeglbeit remotely On their unwavering suppqrpatienceand
trustl could build thisthesis.



Chapter 1 Introduction

In recent decades, many science curricula and science education reform documents
around the globeommonlyhavestatal nature of science (NOSJs a curriculum goal

and contenfAAAS, 1989; MEST, 2009; Millar & Osborne, 1998; MOE, 2015; NRC,

1996, 2012; TheRoyal Society Science Policy Centre, 201%he idea of NOS
educationis to teach students not only the conceptual and procedural knowledge about
science but alsthe epistemic and social aspects dghét areinformed byresearch in

the history, philosophy, sociology and anthropolofigcienceAlthough NG5, broadly

speak n g, i's about Ohow the scientifiitc ent e
would be onlyaslight exaggeration to say that every NOS researcher defines NOS in
different waysAccordingtot hi s 6 ¢ o n,N@Srefeusgodcience as & way of

knowing, epistemology of science, or the values and beliefs underlying scientific
knowledge or the development of scientific knowledigederman Abd-El-Khalick,

Bell & Schwartz,2002) On the other hand, there are NOS researchers who subscribe

to a broaderconcepion of NOS that encompasses thkaracteristicof not only

scientific knowledge but alsecientific inquiry and practice (Duschl & Grandy, 2013;

Erduran & Dagher, 208} Hodson & Wong, 2014).This recent view also
acknowledgs the differences among scientific disciplinaed argues fora more
philosophically sophisticated approathat presentsa 6 mor e aut hentic
contemporary scientific pr aheteimdiNOSiInthisHods on
thesis is used in ik latter sense, followinga recent body of criticisms about the
consensusiew that it undermines the interdependence of scientific knowledge and the
processes and activities through which it is generaded that there are many
ambiguitiesn howit characteises sciencé@uschl & Grandy, 20131odson & Wong,

2017; Irzik & Nola, 2011 Matthews, 201

Aside from the debateverthe meaning and coverage of the term, it is evident that
understandngNOS has shifted o6from a dedorrabl e
achieving scient i f iJaoudd, 2005 p. 878)yoter tifepaspthoe r &
decades. A scientifically literate person, as set out irSthence for All Americans
(AAAS, 1989), 0is aware that sciermeote, mat
human enterprises with strengths and limitations; understands key concepts and

principles of science; is familiar with the natural world and recognises both its diversity
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and unity; and uses scientific knowledge and scientific ways of thinking foidioii

and social pur pos e $BAZ0pA.Stradefic Dirddtios &nd fisore e n t |
forSciencem| so reiterated the i mportance of wun
devel ops over timed (p. 3) , p aimgtsacietal | ar | vy
challenges such as climate change deamal vaccine hesitandDECD, 2020). NOS

has been argued to be an integral part of scientific literacy in that it brings benefits to
individuals by facilitating rational and informed decisimraking, and also to society

by increasing moral, democratic and responsible citizpr(@niver, Leach, Millar, &

Scott, 1997; Hodson, 20148mergingas acoreaim of primary andsecondarycience

education (Hodson, 2014; Lederman, 2007), NOS has become increasidgggsed

in the science curriculum reforms worldwided research literate

Although the value of NOS in science curricuis. now widely acceptedmong
science education researchesgidence suggestsome limitations inincorporating
NOS in science teachinlylost notably, despitehe continuedesearch effortever the
60 years teachers and students still have inadequate and nawve understandings about
NOS (Khishfe & AbdEI-Khalick, 2002; Lederman et al., 2019; Schwartz, Lederman,
& Crawford, 2004). To a certain extent, this is connected to the fact that NOS has been
includedin the secondary science curriculumarrather indirect and implicit manner
(McComas & Olson, 2002; Olson, 2018; Summ@atameh, Brunner, Maddux, Wallon
& Abd-El-Khalick, 2019). Even today, science curricidantinue to beorganised
around the structuref disciplinary knowledge in physics, chemistry, biology and
(sometimesgarth sciencéDuschl, 2008)Most timesNOS is no more than a higher
level goal or manifesto that only exists in writing. In a recent review of recent
international science education standards documents from nine countrieg20l8)n
found that NOS ideas are seldom specified as learningetmns but are mostly in
ancillary mat er i &Itlse, statasrofdthe Inatumeeoh dciende it tihea t o]
international science education standards documents studied here appears disjointed
and rather uninformed by ps668).ds Qsorsrighthp i n S
pointed out, it is hard to find secondary science curricula that foreground NOS
explicitly as a | earning expectation. Su
science standards in the U.S. released between 1980 and 201@aadmmed that
there has been surprisingly little improvement with regard to the coverage of NOS and

the way NOS aspects are presented. In particular, it is often criticised that thiekt.S.
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Generation Science Standar(GSS Lead States, 2013) includes strongly stated
learning expectations related to NOS in Hogly of the document (Akerson, Carter,
Pongsanon & Nargurdoshi, 2019).

There seem to be at least twossiblereasons that impede NOS from being
considereas core curricular elements. Tivst obvious difficulty is that understanding
NOS often requires some prior content knowledged inquiry skills about science
Consider a frequently mentioned NOS aspec
Ssubject to change eexemplifiesl byNh® theoy shangeftoma& ou | d
geocentric to a heliocentric worldview, or the development of atomic models, among
other historical stories. Both cases, however, require some knowledge of astronomy
(e.g., the solar system), or of physics anenaistry (e.g., atomic theory) to understand
why the change evidences the intended NOS aspect. Similarly, to understand that
scientists use diverse methodsnweestigatenature, students first need to grasp what
each of the methods (e.g., inductive reasgnexperimentation, observation) entails
through studying historical or contemporary cases and/or engadimgsie methods in
practical lessonsThis means that it is crucial to teach NOSlmse connection with
scientificcontent knowledgand inquiry and such contextualisation is one of the key
issues that determine the success of introducing any-iNfO®8ned science curricula
(Allchin, Andersen & Nielsen, 2014; Bell, Mulvey & Maeng, 2016).

Another major challenge to implementing a Nf@8used currialum is tied to the
issue of assessment. This is unsurprising given that assessment plays a critical role in
the way a curriculum is presented by teachers and also what students learn from it
(Black, Harrison, Hodgen, Marshall & Serrg)10; Duschl & Gitaner, 1997; Popham,
2009). The power of the assessment system in determining educational practice and
attainment is particularly strong in certain countries, for example, Englrrdde &
Skinner,1999, China Ma, 2012), and finally SouthKorea (hereafter referred to as
Koreg (Song, 2013) the focus of this thesis. Korea has historically relied much on
tests to determine st udentbydlowngtotementos and
elite schools angrestigious careefsased on tesesults and as a result, has developed
particular perspectives on assessnrefdted issues such as fairness, discrimination,
accountability and the role of assessmenhéeducation system (Kwon, Lee & Shin,
2017). Given the importance of assessment in theatiducsystem in Korea, it seems
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critical to investigate the assessment aspect in order to understand how NOS is
conceived and taught in Korean science classrooms. | will revisit this istheegbm

centred educational system and culinr&orealaterin Chapter 3

Assessment, particulatye ac her s 6 c | a,sssmuadersxplaredsreas s me n
in the current literaturen NOS education. Although thers a plethora of research
instruments developedfr measuring studentsd under st a
Ryan, 1992; Kaya, Erduran, Aksoz, & Akgun, 201ederman et al., 2002) that are
widely usedtheseresearchedeveloped instrumentgave limitedapplicationsvhen it
comes toin-class formative andummative assessmerdue to thefundamental
differencein their aims. Research instruments and classroom assessments each have
their distinct aims and measures of quality, and are conducted by and reported to
different parties(Allchin, 2013; Hanuscin,Lee & Akerson, 201} Sucha critical
difference in the aims of assessmenparticularly problematic forthe summative
assessmenf NOS Cheung (2020noted the difficulties of settingp a marking
scheme for assessing NOS understandmigfs reliability and discriminatory power
sufficient for highstakes examinationand calledf o r science educat
discussion on what and how NOS should be assessed in summative esse$his
problem ofassessmenintertwined with the highly competitive culture of education, is
in fact acentralissuein the introduction of NOSn the Korean science curriculum

which will befurther developdin the rest of this thesis.

Bringing together th importance of assessment in the way curriculum is taught
(Duschl, 2008; Duschl & Gitomer, 1997)
assessment of NOS, there is a clear call for research on the intersection of classroom
assessment and NOS. Thentextof this thesis,that is, the new Korean science
curriculum, is distinguishedrom its predecessons that it brings NOS from the
background to the fore asgtsoun st rong expectation that s
NOS is explicitly taught and assessed by teachers and reported to the school and
parents. From a broader international perspective, this study can be seen as an
examination of an-fobusex screrecencirricola & ¢hé sewsé thal O S
having a subject dedicated to NOS is an extreme way of makiagplicit. By
investigatinga recent case of curriculum reform in South Korea, the findings from this

thesis will provide insights into the opportties and challenges of teaching and
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assessing NOS on the classroom | evel, escg
In doing so, implications will be drawas tohow to improve the curriculum, teacher
education and other systematic supports to suttlyssmplement NOSfocused

curriculum reforms. To these aims, this thesis is structured in the following manner.

Chapter 2provides a review of relent literatureand developsa theoretical
orientationfor thestudy. | starby considering how the idea of NOS first emerged and
has made its currergtandingin science education research and policy, and then
examine the recent theories and empiricatlence on the aims, teaching approaches
and various conceptualisations of NOS. The examination of NOS literature clearly
indicatesthat thereexists little classroomb ased research on teacl
teaching NOS compared to research conducted withiversitybased professional
development contexts, and also that in many cases, NOS is not the main learning goal
of lessons. Next, | review the current status of research on classroom assessment with
a focus on its two aims (i.e., formative and sumnagtithe conditions that determine
the quality of classroom assessment, and the roles of teachers as a central actor that
performs classroom assessment. The review of classroom assessment research points
to the respective importance of formative assessarghsummative assessment, each
in facilitating student learning and accounting for the learning. At the same time, these
two purposes of assessment are interrelated and mutually dependent, according to
recent viewsAfter synthesisinghese two bodies oitérature to identify the issues of
assessing NOS in particular, potential challenges, and what remains unanswered

discuss the theoretical commitmetitat guide this thesis.

In the restof the chapterl outlinethe research questions that guided thesis,
along with a brief overview of how they relate to data collection and analysis methods.
This thesis posefireekey questions about assessing NOS in classrooms, based on my
fieldwork in the school over two academic yedfsst, how doteachers view and
practise the summative assessment of NOS in the class(Gbiagiter % Secondhow
doesa team of three science teachers engagé@® summative assessment tmgh
school? Andvhat does their decisiemaking process reveal about the potential issues
in the summative assessment of NQSrapter § Third, what are the instructional
strategies that all ow for Andahatraersang f or m
potential issues and challenges involved in the formative assessment ofQH2ter
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7). Although both questions are concerned with classroom assessment, they illuminate
different (although interconnected) aspects of it. The summative assessment question
enables understanding how systlawvel considerations such as accountability
pressure, curriculum policy, national and school culture are interpreted and
implemented by teachers to shape their assessment practices about NOS. On the other
hand the formative assessment question focusegshenlink between classroom
instruction and assessment, particularly the contributions of this ongoing, continuous
formative assessment by teachers to stuc
meantime, how the interrelation between formative and sumenaBsessment
unfolded in their assessment practice is also consitlem@aghout the thesig his way,

the two research questioallow for a holisticlook intoclassroom assessment of NOS,
ranging from the teacher and student talkkhi@classroom to théroaderassessment

policy and culturen which NOS is assessed

Chapter 3describes the multiple layers of context in whibb study is situated.
Education is a social and cultural phenomenon so cannot be separated from the unique
time and place it is happening. | first provide an overview of the educatiturecin
Korea, particularly the societal significance of tests, assessments and university
entrance that has several historical originsaddition | also outline how these factors
shape science educati on &Koreh | thea deschbethe 6 c | a
process in which NOS was introduced in the most recent curriculum reform in 2015,
and how this change relates to the broader contexts of curriculum and assessment.
Besides these upptavel contexts, | describe the context of the particatdrool in
which my fieldwork was conducted, since it had several important socioeconomic
features that need to be considered foritierpretationof findings. These contexts
will often be revisited in the following chapters to consider the extent tohwihie

current study cabe generalisetbr NOS and classroom assessment research

Chapter 4provides the methodology and methodstfw study. To &plore how
teachers assess NGBis thesis useanin-depth qualitative researchethod | justify
my choice of a qualitative single case study approaaohparingthe features othe
case studynethodologyto the aims and desired contributions of my study. Between
2019 and 2020, various types of data including teacher interviews, lesson observations,

lesson and assessment materials, and other classroom artefacts were collected to



Chapter 1 7

describe and understandthe acher s teaching and assessn

methods and the process of methodological decisiaking are detailed, including

how the design was adapted in response to the unexpected school closures due to the
Coronavirus disease 2019 (C/19) pandemic. Each step of the coding process and

the various measures of ensuring the rigour of the analysis are explantede
methodological and ethical issues | encountered and how | addressed them are also
describedIn this chapterl alsodesribe my own researcher positionality in relation to

the context, process, interpretation of the study and my relationship with the
participants and discuskow the study cafurther our knowledgeof NOS instruction
beyondthe specific context within whircit was situated

The nextthreechapters report the research findingsChapter 51 investigate the
threesciencet e a ¢ h e r of @nd ypracécess assessing NOS with #bcus on
summative assessmeAll school subjects need some form of summative assessment,
through whch the teacher evaluates and reports on student learning at certain time
points. The way a teacher enagmummative assessment can not only show their own
pedagogical priorities but also reveal htveir practicels shaped within the broader
contexts of curriculum, policy and culture. | first present tbateachers vieedthe
teaching and summative assessment of NOS in the context of the new curriculum.
These views are then compared with their enactments of tN@S assessment
activities which provides insights about the possible sourcesafjreemerdnd also
the differencescross thehreeteachersNot only doestie analysis provide a close
illustration of teacher practices, but it alsniggestshe needor supporting science

teachers to develop a coherent views and practices in NOS instruction and assessment.

While Chapter 5 focused amdividual teachersChapter @ttends to the collective
aspect of the summative assessn@akploremore specific issues in NOS assessment
Asateamitie teachers used diverse acti§ities
contextualised within histgrof science and studeted investigationsbut when the
time came for marking and gradirthey confrontedseveralchallengesThe teachers
hadenacted the planned activities in different manners in their lessons, with different
levels of guidance and feediaim studentswhich raised the issue of comparability
and fairness in terms of gradintn addition, the teachers found it challenging to

discriminateamongstudent answerdue to thecontentiousand operendednature of
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NOS knowledgeBesides, there wemoncerngelaing to the content knowledge and

reading literacyequired forcarrying outNOStasks which could potentially lead to a

validity issue Such complexities, combined with the relatively low accountability
pressure for the subject, played an important role in shaping their gradictgceof

NOS assessmenttasi By | ooki ng i nt o t eanakngpracdss,col | e
this chapteoffers some possible challenges and issues that can arise in NOS summative

assessmenand how the teachers dealt with thenindividual and collective levels

Recentstudies onclassroom assessment suggest that assessment does not only
happen in the form désts or only at the end of instruction. Rather, assessrarriie
a formative procesas the teacher seeks and uses information about stdidantsng
and provids appropriate feedbacto studentsIn Chapter 7| turn to the issue of
formative assessemt and explore how NOS learning can be facilitgtadicularly
through dayto-day, informal conversations in the classroom. | focus on the
instructional practices of one teacher as she taadggsoron the paradigm shift and
the development of scienoghere students presented exampletheparadigm shift
in science and exchanged feedback with peers and the teacher. Analysis of the
classroom conversation leads to identifying a number of ugedatices foformative
assessmeremployedby the teacher, but at the same time, it also reveals several
moments when particular challenges arémethe teachewith giving prompt and
appropriate feedback. From the analysmsderthat in a NOS classroom, it is crucial
for teachers to keep thelassroom conversation focused on the target NOS and
simultaneously create opportunities to broaden the NOS leahyingcorporating
content knowledgehistorical episodes and other aspects of Nx# are relevant to
the target NOS

Chapter &nds with a discussion of thariousthemes that emerged in the thesis.
First, | situate the findings within the research literature on NOS and classroom
assesmentFrom a NOS perspective, the affordances and challenges of assessing NOS
in classrooms identified in this thesisntributeto the current literature which is mostly
focused on the use of researcteweloped NOS instrumentrom an assessment
persgective,my findingsillustrate the experiences and struggles of science teachers in
the face of a new curriculum wher@an-traditional form ofknowledge (i.e., NOS) is
taught and assesseéfter decades of research efforts, teaching and assessing NOS
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remains to beinfamiliar and challenging to science teachérsm a global perspective,

the foregrounding of NOS in the new Korean curriculum is an ambitious experiment.
By synthesising the findings in light of the existing literature on NOS and classroom
asessmenit will become cleathatthis thesis will inform future research in this field

and also contribute to preparing teachers for meaningful and effective teaching of NOS

in secondarycience.

With this thesis, Ihope to initiate further discussion about the classroom
assessment of N&through & exploratorycase study ahree teacher®y illustrating
how thetraditional as well as new issues in NOS education ueébidthe context of
classroom assessmeiprovides a fresh perspectifrem whichto consider NO%nd
propose new gestions relating to the why, what and howesching NOS in schools.
For the successful implementation of NOS in schools, the question of assessment is
inevitable given theeducationateality in many countrieghere teaching and learning
are significantly influenced by assessméatichin, 2013; Hanuscin, Khajeloo &
Herman, 2020) Hence, an examination ofteacher practicesn NOS classroom
assessmentan provide valuable information necessary for transformir@SN
education in theultureof accountability(Allchin, 2013)

Just as NOS researchers have struggled to strike a balance between preserving
philosophical teachings and translatthgminto effective pedagogy, writing a thesis
on NOS certainly requicka strategic presentation of educatioaejumentsandtheir
oftencomplicated ingredientdNOS is an interdisciplinary area with its disciplinary
roots innaturalscience, history of science, philosophy of science, and sociology of
science Accordingly, NOS ideas such dsow science works in relation to society
cannot be properly addressed withouteference tohistorical casesas well as
philosophical and sociological reflectian (Allchin, Andersen & Nielsen, 2014;
McComas, Clough & Nouri, ZD). For this reasongtevant backgrounds nestto be
referred tanthethesisvhi | e i nterpreting teachersodo pr e
NOS in question. Sometimes a short description suffices (e.g., explaining what the
Mpemba effect is), buttaother times, these issues can be complicated and debated
amonghistorians angbhilosopherge.g., how to define a paradigm). Given the nature
of this thesis as an educational research progdiausive discussions of these
historical and philosophical detagse beyond the scope. These details, however, are
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often essential or at least helpful to explain the sources of difficulties for teachers and
also to draw pedagogical implications. Therefore, Ireslslsome of these background
ideas in the text where necessary or more frequently as footnotes for the convenience

of readers.
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Chapter 2 Literature review

This study builds on existing research on NOS and classroom assessHwnt
developng the research questiondesignng the study and interpretirtge findings.
Both NOS and classroom assessmanetsignificant research ars¢hat arediscussed
extensively ininfluential science educatiomesearch handbookse.{., Abell &
Lederman, 2007Fraser, Tobin & McRobbie, 20)1.2Since he formemainly concerns
the educationatontent to be taught in the science classroom and the lattbouiga
specific subset of teacher activities in the classramdiscussion on the classroom
assessment of NOS inevitably requigesynthesis othe two bodies of literatur&he
purposeof this chapteis toprovide theexistingresearch basés these areasonsider
the gaps in resear@dnd developny orientation towardsome key issues relating to
NOS and classroom assessment.

| start with reviewing the research on MNBD particularly wih a focus on the
arguments fomcludingNOS insecondary science educati@ompeting frameworks
for characterisingNOS that have been proposelus far, methods suggested for
effective teachingof NOS and teacher knowledge in N(@Section2.1). Given the
close connection betweahassroomassessment and instructi@nreview of research
on NOSinstructionwill provide initial insights seful for consideringhe classroom
assessment of NOSection2.2focuses on thenain concepts and issues in classroom
assessment researddf particular interest arformative and summative assessments
used by teacherAfter consideringsome criteria for higiguality classroom assessment,
| turn to the issue oivh at const i knowledge and skils reqrired for
designingimplemening and usingclassroom assessmeihen Idiscuss the specific
characteristic®f NOS asit relates to classroom assessmewhich helps taconsider
the potential similarities and differences of assessing science and assessing NOS in the
classroom one ofthekey interests of this thesis Section2.3, the focus shiftso the
classroom assessment of NQSstart by problematising thdack of attention to
classroom assessmentthe current NOS literatureontrary to the sustained effort to
develop and usBIOS assessment instruments for research purpodesn synthesis
the existing researdb identify somereseacth gapsand severakey issues that need to
be addresse@bout the classroom assessment of NO&ction2.4) anddiscuss the

theoretical orientation théitames and gides the empirical study (Secti@rb).
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2.1 NOS in the science curriculum

2.1.1Justifying and conceptualising NOS in science education

NOS has emerged as a major agenda for research and education policy particularly over
the past three decades (Hodson, 2014). Teaching NQ8hwol sciencéias been
advocated for its diverse potential benefits in achieving scientific literacy, such as
enhaaci ng studentsdé wunderstanding of scier
decisionmaking, responsible citizenship (Driver et al., 1997; Hodson, 2014; Lederman,
2007). Along with the increasing awareness of the significance of NOS among
researchers, renecurriculum reform documents in many countries have introduced
NOS as a major component of scientific literacy (AAAS, 1989; Millar & Osborne, 1998;
MOE, 2015; NGSS Lead States, 2013). Erduran and Dagher (2014a) explained that the
development of NO®elaied curricular frameworks has drawn on two broader themes,
namely a philosophical orientation toward science and the constructivist tradition. They
explained that these two themes have shaped the policy discourse on what should be
taught about NOS and ho®rduran & Dagher, 2014a).

The inclusion of NOS as an aim of science education has been adviocaéd
least four reasons. The first argument for NOS is that understanding NOS facilitates
student sbé6 | e lknowledge(Driver &t al.¢c I®965abonon, 1991). Many
studies have supported the benefits of embedding the aspects of NOS into teaching
science content. Galili (2@}, for example, advocated using historical episodes in the
field of optics for more comprehensive and effective learning of gas.cie the context
of chemistry, Erduran and Mugaloglu (2014) suggested that deeper philosophical
reflections on the nature of chemical knowledge would help students with difficult
concepts such as the Lewis model of acid and base and the interpreftatierBohr
model of the atom. NOS is also indispensable when teaching subjects such as geology,
which is an intrinsically historical and interpretive science (as compared to
experimental science; Dolphin & Dodick, 2014). Dolphin and Dodick (2014) argued
that making sense of the distinct nature of earth sciences is central to understanding
geoscience concepts that deal with massive scales in time and space. Tissalsew
supported empirically by studies thahowed the positive correlation between
concepual understanding and metacognitive, epistemological understanding in science
(Shapiro, 1994; Songer & Linn, 1991).
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The second rationale for the inclusion of NOS arises from the practical utility of
learning NOS. From a utilitarian standpoint, this viegues that NOS should be taught
because it is useful féhepersonal and social lives of people, particularly by assisting
their decision making (Driver et al., 1996; Giere, 1991). Driver et al. (1996) suggested,
for example, knowledge of NOS is essentiatieciding whether to trust experts (e.qg.,
doctors) and understanding the reliability and possible limitations of their knowledge.
Alichin (2011) echoes this point by emphasising how reliability is established in science
as a core interest of NOS. Futhe NOS promotes studentso
socioscientific issue€SSIs)such as climate change (Herm&wens, Oertli, Zangori
& Newton, 2019 and genetically modified foods (Khishfe, 2@)2Besides these
benefits to students, it has been sugge$t@dNOS can be beneficial to science itself.
Historian of science Stanley (2016) argued that NO&dceven benefit practising
scientists, by O6exposing scientist-s to
examine what i s al rsephatsyfskience sucidas l(aplane etal.) . P
(2019) havealso put forward a similar argument on thecessityof NOS for the
advancement of science by enabling scientists to clarify scientific concepts, critically
assess scientific assumptions or methodsniditate new concepts and theories, and
foster dialogue between different sciences, as well as between science and society.

Third, NOS researchers argue that NOS can make science learning more interesting
and nur t ur eterminterdsein gcisnomfusingnN@S into science lessons,
particularly through the use of history of science, has proven to positively influence
studentsodé interest and motivation in scie
When history of science is used, science catoloeas a story that involves real people
and real events. Such 6humalmsk®entsiuggestdd of s
to make science learning more attractive to students, especially to girls (Heering, 2000).

This idea is also succeeded by moreerg attempts to use storytelling, dramas and
narratives in science education (Hadzigeorgiou, Klassen & Klassen, 2012; Kim, Yi &
Cho, 2014; McGregor, Baskerville, Anderson & Duggan, 20G8)en that historical
narrativegefertod ¢ h a i n [ sih causdéeffeet xelatioristgp occurring in time and
spaced6 (Bor dwel9%90)ad canhhe mpaverfal,tool for pupils to
understandkey figures, events and their interrelationshipghe history of science
(Barton & Levstik, 2004 the use of history as narrativean be a powerful tool to

promote student engagement through NBighlighting the longterm effect of NOS
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on individual s6 engagement with science
understandings about NOS arengiigant for the way people engage with technology

and highlighted the need for developing NOS knowledge from early ages.

Fourth some authors find the significance of NO&umturinghumanistic, cultural
and civic values. Arominentauthor in this line of argument is Matthews (2014). He
traces the contemporary NOS discussion back to the nineteemilry philosopher
William Whewell, who believed that teaching history of sciencendéspensable for
understanding and promote Ointellectual
tradition of i ber al education that ai me
knowledge, moral outlook and behaviour, and aesthetic sensibilities and dapae s 6 ( p .
5). Such a rationale for NOS resonates with the renewed interest in the values of
humanities in cultivating citizens amulticultural and democratic society (Nussbaum,
1997). Along the same lines, Yacoubian and Hansson (2020) recently drguRdS
can promote social justice by (a) problematising notions of science and
conceptualisations of NOS, (b) challenging who science and science education are for,
and (c) empowering students in relation to ongoing societal issues (p. 9). Such claims
aregaining increasing attention with the rise of issues such as climate change denial
andthe anti-vaccination movement (Allchin, 2020), which are inherently connected to

a graspf what science is and how it works.

In addition to these traditional argumefasteaching NOS, since the 2010s, there
has emerged a renewed interest in NOS in relation to the changing landscape in the
production, dissemination and consumption of scientific information. Notable
examples are the denial of anthropogenic climate ahalagd antvaccination
conspiracy theories and false rumours that have proliferated among the public during
this decade®rulthdéthige whese objective fact
public opinions than emotional appeals (Oxford Endghsttionary, n.d.), and science
related claims and information are spread fast through social media and online
streaming platforms, it is essential for individuals to be able to assess the credibility and
quality of scientific information that they are exgeal to (Koltay, 2011). Héttecke and
Allchin (2020) argued that under the increasing influence of social media, students also
need to understand the nature of science communication, namely how scientific

knowledge is delivered to citizens through a numbepathway$® from experts
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directly to citizens, through gatekeepers such as journalistic media, vitofmear
dissemination through social networks, and so on. Their point is that assessing the
reliability of scientific information requires not only howientific knowledge is

generated but also how it reaches individuals. Furthermore, arguments have been put
forward to teamlrtmad 6n astcu reen ceef whpast 6f act
in disput e, stakes high aRadets d@8,ips7/44.ns ur
Understanding the nature of the uncertainty inherent in contemporary science is
essenti al for decision making in onebs p¢
example, NOS understanding can play an important role in makliay plecisions on

whether to implement social distancing and enforce face coverings and other preventive

measures in the wake of a pandemic when conclusive evidence is not available yet.

Despite the shared belief around the significance of N@®gever,researchers
have debated, armbntinue todebate, how to characterise NOS and thus what should
be taught about NOS. Traditionally, NOS |
view (or o6égener al aspectsod6 view),ethwhi ch |
content of NOS. Lederman et al. (Lederman et al., 2002) suggested seven aspects of
NOS that are relevant to-K2 science education: (a) the empirical NOS, (b) inference
and theoretical entities in science, (c) nature of scientific theories, (djctimtis and
relationship between scientific theories and laws, (e) the creative and imaginative NOS,
() the theoryladen NOS, (g) social and cultural influences on scientific knowledge
(pp. 499502). Several adapted versions of this list have been prbpmse then were

used to develop instruments for measuring
El-Khalick, Bell, & Lederman, 1998; Schwartz & Lederman, 2008). A substantial body
of empirical research on studegs,amldlOunder s

representations in curriculum documents and science textbooks has been carried out
based on this view of NOS (see Hodson, 2014; Lederman, 2007 for reviews of empirical

research).

While this particular view of NOS has driven a considerable lmédgsearch to
date, recent perspectives on NOS have been questioning the idea that NOS can be
explicated in a set of declarative statements, and also that it should be taught in such a
form. Schizas, Psi |l | os Naturd of Sieneeroronatiresof ( 2 01 6
the sciencesfroblematised the prevalent approach to NOS which seemingly discounts
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the specificities ofa particular science or scientific field, and called for a new
framework for NOS that is informed of heterogeneities and plumalitiescientific

practices (Hodson, 2014; Park & Song, 2019). Such opposition to the consensus view

has been echoed Iseveralprominent NOS researchers (Allchin, 2017; Duschl &

Grandy, 2013; Galili, 2019; Matthews, 201Z)ne promisingalternative to the
consensus view was proposed by Irzik and Nola (2011, 2014), which used
Wittgensteinbés concept of family resembl a

their framework, science is broadly understood as:

a cognitive and social systemhose investigative activities have a humber of aims that it
tries to achieve with the help of its methodologies, methodological thiesystem of
knowledge certification and dissemination in line with its institutional s@tkatal
norms, and whernuscessful, ultimately produces knowledge and serves society. (Irzik &
Nola 2014, p. 1014)

This Family Resemblance Approach (FRA) to NOS hexe been expanded by

Erduran and Dagher (2014a) for application educational purposessing visual
representatins Whilel r z i k a RRA frddnewoekwas focused oproviding a

phil osophi cal account of dransfermed & intcaer dur at
extended version of FR#hat isbased on empirical evidenoa the pedagogy of NOS

andcan be readily ggied in educational context$heir version of FRA includes the
original-epicotgenmite ¥ eNOS categories (ai ms
practices, scientific knowledge) proposed by Irzik and Nola, but expanded and detailed

t he airstdué ioamlal 6 categories (professional e
certification and dissemination, social values, political power structure, social
organisation and interactions, financial systems), drawing primarily on critical studies

of science (Erdwan & Dagher, 2014a). Sindts proposal FRA has beentilised for
analysinchow NOS is representedtime science curriculum policy documents (Erduran

& Dagher, 2014b; Kaya & Erduran, 2016; Park, Wu, & Erduran, 2020) and textbooks
(BouJaoude, Dagher, &dRai, 2017; McDonald, 2017; Park, Yang, & Song, 2020), and

as a basis for developing and evaluating teacher education sessions (Erduran & Kaya,
2019; Kaya, Erduran, Akgin, & Aksoz, 2017; Kaya et al., 2018ple2.1 compares

the aspects or categories of NOS that are highlighted by the consensus view and
alternative approaches including FRA. The most significant point of divergence is

whether the framework aims to provide a list of ideas to be learnt and assessed (e.g
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the consensus view), arcategorisation of NOS aspects that could be elaborated and
discussed in specific contexts (e.g., FRA) (Kampourakis, 2016; Rehatcana &

Duarte, 2020)Regardinghow to conceptualiséhe content oNOSfor school scienge

thh s thesisbds theor et i ctlzat of BRAIa® hwillaftirtheo n i s
elaborate in SectioR.5.

Many NOS r esear ch eusaspectg of @S [sthoull be] dadeh e v a
Avisibleo within instruction through ref
practice of sciencebd (Lederman, 2006, p.
scientific inquiry activities (AbeEl-Khalick, 2@05; Akerson & Donnelly, 2010;

Quigley, Pongsanon, & Akerson, 2011). Various instructional strategies including
visual representations (Erduran & Kaya, 2018), classroom discussions (Akerson &
Donnelly, 2010; Aragon, José, & Acevedo, 2018) and reflectivenpds (AbdEI-

Khalick, 2005) have been proposed to facilitate NOS learning in the classroom.
Researchers have also stressed the importance of contextualising NOS by using
historical episodes (Allchin et al., 2014; Chang, 2011; Matthews, 1994), contemporary
cases (Khishfe, 2012a, 2012b; Wong, Hodson, Kwan, & Yung, 2008, 2009) and
studericentred classroom inquiry activities (Clough, 2006). Allchin et al. (2014)
suggested that each method of contextualisation has strengths and shortcomings so they

should comfement each other in the classroom implementation of NOS.

2.1.2Instructional strategies for NOS: the explicitreflective approach

How can NOS be taught effectively and meaningfully? In other words, how should

t eacher s or ga nleanng experdedcemtihat cdan astaaly lead to an
improvement in their NOS understanding? Broadly speaking, two opposing approaches

to teaching NOS have been suggesienblicit and explicit. Those who advocate the

implicit approach argue that studentdlwaarn NOS naturally by engaging in inquiry

activities mirroring scientific practice (Lawson, 1982; Rowe, 1974). Although this

seems like a reasonable inference in view of common sense, three decades of empirical
research has repeatedly confirmed thansp |l v O0doi ng scienced do:
result in the learning of NOS (AbHI-Khalick et al., 1998; Ab¢El- Khalick &
Akerson,2009; Akerson, Ab¢El-Khalick, & Lederman, 2000). This means that



Table 2.1 The aspects or categories of NOS in several major conceptualisations of NOS

Approach Consensus view
Source Lederman et al2002) McComas (2008, 2015) Abd-El-Khalick (2012) Lederman et al. (2014)
Motivation 1 At a certain point in time and at a certain level of generality, there exists a shared consensus about NOS among philsso@rersnd
sociologists.
1 Many disagreements about NOS are irrelevasttmolscience education.
NOS Empirical basis Tools andproducts of science Empirical Scientific investigations all begir
aspects/categories  Scientific theories and laws 91 Empirical evidence is Inferential with a question, but do not
Creativity required Creative necessarily test a hypothesis.
Theoryladenness 1 Science shares methods Theoryladen There is no single set or sequen
Cultural embeddedness 1 Law/theory distinction Tentative of steps followed irall
The myth of the scientific metho Science knowledge and its limit« Theny t h - of 6 The investigations.
Tentativeness § Science is distinct from Met hod® Inquiry procedures are guided b
technology and engineering Scientific theories the question asked.
q Science is tentative but Scientific laws Not all scientists performing the
durable Social dimensions of science same procedures may get the
1 Science cannot address all Social and cultural embeddedne same results.
questions of science Inquiry procedures can influence
Human elements of science results. .
9 Creativity is vital in science Researcth Cf[)nqtlﬁst'r?nz TUSt be
9 Subjectivity is a frequent ggn:f{eedn w € data
element in science o
9 Social and cultural element: Explanatlpns.are developed fron
; ) a combination of collected dat:
Impact science and what is already known.
Scientific data are not the same
scientific evidence.
Relatedresearch VNOSA (Leder man & OO& MB (Abdel Khalitk®t9a0,1998), WNOECS(Abd-El- Khalick & Lederman, 2000), VNO®

instruments

(Lederman & Khishfe, 2002), VNOBE (Lederman & Ko, 2004), VASI (Lederman et al., 2014), Views of ScidmahnologySociety
(VOSTS) (Aikenhead et al., 1987), Student Understanding of Science amdifieciequiry (SUSSI) (Liang et al., 2006)

Z Jadeyd
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Table 2.1.(continued)

Approach Whole science Features of science Family resemblance approach
Source Allchin (2013) Matthews (2012) Irzik & Nola (2014) Erduran & Dagher (208}
Motivation T NOSconsi sts i n 9§ TheNOS aspectsinthe 1 In contrast to the consensus view that addraasiégdual ideas
dimensions shaping reliability consensus list do not about science, FRA consistsatlass of ideawith regard to which
in scientific necessarily distinguish scienct different branches of science could be understood comparatively
from other fields. comprehensivgl (Erduran & Dagher, 20B}.
1 Rather, they should be better §f For any chosen pair of two sc
thought of Of ¢ to the other with respect to some of these characteristics and
to beelaborated, discussed an di ssimilar to one another wit
inquiredabout & Nola, 2014, p. 103).
NOS Observational Empirical basis Cognitiveepistemic aspects Cognitive-epistemicaspects
aspects/categori  § Observations and Scientific theories and laws 1 Process of inquiry 9 Aims and values
es measurements Theoryladenness 1 Aims and values 9 Methods
 Experiments Cultural embeddedness | Methods and methodological  Scientific practices
1 Instruments The myth ofthescientific method rules { Scientific knowledge o
Conceptual Tentativeness  Scientific knowledge Sociakinstitutionalaspects =
1 Patterns of reasoning Experimentation Sociatinstitutional aspects 1 Professional activities ﬁ
{ Historical dimensions Idealisation 1 Professional activities { Scientific ethos @
1 Human dimensions Models { The scientific ethos 1 Socialcertification and N
Sociocultural !\I_/I:Ct::(ra]ggtlsatmn 9 The social certification and dissemination
1 Institutions Explanatigﬁ dissemination of scientific 1 Social values
9 Biases ) - knowledge 1 Social organisations and
f Economics/funding Worldviews anaeligion 1 Social values of science interactions
Communication Theo_ry choice and rationality 1 Political
Eeminism . |l power structures
Realism and constructivism { Financial systems
Related N/AY N/A RFN questionnaire (Kaya et al., 2019)
research
instruments

1 Example assessment questions vpgesentedn Allchin (2011) but have not developed intfudl instrument.

6T
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understandinghe NOS aspects thanhderpn scientific inquiry should be separated
from the acquisition of scientific inquiry skills themselves (Lederman, 2002), although
it does not mean the two are independ&he eplicit approach to NOS instruction is
mindful of the distinction between inquiry skills and understanding of NOS and stresses
the need to consider NOS as a cognitive learning goalaitzeratelyplaninstruction

to address NOS aspects (Lederman, 2002).

Such an approach is not without criticism. Duschl and Grandy (2013), for example,
criticised that these instructional approaches are theoretically grounded upon the ideas
of several philosophers of science, such as Thomas Kuhn, Karl Popper and Imre
Lakates, who generally defended science as a rational and objective activity. These
philosophers drew primarily on the history of science to characterise what science is
and so does thapproaches tBlOS instruction based on such a view. On the contrary,
Duschland Grandy argue that science needs to be understood and conceptualised
through its actual practice by scientists. They argue that prioritising practice in NOS
would be coherent with the &édpractice turr
& Mauldin, 2006; Latour & Woolgar, 1986; Pickering, 1992) as well as the
foregrounding of scientific practices in recent science curricula (Duschl & Bismack,
2016; Erduran, 2015; NGSS Lead States, 2013; NRC, 2012). They highlight the
discursive practices of sciencsauch as argumentation, representation and
communication, emphasise the role of models, and argue that NOS learning should be
0situated in I onger instructional sequenc
(p. 2125).

In recent yearsheoriesaboutNOS instruction have been evolving in a vibgt
seekssynergies between these opposapgroachesAbd-El-Khalick (2012) noted the
danger of both extremes of expecting NOS learning to happen naturally through
engagement i n 6doitinggto aldrdasse aspreasiof MOBdvithaut t e mp
meaningfully engaging learners in authentic scientific inquiry. In fact, many recently
suggested learning activities for NOS seem to consider both the inquiry element and
the explicit NOS teaching element. For examplederman, Ab¢El-Khalick and
Ledermandéds (2020) activity aims to teach
infer facts about the past, along with the aspects of NOS such as the differences between

observation and inference. In this activity, a gigant amount of time is devoted to
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student activities to discuss the sets of bird footprints on the ground, make inferences
about what happened based on the observation, which resembles the works of fossil
scientists. Then the teacher can use a rangeidént responses to point to the desired
NOS learning goals through questioning and wAutdas discussion. Another example

is found in Erduran, Kaya, Cullinane, | mr
endangered Bengal Tigers in North India. ytiest present competing claims and
reasonings about helping the tigers and humams$ask students to develop their own
arguments about the issue. It is then highlighted that scientists try ta keatral and
unbiased attitude while they seek solnfiao scienceelated problems. These two
activities exemplify the recent trend in NOS teaching where both engagement
scientific practices and explicit NOS instruction are coherémthgratedn organising

students6é | earning experience.

The explicitreflective approach also entails the need for providing students with
opportunities toeflecton the NOS aspects that they lg¢ahy constructing connections
between the NOS aspect and the context in which it was illustratedEAKHalick,

1998; Khishé & Abd-El-Khalick, 2002). Several instructional strategies have been
suggested to be useful to elicit such reflection on NO®% nost frequently used

strategies are to provide pdesigned questions as students engage in inquiry activities
(Williams & Rudge, 2016; Yacoubian & BouJaoude, 2010) aade whole-class
discussions after the activity (Akerson & Donnelly, 2010; Qungley, Pongsanon, &
Akerson, 2011). Several studies have also focused on using other instructional
strategies such as writing reflectipapers (Ab¢El-Khalick, 2005) and texibased tasks
(Park,Yang&Song 2020) to el i edinNOStudentsd refl e

2.1.3Contextualising NOS: Historical cases, contemporary cases, studdetd

inquiry

Clough (2006) stressed the cruci al rol e o
draws student sodé at t e remtangedinscence comgentrandatant N C
developmer@ ( p . 47 4, italics in origimwal). I
approaches to contextualising NOS can be found (e.g., Allchin et al., 2013; Clough,

2016; McComas et al., 2020): historical cases, contemporary casesudedted
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inquiry activities Allchin, Andersen and Nielsen (2014uggested thathe three
approaches tdNOS contextualisationcan be usedcomplementarily inclassroom
practice In addition, as seen in Table 2tBey highlightedthat different modes of
contextualisation havstrengths and weaknesses of their pand &knowledged that
some aspects of NOS might be taught more efficiently in a certain context than in other
contexts. For example, historical cases are well suited for illustratingstealg NOS
features such as theory change, whereas hamdaquiry activiies can be more
effective for the features of individual practices in scientific investigations (Allchin et
al., 2013).Below, | briefly discusseach of the three approaches with illustrative
researctexamples.

2.1.3.1Historical case studies

History of sciencdnas been used for various purposesadmoolscience educatiofor
manydecadesin 1945 thereport of the Harvard Committee on General Educatesh
by then Harvard presidedéames Bryant Conararticulateda position on the education
of students at the elementary and secondary school I8pekifically, the report

highlighted a historical understanding of science:

Science instruction in general education should be characterised mainly by broad
integrative edment® the comparison of scientific with other modes of thought, the
comparison and contrast of the individual sciences with one another, the relations of
science with its own past and with general human history, and of science with problems
of human sociy. (Conant, 1945ascited inNSSE, 1947, p. 20

As acknowledged in this exampleistory canplay an important role in science
educatiorand particularlyreveal manykey aspects of NOS. For example, referring to
how the atomic model evolved from antiquiit the recent molecular orbital model can
point to the fact that scientific knowledge changes over time based on the efforts of
many scientists. Investigating historical episodes in a relatively shorter timespan can
also be usefulDel Mar AragénMéndez,AcevedoDaz and GarcaCarmona (2018)

used the story of Semmelweis who discovered the relation between childbed fever and
hand washinga discovery whiclcontributed to reducing the deaths by the disease

greatly. In a preservice biology teacher trainiogntext, they used this case to
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illuminate the aspects of NOS such as the difference between observation and inference
in science, the role of creativity in scientific activities, and the significance of
communication on the acceptance of scientific figdirSimilarly, Erduran and Dagher
(2014p) illustratedthat the story of discovering the double helix structure of DNA can
point to various epistemic (e.g., ramnipulative observation in science) and social
(e.g., the institutional sexism experienced by female scientist Rosalind Franklin)

aspects of NOS.

2.1.3.2Contemporary cases

The use of contemporary cases to teach NOS has been frequently linked to SSIs, which
is reasonable given their common aims such as promoting citizenship, cultivating
critical thinking skills and epistemological understanding of science (Erduran & Dagher,
2014a; Zeidler, Applebaum & Sadler, 2011). These authors note that a proper
knowledge of NOS is necessary to make decisions on SSIs and also can be facilitated
by usirg SSIs as contexts (Yacoubian, 2015). Eastwood et al. (2012) used a range of
SSis including stem cell research, fluoridation of public water supplies, and fast food
and health, and found that this approach helpdtahti 12-graders use examples to
descibe their NOS views better than when NOS was taught in a ceafrieeh context.
Similarly, Khishfe (2012a) engaged ninghade students in a foweek unit about
genetic engineering including a controversial SSI about genetically modified foods. In
this quastexperimental study, she taught explicitly about the empirical, tentative and
subjective NOS during the units to the treatment group and found this group drew on
these NOS ideas to make decisions about the controversial issue. The pedagogical
significance of using contemporary cases to teach NOS is rising as we face serious
challenges to the authority of science in times of global disasters such as climate change
and COVID19 (Erduran, 2020).

2.1.3.3Studentled inquiry activities

Many enactments of NOS insttion have included some kinds of hawmsinquiry

activities that model the processes and practices of scientists (Deng, Chen, Tsai & Tsai,
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Table 2.2 Merits and shortcomings of modes of NOS instruction (Afieet al., 2014,

p. 473)
Mode Merits Shortcomings
Historical 1 helps motivate engagementthroug f may seem 6ol d¢
case cultural and human contexts and  { difficult or time-consuming for
through a narrative format teachers to learn background
9 can support understanding of leng historical perspective
scale and largeontext NOS 1 if text-based only, limits the
features: esgonceptual change, development of hanesn
and cultural/biographical/economic experimental competences
contexts of research problems and { if rationally reconstructed only
interpretive biases or presented as findbrm
9 can support understanding of content, does not support
investigative NOS: problerposing, understandi-img
problemsolving, persuasion, debat  thema ki n g 6
9 can support understanding of the
complexity of scientific practice, as
well as historical contingency
9 supports analysis of process and
product, since ultimate outcomes &
known
1 when framed in inquiry mode, can
develop scientific thinking skilts
more efficiently than with hanesn
inquiry
9 can foster understanding of error
and revisiod without risking
emotions of personal failure
Contemporary 91 helps motivate engagement throug 9§ cannot be fully resolved,
case authentichbwbanc leaving uncertainty and
relevance incomplete NOS lessons
9 can support understanding of how { cannot exhibit details of the
science and values relate process which are not yet
1 develops scientific literacy skills in public or are culturally
analysing SSI obscured
Inquiry 1 helps motivate engagement throug q difficult to motivate all

personal involvement

fosters personal integration of
lessons

supports understanding of
constructed interpretations, models
forms of evidence, and model
revision

develops experimeal competences
framing hypotheses, designing
investigations, handling data,
evaluating results

relates nature of scientific
knowledge to inquiry skills and
methods

students, especially as a grouj
1 may be viewed as artificial

exe ci se or sch
as genuine science
fwhen investigse

prompt negative emotions,
alienating students from NOS
lessons

I typically shuttered off from
cultural, social or political
contexts

fhard to
or contingency

1 requires substantive amounts
time and resources

rol e r
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2011). Integrating NOS with inquiry activitiesdiaeen claimed to make NOS learning

more engaging, authentic and meaningful to students (Yacoubian & BouJaoude, 2010).
For example, Akerson, ahson and Cullen (2007) gavetkteachers a guided inquiry

activity related to physical sciences, coupled with explicit NOS instruction followed by
reflective discussion, which was found to
Perezos ( 2 bdehce mdjou uhiyersiy istudents used Gube Puzzle

activity where students used five sides of the cube to infer what is on the sixth side, and
then reflected on how this activity compares with how science works. They also
engaged students in anotlaetivity on the discovery of the asteroid impact that caused

the CretaceouSertiary Extinction to highlight the unpredictability of scientific
exploration. These activities, they reported, were effedtivdevelopingst udent s 6
sophisticated knowledge tife processes of science and social aspects of science (Price

& Perez, 2018).

2.1.4Diverse approaches to NOS learning

Along with the ones described so far, NOS researchers have implemented diverse
methods and approaches to facilitate NOS learnkrgpirical research on NOS
instruction ranges from early childhood to postsecondary and adult learners, from
classrooms to informal, owtf-school settings, from using texts to providing authentic
research experiences to learners. Some studies are sitithiedspecific disciplinary
contexts, while other studies are centred around specific issues with multidisciplinary
characters such as SSlIs. In the subsequent discussion, | outline several noteworthy
strands of research on instructional methods for N@$ate distinct from the three

approaches to NOS contextualisation mentioned earlier.

First, there has been a lestanding interest in using textual materials to promote
NOS learning. Niaz (2@, 2016) illustrated what aspects of NOS could be learnt in
diverse chemistry topics such as Mi | T i ko
stoichiometry, and valence bond and molecular orbital models, and conducted
extensive analyses of undergraduate ckawnitextbooks. A recent collection of
research edited by McDonald and ABHKhalick (2017) represents the continuing

interest in the use of textbooks to teach NOS. Fananalysis of NOSelated textbook
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tasks,Park, Yang and Son@020) suggested a tgjmgy of textbook tasks that could

be used to facilitate NOS learning in classrooms. Meanwhile, several researchers have
attended to alternative forms of texts. Brunner and-BbKhalick (2017, 2020) used

modified science trade books for elementary teaeueication and found that the
intervention positively impacted teacher
Garce|Car mona and Acevedo D2azés (2016) stud
articles on an ongoing controversy among physicists on theime experiment,

followed by reflective discussion in small groups. Another recent attempt is using
science classics. An example is Kiang anodo
where they used famous sciEEemanta nadl &N wit ®3 0rs
Principiat o R a c h e SilenC3pring Tlhay dised these texts to illuminate various

aspects of NOSsuch asthe rationality of sciencethe scientific revolution, moral
responsibility, valudadenness and cultural embeddedness of screrkifowledge

(Kiang & Colanero, 2020).

Second, engaging learners in authentic research experience has also been suggested
to facilitate NOS | earning. Being O6authen
be in alignment wi tnhhe $cientific cominunity by piagihig c ur s v
scientists in efforts to galmnunder st anding of the natur:
Crawford, 2006, p. 337). Bell, Bl ai-r, Cra
ability secondary students who patrticipated ineaghtweek science apprenticeship
programme reported that studentsd 1 deas &
napve despite the experience. On the con
(2000) study with preservice teachers showed a posiingdt of placement with
university scientists. They suggested that research experience can be effective when
combined with reflective activities such as journal writing and seminars, as they did in
their programme (Burgin & Sadler, 2015; Schwartz et 80020

Third, severahuthors have proposed using art as a medium to reveal and represent
NOS. Galili (2013), for example, used the famous fredoe School of Ather{d511)
as a means to address the rationalist versus empiricist views about scientifedgsow
He al so argued that Picassods Cubist pain
advent of twentietitentury physics that changed our understanding of simultaneity and
frames of reference (Galili, 20Q0derddthe Si mi |



Chapter 2 27

sociocultural aspects of science that artworks represent. They argued that artworks
such as the fresdBalileo demonstrates the law of falling bod{@841) by Giuseppe

Bezzuoli and the frontispiedglements of the Philosophy of New{@ii38) witten by

Voltaire can shed light on aspects such as the relationship of science and the church,
and the mutual infl uence of major figure:
2017) . The key i dea underpinningtwarkhese a
where individual objects and people in the paintings can tell us stories about the time

that it depicts, and often symbolise important messages about nature and humans. In a
somewhat related context, art lzéso beermdvocated as a tool &xpressand represent

| earnersoé6 under st.&maanrang Kayd (2048) Ssedvpreserviael | y
teachersé drawings about different aspect
understandings, showing the value of drawing as a representational tteddbing

and learning NOS.

The potential of art is also related to the fourth line of research that uses stories and
narratives as pedagogical tools for teaching NOS. Inspired by the universal value of
storytelling in teaching and learning (Egan, 1989grsme educators have used stories
from history of science to teach aspects of NOS. Hadzigeorgiou, Klassen and Klassen
(2012) used the story of Nikola Teslaho defeated Thomas Edison in the famous
6current war o6 bet ween deivredcotp asntdu daelnttesron autn
of the social, human, personal dimensions of science. The use of stories and narratives
are not limited to historical examples. Kim, Yi and Cho (2014) produced a documentary
entitledLife as a Scientist: People in Love with&legans, a Soil Nematoflased on
the Iives of scientistsd lives in a univ
enabled university students to recognise the role of negotiation, cooperation and
collaboration in advancing scientific knowledge rfKiYi & Cho, 2014). Similarly, a
few authors have focused on the potential of drama andptaje (Bentley, 2000;
BouJaoude, Sowwan & AbHI-Khalick, 2005; McGregor, Baskerville, Anderson &

Duggan, 2019; Ca& & Bayir, 2012) as a medium to teach NOS. sample,

McGregor et al. (2019) engaged nine to-yearold students in New Zealand and

England in drama activities, where the students workeolenas atmospheric and

material scientists, combined with reflective discussions. They found thatasuch
experience i mproved studentsd understandin

as scientistsodé dispositions such as pers



Chapter 2 28

2019).

Fifth, there is an increasing interest in using digital technologies as a vehicle to
improve NOS learning by providing interactive and usamtred experiences. This
trendisitandenwi t h t he recent emphasis on cul tiwv
literacies that can assist efficient learning andgedise cognitive load during learning
(Ng, 2011). An early such effort is found
they taught high school students an onliased unit on genetically modified faothat
consisted of seven Z1Iour sessionsf r om whi ch t hey coul d
conceptions of NOSSchellinger et al. (2019) developed the Habitat Tracker curriculum
to foster fourthandfifty r ade st udent sé NOS | earatei ng. I
across formal and informal settings, students used a website to conduct background
research and data analysis, and an iPad application to guide observation and reflection
during field trips to the wildlife centre. Digital technologies have also beed ws
initial teacher training contexts. Mansour et al. (2016) used online software that
supports | earnersdd coll aborative knowl edg
i mprove UK preservice teachersd NOS conce
an asynchronous online discussion about NOS and its teaching, followed byta face
face discussion. DeCoito (2020) used digital scientific timelines and a digital video
game as a means to teach NOS to preservice teachers. She found that as the preservice
teachers developed a detailed digital timeline of science, they developed better
understandings of the sociocultural aspects of science. Also, she found that playing an
interactive online game callddistory of Biologyovera four-month period improved

peservice teachers6é conceptions about a n

Sixth, researchers have also attended to the potential of informabf-eahool
environments such as museums, fields, zoos, aquaria, botanic gardens, magazines and
films (Ahrenkiel & WormLeonhard, 2014; Rocha Fernandes, Rodrigues & Ferreira,
2018). Reiss and McComas (2020) argued that informal learning has an important role
in bridging school lessons with lifelong learning in terms of NOS. Dhingra (2003)
investigated how dfierent genres of television programmes mediate US high school
studentsdé views of the ethics and validi
portrayed by its practitioners, and school science and television science. Quigley,
Pongsanon and Akerso2((11) taught NOS to R students in a Saturday science class,
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which addressed the scientific inventions that help travel, such as wheels, cars, trains,
bridges and ergplanes. They reported that the informal setting allowed the instructors
to flexibly adap lesson plans to meet individual leaster i nstaredrineligdé many
interactive, handsn activities without the pressure of formal assessment (Quigley et
al., 2011). Science camps are also a widely used context for engaging learners in NOS
learning. Fo example, Leblebiciogland colleaguewsiorked with sixth and seventh

grade students in a science camp focused on NOS and scientific inquiry, using nearby
plants, soil, animals and water as contexts. After using an explicit approach to NOS
during the campthe students developeal better understandingf the nature of
scientific inquiry (Leblebicioglu et al., 2017), and such improvement was retained after
two months (Leblebicioglu et al., 2019). These studies show examples of NOS learning
transcending thedundary of formal science education and suggest that the synergy of
school science and informal science learning can be pursued for meaningful and lasting

NOS learning.

There are also a number of other recent initiatives in NOS edutiaéibare worth
nating. For example, making NOS more accessible to diverse learners in terms of
disability (Enderle, Cohen & Scott, 2020), gender and ethnicity (Bianchini, Cavazos &
Helms, 200QYacoubian & Hanson, 2020ave been considered by several researchers,
in line with the general interest in such themes withascience education community.
In addition, researchers have begun to consider the nature of related subjects such as
technology (Waight & AbeEl-Khalick, 2012), engineering (Antinkleyer & Brown,
2019; Plasants & Olson, 2018), and even in the broader interdisciplinary context of
STEM (Chesky & Wolfmeyer, 2015; Erduran, 2020; Park, Wu & Erduran, 2020).
Behind these 6extensionsé6é of NOS researc
increasingly interdpendent upon and inseparable from closely related STEM
disciplines, so the knowledge about the nature of these disciplines will eventually
contribute toa better understanding of NOS and enhanced scientific literacy (Park, Wu
& Erduran, 2020). Examples du as these show the diversity and richness of
scholarship on the effectivad meaningfuinstruction of NOS.

215Teac her s o okandahalleegdsgreteaching NOS



Chapter 2 30

Given the role of teachers in student learning, prepaeaghers for teaching NOS to
students is a core task for the N®@8ented curriculum reform to lead to classroom
practice and eventually take effeEBtom isting research on teacher knowledge for
teaching NOSat least two importangoints can be drawifrirst, teaching NOgquires
knowledge in diverse domains throughout scientific contaniviedge history and
philosophy of science, instructional strategies and so on-BEMichalick, 2013;
Wahbeh & AbdEI-Khalick, 2014). For this reason, Erduran and Dagher (2014a)
stressed h a't I mproving teacherso6 knowledge fo
build on the successful models in teacher education research, such as pedagogical
content knowledge (PCK). AbHI-Khalick (2013) proposed three dimensions of
teacher knowledge reqeil for teaching NOS (oNOSPCK): science content
understanding, NOS understanding, and inquiry pedagogical understanding & skills. In
particular, he emphasised that teacher NOS understanding should include both domain
general and domaispecific (or contet-situated) knowledge of NOS (AHgl-Khalick,

2013).

Secondevidence suggestsatt eacher sdé6 understandings of
teaching NOS but not sufficient (AHel-kk hal i ck & Leder man, 200
(1999) study of five high school teachere ve al ed t hat teachersoé «
do not necessarily influence their instructional planning and classroom practice, but
only do so when supported by teachersoé | e
of students. NOS researchers halentified other factors that mediate the translation
of teachersd6 NOS understanding into teach
the importance of teaching and learning NOS, external pressures regardistpRiggh
examinations, classroom managgnt issues, and availability of instructional materials
for teaching NOS (AbdEl-Khalick, Bell, & Lederman, 1998b; Brickhouse, 1990).

Recent views have drawn on the concept of identity to explain the relationship between
teacher sd knowlepgatding NGSnirtstrugtion gAkersort, €arter, &
Elcan, 2016; Erduran & Kaya, 2019). Akerson et al. (2016) suggested that developing
a professional identity as teachers of NOS is a key condition for successful NOS
teaching. From a study that involved presezvand inservice elementary teachers,
they found that havingnaccurate understanding of NOS and actively translating and

infusing the concept of NOS into their teaching practice (i.e., developing agency in
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NOS teaching) wascrucial in buildinganidentity as a teacher of NOS (Akerson et al.,
2016). In a similar line, Erduran and Kaya (2019) proposed that developing the
6epi stemic identityoé is an es sheepisteniici t ask

nature of science to students.

When NOS instruton is introducedas part of curriculum reformi is also
i mportant t o wiews,srespbeses ahdeaatiottv@ughstite lens of
curriculum implementationRoehrig, Kruse & Kern, 2007 Studies on science
education reformhave identified seval major conditions that facilitate or impeithe
successfulimplementation of curriculum reforms by teachers. When teachers
implement a science curriculum reform, they are influenced by their knowledge and
beliefs about discipline (Roehrig & Garrow, 200%kills to implement instructional
met hods for the new curriculum (Adams &
ability of students (Cronikdones, 1991) and their beliefs about teaching and learning,
such aghetransmission of knowledge, maintaining thgour of the curriculum and

preparing students for examinations (Roektigl, 2007; Tobin & McRobbie, 1996).

When it comes specifically to teaching NOS, there are reported constraints that
teachers experience, ar i seaaotgi vier oarb isltiutdi eenst
Khal i ck, Bell, & Leder maspecifickklg @ohwarta& c k o f
Lederman, 2002), insufficient educational resources (Wong, Kwan, Hodson, & Yung,
2009),andt eacher sd6 attitudes and beliefs abol
1999). Particularly in relation to physics, Hottecke and Silva (2011) identified four
major obstacles in implementing history and philosophy of science (HPS) in physics
classrooms: (1the subject culture of teaching physics, where physics is taught as truth
and a collection of facts, and content i s
physics teachersd attitudes, beliefs and
not conceiving NOS as an explicit teaching objective, using HPS only as a context for
the scientific content, and the lack of relevant instructional skills; (3) the organisation
of the curriculum, where history is only an overall objective with no aimed
conpetencies directly linked to HPS; and (4) the content of textbooks that only
addresses HPS as a minor componatthough these studies offer valuable insights
into teachersd perspecti venseapparentliixaforr i e nc

of thesestudies is thathey were situated withid s c i e n ¢ awhere NOSrandc u |
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HPS were either subsidiary curriculum goals or not present at all.

In response to these welbcumented challenges, preparing science teachers for
accurate and effective teaching NOS has arisen as a key task and concern among
researchers. In a recent review of research on NOS and teacher education, Clough,
Herman and Olson (2020) suggested five fundamental principles of effective NOS
instruction in relation to teachers: Firsgachers must have an accurate understanding
of NOS. Second, NOS instruction should be purposefully planned and implemented
consistently throughout the course of science instruction. Third, teachers should
explicitly direct st,whilerequisng studnts ® méntallyn t o
engage in wrestling with those ideas. Fourth, teachers should be able to use various
contexts ranging from decontextualised, moderately contextualised, to highly
contextualised and scaffold back and forth betweenetlmesitexts. Fifth, specific
instructional settings such as inquiry learning and SSIs can provide opportunities for
addressing NOS. Si xt h, studentsd6 NOS und:c¢

the form of homework, teachéeveloped assessments, arghtstake external exams.

Another recent study by Mesci, Schwartz and Pleasants (2020) drew on the
framework of pedagogical content knowledge of teachers to explore the knowledge
required for teachers to effectively teach NOS. They suggested five keyuctsttiat
are essential to teaching NOS: orientation towards teaching NOS, knowledge of
students6 understanding of NOS, knowl edge
of assessment in science, and knowledge of tgpécific representations and
instructonal strategies Higure 2.1). Through the examination of two preservice
teacherso experiences during a professi
teading practicum, they also found several additional factors that affected the practice
of teaching NOS, such as subject matter knowledge, teachesffssdly, lesson
planning and general pedagogical knowledge (Mesci et al., 2020). Models such as this
highlight that for effective teaching of NOS a number of conditions need to be met,
including teachers6é6 knowl edge, experience
there is still little discussion around teacher knowledge and skills required for agsessi

NOS in the classroom.
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2.1.6Summary of literature in NOS education

How we conceptualisend theoris®lOScarries significant implications fais teaching
and assessmenh this thesis, Usetherecent FRAmodelto characterise NQSvhich
acknowledgethe interconnectedness of scientific knowledgesammehtific inquiry, the
domainspecificity of NOS, andtherefore opens the possibility for addressing
controversial issues in NO&s will become clear in the findinggterpretation of
classroom interactions, and teaching and assessment stragggieing NOSan be
more effectively mace with an operended approachrather thanbased on a
predetermined set of NOS aspedter example, thelassroominteractionsabout
paradigm shiff in sciencethat will be presented in Chapterare more effectively
capturedwhen various aims, methods and sodiapacts of science are considered

holistically, comparedtousing h e 06t e nt afrbonmtheeonsessagd@w.| e n s

Thereview of research on the conceptualisation and pedagogy of NOS suggests
two major concerns in the current landscape of N@SearchThe first involves the
i mportance of examining teacherso6 instr.
Instructional practice s a mani festation of a teacher6
pedagogical knowledge and other educational and practical consideraioimsn(
Raulenbush & Ball, 2003ylesci et al., 2020). A focus on practice can thus shed light
on how NO&related issues unfold in individual instructional situationsaardsuggest
ways to improve NOS teaching and teacher education. Second, studies consistently
point to the need to set®& as an explicit learning aim and suggest assessing NOS as
a major way to do so (Clough, Herman & Olson, 2020; Mesci et al., 2020). However,
little has been discussed on how the elements of assessment can be considered in the
context of NOS to improve dfent learning. In the following sections, | consider

theories on classroom assessment and their application to NOS to frame this thesis study.

2.2 Classroom assessment

2.2.1Purposses of classroom assessmenformative and summative

In many education systems, asseent is an essential component tsighificantly

drivesinstructional practice and student learning (McMillan, 2018). In the broadest
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sense, assessment in education can be divided into external assessment and internal
(classroom) assessment. Externaleassients are designed and administered by
countries or international bodies to audit or monitor learning and are based on specific
standards for knowledge and skills (McMillan, 2018). These assessments often have
majorconsequences (i.e., high stakes)toidents, teachers, schools and policymakers,

as in the cases of the Programme for International Student Assessment (PISA) and
Trends in International Mathematics and Science Study (TIMSS). Classroom
assessment, on the contrary, is primarily concernedtegttherstudent interactions,
observations and evidence of student learning produced in the cowathe endf
instruction (McMillan, 2018). Classroom assessni@reforepccurs naturally as part

of teaching and learning, as teachers and studsktguestions, report on assignments

and make decisions for the next steps (NRC, 2001).

Educators have stressed the importance of ensuring the quality of classroom
assessment on multiple grounds. McMillan (2018) stated thatduglity assessment
can hae positive consequences for both students and teachers. For example, there is
considerable evidence that classroom ass
when properly planned and enacted (McMillan & Hearn, 2008; Nikou & Economides,
2016), and helpotbuild a positive teachestudent relationship (Crimmins et al., 2016).
Assessment can al so promote studentso6 sen
own learning (Andrade & Cizek, 2010), especially by means ofasskssmerdand
peerassessmenOn t he teachersd side, assessment
encouraging teachers to focus on what is highlighted in the assessment (McMillan,
2018) , and all owing them to better ident

and take actions to amimise learning.

An influentialtaxonomy of classroom assessment was propos&tiloi« (1998)
whosuggested that assessment can serve three purposes: supporting learning, reporting
the achievements of individuals, and satisfying public demands for raetility (p.

24). He then labelled the first &&mativeand the second and third the summative
purpose of assessment. Although there often exists a misleading distinction that
formative assessment occurs during a lesson and summative occurs alt ofié,ah
should be noted that the expressions formative and summative correspond to different

purposesof assessment rather than differearmsor typesof it (Dolin, Black, Harlen
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Figure 2.2 Assessment process that encompasses both summative and for

purposes (Dolin et al., 2018, p. 57)

& Tiberghien,2018; Gardner, 2010). One assessment activity by teachetse used

both formatively and summatively; the evidence can simultaneously inform the next
steps of teaching and indicate the overall achievement of a student to be reported to
relevant stakeholdergigure 2.2 illustrates that classroom assessment is an iterative
and interactive process, showing that the formagiv@mative distinction relies on for

what purpose the collected evidence is usedhe following, | examine each of the

two purposes of assessment in detail.

2.2.2Formative purposes of assessment

Formative assessment focuses on the role of assessment in supporting learning, often
cal |l ed Ofard &g somaillgtdhe Concept was made populartive late
1990s by Black and Wiliam (1998). The central interest of formative assessment is
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teacher and student feedback as a core element of assessment and learnindrprocess
formative assessmerigacher practieesuch asharing success criteria with learners,
classroom questioning, commemtly marking, peer and sedissessment, formative

use of summative assessmard cruciato effective learningBlack et al., 2003).One
widely accepted definition of formative assessment was given by Black and Wiliam
(2009) as follows:

Practice in a classroom is formative to the extent that evidence about student achievement
is elicited, interpreted, and used by teachers, learnetberpeers, to make decisions
about the next steps in instruction that are likely to be better, or better founded, than the

decisions they would have taken in the absence of the evidence that was elicited. (p. 9)

Wiliam (2010) pointed out that sucha definition highlights several key aspects of

formative assessment: (1) Learners and peers, not just the teacher, can be agents of
formative assessment; (2) The collected evidence should be used in detikiog;

and (3) Formative assessment should inforstruction. From the above definition,

Bl ack and Wiliam (2009) suggested that fc
creation of, and capitsa t i on upon, Omoments of conti ni
purpose of the r egul(2009 p 6)Movebver|Skageisamietn g pr ¢
al. (2008)classified formative assessment with respect to its degree of fornigity

suggested three main types of formative assessment in terms of formkedityding

to his classification,formal and embeddedformative assessment comes from
curriculum developers or teachers in advarafethe instruction. Plannedfor-

interactionformative assessment is something that a teacher prepared deliberately to

2 Although formative assessment is often taken to be synonymous with AfL (and summative
assessment with AoL), some researchers distinguish between the two. For example, Black,
Harri son, Lee, Ma r s h aAssessmentfor MArning aamyrassesdnieft3 ) st
for which the first priority in its design and practice is to serve the purpose of promoting
studentsd | earning. 't t hus thisdrve the peirposesofm a s s
accountability, or of ranking, or of certifying competence. An assessment activity can help
learning if it provides information that teachers and their students can use as feedback in
assessing themselves and one another anddifyimy the teaching and learning activities in

whi ch they ar e engag e tbrmatiSeuasshssnagst svehsesnrmetnht e beevciod

is actually used to adapt the teaching work
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achieve the central learning goals of the lessdheaight momaent. Lastly,on-the-fly
formativea s s e s s me nt refers to an unexpected,

moment 6 during instruction (Shavelson et

This last type of formative assessment can occur informally during-tdegay
activities undertaén by teachers and students (Black & William, 1998). As such,
formative assessment occurs during classroom talk where the teacher and students
engage ininstructional dialoguesfrom whicht he t eacher can reco.
conceptions,communication ski§, interests and use this informatida guide
instruction (RuizPrimo & Furtak, 2007)Duschl and Gitomer (199 7¢ferred tosuch

classroom talk agssessment conversatigkccording to them,

The intent of an assessment conversation is to erggadents in the consideration of a
diversity of ideas or representations produced by class members and then to employ
evidence and agappropriate adaptations of scientific ways of knowing to foster a
dialogue about what does and does not fit with the ayimgy thematic structure of the

lesson. (pp. 3%10)

The timeframe for interpreting and teaching is more immediate in these informal
formative assessments compared to formal formative assessment, and acting in
response to evidence is more spontaneous axithlégRuizPrimo & Furtak, 2004).
Formative assessment can occur when, for example, the teacher or students respond

with a question, elicit other studentsoé o

rn

assessment conversations provide teachers withoin mat i on about
conceptions, strategies, mental models, language use and communication skils (Ruiz
Primo, 2011). From an analysis of the informal formative assessment in three middle
school classrooms, RuRrimo and Furtak (2007) suggested th&c SRU model 6
formative assessment, where the teadtieits a question, the studenéspondsthe
teacherrecognisesand usesthe information to support learningable 2.3 lists the

specific formative assessment strategies that they found in the science lessons,

categorised by the three dimensions of teacher practices.

2.2.3Summative purposes of assessment

Besides its formative purposes, assessmenticldssroom also plays the function of
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Table 2.3 Strategies for ESRU cycles by dimension (Raramo & Furtak, 2007,
p. 63)

Eliciting Recognising Using

Epistemic frameworks

Teacher asks students to: Teacher: Teacher:

9 Compare/contrast 1 Clarifies/elaborates basedo f{Pr omot es st ud
observations, data or student sd6 r es byaskingthem to elaborate
procedures 1 Take votes to acknowledge  their answers (why, how)

1 Use and apply known di fferent stufComparedontrast:
procedures 1 Repeats/paraphrases responses to acknowledge

1 Make predictions/provide student sd wor anddiscuss alternative
hypotheses fRevoices st ud explanations/conceptions

1 Interpret information, data, (incorporates studeriis 1 Promotes debating and
patterns contributions into class di scussion an

1 Provide evidence and conversation, summarises ideas/conceptions
examples what student said, 1 Helps students to achieve

1 Relate evidence and acknowledge student consensus
explanations contribution) {l Helps relate evidence to

9 Formulate scientific fCaptures/ di sp explanations
explanations responses/explanations 1 Provides descriptiver

1 Evaluate quality of evidence helpful feedback

1 Suggest hypothetical 9 Promotes making sense
procedures or experimental 9 Promotes exploration of
plans student sd own

fCompare/ contr 9 Refers explicitly to the
ideas nature of science

fCheck student 1 Makes connections to
comprehension previous learning

Conceptual structures

Teacher asks students to:

9 Provide potential or actual
definitions

1 Apply, relate, compare,
contrast concepts

fCompare/ contr
definitions or ideas

1 Check their comprehension

measuring and reporting on studentso6é achi
toasthes ummati ve purpose of assessment. For
of l earni ngd ( AAfML )The a@aninange b exterdal largeale
summative assessments on classroom practice oftersteakbers imitate those exam
guestions when designing their own summative assessment (Black & Wiliam, 1998).
This characteristic of summative assessmene classroomhas traditionally led
practitioners and researchers to consider the quality criteria such as validity, reliability

and fairness more seriously than for formative assessmerthis thesis, | use

0summat i ve atestescheohhasedtsdmmative assessments planned and
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carried out by teachers within the context of classroom instructighustexcludes
external, largescale standardised assessments administered by governments and other
authorities unless so specified. Like®, although classroom teachers are often also
responsible for administering external summative assessments in their classroom, these

assessments will not be within the scope of this thesis.

A review of studies on t eachMosss(dD135 u mma t
found sever al trends. First, thetlassroesm k nown
assessment environment and purposes impact their motivation to learn. Second, there
is a discrepancy between what teachers perceigeeféective summatie assessment
and what they actually use in classrooms, which might be attributed to subject
characteristics, teachersé knowledge of
student achievement differ frotmeresults of standardised tests for variousdesc For
example, some studies reported teacherso
same year group in the school (nemefierenced assessmemgther thamating against
the assessment criteria (criterimaferenced assessment) (Marth&techer & Borkqg
2009).

In the classroomevidence for summative assessment can be collected in a range
of ways such as papandpencil tests, performance taskand written and oral
products. Here | will focus on the assessment plannéagachein place ofexternal
summative tests designed and administered by the state. Aside from traditional paper
andpencil tests, onpopulamethod for summative assessmeimtperformancebased
assessment that o6éall ows studemitskils(toa de mo
teacher or an outsider) as they perform
Performancéased assessments require students to be active participants and can be
used as an alternati ve meordbreldls tltanvolvea s s e s s |
the application of knowledge in many countries (Dariiigmmond et al., 2010). An
example of performaneleased assessment in science lessons would be to ask students
to plan, design and carry out an experiment about a certain topic and wtiteiup
findings. These kinds of activities allow assessing not only the cognitive understanding
of the subject matter but also studentséb
Hammond et al., 2010).

Since summative assessment serves the functiorpoftieg student learning, it
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often leads to the award of qualifications such as pass/fail, grades and marks. These
gualifications play important roles in student selection, admission to higher education,
school reputation and so on, which makes ensurildjtyaand reliability of summative
assessment a crucial consideration. Harlen (2005) reviewed the research evidence on
t e a ¢ Bummative assessment asdggestedhat providing detailed assessment
criteria, describing developmental progression for iegrgoals, and allowing teachers

to use information from across all student activities can be helpful to improve the

validity and reliability of teacher summative assessment.

2.2.4Conditions for high-quality classroom assessment

What determines the quality efassroom assessmer@y quality criteria such as

validity and reliabilityhave traditionally been developtt validation of standardised,
largescale assessmentso it should be first noted that concepts in lasgale
assessments often need adaptation to be applied to classroom assessment (Brookhart,
2003).Core quality criteria for largscale assessment such as validity, reliability and
fairness should be adaptedhen applied in the context of classroom assessment
becausehe purposes ancharacteristic®f classroom assessmaetitfer from those of
largescale assessmeifiior examplegclassroom assessmastconnectedté e ac her s 6
instruction so it is difficult to be standardised acrossultiple schoolsand contexts
(Bonner 2013).For this reason, the validity of classroom assesspatly depends on

its alignment with instruction in the classroom (Brookhart, 2088jilarly, traditional
psychometriapproacheso ensuringreliability such asncreasing the number of test

items or using multiplescorers are often not an available option in the classroom

assessment contefRarkes, 2013)

Calling for an déindigenous6 measur ement
Brookhart (2003pointed out that classroom assessment deviates from traditional large
scale assessment in several aspects: (1) Items or tasks are dependent on and nested
within particular instructional contexts; (2) Items or tasks are not mutually independent
but linked to one another in the learning sequence; and (3) Assumptions about large
sample sizes do not apply to smaller class si&eknowledging such fundamental
differences,McMillan (2018) suggested eight key criteria for ensuring {gghlity



Chapter 2 42

classroom assessment: clear and appropriate learning targets, alignment of assessment
methods and learning targets, validity, reliability, fairness, positive consequences,

alignment with standards, practicality and efficiency.

While these conditions araainly applicable to classroom summative assessment,
formative assessment hesme additionafjuality criteria more suitable for its aim of
facilitating learning through assessmerParticularly on formative assessment
conversationsn informal settings RuizPrimo (2011) suggested five key conditions
for effective assessment conversations to occur. First, effective assessment
conversations should be guided by clear learning gadigh in turn can determine
what constitutes evidence of having met these goals. Second, effective assessment
conversations are dialogic and interactive, where students claim and justify their ideas
and engage in discussi ngheeackehshault btréke & s ar
balance between supporting and challenging students to achieve the learning goals,
providing appropriate instructional scaffolds. Fourth, a classroom environment that can
support studentsd soci &ifh, gssessmantconyesdtione N s h
should be an experience for students to immerse themselves into the culiuee of

scientific community as they engage in the argumentative practices in the classroom.

2.2.5Teacher assessment literacy, assessment expertise assegsment identity

Classroom assessment is planned, designed and enacted by teachers, which makes the
role of teachers essential to be considered. Researchers have been interested in the
components that const i tanasssessmepteghchieaftend abi |
referred to as OGassessment | iteracyo. Eart
emphasi sed the measurement and test desi
knowledge and skills with regards to these aspects (e.g., AFT, NCMEA% NIDO0).

Since the 2000s, however, the concept of assessment literacy has been evolving as
educational demands by society and learning environments have changed. Brookhart
(2011) was critical of the measuremeentred characterisation of assessmengaliter

on the grounds that (1) it overlooks the formative use of assessment that occurs more
frequently in lessons, provides feedback and informing lessons, and (2) it does not

consider the changing accountability and standaeded reform contexts in the itéd
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States. The latter issue was also connected with exercising equitable classroom
assessment to students with diverse backgrounds and learning needs (DeLuca, 2019).
Informed bythe constructivist theory of learning, recent notions of assessment literacy
consider such wider social and cultural ¢
assessment practice, b y-dependensocapracticetrmas 0 a
involves teachers articulating and negotiating classroom and cultural kigyewheth

one another and with learners, in the initiation, development and practice of assessment

to achieve the | earning goals of students

Specifically with regard to science teachers, Magnusson et al. (20@@sprbthat
science teachersd knowledge for assessmer
the dimensions of science learning that are important to assess, and knowledge of the
methods and strategies of assessment. The former refers to what aspne (@)matent
knowledge should be assessed in a particular unit. The latter refers to which methods
of assessment are more appropriate for a particular unit of study. Abell and Siegel
(2011) offered a similar but more comprehensive model of science tditetaey for
assessment. Their model consists of two core elements (views of learning, assessment
values and principles) and knowledge of assessment purposes, knowledge of what to
assess, knowledge of assessment strategies, knowledge of assessmeatatidargnd
actionttaking (Abell & Siegel, 2011).

In harmony with the expanding concept of assessment literacy, Looney, Cumming,
vande r Kl ei j and Harris (2018) took a st ej
i d e n Dravting 6nresearch on teachatantity from the socioculturalperspective
they suggestedt h a t teachersdé6 i1identity as ©profes
perceptions of their roles as assessamd disposition towards enacting assessplagt
acentralrolein eacher s 6 a Jhxieasessmantliteracy cokcepresses
the emotional dimesions of teacher identity related to assessniexttpertain to how
i t Otb aseekssstudentss well as the agency (i.e., the ability to pursue valued
assessmemgoals)of teachersn classroom assessmé¢hboney et al., 2018%imilarly,

Lyon (2013) conceptuali sed and exempl i fi
expertised can be organised around three
cohesive asss s ment , using assessment to suppor

equitably assessing |l anguage minorities.
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Steering Documents

Assessment
Practice

Theory and p |
Research-Based Perso.na
Knowledge ractice

Figure 2.3 Three major factors related to assessment practice (based on Enge
Smith, 2010)

|l iteracy, assessment expertise and assess
to assess stient learning is shaped as they negotiate their assessment knowledge in
relation to various sociocultural and contextual factors such as prior experience,

training, classroom and curriculum contexts, and policy (DeLuca & Braund, 2019).

2.2.6Classroom assessmein the context of sciencaeaching and learning

Science teachers engage in the practice of planning and conducting the assessment of
studentsé | earning throughout the school
leaeinng i nvolves the process of collecting i
making decisions (Bell2007 Champagne, 2014). Teachers use assessment for
providing feedback to themselves and students (formative assessment) and monitor
studentsé progress or i mpr ov200@e Recen{ s u mma
policy developments in many countries have esphas ed t hat t eacher so
summative assessment have a significant impact on student achievement and
motivations for learning (Black & Wiliam, 1998; Willis, 2010). Taking a wider
perspective on classroom assessment, Black and Wiliam (2018) angeedt t eac her
implementation of classroom assessment is influenced by the subject discipline,
theories of learning and pedagogy, and wider social, political and cultural contexts of

education. Similarly, Engelsen & Smith (2010) indicated that there ase thajor
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factors that drive teacher s0O desgsmasosane nt i
and stateurricula), theory and researdbiased knowledge and personal practitgure

2.3). Other studies have suggested a range of knowledge domains that teachers should
be equipped with for assessment, such as views of learning, assessment values and
principles, knowledge of assessment purposes, knowtd#dgeat to assess, knowledge

of assessment strategies, knowledge of assessment interpretation andakictgpbn

(Abell & Siegel, 2011; Magnusson, Krajcik, & Borko, 2006).

Summative assessmentthe scienceclassroomgenerally serves the purpose of
unders andi ng studentsd6 progress and overal/l
instruction such as the end of a term (B&0Q7, Black & Wiliam, 1998). This goal can
be achieved in various ways. For example, teachers use written tests, observations,
portfolios of student work, itlass activities and tasks to summatively assess student

learning (Dolinet al, 2018). The collected information is used for reporting individual

students6é progress to par elnbone cases, iso o | an
informationis O hi gh stakes®6 because it contri bu
teacher s, funding and also studentsdéo ent

(Dolin et al., 2018). For this reason, summative assessment is often percaivedjas

and infrequent event with little feedback expected (Sadler, 2014). Recent views tend to

pay more attention to the role of summative assessment in enhancing classroom
learning. For example, Black and colleagues (2011) stressed the interactiombetwee
formative and summative assessment by embedding summative tasks within formative
in-class work. In addition, as seen kigure 2.4, t hey netdestyn of h a't o]
educational activities and associated assessments is influenced by the theories of
pedagogy, instruction and learning, and by the subject discipline, together with the

wi der cont ext of educationd (p. 56 1) . T
assessmernh the classroonis not an isolated and independent event as traditionally

conceived.

Although the studies described so far provide s e f u | background t
knowledge and practices $tienceassessment, it is important to recoginsg limits,
particularly in terms of the extent to which these studies can provide accounts for the
assessment of NOS. As noted earlier, NOS is mostly taught by science teachers, but the
content and aim of teaching NOSvealistinct aspects from those of suie. This
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Pedagogy and
Instruction

|
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Planning and < Theories of Learning
3 Design by Dialogue
Context

Subject Discipline \
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Cultural

5
Implementation by Teachers
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l
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External
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Figure 2.4 Model for assessment in relation to pedagogy (Black & Wiliam, 201¢
556)

brings our attention to the relationshygtweenclassroom assessment and subject

matter.

2.2.7Subject and topic-specificity of classroom assessment

Research on teacher knowledge hasabhhghs d c
cognitive understanding of subject matter content and the relationships between such
understanding and the instruction teachers prdeidgudenté ( Shul man, 1986
Shulman (1987proposed the concept of PG& describehe teacher knowledger

effective teaching of subjects. PCK is defined as:

that special amalgam of content and pedagogy that is uniquely the providencbefsteac
their own special form of professional understanding ... Pedagogical content knowledge ...
identifies the distinctive bodies of knowledge for teaching. It represents the blending of
content and pedagogy into an undganding of how particular togcproblems, or issues

are organsed, represented, and adapted to diverse interests and abilities of learners, and

presented for instruction. Pedagogical content knowledge is the category most likely to
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distinguish the understanding of the content spetidiom that of the pedagogue.
(Shulman, 1987, p. 8)

Veal and MaKinster (1999roposed dhreelevel taxonomy of PCK General PCK
refers toteacher knowledge about the concepts and strategies specific to disciplines,
such as science, art, mathematics, language, and hifdomainspecific PCK
concerns different domains or subject matters within a particular disciflime
includes PCK specific to physics teaching, chemistry teaching, biology teaching and so
on. Finally, there are topispecific PCK Thermodynamics and atomic structures are
taught in botlphysics and chemistry but introduced differentinich requires teachers

of each subject more top&pecific knowledgéo properly addressing these topics (Veal

& MaKinster, 1999) Givensuch domainandtopic-specificity of teacher knowledge,

it can be reasonably argudtht NOS needs separate attention frearentific content
knowledge when it comes to teacher knowleddgee Knowledge for teachinghysics
concepts would not be the sametlagt for teaching the interactions of science and
society althoughthesetwo topics are not entirely isolatethis is also true for teacher
knowledge of assessment, which is a core component of RE6&I(& Siegel, 2011

Xu & Brown, 2016.

A similar argument can be made about teaelssessmenmtractices While some
practices of classroom assessns=@m to be more or leskared across subjectsere
exist features that are more specific to certain subjects and topics being taught (Black
et al., 2003). McMillan (2001) investigated 150 US secondary teachers of science,
social science and English and identified statistically significant -cagsct
differences in terms of factors used in determining grades, type of assessment and
cognitive level of assessment. Science teachers were found to use -teadber
assessments more frequently than provided ones, relative to English teachers. In terms
of thecognitive level of the assessment, science assessments required lessriigher
thinking but more recall than English assessments (McMillan, 2001). Marso and
Piggebs (1993) review of research on ¢cl g
essays arenore frequently used in English, history and social studies classrooms, and
science and mathematics teachers conduct, testgeneral,more often than other
subject teacher&lack et al. (2003) concluded from a study with secondary schools in

England thacrosssubject divergences in e a ¢ tlassrosnd assessment practices are
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6not inherent in the subject, but rather
interpreted in the school curriculumdé (p.
teaders tended to identify the subject matter as definitive of their subject, which in turn
dictates the instructional aims to be shared in class, whereas English teachers allowed

a range of goals appropriate for each stu

The fact that the content and method of classroom assessment should be adjusted
to suit the subject characteristics naturally takes us to the issue of assessing NOS. As
discussed earlier, NO&leas are different from scientific knowledge in several
importantaspects, whichecessitatethe employment od different teaching approach
characterise@sexplicit and reflective instruction (Sectioisl.1and?2.1.2. This, in
turn, raises questions about the extent to which existing accounts of classroom
assessment in science are valid in the context of assessingdé@3ve use theame
strategies anduality criteria for science assessment and NOS asse$stheat, how
should they differtn the next section, | will turn to the research on the assessrhen

NOS specifically, to consider this point.

23Assessment of studentsoé NOS und

2.3.1NOS assessment: by whom, and for whom?

Existing studies on thessessment of NOS, whether theoretical or empirical, are almost
exclusively focused on assessing learns 6 NOS Kknowl eddwglepedby r es
instrumentgHanuscin et al., 2020). Neither of the two recent, comprehensive geview

of NOS assessment (Afiel-Khalick, 2014; Lederman, Bartos & Lederman, 2014) that
appeared in authoritative handbooks discusssdto assess NOS in classrooms. The
preponderance of small, medium and lasgale administration and evaluation of NOS
guestionnaires is, in a way, reminiscent of the imtbe 1990svhen science educators
focused on ident i fyisningvariows areaseof siéncenands ¢ 0 n C
developing methods to change thé&uch studies haveade valuable contributions to
identifyingt he gaps i n student s 6 demseloping efledveh er s 6

instructional method® improve them.

What appears to be missing tine discourse is the question who doesthe
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assessment of NOS and to whom tudlected evidencdrings benefits. Research
instruments are prdesigned by researets |, so there is no cha
instructional considations being incorporated in the assessment items. On the contrary,
classroom assessment is planned, enacted and used by teachers and provide
information and qualifications to students, the teacher, parents, schools and so on (see
Section2.2.3. As noted by McComas et al. (2020)QS assessment approaches that
require a significaneamount of time and training would be implausible to use for
classrom teacherdlt is therefore necessary to distinguish NOS assessments into those
conducted by researchers for research purposes, and those conducted by teachers for
school purposefecognisingsuch a lack of consideration for NOS assessment in the
classrom, several researchers hawgghlighted that there is an urgent need for
designing and providing assessment instrumfemtslassroom use by teachdBell,
2008;Ryder, 2009)

2.3.2Researcherdeveloped instruments for assessing NOS

Since NOS waéirst introduced as a learning goalsohoolscience, there has been a
great i nterest among science educators i
(see AbdEI-Khalick, 2014 for a comprehensive reviewexisting instruments)The

most widely used instrument at present \ews of Nature of Sciend@®@/NOS;

Lederman et al., 2002) and its sevesraliants which consist of opeended questions

about NOS. More recentltheViews about Scientific Inqui’ ASI) questionnaire has
beendeveped separately from VNOS to assess s
of scientific inquiry(Lederman et al., 2014eeTable 2.1 for a longer list of NOS
instrumenty In addition to questionnaires, other techniques such as-Bfasientist

Test (DAST), concept mapping, classroom observation and small group discussion
have also been occasionally used to coll
(Hodson, 2014).

While researchedeveloped instrumentsan provide some insights to inform
classroom instruction and assessment of NOS, it should be noted that classroom
assessment has aims that are distinct from those of standardised measurement for
research purposes. Tleeare three major reasons that make it particularly difficult to

use researchateveloped instruments for classroom assessment (Allchin et al., 2014).
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First, most existing instruments are based on comfenéeral ideas of NOS, whereas

| ear ner s dendrtele gantexdependertt (Sandoval & Morrison, 2003; van
Dijk, 2011). Classroom assessment occurs in a specific curricular and instructional
context and for collecting information abostudent learningsituatedwithin that
particular context, rather tharontextindependent knowledge of NO@IcComas

202Q Chapter4). Another reason is that teachers have other considerations for
classroom assessment such as the limitations of time and motivationthend
institutional context of accountability (Bell, 2008; Sadler, 2014). Stressing the
importance of tailoring the assessment instruments to meet the needs of individual
teachers and students, Bell (2008) suggested several alternative approaches to assessing
NOS for formatve and summative purposes such as exaeientist test, informal
conversation and science notebooking. While these can be useful strategies for
collecting information about students, there remains a question of how they can be
adapted to serve the purpafesummative assessment.

Finally, as noted by Allchin (2011), these research instruments do not aim to
6evaluated studentsd wunderstanding of NO
studentsod views about NOS fr omdescriptieet her 1
understanding of students6é ideas is indee
from an assessment perspective, this is not sufficient information for both formative
and summative purposes. Consider the currently most populauntent, VNOSB,
for example (AbeEl-Khalick, Bell & Lederman, 1998). It contains six opemded
guestions about NOS, responses to which are usually marked as one of the three
categories, nave, mixed and informed (e.g., Akerson &-&bd&halick, 2000; Bdlet
al., 1998) based on the coding scheme. From this information, researchers are interested
in the distribution of studentsod views
gualitative aspects of them, comparing these results adifém®nt school andyrade
levels, countries and genders, and tracking changes betweangposinterventions
in diverse grade levels and instructional settings. While these functions have some
overlap with the aims of classroom assessment, they are quite distinct fraim w
teachers need and are interestednithe classroom contexieachers are keen on
facilitating learning by providing feedback to student responses (formative fusxation
assessment) and producing evidence of st

(summative functios of assessment). They embed assessment in diverse forms of
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learning activities such as teacistudent interactions, peer interactions, group
activities and portfolios, besides written tests done in silence. These differences call for
considering the classroom assessment of NOS as a distinct activity of teachers that has
different aims, methods and criteria for quality from the assessment through research

instruments such as VNOS.

2.3.3Research on classroom assessment of NOS

In view of theexplicit-reflectiveapproach (see Stan 2.1.2 where the understanding

of NOS i s, by definition, 0intentionally
Schwart, Abd-El-Khalick, & Bell, 2001, p. 137)poth formative and summative
assessment should be considered an essential condition for the success of NOS
instruction. I n contrast to the richness
and teaching praice of NOS, however, there is currently minimal reseabath
theoretical and empiricalon t eachersdé instructional p
assessing NOS in classrooms (Allchin, 2013; Hanustial, 2011). The existing

studies on classroom assessment of NOS are briefly summaribailé?.4.

One fact that we know from the literature is that imgnaases, teachers tend not
to assess studentsoO6 NOS , uneither fosnatigetychorng i n
summatively In a study by Ab¢El-Khalick, Bell and Lederman (1998a), none of the
14 teachers who participated in their study made any attenigtnially assess NOS
learning, although most of them believed in the importance of teaching NOS in schools.
In astudy with elementary teachers on-gear professional development programme,
Hanuscinet al. (2011) echoed thipoint by reporting that teaenrs mostly relied on
using the instruments provided by researchers, but no attempts were made to use their
own formative/summative assessment strat
NOS. Such discrepancy between the perceived importance and assgsacta® of
NOS has been confirmed in another recent study of English science teachers teaching
Key Stage 4 (Brock & Taber, 2019).

Park, Yang and Son@020) touched on the problem of classroom assessment of
NOS by focusing on a specific form of assessment tasks, namehatsed tasks. From
their analysis of textbook tasks on NOS, they found three different ways in which
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Korean SIE textbooks promptalearning of NOS. They identified three types of NOS

related tasks: (a) guiding to NOS ideas (by performing simple tasks from memory,
identifying NOS in a historical case, explaining a historical case based on NOS, identify
details about NOS through a tascal case, or compare different NOS aspects), (b)
expanding NOS ideas (by searching for historical examples that show a certain NOS
aspect, thinking about reasons for a NOS aspect, or evaluating the applicability of
NOS), and (c) thinking critically ald NOS (by discussing limitations of a NOS aspect,

or taking sides and defend oneds own Vvie
(Park, Yang & Song2020, p. 436). Although their study focused on textbook tasks, the
findings are relevant to classroonsa@assmentore generallybecause such a typology

of NOS activities can be used for both formative and summative purposes.

Several studies hawensidered the formative assessmempi$temic practices of
science An early study byDu s ¢ h | a n q199G)ifotusenh erthe Eotential of
@ssessmentconversatiGsn i nstructional strategy to n
reasoningjn fosterings t u d skifistirstide evaluation of knowledge claims and the
construction of reasoning They highlighted the need for teachessearcher
collaboration togpromote the use of assessment conversations in the classroom since
teachergare not used tosing student information to guide and revise instructional
deci si on ma&milarlg, ®Ruiz;Ppmo ar@l Fyrtak (2006pund that how
teachers usmformal formative assessmethiiring instructionrmay be associated with
student learning in scientific inquirysing the ESR¢ycle These studies, although
not directlyconcerned wititNOS, suggest thathe epistemic practices of science can be
taught effectivelythrough the use of instructional strategies that allow for ongoing,

frequentassessment of student learning during instruction.

Another related, and problematic, phenomenon in the NOS scholarship is that there
have been surprisingly few empirical investigations on how NOS is (and should be)
assessed at the classroom level. The scarcity of research on the classroom assessment
of NOScould have possiblgtermmedfrom the fact that in most cases NOS is treated
implicitly in science curricula and not considered as separate learning outcomes that
should be assess&¥mong the few exceptions that addressed the classroom assessment
of NOSsEAker son et al . o6s (2010) study. They f
used various assessment strategies such as a modified version ofDAN@®ws of

Nature of Science; Lederman & Khishfe, 2002) and student journalghateachers
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considered heir studentsd devel opment al l evel s
when assessing the NOS understanding (Akerson et al., 2010). Brock and Taber (2019)
reported that English science teachers find NOS particularly hard to assess fairly due to

the anbiguity of assessment criteria, which became a major source of challenge in their
teaching of NOS in schools. However, since these studies were conducted in the context

of auniversitybased professional development programme (Akerson et al.) or a school
curriculum where NOS is almost absent (Brock and Taber), currently there is minimal
understanding of teachersd assessment pra

I n Schwartz et al. (2002)d6ds study with
in a yeatlong professional development focused on NOS and scientific inquiry, the
teachers did not make efforts to assess NOS, similar to other studies. According to them,
the teachers tended to mention NOS explicitly and assume that it was clearly understood
by studets. They also suggested two possible reasons that the teachers did not assess
NOS: First, the teachers were not comfortable using formal assessment methods to
assess studentsd NOS views because they
Second, they strgged with understanding the NOS concepts themselves, which made
them sceptical about whether they could asgesain the classroom (Schwartz et al.,

2002). Mescet al.(2020) explored the teaching practices of two US preservice teachers

who participatedh a 13month teacher development programme. These two preservice
teachers, who were selected as the most successful cases among the 11 participants of
their programme, planned for and used some formative assessment techniques during
theirteachingpractiums . They used O6exit ticketsd an
prior knowledge, misunderstandings or confusions about the target NOS aspects, and
acted upon this information to improve their lessbg giving feedback and more

specific examples. &rwi ng on the framework of PCK,
knowl edge of assessment of NOS to be a me
al., 2020).

2.3.4Developmental appropriateness and learning progressions for NOS

One main issue related to assessing NOShe @émerging arguments for the
developmental approaches to NOQ&king the cue fronthe research on learning

progressions (LPs) (Duncan, Rogat & Yarden, 208fith, Wiser, Anderson &
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Krajcik, 2009. NOS researchers have been keen on structuring the N$i¢em a
developmentally appropriate manner (ABHKhalick, 2014; Kampourakis, 2016
Ledermanet al, 2014, which is also central to the assessment of NOS given that
assessment strategies must be suitable for the grade level of students. For example,
Erduran and Dagher (20&ycapitalised on the importance of articulating the scope and
sequence of NOS across grade levels by distinguishing two dimensions of such
articulation: vertical and horizontal Vertical articulation is concerned with ensuring

the @mherence in the educational experiences that a child gets as they progress through
the school years. In NOS terms, this corresponds to organising the aspects of NOS from
relatively simple and straightforward ideas (ed§gientific knowledge is tentatiaad

subject to change (Scientists use multiple meth@dsScience and society are
interrelated to more sophisticated ones (e.g., variations in experimental methods,
different ways in which science influences society and vice versssdomain
differences in epistemic values). In comparison, horizontal articulation refers to
structuring NOS learning experiences across different topics and domains so that
students can develop connections among seemingly discrete scientific doopaass, t

and instructional units drawing on their understanding of NkDSexample is to teach
aboutthe roles and methods of observation in scievitean examplérom forces and

then extend thigo observation in other examplesidd domains such @8ar v8i n 6
observation of finche&¥at son and Crickds obsandthati on
recent detection ofthe Higgs boson and gravitational waves using cutihge
technologies. Similarly, AbdEI-Kh al i c k (2014) suggested
f r ame wo miolies & pragression of NOS benchmarks spanning from primary
schools to universities and teacher education programmes. Such developmental
considerations are algpartly reflected inNGSS {able 2.6). NGSS presents key
aspects of NOS and sets out the progression of each NOS aspect from a simple
statement (K2 level) to sophisticated and elaborate ideas related toigh (school

stage) although théoenchmarksrestill largely focused on declarative statemeass

seen in the tablésiven that teachers, as frontline practitioners, are usually keen on their
own student so devel opment al needs and
consicerations should also be important factors for successful classroom assessment of
NOS.



Table 2.4 Examples of previous studies that addressed classroom assessment of NOS

Author Region  Grade level Participants Context Data sources Findings related to classroom assessment
Abd-El- United Secondary 14 preservice A NOS-focused teacher Lesson plans, lesson  No preservice teachers made an attempt to
Khalick, Bell States teachers preparation programme videos, portfolios, formally assess NOS.
&15332; man ﬁl(')?('acsal observation 9 This means that significant discrepancy exists
( between their beliefs in the importance of
teaching NOS and failure to assess NOS.
Hanusciret al.  United Primary 3 A single-school Interviews, 1 While the teachers had general knowledge of
(2011) States experienced professional guestionnaires, assessment, they made no attempt to use
teachers development classroom formative/summative assessment strategies tc
programme focused on observations, assess studentsdé NOS
NOS andnquiry classroom artefacts 1 Instead, ¢achers only relied on the research
instrument (VNOSD) as evidence of the impac
of their NOS instruction.
Brock & Taber England Upper 6 in-service A 11-18 academy with Interviews i Teachers perceived that NOS content is
(2019) secondary teachers aboveaverage students exceptionally difficult to assess fairly.
(Key Stage 4) 1 Teachers perceived that NO&ated assessmer
criteria are often unclear and insufficient.
Akerson, United Preschool 10 inservice A NOS-focused 2year Interviews, action 1 Experienced primary teachers used various
Cullen & States and primary  teachers professional research designs, assessment strategies.
Hanson 2010) (K-4) development lesson plans, 1 Teachers considered t

programme

assessment tools

developmental levels, special needs and
academic abilities when assessing NOS.

Z Jadeyd
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Table 2.5 (continued)

Author Region  Grade level Participants Context Data sources Findings related to classroom assessment
Schwartz, United Secondary 13 inservice A l-year professional Lesson videos, lesson { Teachers mentioned NOS explicitly and
Lederman, States teachers development plans, reflections, assumed that it was clearly understood by
Khishfe, programme with NOS student work students.
k/lezg?hr?asn& Li anncti]:menuﬂc Inquiry 1 Teachers were not comfortable using formal
2002)W u assessment methods t «
( views and thought that doing so wolddunfair.
1T Teachersd own struggl
made them question the possibility of assessil
NOS.
Ryder & Leach  England Upper 7 Advanced level Lesson audios 1 Teachers varied in their use of the four
(2008) secondary experienced science courses using characteristics of effective teaching about the
in-service specially designed epistemology okcience: making appropriate
teachers lesson materials statements about NOS, linking NOS to scienc
content, working witd@
stating and justifying learning goals.
Herman, Clough United Secondary 13 early An intensive science Lesson observations, { Four of the 13 teachers (high implementers)
& Olson (2013)  States career in teacher preparation interviews, classroom included NOSrelated questions in their
service programme with NOS artefacts summative assessments, in a variety of conte
teachers focus 1 Five of the 13 teachers (medium implementer.
used decontextualised NOS questions in their
summative assessments.
Mesci ¢ al. United  Secondary 2 preservice A 13-monthteacher Openended surveys, 9§ Participants did ndhclude assessment in the
(2020) States teachers development interviews, first draft of the lesson plan.
programme with NOS observations, lesson 1 After the expert feedback, they planned for an

and scientific inquiry
focus

plans, reflections,
teaching materials

used formative assessment techniques.

Z Jadeyd
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Table 2.6 Example ofa developmental approach to NOSNIGSS (NGSS Lead States, 2013, Appendix H, p. 98)

Ki2

3i5

Middle school

High school

Scientific
investigations use
a variety of
methods

il

Scientific investigations
begin with a question.

Scientists use different
ways to study the worlc

Scientificmethods are
determined by
questions.

Scientific investigations
use a variety of
methods, tools, and
techniques

il

f

Scientific investigations use a
variety of methods and tools to
make measurements and
observations.

Scientific investigations are
guided by a satf values to
ensuretheaccuracy of
measurements, observations, a
objectivity of findings.

Science depends on evaluating
proposed explanations.

Scientific values function as
criteria in distinguishing
between science and non
science.

il

f

Scientific investigtions use diverse
methods and do not always use the
same set of procedures to obtain de

New technologies advance scientific
knowledge.

Scientific inquiry is characterised by
a common set of values that include
logical thinking, precision, open
mindednss, objectivity, scepticism,
replicability of results, and honest
and ethical reporting of findings.

The discourse practices of science i
organised around disciplinary
domains that share exemplars for
making decisions regarding the
values, instruments, ethods,
models, and evidence to adopt and
use.

Scientific investigations use a variet
of methods, tools, and techniques tc
revise and produce new knowledge

Z Jadeyd
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2.4 Summary of literature review

In this chapter, | have examined the theoretical and empiricalrcsbases in the
intersections of three main concepts of this thesis, namely NOS, teachers and classroom
assessment. In sum, there seem to be a variety of potential factors that stem from the
interplay of teachers and assessment, and of science teaatheM©8nThese range

from epistemicconsiderationsuch as the controversial nature of NOS knowlegdge
pedagogicahnd systemicconsiderations such as developmental appropriatemess

the influence of external examinatiomlso, it has beeridentified that there i
significant | ack of interest and effort
in the assessment of NOMost of the existing studies ongnecdotally if anything,
addressed the assessment issues related to NOS\ebuinttial findings provide a

useful starting point. For examplahy did the teachers think it is unnecessary and
unfair to assess NOS? How much NOS knowledge should a teacher have to be qualified
to assess it? Most importantly, if teachasaksess NS in classrooms, what would it

look like? How would their practices and concerns play out in formative and summative
assessment? What woul d be teachersoé c
summative assessment, respectively? This thesiexplbretheseissues about NOS

assessmerthroughan empiricaktase study.

Anotherdeficit in the currenlandscape of NOgsearch concermsethodologgal
simplicity. In their critique of the research trend on N®®Jly, Chen and Crawford
(1998)pointed out thathe majority of empirical investigations of NOS rely on surveys
and interviews without including observational data waachers and studeni®hey

viewed such practice dmearing the risk o ment al i sti ¢ modesd of

action (p. 30) which cannot fully represerpp e o p | e 6 s aldne.lnstead, thay r
arguedfor a social semiotic research programme of N@& focuses on language use
in classroomsand how meanings about NQfBe co-constucted through classroom
conversationgKelly et al., 1998) Although their criticism dates back two decades,
NOS research still suffefsom the lack of observational research and overreliance on
surveysand interviewswith only a few exception&rduran, Kaya, Ciletenkli, Akgun

& Aksoz, 2@0; Hanuscin et al., 201Ryder & Leach, 2008 Given this gap icurrent
NOS literature this thesishas the potential to makea significant contribution to

researchithroughobservation of actual practicasthe classroom assessment of NOS

o

n
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2.5 Theoretical orientation to NOS and classroom assessment

Having reviewed existing studies on NOS, classroom assessment and the classroom
assessment of NO$) this section, | describe miyneoretical commitments fohis

study. These commitments were developed throngh previous engagement with
NOSresearcl{Park, Erduran & Wu, 2020a; Park, Erduran & Wu, 20R4drk & Song,

2019; Park, Yang & Song@019;Park, Yang & Song2020, my other studieabout the
broader links between science education and history, philosophy and sociology of
sciencePark, 2020Park & Song, 2018my experience of teaching NOS in the teacher
education context, andhy reading ofrelevant studiesin science education and

classroomassessmeithat rave beeroffered in this chapter.

2.5.1NOS

| use NOS to mean ideas about scientific knowledge and scientific inquiry that are
drawn from history, philosophy and sociological studies of scieiget pertains to

this thesis, konsideMNOS toencompassboth the aspects of scientific knowledge and
scientific inquiry(Irzik & Nola, 2014;Hodson, 2014)My view is aligned withthat of

Allchin (2011, 2013)who arguedthatthe focus of NOS education shouttbve from

listing upwhat science is tprovidinga systematic and unifyingerspectivé o0 o6 wh ol e
S c i e Als,d dkeNOSto bea cognitive learning outcom@bd-El-Khalick et al.,

1998 McComas, Clough & Nouri, 202®ut also a functional aim of science education
(Allchin, 2011 Ryder 200)), in the sense thalOS educatiorshouldeventuallyaim

to equip learners with the competencerti@rpret the reliability of scientific claims in

their personal and social decision making (Allchin 20Mdreover,| agree with

Mat t h(Z0Wsssertion hat NOS i s to be 6el alwobr at ed,
(p. 18)rather thario be learnt as declarative statenseRor examplein the contexbf
theé6paradigm shiftd that i s theimstructiooapgoat of C
should not berote learningof he st at e me developshhaotgh theSshiftad n ¢ e

p ar a d orgdergifping this stdement as correct in a multiptdnoice question
Insteadmy position is thathe learning goahouldincludeinferring such an aspect of
NOSfrom examplesand appljngo n e 6 s u n d eappsetiaexamplasgn lighb

of the general idea of the paradigm sHiftother words, the focusf instruction and
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assessmeishould be on learningboutthe paradigm shiftdeaandits connections with
examplesbesidedearningthatit is a feature of scienc8imilar arguments can be made

for other tenets in the consensus distl otheNOSideasthat are not on the list

In terms of what to teach about N@S., the selection oNOS aspects for the
curriculum), | depart from the consensus viewthat Ithink the NOS curriculum should
be operendedabout NOS aspectather than lishg themup as a limited numbeaf
tenets.The lig-based approach is oftemlvocated on the groundsat there always
needto besome form of didactic transpositioim the sense that we cannot give every
detail about the topic bwhouldhighlight the ones that aligwith the learning goal
(Kampourakis, 2016)Although | agreewith the need fordidactic transposition|
consider thathere aranore effectivewvays to transposthe philosophical ideas about
science tharreducingthe rich and diverseNOS ideas to a number statements
Considerthe comparison of laws antheoriesfrom the consensus list, whi¢hhink is
indeeda valuable NOS topic to be discussethe classroom. It is certainly arample
of whatscience is, but it is difficult to justifincludingthis NOS as one of the seven
(or more) NOS to btaughtin schoolsovermany other ideaaboutwhat science is and
how it works Educators should be open to teagotherexamples oNOS ideaghat
are not on the listThis isthe main reason whiyuseFRA as a conceptualisation of
NOS sinceit offers a possibility to includdroader issues and ideas about NOS

compared to other framework®agher & Erduran, 2017)

As for the effective instruction oNOS, lam committed tdhe explicit-reflective
appro&h to NOS instructionthatis supported bynuchempirical evidencéAbd-El-
Khalick et al., 1998; Ab<El- Khalick & Akerson, 2009; Akerson, AbHI-Khalick, &
Lederman, 2000)Therefore, Iconsider thateachersshould explicitly aim to teach
NOS in their classroom and communicate the NOS learning goal to students, rather
thanexpecting NOS to be learnt naturally from learning scientific content knowledge,
reading historical e pi s o drdmts must bes giviere n c e,
opportunities to reflecon the connections between thessivities and NOS, and
between diverse aspects of NO%d-El-Khalick, 2013. This is not to say thavery
science lessoshouldhighlight NOS The emphasis on NOS as an instructional goal
canvary depending on what other goals the teacher has for the.|8#lohview that
NOS learningcan be best achieved when in tandem witier goals such aontent
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knowledgeandinquiry skills, as Iwill further developn Section8.6.

2.5.2Classroom assessment

On the nature of classroom assessmegitpoint of departure is aligned withat of
Brookhart and McMillan (2019) who consi der c¢cl assroom ass
teachers and studentse in collecting, evaluating and using evidence of student
I ear ni n ¢ thendigbnguiskfgrmative and summative assessmbased on
whether he purposef such a process chiefly to support learningeport achievement

or satisfy the accountability demands (Blad®98) This way of classification is
distinguished fronthe one based on the timinf§ classroom assessmdne., whether

it occus during or at the end of a lessoNgvertheless, View the relationship of
formative assessment and summative assessmateciprocal rather than exclusive
given thata classroom activity can be used lioth support learning and report
achievemen(Harlen, 2@.1).

When it comes téormative assessmeribllowing Ruiz-Primo and Furtak2007),
| focuson two broad types oformative assessmerformal and informall consider
formal formative assessment be troseembedded in the curriculum and planned by
the teacher before instructiom checkfor student learning on the topithis could be
the teacher asking a questaivout a specific aspect of learnaighe start of the lesspn
or using a quizprainstorming and other forms gfoup activiies that carproduce
evidence of student learning (Bell & Cowie, 2000n the contrary,n the case of
informal formative assessmerfoften ¢ a | loetideflyéf or mat i ve assesst
0 a s seensts nt o n v,ehe solettionoandsinde)pretation of informationcur as
part of teachestudent interaction in the classropmhen the teacher elicits student
ideas, the student responds #melteacher acts upon the respomsl (& Cowie, 2001;
Ruiz-Primo & Furtak, 2007)However,such cyclesnay notalwaysbe completeAn
example of an incomplete cyclewsen a teachesisksmostly yesor-no questions to
studentghat can elicit minimalinformation about student learning, atietn merely
revoices student responses without using the informdto@hapter 7, biscuss how
the teacher used the plannedtivity (.e., formal) and characterise her use of

information collected during wholelass interactiongboutthe activity topromote
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student s 6 (NeQ®Bformad),dasedi on this conceptualisation of formative

assessment in the classraom

2.5.3Classroom assessment of NOS

Discussion aboutlassroom assessment of NOS shdagldased othe aforementioned
aspects of NOS and classroom assessnfauiting together the twa consider
classroom assessment of NOS to mean the process in wwhatters collect evidence

of student learning abomthat science is and how it works,eitherpromotelearning

or report achievementStarting from such eonceptiorof NOS classroom assessment
this thesis aims to explore the diverse themescddua¢merge at the interface NOS

and classroom assessmény. position isthatif we were to promote NOS adearning

goal for achieving scientific literachppth formative and summative assessnséould

be intentionally planned forand enacted in thscienceclassroom(Hanuscin et al.,
2020) This, in turn,highlights that science teachers shduwdde the aility to practise

the classroom assessment of N&®l thatthey needio be provided with training
opportunities to develop such abilit the same time, howevemy suggestiorsbout
classroom assessment should be practical; | concuMa@omas, Clough anNouri
(2020) t hat Oassessment approaches that
administer along with time and expertise (training) to score, are unreasonable for
classroont e a ¢ h e r dllereforp,a cor® t@&s|ar NOS researchelis to suggest

effectiveas well agealistic ways to promotdOS classroom assessment

As argued in Sectior2.3.1, the dassroom assessment of NGBould be
distinguishedrom assessing NOS for research purpdsagee withthe view of Ryder
(2009) that most research instrumentdeveloped foreducational researclare
insufficient andnappropriate for use in the classrgathoe to the reasomlscussed in
this literature review (SectioB.3.2. When it comes to th&earning goals for NOS
instruction, my view alignswith Allchin (2013) who said thathe goal ofNOS
education is knowledge and understandingther than views and perspectivéts
follows that vhat the teachershould assess in the classroontlsser towhether a
studentunderstandsvhat science is and how it works ratlieanwhether theyagree

or disagreewith a particular view about science (Allchin, 2013\ch aakeis crucial
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in considering, forexample,h e sui t abi |l ot gnotddsigngsodvoary
summative classroom assessmentamlyse in Chapter @ee also Sectiod.2where

| discuss thipointfurther). Thisposition alssuggeststhat ot al | st udent s o
NOS should bdreatedas equally validand acceptableas Ryder and Leach (2008)

stressed

2.6 Research questions

With suchtheoretical positioningthis thesisinvestigateshow teachers practishe

summative and formativassessment of NOS. Tigoal is to shed light on an
underexplored territorywithin NOS research and maka& contribution that can
eventuallylead to improving the practice of NOS assessment in classrdbimshesis
iscentredotthreequesti ons about science teachersbo

RQ1. How doteachesview and practisthesummative assessment of N@She

classroorf? (Chapter %

RQ2. How does a team ofthree science teachers engage in NOS summative
assessment in high school? What doetheir decisioamaking process
reveal abouthte potential issues in the summative assessment of NOS?
(Chapter &

RQ3. What are the instructionastrategiest h a t all ow for t each
assessmemiOS? Whatare someotential issues and challengasolved

in theformative assessmeaot NOS? (Chapter ¥

The first question focuses on the summative assessment aspect and asks how the
teachersodo views and the contexts of curr
practices. The second question specifically looks at the collective aspect of their NOS
summative assessment. The third question asks how the teachers enacted formative
assessment while they teach N@Shtred lessons. It is important to note that, in this
studydés context, Osummati ve assessment oo (
(RQ3) do mt refer to two separate events but rather two different purposes for which a
single set of activities were used. Although the entanglement of formative and

summative assessment is not unique to this study (Dolin et al., 2018), there were



Chapter 2 64

Table 2.7 Overview of study design

RQ1 RQ2 RQ3
Study To identify each To identify the To characterise the
objectives t eacher 6s practices of summativet eac her 6s
practices of NOS assessment and the  formative assessment

summative assessmer challenges of NOS strategies
summative assessmer
Focus Summative assessmer Summative assessmer Formative assessment
instructional strategies

Subject Three teachers who A team of three One teacher who
enacted summative teachers who enacted the formative
assessment of NOS  collectively planned assessment of NOS

and marked NOS

assessments
Main data  Assessment plan* Assessment plan Lesson recordings*
(*primary Assessment meeting Assessment meeting Lesson materials
sources) recording recording* Interviews
Interviews* Interviews*

Lesson recordings* Lesson recordings
Lesson an@ssessment Lesson and assessme

materials materials
Analytical A mixture of deductive A mixture of deductive Conversation analysis:
approach (key assessment (key assessment (1) ESRU gcle
concepts, NOS concepts, NOS coding, (2) inductive
concepts) and inductivi concepts) and inductivi coding
coding (emergent coding (emergent
codes from data) codes from data)

specific moments whemichinterdependence played a role in this study. For example,
potential concerns about summative assessment frequently influenced the way the
teachers enacted lessons and used feedback, anih thisn, impacted decisions on

marking, grading and fairness. These dynamics will be addressed while | answer each
research question, and will also be revisited in the Discussion chajhtereas RQis
focused on anal ysi ng diceatatspedfic thme indhs first n st r
year of research to gain andepth understandindgRQ1 and RQ2draw on the entire

dataset collected from three teachers and across two years to address the question.
Table2.7 outlines the focus of each research questiorresponding data sources and
analytical methodsyhich will be furtherarticulatedn Chapter 4
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Chapter 3 Research context

3.1 Introduction

Assessment, dor mostother activities and processes in educatdwes not exisin
isolation fromthesociety and culturg which it occursThis position stands in contrast
with the behaviourist approach, wheesting discrete skills and knowledge removed
from the contextnakes seres(Lund, 2008. From sociocultural perspectivdgwever,
assessment is considered to be a cultural activity Wherelividuals negotiate
meaning and identity through particigatiin the activity with thecultural, socialand
historical backgounds they are situated with{Elwood 2006 Pryor & Crossouard
2008), rather than an isolated informatgnocessing mechanism by individual
assessorsConsidering the sociocultural nature @fl e a r neither godmative nor
summative assessmecdnnot befully understood withoutonsideringtheir social
dimensiors (Shepard, 2000)In this sense, formative assessment isocially and
culturally situated activity Wenger, 198), whereby the teacher and students
construct meaningshrough partigation in the communitySimilarly, summative
assessmens alsoboundand shapedby culture In assessment theories informed by
sociocultural theorythe meaning of test scores is constructed collaboratively by testers
andtest akers ratheel ybadebobedcBygnne, 201 r n al

This perspective has implications the design and interpretation of assessments.
Considerthe validity ofcollected informationwhetheranassessment is valaepends
on the social situation wheiie is undertaken and reflects the interests of different
stakeholders such as teachers, students, parents, school administrators and
policymakers Bonner, 2013 With these considerations in mind, this chaptewvides
some cultural, historical and political backgroutwl Korean education and the
curriculum in whichthis studywas situatedThe schoothat | visited for this thesis was,
on several frontsa microcosm oKorean high school educatiowheremanyteacher
beliefsand actiongas well as those of studentsk influenced by assessmeelated
concerns(Kwon, Lee & Shin, 2017Sorenson, 1994)After considering th social
contextand assessment policy, | will turn tlee curricubm contextwhereefforts are

being madeo include mordNOS-related contenin the national science curriculum.
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3.2T he 0 SKY th€@rdeixtlofeadcountability in Korea

Thehighly successfu?018 19 Korean television dran@KY Castlevasa story of four

elite Korean familiesiving in awealthyneighbourhoodyortrayingthe lives ofchildren

who werein the samehigh school andvhoseparentsstrivedto send their childo the

most prestigiousiniversitie® from which the titled S K {{.é, Seoul NationalKorea

and Yonsei Universges) came from It described howthe charactees gr eed and
obsessionauldgoasfaraslest r oyi ng ot hems pree® ptl edisr | ¢ v
successwhich starts fronentering those universiti€¥u, Jo & Kim, 2019) Onceaired

the drama drew consideral@ention and sparkesbcialcontroversieslt revealed the

dark andurtive sides of Korean educatioand gained mucpopularity in China where

asimilar cultureof extremecompetitionexists (Shin, 2019. SKY Castleis fiction but

is notmerely fictional.lt vividly picturedtheuncomfortableeality of meritocracy and

thed e d u ¢ a t underlying thahighreducational achievement in Koféa, 2019;

Sorenson, 1994As Martin et al. observea strong sense of meritocracy continues to
permeate Korean society with the belief that if a student, male or female, rich or poor,
performs well on the CSA[College Scholastic Ability Testhe or she will have the

opportunity to succeed atthetopnadon uni ver sitiesé. (p. 244

The system ofassessment is closely liett with such competitive culture of
educationin Korea It has been arguethat e acher sé6 i deas about
classroom assessment inevitably relies on the culture and systencintid school
system operates (Black, 2013), ranging from practical issues such as the school, district
and nationalevel grading policies to more societal and cultural issues such as
university admission criteria and the impact of higher education o@ 6os
socioeconomic position. It is therefore necessary to consider the Korean context
regarding the culture and system of accountability for a fuller understanding of science
assessment in classrooms. In a recent review of educational assessment inwamea, K
Lee and Shin (2017) described Korean education as based on the tradition of
6testocracybo, which historically hlasigina
prevailedin East Asia since the Middle Ages. At least since the enitheo1960s,
external high-stake examinations administered by the government have mostly
determined whether a student could enter prestigious universities or not, which

subsequently decided their job opportunities and income level in later life. Such heavy
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I T T R R

Early Childhood

Education 3-6 Kindergarten (3 Years)

6-7 Year 1

7-8 Year 2

8-9 Year 3

Primary Education Elementary School (6 Years)

9-10 Year 4
10-11 Year 5
11-12 Year 6
12-13 Year 7
13-14 Year 8 Middle School (3 Years)
14-15 Year 9

Secondary Education
15-16 Year 10
General High School Vocational High School
Ly e (3 Years) (3 Years)
17-18 Year 12
College Scholastic Ability Test (CSAT)
‘ Comprehensiv
18-19 Year 13
19-20 Year 14
Higher Education University (4 Years) or College (2-3 Years)

20-21 Year 15
21-22 Year 16

Figure 3.1 Education system in Korea (based on KARIC, 2020; MOE, 2021)

reliance on the oneme, highstake examinatione(g., CSAT) has produced serious
harms in the Korean society, most notably
education for o6efficientlyd preparing st
Classes in (regular) schis, considered less competent test preparation, were

neglected by students and parents, making teachers lose passion in their work.

I n Korea, eacH eavudgntitgbsadeshqalal | ed o6c
recorddé) entirely rely on the assessment
school subjects. When a studentpléggs to universities, #se school grades are
complemented by national college entrance exam (CSAT) scores along with additional

universitybased tests such as interviews. Broadly speaking, the pathways to
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universities are divided intearly admissior and regular admission Although details

vary by years and also by individual universities, early decisions admission tend to rely

much on the comprehensive school records (i.e., sdlas@d assessments), whereas

the regular admissions consider CSAT scassa primaryfactor. What has been

changing drastically during the past 20 years is the proportion of early decision and
regular admissions, which has been almost inverted during the pEignoig3.1 and
Figure 3.2). Suchas hi f t | argely stems from the go\
system ofaccountability and university entrance from reliance on the CSAT to putting

more value on schodlased assessments by teachers. As a natural conclusion from
classroom assessment now affecting stude
significantly greateextent than 20 years ago, there have been increasing expectations

for teachers regarding selecting assessment methods and ensuring validity and fairness

in their classroom assessment.

Suchshift in theuniversity entrance systesmon met witlresistancérom students
and parentsdue to its misalignment witthe traditional concejun of fairnessand
accountability in Korean societythe deeprooted ideahat largescale testare the
fairest and most objective, reliable method of assessroefiicted wih the increasing
emphasis B school assessmemts a responseni2018, thenewly electedMoon Jae
In administrationaunchedthe Committee for Public Deliberation on the Revision of
College Entrance Systemnder the leagrshipof former Supreme Court Justice and
thenlaw professor Kim Youngan. President Moon remarked that the new college
admission systershould befair, viewed fromthe direct stakeholders such as students
and parents, and simpley every person to readily prere fob(CPDRCES 2018 p.
37). In their final reportjt was revealed thdhere is little agreement among the public
regardingtherelativeproportion ofCSAT scors and comprehensive school recoia
making university admission decisiof@®DRCES$2018. As of 2021 comprehensive

school records remain to bemajordeterminanbf university entrance.

SEarlyadms si on i s c | oescei stioo ntoh e( réae ehrelry tchan o6éear |
admission system, in that once offered admission under an early admission programme, the
applicant is bound to that university and cannot withdraw to apply for regular admission to

other universities.
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Figure 3.2 The proportion of early action and regular admissions in Korea, 2002
(from Park, 2018)

Concurrentwith the major reforrain theoveralluniversity admission system, the
gover nment has also been working to i mpr
assessment so that it can be | i,mkusnd mor e
came hand in hand with the international emphasis on assessment for learning (AfL),
where Othe term fAassessmento refers to al
by their students in assessing themselves, which provide information to dasise
feedback to modify the teaching and | ear
(Black & Wiliam, 1998, p. 8). In 2018, the Department of Education of Korea called
for a paradigm shift in classroom assessment fproductcentredassessment to
processcentredassessment. Processe nt r ed assessment i s defi
t hat provides proper feedback that suppo
coll ecting various data about studentsd c
of teaching and learning, according to the assessment plan where assessment is coupled
with instruction based on the achievement
Institute for Curriculum and Evaluation, 2019, p. 53), witoheres withthe global
shf t from Oassessment of |l earningd to 6bas

|l earningé6. H pthvere are conflicttgi expedatidas tgwhether or not
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Figure 33Per cent age of | ower secondary t

or O6alwaysd use the following methc
(OECD, 2019, p. 61)
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this new policy wild!@l successfully reach
classroom assessment practi@an, Kim, Park & Kim, 2018)

33Korean science teacherso6 assess

Compared to other developed natioksyean teacherbave been reporteabt to be

very active in providinglormative feedback in the classrooAccording tothe latest

Teaching and Learning International Survéy the OECD (OECD, 2019)the
proportion ofKoreanteacherswvho routinely assesst ud e nt s ldy ogservang r e s
them and providing instant feedba@0%) waslower thanthe OECD average (79%)

The use of selassessmeritor st udent sé eval u@i%was of t
also below average (41%yigure 3.3 shows thathe use of classroom feedback by

Korean teachers is less frequent than in other counlrissnoteworthy, however, that
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both written feedback and mediate feedback iKoreanclassroom have become
more frequent in 2018 than 2013, an increase rarely observed in other countries.

Turning to science teachers specificaNygh, Lee, KangandK a n ¢261%) study
of Korean science teacher providessane fughere n t b
nuancesThese researchefsund that while Korean teachers use diverse strategies for
assessing science learning in practice, their perceived purpose ofnesgessms
mostly centred on the traditional purpose of summative assessment, i.e., evaluating
studentsod | earning. Il n additi onprefetedey f o
andusedassessment strategies (Noh et al., 2015). They asked the teaeheosvth
purposes and strategies for classroom assessment and compared this to their responses
to three prototypical situations. Summaries of their findingkainle3.1 andTable 3.2
indicate several important discrepancies. In terms of assessment purposes, teachers
used assessment for a summative pwges., evaluate student learning) and other
nonri nstructional purposes such as oO6sel ect
science competitions or receive school awards. While teachers preferred to use
formative assessments for providing learnipgartunities and feedback, this function
of assessment was less addressed in relation to their actual practice. Such discrepancy
bet ween teachersd beliefs about ef fectiv
classroom practices resonates with similarifigd from other countries (Black et al.,
2010; Rieg, 2007)Also noteworthy is thatew teachers associated their assessment
practice with preparation for higétakes external examinatiofisable3.1), suggesting
that the impact of external texts on classroom assessimemtinimal despitethe
increagd emphasis orthe lattercompared tahe former in theuniversity entrane

process.

34Thei ntroduction of Oscientific i

in the new curriculum

The 2015 National Curriculum of Korea, effective since March 2018, is organised
around the O6core competenciesod that stude
subjects (MOE, 2015). In relation to theciencecurriculum specifically, there are five

core competencies essential for learners to attain scientific literacy: scientific thinking,
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Table 31 Kor ean S Cc I e n emgations et@ thdr purpesé of alassroc

assessment and the actual purposes in their practice (from Noh et al., 2015, p.

Assessment purposes Orientation  Practice
Summative Evaluate student learning 55% 53%
Select students aspresentatives 30% 0%
Identify students who need additional supp 1% 0%
Measure student contribution during 1% 15%
classroom activities
Reward students for their academic efforts 1% 1%
Formative Provide students with opportunities for 9% 25%
learning
Provide students with descriptive feedback 0% 5%
Others Familiarise students with the format and th¢ 2% 0%

content of external tests

Table32Kor ean science teacherso prefer
Noh et al., 2015, p. 730)

Assessment strategies Used Preferred
Multiple-choice 51% 1%
Openended 4% 1%
Experiment 15% 7%
Report 9% 31%
Essay 8% 0%
Presentation 5% 10%
Portfolio 2% 6%
Debate 1% 5%
Observation 2% 24%
Peer assessment 2% 11%
Interview 1% 2%
Self assessment 0% 2%

scientific inquiry ability, scientific problersolving ability, scientific communication
ability, and scientific participation and lifelong learning ability (MOE, 2015, p. 4).
Based on these key competencies, the new curriculum attempts to incorporate new

knowledge that is becoming increasingly important for scientific literacy, while trying
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to emphasise curricular content other than traditional scientific knowledge, such as,
NOS as an important element of the science curriculum (MOE, 2015).

One notable iriative in the new curriculum is the introduction of a new subject
SIE in an attempt to facilitate the stud
how scientific knowledge is produced and applied (MOE, 2015). SIE was introduced
asacompulsorysubjector Gr ade 10 student ssethevaller der t
of science as well as its impact on scientific inquiry and social, technological
devel opmentd by providing opportunities
activities (MOE, 2015, p. 25}t deserves attention as the first curricular initiative in
Koread also the first around the globhdo teach NOS and scientific inquiry as a
separate compulsory school subject. Research has provided evidence that Korean
science teachers have high expectatadyout this new curricular initiative, along with
the concerns about the radical shift in terms of assessment and teacher training (Son,
2016; Yoon & Kang, 2016). A recent study of seven SIE textbooks (Yang, Park, &
Song, 2019) showed that textbooks addd#gsrse epistemic and social NOS aspects,
and more importantly, often in explicit manners with reflective prompts. This is
contrary to most other analysis of NOS aspects in the written science curricula, which
repeatedly reported nave and implicit exmiess of NOS with no opportunities to
reflect on them (Ab<El-Khalick et al., 2017; BouJaoude et al., 2017; Leite, 2002; Li et
al., 2018; McDonald, 2017; Wilkinson, 1999).

The uniqueness of SIE as a science curriculum reform stems from several aspects.
First, in its process of development, the Nf@fated learning expectations were
selected and organised first, and then came the selection of relevant historical episodes,
reatlife applications and practical activities (MOE, 2015). For example, the cumiculu
devel opers el ected 6understanding how sci
t hen chose, among other exampl es, Gal i | ec
historical instance that can reveal it. Secondly, as a result, the 15 learnirtyebjiec
the SIE curriculum are dedicated to NOS, but not any scientific concepts (MOE, 2015).
These characteristics support the view that NOS is addressed in a very explicit manner
throughout the SIE, instead of as a highel curriculum goal. Given thather recent
curriculum reforms, for exampléhe Next Generation Science Standa(N§&SS Lead
States, 2013)n the US are still criticised for the absence of explicit instructional aims
for NOS (J. S. Lederman et al., 2019; Olson, 2018), SIE can deib@itonsidered a
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radical casewith the potential tooffer i mpor t an't i nformation
responses to such curricul@forms Below are the learning expectations of Unit 1,
@cientific inquiry in history

1 Replicate the crucial experimentatimotivated paradigm shifts in the history

of science and explain how science develops.

1 Conduct historical experiments that led to serendipitous disesaerd explain
the NOS aspect found in them.

1 Conduct an inquiry by direct observation and explainititictive inquiry

method.

1 Conduct representative historical experiments that include making hypotheses
and explain the features of the deductive inquiry method. (MOE, 2015, p. 114)

As seen in these learning goals, 3lighlights contextualising NOS withinarious
settingg(Allchin et al., 2013)and more importantly, foregrounds aspects of NOS such

as how science develgdsow discoveries are made in science and how deductive and
inductive methods are used in scien@e/en the significance and novelty of SIE as a
curricular initiative in teaching and assessing NOS and its explicit focus on NOS, this
new curriculumcan beconsidered an ideal context in whithh i s  tebearshi s 0 s

guestions can biavestigated

3.5The inclusion of NOS in science teacher education

programmes in Korea

Most scondary sience teachers in Korea amained in fouryear undergraduate
programmesn Colleges of Educatignn one of the four constituent disciplines of
science: physics, chemistriife sciences and earth scien@uring the four years,
undergraduate preservice teachers ta@nmpulsory and elective courses that
encompassthe subject matter knowledgée.g., classical mechanics, electrical
chemistry, physical oceanographgylucatiomal theory(e.g., philosophy of education,
curriculum theoryeducational assessment, counselliagficurriculum and pedagogy
(e.qg., physics textbook development and evaluatifa,sciences curriculum)and

includesteaching practices in schoolBo be employed as a science teacher at public
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Table 3.3 Provision of courses related to history and philosophy of science (HPS
NOS in preservice teacher education programmes in Korea (from Song & Joung,
p. 2205)

University HPS/NO&Srelated courses (credit)

A Historical development of physics copte (3)

History of science for teachers (2)

Philosophy of science for teachers (2)

History and philosophy of physics (3)

Philosophy of science (3)

History of earth science and inquiry methods (3)

History of physics (3)

History of science (3)

History of the Earth (2)

History and philosophy of science (3)

Education of earth history (3)

History of chemistry (1)

H History of chemistry and chemistry education (2)
History of earth science and earth science education (3)
Philosophy okcience and science education (3)
History of physics and philosophy of science (3)
History of biology and biology education (3)

J History of physics (3)

(o8]

O Mmoo

secondaryschools, the graduatesneed to pass the highly competitive teacher

employment examation (m, Yoon & Cha, 201p

Song and Joung (2014) analysed the inclusion of history and philosophy of science
andNOSr el at ed courses in the curriculum of
preparation programmes. They found that all ten programmes offered courses titled
O0Hi story of Science for Teachersbé, OPhi | ¢
Chemist y and Chemistry Educationd and the [
one course of two or three creditable3.3). In addition, they also repted that NOS
is rarely included in the #service teacher training programmes offered by District
Offices of Education (Song & Joung, 2014). Philosophy of science and NOS also
appear in the Korean teacher employment examinations every year, and candidate
reportedly spend a significant amount of time studying these topics (Kim, Cha, Kim &
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Ki m, 2010) . Lee et al .o60s (2013) anal ysi s
revealed that about 16 per cent of the science education theory questions were related

to philosophy of science and NOS. These included questions asking the inductive,
deductive and abductive methods in science, theories of scientific development
proposed by Kuhn, Popper and Lakatos, and the tHadgnness of observation (Lee

et al., 2013).

Although Song and Jourigterpretedthese as a lack of teacher training in NOS,
from a global point of view, at least the provisionasfy courses on NOS can be
considered as encouraging, given that it is rarely the case in other countries (Metz, 2014,
Wong, Wan & Cheng, 2014Matthews (2014) lamented that despite toncerns and
arguments around teacher so ,jhadheenrrarelyn owl e
included in teacher education programmes in Austrdd@alJSA and other countries.
|l nstead, he criticised that toleggafbciencs 6 kno
mostly comes from their own science coursework, which is irseffi given the

importanceof NOS knowledge for science teachers (Matthews, 2014).

3.6 Chapter summary

This chapterexaminedthe context of culture, policyand curriculumunderlyingthis
study.To summarisethe study is situated withemdeeprootedcultureof competition,
testing andanobsessionvith high schookducation as a gatewaydon eflduse. The
traditionalfocus on the external higgtakes examination CSAT heecentlymoved to
a focus onschootbased gradedpllowed by a gradual shift of focusw teacher
assessments in the classrodmterms of NOS educatioiKoreahas recently made
severalcurricular andoolicy initiativesthat are related to NOShe introduction of a
new compulsorysubject SIE has beenotivated by the increasingpll for teaching
NOS and scientific inquiry ischool sciencelhe inclusion oNOS and HPS imany
currentteacher education programmaso suggestshatNOS is gainirg attention in
science education in Koredhis background helps to contextualiaed interpret
teacher sd v iae asasciocalturdl pradudhat ceflests various aspects of
science education in Kor#aat rangdrom thebroader culturef educatiorto the trends

in teachersodé6 classroom assessment practic
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Chapter 4 Methods

This thesis addresses the question of classroom assessié®S through

i nvestigat i ng viesvs andpractees Aceoadindlyeitris & study of
classroom assessment and of NOS at the same time. In the classroom assessment
literaturet e a ¢ h e r s Oviewssasderactices amndften studiedby usingsurveys

with relatively large sample sigdo understand the frequencie$ using different
assessment method®omestudies have useslcombination ofurveys and interviews

to investi gat e otassassnteetrasd@ssegsaEnert leepaty| assessment
expertise or assessment identited Sectior.2.5 and there ae pre-designed and
validated scales fadescribing teacher assessmeieivs andpracticegBrown, 2006;

DelLuca LaPointeMcEwan & Luhanga 2016 Looney et al., 201)8However,instead

of using these scales, this stualyoptedan indepth qualitativedesign becauseost

existing scalesre targeted at domageneral aspectsf classroom assessmefRbr
examplethe oftencitedquestionnaire for teacher conceptions of assessment by Brown
(2006)i ncl udes st adssesmmenttisassigning agradesor lével to student
wor ko6, Oassessment determines I f studen
6assessment helowge ¢ thed &incel deseicaniexkggnéral
guestions are natufficientfor understanding the specificities of NOS assessment in

the classroonfsee Sectiom), it was deemed more appropriateteke an exploratory
approach tdahe research questiotsdiscoveremergenthemesMoreover,given the

lack of observational researon NOS Kelly et al., 1998)the case study will make a

valuable contributiomo NOS research methods.

4.1 Case study methodology

4.1.1Rationales for case study

The @se study methodology issed forvarious purposes in educational research
(Thomas, 2013)Yin (2017) definesa case study afollows: (a) It i nves
contemporary phenomenon (tdeasé) in depth and within its realorld context,

especially when the boundaries between phenomenon and context may not be clearly

evident 6; (b) 6copes with the technicall
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many more variables of interest than dadénts, and as one result; (c) benefits from

the prior development of theoretical propositions to guide design, data collection, and
analysis, and as another result; and (d) relies on multiple sources of evidence, with data
needing to converge in a triariga t i n g f 34)sldtheocandext ¢f phe present

study, the case study approagfas deemedsuitable providedthat the aim waso
investigate (ayvhatwashappening at the schools at this momeiitere (b)t e ac her s 0
practiceswere shaped in the comgk interplay of polies personaknowledge and
curriculum andschool context{Cohen, Raudenbush & Ball, 2003)s discussed
eariermycase study of teacher(e banbdcolfectiely s e s s me
informed byexistingtheories in NOS anthose in classroom assessmanigl (d) was

based ondiverse formats of datasources emerging fromthe planning and

implementation oNOS assessment

There are several ways in which case study research could be classified.
Acknowledging that the type of ase study relates to the nature of questions that it
aims toanswer, Yin (2017) suggested that a case study can be descriptive, exploratory
and explanatory. (8) The three types are not mutually exclusawel in many cases,
coexist in a single study. Véh it comes to this thesis study, altholidgtaveprovided
a detaileddescriptionof the events, people atleir actionsdoing sowill eventually
answerexploratory and explanatoyuestionstoo. The exploratoryaim of this case
study is clear in that it looks at the aspects of NOS assessmehich little previous
research is availahlen particular, thethird research questioabout theformative
assessment of NOMy primary aim was to identifywhattypes ofteacher feedback
classroom interactions occurred in the N@fntedesson, which henot beerstudied
previously. From this 6whatdéd question, th
propositions for f ur9.Ineontrastme fustand/ secondYi n,
research questieron howthe teachers assessed NOS summativelyndrydthey did
soare aimedht anexplanatoryaccount of the case (Yin, 2017). It goes beyond mere
description or exploration of what happened but seeks why it happened that way, by
i nvestigating the wvarious | eamakingprozdss cont e

aboutclassroomassessment.

4.1.2Single-case study design
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A keytaski n case study resear ch inguestioolYidef i ne
2017). Inthis study,the phenomenon under studyhe classroom assessment of NOS

and the casen focusis the event that the three teachergaged in teaching and
assessing NOS over the two obseryedrs more specifically two semesteiSpfing

2019 and Spring 2020This case definitiowoncurrentlysets the boundaries of my

case. For example, | do not look at the other teachers in the same school or my
participantsdéd teaching and asslkkewismént act
do not discuss the periods that were outsiddieigwork. However, these are not rigid
boundaries, since they still matter as contexts that shape, influence and justifyag/hat
happening within the casparticularly from a socioculturgerspective orlassroom

assessment (s&ection3.2).

In this sense, this study employs a sirggse designwvhich allowst he r eader s
experience vicariously wunique situations
193). The decision to focus on one case rather than multiple casdsgustified for
several reasons. First, the school could be seenwsuanalandrevelatorycase (Yin,

2017) in that NOS isot oftenformally assessed in classroo(@dd-El-Khalick et al.,

1998a) On the contrary, théhreeteachers in the school interpretaudimplemented

the curriculum in a way that NOS is taught and assessed as a learning outcome, which
is a condition that was not previously accessiblectenceeducatiorresearcherslhis

is evenmoresowhen one considers that most existing studiedassroom assessment

of NOS aremostlysituated iruniversity-based professional development programmes

whereaghere was no interventidn this thesis stud{seeTable2.4).

4.1.3The problem of generalisation

Despite its frequent use educational researdfe case study methad often criticised
for thelack of generalisability, becaugeypically concernsa pecific case of a small
number(Yin, 2010. Recognising thtall situations are unique in somespectsPring
(2000) argued thatot everyset of findingsfrom a single situatiomwanor shouldbe
generalisablen educational researcRather, it is the concepthat emergdrom the
casethat caninform other situationgPring, 2000) Hence, itis worth consideringo
what extent and how this study chh@ meaningfubsaneducational research project

Qualitatremet hodol ogi sts have proposed andhe con
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6transf,asaiplpiotse@d to the tradi toibe tha 0st
objective of case studiéBolit & Beck, 2010;Yin, 2017) In other wordsgualitative

research aims to generaifrom particulars to broader constructs and/or theory, as well
astrandate the findings from a specific case aodifferent group of people or setting

(Polit & Beck, 2010).Let us return tothe three research quests First, how do

teachers view and practise the summative assessment of NOS in the claSsoona?

how daesa team of three science teachers engage in NOS summative assessment in a
school?And whatdoes their decisiomaking process reveal about thegmtial issues

in the summative assessment of NOBPd, what are the instructional strategies that

all ow for teacher s 0 Aiso natar some po@rdia isssiess me n t

and challenges involved in the formative assessment of NOS?

For thesehree questionshe uniqueness of thease restricts making statistical
generalisation the sense thdindings from this particular caseill be replicablein
other circumstancesor that the themes and issues identified from this ease
exhaustive Insteadthe focus of the case study @ revealingthe key issuesf the
classroom assessment of N@®ough an irdepth investigation, whiclre situated
within the casgbut stil canconnectto theoetical issues in NOS researah well as
provide insights foother similapphenomenan this sensealthough theontextof this
studyis uniqueand thuss not representative dfs kind,the findingscancontribut to
the improvemento c i e n c e veewsofdN®S$teachimgand assessmerticher
assessment practice, atie intersections ahese It canprovide answers to existing
guestions in these areasd raise new issues that have not been recognised by
researchersThe actuagjeneralisedmplications of the study Bndingsin terms of NOS

and classroom assessment reseatlttbe presentedh Chapter 8

4.2 Reflections fromthe pilot study

It is oftenrecommended faa case study researcherconduct a pilot case stuglyin,
2017).1t is a process of research that assists the resedrcloeganising research
guestionsand designMy pilot study was conducted in March and April 2019. Its main
aims were to get senseof how the recent NO8riented science curriculum in Korea

was being taught and assessed in the classroom, and to develop questions, ideas and
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methods for the main studis with the main study, the pilot study had been approved
by the Departmental ResehrEthics Committee (DREC) prior to data collectibdid

my pilot data collectiorat the school that later becantke single case for iththesis
Accordingly, what Ihad collected as pilot data not onhelped refinethe research
designandsubsequendata collectiorbut alsoconstituted part ofhe ultimate dataset

to answer the research questionse pilot datdi.e., thefirst-year data)ncluded four
lesson videos antvo interviews from two teachers, Dr Kim and Mi&m, who were
then teachinglE to Grade 10 students at the schBokth teachers werteaching SIE

for the first timethat year

The scope of the pilot inquing usuallybroader than the ultimate studince it
aims toprovidegeneralinsights intowhat is atissueand how it could b@pproached
methodologically (Yin, 2017)During the pilot study, myttention was o e ac her s 0
interpretation and implementation of the N©éhtred curriculum rather than
specifically ontheirclassroom assessment practiddsrefore, the interview questions
wereoften broadhbout their knowledge and practice on the teaching of NOSdelge | |
me about your i mpressions whe,Aytou hfiisr gti |
how would you define the nature of scienceihe cont ext o,f6 HBIWE cur
do you assess SIE in your school ? Do you
but were sometimdgaspired by the lesson observations (egdow di d you f ee
this student g roowhpdyadinpludghiseemttiavii toyn ?2idn your
Each interview was done in the school féodace andlastedbetween 40 and 60

minutes.

Thematic coding (Braun & Clark2006,2012)of the data, mainly interviewted
to four salient themes being identifieabout their ideas, expectations and practices
about teaching NO&s part ofthe new curriculumFirst, although both teachers
considered NO$Snportant to be taught to studernttsey wereunsureabout whetheit
should be taught as a separate subject drather theurriculum would be successful.
Second,teachersfelt that teaching NOSs different from teaching sciencélOS
lessons, thewaid, use a lot of studeldd activitiesand need more discussion and
reflection, due to the controversiaature of the knowledge in question. Thithe
teachers repeatedly mentioned that there were little support or guidance for teachers
with regard to teaching the N@®ntred curriculum, which &s a big change for them
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to deal with.Fourth, assessmenand grading weré&ey concerns thaimpact the
teachersdé planni ng AdOStentredpulrieulmeAlso, since on o f
therewas no clear guidelingegardingthe assessment of the N@8ntrel science
curriculum, teachers have much freedom in deciding what and how to assess and also

have challenges stemming from the lack of information

Although these themes will bevisited and elaboratettiroughoutthe findings
chaptersit would be usefuhereto considehowthese observationsfluencedhelater
stages othe thesis projectMost importantly the classroonassessmerdf NOSwas
selected ashe main focus of the thesis, on the basis of its perceived importance by
teachers and the lack ofsearch on the topiéccordingly, research questionsere
organised around the assessment of NOS, particulaglya ¢ h e r 6 practicsoks an d
formative andsummative assessmentsis was also considering that assessment can
be a key element that medtas t eac her s & c (Blackietal, 201y enac:
2011; Dolin et al 2018).Methodologically, the pilot study allowed identifying several
potentially important themes regarding NOS teaching, which were reflected in the
interview protoca. Interview questions specifically aimed at the perceived difference
between teaching (assessing) science and NOS, for examie,included to
investigate the preliminary theme furthbr addition, the experience of conducting the
pilot study gavethe impression that richer and more authentic information about
teachersdé practice can be o bssaniobsendgitiowhen a
For this reasonjn the subsequent data collectionwas particularly mindful of
elaborating thebservatios from lessonghroughfollow-up interviews,so that they
can collectivelylead toa deeper understanding bfe a ¢ h e r s Opractices antht i on s

reflections

4.3 Data collection

4.3.10verview of data collection proceduresand the impact of COVID-19

The fieldwork was carried oum April 2019 andbetween March and July 20Z0he
data from the first yeawas usedo inform the design and planning of the secgadr
data collecton. Although itwas initially collected forsuch pilot purposes, this dataset

was later alsoanalysedtogetherwith the secongear dataseto developthe main
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findingsof the thesisSpecifically,Chapter sandChapter Garebased orthe entire two
yeass @ata, whereaGhapter focuseson onet e a ¢ lesson@rsl interview data from
the first yearOver the two years, | madie visits to the schodkwo in the first year,
three in the second yeal) should be noted thahé¢ secongear data collection was
substantially influenced bwn unexpectedutbreak ofthe coronavirus disead®
(COVID-19) pandemicHere Ibriefly summarise how COVIEL9 influenced my data

collection procedure.

In the second year, data collectwasoriginally plannedo start in February 2020.
When the initial interviews were set up and about to be@@VYI1D-19, which first
broke out in Wuhan, China, landed in Korea and cases of infection increased by
hundreds each day. Korea was the second afiested countrafterChina in the early
phase of the pandemic, causing the school openings in March postponed four times as
the situation developed. It was delayed for a week (first delay), two weeks (second
delay), another two weeks (third delay) and yet another week (fandlHinal delay),
resulting inan online reopening in early April, folowedty6 hy br i d6 r eopeni
below) from early June. The first visit to the school was made towards the end of March,
while the teachers were still waitifigr students to returto school

During March and April, | was in close contact with mmain contact persarDr
Kim (pseudonym)and was informeaf the updates on the school circumstance and
contingency plans being made. According to the Beahester plawhich came as late
as early April, studentsould come teschool every other weedtarting from early June
and attend online classes in the remaining weeks. For online class weeks, the school
decided to offer asynchronous teaching wherer@cerded lesson videos {12 mins
each week) and assignments ta@bmpletedoy each student and uploaded on an online
system Meanwhile the Department of Education and Seoul District Office of
Education discouraged schools from making assessments in online enviroantiénts
they have more certaintyver the COVID situationOne consequence of thielicy
was that for al subjects including SIE, teachers spent most of thetfat&ce class
time for assessment tasks, and the online class time for teaching the background

knowledge necessary for doing the tasks.

In terms ofthe currenstudy, these changes haslubstantiimpact on the contexts

in which teachers perform NOS assessment. On the one side, such changes seemed to



Chapter 4 84

poseaserious challenge to understanding the continuity and longitudinal development
of t eac heoverdhe wo ywardHoweverson thgostive side, the changes
meant that | could understand the focal
and the factors shaping it) in a more diversified setting than before. For example, the
group tasks that had accounted for mosthefclassroom agessment in 2019 were
changed to individual tasks in compliance with social distancatigwing me to
consider both individual and grodgasedassessment of NO&lso, sincemore than

half of the faceo-face teaching was replaced by online video lesssiggificant
changes in the relationship between instruction and assessment practices
expectedThis new setting, when combined with the relatively normal setting in 2019,
enablecamuch richeunderstanding f t eacher s6 t housgubstis and
classroom assessmesuich as the aims of assessing NOS, assessment criteria, ensuring
fairnes® which later formedthe main themesin the study findingd could be
illustratedmore vividly as the teachenggptiatedwith the new school environment and

thechanging assessment policy under the pandemic situation.

4.3.2The school

The school was located in an urban and wealthy region in Seoul, Korea, where a culture
of competition was prevalent among many studenggtanto prestigious universities.

It belonged to the soalled Gangnam School District 8, a group of 26 high schools
wheremanystudents come from higihcome and educated family backgrounds (Park,
n.d. ). Si nce t-leawing GPA doantst saificantly ¢owards Ithe
university entrance, teachers, parents and students were sensitive about how each
subject is assessed in the schdtle average incomén the neighbourhood waep-

five among the26local government units in the countihe schoolvas surrounded

by the Supreme, Appeal and District Courts, numerous lawofifices, majorhospitals

and clinics, which resulted ia significant portion othe students being from a high
socioeconomic background and having highly educated parents. Thetetual

factors made this school a classic example of the competitive school culture id Korea
not in the sense that it is an average school, but rather that some aspects of the broader

national culturevereparticularly visible in this school.
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As per the national curriculurBJE was taught to the entire Grade 10 students (age
151 17) in the school. In the first year, 11 classes (~290 students) were taught by Dr
Kim (four classes) and Ms Nam (seven classes); in the second year, Ms You joined and
the eleven classes were taught by Dr Kim (four classes), Ms Nam (two classes) and Ms
You (five classes). Students attended the SIE class one hour per week during their first
two semesters in high school and were graded twice, each at the end of the semester
This grade was supposed to contributeta ¢ h s tomprehensiv@ school record
that has a strong impact dheir university admissionyhich would have made the
schootbased assessment of SIE higghkes under normal circumstanddswever, &
the ime ofthefieldwork, the Ministry of Educatiohadenacted aew guidelinethat
requiredSIE to be graded on trecale of A, B and Qather than the usual Stanine
system which lowered the stakes associated with SIEhe specific assessment
methodgo be used for grading &esupposed to be decided by schools. In the case of
the observed school, the teachers in the science department made a decision at the
beginning of the semester not to do-@fisemester written exams for SIE but to grade
with severalgroup projects and individual papers. the beginning of the semester,
they met to discuss what activities to mark and consider for thefesemester grades,
and decid®n preliminary marking schemes. Each teacher was responsiloiafking
and gradirg her students, and the other teachers were not directly involvedsin th
processlin the following | describe in detail each type of data witHocus ormy
secondyeardata collectiongiven that the firsyear datdhavealreadybeenoutlinedin
Sectiord.2

4.3.3Teacher nterviews

Figure 4.1 summarises the types of data collected for this studgrviewsare a
frequently used method for | earninig about
gualitative inqury The abil ity of humans to O&ésymbol
| a n g u asgpantial ta tiseir existence (Seidman, 2006, gn&ualitative research
interviewing provides useful way of generating dataabpua r t i ci pamnlgsosé | i v

about the socialorld they live in (Holstein & Gubrium, 2008 When nterview

4 Thebackgrounds tthis shiftand its impact will be discussed in Sectfoh
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Figure 4.1 Summary of collected data

. . " Assessment
r : s r
Teacher interviews Lesson recordings meeting recording Classroom artefacts

+ linterview X 2 + 2lessons X 2 - End-of-term « Worksheets, + Assessment plans
teachers (Y1) teachers (Y1) teacher student responses, (Y1,Y2)
. 2interviews X 3 « 1lesson X 3 assessment lesson slides
teachers (Y2) teachers (Y2) meeting (Y2) (Y1,Y2)
« Focus: teacher « Focus: teacher ' ZOQ.JS: teachs}r
views of NOS, enactment of NOS gcmon ms_ ing
assessment and assessment tasks a gut rr:;r ing
reflections and grading

(Y1:Year 1,Y2: Year 2)

guestionareproperlyprepared and organisatiallows the researcher to focus directly

on thetopic of the case study and i s wusef ul to answer th
eventsin a case tsidy (Yin, 2017) Given that the focus of this study was
understanding théved experiences of teachens a given circumstancenterviews

were used as key source ofu nder st andi nlkpowledye and paatcdse r s 0

associated wittNOS dassroom assessment

During the second year diie study two formal interviews(~30 minutes each)
were conductedwith each teachdbased orthe protocolin Appendix B which was
generated in advance to cover a rangedefs, practicesand experiences of the
teaders.Interviewsconducted at the beginning of the semestere focused othe
t e a c iseal beliéfs and practices abdl®S and assessmeanhdtheir expectations
about teaching NOSAs theschoolsemester proceeded and the teachers edgage
teachingand assessing NOfaterview questions became more specific and so did their
answersCase study interviewsan sometimes bteround 90 minutesSchuman, 1982
Seidman, 2006 while somequalitative researchers prefer haveshorter interviews
more frequently (Yin, 2017)Given that this study did not solelgly on the interview
butalso hadther data sourcebused bothong and short interviewsormal interviews
took place each year at theginningandthe end of the senester These interviews
generally followed a structured set of questions common to all three teachers, but | also
used several impromptu and personalised questtoos Shorter 10i 15 minslong
interviews that followed lesson observations were aimed at corrobovetiaiyl had
noticed in the teachersoé6 prabouttceshantde ac

or st udent sThey Wweeehatsoused torusderstand ach t eacher 6s
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rendition of the key events (i.e., a lessanassessment meeting, etihiat were useful

for triangulation

The fact that he interviews took place across a period of time kathe
implications for the study. For example, the multiple interviews allowed bgildin
relationships with the participants that generated trust and rapport (Grinyer & Thomas,
2012), as | met with them multiple times across years, Tdgether with mygradually
increasing understanding of thechool a n d classroom culture,
perspectives, enabled meo cul ti vate an i nsiseéeeSeciom Vvi ew
4.4). Most formal and informal interviewso ok pl ace i n the school
spare timebut in the second year, two interviews (one viattKim, the other withiMis
Nam) wereconducted over thielephone. This was tminimise the time | spent at the

schoolin consideration othe COVIDrelated concerns.

4.3.40bservations
4.3.4.1Lessons

Patton (20155uggested thahe power obbservatioal fieldwork lies inthe factthat
tprovides the researcher O0the opportunit
awareness among t he33).Siocp hos sociat sydtemeinvehet t i n g
routines, Patton explasnan observer can oftercogniseaspects of theystem that are

taken for granted by the participants and thus unnoticed (Patton, Zldds)rvations

also can reveal things that people are not willing to talk about during interviews (Patton,
2015).For these reasonshservations cahe avaluablesource of discoverinthings

thatare not apparent from interviewing. this study, | usetesson observation mainly

toanal yse teacher sd6 f o(ChagerJ anddio uadsrstandtheme nt |
instructional context from which the tea:
(Chapter sandChapter §.

Before the semestetarted teachersharedthe course syllabus and assessment
planswith meso that we could discusghich lessons to observEhe selection criteria
werethe expectetevel of classroom interactioria thelesson t eacher sé conyv
and t he r es e amthehsecontysar o data edllactioe theOVID-19
relatedissues were alsan important variable to consideeg Sectiod.3.]). | attenced
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theagreedessonsmounteda video camera at the back of the classroom to capture the
t e a c mmayesand student responseédter the first lessombservation| sensed that
studentswere not usedo being videotaped especially when thegre presenting
something before classmates] switched tcaudio recording to minimise the observer
effect. To record the aspects thaduld be fully captured in audid,took detailed ield
notesdescribing myimpressions abouhe lessorcontent andhe behaviour of the

teacher and studen®s summary of observed lessasgrovided inTable4.1.

4.3.4.2Teacher assessment meeting

In the second year, after #leassessment tasks for the semester had been completed,

the three teachers met on Week 15 to discuss assessment criter@danate marking.

Each teacher had previously skimmed through the worksheets collected from the
classes they teach, so the meeting was for sharing the issues that arose from the initial
look and collectively resolmg them. The meeting lasted for aboutréihs, during my

third and last visit to the school. As was for lesson observations, my role in this meeting
was a nonparticipating observer who was
watching and taking field nothesgoinéddrthem a d
meeting while remaining silent, audiotaped the discussion and took notes of what
sounded like important statements in light of the research questions. In the observation
note, | captured the overall flow of the discussion, main issuessia®niaking
process, and the divergence among the te:
focus was on O0descriptived notes about th
to add O6reflectived notes (Cr esloaonngs, 2016
and possible links to assessment theory and/or my previously collected data. This
meeting and notes have proved valuable because a number of issues around the
instructionassessment link, fairness, discrimination and so on became explicé as

teachers were talking and making assessment decisions, which will be elaborated in
Section6.4.

4.3.4.30bserver influence and observer bias

| was conscious that the presence of an obseddc ause changes in p



Table 4.1 Summary of observed lessons

Year 1

Year 2

Lesson dpic

Paradigm shift in history

Makeyour own periodic table

Cloud observation and
classification

Inductive, deductive & abductive
inquiry

Duration

50mx 2 sessions

50mx 2 sessions

50m

50m

Teacher

Dr Kim

Ms Nam

Dr Kim, Ms Nam Ms You

Dr Kim, Ms Nam Ms You

Lesson type

Student groupresentationr Q&A
session

Brief teacher introduction + studer
group work + presentation

Brief teacher introduction + studer
individual work

Brief instruction + papeandpencil
individual activity

Lesson
synopsis

This lessorcame after the previous
lesson where the teacher taught tr
concepts of paradigm and theory
change in science, and provided
historical examples. Students wer:
then broken into groups of four to
find an example of paradigm shift
in history and prepare a 4fin
PowerPoint presentati. These
two lessons are videos of student
making presentations, followed by
a Q&A sessiorby teachers and
peers.

The teacher introduced students t
theaccidentatdiscoveries in
science to highlight that seemingly
serendipitous discoveries drefact
rooted in previous efforts and
accumulatedknowledge. Theishe
briefly outlined the history of the
periodic table. Students wa#tin
groups of 56 to make their own
version ofthetable based on
regularities. Students then
presenedtheir work, am the
teacher poirddout the different
classificationcriteria and methods
used across the groups.

This lesson followed an
introductory online lesson on the
nature of observation and
classification in science, including
abrief account bthe 10 kinds of
clouds. Students went outside to
sketch the clouds seen from the
playground (or from inside the
classroom), filled out a worksheet
with questions on the properties o
clouds and other historical
examples that shows how
observation leads tihe discovery
of aclassification system

Teacher gave short instruction for
the task, and then students
individudly wrote their answers in
the worksheet for the rest of the
lessonThe worksheetonsisted of
three partseach staimg with a
number othistorical episodes and
thena series of questions related t
inquiry and NOS

Summative
assessment

Grouppresentation

Group presentation

Individual worksheets

Individual worksheets

Data
collected

Video recordingaudio recording
studentmadePowerPoint slides

Audio recording sudentmade
periodic tables

Audio recording sudent
worksheets

Studentworksheets, @ c h e r-s
descriptions of the lessaturing
theinterview

¥ 1e1deyd

68
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behavious (Rosen& Underwood, 201 For exampletiis likely that teachershange
their instruction to be more interactioraaid dialogical whethey know thasomeone
(e.g.,headteacher, inspector or researglsewatchingthem Likewise, sudentsmight
beinfluenced bya stranger sitting at the bagkthe classrooniThese potential changes
in behaviours pose threats to thaidity of researchand thusshould bereduced.l
discussed this witthe teacheras | plannedhe firstset oflesson observatiaand was
told that student&ould beokay with my presence becawstadents were used to being
observedsinceseveral student teachers watethe school foteaching practicat the
momentAs for the teacherg had done interviews with thebefore the observatido
help them feel comfortabkbout having me.

Regardingthe observer influence hére was one moment during Dr Kimo s
paradigm shift lesson the first yeawherethe teacheencouraged me to ask a question
during the Q&A session after a group of studdrad presente(see Sectiof7.3.2. It
should be noted thalhe question that | asked, althought was not a &6énewbd
the clasgSimilar question$ad beemskedearlierin the lesso)) actuallytriggeredpeer
feedbak from classmateandeventuallythe teacher acting upon Except for this one
incident | remaineda nonpaticipating observeiin all my observationsAnother
potential pitfallin observationsnay occurwhem he observer 6sisrecord
biasedwi t h pri or knowl edge and hyp(Rasdmn&s es at
Underwood, 201 To avoid such biathat can stem fromselective recordingnimy
observations|, recorded théessons and interviewns videoaudioformatsas well as in
the field notes which enablingreviewing thefiles later andcomparingthem with

transcripts.

4.3.5Assessment plans and materials

Thebrief assessment plans that the teactwerated before the semestare collected.

In the second year, the initial assessment plaaserwenttwo revisions, which were

also collectedl was also provided witlpart of the lesson and assessment materials
designed by the teacher. This included their lesson PowerPoint slides and worksheets
that were filledn by students and to be marked by the teach@esformat and¢ontent

of themateriat differed depending oassessment tasKa the first year, | collecteithe
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PowerPoint slidethat students made for the paradigm shift presentaimsamples

of the periodic tables made by students. In the secondty@ag ¢ h e rsidés used s s o n
for the cloud activity, ands t u d eomplesedworksheetdrom the VNOS activity

(N=27), the cloudactivity (N=28) and the scientific methodasctivity (N=56) were
collected. These student activity sheetgere not analysed directly but used
supplementarydatatmo nt e x t u al i peeeptiohsendderiaiadkiag(seed
Section6.3.4 for examplg. Some examplesf classroommaterials argprovidedin

Appendix C

4.4 Reflexivity and researcher positionality

In qualitative research such as this thesis study, the researcher is not wholly detached
from the process in which knowledge is produced (Yin, 2017)thereforamportant

to acceptthat all knowledge comes from positional perspectives, and positionali
determines what is and is not possible to know (Haraway, 1988).-Baden and

Major (2013) explained that to acknowledge researcher positionality, a researcher
needs to acknowledge their positions that can potentially influence the research, situate
themselves in relation to the participants as well as in relation to the research context
and process. By being transparent about the process of knowledge formation, reflexivity
strengthens the rigour of the study and increases the validity (Hall & C&[@&0§).
Although there are likely to be numerous ways that the multiple layers that consisted
of my position, below | describe several major aspectsdofdw my position might

have influenced the research questions, analysis and interpretation, aratldogsted

them in the studyThese descriptions apgimarily based on what | have recorded in

my research journal and analytic memos throughout the research process.

4.4.1My teachingexperiences

The fact that | am not a teacher was something that | was oasswf throughout the
research process. Al t hough | compl et ed
science (physics) education, with all required training including internship placement,

| was never a fultime science teacher and thisnot identify myelf primarily as a
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secondary schodkacher. | taught several wedksig programmes on science and

related subjects at schools and a university extension school, which was helpful for
improving my understanding of teaching and shaping my researchenjidenét also

been involved in several teacher training programmes in Korea and thedllkling

under gr adu at eleveh ocodrsesmiads woskedovath science teachers,
interviewed them and observed their lessons (Erduran, Guilfoyle & Park, in press;
Guilfoyle, Erduran & Park, 202@Park, Erduran & Guilfoyle, in reviewYet, | also

recognise that such a background of mine does not quadifyen have a Ot each
when looking at how my research participants taught and assessed NOS. Knowing the
potential limits of something that I am not familiar with, one of my key aim was to get

as close to the insiderés viewpoint as |
yearlong fieldwork and multiple interviews with each of the teachers, | couldHagl t

| gradually have a better wunderstanding
them. For example, in the firgear interviews, when the teachers criticised the
government 6s policy to assess caltinetse he sar
the problem of it clearly even after they explained it to me, so | made a memo in that
transcript. However, when | revisited the same transcript a year and a half later, | could
sympathise much better with their concerns based on my improved undegtahdin

the school culture and how teachersd pl an

are situated within the system

There were other times that | found it helpful to have a reseafctber than
teachery dentity when studying the teachers.
decisions mde sense to me through the development of empathy, analysing and
interpreting the meaning of such data r ec
Buckle (2009) ighlighted, quoting Fay (1996), that knowing an experience requires

more than simply having it, and it is necessary to switch back and forth between the

insiderbés and outsiderdéds perspectives. Th
the member of he group being studied, there i
assumptions of similarity and therefore f

(p. 58). In my interviews, | sometimes made it clear to them that | was not familiar with

what theywere speaking about so that they could explain it to me in full.
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4.4.2My geographical background

The gographical and cultural backgrounds of the researcher is a key element of
reflexivity (Mauthner & Doucet, 2003). | attended school and university in Kamnea, i

which this thesis fieldwork was conducted, before | movdehiglandfor my doctoral

study two years ago. lBngland | worked with teachers and students in the Oxfordshire

area as part of a funded research project. As | analysed the teacher intedviessan

video data from the project, | realised one core element in the two seemingly disparate
education systendsthe culture of tests and competition (see Se@ign The parallels

between England and Korea with regard to the issues of classroom assessment and its
relation to external higlstakes examinations were oftére topic of discussiom my

meetings witldoctoralsupervisorsbothof whomwereformer schoolteachers and were

aware of how these issues could be manifested in different contexts. For example, in
one meeting, | was told about the problems when England had science coursework in
GCSBBsuch as <cheating anmarking(Cresp, 20OQ& ifdlti t y of
these concerns resonating with the recent debates in Korea around increasing reliance

on teacher assessment. As such, examining how the same educational issue unfolds
differently across different systems helped to strengthearnhlysis and arguments. It
enabled me to discern what aspects of tt
specific to one system and what could be more generally transferable to other systems,
which concurrentlycontributed to my thinking about the gealisation problem with

regard to my study (Sectioh.1.3. For example, when found that the teachers
prioritised fairness and discrimination ineir assessment practidgjs fact initially

was considered relatively unimportant since it was nothing surprising in the Korean
assessment systethmt | was used tdHowever | later realised thahis would still be
asignificant factor from a global viewpoirih countries such as the UK, where teacher
assessments ameostly lowstakesthesemundaneractices of Korean teacharan be

interesting, unique and meaningéuid thereforeffer insightsthrough compason As

such, throughout the research processichingbetweentheéi nsi der & and 0«
positionsallowed a fullerand more nuanceahalysis of the collected data.

4.4.3My relationship with participants
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| have indicated that | had known one of the threearebeparticipants, Dr Kim, before

the study began. | first met her at a university graduate course for philosophy of science
education, during my masterds study in Ko
communications throughout the semester, hkitteat we had a shared interest in NOS.

More than a year after she and | both left the university, | was looking for research
participants. | thought of Dr Kim, contacted her, and was told that she came back to
teachingand was teaching SIE that semes8dre also introduced another teacher Ms

Nam to me, so these two teachers became my participants, along with Ms You who

joined later in the second year of the study.

In the first year, | made two visits to the schools, but | felt the interviews were not
very smooth. This might have been due to the lack of rapport, but there were at least
two additional sources difficulties. The first was that both parties, participants and
researcher, did not have good knowledge of wiaagoing on. The teachers were not
familiar with assessing or teaching NOS since it was their first time teaching the subject,
and | was not familiar with understandin
viewpoint. A worsening factor was that questions related to NOS tend to require
reflection and be difficult to answdrknew from my experience that whesachers are
asked questions suchaswh at i s NOS |anfewysaerands ofcsiienc® i on ? 6
typical, sometimes followed by | havendét r eal.lflinsisteadaleyght ab
would make something up, but the value of those rugdenswers would be
guestionable. Further, repeatedly asking sti@dlengingguestions could have ruined
my relationship with the teachers. From these moments, | felt it difficult to investigate
deeyty into their beliefs and reflections, so instead focused on understanding what was

happening with the teachers.

In the second year, however, most of these problems were solved naturally. Dr Kim
and Ms Nam, fronthe previousy e ar 6 s e x p er i enfodable speakinge mor
about their practices and sharing their views. They told me what they did last year, what
they could have done better, what activity worked better than another and so on.
Particularly | felt far more comfortable talking with Ms Naafier | learmh about her
background and views and she about what | was looking at for the research. In Ms
Youbs case, although she only joined in

reflective and friendly person and seemed comfortable sharingdugtits even about
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what | thought were hard questions, from the first interview with me.

Since the second year was under the influence of C&MD was mindful of
minimising the number and duration of visits and using the time efficiently, given that
theteachers were already busier than usual adfbstingteaching plans, making online
lesson videos and other extra duties related to the pandemic. There were also a couple
of occasions that | was asked for some ideas and views about their teachingefrom th
teacher s, and | told them what | think,
their assessment practice (e.g., my feelings about their online lectures, ideas for
activities to be used in the future semesters).

4.4.4My academic and research bacrounds and epistemology

Anot her di mension of researcher positiona
view on how knowledge is produced and evaluated, which in turn is shaped by my own
ideas about research in general and my research topic ificfdauthner & Doucet,

2003). Qualitative research is a continual process of making methodological and
analytical decisions among many possible options, and these decisions reflect my own
views about research. Along with the other positionality factaserdeed earlier, | was
substantially influenced by my previous research experience in my degiaking

procesd selecting NOS assessment as the main research focus, employirdeathin

case study method, conducting fieldwork in Korea, and focusingaohees rather than

students, among many others. Here | briefly reflect on the first agbectt the

selection of research focus

By the time the fieldwork began, | had four years of research experience with NOS
andotherrelated topics. | had undertakendergraduate and gradudéeel courses on
the history of science, philosophy of science, and science and technology studies, which
constitute the foundation of NOS. | had also done research on textbook and curriculum
representations of NOS in differenturdries, as well as theoretical projects on the
nature of experimentation, pluralism in science education and the relationship of
disasters and science education, all of which substantially drew on NOS research. My
knowledge of NOSwvas significantlyhelpfu in terms of access to the literature and

conceptualising the researdh particular,since my research mainly used FRAaas
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analytical frameworKPark, Yang & Song2019 Park, Yang & Song202Q Park, Wu

& Erduran, 2019a; Park, Wu & Erduran, 2019here the connections and
interactions between different NOS aspects arlenowledgedErduran & Dagher,
2014, PetersBurton, Parrish & Mulvey, 2019}eacher practices in NOS could be
interpreted flexiblyand holistically and asmaking connections between various
elements of NO$Section7.4).

However,there were also moments whety knowledgeof and familiarity with
NOS regarchbecame a bias and made it hard to discover new things. For example,
when | was observing Dr Kimés | esson on t
that some of the examples that students thowghe aparadigm shift were not actually
an example of it, since | had familiarity with the concept afparadigm from my
postgraduatephilosophy of science coursework and knew that there are certain
conditions that a paradigm needsstdisfy, and there existedifferent interpretations
about these aalitionsamong philosopher#t was almost a year later that | found, while
reviewing the recordings, that the teacher and her students were sharing their own,
pedagogically adaptedonceptionof adé par adi gdndaraanddi gm shi ft o6
examples should first be interpreted in the context of their own culture, rather than the
view of academic philosophy that | initially had (see Secidhd. This epiphany

deepened my understanding of what happened in the classroom

Unlike NOS, (classroom)assessment had not been my primary area of
specialisatioras a science education researcher before my doctoral work. Although |
was deeply aware difie importance of assessment in determining educational practice,
| used to think of assessment as a primarily quantitative and statistical matter that
concerns largscale tests such as PISA and TIMSS. After | begare&dl about
assessmenhowever, | figured that much of the data could banterpreted through
the assessment | ens. When | observed and
the first year, thegid notstand outo me at the moment. My pesbservation summary
read: 6 St udent s present exampl es of a paradc
comment s, and not much tWherclhevigiteyl thalesdon!| e ar n
with the formative assessmelens (particularly informal formative assessment and
assessment conversatian)the next year, however, | could see that the feedback,
studentsod verbal and nonwawthé ®&lacrhea dtsi cmusnn
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were providing ample opportures for learning, and the teacher was continuously
collecting information about student learnifighis led me to interpret the classroom
interactions that happened in her lesssnan ongoing, casyahformal formative
assessment throughout which the heconstantly lookfor informationaboutstudent

learningancact s upon it to facilitate studentsdc

4.5 Ethical issues

It is essential for all empirical research involving humans to consider ethical concerns.
The pilot and mairstudies for this thesis were conducted in full accordance with the
research ethics standards set out by the Central University Research Ethics Committee
(CUREC) of the University of Oxford, British Educational Research Association
(BERA), and the Bioethicand Safety Act of Korea, National Research Foundation of
Korea. The research proposal and ethical considerations had been approved by the
DREC at the Department of Education, the University of Oxford before the pilot study,
and an extension was granted ¢ontinuing the data collection in the second year. In

this section, | describe some salient concerns that | faced throughout the research

design, data collection, analysis and writing phases.

It is essential for classroctrased researehs to ensure thatparticipants
understand what is going on and give permission to the researcher. In my first visit each
year , I me t  wi-prihcipal to explancthe datal cdllsction pracess and
obtained consent for par t i wcteensm,tl iobamed To e
informed consent after explaining the nature of the study, the implications of their
participation, and their rights to eptt at any time. | knew that two of my teacher
participants had pricgngagemestin research, both as a resgegr and a participant. |
gave them some time to read the information sheet, explained several major points
including the number and timing of lesson observations and interviews to be made. For
Ms You who was not familiar with research participation, ht@elonger time explain
the documents line by line, especially confidentiality and anonymity. | described to her
what the collected data omld eventually look like in writing, using hypothetical
examples(e.gg The paper woul d r esgdgteathératan urbdne ac h e |
high school, did this in her classroom be
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that this teacher named bl ah Db Thshvasiton what
ensure that she understands that my study neaso evduate the quality of their

teaching or to compare across teachers and schools, since teachers may find it
uncomfortable when they think that their practice is judged, scored and ranked by

someone else.

This study was designed following the CUREC Approvestdure 15Research
on Teachers and Teaching in Educational Set)ingsere the focus is on the teacher,
and studentsod6 words or work are used only
course of teaching and learning. In accordance with the ApgdrBrocedure, and as
agreed with the teachers, | explained to the students that | would be sitting at the back
of their classroom, just observing and recording to remember better for a research study,
and they can tethe teacher or manytime if they doot want me to use what they said
or did. Information sheets and emit forms for parents/guardians were printed and
sent out to homes. As with the teachers, students were fully anonymised and only
referred by numbers in the thesis text. Since this stlidynot involve any form of
intervention to the lesson, there were no alterations to the educational experiences
provided to the students. However, since the presence of a stranger in the classroom
may have some unwanted influence on the students, Isdisduhis with the teachers

andmadeefforts to minimise the observer effect (see Bact.3.4.3.

Finally, in a smaliscale, indepth case study duas this, there is often the danger
of the participants being identifiable from the detailed description of their backgrounds
and practices even when pseudonyms are used (Walford, 2005). This is an important
ethical issue because sometimes participanghinsiuffer harm or embarrassment as a
result of published research, in various ways unexpected by the researcher (Punch,
1986). Although anonymity is a standard ethical practice today, qualitative researchers
have raised questions about the possibilitardnymity. Walford (2005) pointed out
that in qualitative case studies, it is inevitable that many pédple headteacher, other
teachers, students and school staff, among @heesome aware of the identity of the
researcher as well as who are participgatiluring the research process, so it becomes
very difficult to hide the identity of schools or the individuals. Such difficulty of
ensuring anonymity is even amplified in the information age where research spreads

instantly to the world and anyone canilgasearch for individuals and organisations in
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seconds (Tilley & Woodthorpe, 2011). In my study, | took a slightly different approach
to anonymity, by ensuring that my participants know what and how | write about them
and are comfortable about the podgipiof its publication, besides simply changing
their names in the manuscript. Given that the point of anonymity is to protect
participants from possible risks, it seemed reasonable to prioritise their opinions about
how their ideas and experiences arélised. Once the findings were outlined,
sharedwith the teachersa posterand a PowerPoint presentatisummarising the
content of the thesis, both originally produced for conferences. With #sked if they

were fine with the way | wrotabout tleir stories This member checking process not
only contributed to reliability but also enabled addressing possible ethical concerns

around anonymity.

4.6 Data analysis

4.6.1RQ1 (Chapter 5)

The analysis was guided by the research questibtow do teachers vieand practise

the summative assessment of NOS in the classrétoa?daesa team of three science
teachers engage in NOS summative assessment in a schodN’hat does their
decisionmaking process reveal about the potential issues in the summativensessess

of NOS?Interviews and observaticad data were transcribaerbatimfor analysis The

first step to case study analysias to familiarisemyselfwith the datgSaldafia2013;
Silverman, 2014)Since this study had multiple sourcegddrmation, it was necessary

to develop an analytical approach that is both efficient and comprehensive. After
importing the data into MAXQDAVERBI Software, 2019)a qualitative analysis
software,l read the datenultiple timesin varying ways. I first e vi ewed each
data to get a sense of hthreyexperienced the teaching and assessment of NOS. | then
reread the transcripts and artefdotsn all three teacheiia chronological ordemyith

a focus onthe second year. In thesmalytical stepsl did not havespecific focal
guestionsn mind, but instead aimed for a holistic understanding of the, fiatasing

onwhatwasin the data, where the different idemsrelocatedand so on.

After this familiarising stage, | started coding the datdh the research questions

in mind. The analysis for Chapter 5 was focusedtbe three teachers awlividuals,
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so the main purpose of coding was to characteriseteacla c her 6 s vi ews an
relating to NOSsummativeassessmerdgnd organise tlse ©desaroundkey themes
Coding is a process of 6condensingd the
discovery of meanings by categorising similar data chunks (Miles, Humberman &
Sandana, 2014). In this initial coding stage, a combination of deduwatiy inductive
approachesvas used to code the data (Miles et al., 2014). Several deductive, a priori
codescamefrom the relevantliterature, particularlyclassroom assessment theories

(e.g., reliability, fairness, discrimination) and theorieN@S edwation(e.g., reflectie

guestion relevant content knowledge, science N®S). As the analysis progressed,
empirically grounded codesere added to the lis¥Whenall the interview data ere

coded, | went on to search for themes thapture something important about the data

in relation to the research question and represents some level of patterned response or
meaning within the data €€Braun & Clarke, 2006, p.82ka ch t eac weaeg 6s Vi
divided intothreecategoriestheir views on assessmewiews on NOS and its teaching,

and views on assessing NOS in the new curricuamd themes for each categurgre

developed from codes and coded segmémisexamplet h e t haefones othé O
application and eapoessbDonKomdodsON@&XBdaasés
developed fromher interview excerptsthat were coded inté appl i cati on of
I i ftadkd ,n 4@ heir owrel war chgoOhd@xethergént thesnés.were
constructedor each teacher, | thereviewed the whole date draw crosgeacher
conclusions (Yin, 2017 hesecomparisons were made in different manners: between
thethreeteachers, betweeheirviews on NOS teaching and those on N€3Sessment,

between their views on science assessment and NOS assessnaakimise the

understanding about diverse aspects ot#dssin focus

The analysis of their enactments of summative assesstiodintsed a similar
coding procedurebut in this case, the main tdasource washe evidence for each
t eacher sé6 teradfldctioreturingtleennterview There were three NOS
assessment activities enacted by the teackiers activity (the clouds activity) was
videorecordedfor each teachewyhile for the other two activitiesthe analysis relied
on lesson materials angtacherinterviews.For each activity) first focused orthe
teacher 6s pr act i c ehe bedvityousirgall avdilablei datagypess nd a f t
Beforethe activity, llooked atunder whatconditionsthe activity would beenacted,

what instructions the teacherould give, and whether and how sheould address
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contents from previous lessons. During the activity, the focus wa$ether and how
oftenthestudents ask questions to the teacher anddhewesponds to thewfter the
activity, | focused onthet e a s Buenmadry,feedback, commentand reflections
shared to thetudentsas well asvhat she communicadebout the next lesson, if any.

In analysing the enactments of the activitid)augh the research focus was on the
teacher, | alsdooked at student behaviours to gain a holistic understanding of the
instruction.Similar to when analysing their viewsete | alsodeveloped themes for
eachteacher andhen compared them acrosise three teacherandacross the three
activities Once this was complete, | theavisited the analysis of theuiews to
compare the teacher so6 vsageenentsasoughtthedaact i c e s
for possible sources of ifThis led toidentifying the overarching patterns the

teachersodé views and enactments of NOS ass

4.6.2RQ2 (Chapter 6)

Having considered the i ndiivGhapterdbinyfdcesac her s
in Chapter 6 waso exploret he | ssues ar idecisiangmaking about t e a ¢ h
NOS summative assessmehhe aim ofChapter 6wnas toinvestigate the same three
teachersdé practices i n thHeelloskedatdhe broadee f r a me
process in which the three teachers engaged in planning, enacting and marking the
assessment activitiems a team. To understand this processious forms of data

collected in the second year were analysed holistitallyroducea flowchart that
chronologicallycataloguedmajor events such abke tasks, actions, communication

between the teachersssessmentlated decisions, and meetingisat occurred
throughout the semesterhis allowed identifying five stepsin the collaborative
summative assessment, from outlining and communicating assessmergaslgns

the semester, and marking and awarding grades at the end of the sehadxbté ).

| then characterised the degree to which each step was collecitivdividual, and if

collective, what the aims and objects of teachercollaborationwere using the

framework ofAllal andMottier Lopez(2014)as detailed irSection6.3.

To addressVhat does their decisiemaking process reveal about the potential

issues in the summative assessment of NOfZused on the assessment meeting
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transcript collected at the emd the second yeawhere the teachers sat together to
discusghe criteria fomarking and grading criterido analyse thassessment meeting,

| first divided the transcripinto threelarge sectionson the basis othe task being
discussed(among the tfee assessment taskahd soughtany issuesin need of
resolutionarisingduring the conversatiorzor examplewhile discussinghe second
activity (the clouds activity)the teachers noticed that they enacted it in different
manners (one teacher outside the classroom and the other two in the clas&fieom).
identifying episodes such as thilse conversations were codedsed orihe nature of
the issue being discussemjng both theordriven and descriptive codeBhese codes
were thenaggregated to develop one or two themes semimedcentral to each
assessment taskevealingthe challenges the teachers were faced with albet

summative assessment of NOS.

The analgis that | have describetid not occur at gingle time but was a multi
cycle and iterative proces$he coding was done at three time points: after the-first
year data collection, after the first visit in the second year, andtlaéteompletion of
datacollection It is common in qualitative research to conduct coding as fieldwork
continues, which allows for collecting new data that fills in gaps, testing new ideas that
emerge from analysis, and formulate rival hypotheses that can challenge reséarcher
initial assumptions (Miles et al., 2014). Codamd themeswere reorganised,
reassembled and renamed the analysis progresseid ensure the validity and
reliability of analysigSaldaia2013)

4.6.3RQ3 (Chapter 7)

For RQ3, the analysis was focused on the two sesstanght by Dr Kimin the first
year of the study, along witinterviews withheron this activityand other classroom
materials such as the PowerPoint slides made by studeata were transcribed
verbatim imported into MAXQDAand then coded in three cycles. The analysis was
guided by the research question on the use of formative assessmene¢gsdiné\Vhat

are the instructional strategies that

al

What are some potential issues and challenges involved in the formative assessment of

NOS?
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4.6.3.1Deductive(ESRU)coding

For the first cycle of coding, RuRrimoandFur t akés (2007) ESRU m
student response, recognising, and using information) was used to identify the structure

of theinformal formative assessmemtcurring in the teachestudent, studergtudent
interactions throughout the Q&A sessioiie ESRU model was proposed as a way to
capturing differences in teacher 6moi nf or m
& Furtak, 2007)It has beesuggestethatthetraditionalmodels such as the IRF model
(initiation, response, and followp; Sinclair & Coulthard, 193) andthe IRE model

(initiation, response and evaluation; Mehan, 13%f@more suitable for lessons where

teacher talk is predominaahdt he 0 c or r & pursued RsiProno, L@ D)

than forlessonswith frequent participation of students anpenended lesson topics

The ESRU framework was initially developed to analysirmative assessment
conversations in the context of scientific inquiry (RBizmo & Furtak, 2007), and
acknowledges the importance of peer feedback and the possibility of incomplete
assessment conversation cycles (FRiiano, 2011)These characteristics of the ESRU

model made it a suitabfeamework to analysBr Ki mod s shitéessendvhian m

had as much student talk as teacher, tatklwherethe lesson goal was understand

NOS.

Figure4.2 shows an example of ESRU cycle codimbis episode followe&roup
16s present at i othedauble helik ructiiie ef ODHA7as anyexamfle
of paradigm shiftShe starts by askiraneliciting questiorto the presenterbout why
the double helix case shoaparadigm shiftA silenceof 10 seconddollowed, which
was coded agstudent responseCodingsilenceas a form of responseas considered
reasonable given thatt provides the teacher withnformation about their
understandingor feelings.Then the presenters verbatjgveanother responseo Dr
Kimb s q ubased an ¢hatility of the discoveryDr Kim thenbriefly recognisel
their respasewith 0 Y eandusedt h e g insafiicierdresponse toeiterate what
paradigm isand providea better answer to her own questigvhen the group agreed
to her interpretation, sheecognisel their selection othe example and mowkon to

initiate another elicitation.

This first cycle coding enabled preliminary sorting of the assessment conversations,

and also the identification of the episodes. Given the nature ofhdkessment
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1 DrKim: ... So today's presentation was meant to be about finding and introducing
a historical inquiry that led to a paradigm shift. So I'll ask a question first. It ELICITING
applies to all groups. Why do you think this is a historical case that shows a
paradigm shift? Id like anyone from the group to answer.

2 Presenters:  [Silence for 10 secs] When we know the helical structure of DNA, it makes STUDENT
opportunities for human cloning, and tomato bearing potatoes, and the HEEE

like, so we can say it's a paradigm.

3 DrKim: Yes. A paradigm is, easily speaking, a system of thinking that prevailed RECOGNISING
people’s thoughts in a certain era. Then you mean that there was a huge USING
change in biology before and after discovering the double helix structure? ELICITING

STUDENT
4 Presenters:  Yes, RESPONSE
5 DrKim: Good. In that regard, you selected a really good topic. ... RECOGNISING

Figure 4.2 ESRU coding example

conversations that came after a presentation, an episoaléystarted with a student

or the teacher asking the presenters to clarify, explain or elaborate what they said, and
ended with the teacher using the information to take actions. A total of eight formative
assessment episodes were identified in the trgmscGiven the exploratory nature of

the analysis, employing the ESRU cycle was intended as a preliminary step to
discovering meanings, rather than quantifying the cycles or their patterns as was the
case for several other studies (Nieminen et al., 2Ra6hed & Grangeat, 2020; Ruiz
Promo & Furtak, 2006).

4.6.3.2Inductive coding

Although the ESRU cycle igseful incharacterising the dialogic structure of whole

class conversations and the roleeaich statemenwithin that structure,it provides

limited information as tdow thestatementelates tathet e acher 6s i nstr uct
and strategiem the given contex Thereforeanother cycle of coding was necessary to
connect t he epi sodes vin thih secbnidcgcle togliagc her 6 s
conversations in each episode were coded inductively, with a focus on their semantic
meanings. For each codeédgment | askedmyself questions such adVhat is the

intentionof thistalk?6 ¢How does it connect to what comes befard afterdd/Nhat

purpose does this talerve for the teacher, the presenters and other studeiisi®
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1 DrKim: ... So today's presentation was meant to be about finding and introducing STATES
e———T ' ) . g ' : LEARNING GOAL
a historical inquiry that led to a paradigm shift. So I'll ask a question first. It
applies to all groups. Why do you think this is a historical case that shows a

paradigm shift? I'd like anyone from the group to answer.

HELPS TO
2 Presenters:  [Silence for 10 secs] When we know the helical structure of DNA, it makes RELATE THE
. . . EXAMPLE WITH
opportunities for human cloning, and tomato bearing potatoes, and the NOS
like, so we can say it's a paradigm.

3 DrKim: Yes. A paradigm is, easily speaking, a system of thinking that prevailed EXPLAINS A NOS
people’s thoughts in a certain era. Then you mean that there was a huge SRR
change in biology before and after discovering the double helix structure?

4  Presenters:  Yes.

5 DrKim: Good. In that regard, you selected a really good topic. ... MAKES A

COMPLIMENT

Figure 4.3 Inductive coding example

helpedme characterise the nature efch talk When the context and intention of the
talkswere not evident from the text, | returned to the recordmywatched iagainto

gain amorenuanced understanding of the meaning.

In addition to assigning the codes to segments, | also made analytic rteemos
record emergentleas orthe data itself as well as thealysis that could be elaborated
and confirmedBirks, Chapman & Francis, 20R8'hese memomultiplied as Iread
and coed the datawhich helped tareate connections between different portions of
data, different data types, and different participa@itsce | coded the data inductively
in multiple iteratiors, after each round,recorded thenajorchanges | madesing the
logbook function in MAXQDA. As such,l kept track of how the analysis evolved and
how each codingnd categorisatiotecision was justified, whiotontributed tawvithin-
coderreliability O6 Kane, Smith).& Lerman, 2019

An illustrative example ahductive coding is provided iRigure4.3. As compared
to Figure4.2, the codesereare more representative thie purposes of thialk made
by the teacherSince the lesson started directly from the presentation without
introductory remarks by the teacher, she startsldnyfying the learning goal, which
was to learn about the historical examples that sa@aradigm shiftHer next talk
includedexplaining the NOS concepbf interest (i.e., what paradigm is) ahelping
students connect their example to the target NOS aspeciThen shemade a
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compliment about their selection dhe exampleAs demonstratetdy this example,
the secondtycle coding allowed contextualising each statememithin the paradigm
shift and characterising the nature afstructional strategies. Thianalysis added
nuances to the structural analysis based on the ESRU aydl&hesecondcyclecodes
were later aggregated andmpared across all episodesierive broader themasross
the entire lesson.

The interview data was alsead throughand coded in parallel with the lesson
transcripts. | first distinguished instances of the interviews in which she talked about
this activity. This interview data included both the pos$tservation interview in the
first year (i.e., when the activity was enacted) Bn&kimd s r ecol | ecti on of
in the later interviews and informal communications. | sometimes asked har for
gereral reflection on the activity, while at other times asked questions about specific
moments that interested me during the observation. The initial code list was then
mergeddivided renamedand grouped into categoriesbetter represerihe data and
addresghe research questionBable 4.2 shows the final list ofnductive codes and

what codes were found the formative assessment conversatioliewing each group.

4.6.4Rigour and trustworthiness

As a qualitative research project, it is crucial to ensure that the analysis is a rigorous
andplausible representation of reality (Corbin & Strauss, 2015). To ensure the rigour
and trustworthiness of the interpretation, techniques such as testing rival explanations,
thick description, examining negative cases and triangulation across data sources
(Creswell, 2013) were employed throughout the analysis for RQ1 and RQZ2.
Triangulation entailed comparing the interview data with lesson observation data,
comparing one teachero6s description of a
comparing the inial assessment plans with actual practice (Creswell, 2013; Patton,
1999). In order to maintain consistency of the coding, a codebook that edrmsist
categories, codes, coding criteria and illustrative examples was generated and revised
as the analysis pceeded. To ensure interpersonal reliability, the preliminary and final
coding results were shared with two supervisors of this project during our regular

supervision meetings and via email and were checked for accuracy and consistency.



Table 4.2 List ofinductivecodesromDrKimb s par adi gm | esson
Dr Kimbés instructional strategies
Theme Code Description Example
Multicontextualing Uses multiple historical ~ Teacher designs and enacts the N/A*
NOS* episodes to teach assessment activity where
paradigm shift students present diverse
historical episodes to show
paradigm shift.
Clarifies learning goal Teacher states the goal of Teacher: Good. Wed o n e . é In the end, you

thinking about the (content) knowledge and nature of science about &

learning paradigm shift from
multiple contexts. least six examples. | hope you could learn something from them.

Mapping examples Clarifies learning goal
onto NOS

Teacher remindstudents ofthe Teacher : So todayds presentatior
learning goal of understandin¢ introducing a historical inquiry that led &paradigm shift.
historical cases that led to a
paradigm shift.

Explains a NOS concept

Teacher: Yes. A paradigm is, easily speaking, a system of thinking that

Teacher explains what a
prevailed peopleds thoughts in

paradigm is.

Helps relating the
example tahe
paradigm shift

Teacher asks or tellshowthe Teacher: So |61l ask a question
example shows paradigm think this is a historical case thatshaaygs ar adi gm s hi ft
shift. from the group to answer.

Gives a compliment

Teacher acknowledges the Teacher: So well done on presenting the continental drift. Then we hav
presenters for linking example Q& A . |  cyaumiutc hgitviene, so just ont
to paradigm shift. question. You explained really well about the paradigm shift, and

connected it with continental drift so | want to clap.

Delivers relevant content
knowledge

Focusing the
discussion on
NOS

Teacher: So Einsteinbés strong tFt
uncovers the origin and evolution of the universe. In so far as the oric
and the evolution process, people have made remarkable developme
since. So we know the Big Bang thedsyeliable among cosmological
theories, and how the universe expands, with acceleration or otherwi:
people are doing research about that. There are some conclusions ol
there. In that regard, it is clearly an exampla paradigm shift, right?

Teacher provides scientific
knowledge necessary for
understanding NOS.

* The multicontextualisation of NOS occurred during the design and selection of the assessment task and during her cemeltldifsge Section.3.1), so is not

represented in this table.

¥ 1e1deyd

L0T



Table 4.2(continued)

Dr Kimés instructional strategies

Theme Code Description Example

Focusing the Clarifies learning goal Teacher states or clarifies the NC Teacher: So now, we are not focusing on the scientific knowledge to |

discussion on NOS focus of the lesson. about Keplerds third |l aw or sp
on. But whatds i mpor t amwortanttha you w

summarise and present what you can digest, right? In that regard,
al t hough it 6 docusen presantation, gow heeditgbe at
to introduce it [relevant scientific knowledge] briefly. The part you at
talking about.

States expctations about Teacher tells students to what Teacher: é |1t woulddve been nic
content knowledge extent she expects content bit easier. All groups alike. Let me tell you. Only the things gays
knowledge to be presented. can understand. You donét need
the three, but itds good if yo
|l anguage. Anyway | know that vy
Shuts down detailed Teachewdiscourages or shutsdow St udent : € Could you explain wh
content questions when students ask questions o1 Teacher: So now, we are not focusing on the scientific knowledge to |
scientific details. about Keplerbés thwtonlbawl aw, s
on.
Exploring diverse  Explains a NOS concept Teacher explains additional NOS Teacher: Then in relation to tentativeness, the nature of science is thi
NOS aspects aspects that she wants to science is technologgependent. Or one development in science anc
address. technology can bring about another development. You can say thes
things.

Helps relating the
example tmther NOS
aspects

Teacher provides scaffolds to Teacher: Any questions related to that? (Silence for a sec) Is it too
make the link easier for student difficult? Do you need another summary? When we studied with the
el ectricity ex aanyHing? Sondethingddadsyoo u
something. The blank filling that you like. Hint, the development of
science é (Students silent) (L
tectonics, will be able to be overcome with a new theory, through th
development of the goration techniques. Right? (Yes.)

Connects to previous
learning

Teacher refers to previous learnir Teacher: When we studied with t
about content, NOS and history  anything? Something leadssomething. The blank filling that you like
Hint, the development of scien

¥ 1e1deyd

80T



Chapter 4 109

We discussed what each ofsawvin the transcripts, what emejffom our different
perspectives and any alternative interpretations of the @4orse, 1997)Member
checking was also done by sharing #ralysiswith participantsand checking for
accuracy and resonance with their own experigrically, | describe my positionality
as a researcher to enable readers to understand how mynsosdidd have possibly
influenced the analysiSectiond.4).

For R(B, there were severapecificconsiderationfor ensuringeliability suitable

for assessment conversation analys$terakyla (2004)argued thatensuringthe

reliability of conversdbn analysidbegins fromthe6 s el ect i on of what i

technical quality of r ecorpd288) Thisisleoadset he a

not everything from the field can be recordedl transcribedue tothe constraints of
time and resourceskor lesson recordingsgiven that the Q&A sessions after
presentations weid focus, lonly transcribed thee sessions and only neasummaries
of actual group presentatianindistinct sectionsin the recordings wereesolved
throughrepeatedistening. The adequacy of transcripalso needed to be ensured,
particularly consideringthat the originaddatawas inthe Koreanlanguage Although
there is no perfect way twanslatetranscripts from one language to anotiarile
preservingthe subtle nuancesit is still importantto generatethe best possible
translation fothe accurate representation and analysis of(@tam & Boore,2010;
Twinn, 1997) I, a native Korean speaker and fluent English speéksrfranscribed
the recordings verbatim in Koreamd then translatedhese Korean transcripts into
English.The original and English versiongere therexamined byan external reviewer
who was bilingual inEnglish and Koreamnd had attended schools taught in both
languaged so was familiar withday-to-day classroomanguage To increasethe
transparency of analysisalsopresenthe actual transcripts the thesiss block quotes
sothatthe readecancompare the data with my analy§iFerakyld, 2004Richards &
Seedhouse, 2005)

4.7 Chapter summary

As a smallscale,in-depth qualitative study, this thesisaws on various types of data
and uses multiple analytical methodsdweal diverse aspects ofthee ac her s 6

prac
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as fully as possible. The aim of this chapter wadetgcribe and justify thease study
designfor addressing the research questidinsevolution ofresearcldesignsincethe

pilot study (i.e., the firsyear data collection), methods fiata collection and analysis,
andmy positionalityas aresearchein relation to thigesearchThe single case research
design allowed an wdepthinvestigation ohow three teachers in one school dealt with
the instruction and assessment of N&f8l what challenges arose in the procBssa
sources such akteacher interviews, lesson videos, assessment meeting recordings,
classroom artefacts amdherdocuments were collectaxver two yearandanalysed
gualitatively Thematic coding and conversation analysis techniques weretosed
address the research quess about teacher views and practices in NOS assessment.
Various aspects of researcher positionality played a role in the design and interpretation
of the collected datan the following three chaptersdéscribe and discuss the findings

of the study.
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Chapter 5 Science ¢ a ¢ hwaewsabout and
enactments ofsummative assessment of NOS

How teacheryiew NOS and its teaching has bemrggestedsa key determinantf
successful NOS learning\pd-El-Khalick, 1998;Bell et al., 2016Erduran et al., 2020
Hanuscin, 2018 Studies have found that ta ¢ hgead &nowledge dOS ideas des

not automatically translate into effective NOS teaching practied¢rman, 1995;
Lederman & Zeidler, 1987 while many teachers find it difficult to rationaé how

NOS fits into their instructionwvithin high-stakes testing regimegBell et al., 2000).

When t comes tahe assessmerdf NOS, suchdifficulties of rationalisingare even

more eviden{Hanuscinet al., 2011)which is unsurprising given thassessment by
teachersis significantly affected by the external, higistakes examination system
(Black et al, 201pthat are typically focused ooontent knowledg®f science The
increasing awareness tlatmmative assessmesitouldbe seen as a learning process
ratherthanbeing separate from learniriBlack et al., 200l0NCME, 2018)posesthe

guedion of how NOS assessment in classrootas create meaningful learning
opportunitieswhilst ensuring the validity and fairnes$ the assessmenbDespitethe
abundance of r e s e aundefstandings Altele & &rhita,r189d; NOS
Brickhouse, 1990t ederman, 1996\WWatersAdams, 200pthe i nt er pl ay of
NOS teaching intentionsjews of assessment, and their assessment practicgsthas

to be explored icurrentNOS researcfHanuscin et al., 2020)

To addressuch agap this chapter examines the case of scigeaehersn Koreg
who take greater responsibilities f@tanning, conducting and marking summative
assessmentlanin countries whersummative assessment is concentrated on external
tests A Koreanteachettakescharge othe summative assessment the subjects she
teaches each semestirsheis the only teachefor Physics Ito a year groupshe is
solely responsibléor its assessent If there are other teachers for the subjsice will
work with them toset up the plan for summative assessment that will appfgrmly

to theentireyear groug. The situationl describe in this chapténvolvesone Korean

5 In the Korean timetabling system, decisions about who will teach which subject are the
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high school withthree teachergho wereassignedo teach SIEEach of them taught
SIE to differentGrade 10 classes (Dr Kim four classes, Ms Nam to two classes, and
Ms You to five classeseach with about 30 studeptbutsinceall eleven classes of
students were supposed to be summatively assesgbd sameéasis the teachers had

to collaboratdor the summative assessme8uch a systemrovides an opportunity to
closelyexaminehow a team of teachepsactices NOS assessmewithin the school,

as well as the potential differencesimdlividualt e a ¢ Wiesvs andpracticeselated

to NOS assessmerithe aim is to provida detailed description diow the assessment

of NOS was perceived, plannaddpractiseddy the three tederswith a focus orthe
second year ofny research The research question istow do teachers view and
practise the summative assessment of NOS in the classMome?specifically,this
chapterconsiders@) low t he t e ac h &NOS dssessineaiffes anc (b)o u t
what variation exists in teachaand¢chowenact m

each t eac h aligdwith theirbl©OSassessnient view

In Section5.1, I descri be e acadndprie expenengesititsa bac k g
focus on NOS, and how they usually approach assessment in their science lessons based
on the interviews. Given éhhigh responsibilities that Korean teachers take in sehool
based summative assessment, these descriptions will be instrumemidérstanding
and interpreting their practices about the assessment of NOS that folectiorns.2,
| presenthow each teacher enacted the three NOS assessmenn tshs classroom
These tasksaaimed ateaching an@ssessing different aspects of N@&re enacteth
divergingmannersuy the teachersyhich waspartly reflective of their differingriews
and expectationsn Section5.3, | provide several analytical themes teatergefrom
the data that show t heviewsand practicesitreetontexn bet w

of NOS assessment

5.1 Teachers background and viewsabout assessient and NOS

The three teachers Dr Kim, Ms Nam andMs You, were from different subject

responsibility ofthe head of yearwho considers ndi vi dual teacherso ct

preferences, and other school factors.
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Table 5.1 Teacher views of assessment and NOS

Dr Kim Ms Nam Ms You
Subject Earth science Chemistry Physics
background
Teaching 15/ 20 year$ 101 15 years 15/ 20 years
experience
SIE teaching Yes Yes No
experience
Science Prefers opeended, Prefers fregesponse  Focus on end products
assessment freeresponse questions of student work to
assessment Focus on the problem  ensure fairness
Focus on the problem  solving process
solving process
NOS NOS can promote NOS would be NOS is important for
teaching decisionmaking beneficial to all students, enabling
motivation abilitesand acritical st udent s o effective
mind. communication
based on science.
NOS Prioritises the Unsureabout the value Unsureabout the value
assessment application of NOS of assessing NOS of assessing NOS
understandings Focus on participation Focus on feedback an
Focus orexplaining and attitudes than collective learning
NOS ideas in end products.

student séb

backgrounds ankleld differentviews about assessment in science,espetciallyabout

the assessment of NORable5.1s u mmar i ses the three teache
teaching experience, and views of assessment in science anENOSh t eacher 6s
is detailedbelow.

5.1.1Dr Kim
5.1.1.1Background andiews on assessment

Dr Kim wasan earth science teacheittwa doctoratein science educatiofior which
sheundertoor e sear ch on preservice teachearsé NO
background, she was familiar with the basic principles of NO$uictsdbn such as the

NOS aspects in the consensus view and the VNOS questionnaire, and FRA as an

alternative approacto NOS As an earth science teacHer 15 20 years she had

¢ Unspecified intentionally for anonytyi
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knowledge in all subdisciplinésgeology, astronomy, oceanography and
meteorolgyd but had a particular enthusiasrabout astronomy since her
undergraduate years. As part of her graduate coursework, she had experience
developing a couple of teaching materials related to NOS, such as activities on galaxy
classification and models of thmiverse, andeachingtheseto studentseveratimes

in an informal setting as well as to preservice teachers in an undergraduate course.

According to Dr Kim,in her assessmeat science subjectshe triel to includeas
manyopenended freeresponse assessment itemsspossiblebecause she knew that
60 ki dsdowhdoderstandr ar el y wr i $he alsa preferrddi tomn bade,
assessments that csimowproblemsolving processesuch as the onesking toset up
and sole equationsShee mphasi sed assessing whether a
and can apply it, and then remember the
althoughthe taskneed not involve complermathematical operationshe did not
favourassessing by sheainswer questions, drawing tasksaking things with hands
and so onbecausein her view,they do not measure studehébilities to think In
addition, shewas patrticularlyagainst the idea ofroupbased markingecause it
obscuresid i v i dhhiliiels and understandings:

Dr Kim: I reallyd o n 6 fassessirlg &y] group activities. Because when you do
it, | know that a few kids lead everything, and if they do it widhg
whole groupis messecup é So | |l i ke Innheéi vi dua
individual task reports, | like to assess things including knowledge, in a

sense(Interview, June 2020

As a longtime high school teacher, she&as consciousdf he O6ext er nal pr es
accountability whemplanningassessmensince sciencsubjects are usuallgf high

stakes, assessment taskeededo be able todiscriminateamongstudents levels of
knowledge of the subject She commented thahe need for discrimination and
accountability at the high school leweas often arucial consideratiom the design

of theassessment

Dr Kim: | work really hard to select problems, choices and adjusting difficulty,

for one reasonTo clearly discriminate amongthe top grades[on a
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Stanine scald.’ This is external pressure,s o t hat t hereo
di ssatisfaction. I'tds neeceldt ofsor St
particularly important in this school € S o tob badfar students,
but the exams need thscriminateamongtheir abilities. | change th

questions andhoices many times because of that.

This remarlkalsoshows thasuch tendency was particularly visible in her schabich
waslocated in Gangnar8choolDistrict 8, wherethecompetition and testocracy in the

countyd s e d u c a tulnonatedsee Sdcte?).

5.1.1.2Views onteachingNOS

Dr Kim characterisedNOS asthe knowledge abowgomething scientists do and the
features of theroducts seen from within and outside the scientific commuSite

believed that understanding NOS &me increasingly important in contemporary

society. She felt it problematic that the traditional image of science as being special and
absolute haplagledthe education of scientists as well as science teachers for a long
time. However, in her viewhaving such a view of scientées n o't hel pful i
worl d where O6informati on i-smakiegweguirgswheer e 6
capacitytoassesswen piece of information from var
(Interview, July 2020 She said that sucan ability is difficult to cultivate while

teaching thécontentknowledgefocused curriculum, sibshould be promoted through

teaching NOS. In this regard, she thought that the introduction of SIE in the new
curriculum was a good start, although t
eventually depend on how it is assessed, and especially how it beukflected in

" Stanine (STAndard NINE) is a type of standardised test score used to compare a single score
to a distribution of scores, on a scale of one to nine (Jessor), 2018

Stanine 1 2 3 4 5 6 7 8 9
Proportion 4% 7% 12% 17% 20% 17% 12% 7% 4%

8 When it was first introduced in 2018, ShEad beerassessed on a Stanine scale as with other
subjects. However, in 2019, the Department of Education amended the policy to assess SIE by
threetier system (high, fair and low). Consequently, SIE became bribedew subjects

(mostly arts and sports) that are assessed as such.
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student so6 un (Inteeviews, Ariy2019.nt r ance o

5.1.1.3Views onassessing NOS in SIE

From the oneyearlong experienceof teaching and assessing SIE, Dr Kimad
developedome clear ideas about the aims and methods of assessingMi&#&sked

what should be assessed about N€)®, clearlyarticulated hefocus

Dr Kim: How wel |l one under s tNotjudtsayinghtblahNOS .

blah only in words, but being able to applytheir understandings
when doing somethinglike inquiry examples or historical examples.
Orhis [case] is indeed about tentative NOS, this part relates tdwhat
they can say likéhese. Ipterview, June 2020

A

With theemphasisos t ud e nt s 0, she wagntedetasuse the mterview method to

assess student so V@S nokfarthevlack of gnee, shersaidSdhee .

would haveusedan oral tesas the best way to measwhat shdelieved to be the aim

of teaching NOS

Dr Kim: | really wanted to do anoral test, | told you last time. If | had enough
ti me | wo ulHdvé them sid etrthem talloabout NOS, or

TF

what they presented And then record what they expses and assess

| sndt i whethantpey cah actudlly explain, talk in their own

words? (Interview, June 2020

DrKimé s sdencaabsessment practitteat stressethe process of student thinking
wasalso reflectedn her views about assessing 8@lthough her remarks aboae
focused on the cognitive and functional understanding of NOS isleeSgctiorn2.3.1),
when she was talking about the fairness of assessment darinteview, she also
referred to the assessment of student participation and attithieis shown in the

following quote:

Dr Kim: And in terms of ensuring fairness,

Stanine written testfor other science subjectahdassessingIE. In

SIE | record very hard. In a sense, when a kid is not diligent when
participating in the activity, | writehie clues to give them Binterview,
June 202p
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In summary, Dr Kimhelda clearand strongview on theNOS classroom assessment
that focused oapplying and explainingf NOS understandings well as participatign

which led toher preferencéor interviews as an assessment method.

5.1.2Ms Nam
5.1.2.1Background and views on assessment

Ms Namattendedthe Department of Chemistry Educatian university, after which

she took a teacher qualification examinatiobe placed as a teacher inudblc school

in the Seoul aredt the time of research, she had 15 years of teaching experience

at the high school levaind was teaching Sl two of the eleven classes in the cohort

She described thaehpriorexperiencavith history, philosophy=d NOS, although not

much was mostly from her training at the university and preparation for the teacher
appointment examination. She remembered several basic concepts of philosophy of
science from undergraduate courses but had almost never related such knowledge to

her teaching Here she taughBIE.

When asked about her usuaéthodsor checking for student understandirsye
answered thatsheredie on st ud e n theaétivity sheefsandihe questiana
they askwhile she walks around the classroomWhen shewas in chage of the
assessment plan, shisually included written tests Among different approaches to
written tests, she preferred freesponse questions to multigtoice questions, since
the former allows her to Obett efseetstme how
process, where theyobére stuck, (mtervied,i dnodt
March 2020. Aside from written tests, she alsdilised her own memos about
individualst udent s where she records O0some not :
asked q(newiew, Manck 202D Her notetaking practicdbbecame even more
regular after th®epartment of Educatiantroduced h e  6-speciigakilities and
remarls és asectionine a ¢ h stomgrehensiv@ school recoiithis new section
required the teacher to write paragraph(of 3i5 sentencespn every st ude
achievement in the subject taught write this section, Ms Nam said, she restt
6find what this student i's exovellyerstt udren

Since thisassessment by teachessont ri but ed significantly
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entrance, she was keemc ol | ect evidence of i nndli vi dua

progresguring the course of her lessons.

5.1.2.2Views onteachingNOS

Ms NamdescribedNOSasthe6 c har act eri stics of science,
as opposedtot her (Intérview,glglyp202D She believed that NO®ould be

helpful to students and allow them to understand tisaience is, rather than being

absolute andinchangeabl e, it is influbdatediby ccs
change upon a n e(mterpieweduly 202DfThesewaridus \wayseod

thinking abotiscienceshe statedyoul d be benef i cheaéntidned st ud

5.1.2.3Views on assessing NOS in SIE

AlthoughMs Nams y mpat hi sed with the 1 mportance
lives, she was less certain abthue value ofassessingNOS in the tassroomWhen

she was asked abowhat could be assessed about NOS,mbationedot e st i ng t h
initial ideas, and then hothheyc h a n(dulg 2020 intenaw). Then she thought that
guestionnairestyle assessment would be a suitable,faadible method for assessing

NOS.

Like Dr Kim, Ms Nam thought thadprocesé was the keyto the assessment of
NOS. She made this point byssmestftaskier,a ng t o

group presentation on examplesagfaradigm shiftsee Chapter)7

Ms Nam: | t [@ssessing NOShore about the process, like lookingladinquiry
processes. For examplehen doing the presentation abth&paradigm
shift, [I look at] the selection ad topic that well showshe change that
we asked, how they unfolded it, how they understand well and present,
so those things about understanding and performing the lia=kview,
March 2020

At the same time, however, shaid that her assessment was more focusexiuokent
participation, rather than the quality of student outputs. &kerecognise that

discriminationamong studentwas possibléased on theperformance on NOS tasks
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but insteadgave full marks as long as the studemsl beeractively engaged in the

task

Ms Nam: € Normal |l y f otherenid ahhege differerc¢ etwvees the
eleven classes in thgear group but for SIE] there was not much
di fference between c| aadliffecenceid@thd her e

performance levels but not for the participation and process.

Wonyong: More on the process, if [a student] dié besin the process and did all
theywere askedo.

Ms Nam: Yes, that kind of mindset. There would certainlyaddifference in the
outputs, butifkiddi d t heir best ¢é They might

knowledge, but if they actively participatéd [| gavea full mark].

Wonyong: T h a intéressting. Because normally, when you are marking chemistry,

you dondét give full mar ks since a Kki

Ms Nam: Right. | think assessing the process is more central [to GiEgrview,
March 2020

From this conversation, we rtasee that Ms Nandid recognise th possibility of
6di fferent | eof BOSghatewdn bekdmsaimihated, gue ghe notturn

this thought into actiom her assessment practice due to her focus on participation and
attitudes She also mentiomkethe impact of the grading system on her practice of
assessing NOS in SIEhe change in the assessment policy for SIE had changed from
a Stanine systeno a threetier system in 2019, whiclkignificantly lowered the
accountability pressur®r the subjet This effect of assessment poliaas stated by

Ms Namin the following quote:

Ms Nam: SIE is not assessed on a Stanine gr
pressure with di scaprocessaasessnmegt, sé& | | t 6s
can give many AO6s and | donot have
percentage, i t énsouragstude ni mpar tiaot paoi «

t heydr e f anddiligently partidipatimgghleryl can give an A,
so | tend to thinkabouthow they can participate bettetn{erview,
March 2020

Here,shemakes it clear that the neywading systemand less demand forstirimination
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was the main reason thatade her grading focused garticipation rather than the
product of studentworlEh e uses the word Oproceetvesd® aga
and diligent class participation, based on whichasis@rded letter gdesln summary

Ms N aviemds ®fthe assessment of N@O&inly wascentredon student participation

rather than the level of their knowledge. This was made possible because of the state

|l evel assessment policy that reduced the
sensitive abo,uusshedai@intheirfedwe mar ks o

5.1.3Ms You
5.1.3.1Background and views on assessment

Like the othertwo teachers, Ms You also started teaching afieishing an
undergraduate physics teacher training programme at univeéisityirst job was at a
middle school, and she had since spentlb2years at public middle schools time
Seoul areaShe was theplacedatthehigh school in 2018Accordingly,| interviewed
herin her third year of high school teachirhe frequently referred to heansition
from middle schoolto high schoolwhen describing her expectationsabout and
experiencef teaching and assessing SIE.

During her time amiddle schoolsthefocuso f Ms Y o u 6 practiceused s s me n |
to bemore onmanagingandy ui di ng st udent stiteirimeddctaal i our s
development,so she allocated more marks on participationessons andasks.
However,after moving tohigh school, she found it difficult tgive marks basedn
attitude and participationbecause students were very pressured about their
participationbeing assessead the highstakesclimate Unlike in middle schools, she
explainedmarks in high schools haami mpact on studen@®wld uni v
subsequently their futurerhis led her to avoidome assessment practicesh as
attitudecentred marking angroupbased markingsince there are some risks involved
due to the high stakex high school assessmen@onsequentlyher markingrelied
more on the end products ofindividual studentghat could be easilgnd objectively
discernedfor examplewhen assessirgpractical taskthe results of the practical work
recorded in the worksheet, and answers to the reflection prompts at the ted of

workshee{Interview,March 2020)
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5.1.3.2Views onteachingNOS

Ms You believed that learning about NOS wotlelp students cultivatihe scientific

mind, even to those who pursue a rsmience careeiShe thought thathe lack of

training in NOS wasn partresponsible for the proliferating fake news as well as the

pol i cy ma leasitygetconviritedby word on the street and makmportant
decisions on nos ci ent i f.iAcgoodMOSwnddrstanding, she said, wbu
enablemore productivediscussion and communicatidmetween peopldased on
scientific evidencéInterview, July 202Q)This shows that Ms You were aware of the
potential functional benefits ®fOS learning that help individudls soci al | i ves
2013 Ryder, 2001

Beforestarting to teaclsIE, she hdvery little knowledgeand had noteceived
anyprevioustraining on NG5. When she joined Dr Kim and Ms Nam to teach SIE, she
was provided with the teaching and assessment materials used by the other teachers,
which seemedhallengingto teach for herShe was noevencertain whether her
students would understand the questio the materialsn the first placeWith some
doubt, she asked the other two teachers how students had done, but they told her that

students had answered w&herecalled

Ms You: é When | received | ast year ds mater
to explain these to students, as a teachewuidve quite difficult to let
themread those long paragraphs. So | thought, after | explain a concept,
| should mention it again with actual examples, so the kids could
understand theonceptenough. So only after receiving the materials, [l

could imagire] how the class canbedone.Bdti dnét study [ abc

much.
Wonyong: When you say taking example$ concepts, what kind afonceptsdo

you mean? ¢é | wonder what you mean |
Ms You: Like, students think science is alwayght, but when you see how it

changed, it changes after new evidence refuting it is found. So it is

changeable, things like that.
Wonyong: The fact itself.

Ms You: Yes, itself.(Interview March 2020
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As elaborated imerresponsetomguesti on, she wuserdfertohe wor
the conceptsof NOS rather than scientific conceptsnplying that she clearly
recogniseshe cognitivelearninggoalsfor NOS andthe value oexemplificationas a

way of achieving such goals the above conversatipahe also refers to the issue of

reading involved in teaching and learningN@Sh e ment i oned students

longer writings about science, and also about the terms in the writings:

Ms You: € Kids might not be familiar with t
terms in thesurveyl received[VNOS], | thought these terms could be
awkward and difficult for kids ttake without any explanations, without
any examples. So before doing that surve, would need some
examples to answer it. When going ahead [with the examples] in the
lesson, kids might better learn about the nature of scientcealg not

as some termglnterview March 2020

Although Ms You had not taugBiE before, shielt that NOSwvas addressathplicitly

while she taughtegular science and physics subjeStse thought, however, that while
students get to know about NOS O6as] a bacl
knowl ed g estiencesubjeats, N@Secame muchmore explicit inthe new

subjectSIE.

5.1.3.3Views on assessing NOS in SIE

In the interview aithe beginning of the semestdts Youhad an expectatiothather
old practice of attitudeentred assessmentould be morefeasible (and more

reasonablefo doin SIE compared to traditional science subjebfis several reasons:

Ms You: € | t W bepdssibie to&@ssess more about attitudes, since it [SIE]
is less reflected in theomprehensive school records Al s o when i
comes to the experiments, this [SIE curriculumhat the kind of
experiments with precise resultsSoit has no answer each onean
presenftheir ideas]thatkindoflessore I n physi thedata as | on
is precise, the conclusion should accordingly comp r eci sely ¢é B
this [SIE] is, an ideal answer might exist but could be br@aterview,
March 2020

Here, shes drawing on the lower stakes of SIE for schd@hving grades, the nature of
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the subjectvhich,tohey | acks Oprecise resul tWhégn and

| asked heto elaborat®nthis point, she made it clear by compaiiing the assessment

in a practical physics lesson.

Ms You

In the case of physics, when you have accurate data, the conclusion must
turn out precise. Of coursgou might getthe wrong data from the
experiment, but as long as you have the data, there is masiteal
answer for how to draw the conclusion. And | can give some extra marks

if they do some further discussion on that. But in this [SIE], | might say

t

there is an i deal .%omnwheweéeask sudenttoi t 6 s v

find out whether he knows well, itflmences not only him but the whole
class, as you exchange tallso rather than having an ideal answer
and getting good marks, it is likestudents learn together as we

exchange f eedback notengaded,u thihkenost t hey 6

students will be givengood marks (Interview, March 202

In the latter half of these remarksp#comeslear thatVis You placed more valuen

formativefeedback and collective learning thifw@ summative considerations such as

grading anddifferentiation This, again, was asciated with the nature of NOS

knowledge perceived by her and the lower exam pressure in which NOS was assessed.

Later, she used the example of soarad cultural embeddedss okcienceo illustrate

herper cei ved

scientific methods, could bmore suitable for assessment

Wonyong:

Ms You:

What do you think should be assessed about the nature of science?

€ About the nature of science? |
things might be assessed, but some for other things, | can just teach that
we can think like this, and broaden their ways of thinking. Those things
might not be assessed. Because, for example, when we say that [science
is] influenced by society and cultureew candét assess if
So like that, we offer some food for thought, and the student svzake
choice. So some [NOS ideas] cannot be assessed as right oriwrong
instead we can assess that it could be thought this way and that way.
Andifastuént s i nquiry method is not
apply inquiry methods logically to various phenomena, | think that can

be assessed. 6 Wh at youdre doing

unsui t abbulthought that fomeé asmesselsas i n g 6

n t

it

noyv
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(Interview, July 202D

As seen irthis quote her hesitancéo assesdlOS such as the cultural embeddedness

of sciencewas connected tthe impossibility of judqngr i ght or wr.dnngd NO
contrastjt reveals that shimought that knowledge and application of scientific methods

could be right orwrongThiss t ands i n cont r awhobelisvedthat Dr Ki

Ot hceerret ai nl'y exists a high I|teownaveideaske under :

Ascience arse arbostolauctceeopt abl ed (I ntervi ew,

To summariseglthough Ms You had neéaught or assessed SIE before, sheamad
interesting view about assessing N@&ehad an idea of NOS as a cognitive learning
goal, but still questioned whether it would be possible and necessary to assess NOS
given its special characteristidastead she thoughthatit would be more valuable to
discuss NOS in class and give feedback, which will naturally lead to learninglNOS.
other words, sheiewed that summative assessment of NOS could be leift faxtour

of formative learning experiende theclassroom

5.1.4Crossteachercomparison

The t hr ee toaassekseensréveal/several mteregimigts. Firstdue to
thespecialsocioeconomibackgroundsf studentandthe high impact of assessments

on university entranceghe teachers wereommonly mindful of certainelementsof

summative assessmestich as discriminating power and fairneshis resulted in
certainassessment practices suchlaskim and Ms Nam s  -taking ¢o record
individual st ud e n tudebin quderrtof keep clearnevidencaafn d at t
marking in case students and parestsmplainaboutthe grade Also, the teachers
acknowledgedhe issues witlgroupbasedassessmenespecially in relation to student

inquiry activities Dr Kim was generally negativabout group activities since it
obscures an individual 6s contribution, bu
students to clearly indicakea c h  me mb e r 6 Bls Yowalsd recogniset theo n .
difficulty of discerning imlividuals in group activities, particularly as she moved from

middle school to high school where students care more about graies.she usually

allocated more marki® the individual reasoning and restthan the collective work

Thesetwaxommonaspct s of t he t deasclealy ssigyestkilsieie s s me n |
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primary concerns have to do witblfilling the summative function of assessment,

relative to its formative function that promotes learning.

Second, gecifically regarding the assessment of NOS in #iE,three teachers
variedin thar perceivedaims of NOS assessmemtlthough all three teachers referred
to both cognitive and attitudinal aspects in learning N®8 relative importancef
teaching andssessinthese aspectsas perceived differently by the teachers. Dr Kim
believed that it ismnecessary and also possilidemeasurest udent s 6andNOS i d
divide these ideas intdifferentlevels Ms Nam thought that it is possiltie do so but
in practice, sh@ut more valu®n participation and attitud€@n thecontrary,Ms You,
having not experienced SIE and NOS befapeestioned thenecessity of formally
assessing NOS in classrooriderlying thesgerceptionsvere factors such as the
relaively lower stakes of SIE and the opended and controversial nature of NOS
knowledgel will turn to their enactments of NOS assessnme@hapter Gindconsider
how and to what exterthese diverging perceptions and expectativese reflected in

theirassessmenmtractices.

Third, therewasa di screpancy b eteagrengimentiorssarmdh er s 0
NOS assessmerintentions. Althoughteachers have been reportedplace limited
value on NOSas an instructional goéhbd-El-Khalick & Lederman, 2000&Akerson
& Donnelly, 2008;Herman Clough & Owens2017;Lee & Witz 2009 Wahbeh &
Abd-El-Khalick, 2014, how their apirations and intentiorfsr NOSteachingrelate to
thosefor NOS assessmertias not been discussed much. Given this, it is worthy of
noting that all three teachers recognised the value of teaching NOS, but they diverged
in terms of the value of assessing NOS. While Dr Kim put as much value on the
assessment as the teaching of NeDE thusexpressed clear preferencén certain
assessment methgdvis Nam and Ms You werensureaboutthe value of assessing
NOS intheclassroom. Thee viewsseemed tde associated witthar perceived aim
of NOS instructionwhere more focus was pubn learning throughclassroom
participationand attitudeghan producinggrades These incongruences suggest that
teachersé intention to teach NOS may not
which sheds light on the neddr considering the twwiews separatelyMeanwhile,
whether and to what extent their perceptions atehtions lead to their assessment
practice is yet another question, which will be further exploré@hiapter 6
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Thefourthp oi nt concerns the relationmewset ween
(i.e., thosein the context ofraditionalscience subjects) and NOS assessmients,
which were not necessarilyalignmentd ue t o sever al reasons. I
0know[ing] the theory and can apply it, a
draw the answero6é (Interview, June 2020) i
purpose of NOS a sbsimyseroeappty theirwridérstandingsavben 6
doing somethingdéd and o6tal k[ing] in their
science was on cognitivespects of learning such psoblemsolving processs but
when talking about her view on NOS assesdmgn 6 pr ocessd® was tak
student s6 par t tharicqgative uvoderstandirng N©3. Finaly aMs
You was an interesting case. As a former middle school teacher who recently moved to
high school, she was generally consciouthehigh stakes of high school assessment,
which made her seek objective criteria based on end products of student work. However,
because NOS activitiea r e not | i ke experiments with
answer 6, she bel i e wudddocus bngarticipa@@od and attguees.s me n t
Both Ms Nam and Ms You were partly drawing on the lower stakes associated with
SIE due to the revised marking system, to support their view about assessing NOS.
Overall, these differences point to the possible link beémn a t eacher 0s
assessment view and NOS assessment view, which will need further investigation.
Besides,while existing studieson the subjeetiependencef classroom assessment
viewslooked ateacher®f different subject¢Black et al., 2003; M&o & Pigge, 1993;
McMillan, 2001; see Sectiod), the findings of this studgrovide evidence thaven a
singl e sciasessmenttvievaxhbe enultfagered, depending on whether

the views are about science or NOS.

5.2 Enactment of NOS summative assessments

The teachers used three tasks for NOS assesseaeht,of which followed teacher
lesson on the topic covered in the taBke general outline for each task vekesided
early in the semester, but the specifaals and content of the tagksbe included in
the worksheetsvere decided near the enactment of e&ahce the ente year group,
of eleven classes, was expectetieassessed with the same set of activities and on the

same scale, the workshes&svedas a standar giveuniformity in assessment across
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the three teacherg&igure 5.1 describes the®utline of lessons and assessment tasks
implemented during the semestétow teachers worked together tesignthese
lessons and tasksll be the interest o€hapter 6sohere Ifocus on describingn detail
thethree activities and worksheets, and how each teacher used these in theitdéessons

enact theNOS assessment

5.2.1Task L VNOS

VNOS is a widely used papandpencil test for NOS knowledge developed by
Lederman and colleagues (see Secfdh?d. Theteacheraused VNOSC (Abd-El-

Khalick, 1998; Lederman et aRP01;Appendix Q as thes e me sfitsteasséssment

task. The VNOS task was impiented in association with online video lectures
highlighting different aspects of NO$ the first half of the semester, the teachers
createch series of lecture videtargetedat a number of NOS aspect$e contens of

theseonline videos areutlined in Table5.2 (see als@\ppendix Cfor exampldeaching

material$, with the aspects of NOS thattkeachers targeted as learning gdétyure
52shows an example slide fromthatWdsesed i f e o
after a short videolip about his life whereobservation and inferenege discussed in

relation to Lavoisierodés scientific activi

These lectures wereshared online via the EBS Online Class platform
(https://oc.ebssw.kr/)Each weeka prerecorded vided10i 20 minutes each)was
posted witha few reflection questiongboutthe video content. Students watched the
videos,wrote their answers to the questiarsd uploadedhemon the systemThese
reflection questions werr selfassessent and were nassessetly the teachers.
The systemallowed the teacherstoheck each studentds acce
submission ohomework, saheycould ensure that all studenmt®grekeeping up with

thelecturesin anasynchronoutearningsetting

After the online lessons, VNOS was implemented in class in an-Bkasetting.
Students sat in their place quietly and completed the VNOS in a limited time. Since the
same set of online lessons had been delivered to all students, and thaestioampire
was used for all classes, the assessment task was enacted quite uniformly across the

three teachers. The teachers briefly explained the purpose of the task and told the class
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Online NOS classes

Interview data
Observation data

Student worksheet data

Task 1: VNOS (face-to-face)

}. Worksheet (50%)

Exam week (no class)

| Introductory lecture (online) |

| Task 2: Clouds (in-person)

| Introductory lecture (online)

| Task 3: Scientific methods (in-person)

I Assessment moderation meeting }<—I

l Final marking by each teacher l

Figure 5.1 Outline of lessons and assessment tasks

Table 5.2 Summary of online lessons taught before the VNOS task

Week Content

Featured NOS

2 The discovery of electricity by
Galvani and Volta (1)

Observation anthference
The evidence base of science
Scepticism in science

3 The discovery of electricity by
Galvani and Volta (I1)

Change of scientific knowledge based «
new evidence

Replication in science

Influence of technological advances on
science

4 Thelife of Lavoisier Change of scientific knowledge based «
new evidence

Explanation and prediction
Observation and inference
Subjective influences
Sociocultural embeddedness

5 CretaceousPaleogene extinction Inductive methods

event
6 LousPast eur 6 s e x p Deductive methods

spontaneous generation

7 The science of COVIEL9

N/A
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Nature of Science in the Video

(Lavoisier) Proved that Stahl’s phlogiston theory was wrong

He heated water to divide it into hydrogen and oxygen
and discovered that water consists of hydrogen and oxygen

When he put a guinea pig in a isolated place,
he found that the oxygen disappeared and carbon dioxide appeared,
which proved that respiration requires oxygen.

» Scientific knowledge is based on both observation
and inference

Figure52Sl i de from O6The | ife of Lavoisie
and inference in science (reproduced and translated from oridi@# slide excerpts

are provided irAppendix C.

to write their ideas clearly as asked, before they gave students 40 minutes to fill out the
VNOS. They refused t o anquestians andinstdaslioids 6 (L
them to recall what they had learnt in the online lessons. One VNOS question, about a
scientific law and a scientific theory, had not been introduced in the online lectures.
When Ms Nambés student s agekesiadguidaece bytelimg hel p
them to o6think if you know anything that
(Interview, July 2020). Other than this episode, there was no notable variation in how

each teacher enacted the assessment.

5.2.2Task 2 Clouds

The NOS learning goabf the clouds activitywasto understand how scientists use
observation and classification to generate knowledge ahatuire. Students were
engaged irthe observation of the clouds aroume tschoobndasked tadentify the
types of cloudsiccording td. u k e  H oclassificdtidrsystemdescribed irFigure
5.3. A brief 6-min introductoryonline video about clouds was provided prior to the
implementation of thisssessmertask.In the video created by IXim, she starts with
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Figure 5.3 Cloud classification and nomenclature

(Image sourcenttps://commons.wikimedia.org/wilkile:Cloud_types_en.syg

explainingobservation@ad classificatiom s e x a mp | e snquinf(Figure54e nt i st s
After this genericaccount, the classification system for clolidsed ortheir height

and shapwas introducedShe showed a number of cloud picturestana each picture

fits into one of the ten different clouds typ@d.the end of the video, she stated tfiat

hope the day we meet will be a cloudy day

The activity worksheet wasomposed by Dr Kim, an earth science teacher. It
consisted of a section to report observation in words and drawings, followed by a
reflection question that asked students to find an example similar to the cloud
classification in other areas of science.sTactivity was enacted by the three teachers

differently, in several important respects.

Dr Kim brought her students outside for this activity. It was a cloudy day, with low,
grey clouds covering all over the sky. At the beginning of the lesson, she sdidthat
were lucky to have a lot of clouds in the sky that day. The student scattered around a
certain area in the playground. While students were observing and sketching the clouds,
Dr Kim walked around to see how the students were doing and answer questions

Students askeldermany questions to fill out the worksheet, and Dr Kim mostly helped
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Observation and Classification

An explanation about natural phenomena that can be directly
approached by senses and agreed easily by different
observers.

Observation

One basic method of inquiry that can be applied when trying to
Classification learn about an object.

) The first thing scientists often about an object they are
not familiar with is to look at the object's appearance and
describe it, and compare it with something similar to
investigate similarities and differences. Then, they look for
what the causes of such similarities and differences.

Figure 5.4 Slide from the clouds lesson explaining observation and classifice

(reproduced anttanslated from original)

them find answers by providing scaffolds. Since the students were scattered, her

answers and feedback to students were only available to the handful of students who
were near her. Her feedback was rich and formative, based on her subject expertise. For
example, when one student asked whether the white part or the grey part of the sky was

the clouds (seBigureb.5), she answered,

Dr Kim: Both the white and grey parts are clouds. Why does it look grey?
Because it blocks the sunlight much. It means the cloud is thick.

Student: I f t he c | oaeudulonimbug, ghtz k, it 6s
Dr Kim: Yes, if the contrast is evident, a cumulonimbus is developing.
As such, she seized on studentsd questi o

classification and support studentsodé rea:
inference was correct. However, she refused to provideeans& t o o6di rect 0

from student s, such as o6l s that a cumul us

Dr Kimds approach as such remained con:
about finding a similar case where observation led to classificati@eience. This

guestion was to assess whether a student understands classification as a scientific
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Figure 55The sky fill ed with ¢l ouds dBnth

white and grey partsan be observed the cloudsgicture by author)

practice that produces knowledge about nature. When students proposed an example,
she asked why they think that was similar to how clouds were classtiegtimes

giving them some examples. For example, when one student was asking if the discovery

of electromagnetic induction could count because it relied on repeated obsefvations,

she asked him to think if those observations amounted to classificatitiatsthe

student could realise the difference between the two cases. Later in the interview, she
said that giving hints to students was t

finding answers in wrong placesd6 (Il ntervi

° The student was referring ktans Christiah r st ed6s di scovery that an
circular magnetic fields around it. In comparison with the clouds activitgléotromagnism
example does have the observation element, but it lacks the establishment of a classification

system as a result of the observations.
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Similar to Dr Kim, MsNambrought her studentautside for the tasiShe brought
the students after spending 10 minutes in the classroom to review the online lesson
about clouds and give instructionpdN o t e t h dessondid noKhave ¢his pdoat
started outside straight awair) general, br feedback while students were working on
the taskstressed the process and reasoning more than getting the right dfmwer.
example, when one student askdd Nam whether the cloud sheas seeing was

cumulus below is how she responded:

Studentl: | 6 v eed htthis &loud, and | think it must be eitbéthese two [types
of cloudg. But it lookedmore floppysd sai d i tdés cumul us
Ms Nam: Right, right.You can just write the reasons for yourjudgement.
Studentl: Then is it a vertical cloud? @rlow cloud?
Ms Nam: We | | Yocan just say a low cloudYoudondt havéeéeadso say

vertical cloud. As long as you wrote the position and the height.
Student 2: I will say a vertical cloud.
Ms Nam: It [low clouds]jonlyme a ns tdoventhere.t 6 s

This exchange cl| e arfeegbadwagngtéosuses oglbdorating Ms N a
on student questionstor e at e a o6t eachabl e momentdé for
but rather orthe process skills such as inference and argumentdtmm.clouds (e.g.,

cumulus) and vertically developingclouds (e.g., cumulonimbushare two distinct
categoriesbut instead ofi si ng St ud e n articdladetheirglitfeeesceMso n t o
Nam implied that either way would bacceptable as long as the reasoning is sound.

Then Student 2, who was also listening to the teaafterjects to sayhat she would

go for a vertical cloud, and Ms Nam did not objddtis episodeshowsthe different

uses of feedbacketweerD r Chodés and Ms Namdés enact men:

When Ms You enacted the clouds task, it Wezzling outsideso she decided to
enact the taskithe classroonwith limited teachestudent, studergtudent interaction.
As with Ms Nam, &e spentthe first10 minutessummarisinghe online lesson about
observation and classificatioafter which sheet her students observe the clouds
through the classroom windows to fill in the worksh&tealsotold the studentthat

it was okay if they were poor at drawiagd colouring, as long dkeir observations
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are well represente®he walked around the classrodaring the task, answering some
clarification questions about the tablkitmost of her answers did not go beyoepeats

of herearlier instructonsWwh en a st udent as Kk eWhiclhhveayis a que:
t h e n iosteadhoftélling the studentiyately, shetalked tothe whole class. Later

shesaid that it was her way of mak the task faito all studentsAssessment meeting,

July 2020)

When she later found othiat Dr Kimenacted this activity outsidbe classroom
and actively gave hatudents feedbagckhethought thatt would have been nice if she

had done that way, too

Ms You e itds my first t i[9 Salopromablycarédi s s ub|j
more about assessing fairly than the other teachergust thinking
about othersubjects. fl I do this outside €& tt
communi c ardimora feedlback. But | really had students sit
quiety,and di dndédt make any cormmgetts dur
that (Interview, July 2020)

Ms Y o u 6 gan bee gpsodated with harexperiencein the subjectand her
avoidance of riskn classroom assessmefettion5.1.3.) as someone new to high
school assessmenOverall, therewere some important variations among the three
teachersn terms ofthe 10minute introduction at the start of the lesson, location of the
lesson, weathegndthe level of guidance and scaffolding that the teacher prouded

response to student questions.

5.2.3Task 3 Scientific methods

The topic of the final NOS assessment taskas scientific methods, particularly
inductive, deductive and abductive methddke VNOS, tis task was intended as a
paperandpencil activity about NOSThe overall aim of the task was &ssessf a
student understands each scientific reasomiathod ands capable of applyinthem

to concrete examples in sciencCehe implementation of this task was preceded by
online lectures abouteductive and inductive metho@Bable5.2). In the lectures, the
two methods were introduced asajor ways of scientific inquiryand were each

exemplified withhistorical examplesThe CretaceousPaleogene extinction eveas
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an example ot he i nductive method, and Pasteur
generatioras an example d@he deductive method

The task consisted ofreadingfive storiesaboutsciencein the worksheeteach
followed byoperendedquestionsFor examplepne questiopresented foudifferent
scientific discoverieandasked to identify which ones are inductimquiries,and then
explain their answeOther questions asked studeab®ut specifiprocesses in each
scientific method, for example proposing a hypothesis alioeitobservationor
distinguishingbetween control anishdependent variableslthough the inductive and
deductivemethods had beedlefined and illustratech the online videos lfere the
enactmentthe abductivenethod had nofThe worksheet thuspentone page talefine
abductive r easoni ng scieristsiafer a diypgihess chatsoest i@ n w
explains the phenomenann g u,ecempare it &ith inductive andeductive
methodsandexemplify abductionwith how Keplercame up with thaypothesis othe

elliptical orbit of theMarsbased on observational data.

The t eenactmergostide scientific methods taskereclose tothose of the
VNOS task,in a simlar examlike setting.The teachersvere not actively answering
student s6 que s tNsorous foraixamplesaid tthateshepeaes khe

activity by giving minimal guidancéo students:

Ms You: I ditcan &t much before | sven if thadd t he
explained about the abductifat the beginning] t he ki ges woul d
the ideas immediately and answer the questiaid,6 | nducti ve ar
deductive methods are what we have learnt from thirelessons. On
page 1, you can read and answee | | t o t hwehergaganst i ons
page 2, it talks about a method called abductjau, will read this
carefully and answer the aqarecsti ons
answer. You write what you think, andi f t hat 6sfindbogi cal ,
(Interview, July 2020)

Here,we can see Ms You telling her studetitat the focus is on logic and reasoning
rather than getting the answer o6right or
reacted to student questions during the clouds activiiythis last activity,re other

t wo teacher sdé enamwitlmaernttso DuMsm gistcbualysepld | y s i
students that abduction is about 6findi n
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explanatiof or t hose patt er n $nwthdrwordsihreécacherdalr t i n g
not enact the task interactively,tsiill emphasised thepenended nature of the task,
by telling studentso express their ideas in a logical whgsed on what they had learnt

and read about scientific methods.

5.3Patternsi n t e aiewsand endctments of NOS

summative assessment

The variationin how the teacherperceived NOSnd itsassessment and how they
enacted the same set of assessment &mds light orseveral importanaspectsof
assessing NOS in classroorkgst, the degree of croggacher variatioin enatment
differedacrosghe three assessment tagkst theVNOS and scientific methods tasks,
thet eacher s6 e n ac simlarnnttesms wfdimesusel aadrtige @arhoynt of
teacher feedbaclpartly because these two were pamedpencil tasks admistered

within the classroomOn thecontray, in the case of the clouds taskhyich was based

on a studenled inquiry activity, a significant variationexisted betweenthe three

t e a c bBnaatnerdtsThe differingapproaches téeedbackduring the cloud lesson
werein patconnect ed t orelaieecmphasienafacihtaingdearning
versusensuring fairnes®r Kimd enactmenprioritisedthe opportunities for learning

that the task provideso sheactively used feedback to help students articulate their
ideas about NOS (i.e., observation and classification) and content knowledge (i.e.,
clouds).f n ot her words, shebédbgavehsyuodondt!| o
answers i n a wr oJulg2030).Thiestoddin Ectarkn dorgrastvto Msw
Youbs enact ment . thaught thad NQShactiwtissould foeaus more on
formative aspects such as exchanging feedback and encaupagticipation.than
markingrelated concernsin the actual enactment, she was very hesitant to give

feedback or answering student questiahg tothe fairness concerns.

Second, nderlying such differenceasthe essential tension between formative
and summative functions of classroom assessment (Black et al., 26&B)OStasks
hadthe potential toserve both as an assessment and a learning expeekhoagh the
two were prioritisedifferently by the threeeachersFrom what has beedliscusseqd
one way to describe this difference would be that Dr Kim was primarily enagting
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lesson whereas Ms Nam and Ms You were enactingassessmerduring the clouds

activity. Dr Kim was aware that theaskswould be maked for grades but shestill
prioritisedturningtheminto student learning about NOS and clouds; The other teachers

did not exclude the learning element of the activity, but the overwhelming assessment
pressurgrevented therfrom activelyhelping students develop ideas about NOI8.

hindsight, & interesting contrashatsignalledthese differingenactmentsvasin what

the teachers had said to me before | attendeddlmeid activities Dr Kim said thait

woul d be Over gforemgc iMsi 'gput sawal t hat Ot her €
seesi nce it os (Reldndes e 20 0Bechatdifference in enactment

turned out to benoredramaticin the inquirybased NOS assessment tésk, clouds)

than in the papeandpencil taskgi.e., VNOS andcientific methods)

Third,t he t e ac h e of BI@S assasantent ma&s mdt necessarily reflective
of their perceptions af, due to severakasonsT he mi smatch bet ween t
and practicesn classroom assessment has been reported constantly in the literature
(Black et al., 2010; Noh et al., 2015; Rieg, 2007). The analysis of the three teachers in
this study offers how such a mismatch ¢
summative classom assessment of NOBhediscordance was evident in the cases of
Ms Nam and Ms You, whwereunsureaboutsummatively assessing NOS but whose
enactments werstill focused more on assessment than learrmgthe contrary, Dr
Kim recognised th@ossibilty and value of assessing N@&mmatively but she was
also active in providingscaffolds and turning the tasks into learning opportunities
throughon-thefly assessment conversations with studeDtspite such differensg
Ms You and Ms Nandid wish that they had more tinte exchange feedbaackith
students to improve learning. After all three assessmentuaskscompletedMs You
said thatsshe could have enacted the VNOS and scientific methods tasks otherwise

Ms You: € | Hadehough time, | wouldhaveshar@ on the screen some of the
example answers that kids wrote in the worksheet, and adshsse
answerstogetherwi t h  t h e m. I f theredre any e
about it, it would be nice if we could talk alidhese things together.
But this year, kids just pump things out, no feedback is given at the

moment. (Interview, July Z2D)

Given that the class time wahorterthan usuatlue to the COVIB19 reductionsand



Chapter 5 138

somelessonshad to bedeliveredonline asynchronouslyher reflectionsuggestghe
possibility that she could have providedorefeedback and peer assessment through
0t al ki ng ab o utter thetasksihad sher¢ rotgoeen suehrredtrictions

5.4 Chapter summary

Teacher s6 as gsanfuenoed byariops factors includintheir personal
conceptions of classroom assessmém content being assesseand the specific
instructionaland curriculasetingsin which the assessmentisnductedBrown, 2002;

Wolf et al., 199). Depending on theseonditions the same assessment task can be
enacted in similar or different ways @tassroomsin this chapter| explored how

t eac her s 6 abpue NOSamdis aseesssnemtigned withtheir enactment of

three NOS assessment taskalthough the teachers used a common set of NOS
activities for assessmente findingssuggestd thatt e a ¢ krmaatnselt of NOS
assessment is nohiform, nor is isimply afunction of their viewsbout NOS teaching.

As will be illustratedin the nextchapter the classroomenactment of NOS tasks
described in this chapter was principally a private practice; thabig, exactly the

common tasks were enactedied principallyon each teacher ds. prof e
Given that tis chapterhasfocusedon the teachers dhis individual level,a fuller
understanding of their practices will requiomnsidering thie summative NOS
assessmenas a collaborative effartwhich will be addressed itChapter 6 By
investigating the teacheas betame evidenteim thes ab o
assessment meeting at the end of the semebeercollectivedimensionof NOS
assessmeras a social proesand what it reveals about the challenges of summative

NOS assessmentll be revealed.
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Chapter 6 Collaborative summativeassessmenof
NOSIin a teacher team

6.1 Classroom assessment as a process of continual professional

judgement

Classroom assessmerioth summative and formative, is camplex event. As

discussed earlierecent perspectives on assessnuamsider it to occuthroughout
teachersoé instructional actiThe process of st ar
assessment begiasteachers plan their teaching and orgathigdearning experiences
particularly when designing the main activities that studeares to conplete
(Klenowski & WyattSmith, 2013) Anderson (208) provided agood description of

assessment ascontinual process giathering information and making decisions

Assessment is the process of gathering information to make informed decisions. Before
anyone engages in assessment, he or she must know why the assessment is being made
(the purpose), what information is needed to make the decision (the basis), when the

information is needed (the timing) and how the information is best collected (the method).

(p. xi)

These assessment decisioaquirea series of professional judgements of teachers
Al | al (2013) Cc asvgssamenkldted judgemert © rthe &linical
judgement of medical practitioneiis, terms ofconnectingwhat they know about an
individual (i.e., patient or studentyith their professional knowledgend institutional
norms in order tgoroducethe best course of actiois Allal and Mottier Lopez (2014)

noted:

Teacher judgment in assessment intervenes in a myriad of choicesrcomgéhe purpose

of an assessment activity, the type of information to be collected, the method of collecting
it, the sort of analysis and interpretation that is appropriate, the type of student involvement
in assessment, the way of combining informatiord communicating outcomes, the
consequences for the regulation of teaching and learning and/or for the fulfilment of
reporting obligations and the appraisal of anticipated benefits and risks of decisions based

on assessment. (p. 151)

Given the centralitpf teacher decision making in summative assessment, looking into
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the process of teacher decision making can prouskful insights for supporting
teachersd NOS suGumadedebwsslessHowdaesar ch Q-
team of three science teachengage in NOS summative assessment in a school? What

does their decisiemaking process reveal about the potential issues in the summative
assessment of NO§ , the objectives of this chapte
objects of teacher collaborati for NOS summative assessment, (b) the process in

which such collaboration occurred, and (c) the challenges of NOS summative

assessment as revealed during the collaboration.

6.2 Teacher ollaboration for summative classroom assessment

Decisiors about smmative assessmearteoftenmadeby asingleteacheybuttheycan

alsoinvolve more than amteacherfor severalreasons Common examples include
whenteachergo-teach a clas®r when theyeachthe same subject tiifferent classes

in ayear group Whensuchschootbased teacher collaboratisrequiredt eac her s 6
assessmeimiracticesand decision makingrede-privatised(Vanblaere & Devos, 206

This makes an exceptiomt he f act t hat tpracdichaenostly pr of e
privatebecause Ot he actual influences on and
pr i kenmvéki & WyattSmith, 2013, pp. I23). In sucha collaborative setting
teacherbecomeengagd in acommunity of practicevhichis6 a gr oupwhof pe oy
share a common concern, a set of problems, or an interest in a topic and who come
together to ful fil bMergerTrayrnki &WengeTaaynerand gr
2015. Viewed as a community of practigearticipation inteacher assessment teams

elicits continuouslynegotiating meaning@Nenger, 1998)for example,of the aims,

methods, and fairnessf assessmenfAllal & Mottier Lopez, 2014) Assessment

research hasuggested thabllaborationcanhavea positive impacbothonthe quality

of assessmerduch as validity andonsistencyand t eacher s 6 Black s e s s me
et al., 2010Klenowski & WyattSmith, 2014.

A

In NOS research, several studies haxploredt e acher s 6 teteach abor a
NOS most notablyhoseof ValarieAkerson andhercolleaguesin Akerson Donnelly,
Ri ggs and (dDEpstudyofivedpieservice elementary teachers met with
researchersegularly during their internshipgsa 6 NOS ¢ o Thimled the y 6
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preservice teachers to develop a shared repertoire of NOS teaching stréggies,
sharing and discussing ideas, resources and praclicesarly, Akerson,Cullen and
Hanson (2009)lso formed a community of practice consisting bf elementary
teachersto improve their NOS views and teaching practices. They foundthleat
communityhelped the teachechange their knowledge and practices by discussing the
struggleswithin the community.Similarly, Bilican, Akerson and Nargund (2020)
showedthat a ceteaching experienceith a university teachecan be an effective
means to develofe NOS knowledge and pedagogy of an elementary teacheswith
NOS teaching experiencelhese studies providenitial evidence thatteacher
collaboration hathe potential toimprove classroom practices in NOS, kb actual

procesf collaboration on classroom assessment of KEd&ins to be explored.

When viewed as a sociocultural activitpgne key elementof collaborative
assessmernis whatKlenowski andWyatt-Smith (2013) called social moderatiorof
assessmen®ocial moderatiorsba process involving teacher
about their interpretatiKemavsko&Wyattsrmith.qual i t
p. 74).In social moderation meetys, teachersxamine samples of the student work
with an aim to O0r e ahlignmedvathiestitutignal cefgrenges,nt st
such as curriculum objectives, standards of learning outcomes and criteria for assessing
st ude n tAllalw& Mdttiér Lopez, 2014 p. 153. This processhelps teachers
developa common understanding of standards and assure consisteddprma
shared recognition of performances that correspond to those standduidh,
collectively contributeto the reliability and véidity of marking judgements (Adie,

Klenowski & WyattSmith, 2012).Adie, Klenowski & WyattSmith (2012) well
illustrated how the interactions between teachersasn col | ecti vely dev
interpretation and us® standardghrough theiparticipationin the moderation meeting

€ prior to a moderation meeting, the teacher has interacted with the assessment task and
the standards to develop an understanding of what denotes evidence of a particular
standard. This event is connected to ottigorical practices and interactions in which the
teacher has taken part that has informed a particular interpretation and use of the standards.
Once this teacher meets with other teachers in the moderation meeting, this interpretation
and use of the stdards may be challenged or confirmed. New understandings develop
throughthe negotiation of the standards with the other teachers involved in the meeting.
(p. 225)
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This accounhighlights the crucial role ahoderation meetings that mediate multiple
teache s6 personal \nto & wesnmaen rurtblergtanding adaslsessnment
decisions based on In this chapter, utilisethe concepof collaborative summative
assessment armbcial moderatiomo investigatehow the three teachers, in the second
year of the study,planned enacted and reflected on NOS assessn@apared to
assessing science, assessing Na@sinvolvemanyadditionalcomplexities given the
topic-specificity of assessmer{Bection0). Moreover, & discussed irthe earlier
chapters NOS knowledge idistinct from scientific content knowledge iseveral
important waysAssessment of NOfius hinges owhat it means to understand NOS,
how to plan and desigassessment tools that can best capture such understanding, and
how to connect the assessment with stude
(Hanuscin et al., 2020)n this view, a closenvestigationinto t e a ¢ Heeision 0
making process can reveal marsybtleissues around assessing NOS specifically.
When a teacheassesseBIOS aloneher practicesre likely toremainprivate; It is,
therefore possible thatssues and challengeare kept to herseklind not deliberated
Howeverwhen NOS is assesskya group of teacherthe issues can be revealed more
vividly as they are deprivatisedroughthe process afocial moderatiothat involves
multiple teachersvith a sharedoal

In the following, | first explain the broad and specific contexts in which the three
teachers engaged in the collaborative assessment as a subject team and then describe
the five st epammative assessment @ractides (1) @utlinfng and
communicating assessment plans, (#anning assessment tasks, (3) enacting
assessment tasks, (4) moderating marking, and (4) marking and grading (S&gtion 6.
| then provide an kdepth analysis of the eraf-semester assessment meeting and the
decisions made in that meeting, which was to determine thefeledm marks recorded
in studentsd ¢ omp r(®ebtienntd).iAg will I aikcassddthisr e c or d
moderation meeting revealed several crucialessnd challenges of the summative
assessment of NQ&8ndmany ofthese were not something that couldudly resolved

with a single meeting.

6.3 Process of collaborative summative assessment of NOS
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In Korean high schools, it isot unusualfor teachersto plan their teaching and
assessmerds a teanior a school subjectt is less common for advanced, elective
science subjectsuch as Physic4, Earth Sciencel and Chemistry2, since these
subjectsare usually taught by one teacher due to¢kaively smalhumber ofstudents
taking themOn the contrarysuchcollectivepracticesaremore populafor compulsory
subjects such as Integrated Science and &l€ording to recerdurveys(Byun etal.,
2019; Kwak, 2021

When such collaboratiors required teachers set uputlines for teaching and
assessment ia recurrent meetingalled a Gubject teantonferencé Semester plans
aredrafted andnade publichroughthe School Information Systeoperatedby the
Ministry of EducationTeachers decide dheactivitiesthatwill be aggregatéor each
s t u d e naf-térs gradeatthoughthespecificcontentof theassessmersuch as the
written test questionandtasks for performance assessmsnisually decidedt later
stages Such moderationwas a routine practice for thtareeteachersn this study
whenever multiple teachers engageteaching the same subjesimultaneously A
conversation with Ms You ithe following shows to what extent the teachers in the

schoolused moderation for marking student works

Wonyong: € When you manddd and lessay questiads, teachers
individually do it?Do they mark the students they are teaching?

Ms You: Right.
Wonyong: Then do yowsually discuss the criteria ahead of time?
Ms You: Yes. Although we roughlget the criteria, after doing [marking] them,

we meetagain to revis& Forphysics, thenumber of students [taking
the subject] is small so | mark them all. Bieg 1, and Physics 2 alike, |
do them alone. Fdntegratedscience Jast year whethree of us taught
the subjectwe had a meeting before the tasksd then after the task,
each ofus did some markings and talk abbatv many marks for which

item.

Wonyong: D o n 6 tdecigeif,Uike, each teacher can give some percentafjag|

and some percentagef [Bs and so gf?

Ms You: Wedidrit6 do t hat.
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Table 6.1 Steps in the collaborative assessment of NOS

Steps Description Mode
Outlining and communicating Making a list of main NOS Collective
assessment plans assessment tasks

Decide how the marks will be
aggregated for the final grade

Communicate assessment plans to
students

Planning assessment tasks  Design the NOS assessment task Mostly private

(worksheet, instruction, etc.)

Design the lesson that precedes
and/or follows the assessment ta

Enacting assessment tasks  Implementing the NOS assessmeni Private
task in the classroom to collect

information

Moderating marking Discussing detailed marking criteria Collective
based on examples of student
work

Marking and grading Awarding marks to individual Private

student work andggregating to
decide enébf-term grades

Wonyong: Then itdos still p osdbetterindrks,and dnatlter o ne t
teacher doesnot ?

Ms You: Yes. So theravasa huge difference betweenaslses last year, btiie

criteria are thsame(Interview, March 202D

Ms Namfelt thatin herschoo] more emphasis was put on moderatimmpared to

other schoolsvhere she had taugahd that teachers were conscious altioeiissue of
comparability Thiswas connectetb ensuring fairnesandminimising the potential of

grade appealéinterview, March 2020)Whenthe three teachensere asked by the
schoolto teach SIE tahe Grade 10 cohorthey followed this usual practice to
collaborate for planning, enacting and marking the assessrmabte6.1 summarises

the steps in which the team planretd conducted NOS assessment throughout the
semester constructed from the assessment and lesson plans, interviews and
observatonsThe teamdés activities were broadly
purposes, anckach step was characterised in ters of the degree to which the

assessmeselateddecisions were made collectively or privately
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Allal and Mottier Lopez (2014arguedthat teacher collaboration for summative
assessmeiianbe classified with regard to and the aims of collaboraahthe objects
of collaboration The collaboration reflected many levels of objects and aims, although
they were not given equal significande.their framework teacher collaboration in
summatve assessment cdmave several aims. Firsteachers may collaborate to
increase theonsistencyandcomparability of assessmeiiiroughthe use of common
assessment procedures or wvgglecified standardsSecond, collaboration can
contribute tothe qualiy of summative assessment by simultaneourstyeasingits
validity andenhancingst udent s 0 | e a rThirdnteacher gkoflabarationn c e s
can increase theoherenceof procedures in summative assessmanterms of the
formatof the assessments and the methods for aggregation. Hbegh,ensure the

transparency of summative assessment practices and judgements

Theyalso identified four objects on which collaboration can foce. first object
isthet eachersé conceptions of summatTheve as:
second object ithe construction and selection of assessment methaaisd the use
of them in the classroom. The third object concetims assignment of gradeso each
task that stud#s completedFinally, the fourth objeds the determination of grades
and other information to be recorded in student report cards and other official
documents (Allal & Mottier Lopez, 2014)n the following, | describehe steps of
collaborative summate assessmermver the semestewith a focus on the aims and
objects of collaboratiothat stood ouin each step.

6.3.10utlining and communicatingassessmenplans

An outline of the three assessmentasks and how theywould aggregate towards
st ud e ndf-terdhgradesdereagreed upomarly in thesemesterThe teachers put

together adraft semester plaior teaching and assessmesarly in the semesté?t

10The plan for each subject is required to be disclosed via the School information System
(https://Iwww.stioolinfo.gokr/), following the Act on Special Cases Concerning the Disclosure
of Information by EducatioifiRelated Institutions. Hence, teachers need to upload the draft plans
with the weekby-week contents of the curriculum and assessment tasks (inclwlimghey

aggregate into the final grade) early in the semester.
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During this processt he t e a mo0 sthedelectiors of assessment tasks were
principally based on the learning experiences that each task can afford, ratlikethan

ease ofnarking for the teachers themselvasi | | ustrated by Dr Ki mb

Dr Kim: Ithinkwe really dithtadseseméne. ohn f act
just use thingslactivities] that are good for assessment. We focused

much on the fact that kids do somet

too hard to assess so | etds not do i
didthi s 0.
Wonyong: So learning is before assessment. You delcagtethe content first and

think aboutthe assessment later?

Dr Kim: Yes. That 6s onabsgssnwemrt crittga@fiedvards. Although
we dd have some bhig picture at the stéimterview, July 2020)

Her response showhat this first stage of collaboration servwbe aim of improving

learning throughlsummative assessmeiitis practiceo f 6 b i § enpctmerniur e
moderationof criteriad was an unusuabpproachcompared tot he t eacher so
practicewith other science subjecfBhe teachers said that for typical science subjects,
which aremainlyassessed through multipthoice testghey spend a gredealof time

selecting the questions and choices so timattest can discriminatemongstudents

based on the Stanine scélgerviewwith Dr Kim, June 202 Insteadyhen assessing

NOS, the teachetsadsignificantly fewer concerns abowdccountability at theutse,

asthere was no olgation of normreferenced assessméht

Although futher modificationsto the initial plan were expectedo suit the
changing COVID19 circumstanceshethemeof each activityhad beemletermined by
this point andthen announced to studentsa a 4-min video clipuploaded on the
platform (Lesson videoJune 202Q)In this videocreated by Ms Yoand published to
the entire year groypgheexplainedthat the three assessment tasksild ke included
for the marksalong withsome details about dealing witudent absenc#®ls Younot

only explained the assessment plan but also justified some aspects of theoplan.

1 This policy expectedly resulted in grade inflation in SIE in many schools, but it was not
particularly problematic because maost other subjects continued to be graded in the traditional

(i.e., Stanine) nornreferenced system.



Chapter 6 147

examplewhi | e expl aining the first assessment
subject, we should be actually doiwag gr ol
now have a guideline asking to reduce group activities because of CT®/4Dd also
havefewerpracticals So i nevitably wedre dlessong an i
video, June 2020 This process hows an example of the te
as®ssment transparehy usinga video clip to communicate summative assessment

criteria (Stiggins, Frisbie & Griswold, 1989)However,this videoprovided only an

outline of the tasks rather thaime criteria for marking each tashat were not fully

decide until the assessment moderation meeting attideof the semester.

6.3.2Planning the assessment tasks

Once theassessmemutlinewassetand communicated to studefitse teacherbegan
to planthe content of each assessment takis mainly included making thactivity
worksheetand planning the instruction thabuld precede or follow thactivity. One
key challenge especiallyduring that semesterwasto planinstructionand assessment
for the alternating online and ipersonlessongduringthe pandemicConsideringhis
unusualfformat,theteam decided thaheywouldfirst providean asynchronous online
videoto providethe background to the task and use the followimgerson lessofor
theassessment activity

Common to all three tasks, the teachers worked largely independently of each other
in the lesson planning and assessment deSigair collectivedecisions were limited
to the issues of who would be in charge of which actewitgt what would be the focus
of that activity. Further details wete be decided by theneteacher in charge, and no
feedback was exchanged about the content of the lessibre worksheet.Making
introductory online lessons for the VNOS task were ddiidmong the three teachers:
Dr Kim producedthree videos, Ms You two, and Ms Nam one video. In the case of
VNOS, the team focused on addressing various NOS aspects in the lessons and finding
good examples that can contextualise those NOS aspects. Sintaskhesed an
existing questionnaire, they h&eslverconcerns about designing the assessment itself.
In contrast, for the clouds and scientific methods activitresdesign of the learning

experiences and assessments occurred iteratively. Neverthélesgathers still
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worked independently in preparing the lessons and workshéets. showsthe
complexity inthe degree to which trimmativeassessment was collective

The task desigprocessalso was subject tine pandemic effed¢b a certain extent
Overall, two major impacts of COVIEL9 on this stagetood out First, sincethe
changing pandemic situatanncr eased teacherso6 workl oad
teachers did the previous year could not be recycled in the hybrid teaching setting, the
teacherdelt thatthe whole process was rushed than usual. This issine wiorkload
at least in part explainsehack of feedback on the lesson and worksheet dbsigreen
teachersSecond, the hybrifbf online and irperson)classes significantly reducée
class time that teachers could use for assessiftait.selection and design of the tasks
thus werefocused orfinding Gsomething thatould be done withian houd? (Informal
conversation, June 202@ue to this time constraintwo of the activities, VNOS and
scientific methods, wergesignedaspaperandpencil tasks.

6.3.3Enactment of assessment tasks

When the lesson and assessmeete ready, the teachevho was in charge ahat

session recorded\adeo and posted ibn the online platform so that studentalc

watchit. In the following inperson teaching week, td&minute class time was used

for studens to work on the assessmeask and fill in thevorksheet individuallyEach

of the three teacher sod6 enacisdeseribedndethil t he t
in Chapter 5As discussed there, the enactment was mostly a private practice, and as a
consequencethe teacherslid not enact the tasks in the same wa@ynilar to the

previous stepthis enactmentstep did not involve much collaboration among the
teachersThe aims of each actiyitand the assessment criteria had not Hedén
developedeforethey were enacted the classroorbut only became clearer when the

team met with completed student wdrkstsfor moderation

2She meant a ©6hchhdabses reduced frotn the wshal 50 minutes down to 45
minutes due to the pandemiic the pevious year when there were no restrictions on clags tim
the teachersised to spendhore thamoneclass hourfor an activity, as in the example of the

paradigmshift activity that will be described in Chapter 7.
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6.3.4Moderation of marking: Defining and bounding acceptable answers

After all theclasses were finishethe three teachers sat together to discuss how to mark
the worksheets they had collected from studants how to convert these marito
endof-term gradesThar eventual task was to convert the worksheets collected from
each student to a final letter graoieA, B or C. Suchmoderationmeetings were
frequent in subjects that included activitgsed assessment (as opposedritien
examinations) as a major element. Ms You explained that it was common to have two
assessment meetings: a-pmarking meeting to agree on the focus and criteria of
assessment, and a posarkingmeeting to develop detailed marking criteria afteheac
teacher conducts a preliminary round of marking (Interview, March 282@e time

of this study, howevennly the premarking meeting was callatiie tothetime limit.

One key function of collaborative summative assessment and social moderation is
to setand delinea marking criteria(Klenowski & WyattSmith, 2014. The t eamé s
moderationfor marking occurred broadly in two steps. The firstlatively simple,
processwas todecidethe distribution of marks across the questions in the worksheets.
For examplesince the assessment plan stated Samarks would be given to the
VNOS taskas a wholgFigure5.1), the teachersdd to decide how thosg) marks
would be distributegvithin the taskin the meetingMs Youpointed outhatsometimes
students did not ¢ihithd wogsibeet &an exanpleasforthe qu e st
questionDescribe what science is amdw it is different from other subjebts s o me
students onl\answered the first half of the question but not the |aktez.teacherthen
agreedthatthe completeness of student answeosild provide one clear critesn for

marking.

The second stepf the moderation meetingwasdoe f i ne t he O6correct
@acceptabl ed answer s Udike@dgndthecamplesténessaof 1 n t
an answr, making differentiation within the compléteanswers involvedmore
complicatedprocedures For each assessment task, the teachers were faced with
challenges that madedifficult t o , borrowing Dr Kimbs wor d:

of individual studehanswers

1 DrKim € They wrot e t.fAheieisthexighhangwbr@andg ht s
therredarons for that, but I think

based onfthatyé wrote something, we
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say it 6vee shouldgivegither a full or half markThen, if
[the question] required two things and they wrote two, they get a
full mark. And if wrote only half §ic. She meant onethey get a

half marké This will make it quite discriminating.

The reasonvhy the teacherdecided tcavoidthed r i g ht jadgementwil beg 6
illustrated in Sectior®.4, butaside from the reasenvhy, it is important to notérom
the abovequotethat the problem of marking was reduced rteerely countingthe
number of completed questionss becomes clear in heemark, discriminatiorwas
mainly achieved bychecking whether a student answered everythatiger tharthe

level ofunderstandinghattheir answer represent

Although the teammanaged tccircumvent the quality evaluation problem by
focusing on completeness, problems remaiaedohow todeal withé c o mp | et e b u
absolutely WwWsNand éf anede o6 s e aielevant twandoutg 6 t o
oft he quest i(loterview, Julya2620)Eax the VNOS question about the
difference between a scientific theory and &, lslae thought it deserves no mark if the

answer concerns neither a theooy a law:

Wonyong: Really wrong ones, what kind of things [answers] agally wrong?

Ms Nam: For exampl e, what did | have €& | g

something unrelatedto the content.

Wonyong: So itds not about uncl ear answer s

guestion at all?

Ms Nam: I'tds not | i ke Theyhangweretj bdtrsdmethireg thatwe r .
has nothing to do with a theory or a law.Just those with answetisat
dondét mat c hintenhew, Juyl@26)t i on .

In anotherexample the teacherbad to decide the criteria ftine final question about
finding a similar historical exampie the clouds task workshe@an you think of an
example where the resulf observation led to the discovery of classification? Explain
your answe). In the assessment meetings You brought upwhat would be an

Ol | utely wrongd answer :

1 MsYou € So for tihfi si tgbuse sa b toenhourtark, byt wr ong
i f itds hagw amark, shauld weedo it likeghat?
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2 DrKim: Right. Absolutely wrong examples would Bech as, if it [student
answer] is completelgboutexperimentationExperimentation of
course involves some observatidnit since the question said we
get some pattern@bservation and classification It needs to have
some cl| as si doffithatdinetoo much therino marks. s
When a kid asks [to appeal]we cansurelys ay Ot hat 6s not

classificationo6.

In Dr Kimd semark sheel abor ates t hat the standard t
answersvould be whether the answer represdyath observation andassification

(which werethe main learning goaland such a sitegy wouldower the risk of student
appealsagainstthe gra@s This conversatioragain showshat the focus of marking

was movingtowardsgiving a full mark unless the answer is incompletalmsolutely

incorrect.

However,this agreedriterionturned out to be far less sufficidior each teacher
to markthe hundreds oftudentworksheetsWhen | talked about thigter with Ms
Nam,she gave an example thfe answers to which she gave a half m&te gave a
half mark to those studentgho wrote anon-historical exampleof classification(e.g.,
an everyday examplesince the questiomskedspecifically to name ahistorical
example(Interview, July 202Q)Similar to this in marking the answers, the teachers
tended to rely orcriteria tha they consideredeing straightforwad and inferred
directly from thequestion itself but other than thé obs er vati on and cl
criteria discussed in the moderation meetihgse personal criteria were not shared or

deliberatedvith the other teachers.

6.3.5Summary

Throughouthe process cdfummativeNOS assessmetitus far it should be noted that

the degree otollaboration differedsignificantly across the four stepélthough the

outlining and moderating processes weoHlaborative, the enactment of assessment
activities and marking remained mostly solitary and privatzordingly, different

aims and objects of collaborative summative assessaezatound in each s In the
outlining step, t h e pringpally hirmed atéselectmdNOSa b or a't

assessment tasks that could maximise student learratiger than at assessment
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related issuesuch as discrimination and the ease of gradiings step also imived
developinga shared understandinfjassessmenbut this wagocused ordealing with
the fastchangingassessment policiekiring the earlyphaseof the coronavirusyhile

substantivaliscussions aroundOS-specific assessment concewerelimited.

Since the middle steps of designing and enacting assessmentsdependently
done, their collaborationserveda minimal role inthese processe§.he lack of
exchanges in these steps lat@used some issues in terms of comparability and &srne
across teachergarticularly with the clouds activity wheteh e t eacher s o
differed significantly(see Sectiol.4.2below)

Theobject ofthe endof-termmoderatiormeetingwas primarily to determine the
term grades based onllected worksheets, atite meetingervedhe aim of increased
consistency and comparability miarking among the three teachdosa certain exnt.
Themain outcomes of the meetingreseverakriteriato discriminate amongtudent
answersand to prevent student appedistsincethe teachersvere interested more in
counting completed answerdhan assessingthe quality of each answer the
discriminationwasonly coarsely maddn the following, Ilook more closely into the
specificchallenges othe summative assessmentNDS that unfolded in each dhe
three NOS assessment activitiesed during the semestdry analysing the teacher

t eamoOs onodarmgethie snaderation meeting.

6.4 Challenges of NOSSummative assessmentevealedduring

the social moderation

6.4.1VNOS task: Out-of-rubric student answers and thequestionof6 i nf or me d

viewsvs more mar kso

Of the three NOS assessment tasks, VNOS was the only task that had already existed,
been tested for validity, and came with a scoring rubric (Lederman et al., 2002). Dr Kim
had shared to the team a rubric with illustrative example responses representing
informed and nave NOS for each of the questions, before they met for moderation.
Such readyto-use rubrics provided to teachers are typically believed to facilitate
moderation, and eventually increake reliability of assessment by &6 maki ng

en

e X
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the match between the evidence of the ¢
(Klenowski & WyattS mi t h 2014, p . 78) . However, i n
it was soon agreed that the rubric was not very effective or applit@brearking

student worksheet#n the moderation meetinlyls You started off bygayingt hat o0t he
level classification for nave, mixed and informed NOS views] the rubric is sort of

di fferent from what Kkids wr otiem®forpeMect Na m,
marks in each question should be discussed. Dr Kim said that even for her students,
who she found were all hardworking and brilliant, not all of them wrote very good
answers. Along with this dissatisfaction, the team also noticed that shzsnts had

left some questions unanswered. Moreover, there were many instances where questions
were only partially answered; for exampeme studentsnly answeredhe first part

in a twopart question.

Another issuewith VNOS became apparernhroughthe discussion abouine
student 6 s Man ¥ wlasé3ome avis Y studerddad responded that
there is no difference between scientific theories and scientifi¢ Valwshwasbrought

up during the moderatior\fter referring to these answeids You said

1 MsYou € These ar e i n &oasliond)asdheyswiotetolsane g ht s .
extent,acircle[fullmarkknd t hose who said ther

between a scientific theory and a scientific |1&ees it geno mark?

2 DrKim: It getsno mark

3 MsYou Just soanark i did&ano markfor now. (chuckles)

4  DrKim: Yes. VNOSis madenot for this khd of purpose, anyway.

5 MsYou Because some kids said no [difference] and explained some reasons

for that . (Adsessmentmeetmg duly 2020

The beginningpart of Line 1 reveals howMs You perceives the nature of VNOS
questions: Theyxoncernd ndi v i d u ad Gven stch anuirdehptetsition of the
guestions, she was unsure how to mark the answeshitiald be categorised as nave
NOS views according to the rubiiice., no differencebetween theories and laws) but

still did providereasons for their answetdereare some such answers:

| think there is no differenc&ecause a theory can become a law, and a law can become

a theory(Student answer)
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I think there is no difference betwea scientific theory and a scientific latvtheory that
6Gravity i s dir ec teedduptecaning tdedawBfgravityhsd kthink n s i d e

laws and theories are the same. (Student answer)

I think people build on scientific theories ¢stablishscientific laws. Therefore, | think
laws can bencluded in scientific theories. If theori€slaws'®, theories and laws cannot
be always the samdn the future, we may observeome results that \

experienced yet, so | think they are netessarily the samgStudent answer)

On the contrary, there existed many answers saying that they are different things,
without corroborating why they are different, or on weak, incorrect grounds. Some

examples included:

I think thereis a differenceFirst, a scientific theory is a confirmed thing. Fact. It talks
abouts ci enti fic truth, whereas a secubjectivei fi c t
ideas moreso they are different in this respg&tudent answer)

| guess there ia differencebetween a theory and a latvtheory may have sonegrors,

but I think a law is the oppositéStudent answer)

A scientific theory is a theoretical result ®fc i e rexperisménts @r research and a
scientific law isjust abasic andgcientific thing without experiments or research. (Student

answer)

Evidently, subjectivity, fallibilityand experimental badisat these answers referae
not the characteristics thatistinguisha theory and aalw, according to VNOSFaced
with theseproblematicanswers,the teamfound the existing rubric unhelpfulfor

decidingwhich of these responsesowid be givenmore marksThe simplified rubric
could not discermvery possible and complex answer to an egresed questiomor

did the teacherattemptto construct their own rubric from hundredse$ponses.

Aside from the difficultyof marking VNOS, there was a sens@&afppropriateness
in using VNOS for summative assessméfg.Namcharacterised their agreed marking
criteriaasé b r o0 a teéognasad dhat these criteria were not necessarily reflective of
the VNOS rubricsin the following conversation, she distinguishes betweleait she
call ed t he dndeestardinghai individual Nt@dents hold artde marks

13 The actual student answer had a Venn Diagram describing this subset relationship.
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they desrve from classroom assessment

Ms Nam: So you can discrimina@mongthe levels*but | t hink itds r
turn those into marks. Assess? Although we can test it.

Wonyong: Is the problemwith convertingthe levels into marks anging them for
a studentdés school record?
Ms Nam: Yes. So the reason why we marked broadly was since it <co

be assessed in brokvels.
Wonyong: What are the concrete problems in converting thosaniatdks?

Ms Nam: When there are the low level and the high level, for examplaeye
canbét dthe low levellgétdeveer marks and the high level gets
more marks. So we just broadly treated thers the same [marksFo
that way it should work, but when we want to be more specHit
would be harder [to mark]. If we do the same thing next year, | would
perhaps do it like this in a broad way.

Wonyong: What you meaé tolgiycathdrkuomd @8 si $t 6s too

Ms Nam: Right . D o n 6 t betweerdow rlevemand kgh devel, but
altogether, they will get full marks as long aghey wrote the reason
properly. (Interview, July 2020)

Inotherwas d s, Ms Na nténde icterpmetee gsiorissingr easoni ng 0sKk
ov er NOSin shramatveyasgessmemhis view cohereswith | | chi nds (20
criticism that VNOSare aimed at characterisisgt udent s Vv iassessngr at he
s t u d enowlesigie which calls into question its value as a classroom summative
assessmenAl ong with Ms Youds comment about 0&i
view here reveals th#tte experience of using VNOS for summative assesdexdtiie

teacherdo recognise th@roblems with using a researckiveloped NOS assessment

for summative classroom assessni{eaeSection8.3for further discussion

YHere she i s usi ngave)rhiedandisfamet wews of NOS sugdestedt h e
in the VNOSrubric.
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6.4.2Cloudstask: Fairnessand different enactments of assessment

Studentled inquiry activitiesin the classroonareone common way to contextualise
NOS instruction (Allichin et al., 2014). However, when a NOS tastails these
activities, they arelikely to addnew complicating variables tassessmensince the
enactment of activities itsetiinges on many conditiort® be doneintendedly and
uniformly. Such complications werebservedd ur i ng t he teambs
clouds activityduring themoderationWhile sharing the results from their preliminary
marking, the teansoon discovered that each teacher implemented the activity in
different manners and in differephysicalconditions which raisedhe question about
fairnessin assessmentn the following conversationthe teachers realise thttey

provided different levels of guidance to students during the activity

1 DrKim: € | provided a lot of information about clouds during that
[activity]. | gave answers to their questions. they couldfind a
way to the answerDid you not say anything at all?

2 Ms Nam No.

3  Ms You I almost didndét say anything
4  DrKim: [To Ms You] It rained on the day you did it, right?

5 MsYou RightSo | ¢ o iidutdide and ondly did it in the classoom.

| thought it would be unfair if | answered only to the kid who
asked so [instead] explained again to the whole class. If someone

askedansweedto the class.

As described isections.2.2 Dr Kim frequentlyusedformative feedbacknd scaffolds

di s

to studentsluring the cloud actiyjt t o h dlippdt t b va ywhdre® t he a

the other two teachergere cautious to give feedbaglknes 1 3). Ms You states that
it woul d h aishe Hadneweedonly totha studeit who askadjuestion
(Line 5).Then Dr Kimsaid

6 DrKim: The[clouds]worksheet has lots aiformation unlike VNOS. Also
we had the PowerPoint slidéth the picture on the scre¢auring

the activity] é So wouldnoét we

Here, Dr Kim emphasises the worksheet itself haduch information about the task

availabk to studentsso theres somedegreeof uniformity despite the differernevel
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of teacher helprovidedto studentsluring the activityLine 6). On this ground, shis

suggestingthat discrimination would still be possiblén the conversation that

immediately followed, howevea, relatedssuepertaining to fairnessasbrought ud

thatthe three teachers enacted task in different weather conditions.
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Dr Kim:

Ms Nam

Dr Kim:
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Dr Kim:
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Dr Kim:

€ | t 6 s didirmuistlowtarmd middle clouds.

Right. Butwh e n
fact.

It
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i t §as amattérefl y

So how do we to this? The cloud heights were various [when |

enacted it].

Were they?

Yes. | had different kinds [of clouds].

Ah, it was a clear day?

One day we did it in the classroom on a rainy day. Anotheday

there were lots of types of clouds.

For me, it was cloudy and drizzly, or about to drizzle,so mostly

cumulus clouds when we observed.

It would be easy to mark, then.

Right. Middle clouds and cumulus.

Yes.Thena kid who wrote high cloudsand cirrus gets no mark.

Yes,| did say that [cirrus] was wrongubt

to say

mi ddl e

cl ouds.

wasnot

distinguish low and middle cloudgith naked g e s ] ¢é

Then we say middle and low clouds are correct answers, on rainy

days? As

| wasnot
Ok avy,
itds corr

some clouds e e n

understand it at all.
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Thesequestions aboubbserving,drawing and identifying cloud#ere notto assess
NOS undersandingsin themselvesbuttheyincludedscientific practices from which
the nature obbservation and classification couldderived and learnHere again, the
teamis takingthe strategy ofdeciding whais wrongd(in this case, saying cirrus on a
rainy day)instead ofdeciding what is riglit(Section6.3.4. This way,all answers that
arenot 6 wr o afylbmark and cogsequentlyhe potential fairness issue from
different weather conditiondecomes less problematiat the expense of finer

discrimination

Suchanapproachwasobservedagainwhenthe teachers were discussiagother
guestion at the end of the workshéetllowingthe questions about drawing, describing
and identifying the clouds that students observed, this last quaskied for a specific
example irthe history of science whergientific observation led to the discovery of a
classification systenAfter looking at the student answensthe collected worksheets,
the teachers encountered some complicated problems in marking this qudsson.
frequently, students referred taetdiscovery of the periodic tabl®ne student wrote
t hat 0Scienti sts ob discovereddthatvtizosei withutse same e me n
number of valence el ectr oflsetehcheragreedthani | ar
this last question was importantthat it concerns linking the earlier questions toS\O
but found it hard talecide whether tmarkthe periodic tablexampleas right or wrong.
Ms You mentioned that she was not suréhé periodicityof elements can be said to
have been discoveretdroughobservationor experimentatio® When this issue was
raised,instead of delving into it, the teachers quicllscidelt he cr i teri a f o
wr ong o6 (see Sesto.334 and moved on tthe next taskThis suggests that
the lack of knowledge about the philosophical aspect of science (i.e., observation and
experi mentation) can restrict teacnhierso

15 She did not elaborate why she was not unsure, nor did the other teachers add anything, but
there are some possible reasons why she thought so. For observation, it can be problematic to
say since the valence electrons were not observable whgrpeaddic tables were proposed.

For experimentation, the process in which the periodic table was discovered did not involve
much of Oexperimentsod that t yhgvadabldslThereasnt ai |
room for philosophical discussion atidibese issues, but it would have been impractical, if not

impossible, to have such discussion in an assessment moderation meeting by teachers.
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of NOS.

To summarise, for the clouds activity, the teachead two major issues: one
concerning the different enactments of the activity, and the other concehang
difficulty of judging the correctness of student answers. The fosteermed from the
fact that this particular activity involved studdat, hand=on investigationswhereas
the latter is essentially similar to the challenge they had with VNID8.teachers
handled these issudxy defining wrong answers analowing marks togrey-zone

answersin other words, byetting a generous marking scheme

6.4.3Scientific methodstask: Reading lteracy and content knowledge demands

Assessmestshouldbe presented in an understandable forimatt) linguistically and
culturally (Lam, 1995).Meanwhle, reading scientific texts ofteposes additional
challengegor students, due tiheirspecific characteristics such as vocabulary demands,
academic language, contesfiecific usages of words, and nominalisations of verb
phrases (Osborne et al., 2016). When it comeagssessmengssessment tasks are
6saturated wi t h ughtdacherssaceyfted mtrawantduis QVyatl t h o
Smith & Cumming, 2003)An extreme case of such literacy demand issue would be
with students whose first language is not the language in which assessment is conducted,
but literacy can still mattavhenstudents areassessed itneirfirst languageln science
instruction and assessmeitite concept oliteracyextends tancludethe ability to read

not only textsput also diverse modes of representation such as equations,gedpés,

and figures (Krajcik & Sutherland, 2010)For these reasonshd literacy issuein
assessmeris closely associated witlthe fairness and validitpf assessment tasks
(McDermott, 1999; Stobart, 2008).

Along withreadinditeracy,manyNOS assessmedemandstudentdo haveprior
knowledgeof relevant content knowledge of sciertoevarying degrees$-or example,
understandingthe ent ati ve NOS through the exampl e
cannot be adequately achieved without a reasodabieef understanding of the laws
themselvesSimilarly, an understandingf how massive transnational collaboration
was crucial tahe detection of gravitational wavean onlybe achieved when student

have basicknowledgeof general relativityand the chaacteristics of gravitational waves
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Such knowledge demand for NOSarning and assessmeoan be particularly
problematic forcertain categories of NOS knowledge, suclthasnature oscientific
methods and scientific knowledgghis ispossibly one reasovhy textbooks oftenise
very simple examples to illustrate NOSCénsider theclassicdhlack swadanecdote
used to teach about the inductive medhather tharauthenticcomplicated examples

from science

Throughout he t hree teacher s 6 diteratynandconteat as s e
knowledge demands were the central problems in moderating assessmentdsk the
about the inductive, deductive and abductive methods in sciRegardinditeracy, it
should be notthatthe earlier twactivities(VNOS and cloudsalsorequirds t udent s 0
literacy for comprehendingthe questioa Still, this last assessment taskas
particularly demanding in terms of literaicythat it includedreading aone pagearticle
about abduction that students were not familiar with and answering questions based on

the readingThe teachers said that the task was difficult to implement in the classroom.

1 DrKim: € So t he [thesaentifictmethodtesK was quite difficul,
wasn?2t it
2 Ms Nam (Mimicking studentdn a high voicg Miss, | have no idea what
this means.
3  Ms You Li ke kids donét yknow the vocabul art
é
8 Ms Nam This was perhaps too difficulParticularly thisQuestion 5,kids

al most didnot u n dexplosldd.a fchiudies) t é T
(mimicking studenti ahigh voicg Whaton earth does this mean?

9 DrKim: Then e
10 Ms Nam For Questionb, we allow them to think freely and write?
11 Ms You Unless theyeftitb | ank ¢é (chuckl es)

This episodesheds light othe centrality ofiteracyin textbased NOS assessment tasks
The teachers say thteir students had difficulties comprehending the reading and the
guestionsabout abduction, whiclncluded many scientifi jargons and historical

accounts.Particularly problematic was Question Wwhich was aimed at assessing
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whether a studer{ga) undersandsabduction from the earlier readin@dp) understands
the reading h enodel, andtben {c) c&necpristaict & Bypothbgis
combining (a) and (b)Later in the interview, Ms Youaised a related, but slightly

different issue abouthe scientific methodwsk, relating t@wontent knowledge:

Ms You: € F Questions 3, 4 and bthink these wouldhave beereasier

for students who had learnt them in advance.

Wonyong: You mean, learnt what part?
Ms You: For kids who learnt the sciencelike earth science and physics
€ When a kid who knows Keplerbés | a

ge¢ this question é [they would ha
what theybébre required to do. Kep
schools yet, but quite a few students learnt it [advanced science
contents] from cram schools. Then
laws are, and that makes the problem easiefact the question

could be about summarising what theyhad heard of, instead of

setting the hypothesis.

Wonyong: In reality, it becomes not an assessment of NOS but an assessment

of some other subjects.
Ms You: That 6s a (Igeoviews, July 2020) t vy .

Ms Youds r e macokplicatedi problesn itheoaNOS assessmenthe
assessmentwastoevaluatt udent sé6 knowl edge in abduct
and their ability to apply it to construct a hypothesis based on what theyHmaever,

if a student alreadynowsK e p | e r they mayarie she answer without necessarily
understanding abductipas Ms YouwsuggestsSuch a reduction of NOS tagkcontent
knowledge task,lang with the earlier issue about literadgmangdmade the teachers

guestion the validity of theiNOS assessmentbut this issuevas to some extent,

managedy broadeningter ange of déacceptabled answers.

6.4.4Assessment for learning improvemenbr assessment for accountability

In theschootlevel summativeassessment practidée tension between assessment for

improving learning and assessment for accountabikyuirementsis commoty
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experienced by teachefadie, Addison & Lingard, 2021Cumming et al. 2019An
assessment should &epportive of learnindyut it should siraltaneously produce valid
and reliableevidence of student learningn the context of this studyhé lowered
accountability pressuifer SIE releasedhe teacherBom some of their usual practices
in the highly competitive assessment cultafeéheir schoal such adouble marking
for openended question@hat is, each student work is assessetiMayteachers) and
fine-tuning of choices for multiplechoice questions (teliminate possible alternag
interpretations).The teachers took advantage of tbhes accountability pressure to
prioritiselearningoverassessmemnddesigned the assessment tablasthey thought
could facilitate NOS learning best, rather ttfamones that could be later medieasily
by them.Thissuggests that trehange in national and distrilgvel assessment policies
fromthetraditional Stanine system tioe new system witfewergradatiors contributed

to the learningocused summative assessment design for NOS.

While the low accountability pressure léte teacherso putthe focus orstudent
learningof NOS this also meant thaome limitationexistedwith validity, reliability
and discrimination. These issudil nd cause serious problems sinite relative
significance of SIE in the whole of the school curriculum was Mwast other subjects
were still assessed in Stanine graaiesgsufficiently served the accountability purposes.
At the end of the assessment meetiigkim expressetierdiscontent aboutow they
decided to matk by saying that OWe thought we
assessment, buttdésvhreo dirfafdd rneggntédfimasense,doi ng
such a reflectiosuggestthat their attempt to use the three activities for aisgNOS
was a partial succesdn terms of het e a ¢ Intentien&ouse these summative
assessmentas meaningfullearning experiences for NQ&ere was some success
particularlyi n  Dr Ki mused freqaentdeediidquestioningscaffolding and
onrthefly formative assessmemturing theenactment of the activitieslthoughthe
amount of such interaction varied among the teachers. When it confesuaction
of summative assessmentdeport the achievements of individuals and satsfiglic
demands f or ac ¢tieelNOS asdessrhemibrg fairly inptedas 2 regult
of the teacher sd denstead ofestablishingdetaladrmarkimpe ner o
criteriathat can discriminatamongd i f f er ent | ev el srstandingsst uden
As reveal ed fdisappointmbneabadken avin decisodthey did not

make such a decision because tleeysidered it to beéhe best for the quality of
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assessmentt ratherstemmed fronpragmatic considerations thaty decisiaos about

classroom assessment shouldobectical in terms of thamount of time invested and

the level of expertise needed for teact{dtsComas, Clough &louri, 2020).Overall,

the episods presentedn this sectionllustratea tension betweethe quality of NOS
assessment such as discrimioiatand the practicality otlassroommplementation

The collaborative summative assessment, particularly the moderation process,
contributedtdbr i ngi ng t hi s i s dianebutthe processeplajeccaa ¢ h e r

limited role inbalancing the quality and practicality assessment

6.5 Chapter Summary

Thischaptei nvesti gated the three offNOSavdrthe s6 s u
semester as eollective practiee with specific aims and objects of collaboratibn.
identifiedthe step®fthet e a c ¢olalbortive assessmetite decisions made during

the endof-term moderation meeting, artle specific NOSelated challeges that

emerged while the teachers moderated markingrovided useful informatiomabout

the potential issues of NOS summative assessment by teaghersyusing a research
instrument such as VNOS, wheontextualising NOS within a studeled activity, and

when NOS assessméantolvesreading about philosophical or historigsguesin so

doing, the tension betwedme two functions of assessmgearning and accountability,

was discussed.he challengeseportedin this chapter can providasights for future

research and practice in NOS summative assessment, in both classroom -atakisgh
examination contextdvioreover, this chapter points to tlhenefit of collaborative
summative assessment of NOSinbringingac her s 6 v nsmtethepublicd de c i
space These findings about collaborative summative assessment expdraamtbe

potential to inform future professional developmpridgrammes o pr omot e t e a

NOS summative assessment knowledge and skills.
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Chapter 7 Instructional strategies that allow for the
formative assessment of NOS

In the previous two chapterishave illustrated how the three teachers in the school dealt
with the assessment of NOS particularly focusing on its summative aspects such as
accountability pressure, assesst criteria, grading, reliability, discriminating power

and fairness. While these aspects offer insightts how the classroom assessment
practice of NOS operates within the broader disciplinary, social, political and cultural
contexts of educatiorF{gure2.4), understanding how assessmiiated concernsan
manifestin the course of instructiowould further require an #depth examination of

actud lessons. As discussed earlier, evidence of student learning is not only collected
and used at the end of a lesson, a unit or a semester to report to stakeholders, but these
activities continuously occur while learning is occurring to inform the decisiate

by the teacher and students minute by minute in the classroom (Se2tB@nBuilding

on assessment theory as well as the literature on NOS instruction, this chapter sets out
to shed light on suclormativeaspects of NOS assessment in the context of instruction.
This is done through a close analysis of one lesson (over tworiile sessions) taught

by Dr Kim in the first year of data collection. This chapter is guided by the research
guestion:Wh a t are the instructional strategi e
assessment NOS? What are some potential issues and challenges involved in the
formative assessment of NOS?

Using the lens of formative assessm@nacticesto examine NOS instruction
focus on how the teachgatheedi nf or mati on abowmingdsringgdent s
daily wholeclass classroom conversatiornihe teacher elicitednformation from
students by giving a task, asking questamd facilitating peer assessmenand
recognised and used this informatitingive feedback and ask further questitms
promote learningWhat makes this lesson particularly interestinghest there arose
various scientific, historical and philosophical topics across disciplines, wtieh
teacher attempted full together to achieve the NOS learning gdais aspect fothe
lessomallowsshedding light on the role 6fh e t doanative assessment practices
in building connections between various elementdOSand the challenges involved

in such aprocess. n analysing the teacherods instru
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formative assessmerntnot only considerthe content of classroom conversations but
alsothe contextual factors such as the accountalslystem, classroom culture and

st ud e n tearrding m sciercr a holistic understanding of teacher practices

I n the foll owing, I first provide some
regard to NOS and what the lesson looked like, and also who were the students
attending the lesson. | thenalyse the wholelass conversations that occurred during
the | esson to characterise Dr Kimds insti
the ongoing and frequent assessment of NOS, with illustrative examples. In so doing, |
consider both theflordances and challenges of the formative assessment of NOS that
are observed in her lesson. In terms of the formality of formative assessment (Section
2.2.2), this chapter considers both formal and informal formative assessment by the
teachei Formal formative assessment takes place when a teacher plans and prepares
a specific set of tasks and/or questions that are targeted at the learninglyo & sgon
in order to check for student understanding (Shavelson et al., 2008), and students
produce some outputs that can be used for assessing and possibly grading (Bell, 2008).

On the contrary, informal formative assessment is not wholly planned ah&atk

but occurs spontaneously when the teache
classroom conversation and seitlee opportunity to support students in advancing

l earning (Nieminen, H®hki°niemi, Vi-iri, 2
based assessment activity that was designed and planned to support student learning of
NOS, which is an example afformal formative assessment. The result of this activity

was student presentations that were assessed by Drfdirhoth formative and

summaive assessmenthroughout the lesson, she also had to react spontaneously to

the various issuahatemerged owereraised by the students about the content of the

lesson to transform these into learning opportunities, and also ask questions to check
what students know and what they do not know. In this sense, her lesson included both
formal and informal formative assessmethiat havethe potential to improve learning

by eliciting student ideas, respondibg and acting upothe collectedinformation

18 Informal formative assessment is also referred to as interactive formative assessment (Bell &
Cowie, 2001), asessment conversations (Duschi & Gitomer, 1997; Ruino & Furtak,

2006) or orthe-fly formative assessment (Harrison et al., 2018; Shavelson et al., 2008).
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(Ruiz-Primo & Furtak, 2007)

7.1 Introducing Dr Kim and her students

As an earth science teacher, she had become interested in the history of science, NOS
and scientific methods during her rridreer stage. She recalled that, at some point in

her career, the national curriculum started to require more student activities to
included in science lessons, and this made her think of inqund/NOSrelated aspects

in the earth science context and incorporate them into lessons. This was because she
felt it to be very hard to do laboratory experiments in earth science whictatine,

deals with either historical or largeale objects and phenomena, most of which cannot

be brought to or replicated in classrooms. The increasing curricular emphasis on
scientific methods, inquiry and studesriented learning, however, led herdevelop

her own way of incorporating such change, one of whichthefsequent use of history

of science in her earth science lessons. For example, wheaugjidthe cosmology

part, she always refdt o how Copernicusods heekiocent
Scientific Revolution in the sixteenth and seventeenth centuries, and how it developed
into smaltscale to largescale cosmological theories. She felt that her students really

enjoy learning about earth science in a historical context such as this.

Although Dr Kim was certainly above average science teachers in terms of her
knowledge and experience in NOS, she had not taught anydl&@8ed lessons as
part of a formal school curriculum before she taughptradigm shift lessqibecause
NOS had not ben presented as a learning goal in the national curricula before SIE was
introduced. In addition, since the paradigm shift lesson occurred early in the school
year, and she had other duties in the schoolfedhinat she had not hadfficient time
to prepare the lesson. For these reasons, she recalled that most of her practices in this

lesson were more improvised than carefully plareteeiad of time

The students that Dr Kim teaches in this chapter were with high achievement and
motivation relative to ther classes in the same year cohort, across all subjects. This
was a common evaluation shared by Dr Kim herselffardcolleagueVs Lee. The
school had a policy of dividing a year group into classes based on the elective subject

a student chooses, ancethtudent in the observed class took a subject that is usually
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selected by higlachieving students. In addition, since Dr Kim was the homeroom
teacher for the observed class, she knew
levels better than otheedchers did. As a result, there was a friendly oiass
atmosphere where students comfortably express their opinions. In such a classroom
culture, peer feedback, criticism and emo
and comments occurred natlyalas will be seen in the conversation excerpts

throughout the chapter.

7.2 The paradigm lesson

Among the seven lesson sessions observed for the study, this chapter focuses on the
two sessions taught by Dr Kim. At the beginning of the semester in thgdastof
research, Dr Kim enacted three sessions on the paradigm shift and the development of
science. Understanding these concepts was stated in the national curriculum as an
explicit learning goal, although it did not specify on a concrete level howuidHe

taught (MOE, 2015). Dr Kim came up with an activity about the paradigm shift
(described below) as an assessment task, which was then agreed upon by the other
teacher who taught the same subject that semester. The rationales for her choice of the

paradigm shift activity will be presented later in this chapter (Seatidri).

From a research point of view, | selected this lesson as a focabaasamine the
formative assessment aspects of NOS instruction for at least two reasonghéirst,
lessoncontained lots of information that was new to both students and the teacher,
which required impromptu responses for both parties to respond tegentation and
keep the conversation going. All six groups presented on different topics ranging from
Copernicusds heliocentric model to plate
the students and sometimes even to the teacher, toba(ske€.1). Second, the learning
goal of the lesson was clearly pointed at NOS. In other words, Dr Kim had the aim of
teaching abouthe paradigm shift and howt leads to scientific progres¥,asked her

17Dr Kim developed this activity bad on a learning expectation set out in the GlEiculum,

whi c h Replieate thelcrudial experiments that motivated paradigm shifts in the history of
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students to present on this aspect, and assessed whether they understood this aspect of
NOS. These characteristics of the lesson seemed to prawiddeal context for
investigating the eactment of heformative assessmeptactices specifically related

to NOS.

Dr Kim taught the paradigm shift lesson over threenB0 sessions. The first
session was a teacHed lecture about paradigm shifts. She started the lesson by
explaining thatth¢ er m, paradigm, refers to a syste
opiniors and thoughts in a certain era. Then it was highlighted that while science
sometimes develops incrementally and continuously, at other times the development

occurs drastically fébwing a shift of paradigm. She elaborated on this key NOS aspect

by referring to the example of Galil eobs
textbook. Students were asked to challeng
faster thanilght er ones and to follow the steps
refuted Aristotledbds idea. Dr Kim then sur

on motion from Aristotle to Galileo, and then highlighted three interrelated NOS
aspects that codlbe drawn from the case: (1) There are critical experiments in the
history of science that led ta paradigm shift; (2) Scientific development occurs
through scientistsd research and experi me

by a newly confimed theory by repeated experimentation and verification.

After this introductory session came the two sessions that were observed and
analysed for the current study. Students were divided into groups of four to find an
example of the paradigm shift in fosy and prepare a 4din PowerPoint presentation
(Figure7l) . A summary of each gr oTalped.s Afflerr es ent
each groupos presentat i elass didoussionKennthei ni t i
presentation and facilitated and orchestrated the assessment conversation. For the first
few groups, she started the question or comments herself, but later she often let the
presenters moderate the Q&A to encourage peer participation. Each round of discussion
took between 10 and 18 minutes. Later she said that she couldtaffpendenough

science and explain how science developso6 ( MC
be rehted to the tentative NOS in the consensugAist-EI-Khal i ck, 2012) and t

knowl edged category in the aFRA model (Erdur al
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Figure 7.1 Group 1 presenting on the discovery of the doinglex structure of DNA.

The portrait of biologist James Watson is shown on the slide.

time for discussions because of the less examination pressure with the subject and she

could use class time more flexibly:

Researcher:  Then [how you teach] is not so much about the characteristics of the

subject matter, as about assessmenia ot her t hings &

Dr Kim: Influence a lot. How it is assessed gives me freedom for teaching. The
reasonl feel free to havel ong Q&As, is | donot h
curriculum content s. I'tds not a CS/

Test] subj exrtes sThhreg eldisk emol 6 m not bl a
every unit and dlotervdew, Apnl 2619 anyt hi ng.

While the groups were giving their presentations, Dr Kim stood at the back of the
classroom, taking notes of the presentations for feedinadigradingourposes. In her

notepad, she recorded summaries of the presentat®m@sc h group me mb
contributions and how they dealt with the questions and comments during discussion.

She wrote her general evaluation of each group as well as specific memos on individual

students when necessary. In addition, she also observed and recorded whether the

18 The data quoted in this chapter are from the first year of the shiélys indicated otherwise.
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students were &aally presenting what they understood or merely reading the script
without a good grasp of it, whether all group members contributed, the quality of the
PowerPoint slides, how much effort was putang so onShe later used these notes to
facilitate digussion during the Q&A, provide immediate feedback after the
presentation, and also produce grades for students at the end of the sémesten(,

April 2019).

While the presentations were to be evaluated and graded for the summative
assessment purpose, Dr Kim made it clear that she expected the whole process of this
paradigmactivity including the preparation, presentation and Q&A to be formative at
the same time. She expected thabughthe engagemeim the task and the discussijo
students culdreach an advanced understanding of not only the concept of the paradigm
shift but also the historical and scientific aspects of it (Interview, July 2020). This was
al so evident in how she used t htendi@&A t i me
the lesson goal and involve other classmates to ask questions and gitrmeeal
feedback which can be interpreted as informal formative assesghsemtfacilitator
and mediator of student learningr Kim promotedstudent learninghrough varmus
practiceghatallowed forongoing formative assessment throughout her lesgbich

are described in the following.

7.3 Instructional strategies that allowed for formative

assessment during wholelass discussions on NOS

The analysis allowedlentifying four topl e v e | t hemes from Dr Ki
strategies that allowed for the formative assessment of ti@8ghout the lesson
multicontextualising NOS, mapping examples onto NOS, focusing the discussion on

NOS, and exploring diverse NGSpects. These strategies unfolded in the six Q&A
sessions, sometimes initiated by Dr Ki moé.
presenters, giving compliments) but at other times by the questions and comments from
students either voluntarily or aftebeing called on by Dr Kim. In presenting the

findings, | illustrate how these aspects are revealed in her interactions with the
presenting students well as the whole class, what kind of moves contributed to each

of her strategies, and also describe twdwnplexities and challenges of tteaching
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andformative assessment of NOS emerge from the episddede 7.2 indicates the

codes that appearediae h Q&A session after each grou

7.3.1Multicontexualising NOS: Examining the paradigm shift in different

contexts

Dr Kimbés first strategy was evident in
she utilised multiple contexts to shed ligin a single aspect of NOS. The primary
reason for using this activity, she said, was to exemplify NOS in a range of historical
contexts (Interview, April 2019). She believed that implementing this activity would
also increase student participation aytwerk in groups. In the pos¢sson interview,

she described her intention by making multiple groups present on different topics:

Dr Kim: After | taught NOS explicitly with the PowerPoint slides | had made, [l
wanted to address] historical examples Her those NOS aspedtst 6 d
be nice to cover one [example] in depthut then it would have been
only about me [teaching it to students]. SIE has limitations in discussing
[scientific content] knowledgeSo when they work together, they

could encounter \arious topics of inquiry, various historical

exampl es, so that & qIntandew, April2019)e d t he

The above quote suggests that the paradigm shift activity was possibly the result of Dr

q

Ki mbs choice bet ween t Hearnitgrfrarathe@adiiviypmdhd de pt

acknowledged that either approach has values, but she chose to prioritise the breadth

for two reasons: to increase student participation and to allow for some learning of
content knowledge of science alongside NOS. In otlvords, she was
multicontextualisingNOS by setting out to examine a single NOS idea in various
contexts. In a study on instructional tasks for learning NOS, Park, Yang and Song
(2020) suggested that examining a single NOS aspect in multiple contexts can be

instrumental for a sophisticated and nuanced understanding of the NOS aspect. In this

Vi ew, Dr Kimés multicontextualising strat

learning about paradigm shift compared to when they only learnt it within a single
context. After all six group presentations were finished, Dr Kim opened the discussion

by briefly reiterating her lesson aim of learning NOS through multiple examples:



Table7.2Dr Ki més instructional strategies allowing for the format
Dr Kimdébs instructional strategies Groupl Group2 Group3 Group4 Group5 Group 6
Theme Code Description DNA Plate Heliocentri Mpemba Big bang Vaccines
tectonics ctheory effect theory
Multicontextualing ~ Uses multiple historical Teacher designs and enacts the assessn
NOS* episodes to teach paradigm activity where students present diverse
shift historical episodes to shgparadigm shift. N/A*
Clarifies learning goal Teacher states the goal of learning
paradigm shift from multiple contexts.
Mapping examples Clarifies learning goal Teacher reminds students of the learning
onto NOS goal of understandingistorical cases that o]
led to a paradigm shift.
Explains a NOS concept Teacher explains what a paradigm is. 0
Helps relating the example t Teacher asks or tells how the example o o . .
the paradigm shift shows a paradigm shift. 0 0 0 0
Gives a compliment Teacher acknowledges the presenters fo o o
linking examples to paradigm shift. 0 0
Focusing the Delivers relevant content ~ Teacher provides scientific knowledge o o ®)
discussion on NOS  knowledge necessary for understanding NOS. 0 0 g
Clarifies learning goal Teacher states or clarifies the NOS focus o =1
the lesson. 0 )
States expectations about Teacher tells students to what extent she . o ~
o} o
content knowledge expects content knowledge to be present
Shuts down detailecontent Teacher discourages or shuts down whe . o
questions students ask questions on scientific detai 0 0
Exploring diverse Explains a NOS concept ~ Teacher explains additional NOS aspect: o
NOS aspects that she wants to address. 0
Helpsrelating the example tc Teacher provides scaffolds to make the i o o o .
other NOS aspects easier for students. 0 0 0 0
Connects to previous learnir Teacher refers to previous learning abou 5

content, NOS andr history.

* The multicontextualisation of NOS occurred during the design and selection of the assessment task and during her cemeltidifsge Section.3.1), so is not
represented in this table.

[AN)

Vv

e
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(The | ast groupds presentation and Q&A has

Dr Kim: So, after all you had an opportunity tthink about the [content]
knowledge and nature of sciencérom at least six examplesl hope
you havelearrt something from them.

Considering the diverse topics that her students presemtdue(7.1) , Dr Ki mos
intention to examine the target NOS aspect imarege of different historical and
disciplinary contexts seems to have worked in a way. In addition, as will be described
below, there were several moments where some groups turned out to have chosen
Obetterdé examples of a p aesa thonems ceedidd f t t |
potential opportunities to elladtoerteaches st ud
provided appropriate feedback in a timely mann®&airk, Yang & Song 2020).
Nevertheless, during the two observed sessions, Dr Kim did notrtgierther actions

to explicitly compare, contrast or link the six examples (or other similar examples) in

terms oftheir alignment with the idea die paradigm shift. Instead, her feedback and
commentccurredwithin theindividual example that each gup presented.

7.3.2Mapping historical examples onto NOS: More than just learning about

what happened

Empirical studies on NOS teaching and learning strongly suggests that using stories
from history of science is a necessary but not sufficient conditiondodsg nt sd NOS
learning (AbdEl-Khalick et al., 1998; AbdEl- Khalick & Akerson, 2009; Akerson,
Abd-El-Khalick, & Lederman, 2000; also see Sectibh.?d. In other wordsNOS is

not naturally learnt by simply learning about what people discovered in the past and
how, The teacher needs to make conscious effoittmtslate this into the target NOS

Dr Kim was aware of this fact from her graduate study. When she waswaskethe

purpose of assessing NOS would be, she emphasised making connections between the
abstract NOS ideas and actual examples:

Dr Kim: [The purpose of assessment is] How well one understands the NOS.
T h at 6 Notjustsaying it blah blah only in words, but being able
to apply what they understand when doing somethingike inquiry

examples or historical examplesd Thi s [ case] is indee:q
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NOS, this part rel ates t dntewidwat 0, i f
April 2019

Whenshggave the group presentation homewor k,
t hat fits the topic of the paradigm shif
(Interview, April 2019, which was further elaborated in her ansteemy question

Wonyong Whenstudents were doing the presentatjdrsy much did you expect
of thenf® In terms of the content and paradigm aspects.

Dr Kim: So in a simplified way, some inquiry, some experimémtthe past,
most people thought and believed as such, but through thisientific
experiment or inquiry, b sahanged.e of t
Make this clear at a glance. That €
(Interview, April 2019

Throughout the lesson, Dr Kim made several efforts to keep the students reminded of

the lessomgoal, which was tonderstand the historical cases that led to paradigm shifts.
The discussion that occurred i mmediately
discovery of the double helix structure of DNA illustrates this point. In their
presentatin, Group 1 used cartoon clips that featured four major figures in the story,
James Watson, Maurice Wilkins, Francis Crick, and Rosalind Franklin, to illustrate the
story of the double helixstructure (Figure 7.2; see Appendix C for complete
presentation They then ended with drawing attention to the neglected contributions of

the female scientist Franklin in the discovery process. In the following transcript, Dr

Kim opened the Q&A by asking a question to the presenters:

1 DrKim: € So todaybs presentation was mean
explaining a historical inquiry that led to a paradigm shift. So
Il 61l ask a questi onWhyidoyouthinkl t appl
this is a historical case that showsapar adi gm shi ft ? |

anyone from the group to answer.

2 Presenters: [Silence for 10 secs] When we know the helical structure of DNA,
it makes opportunities for human cloning, and tomato bearing

potatoes,ant he | i ke, SO we can say itébs

3 DrKim: Yes. A paradigm is, easily speaking, a system of thinking that

prevailed peopl ebds Thhnojougneanthati n a
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We need
an X-ray

photo to
do that

Let’s find
Watson out the

= secrets of

DNA!
Figure 72S1 i de from Gr oup dstcaverypof DNA doutileshelix

structure

there wasa huge change in biologyefore and after discovering
the double helix structure?

4  Presenters: Yes.

5 DrKim: Good. I n that regard, you selectec
I n this initial set o f i nteractions, Dr
6paradigm shifté is made cl ear. First, s |

asks a questiothatencapsulates her grtion dVhy do you think this is a historical
case that showsparadigm shiftd , w h haddrepaged m advance to ask all groups
(Line 1). It took the group, standing in front of the class, about 10 seconds until one of
them started answerintbis question During that pause, they turn their heads toward
each other, one by one, as if they are waiting until any one of them will say anything,

exchanging mixed facial expressions (Line 2).

From these 10 seconds, Dr Kim notices that the group is not ptefzaanswer
her question and have not thought about it beféheir answers focused on the
practical benefits ofhe advances in genetide human lives, whiclis not a defining
characteristic of a paradig(hine 2). Nevertheless, instead of criticigiror correcting

their answer, she quickly recognises the
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reminding the class of what a paradigm is, which is a prerequisite to connecting the
example to the paradigm shiftea She provides, in the form of a questitiowthe

presented case about DNZan be interpreted as a paradigm shift. Although this
interaction | ooks as i f she iduetoherwsei ci ng
of 6you mean é06, in fact it wrouplhaindhe mor
reasoned that way until Dr Kim did it for them (Line 3). The group then agrees to Dr

Ki mébs reasoning (Line 4), and she makes

selection of the example (Line 5).

Although the above episode seemed to havduweddhe issue of linking the DNA
story to the paradigm shift, it soon turned out that it was not over. This became clear

when one student, i mmediately after Dr Ki

1 Student: Since itbés abothenwhhéeé 6pat heéi gmr aldi f
existed before the double helix?

2 (Class laughs lightly)
3 Presenter: I dondét get the question.

4  Student: So, when DNA double helix structure was discovered, your topic is
that it is a paradigm shift. Thevhat was the paradgm before it?

This excerpt raises many interesting points, but before discussing these, it should be
noted thatwhetherthe DNA examples an instance of a paradigm shif in fact
debatablelt is because there had already existed a specific problemguai be solved

(i.e., determining the exact molecular structure of DNA), which was later solved by
these scientists who had known that the problem existed and shared the knowledge
base, methodological rules and evaluation criteria required to sdHemnite it may be
problematic to call ita paradigrshifting discovery through whickanomalies
unexplainable by old paradigmere recognisedThe problem with this example is

al so apparent within the conheexamplebtie Dr Ki
shift from Aristotelian to Galileatheories of motior{Section7.2), which concerned

more fundament al ¢ h aboug thesworlchnd nethalpdf doing b e | i
scienceSuch background helps us better understand the nature of the abovedepisode
Since the discovery of DNAvas not gparadigmshifting example agvident as the

Copernican revolution or the Galilean revolutidnvas not easy for the presenters to
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name what were the old and new paradigms respectively and to contrast the two.

What is interesting is that the teacher did not react to this issue in the lesson
although she allowed the conversation to keep going. Later | talked about it with Dr
Kim, and we both agreed on a problem, that the way the concept of the paradigm shift
had beerdescribed in theurriculumas well as in her lesson was rather broad and
ambiguousFollowing the national curriculum artlde textbook, she defined paradigm
in her I esson as 6a system of thinking th
i ving i n a cert asglides)anddescibeditlas a kkyinraéhanisth e S s C
through which science advances, but neitflesiourcespecifically addressespecific

criteria as tavhat does or does not count as a shift of paradi§gmhis vagueneswsas

19 Philosopher of scienddcMullin (1993) noted thiathere were at least three different depths

of the different changes that Kuhn referred to as a scientific revoldimording tohis view,

a Kuhnian scientific revolution (that is, a paradigm shift) can be deep, intermediate or shallow.

In deep revolubns such as the Copernican revolution and the quantum revolution, the
revolution causes fundament al changes in peo
constitutes valid evidence for scientific claims, and so on. An intermediate revolutials occu

when a largescale theory replaces an old theory, such as in the example of shift from the
phlogiston theory to the oxygen theory of combustion in chemistry. These revolutions do
involve the emergence of a new conceptual framework and new set of poldetmthe
fundamental epistemic and ontological beliefs remain largely unaltered (McMullin, 1993).
Finally, there are shallow revolutions, such
of X-rays in 1895. In these cases, no fundamental changesdamytloccurs, and no prior
anomalies are noticed to signal the revolution to come. Instead, the changes mainly concerned
the types of instrumentation and the experimental procedures for working with cedlyode
equipment (McMullin, 1993). Kuhn himself predged the Xray case as a scientific revolution

(Kuhn, 1962), but McMullin pointed out that labelling this as a paradigm shift seemingly
contradicts what Kuhn had specified as the criteria for an impending revolution (i.e., awareness

of anomalies, a resistae to change, etc.).

2X1'n light of McMullinds classification based
example seems to best fit with the shallow revolution, in thatprimarily invoked
methodological and technicainovations rather thatheoretical changes or our conceptions of

how the world is ordered. However, as discussed in Note 19, Nickles (2017) recently pointed
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understandable, considering the inevitability of simplification as specialist kdgevle

goes through didactic transposition (Kampourakis, 26416).

The issue of linking the paradigm shift concept to specific examples that were of
focus in the presentatiomscurredmultiple times in the later groups. In anotlga&A
conversation that folloedGr oup 60s presentation on how

Edward Jenner and other scientists, a student from the audience asked:
1 Student: Could you tell us about the paradigm shift?

2 Presenter: The paradigm is, in the past, for treatment and prévenit was
antibacterial or the kind. [People thought diseases are] Because of
hygiene so we need a hygienic environment, but here [in the vaccine
example] injecting germs conversely creates tolerargie: [
immunity}, so injecting germs on purpose. Satisia paradigm shift
é

3 (Several clarification questions and responses are exchanged)

From a paradigm shift perspective, this response generally sounds less objectionable
than what was said about the DNA example. It contains all three key elements of typical
0 s h @ the osiginal state, the new state and what changed between the two (Line 2)
This example, as was for the DNA example, might not be a paradigm shift from a strict
history of scienceerspectivelt can be a shallow revolution at beldbwever,in the
conversation of Dr Kim and her studentdsibeingconsidereda decent examplinat

meets all the requirements to countagparadigmshiftunl i ke t he DNA gr o

out that it is wunclear whether Watson and Cr |
since it did not challengéne Darwinian paradigm although it had a significant impact on the
development of molecular genetics as a field.

21 The difficulty of deciding what a paradigm shift in biology has also been suggested by Weiss
(1996). He argued that it is unclear if the anahanges in our understanding of genes triggered

by modern DNA technology, aside from their c¢
Kuhnian sense. In the context of genetics and heredity, Oldham and Brouwer (1984)
characterised the Mendeliaerggtics to be the first paradigm in the field, while they viewed

that there had been no paradigm but only competing, partial explanatory systems before

Mendel 6s.
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this time,t h e p r elamatior®frtiée dink to the paradigm shift was accepted

among thestudents, an®r Kim did not add anything to this discussion. Inifidd to

the perceived suitability of the topic, another point to be noted when comparing Group

16s and Group 606s cases iIis that they wer e
presentations, Dr Kim madeany strategieffortsto clarify the lesson@al and focus

the discussion on NOST#&ble 7.1) , so the i mf@hyistthesrcasea of t |
par adi g quessidmhad beeMétter shared among class members by the time of
Group 606s presentation. Contrary to Group
after Dr Kimdébs question, I n Group 60s cac¢
student and was responded with naaglddy the presenters.

Similarly, the Q&A after Group 406s pres
example of peer formative assessment against the shared learning goal, but in a more
sophisticated form. The Mpemba effect refers to a phenomenon thaiater takes
less time to freeze than cold water does, coined after a Tanzanian schoolboy Erasto
Bartholomeo Mpemba who discovered it while making ice cream (Mpemba & Osborne,
1969). Group 4 also spent most3B of 1157) of their presentation time toguide a
detailedscientific explanation of the Mpemba effect. The group started by explaining
how the effect came to be known and has been verified and explained by scientists until
recently. To do this, they explained the molecular structure of watehamdvater
molecules are tied together with hydrogen boAd$iey then explained that hot water
molecules can release the energy stored in hydrogen bonds faster than cold water

molecules do, hence freezing faster, and concluded the presentation.

Dr Kim asked the presenters tnoderatahe Q&A, and theyaskedif there were
any questions, but no question was asked. Dr Kim then interjected and looked at me
sitting at t he back of the c¢classroom, t C
interesting presentian and then asked for clarification on why the Mpemba effect
example makes a case of paradigm shift. The answer they gave me then faced a series

of questions from other students. This process is illustrated in the following episode:

221n the Korean curriculunthemolecular structure of water is included in GradeChemisty
(an elective subjectyo most students in the class had not learnt this in school unless they knew

aboutit othawise.



10

11

12

13

Dr Kim:

Wonyong

Presenter:

Student 1:

Presenter:
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€ ( A sreseatclhrer) Do you have a question? We can have a

critical question.

[To presenters] | liked your presentation. | just missed what you
said abouthow this example relates to the paradigm shift, so
could you explain that again?

S0, this is a paradigm. A paradigm means what people think over a
time period, until now, for as long as 2,000 years. An average
person would think so [that hot water would freeze faster]. But like
in the 2003 discovery [theoretical verification of the Mi@m

effect], breaking the stereotype, so breaking it and changing

peopleds thinking so we thought

So in the past, people took it for granted that hot water freezes
faster than cold water?

Yes, didnét they?

(Other students get confused and statalig

Student 1:

Presenter:

Student 2:

Student 1:

Student 2:

Student 3:

Presenter:

They knew that since long ago?

Long time ago, Descartes and Aristotle mentioned such a thing. But
t hey cpovd itdanddjust thought that it is what it is. But
throughthe203 di scovery &

Then isndét it that they already

So if they had not known it [hot water] freezes faster, it [the
discovery of Mpemba effect] would have been a paradigm shift

7

e

Welbt hey knew it. 1tds not | ike t
theory.

You mean theproof was added?

Yes, because the proof wa¥We not
think so. Anyone can make a hypothesis, and anyone can have
thoughts. But we think that publishing [sic: proving is
important, so we presented with that focus abouthe paradigm

shift. (End of Q&A)

K r

he

ad
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14 (Applause)

15 Dr Kim: I think connecting this example directly agaradigm shift is a bit
farf et ched &

The prese@r 6 s response to my questi asurprisevhi ch
by thistime, begins by referring to the definition of a paradigm. He then uses this
criterion to claim that an old, common ideathate x i st ed si nce Ari stoao
changed ¥ the 2003 discovery that explained the Mpemba effect, so it counts as a
paradigm shift (Line 3)Here, he mentions that the effégtcoherent with an average

p er s o n $tedent ldireemasks a question to chetkafpresentesaid it correctly

about the average persond6és idea (Line 4),
meant (Line 5). Student 1 then repeats the question (Line 7), and now the presenter
distinguishes the old state and the new state in his response based on whether the
phenomenon is &6éproveddé (Line 8). Despite
says that the effect was already known from a long time ago (Line 9). Student 1 adds

to her omment using a conditional statement, saying that the Mpemba effect must have

been previously unknown to count as a paradigm shift (Line 10). He then uses this
criterion to ass edspeople kmew the phersormemdn evasé@lseadg N s w e
known, so it$ not a paradigm shift (Line 11).

These exchanges between the audience and the presenter exemplify how peer
assessment can facilitate studentsod sophi
help from the teacher, they clarified the problems of linkingNpemba effect to the
paradigm shift. Il n the meanti me, t he con
elaborated and sophisticated as they discussed the Mpemba effedthemsean be
seen as incidents wheret only the teacher but also learn&scane agents of
formative assessmeffViliam, 2010) and through such engagemeod:constructs

knowledge abouilOS as well as the historical example.

As it becomes gradually clear that the Mpemba effect is not a paradigm shift
example, Student 3 picksupbrh e wor fir omrokhedpresenter 6s
if it was why they selected this example (Line 12). The presenter states that the addition
of proof indeed was the paradigghifting part since it is what they thought to be the
most important contridtui on (Line 13) . Al t hough the g
confusing by changing the focus from the phenomenon itself to the recent scientific
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verification of it, Dr Kim is clear in concluding thtite Mpemba effeatvasnot a good
exampleof a paradigm sffti (Line 15). Instead of shutting the case down, however, she
then attempts to use the groupds present

illustrated later in Section.3.4

Refl ecting on Dr Kimbés efforts to trans
learning of NOS (i.etheparadigm shiff) offers us a rich illustration of the affordances
of her formative assessment strategies and heydan collaboratively keep the lesson
focused on the target NOS. As the paradigm shift focus of the lesson became clear to
the students, more detailed and productive feedback occurred among students, leading
to an elaborated understanding of the paradifift. These processes made the lesson
more interactive and participatorigven the examples that were concludedeonot
paradigmshifting (i.e., DNAandthe Mpemba effect) contributedd a sophisticated
understanding of the paradigm shiftibystratingwhat it isnot

At the same time, however, the episodes showed that these opportunities are not
without <challenges. T h e s e wbat aakthe previpess we r ¢
paradignb questi on in the context of the par
forms depending on the NOS being discussed. This question shows the complexity of
providing feedback on NO&lated topics, especially when the lesson is student
focused and redis on student participation. NOS, as with other knowledge taught in
schools, is the result o 6 di dacti c transpositiond 0"
(Kampourakis, 2016). Hence, interpreting actual examples for contextualising NOS in
terms of NOS can often be yedemanding to be done by students or teachers.
Considering that Dr Kinmada high level of knowledge in NOS and its teaching, this
issue could be far more challenging for teachers who are not familiar with and not
trained for NOS.

7.3.3Focusing thediscussion on NOS: The dilemma of addressing content

knowledge

In the previous section, | showed that Dr Kim tried to facilitate the wtlaks
discussion so that it could lead to learnorigin aspect of NO§.e.,theparadigm shift)

instead of merelyalking about people, events and stofresn the pastMeanwhile,
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Figure 73 During Group 306s presentation,

explain the evidence of heliocentrism

her effort to keep the lesson focused onN@as foundn another related context as

well, as she was trying to strike a balance between a NOS aspect and the scientific
content knowledge fra which the NOS aspect is deriv@dhis strategyvasmanifested

i n Dr taKasmaéllsas how she managed the formative assessment conversations
during the Q&A sessionTo illustrate this strategy, in what follows, | draw on the
analysis oftwo contrastig epi sodes from the discussi on

presentations.

Group 3 presented on the shift of paradigm from the geocenttie teeliocentric
view of the universe. The group spent about one minute aralf a&xplaining the
backgrounds and contents of Ptolemyés and
a member of the group picked up a marker started drawing the Sun, the Venus and the
Earth on the whiteboard, to explain how the phase and size chawgaus supports
heliocentrism over geocentristigure7.3). They then went on to briefly (< 30 secs)
introduce that there were three major pieces afene that supported the heliocentric
model : Keplerds three | aws, Gal il eobs o0b:c
by Newton and other scientists. The presentation ended with summarising the two

systems and key aspects of the change, and sharing gr oupbés refl ect
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collaboration.

In the wholeclass discussion that followed, one student raised her hand and asked
what she called a o6specificd question ab

following excerpt:
1 Student: Can | askaspecifict hi ng, ask specifically? |
2 (Class laughs)
3 Presenter: Well , if 1 6m able to &

4  Student: Frankly, itoés out of personal curi
evidence for heliocentric theory inclsleKe pl er 6 s pl ane
Gal i lomsené@tions and the likeCould you explain what

Keplerés planets are about?

5 Presenter: First of al |, Kepler é
6 Class: (With excitement) Ooooooh
7 Presenter: é argued for heliocentric, heli oce

did various research forove the heliocentric theory, and among
themt here was Keplerds third | aw of

laughs and boos) The content is quite hard. (Class laughs)

8 DrKim: So now,we are not focusing on the scientific knowledg® learn
about Kheipriderloassw tor specifics of Neg
move on.B u t what 6s i mportant i s, wh €
important that you summarise and present what you can digest,
right? I n t hat regard, al t Hacusedh itobs
presentation,you need to & able to introduce it [relevant
scientific knowledge] briefly. The part that you are talking about.

So good, well done.

Il n this episode, the student gets curious
namely Keplerds | aws, and asks i f they coc
this question, she checked i f 6 tquweosutlido nb e

the group, which caused the class laughter (Liii@3. IThe presenter agrees to answer
if he is 6abled to do so (Line 3). At thi

turned into a test of the pardgueestiontagifitt s abi
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were a kind ofa game show on television. When one of the presenters, with no
hesitation, started saying OFirst of all
showingthattheir position has changed to the audience watchangdime show (Lines

51 6). However, to the disappointment of his peers, the response that he made was
merely a repetition of hi sremdofiheegidencar gu me
for the heliocentric theory, and not really answered what thedetually are. The class
recognises this and reacts with laughter and a friendly boo that shows their disapproval.

The presenter admits that he did not answer the question and revealed the gap in his

knowledge, by saying that the content was quite a diffane (Line 8).

Dr Ki mébs comment after this 6gamed end
implications. In particular, her first sentence can be read in several ways (Line 8). First,
she is stressing that the point of their discussion is not the sgeaifthe evidence or
any theories, thereby refocusing the | es:
move,schreb i ntends to end the discussion on
knowledge without further elaboration. The third message iiwel\aimplicit and is
related to the fact that this presentation was also being marked by Dr Kim for
summative purposes. With this context in mind, her statement can be seen as reassuring
the presenters that failing to answer the contelatted questiowould not damage their
marks much, so making them less worried about the consequences of their

unsatisfactory answer to the question.

In the rest of her turn, she tells the class thatentific knowledgéstill matters
although it is not the focus. She then states her expectation pertaining to the presentation
of content knowledge that students are expected to summarise and present the
relevant content knowl edge t h aortesertatioa.y c an
She concludes this discussion by acknowl
initiated by a O0specificbdé question from a
the relationship of content knowledge and NOS in lessons. A soplasdticat
understanding of how paradigm shift leads to the development of science would include
making sense of the specifics of science itself, but in many cases, it is impossible to be
achieved at the secondary school level. Moreover, it is not always necesgaagp
the scientific details to understand the meaning of science. For exdmapke,Yang
and Song(2019) suggested that there are many aspects of fd@&l in general
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relativity theory and gravitationalave physics that can be addressed to secondary

students with minimal conceptual understanding requirements.

An interesting contrast to the above episode with regard to the content knowledge
related i ssues arose after Group 56s pr e
state model of the universeas replaced by the Big Bang theory. Contrary to Group 3
who spent minimal time on specific scientific information, Group 5 spent a substantial
portion of their presentation time:®4) t o expl ain the €eontent
state model, the Friedmammodel and the Big Bang theory, as well as the empirical
evidence supporting each model. They mentioned theoretical constructs such as critical
density and the cosmological constant,
cosmological redshift and the e¢o& microwave background. The presentation was
concluded with the significance of the Big Bang theory. The following transcript
il lustrates the Q&A on Group 50s present a

1 Presenter: Thank you. Any questions?

2 (Silence: 5 secs)

3  Student: Can | ak about that, the critical value?
4 (Silence: 12 secs)

5 DrKim: Dondét ask hard things |ike the cr
Einsteinbs strong theory declines
uncovers the origin and evolution of the universe. Inas@a$ the
origin, and the evolution process, people have made remarkable
development since. So we know the Big Bang theory is reliable
among cosmological theories, and how the universe expands, with
acceleration or otherwise, people are doing researcht dbai
There are some conclusions out there. In that regard, it is clearly an
example of the paradigm shift, right2  woul déve been ni
focused on that and presented a bit easier. All groups alike.

Let me tell you. Only the things you guys aa understand. You

dondt need to bring all the evide
itds good if you digest iit.and ex
Anyway | can see that you prepar e

At the beginning of this episode, the student checking if he @allc question about
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the critical valwue (Line 3) is reminiscer
to Group 5. However, the episode unfolds differently here when Dr Kim interjected to
suppress this contentlated question. By doing this, sheégit have liked to prevent

the discussion from turning too technical and losing the focus of the paradigm shift.
After cutting the question, she decides to summarise the presentation herself in plain
language and provide interpretation in terms of thedigna shift, instead of waiting

for it to happen from the students. After she points out that what the group presented
would certainly count as a shift of paradigm, she expresses some disappointment. When
she stated that the group could have focused oraiexpd how the Big Bang theory

makes an example of the paradigm shift, the implication is that the group did not do so,
since they spent too much time detailing the specifics of the theories and supporting
evidence (Line 5). She then states her expectatbout the presentations in terms of
content knowledge, by emphasising to bring the content knowledge that they can
ounderstand, digest and express in their
comments to Group 3 on content knowledge, showstaadards on how much and in

what manner she expects the relevant scientific content to be delivered in the

presentation.

At the follow~up interview one week later, when this episode was brought up, Dr
Kim recalled that she felt that Group 5 did not have good grasp of th
objective, which was to interpret a historical example in terms of paradigm shift.
Between my observation and the interview, she had taught the same unit to three other
classes. Since the lesson | observed was hetifirstimplementation of the unit, she
described the observed | esson as a O6proc

classes, she felt improvements in her practice:

Dr Kim: For Class 1 [the observed claddfusted the kids and it became trial
and error. But as | did it [the lesson] for Class 2, Class 3 and Class 4, |
regret you [ r es e aitddhgetrbétter @ iod Fob t see
example,encouragingt he st udent s Omorgqabeustiei ons t

paradigm shift &
Wonyong You didthat?

Dr Kim: Yes Or stopping them when they ask too difficult sciersated

guestions. Explaining something tha:
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rather clearly and easily. Using the figures in their PPT to explain [the
content knowledge] and move on. Caring aboutnegtions to the
general science subject. | could afford to do these things.- (post

observation interview)

Taken together, the episodes of Group 3 and Group 5 show us how Dr Kim dealt with

the dilemma of addressing content knowledge when formatively agghssim st udent
learning of theparadigm shiftdeg and more generally, when teaching NOS. For Group

3, presenters only mentioned the relevant content knowledge and failed to elaborate
even when this was asked by another student. For Group 5, presahsarsrdich on

explaining the scientific details that the aspect of the paradigm shift was hidden. Dr

Kim tackled such dilemmas by stating and elaborating her expectations about to what
extent content knowledge should be included in the presentation, wiaisHirst
proposed in Group 306s discussion and fur
These episodes illustrate that the challenge of balancing content knowledge and NOS
knowledge is inherent in NOS teaching and thus inevit@ele Sectio.6 for further
discussion on thissug, but it can be reduced and man
of feedback, classroom conversation and oftvenative assessment strategassthey

accumulate NOS teaching experience.

7.3.4Exploring diverse NOS aspects: Thinking beyond the paradigm shift

In the current NOS literature, historical case studies are most often used to teach theory
change in science andntativeness of sciencamong other NOS aspects (Allchin,
2014). This is because these aspects typically manifest over a longer time scale.
However, Allchin et al. (2014) argued that historical cases can also be used to illustrate
the critical roles of dbate, the cultural relevance of science, funding, expertise and
credibility, and ethical aspects of scientific research (see also Se2tioB.
Throughout the paradigm shift lesson, there were three instances that Dr Kim elicited
her students to think of NOS aspects besides paradigm shift from the examples that the
groups presented. Particularly for Group 4, since Dr Kim was explicit to say that the
Mpemba effect should not be considered a paradigm shift examplattesh®gtedo

invoke some other NOS aspects that could be learnt from the story. However, none of

her elicitation attempts resulted in stuc
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additional NOS aspects on her own.

One such effort was observed after Grou
the peer assessment conversations where the paradigm shift aspect of the story was
debated (see Sectign3.2, Dr Kim shut down the discussion momentarily by telling
the class that-f et c ke dapdhadym shitldHovwevet, shé didr
not shut down the conversatonsmpl y by denying the Groupé6

attempted to use their example to discuss other NOS aspects than the paradigm shift:
(After the peer discussion on whether the Mpemba effect shows a paradigm shift)

1 DrKim: I think connecting this exandirectly to the paradigm shift is a
bitfarf et ched. But itbés stillthea meani
nature of science. [Student name] want to talk about it? What

aspects of nature of sciencan we see in the example?
2 (Silence)

3 DrKim: Or [arother student name] or [yet another student name]? [Student
name] talked a lot.

4  (Laughter)

5 DrKim: So first, we can see, scientific knowledge is confirmed by
evidence. Through an example. Next, they developed an
explanatory system. Inquiry techniqueshad developed, so that
[Mpemba effect] was proved, right? As we know more, more
things we can prove, and science develops. Science is based on,

relies on existing theories. We can say these things.

As shown, she starts by recognising the value of thmpbeafor learning NOS (Line

1). Then she calls on a student in the audience to ask what other aspects of NOS he
noticed, but this elicitation does not lead to an answer (2in8he then calls on two

other students, which also was not success#iiciting responses (Line€% 4). Dr Kim
thendecides to tell the students what other NOS aspects could be drawn from the story,
such as the relationship of scientific knowledge and evidence, the advancement of
experimental techniques leading to new discoveries, and the cumulative nature of
scientific development (Line&) . I n this episode, what we

utilise the presentation material to illuminaither aspects of NOSalthough it had
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turned out to be irrelevant to the original NOS learning goal (i.e., paradigm shift).
However the fact that no students, even when called on, suggests that inferring another

NOS aspect from a scientific story was not an easy task for them.

In another episode, after Group 2 presented on plate tectonics and continental drift
theory, Dr Kim made another attempt to discuss other NOS aspects that could be said
about the story. They presented what plate tectonics is, how the idea first appdared an
became a paradigm, and what are the benefits and limitations of plate tectonics as an
explanatory concept. At the end of their presentation, they revisited the definition of a
paradigm shift from the previous lesson, and that plate tectonics meetditiitede
When the presentation ended, Dr Kim first recognised how the group connected the
example andhepar adi gm shi ft, and then directs

specifically the tentative nature of science:

1 DrKim: Alright, well doneto Bids group who presented
drift. Next, |l etbés have Q&A again.
time. Just a minute. Letds have o

well on the paradigm shift, and connected it well with continental
drift theory, sd want to clap for thalWhen we say the nature of
science, we tend to talk about the tentative nature as a

representative example. Anyone has a question related to that?
2 (Silence for 7 secs)

3 DrKim: Is it difficult? Do you need another summary? Wien studied
with electricity earlier, dondt vy«
to something. (Silence, 3 secs) Thedfiithe-blank that you like.
All blanks are for filling. Hint, the development of science and

technol ogy ¢é
4  (Silence for 5 secs)
5 (Class laughs)

6 DrKim: So the limitations of plate tectonics, could be replaced [sic:

overcome] through the advances in exploration techniques, right?
7 Class: Yes.

8 DrKim: So, relating to the tentative nature of science, science relies on
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technology, ar one advance in science and technology can lead
to another. We can say these things Guy s, I 6m really

doing this summary myself. Well done.

She recognises that the presentation was clear on linking the case to the paradigm shift
and praises thpresenters for that. Instead of adding anything on the paradigm shift
aspect, she tries to use the groupbs pre:
NOS. She then refers to the tentative NOS and asks if anyone has thoughts about that
aspect(Lindk) . Seven secondsdé silence foll owed
that her question was difficult for the students. Then she invokes what students learnt
from the previous |l esson by referring to
question imo a less difficult, filtin-theb | a n k Sfoamrem h(idhg | eadds t o
which still did not work. She then gives another clue to make it easier by giving the
first 6somet hi ngd ( Li nestudents. stillAver¢ enable toh e s e
respoml for five seconds (Line 4). At this point, Dr Kim simplifies her question even
further into a yesho question (Line 6). She first starts from the fact that the current
version of plate tectonics might not be final and could change as the exploration
technques develop (Line 6), and then draws a general NOS aspect on the
interdependence of science and technology. She tells studenshétfatt e | s o6r e al
sorrydé6 about having to tell students t hes
admitting thaher attempts at discussing other NOS aspects did not go as intended (Line

8). Note that, in light of the ESRU model of informal formative assessment, the above
guote includes incomplete cycles since her questions kept failing to elicit student
responsesThis contrasts with earlier exchanges described in the chapter, where she
could seize on the student responses to create productive cycles that made the

conversation dialogic and contributed to the NOS lesson goal.

I n the Q&A for Gr thehelio&idrg theory,dskammreferred on o
to the bravery of Copernicus to write a book that contradicts the then prevalent religious
worldview. She told the students about how brave one should be to challenge the
geocentric paradigm that survived for ovethausand years, and how hard it would
have been for the medieval people to acce
how the old paradigm was gradually replaced by the heliocentric system, as the

geocentric system failed to produce accurate predEtbout the position of celestial
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bodies, change of weather, and so on.

Collectively, her practices to use the presentations to shed light on NOS aspects
other than paradigm shift were in the form of questioning, but none of these attempts
led to her gidents answering her question. She gave hints and changed the question
into the blank filling to make the question easier for students, but these efforts still did
not work as intended. She ended up providing the additional NOS aspects on her own
and toubed on various epistemic and social aspects ranging from the tentativeness of
science to the ethos of scientists to challenge the religious worldview. Again, this
feedback by Dr Kim was mostly impromptu andtbe-fly rather than planned, as she
did not krow the presentation contents in advance and had not taught the same lesson
before. In such a setting, to instantly discover additional NOS aspects from a story and
deliver it to students, a teacher would n
case. Such efforts of her to link the example to multiple NOS aspects are encouraging
in that it is coherent with the recent emphasis on the interconnections between NOS
aspects rather than treating NOS ideas discretely (Fetersn, Parrish & Mulvey,

2019, suggesting the potential of using similar activities to foster a rich and
interconnected NOS understanding.

7.4Dr K IN@® isstruction as building connections through

formative assessment

Consideringthat formative assessmeist a process wheré e v i dhleont cstedent
achievement i's elicited, interpreted, an
(Black & Wiliam, 2009, p. 9) Dr pKactioed sthe paradigm shifiessoncan be
seenascreatimms pace for formati ve amisgHgsreidnt of
is a graphical representation construct e
strategies that allowed for the formative assessment of NOS. As shown, her practices
unfolded as she mediated the central NOS learning goal with four related elements:
content knowledge, history of science, multiple historical examples, and other NOS
aspectsAlthough connection building has been emphasised by NOS reseatbleers

focus of the connections was usually betweenrthairy activity and the NOS that it

targeed (Hanuscin et al., 2011) or between different aspects of NMD&dy et al.,
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e Divergent OTHER NOS ASPECTS
EXAMPLES strategies

r A
Multicontextualising NOS Exploring diverse NOS aspects
= Use multiple historical episodes to teach the + Explain a NOS concept
paradigm shift + Help to relate the example to other NOS aspects
= Clarify the learning goal « Connect to previous learning

NOS LEARNING GOAL:

Paradigm shift and
scientific progress

.
.
.
.

» Deliver relevant content knowledge

*  Clarify the learning goal

« State expectations about content knowledge
* Shut down detailed content questions

Clarify the learning goal

Explain a NOS concept

Help relate the example to the paradigm shift
Give a compliment

Focusing the discussion on NOS Mapping historical examples onto NOS
\ J
Y
CONTENT KNOWLEDGE Convergent HISTORY OF SCIENCE
strategies
Figure 74Dr Ki mdés instructional strategi
2021; PeterBurton et al., 2019)In this sensePr Ki més Iséosssa@ng al | o

various types of connections illustratedRigure 7.4, providing a more holisticand

complex account of connection building that can be targeted in NOS instruction.

One way to characterise the four themes that emerged from her formative
assessment practice is to understand them in terms of what might becoalledyent
anddivergentst r at egi es f or NOS | earning. Conve
conscious effds to direct the focus to the target NOS idea instead of scientific and
historical details while making connections with these components. On the contrary,
divergent strategies are used to promote learning a single NOS in multiple contexts or
learning muliple NOS aspects from a single historical case. The ways she dealt with
the background content knowledge (SecfioB.3 and the historical detail§&éction
7.3.2 had one common aim: keeping the discussion focused on the key NOS learning
goal, and preventing these contributing elements from bexgpiiné focus of the lesson.

However, since she believed that NOS should be understood in context rather than
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isolated statements, her feedback was concentrated on keeping the content knowledge
and the historical context to an appropriate level. In thisesethese formative
assessment practices represent Dr Ki moé s

learning goal and not be centred around the content knowledge or the historical details.

The other two themes, multicontextualising (SectitB.]) and linking the
example to other NOS aspects (Seclidh4), are divergenin nature in the sense that
they have the potential to offer broader NOS understanding compared to when only one
NOS is delivered using a single context. Considering paradigm shift in multiple
contexts and considering other N@&pects of the same story requires studeritave
not onlya sound NOS understanding but also creative thinking skills that connect their
content knowledge, historical episodes and NOS aspects. This can pose challenges to
both students and the teacheayticularly when the lesson heavily relies on student
activities and participationVhen the teacher attemptadlivergent discussion about
NOS, the ESRU cycles were mostly incompleige to the silences after teacher
guestionspossibly because the studedid not have enough background knowledge
that wasnecessary tbuild external links to NOS aspects or other historical examples
other than what had been already covered in the ledssmherefore unsurprising that
studentshad difficulties in these respects (e.g., presenting examples that were not
paradigm shifts, and failing to respond
efforts. On the whole, Dr Kimés formative
of coordinating and balancing the convergent and divergent strategies to promote

st udentearringNOS

The connection building in her lesson was also supported by various contextual
factors. In light of RuizPr i m@Q0d3¥ five conditions for effectivdormative
assessment conversations (Sectib.4), Dr Ki mbs practices il
conditions can bdulfilled in the context of NOS instructiorFirst, ler lesson was
guided by aclear learning goalabout the paradigm shiftvhich she reminded her
students ofhrough her feedback and questioni8gcondby using a planned formative
assessment that included whalass Q&A, shemade the lesson dialogic and
interactive, not only between herself and the students, butaaisng the students.

Third, she managed to support the students to achleeNOS learning goalfdr
example, by delivering relevant content knowledge, providisgaffolds, and
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MULTIPLE HISTORICAL
EXAMPLES OTHER NOS ASPECTS

T\
\

\
Challenge 1 V\ Challenge 2

; ‘ : * It can be difficult for students to think creatively and
= It requires broad knowledge of history of science, NOS discover new NOS aspects from the aiven historical
and content knowledge for the teacher and students. P g

case.

NOS LEARNING GOAL:

Paradigm shift and
scientific progress

= The teacher needs to address an appropriate level of = It can be difficult for the teacher to judge if something
content knowledge enough to understand NOS while counts as a paradigm shift due to the complexity of
avoiding technical details. real-life historical examples.
Challenge 3 Challenge 4

CONTENT KNOWLEDGE HISTORY OF SCIENCE

Figure75Pot ent i al <chall enges of format:i

paradigm shift lesson

connecting to previous learning) and challenge them (for example, by asking questions,
and discouragingletailed content questions). Fourthe fact that Dr Kim was the
homeroom teachearontributed tahe friendly classroom environmenivhich enabled

the studentdo actively participa, express opinions arglve feedbackFifth, the
assessment conversations in the Q&A sessions encouraged the stuéegEg® in

argumentative practicdébat reflect the culture dhescientific community.

Meanwhile, her classroom episodes also revealed the senagoachallenges that
canarisd or t doanative assessment as they teach NEX§ufe7.5). Although
studies have previously suggested a range of practical difficulties that can arise when
teaching NOS (Alichin et al., 2013), the formative assessment conversations in Dr
Kimés classroom are meaningful cananfoklh owi nc
in different historical cases, how they are mutually related, and how the teacher reacted

to those challenges. For example, episode
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and oO6too |ittledbdé content k n owitH teedcgneent s ug g e
knowledgedemandfor effective learning of NOS. All four practices Dr Kim used to
facilitate studentsd NOS | earning were no
from pedagogical considerations (e.g., the level of content knowledgére® to

understand NOS), and some others inherent in NOS (e.g., the complexity of matching
historical examples to NOS).

These difficulties observed from Dr Kim
to be too sophisticated and difficult and thusl@vant on the school level sometimes
may not be really avoidable to arise in classroom practice. In a sense, the development
of theories in NOS education over the past decades can be seen as an effort to transform
the complex and controversial ideas atsmiénce into a simpler, less contentious, and
tidier form of knowledge that could be effectively learnt by young students. For
example, the debate around realism and instrumentalism about the world is downplayed
to highlight the empirical NOS (Matthews, 2%), and different perspectives about the
extent to which science is tentative or durable are also obscured by the statement about
tentativeness. Such a trend is epitomised in the consensus view and thangaper
pencil tests of NOS grounded on this viewhere debates about NOS are hidden for
t heir O0pr agmat i-H-Khalickr 2012) Uralerlging dhis (iédwbisl an
assumption that key aspects of NOS can be taught without worrying about the

controversies in history, philosophy and sociology of saenc

However, Dr Kimdés | esson seems to raise
aspects of NOS are indeed not relevant when NOS is taught and discussed in the
classroom. Consider the following questions suggested from the |&8bahmakes a
scientfic discovery paradigrshifting or not? Should there have already existed a
paradigm?Although these critical questions were not something Dr Kim had as lesson
goals in the first place, as the groups presented several different historical cases, these
guesions naturally emerged to her students and herself so were needed to be resolved.
This suggests that there can be occasions where such specific questions about NOS are
not completely irrelevant to teaching and assessing NOS and thus cannot be just
ignored This is not to say that teachers and students need to engage in the sophisticated
philosophy of science debates, but to shed light on a counterexample to the irrelevant

argument and initiate further discussion on addressing controversies in classroom
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prectice (see SectioB.8for further discussion)

Given that the lesson occurred over two sessions, it is worth noting that the quality
of peer assessnt and peer feedback on the presentations improved in the second
week, and played a salient role imcreasing student agency aogkatinglearning
opportunities Consider the moment where one student asked about what the paradigm
shiftwasi n Group 606s vaccine story ddZAsng t he
Dr Kim repeatedly emphasised thewhyigarni n;
thisa paradigmshit questi on to the presenters by t
acknowledged the importance of this question and thus shared the legraingere,
peer feedbackontributego forming a shared learning goal aaxd u d eomrhitsnént
to attaining them (Hattie & Timperley, 2007). In another peer assessment episode
foll owing Group 40s presentation @n the
conversation between the presenters and the audience is leading to an enhanced
understanding of the case itself as well as why the presenters thought it counts as a
paradigm shift (Section.3.2 . As evidenced by these epi
feedback was more studesentred, occurred in multiple turns and was generally more
constructive, compared to that of the first webkk.other words, therevere more
completeESRU cycles through which the conversation allothedeacheto elicitand
respond to evidence of studend Near@ing.|l n t hi s regard, Dr
practices to focus the lesson on the learning goal can be viewed as havaéaffect
in making the peer feedback beneficial to both assessors (i.e., peers) and assesses (i.e.,
presenters) (Topping, 2013). This suggests that cleaisgttalg could be an important

prerequisite for effective peer feedback to occur in NOS class:oom

Several episodes suggest that the assessment conversationglidsanagined
by the teacher, which required her to make instantaneous adaptations and responses.
For example, when it turned out the Mpemba effect example did not meet the condition
of a paradigm shift, she did not close down the discussion by simply denying the case.
Instead, she links the story to other NOS features such as confirmation of hypotheses
by evidence and the reliance of new discoveries on the existing knowledge. The
teache 6s ability to be adaptive about their
lesson for two reasons: first, because the lesson was led by students making

presentations, and second, because it was about NOS, which is usually unfamiliar to



Chapter 7 198

both the e¢acher and students. This suggests that flexibility is the key when NOS is

discussedinwhole | ass conversations with wvarious

mentioned that her flexibility improved as she taught the lesson to more classes, but the
prerequsite for such development through experience would be the acquisition of broad

prior knowledge in NOS itself.

From the broader interest of this thesis, it is also noteworthy that there were several
moments where her formative assessment practices weseadting with her
considerations for summativessessmentHer choice of the assessment task was
motivated by a summative factor that the assessment policy for the subject allowed
flexibility to teachers, and so she could use more time for wtiaks disussions

which allowed for a deeper understanding of the presentations. Conversely, her

feedback practices during the discussions sometimes had the intent to deemphasise the

summative component (e.g., grading) of the assessment task but emphasisarige learn

component. This was shown when she reassured Group 3 about the impact of their

failure to answer the detailed scientifi

paradigm shift lesson shows examples of the diverse relations between summative
assessent, formative assessment and instruction (Black & Wiliam, 2018; Bohh,

2018) in the context of NOS. Further investigations on these relations will be essential
to improve NOS instruction in classrooms by strategic use of formative assessment, in
conjunction and alignment with summative assessment for accountésgieySection

8.7 for further discussion)

7.5 Chapter summary

This chaptehighlighted theinstructional strategie®undin Dr K ilessénsorthe
paradigm shift and the development of sciemsing the lesson vide@ongwith her
reflections during the follovup interviews. Specifically, | focused on howher
convergent and divergent instructional strategies alloveedjoing formative
assessment of s t asdskenptarméd amdl @Ehedtrateal mhtdses g
discussionsfollowing st udent s & g r oAsm regultkideatifiigdd duri on s
categoriesof instructional strategiesthat allowedthe teacher forthe formative
assessment dflOS, where sheasked studentsuge st i on s, noticed

st

C
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understanding, angrovided feedback andreate spaces for NOS learnihgliscussd

the affordances as well ekallenges in the teaching and formative assessment of NOS
From these findings, | asserted thata NOSclassroom, it is crucial for teachersuse
formative assessment practicappropriatelyto keep the classroom conversation
focused on the target NOS and simultaneously create opportunities to broaden the NOS

learning to other related contexts.
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Chapter 8 Conclusions and discussion

So far, thisthesishasfocused on the classroom assessment of NOS as keyntp
effective and meaningful NOS instruction in secondary scisc@nce Different
aspects of teachetiews andpractices presented the peviousthree chapterbave
revealed how the teachers enacted their NOS assessments in the contexts of their
instructional beliefs, curriculum requirements, and the broader sociocultural settings in
which theinstruction andassessments were situated. Specifically, Chapters 5 and 6
considered the summative assessment of NOS, with the former focusing on the
individua | teachersd ideas and enactments of
arising from thecollaborativesummative assessment oasemester. Chapter 7 looked

i nt o Dr Kiilogtrate How qusastoning tara feedback strategies can be used
to fadlitate NOS learningduring the course of instruction. These chapters have shed
light on how NOS can be assessed in the classroom as well as the difficulties of
Given the scarcity of studies on the classroom assessment of NOS (Hanuscin et al.,
2020), he findings have much potential to inform NOS research and practice,
particularly consideringhat teacher assessment is gaining increasing importance in
many parts of the world (e.g., HM Government, 2021).

This thesis has originated primarily from my cent as a science educator that
little research exists to inform practice in the classroom assessment of NOS. During the
two years and a half whilst it was being written, however, the importance of NOS and
classroom assessment have both soared with th@woigtimpact of COVID19. The
spread of misinformation, distrust of sci
and proliferating vaccine hesitartcyand all these being exacerbated by social ndedia
have called for increased awareness of what scisraoed how it works (Reiss, 2020).
The current crisis in public trust in science should be taken as an opportunity to cultivate
a critical understanding of NOS as opposed to rote learning of isolated ideas about
science (Yacoubian, 2015). Meanwhile, delsabn classroom assessment have never
been as intense, especially in those countries where nationathlgs examinations
were cancelled, such as the UK (Benn, 2020). As teacher assessment will replace
GCSEs, AS and Alevels, it has become a keen imetsr of all stakeholders how to
0ensur e t fassassed radesjaasvarded fairly and consistently across the
countryd (Whittaker &KBdooatiolhSecre2abfhelrgcent as p u
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exam crisis in the UK haalsoshed light on the compleies around what is a valid,
reliable, fair and equitable assessment and fuelled the debate about the current exam
based assessment system (Woolcock, 2021). Taken together, these social changes in
these years lend urgency to researching the classroorsrassge®f NOS as a way to

respond to the changing needs of society.

In this chapter, | first highlighfiour key contributions of the thesis. | then revisit
the literature to reflect on my findings and address several core questions around NOS
and classroomassessment. In doing this, | start with broader questions about the
classroom assessment of NOS sashwhether it would be possible and how it
compares to assessing scientific content knowledgeé then move to specific issues
that were raised in the pieus chapteras well assomeimplications and limitations
of the findings. Given the exploratory nature of the current study, the findings may not
provide many definite answers to these questibrstgadmy intent is thathey shed
light on some salient aspects of NOS assessment that were previously unnoticed or
unevidenced. In particular, comparing the literature base and the empirical data (i.e.,
teachersdéd views and practices) wiall | pr o
di screpancies between teacherso6 beliefs &
By organising the discussion in terms of key questions, the contributions of this thesis

and its implications for research amehctice will become clear.

8.1 Key contributions of the thesis

8.1.1Shedding light on classroom assessment as a key element of NOS

instruction

This thesis started witbroblematisinghe fact thatlassroom assessmdras not been

the focus ofNOS researchalthough it was suggested as one key corapbaf NOS
learning(Bell, 2008; Ryder, 2009)Acknowledging the role of classroom assessment
in NOS instruction, this study initiates further discussion on how NOS should be
assessed in the classroom, both formatively and summatieekacilitate explia
instruction of NOS Abd-El-Khalick & Akerson, 2009Akerson et al., 20001 have
highlighted the role of assessing NOS in the classroom in providing teachers with

evidence of student learning that they can act upoawing on thedomainspecificity
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of classroom assessmemdlgck et al., 2004 | have focused on the significance of
classroom assessment as opposeN@$ assessment for research purpoeasthe
grounds that the former has unique aims and roles for NOS learning that are
distinguished fronthose of educational research and are dependent on the instructional
context. Given theincreasingneed forseparate consideration of NOS classroom
assessmerliy teachergHanuscin et al., 2020; Ryder, 200®)ethemes and further
guestions developed in this thesis will be useful to guide future researthe

classroom assessment of NOS.

8.1.2Linking NOS with classroom assessment theory

While thereexistsa strong research tradition in the classroom assessmetiente

(Black & Wiliam, 1998 RuizPrimo & Furtak, 200), how the issues of classroom
assessmertan unfold when the lesson goal is NOS has gained minimal attention.
When considering summative assessment, | have discussed how the context of
accountabilityinteracted withtheopeended nat ure of NOS quest
views of classroom assessment. For formative assessment, the case study illustrated the
teacherds wuse of a planned formative ass
conversatons o make studentso66 NOS -clhss discussiang Vv i S
setting, utilising the ESRU framework as well as inductive anatysithods Episodes

have illustrated how concepts such as validity, reliability and discrimination can be
related to NOSsmmati ve assessment, and al so wha
noticing,feedback and peer assessment may look like in the context ofIN@i8w

of the domairspecificity of classroom assessment (Blatkal., 2004 and that of

teacher knowledgéHanugin et al., 201}, these findings provide insights inthe

features of assessing NOS compared to assessing scvemcé havebeen little

discussed in the NOS literatufEhese demonstrate the value of classroom assessment

as a useful lens to improve easch in NOS instructioand an important avenue for

future reseatt From the perspective of classroom assessment, the study affers

uni que case study of t each eanadathattheyaares r o o m
not familiar with teaching or assessing.this sense, thease study of teacheadso

contributes to the literature ormow teachersespond to the challenges with classroom

assessmenh the face of a new curriculum reforfa.g., Suurtamm, Kock& Arden,
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2010 Willis, Adie & Klenowski, 2013 Yung, 20086.

8l3l nvestigating teachersdo NOS classroom e

Given that NOS is rarely assessed in the science classroorE(Adttalick et al.,
2013), the three tpeaeticeh @ocuméntedNiDtBis tlResiswodds me n t
be a rare and useful contribution to NOS research. Characterising and detailing the
teachersdé practices related to NOS assess
researchers make sense of what is obsenvéd classroom. | have looked into teacher
practices at three different levels, each with a focus on individual teachers (Chapter 5),

a team of three teachers (Chapter 6), and a single teacher (Chapter 7). The first two
werefocused orthe summative agssment, and the last tre formative assessment.

Through empirical investigation of these multiple aspects of NOS classroom
assessment, | have shed |light on teachers
decisionmaking process, which carries ifigations forimproving NOS assessment

practices in the classroork. o r exampl e, the discrepanci e
teaching intention and NOS assessment intention, and betweeN@®iassessment

views and science assessment views, suggest the opeatifférentiating these
constructs in research asdpporting teachers to develagpherence in their views

Chapter tontributes tdahe knowledge dfiow meanings about NOS are constructed

through everydayclassroominteractions, which is aaluable addition to th&lOS
literaturethat is mainly focused ornsurveys and interviewgelly et al., 1998) By

considering theontextNOS,the findings expand the existing discussions on formative
assessment in the context of science conéegt, Bel & Cowie, 2002;Nieminen et al.,

2020 and scientific inquiry (e.g., Cowie & Harrison, 2020Ruiz-Primo & Furtak,

2007) Moreover, he characterisation dIOS i nstructi crnuidagli dgodn
between different elements of NgShapter 7)coheres with the recemise of the

epistemic network approath NOS learningMulvey et al., 2021PetersBurton et al.,

2019)and shows how such approach can be impleménted ough t eacher séb

assesment practices.

8.1.4ldentifying the challenges of NOS classroom assessment
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A closer look into teacher practices not only allowed understanding what they did but

also provided the practical challenges involved in NOS classroom assessment, which
stemmed from iderse reasons. By revealing the challenges that teachers were faced

with in a new, NOSoriented curriculum, this thesis contributes to understanding the
potential barriers to effective NOS instruction in the high school class®@wan that

most existingstudies are focused dhe challenges dNOS teaching rather thats
assessmenHQEttecke & Silva, 201; Lederman, 1999; Wong, Kwan, Hodson, & Yung,

2009 , t h i movelylséngrovisir mitial empirical evidencspecifically on the
challengef NOS assessmerithe challenges identified in the study in turn have the
potential to inform the future actions to be takerbésts upport t he teach

assessment in the classroom.

8.2How can NOS be assessed in the classroom?

Although research has pmfndly shown that NOS can beughtto students across all

grade levels, evidence is scarce as to whether and how NOS easdssed the
classroom by teachers. As a recent review of literature by Hanuscin et al. (2020) noted,
guestions about the classroom assessment of NOS have been little discussed or
investigated in the context of classroom instruction. Given the broad agredmient t
NOS is a form of knowledge and a cognitive outcome (e.g.;BHgdhalick, 1998), it

seems reasonable to assess in tagsooom whether and to what level the cognitive
learning goals about NOS have been achieved. The findings of this study indicated,
however, fromthet eacher 6s perspective, there are

to the possibility of assessing NOS in the science classroom.

As illustrated in Chapter 6, the teachers were faced with a number of theoretical
and practical challengdbat raised questisrabout the possibility of assessing NOS.
These included otf-rubric answers, the tension between views and understandings,
different enactments of activities, and the demands for reading literacy and scientific
content knowledge. Theachers in this study were able to, to some extent, circumvent
these issues by adopting a generous mar ki
student answers were equally counted for marks. Specifically, they agreed that it was
almost impossible tassess thquality of each answer, sithey developed a marking
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system that did not require the teachers
this occasion, the teachersd6 approach wor
due to the low aauntability pressure for the subject. However, such a strategy might

not be possible in circumstances whetakesand demand for accountability are high

| magine that NOS i s i nc-leavidggthdes ampdftantlye an st
as usual subjég, or as a more extreme case, included in the-stajkes external
examination¥; We would be unable to avoid facing the issue of whether and to what
extent NOS i s assessabl e. This difficult
answer about NGB How can we assess NOS if any ideas about it are correct? More
theoretical and practical considerations are called for to distinguish between allowing

multiple answers and allowing any answers.

There were several other conceraktedto the possibilityof assessing NOS in
terms of summative assessment, such as va
about the risk of NOS tests being about tests of drawing skills, content knowledge and
reading skills are exactly on this point, since these wetdeaoning goals but still
influenced student answers. To some extent, these issues are indwitaide given
the contextualised and interdisciplinary nature of NOS knowledge. In this sense,
may seeNOSasconsising of rich knowledgg€Davis, 1995y hat i s &éi nter con
many | ayeredo. Halliday (2010) rightly p
reliability when assessing such rich knowledge. For rich knowledge to be assessed, the
criteria for mar ki ng shdexemplrréseurcésshpeadbet o i
wi despreaddé (p. 371) so that the assessm
facts. This validity requirement, however, can be met at the cost of reliability since it
becomes more difficult to assess consistently\as sk answers are permitted (Halliday,
2010) and develop a rubric with clear criteria. Such a conflict meana kiegittask in
designing NOS assessments is to balance validity and reliability. These issues will need
to be addressed by developing and mimg NOS assessment resources that can

balance the conflicting quality criteria (Hanuseiral, 2020; Ryder, 2009)

2 The idea of including NOS in higstakes testingzassuggested by Clough and Olson (2008),
who asserted that it would give a clear message about what is important and what needs to be

emphasised in the instruction.
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When it comes to the formative assessme
showed that an experienced teacher with knowledge of NOS can effectively use
formative assessment strategies in the classroom. Her lessons showed how NOS
learning can be faciited byt he t eacher s us ee,fmrmalianstr uc
well as questioning and feedbacle (,informal), andhow these practices of formative
assessmentaren st r ument al i n O6making connecti on:
and history of sciece, which has been stressed as a key element of NOS learning
recently (Mulvey et al., 2021; PeteBsirton, Parrish & Mulvey,2019). In her lesson,
there were some positive indicators of !
f eedback o n tatonstbecanse dnore frequerg and critical in the second
session, which suggests that they took re
learning. This shift in authority regarding assessment in her lesson is important because
it may be indicatie o f studentsd increased confide
participateas active agents in the less@teritage & Heritage, 2003). Nevertheless,
there were still some challenges involved in this process, mainly because it requires the
teacher an extensive knowledge of all these domains to enact prompt and responsive
formative assessment throughout thetringion. Given that Dr Kim was more
knowledgeable and experienced in NOS than many teachers, it is likely that these
difficulties would be more problematic for other teachers.

Lastly, if NOS is to be assessed in the classroom, an essential condiiattiset
teacher has knowledge and skills required for NOS assessment, in addition to those in
science assessment (see Seddid® below). The teachs in this study had different
levels of NOS backgrounds, which was also reflected in their views about NOS
teaching and NOS assessment. Dr Ki mbs f e
paradigm shiftesson support the possibility thieformative assesnent of NOS in the
classroom when the teacher has understandings of NOS and its pedagogy. The design
of the three NOS assessment tasks used by the teacBérapter 5 and Chapteaéo
indicates some possibleways in which classroom assessment can ptenNOS
learning through engagement in different learning activities. Nevertheless, when the
issue of grading and accountability emerged, the teachers struggled with various
problems in the summative assessment of NCiapter 6. While there are no simple,
clearcut solutions to these challenges, they could be reduced through the provision of

NOS assessment resources and teacher professional legyporgunities.
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8.3Why are teachers not sure about assessing NOS?

Having discussed how NOS can be assessed in the classroom, | now consider some
possible reasons that teachers are not convinced about assessing NOS in the classroom,
particularlyfor the summatie assessment Pr evi ous studies on te€
practices in NOS have suggested, albeit anecdotally, that teachers do not usually
consider includingany formative or summative assessnsnttheir NOS instruction
(Abd-El-Khalick etal.,1998;Byc k & Taber, 2019; Hanuscin
findings offer some further insights int
NOS classroom assessment and the backgrounds to their views. Interviews with Ms

Lee and Ms You suggested thatdeers can hesitate to assess NOS because they do

not think assessing NOS is necessary, even when they agree with the idea of including
NOS as an instructional goal. In other words, because they do not think of NOS as

something to be assessed in the clasaro

How, then, can we decide if something needs to be assessed in the classroom? The
mo s t basic answer to the Owhat to asses:
achievement against the standards set by the curriculum (Klenowski &-8Bitt,
2014).Under usual circumstances where NOS is not included as a learning goal in the
curriculum or presented as secondary to
recognition is understandable. However, the curriculum in this study did explicitly
present NOS asd learning goal. Given this context, the fact that Ms Nam and Ms You
remained largely unconvinced of the value of assessing NOS contradicts the
curriculumds explicit focus on NOS as ac
suggests t ha tboutwha o keach abéut NOS and ehatao assess about

NOS can be different, due to their beliefs about the necessity of assessing it.

One important factor regarding the possibility and worthiness of NOS assessment
seems to be the isswsdobndi sundgusshndign
VNOS questionnaire starts with an instruction that saysher e ar e no fAr i
Awrongo answers to the following question
a number of issues about sciedce ( V-N;Q.8leman, AbdEl-Khalick, Bell, &
Schwart z, 2002) . However, after mar ki ng
remarked that theneerecertainly wrong answers, for example, when a studseités

that Oscience is absoluted €dsxnfairmafl orc ontvi
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cognitive understanding of NOS, teach the key aspects of NOS, but if these are still
about opinions rather than knowledge, how can we justify marking and grading these
opinions? Do 6informedd ans wergsadedwhisher ve n
can have implications f oetal(2020) dgbtly pogitéd f ut ur
out that the focus omewso f NOS O0i s inconsistent with t
charged the summative evaluation of student learning and assigni of gr ades 6
413). The seeming conflict betweiaterpretingNOS as views (perspectives, opinions)

and understandings requires further considerations to support teachers to develop
rationales for assessing NOS in the classroom, particularly for siveragsessment.

The teachers in this studyere cognizant othis issue while engaging in the NOS
assessment, but their decision to mark generously allowedrplaying this issuat

the expense ofine discriminatonamong studentsd .NMefowunder ¢
examination pressure for the subject was an important factor that allowed such a
decision. This decision can be understood as a practical rather than logical choice, but

it can be criticised in that generous kiag and low level of discrimination mean that

the assessments provide limited information about student learning in NOS, which is a

crucial purpose of summative assessment (Black, 1998).

My view is aligned with Al Il cdofwews, (201:
should be the focus of NOS summative assessment. However, | think that VNOS and
similar operended questionnaires can still be used as a summative assessment to the
extent that understandingefiNOS (which licansidertas ttidject of
NOS assessment; see SecBdn 3 in writing. The assumption here is that the teacher
taught the target NOS aspects as an explicit legesahbefore VNOS is administered
as a summative assessméitherwise, a summative assessment with VNOS would be
decontextualised and detached from the instructional comtextd t he t each
instructionalgoals.When treated as a matter of an understapdather than a view,
the summative assessment of NOS can be justified more easily. | also suggest that the
development of LPs for NOS (Secti@3.4 can be helpful to offer an alternative
approach to grading NOS. Studentsdé NOS ul
levels specified in LP for each NOS aspect, rather than as nave, mixed or informed. To
use AbdEI-Khal i ck6s ( 20 1 2tentative MOS8 pstudentsachncstart with h e
the simple version of the idea that 6Sci e

and then progress into more sophisticated understandings such as the different ways in
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which such changes occur (e.g., expamghrough accretion, replacement with new
knowledge) and the main reasons for changes (e.g., new evidence, theoretical advances).
Therefore, | acknowledge the possibility of VNOS being used as a summative
assessment with adaptations, but at the same ¢ififioets to develop other methods of

summative assessment in addition to questionnaires@elll to be made

8.4 How does assessing NOS compare to assessing science?

I n Chapter 5, I di scussed that the teach
those ofscience assessment. While they commonly put emphasis on the process or
product of problernsolving for science assessment, for NOS assessment, the teachers

had varying foci such as the application of NOS understandings (Dr Kim), participation

and attitudegMs Nam) and transforming the assessment into collective learning (Ms

You). This perceived difference between science assessment and NOS assessment
relates to the domaispecificity of classroom assessment that | have discussed earlier
(Section0) and its possible implications for NOS assessment. It means that the aims

and methods of classroom assessment are different across school subjects and the
speific content being taught (Black et al., 2003). There is evidence on the differences
bet ween science content knowl edge and NO
pedagogical approaches (Hanuscin, 2013; Metsai, 2020), but whether and how the

two dffer in the context of classroom assessment have been little discussed. In this
section, | consider some aspects of this isgueflecting on my findings and relevant

literature.

The findings in Chapter§ through 7 illustrated that the differences befen
scientific content knowledge and NOS pl ay
perceptions and practices as well as giving rise to some of the challenges that they faced.
The teachers generally felt that learning N@&Ild complement the contéfocused
curriculum by promoting critical thinking and science communication skills, suggesting
their awareness that NOS can serve different goals than developing scientific content
knowledge. However, when it comes to summative assessment, two teltshisiaan
and Ms You, were unsure of whether NOS needs tsuigected tosummative
assessment. This suggests that the teachers considered NOS to be different from science
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content in terms of assessment, but they did not have a clearly articulated view of the
differences. Dr Kim, who had prior knowledge and experience in NOS instruction,
viewed that NOS summative assessment should focus on the application of NOS
knowl edge and suggested an or al test whe
wor ds 0 anmed bhssessment neethod. Such a contrast suggests that developing
teachersodo awareness of how scientific kno

to theircoherenideas about the classroom assessment of NOS.

I n Chapter 5, the perception of NOS as
consideration in the teambs decision maki
contrast with scientific content knowledge. Thisturn raised the question of how to
distinguish the right answers from the wrong ones, particularly for the VNOS task
where the instruction clearly stated that there are no right or wrong answers. The
chall enges of ma-rigktia m g w diestiorg glaoty |that) sciedce o
teachers, quite expectedly, are not used to such type of marking. Such challenges
recurred for the other tasks, whenever the question wasengkd and not all student
answers had been predicted by teachers. Meanwhile, Chagkovged that the
formative assessment of NOS during instruction can be challenging and requires the
teacher to be knowledgeable about content knowledge, history of science, NOS and
have the ability to interconnect these elements throughout the lessorcl&drly
illustrates that formative assessment skills for NED&ot naturallyderivedfrom the
skills needed for science content knowledge and calls for increased attention to the

specificities of NOS assessment.

Teaching NOS and teaching science hawd bommon and different aspects, and
so do the classroom assessment of science and that of NOS. Broadly speaking, both
scienceand NOSateaught (and assessed) to contrib
the goal of science education. However, theeedifferences, too. Not onljoesNOS
teaching require a different set of PCK than science teaching-EAKtalick &
Lederman, 2000; Hanusagt al, 2011; Mescet al, 2020) it alsoposesiew challenges
to the teacherddottecke and Silva (2012) illrsited the difference between teaching
science and teaching NOS in the case of physics, nibtatdeachers struggle to shift
from the disciplinary culture of physics, where the focus is on physics as a collection
of truths about nature, to that of NOSevh e physics is portray:«
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empirical investigation, discourse, and negotiation among scientists that result in
knowl edge that has changed and may chang
differences, assessing NOS cannot be considereblation from assessing science

because NOS cannot be separated from scientific knowledge and inquiry skills (as
suggested in Chapter 6), and importantly, because they are assessed by the same teacher.
Further theoretical and empirical investigation® itite relationship between science
assessment and NOS assessment wi || be a
knowledge and skills in NOS assessment. For example, studies with a larger number of
teachers t o expl ore h o wWOS$RCHK doh elassadm s ci en
assessment are related will be useful to further develop some of the issues pertaining to

the sciencéNOS contrast raised in this thesis.

8.5How should curriculum, instruction and assessment align in

NOS lessons?

Having discussed different aspeof NOS classroom assessment, let me now turn to
how it can relate to other elements of teaching and learning in the classroom, such as
curriculum and instruction. The alignment between curriculum, instruction and
assessment, or how these three elemehtn educational system operate in close
cooperation to be mutually supportive, are integral to effective classroom teaching
(Tyler, 1949). Ideally, what is set out in the curriculum standards need to cohere with
what students are taught and tested ochSun alignment is particularly important in

this age of accountability to provide stakeholders with a clear message about what is
expected (Martone & Sireci, 2009). Moreover, achieving the coherence of curriculum
and instructional and assessment pracigparticularly challenging for teachers in the
time of a national curriculum reform where new learning goals such as NOS are
introduced (Ryder & Banner, 2013).

Although the SIE curriculum made progress from earlier national science curricula
in Korea whee NOS had been stated only as a higeeel goal, it still provided no
information about how to discern different levels of student learning in the NOS aspects,
and how studerearning is expected tevelop in each NOS domain. The difficulties

of marking that the teachers encountered in Chapter 6 partly stemmed from the absence



Chapter 8 212

of agreed standards in terms of what level of understanding is desired about individual
NOS aspects and how to evaluate whether
different implementatios of instruction illustrated in Chapter 5 calso beunderstood

in relation to the lack of agreement about the desired NOS learning outcomes. To
address these challenges and inconsisterttiegrovision of more specific learning

goals abut NOS and criteria for deciding the achievement in the curriculum will be

necessary.

One possible way to enhance the curriculastructionassessment alignment is
through the use of LPs (Duncan & Hm&dver, 2009) that are specifically developed
forNOS . LPs are aimed at Osuccessively mor e
a content domain that f o(Srhith,Wiser,Aederson& t her
Krajcik, 2006, p. 1) and va been suggested as a promising framework for developing
meanigful assessments in science and beyond (Alonzo & Steedle, 2008; Duncan,
Rogat & Yarden, 2009). LPs for key NOS domains (e.g., aims and values, practices,
methods, social dimensions) can provide teachers useful guidance to plan their
instruction, map formatv e assessment opportunities, an
summatively.Recently, som@otential benefits of NOS LPs have been suggested by
NOS researchers (AbdI-Khalick, 2012; Akerson et al., 2011; Bell & Clair, 2015;
Duschl & Grandy, 2013; McComa€lough & Nouri, 2020). For example, AbHI-
Khalick (2012) <called for an approach whi
levels of depth as learners move along the educational ladder from elementary school
to collegelevel science teacher educationp g r a mme s & The develodnter 7 ) .
and empirical validation of NOS LPs can d
(mis)perceptions of NOS at different grade levels, as well as research on the effect of
different instructional interventions ddOS. Empirically grounded LPs about major
aspects of NOS will provide practical guidance to teachers compared to what informed,
mixed and nave categories can offer, and also increase the coherence between

instruction and assessment, and between formatisdesummative assessment. Besides,

2*Notethat AbéEl-Khal i ckés (2012) argument forhel earnir
consensus list. While | concur with his ideaagirogressiveapproach titNOS learning quoted
here, my view is that these progressions should not be limited to the NOS aspects in the

consensus list (see Section 2.5)
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through the use of LPs, teachers can el i
current NOS understanding and the desired level, provide feedback based on the
identified gap, and also possibly involve students enfdrmative assessment in the

form of selfassessment and peer assessment (Heritage, 2008).

8.6 How can content knowledge and NOS learning goals be

balanced in classroom assessment?

In addition to the alignment within the curriculum, instruction and assessie%s
learning goals should be well aligned and balanced with otheN@$ goals such as
conceptual learning of scientific content knowleddgecience curricula have
traditionally had an emphasis on conceptual learning, and many science curricula and
stardards worldwide still have a strong emphasis on key concepts of each science
discipline (Akerson, Carter, Pongsanon & NarguJoedhi, 2019; Murakami & Sumida,
2014). While the profound value of conceptual learning should not be dismissed,
science educatiaresearchers have made consistent efforts to incorporate the epistemic
aspects of science as a goal of science educationKelly.& Duschl, 2002;Schwab,

1962). How can the twgoalsbe balanced in assessment practice? Duschl (2008)
suggested the relath between conceptual and epistemic learning to be symiatter

than an eitheor situation, and they should reinforce and mutually establish each other.
In particular, teachedesigned activities and assessment practices should be able to

monitor leaning and provide feedbad@r both learning goals (Duschl, 2008).

The summative and formative assessment pragligsatedin this thesis suggest
that NOS learning goals, even when it is targeted in the lesaprheeasily obscured
or downplayed by conceptual goals unless the teacher makes conscious efforts to
emphasise the former. In the case of summative asseg&hepte 5 and Chapter 6)
even though the teachers i1included wor ksh
about NOS from their activities, these questions turned olneswvariousissues
relating to validity and reliabilityThis led the teachers tmwrplay thediscriminating
function of the activities by adopting a generous marking schémthe case of
formative assessme(Chapter 7)some of the student presentations were focused on

describing the content of scientific discovery (that is, the cdnaépspect) without
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interpreting it in terms of the paradigm shiféa( t hat i s, the epi st emi
guestions after the presentations were also often focused on the specific aspects of the

di scovery (e.g., K e p liceantdicsmodeklthe crtisal density d e n c e
in the models of the universe) that sometimes exceeded the science curriculum, and the
teacher had to shut down the Q&A and refocus it onto the NOS aspects of the discovery,

by providing feedback or asking questiopsdfically targeted at NOS. Together, these
episodes point to the importance of teachers in striinglance between conceptual

and NOS learning goals. To tackle this, efforts will be necessary to support teachers to
develop a clear idea about the diffiece between science and NOS as learning goals

and acquire instructional skills to teach NOS explicitly through professional

development efforts.

8.7 How do the summativeassessmenénd formative assessment
of NOS relate?

Given that this thesis addsesl both formative and summative assessment of NOS,

is worth briefly discussinghe relation between the two purposes of classroom
assessment in the context of this study. When formative assessment and summative
assessment are understood as the duglopas of classroom assessment rather than
different forms of it (see Sectidh2.1), these two purposes can be complementary in
classroom instructiofLooney, 2011). However, the two functions of assessment do

not always work in service of each other. For example, vet@assroom summative
assessment involves high stakes, its Owas
has been recognised (Doliet al., 2018). Several moments in this study seem to
exemplify such an antagonistic relationship between formative and summative
assessment. The teachers6 deci si dasedt o0 use
on differently contextualised student tatties rather than papandpencil
assessments, is reflective of their focus on the formative functions of NOS assessment.
These activitycentred assessments that were aimed at the promotion of learning often
conflicted with the need for grading. Anamxple is when Ms You regretted that she

had not given much feedback to students during activities due to her concerns about

fairness, after finding out other teachers had given feedback. As another example, the
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teachers could prioritise the learning of NdShe design of assessments due to the
reduced accountability pressure for the subje@hapter 6and this reduced pressure
was also why Dr Kim could allocate enough time for student presentations in her lesson

in Chapter 7

Although tensions ase on several occasions, overall, the teachers felt that they
were generally successful in facilitatisgdent learning from the assessment activities
as well as achieve a fair level of accountability. This suggests that they managed to
strike a balancegp some extent, between the two main aims of classroom assesment
promoting learning and producing evidence of student achievement. Specifically, the
NOS activities described in Chapters 5 and 6, and the paradigm shift activity in Chapter
7, illustrates he the summative and formative assessment of NOS can be
compl ementary in instructional practice.
practices constantly make connections between different NOS aspects, between
different historical examples and sciéiot content knowledge. Given thathe
facilitation of connections is increasingly recognised as a core aim of NOS learning
(Mulvey et al., 202; PetersBurton et al., 2019), her practices show a good example of
how it could be done in the classroom. T@unr st and NOS, | earners
understandingé6 (Davi s, 1995) of it Si m
ounderstandingéd NOS (AlIl chin, 2 0NoGri; Matt |
2020). In this sense, recognising the interconnections is Bomethat was well
supported i n Dr Kitrddrisg the tessamaut notasevellmmshe e s s me r
case of summative assessm@&iventhatthe teachermarkedeach questioseparately
and theraggregatedhe marksit was difficult todiscriminatestudent understandings

of NOSbased orthe connectios between different elements of NOS learning

8.8 How should controversies about NOS be addressed?

Having discussed the issues of classroom assessment, let me now turn to an intrinsic
issue related to the nature of NOS knowledge. It is well recognised that NOS has its
roots in historical, philosophical and social studies of science. The process in which
knowledge ofNOS is generated is, therefore, more akin to the methods of the

humanities and sociatiencsethan those of the natural sciences. For this reason, claims
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about NOS are often controversial, and there exist several competing views about a

sing e aspect of NOS. An example from Dr Kir
di scovery of DNA do-shl Ethebbxttwas épggadt
the answeto which relies on the concept of paradigms and scientific revolutions that
hasbeen i ntensely debated si Maserm&uI®Tops pr ¢
McMullin, 1993; Sankey, 1993; Shapere, 1971; Toulmin, 1972) and also revised by

Kuhn himself several timaa subsequent work&uhn, 1974; Kuhn, 2000). Likewise,

NOS researchersaie argued that most of the tenets in the NOS consensus list are in

fact more controversial than they appear (Allchin, 2013; Hodson, 2014).

Kotter and Hammann (2017) argued that NOS teaching should address the
controversies about the scope and limits adrsme because controversies are at the core
of philosophy, history and sociology of science on which NOS is based. However,
science educators have been divided about the inclusion of controversial aspects in
NOS teaching. The consensus view, as-edlert from the name, regards
controversies as Oi mpract i c-anivérsityasoeghcedi r r e
education (AbeEl-Khalick, 2012; Lederman, 2006) so have less priority in deciding
what aspects of NOS to include in the science curriculuns @laim has attracted
criticism from NOS researchers, who argued that science cannot be properly described
in a list of simple statements due to its inherent heterogeneity (Hodson, 2014; Irzik and
Nola, 2011; van Dijk, 2011). In this sense, Matthews (2@tuirised the attempt to
6l ist upd the NOS and argued that NOS i ns
inqguired abouté in the science classroom
about NOS that can be critically reflected on and discusstdte classroom without
necessarily engaging in highlewel philosophical debates. He suggests, rather than
aiming to teach the mere tenet that d&éscie
and explore various features of scientific experimématith historical examples such

as Newtonbdbs pendulum experiments in mecha

| would argue thabne promising solution to the question of controvergezsus
consensus in NOS is to consider them not as an @thenoce but as a matter of
progression. In other words, the idea of LPs introdueadier (Section2.3.4 and
Section8.5) can be beneficial here, too. At the lower grades, students can be introduced
to the idea that oéscience is empirically
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theory of evolution based on his empirical observation of finches in Galdpagos, and
how British scientist Luke Howard formed useful knowledge about the types of clouds
by observing and classifying numerous clouds according to the altitude level and shape.
The similarities of these cases in terms of their empirical element can be highlighted at
this level. Asa studentprogresss into higher grade levels, the NOS idea can be
elaborated and expanded by changing the focus to variations, specificities and
exceptions. The idea of empirical basis in science can be challenged by introducing
scientific aclevements where conceptual and +eanpirical processes played a key
rol e, as in the examples of Galileods t
sl ope without friction that |l ed to the
chasing a light éam which was instrumental to his discovery of special relativity.
Through these examples, students can learn a more elaborate notion that scientists
sometimes make progress by transcending the empirical experience. When carefully
organised, this approadan avoid bottoversimplifyingNOS and burdening teachers

and students with cuttingdge philosophical debates.

8.9 How canwe teach and assess the domaspecific aspects of
NOS?

Part of the controversies about NOS redbethe domairgeneral and domaispecific
aspects of NOS. What, if any, are some characteristics shared among the sciences and
what others are only applicable to some domains within science? What are the
implications of this question for NOS education? It has been not only the interest of
philosophersof science (Cartwright, 1999; Galison & Stump, 1996; Kellert, Longino

& Waters, 2006) but also NOS educators (Duschl & Grandy, 2013; Erduran & Dagher,
2014 Hodson, 2014; Irzik & Nola, 2014). Specifically, NOS researchers have debated
whetherto address the domaspecific aspects of NOS to students. Here again, the fact
that there are NOS aspects specific to some domains itself is not controversial; The
debate is rather about how it is taught at the school level. Consider the use of
experimersg as a method and practice of science. Although experiments were suggested
as a key method of knowledge acquisition at least since the seventeenth century by
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Francis Bacon and continue to be one, it is not all scientists who conduct expetiments.
For astonomers and geologists, the massive scale of time and space they deal with
makes it impossible to conduct experiments in a controlled environment, although they
instead count on observational methods. Meanwhile, there are even subfields of science
that deelop with little empirical evidence. For example, the work of string theorists
that is nearly impossible to test through experiments is still considered a major branch
of physics. The overemphasis of experimentation in NOBescientific method can

thus obscure the role of historical, observational and theoretical sciences in the
development of knowledge. These domspecificiies of NOS have invoked
criticisms of the consensus view that st
sciences (Dagh& Erduran, 2014b; Duschl & Grandy, 2013; Irzik & Nola, 2014; Park

& Song, 2019; Schizas, Psillos & Stamou, 2016).

Several excerpts in this stuggint tothe practical challenges relating to domain
general and domaispecific NOS. In many countries, secangscience teachers have
a background in one of the science disciplines and often are qualified to teach that
discipline (Davies & Amos, 2017; Im, Yoon & Cha, 2016; Pederson, Isozaki & Hirano,
2017). It is therefore possible that teachers tend to be fanmikar with NOS aspects
that are common to all sciences or specific to their own discipline than those of other
disciplines (Hottecke & Silva, 2012; Topcu, 2013). This possibility at least partly
explains the struggl es dinghsimitar cashsan the bisotyh e r s
of scienced question in the worksheet. Al
whet her the case is similar t paradigmshifher sp
lessoncould have been easier for the teachdratadle if the task were less opended
in terms of topics, given that part of the difficulty stemmed fritvem fact thatthe
exampleswere drawn frommultiple domains of science such as astronomy,
meteorology, thermodynamics, and molecular biology. Idstix@ teacher may instead

give selected historical examples and ask students to evaluate whether each case has a

Here | subscr i b3 vietdhat lda experinmeqgt &reateg rio@wgorthy and
discernible phenomena through intervention, as opposed to an observation where the focus is
either on phenomena in nature or tesult of the intervention. The distinction between
experiment and observatids a debated topic among philosophers of science (Daston, 2011;
Gooding, 1992; Malik, 2017).
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paradigm shift in it and why. Then the teacher can have some expectations about the
possible student answers and @better sense of how tespond to their answelse(,
formative assessment) and how to mark and differensiatengthe answersi.g.,

summative assessment).

8.10How could we support teachers to teach and assess NOS

effectively and meaningfully?

In this thesis, | have arguedtha t eacher sé6 practices in NOS
piece inresearch ireffective and meaningful NOS instruction, drawing on the review

of existing |literature on NOS. This stu
assessment of NOS requires teacherdiave additional knowledge and skills to
implement this assessment effectively, and efforts are needed to support teachers in this
regard. What kind of support can be provided to prepare teachers to assess NOS? The
sociocultural approach to classroomesssnent (SectioB.) vi ews it as 06a
contextdependent social practice that involves teachers articulating and negotiating
classroom and cultural knowledge with one another and with learners, in the initiation,
development and practice of assessment to achieve thenleang goal s of S
(Willis et al., 2013, p. 242). To facilitate such a social practice, a teacher will need a

good level of knowledge and experience in both NOS itselhamdto assess it in the

science classroontet alonehavegeneral skills for kmssroom assessmehtere | will

discuss some possible ways forward, based on the specific challenges and difficulties
identified from this study and research literature in teacher knowledge in NOS and

assessment.

Let us begin with the teacher knowledgeM®S classroom assessment. Hanuscin
et al.o6s (2011) and Mesci e-PCKabthirckeded 202 0)
knowl edge of assessment as a component, b
NOS assessment was not defined or specified asetlstudies. The framework for
teacher assessment literacy by Abell and Siegel (2011) can be a useful starting point
here. It has four main areas of teacher PCK for science assessment: knowledge of
assessment purposes, knowledge of what to assess, knewfegessment strategies,

and knowledge of assessment interpretation and action taking. At the core of these
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knowl edge domains are teacherso6 ideas a
grounded in their views of student learning (Abell & Siegel, 2011)

Nearly all of these components, from the views of learning to taking actions upon
the assessment, need some adaptations to
the classroom, given that PCK is dependent upon the subject matter and that scientific
conent knowledge and NOS knowledge have different characteristics as subject
matters (Mesci et al., 2020). An explicitly targeted NOS learning goal must influence
the teacherodos knowledge of assessment pu
Specific strateigs for assessing controversial, opgrded aspects of NOS should be
developed and provided to teachers. Not to mention the question of what constitutes

6l earning NOS® underlies all these consid

The fact someone has goodokviedge in science does not necessarily mean that
they are good at teaching or assessing science -(G@gsome & Lederman, 1999;
Shulman, 1987). The same idea should hold true for NOS. In this sense, although it is
hopeful that an increasing number of sce teacher education programmes and
standards across the world are including NOS (Dibattista & Morgese, 2014; McComas,
2014; Song & Joung, 2014), these programmes moutter include training on the
instruction and assessment of NOS in additiontodevelm g t eacher candi
about NOS itself. Systemati ePCKkang plOS t s t
assessment literacy should be provided besides discussing the aspects of NOS.
McComas (2020) suggested four potential ways to incorporate NOS sxthete
education: as part of the science methods course, by addressing NOS in science content
courses, through engagement in authentic science research, and finally, through a
special science education course or professional development solely focuse®.on NO
These four approaches can be puraegturrently starting from the first three that are
relatively modesgoals and in the long run, reforming the science teacher education

system to include NOS as a major goal by creating specialised coursesgaachpres.

What mayalso bebeneficial is to engage science teachers in esobgect learning
opportunities with teachers of other subjects or those of other subject specialisms within
science. Crossubject professional development settings have proves édfective in
the context ofSSIsf or devel oping teachersd under st

pedagogical approaches (Christenson, Gericke & Rundgren, 2017). Given that science
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teachers have relatively low familiarity and competence in discussimgogersial

issues in the classroom (Erduran, Guilfoyle & Parlgress Hand & Levinson, 2012),
collaborative classroom assessment projects with teachers of social studies, ethics,
religious studies and history can provide opportunities for developsegsment skills

in the historical, philosophical and sociological aspects of NOS and the controversies
around it. Dr Kimés focus on assessing wh
wordso and Ms Namdés focus onestmdestensweisng t h
about NOS indicate the possibility of fruitful exchange witkrature and literacy
teacher s, wh o can of fer Il nsights on ass

expressions.

8.11 Future research on classroom assessment of NOS

8.11.1Assessing dierse aspects of NOS

Due to the nature of this study as an observational rather than interventional one, the
analysis has been limited to the NOS aspects that the teachers selected to teach. In
Chapter 7the focal NOS aspect was tigea of theparadigm shift, although Dr Kim
attempted to build connections to NOS aspects that had not been brought up by each
student group. For example, when one group presented gitdaits as an example

of a paradigm shift, she tried to link the historical case also to the role of technology in
the advancement of science (see Sedti8r). Still, the overarching focus in her lesson

was the paradigm shiitteaand how it leads to scientific development which, in the

FRA framework, belongs to the cognitrepistemic categories. Likewise, the
summative assessment activities useithe second year (Chapter 5 and Chapter 6) also
featured mostly epistemic issues, such as observation and classification as scientific
practices (the clouds activity), and diverse methods for making inferences (the scientific
methods activity). The VNOSask included one question pertaining to the social and
cultural aspects of scien¢e 6 | f you believe that science
valuesfor is universal] explain why and how. Defend your answer with exasgple

but generally speaking, most assessment activities were focused on the cognitive
epistemic NOS aspects. Accordingly, my analysis has been focused on teacher practices
in assessing these NOS aspects and the challenges in doing so. More research that
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consders the classroom assessment of saegitutional aspects will provide further
insights as to how different categories of NOS knowledge can influence teacher
practices in classroom assessmadihiis is an importantavenue for further research,
particulaly in line with the increasingattention tothe economic, politicalsocial,
ethical dimensions of science in NOS reseaftdijran & Mugaloglu, 2013aya,
Erduran, Birdthistle & McCormack, 2018®ECD, 2020.

Just as some aspects of NOS can be taughe mfbectively with aparticular
instructional method (e.gteaching the development of science with historical
examples, and teaching the social aspect of scienc&®lH it canbepostulatedhat
suitableassessment methoagyalsodiffer for different NOS ideadn future research,
it would be helpful to considdghe influence oflifferent assessment methasisch as
written tests, oral tests, performarassessmeiind portfolio assessmem the quality
of NOS assessment, as wedl lzowcan relate to theatureof NOS idea being taught

and assessed.

8.11.2Teacherknowledge,viewsand practicesof NOS assessment

Three teacher soé6 vi eiwelatorftoNOS BlusteatediroGhapters s e s s
5 offer some useful insights for future investigations in this arka.fact that teachers

can take different approaches to science assessment and NOS assessment, for example,
calls for research atme factorsnfluencingsuch a disparitysawell as how the two can

be aligned coherentilBu i | di ng on earl i er womPEKforsuch a
NOS framewor k, and Ascercé assessrdent Steracy radddd, s ( 2
future research can consider developanffamework of teacher knowledge of NOS
classroom assessmeAtsynthesis othese frameworksan lead t@ useful theoretical
accountoft eacher s6 NOS <cl assroom apagieusryyme nt k
their commnents and the interplay between such componéhis can in turrdevelop

into research with statistical generalisability, whicldid not aimfor in this thesis.
Giventhatmoste x i st i ng st uNDS eievsaefocuded an théiresievss of

NOS iceas themselveather tharthose ofteachingand assessindNOS, largescale

studi es OOS insteuationnardrass@sment will provide critical evidence that

can informpreparing teachefer NOS.Moreover, he mismatch between teacher views
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and pratices reported in Chapterdso deserves continued attentiédthough this
thesis focused on the process and challenges of summative NOS asstssmginta
case studyfuture studies with larger samplesan r eveal the trend

assessment @atices in diverse settings.

In consideringeacher knowledge and practices of NOS assessment, it would be
crucial to further investigatethe extent to which domatgeneralknowledge and
domainspecific knowledgeshape teacher practice (see Sediprrurther research of
teacher knowledge, views and practices of NOS assessment guided spwoibicity
of PCK (Veal & MaKinger, 1999 will enable a systematic understanding of the
exploratory findings reported in this thesi@iven theinteractionsbetween NOS and
scientific content knowledgeported in this thesis, how teachers make serbe divo

for instruction and assasent will bean interesting area to investigate.

8.11.3Collaborative summative assessment of NOS

One of the key motivations f@hapter 6vas to investiate how aollaborativesetting

can impact the summative assessment of NOS. As | discussed, the collaboration among
the three teachers made their concerns relating to NOS assessment more explicit by
bringing them to a public space, which otherwisghthave been kept to each teacher.

Still, there are some aspects of teacher practices that are not addressed in this thesis and

thus can be explored in further research efforts.

First, there is a need for reseasddressing questions suchtasvhat extent ah
how such coll aboration can facilitate tect
in terms of their NOS assessment literacy. This thesis employed a naturalistic research
design that did not involve researcher interventions, but in future resedechentions
could be useful to promote teacher collaborations to assess NOS. Outside NOS research,
Bl ack and coll eaguesd studies (Bl ack, 2
researchers worked with teachers to improve the validity of summative assessment
Their model of collaboration engaged teachers in moderation exercises within and
between schools, which could be particularly useful for assessing NOS that many
science teachers reportedly struggle with (Hottecke & Silva, 2011; Wong, Kwan,
Hodson & Yung,2009) . Lundods (2008) study al so
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coll aborative assessment to facilitate te
in an online environment. In this study, 14 preservice teachers of English as a foreign
language were asked grade two exam papers individually and give reasons for the

grade, and then exchanged feedback in an online discussion forum. From the analysis

of the online discussion, Lund argued that the threaded discussion elicited the
negotiation and coordinatiofo t he partici pantso ideas ab

learning opportunity for the participants (p. 43).

Secondamore systematic analysis of the effect of social moderation processes on
the quality of NOS assessment, and eventually its effect on stiedeningof NOS,
will be necessary. Several studies, although not specifically in the context of NOS, have
suggestd the benefits of forming a community of assessors to the validity of
assessment (Black et al., 2011; Lund, 2008). The findinGsapter Guggesthat the
moder ation process brought several i mport
attention, which otherwise might have been ignored and not come to Hghtever,
it remains unanswered if such collaboration can have a positive impact on the
assessment quality such as validity and reliability. Further investigations of teacher
markings and student data will provide insights into these unresolved issues.

8.11.4Formative assessment of NOS

For nearly 25 years, formative assessment has drawn caigaettention from
researchers (Black & Wiliam, 2009; Refzimo & Furtak, 2007; Shavelson et al., 2008)

as well as policymakers (Assessment Reform Group, 1999; Lucas et al., 2013; National
Research Council, 1996; OECD, 2013) in an effort to shift away the dominance

of summative assessment in many countries. At the same time, however, evidence
suggests that it is not easy for teachers to change their practices to pay attention to
students throughout instruction and use appropriate strategies to l@aatmg
opportunities based on collected information about student learning (Atkin, Coffey,
Moorthy, Sato & Thibeault, 2005). NOS instruction can benefit from the theories of
formative assessment, particularly because NOS researchers have emphasised usin
classroom interactive activities to teach NOS (Allchin, Andersen & Nielsen, 2014;

McComas, 2020), where feedback and conversation can merefrequently than in
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teachercentred direct instructions.

There is a faimmount of researabn NOS instructiorn the science classroom, but
few of them have looked at NOS instruction through the lens of formative assessment,
or with the focus on teacherso6é process o
acting on it. Ryder ardkampdehddhat20 &) sdti
use of classroom talk in the context of NOS instruction and found the variations in the
degree to which seven science teachers n
whole class, and sometimes challenged theimsdo facilitate NOS learning. Although
this thesisds analysis of Dr Kimbés <cl ass
assessment illuminates some important connections between NOS and formative
assessment, more theoretical and empirical discussiothie connection will be

necessary.

First, given that teachers accumul ate a
as they teach more classes (Cowie & Harrison, 2020), considering the temporality of
formative assessment practice will be useful. luldde interesting to explore how a
teacherdés formative assessment practice
evolves over time as she accumul ates mor
suggested the possibility of improvement through experiesinem she told me about
how she became more confident as she tauglpitfagligm shift lessaio more classes.

The studentsd engagement i mcrebdecover Bme.e S S me |
showing the potentiapower of peer assessment dieveloping sphisticated and

connected ideas about NO& further look into the use of peer assessment in NOS
instruction willprovide insights for making NOS learning margeractive andearner
centred.Second, how NOS formative assessment practices are influepdeddner
characteristics will need investigation. Since Chapter 7 is a study of one teacher,
possible variations in practices and challenges of NOS formative assessment can be
explored by including more teachers from different backgrounds in terms eicsubj
specialism, NOS knowledge and pedagogical orientations. This will enable
understanding the potential variation acreeacher8 NOS f or mati ve as
practices providing more nuanced and focused support to teachers in different
circumstances. Forxample, a study with more teachers that investigates the

relationship between their NOS knowledge, assessment iM@S,PCK and actual
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assessment practices will give further insights useful to provide individualised support
for teachers.

8.11.5Students and teaher assessment practices

Althoughthist hesi sd0s focus was t hethatismowtleemind pr
of the story.Like instruction, classroom assessmisnd mutual process between the
teacher and her studentshave discussed several ways in whathidents can shape
teacher assessment practic&/hen it comes to the formative assessmethich is
inherently interactive and responsive,showed that Dr Kim was responding
spontaneously to student presentations about paradigms and tHzgcsineemore
confidentand skilful after teaching the lesson to several clasées. summative
assessmenit, was mainly the marking and moderation process that was ictaeny
student performances the assessment tasks. Evidence of student learning came from
t he 1t e ac h e svhifestedbnss everevoa task and the worksheets that students
had completedDuring the moderation process, the teachers used such itifamna

establish marking criteriamguide their marking.

In the future, moralet ai | ed research worikNG@Socusin
classroom assessmerithere are several remaining questions in this regaod.
exampleto what extent do students inpeet the purposes of NOS assessment @sks
the teacher intended¥ter takingNOS lessons, what do students feelld bea fair
and appropriatenethodof assessing NOS? Are their perceptions coherent with their
t e a ¢ Hew wdosl®the alignment betwe¢ he t eacher 6s and stud
of NOS impact the assessment practiddiere are questions around formative
assessment, tdoDo students actually build connections between components of NOS
learning when the teacherakes conscious efforts to do so, as in the case of Dr Kim?
What was the impact of the peer assessmeldtrin Ki més | esson on stu
NOS? Research focugj on these questions will complemevhat we knowabout

NOS classroom assessmént om t he t edwewher 6s point of

8.11.6Initial teacher education and continuing professional development
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Providing opportunities for professional learning is integral to challengy t eac her !
conceptions of classroom assessment as well as their assessment practices (Correia &
Harrison, 2019). This points to the need for researfdrmed professional
development, both at the initial andservice teacher education levels, althotigey

will take time to have an effect in classrooms. Given that the current study was of
exploratory and naturalistic nature, an intervention study that investigates the design

and evaluation of teacher education programmes focused on NOS assessnient will
necessary in the future. Previous lasgale intervention studies on classroom
assessment s u-RlddwapGxfordshire FoKnativeg Assessment Project
(Black et al., 2003), the Kingds Oxfordst
al., 2010)and the more recent Assess Inquiry in Science, Technology and Mathematics
Education Project (ASSISME) (Dolin & Evans, 2018) have demonstrated that the
provision of professional learning by researchers can motivate teachers to explore and
experiment withclassroom assessment and make changes in their classroom practice
(Cowie & Harrison, 2020).

Meanwhile, these earlier projects suggested the importance of creating mutual
learning opportunities between researchers and teachers (Cowie & Harrison, 2020),
rather than adopting a orveay diffusion model of knowledge transfer where teachers
passively participate in the programme ¢
evidence on the topic, | suggest that the two parties can work bestdrgatimg
knowledge abut the classroom assessment of MOt only its purpose and possible
methods but also what works and what does not, why teachers make certain assessment
decisions, and how individual context and culture of the classroom can be addressed,
particularly in he context of higtstakes examinations. This way, teachers can be
producers of knowledge as they engage in research, learn new things, implement them
in their classrooms, and reflect on the process (Coehnaith & Lytle, 1993). Taking
a collaborative, a@n research approach will maximise what we can learn from the
professional development interventions about improving NOS assessment in the

classroom.

The opportunities and challenges identified in this sprdyide some information
that can be useful testablish design principldsr NOS assessmentSor example,
NOS assessments shouldthegeted athe connections between various elements of
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NOS rather than discrete factf. an assessment can be answered onlyrdig
memorisation of several statementwill fail to yield usefulinformation for teachers
toi denti fy st ufaciétate lsaingidesesekms t@disdourage the use of
multiple-choice questions in favour dbcumentbased and activithased assessments.
However, the findings o€hapter Gsuggest thaexcessive use déxts and complex
tasks caralso beproblematic sincé& can reducea NOS assessment to an assessmen
of something else, such as relevant content knowladdesading and writingskills.
Given these challengesjstinstrumental for researchdrscollaborate with teachers to

designand validate NOS assessments that camsbd and adapted for classmase.

8.12Final thoughts

The idea of teaching students what science is and how it works has a longer tradition
than it initially sounds. Matthews (2012)
Institution of Great Britain lecture in 1854, and Jenkins (2013) in the Duke oflAgyd
presidential address at the British Association for the Advancement of Science in 1855.
These nascent precursors to NOS education have since been echoed and elaborated by
influential figures such as Henry Armstrong (1898), John Dewey (1916), Frederick
Westaway (1929) and Joseph Schwab (1962). Nevertheless, NOS continues to struggle
to find its right place in school science. In Korea, the national curriculum from as early
asthe 1980s stated some ideas about NOS as a key learning goal. However, as with
many other elements of the national curriculum, NOS was presented as alévgher

goal no more than something that might be good to learn (MOE, 1988). In the past
curricula, NOS, at best, was expected toabkomaticallylearnt as students study
scientific content knowledge, without having to teach or assess consciously. In this
respect, the new curriculum that foregrounded NOS as an explicit learning goal is an
encouraging shift. This thesis capitalised on this opportunity to reveal varioussaspec

of NOS classroom assessment as teachers in the wake of-arié@®d curriculum

reform.

In this chapter, | argued that my case study showed that NOS classroom assessment
is possible, but supports are needed as to providing resources and suppottiersg teac

to develop clear rationales for assessing NOS in the classroom. | also discussed more
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specific issues and tasks such as the comparison of science assessment and NOS
assessment, the alignment of curriculum, instruction and assessment, the balance
betwesn content knowledge and NOS, and controversial and despatific aspects

of NOS. In so doing, | often referred to the recent developments in science education
researchsuch asLPsto consider possible solutions to the challenges and obstacles
identifiedf r om t he study. Drawing on the teac
summative assessment in the study, | also discussed the potential tension arising from

the two functions of classroom assessment in the context of NOS instruction. Although

the study foceed on only three teachers, the findings offer useful insights and raise
important questions about NOS that are not limited to the specific participants and

context of the study, as outlined in this chapter.

Along with answering the research questionss thesisalso raisd new questions
about the teaching and assessment of N&tnce educators agree that NOS should
be taughd but what kind of cognitive state do vegpect of learners? Do wam to
devel op c edfNCSiomsitonere akinte@ under st andingé of
extentcan NOS learning outcomes be assesset@yhsor wrong, better or worse, or
informed or nave? Whakinds of informatiorcanteachersacceptasevidence of NOS
learning?Can we assess NOS learning separately fstue nt s & sci ent i f i ¢
knowledge and scientific reasoning skilsfomtheanal ysi s of teacher
practices | have discussed that there exists little consensus on these fundamental
guestions about NOS instruction and assessrAettherent modeof NOS classroom
assessmenwvill need to consider these questiorad establisiclear connections

between the learning goals and how they caméasured.

In this age of accountability, what students learn largely depends on what they are
tested on, both in the classroom and Fstgtke examinations. Given such centrality of
assessment in todaybds education system, 1
curriculum is problematic. This thesis started fridraidea that NOS should be brought
to the fore, targeted clearly as a learning goal, and assessed formatively and
summatively. Given that the science curriculum is already overcrowded, arguments for

the incusion, and even assessment, of NOS may seem to imply the relative demotion
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of content knowledge, which some people regard assaintific2® This thesis has
presented concrete evidence t hat 6scien
knowledge) and NS knowledge are inseparable and complementary in the context of
instruction and assessment (Sectibrfs3and7.3.3. Take, for an everyday example,

the science of the human immune system against viruses. In the biology class, we are
told that humans develop immunity after an infection, so weotloatich the same virus
again. This 6hard fact 6 -19 einfecBon and thezeforel a i n
guestions our trust in the scientific knowledge about viruses. To make sense of this
seeming failure of science, oakso needsotunderstandhat science can change based

on available evidence, and when the evidence is insufficient, our knowledge can also

be limited in its scope and explanatory power. An awareness of NOS as such would not
only influence one6s c oautbreak bubdiso alavtfar@a n i n

more elaborate understanding of fakainging science.

Going back to the current state of the wottdg COVID-19 pandemic has vividly
revealedhe nature ocientific knowledge and practices in a way that wawdtihave
beenpossible without itNot only does it showhe tentative NOS (e.ghe changes in
the scientific understanding of how the vingsspread) and the variety of evidence
collection in science (g., epidemiological modelling and randomised controlled trials
to assess the effects of clinical interventiprimut it alsopoints to various aspects of
science as an institutioft has shown ushe impact of funding and governmental
support on the speed dsearchon the diseaseand how social and political interests
can drivethe conduct of scientific researchhe fact thatmanyprominent COVID19
vaccines were developed jointly byiversities andbiotechnology companidslls us
the prevalence of acaac-industry collaboration in the application of science today.
Looking into the process of policy decision makimge can realisethat the line

betweerscience and politids not as solid as often thoughtl these exampleéadicate

26\When theKorean Science Education Standafdk SES) t hat foregroundec
participationd through sci encedaihko@apnoblishegl f i r st
an article criticising KSES, titl ed 6Bi zarr
di sappeared and fisocietyo emphasisedo (Jo, 2
aspects of science other than conceptual understacaiipgovoke backlaskg pointingto the

need for more efforts to rationalise the curricular inclusion of NOS to relevant stakeholders.
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thatan awarenesg &NOS is not a luxury bud necessity foresponsible citizens

Due to its nature as an educationegearchproject, this thesis has called for a
number of changeacross curriculumand assessmepblicy, teacher education and
classroom practic& he shift towards NOS classroom assesspt@wever needs not
to be revolutionary but should be rather incremental through small, practical changes
in the science curriculum and teacher education. Thetraimts that impede NOS
teaching such as the lack of available resources, insufficient pedagogical skills, time
limits, and the difficulty of justifying NOS against the curriculum and colleagues
(Henke & Hottecke, 2015pre problematidort e a ¢ h e rclasérooaSsBssment
asimportantly. Despite these known challenges, the assessments that the teachers in
this study used were a good start. Except for the VNOS task, the assessment tasks
included both studedéd activities that link scientific knowledgand reallife
applications and reflection questions to elicit NOS understandings. The challenges
associated with marking were evident, but these do not necessarily mean that the
assessments were-designed, but rather indicate the need for theoreticatigt
empirically groundedsupport for teacherdt would be essential foresearch and
educational practice® inform each otheio turn the suggestions into reality.

Given that NOS is a conventionally unfamiliar aspect of science learning, school
and uniersity-based professional development efforts will be crucial in maximising
NOS learning through effective classroom assessmdiliough many efforts have
been madé¢o develop preservice andsner vi ce t eachersdé under s
its instruction Akerson, Cullen & Hanson, 2010onnelly & Argyle, 2011Erduran
& Kaya, 20L9; Kaya, Erduran, Aksoz & Akgun, 2018esciet al.,2020, assessment
has rarely been the focus of these professional development programeaeker
educators should provide preservice andérvice teachers with training and support
to improve their knowledge and skills for NOS assessment. As more teachers
symmpathise with the value of assessing NOS in the classroom through these
opportunities, and the curriculum policy allows spaces to do so, more concrete efforts
could be made to support teachers at all career stages to use the classroom assessment
to promote #ective and meaningful learning of NO# doing so, the culturand
historical contexts of assessment must be carefully considegeetn that all
assessments are socially situated and sHmultbherenwvith therest of the education
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system.

While theincreasingattention to the value of NOS the wake opressing global
challenges such a8OVID-19, misinformationclimate change deniand vaccine
hesitancyis encouragingto tackle these issuesiore is needed thagsresenting NOS
as an abstract, high#vel curriculum goal that neveomesdown tothe classroom
instruction To empowestudentdo haveanepistemic and functional understandofg
NOS, we need tassessheir NOS learning in the classro@nd supporteachers tbe
competent at NOS assessmdntthis sensejte mi smatch bet ween
teaching intentions and NOS assessment inten©napter %, the various challenges
of summative and formative assessment of NOS (Chapter 6 and Chapaer b8 a
useful baselindor developing professional developmgmbgrammeghat aremore
attentiveto the assessment of NOA&s with any otherempirical researctprojectin
education this studywas situated withinspecific regional, curricular and school
contexs,butf i ndi ngs f r omviews andekpkriecrees sheclight ime r s 6
various issue®f classroom assessment can unfoldhi@ context of NOSnd what
opportunities and challenges are thavhich offer insights thawill be usefubeyond
this particular case Ultimately, supporting science teachers foeffective and
meaningful NOS assessmentvill enable studentsto develop skillscrucial for

responsible citizenshifhrough learning about what science is and how it operates

t
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Appendix A. Letter to Headteacher

L5

UNIVERSITY OF OXFORD eonrmens o [ UVERSITY OF

DEPARTMENT OF EDUCATION EDUCATION

Principal investigator: Professor Sibal Erduran

sibel erdurani@education. ox ac uk
Primary researcher: Wonyong Park (DPhil student}

wonyono parki@education. ox ac.uk

[Head teacher name]
[School name and address]
[Date]

Dear [Head teacher namel],

| am writing to enquire about conducting some research in your scheol in the next
academic year. | am a docicral research student at Oxford University, supervised by
Professcr Sibel Erduran (Professcr of Science Education) and Dr Judith Hillier
{Associate Professcr in Science Educaticn [Physics]). In my research project, Physics
Teachers’ Experiences of Teaching a Science Curriculum Reform Explicitly Focused on
Nature of Science, | will explore the experiences of physics teachers while they teach
scientific inquiry and experimentaticn {SIE) and the perceived meanings of nature of
science by teachers.

The research will invclve a physics teacher and cne of their SIE classes in Spring 2019
semester. | am not aiming ic change what or how the teacher chooses te teach and will
not be making any judgements about teaching. My research focus is on teachers’
experiences of curriculum implementaticn.

By participating in the research, your school would be contributing to a project that will
deepen cur understanding of science curricula that includes the nature of science,
thereby providing initial information about the cpperiunities and challenges of teaching
the nature of science to high school students as a separate school subject.

The ccmmitment from the schocol weould be to allow me ic observe three SIE lessons
over the course of five weeks, from the second week of March {o the second week of
April (around 60 minutes for each visit). | would audio-record students engaged in whole
class discussion, video the teacher, cbserve and take notes, and photecopy some of
the students’ written work. The video camera will focus on the teacher and/or the board
threughout and any incidental images cof students will not be seen by anycne else or
used for research without further explicit permission.

University of Oxford has strict ethical procedures on conducting ethical research with
{eachers and ycung pecple, consistent with current British Educational Research
Asscciation guidelines and Bicethics and Safety Act of Korea. Before beginning the
research, | would inform parents and guardians about the research and offer the
students, parents and guardians the opportunity 1o refuse to paricipate. Throughout the
research, students, parents and guardians will be able to withdraw from participation at
any time.

All participants, including students, teacher and the scheol, would be made ancnymous
in all research reports. The data collected would be kept strictly confidential, available

only to my superviscrs and myself, and not used cther than specified without the further
censent of all invelved being cbtained. All tapes and recerds would be destreyed at the
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end of the research period, and kept in locked conditions until then. | have enclesed
cepies of the leaflets for parents and students with this letter.

If you feel you would like {o take part in the study, or need mere information about what
is involved, please contact me. Whether or nct you feel it would be appropriate for your
school 1o participate, | would be grateful if you would complete the pre-ferma below, and

return it o me in the stamped addressed envelcpe enclesed in this letter.
Thank you for your time and attenticn. | lock forward tc hearing from you.
Yours sincerely,

Professor Sibel Erduran
Tel: +44 (0)1865 274019 | Email: sibel.erduran@education.ox.ac.uk

Wonyong Park (DPhil Student)
Tel: +44 (0)7706 069166 | Email: wonyong.park@education.ox.ac.uk

Project Name: Physics Teachers’ Experiences of Teaching a Science
Curriculum Reform Explicitly Focused on Nature of Science

Ethics Approval Reference: [Insert]

Researcher: Wonyong Park
Department of Education, University of Oxford

[5cheol name]

[School address]

[Head teacher name]

U We do not wish to participate in this project.

O We would like to find cut more about this project.
O We would like to take part in this project.

Please return this form in the stamped addressed envelope enclosed with this letter.

Thank you for your help.
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Appendix B1. Teacher Information Sheet

UNIVERSITY OF OXFORD
DEPARTMENT COF EDUCATION

Principal investigator: Professor Sibel Erduran

sibel erduran@education.nx. ac.uk e, UNIY OF

Primary ressarcher: Wonyong Park (DPhil student) EDUCATION OXFC )RD
wonyong. parkf@education.ox ac.uk

Physics Teachers’ Experiences of Teaching a Science Curriculum Reform
Explicitly Focused on Nature of Science

PARTICIPANT INFORMATICN SHEET (TEACHER)
Ethics Approval Reference: [Insert]
What is the purpose of this research?

This study investigates the case of Korean science teachers’ experiences in the wake of the recent
national curriculum reform that highlights the nature of science (NOS) as an explicit learning
expectation. The main interests of the study are to understand the obstacles that teachers
experience while teaching scientific inquiry and experiment (SIE), the perceived meanings of NOS
by teachers and the conditions that lead to successful teaching of SIE. Data will be collected from
interviews of 8 physics teachers and classroom observations of three selected interviewees. The
findings from this thesis will provide initial information about the conditions of and barriers to teaching
NOS as a separate school subject. In doing so, implications will be drawn for curriculum developers
and teacher educators to support the successtul implementation of NOS-focused curriculum reforms.

Why have | been invited to take part?

Y ou have been invited because you are a healthy and non-vulnerable teacher with a qualification in
secondary physics teaching. Only physics teachers who teach SIE to Grade 10 students at the time
of research (Spring 2019 semester) are invited.

Do I have to take part?

No. You can ask questions about the research before deciding whether or not to participate. If you
do agree to participate, you may withdraw from the study at any time, without giving a reason, by
advising the researchers of this decision.

What will happen to me if | take part in the research?

If you are happy to take part in the research, you will be asked to an interview of 45 minutes with the
researcher. The interview will include several questions around your experiences and feelings about
the new subject SIE. | will ask to arrange a good time and place (most likely your school) to conduct
the interview.

Youmay be also asked for classroom observations after the interview. In this case, you will be asked
to allow me into three SIE lessons over the course of five weeks, from the second week of March to
the second week of April (around B0 minutes each). | would audio-record students engaged in whole
class discussion, video your teaching, observe and take notes, and photocopy soms of the studsnts’
written work. The video camera will Tocus on the teacher and/or the board throughout and any
incidental images of students will not be seen by anyone else or used for research without further
explicit permission. If you agree to participate, | will talk to you to arrange my visits. The observation
phase willinclude two additional interviews with you, each of which will take up to 30 minutes, asking
questions about your teaching practices and views about SIE.

IT you are still happy to take part, you will then be asked to sign a consent form.
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Are there any potential risks in taking part?

In general, only minimum risks are expected for your participation. If you express any physical,
emotional or psychological difficulties in the course of interviews or observations, the data collection
will stop immediately until you are willing to resume. All collected information will be used only for
research purposes and pseudonymised before published in any forms.

Are there any benefits in taking part?

There will be no direct benefit to you from taking part in this research. However, the interviews can
bring several benefits to you by, for example, (a) reflecting upon your own teaching practice and (b)
sharing vour curricular concerns to the researcher. Your participation will make significant
contribution to science ocurriculum-makers and science education researchers by providing
information about your implementation experience.

Expenses and payments

There will be no payment for taking part in this study.

What happens to the data provided?

All interviews, classroom observation videotapes and pupils’ work data will be transcribed and
immediately pseudonymised, and kept securely in the researchers external hard drive. All
identifiable personal data (audiotaped interviews, videotaped lessons and student works with
names) will be destroyed immediately after transcription.

All collected data will be stored in (a) the researchers’ personal external hard drive and (b) the
researchers’ business account in Oxford University Nexus365 cloud storage. Both will be secured
with passwords and anti-virus software and encrypted. Personally identifiable data (audiotaped
interviews, videotaped lessons) will be stored only until the data collection and transcription are
finished, and then permanently destroyed.

The researcher and two supervisors will have access to the research data. Responsible members
of the University of Oxford may be given access to data for monitoring and/or audit of the research,

All research data will be stored for at least three years after publication or public release of the work
of the research. We may retain and store your personal data for an additional period of time as
necessary for the purposes of the study, and for further research.

Wili the research be published?

The University of Oxford is committed to the dissemination of its research for the benefit of society
and the economy and, in support of this commitment, has established an online archive of research
materials. This archive includes digital copies of student theses successfully submitted as part of a
University of Oxford postgraduate degree programme. Holding the archive online gives easy access
for researchers to the full text of freely available theses, thereby increasing the likely impact and use
of that research.

The research will be written up as a thesis. On successful submission of the thesis, it will be
deposited both in print and onling in the University archives, to facilitate its use in future research.
The thesis will be openly accessible to researchers. Part of the thesis could also be published in
academic journals for dissemination of the research.
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10

1.

12

13.

14.

Who is organising and funding the research?

This study is conducted as part of the ressarcher’s doctoral research. The research is not funded by
external organisations or companies.

Who has reviewed this study?

This study has been reviewed by, and received ethics clearance through, the University of Oxford
Gentral University Research Ethics Committee (Referance number: xxx).

Who do I contact if | have a concern about the study or I wish to complain?

ITyou have a concern about any aspect of this study, please speak to the researcher Wonyong Park
(+44 7708 0869166, +82 10 2828 1905, wonvong.park@education.ox.ac.uk) or his supervisor
Professor Sibel Erduran (+44 1885 274182, sibel erduran@education.ox.ac.uk), who will do their
best to answer your query. The researcher should acknowledge your concern within 10 working days
and give you an indication of how they intend to deal with it. I you remain unhappy or wish to make
a formal complaint, please contact the relevant chair of the Research Ethics Committee at the
University of Oxford who will seek to resolve the matter in a reasonably expeditious manner:

Dr Liam Gearon, Chair, Departmental Research Ethics Gommittee
Oxford University Department of Education

Email: research office@education.ox.ac.uk
Address: Department of Education, University of Oxford, 15 Norham Gardens, Oxford OX2 8PY

Data Protection

The University of Oxford is the data controller with respect to your personal data, and as such will
determine how your personal data is used in the study.

The University will process your personal data for the purpose of the research outlined above.
Research is a task that we perform in the public interest.

Further information about your rights with respect to your personal data is available from
hitp:/fwww.admin.ox.ac.ukfcouncils ec/compliance/gdpr/individualrights/.

Further Information and Contact Details

If you would like to discuss the research with someone beforehand (or if you have questions
afterwards), please contact:

Professor Sibel Erduran
Tel: +44 (0)1865 274019 | Email: sibel erduran@education.ox.ac.uk

Wonyong Park (DPhil Student)
Tel: +44 (0)7708 069166 | Email: wonyong.park@education.ox.ac.uk
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Appendix B2. Consent Form (Teacher)

UNIVERSITY OF OXFORD
DEPARTMENT OF EDUCATION

Principal investigator: Professor Sibel Erduran

DEPARTMENT OF

sibel erduranfeducation.ox.ac.uk EDUCATION

Primary rasearchar: Wonyong Park (DPhil student)
wonyong. parki@education.ox.ac.uk

15 Morham Gardens, Oxford QX2 6PY
Director: Professor Jo-Anne Baird
Tel: +44 (031885 274024  Feor +44 (0)1865 274027
PARTICIPANT COMSENT FORM (TEACHERS}
Ethics Approval Reference: [Insert]

Physics Teachers' Experiences of Teaching a Science Curriculum Reform
Explicitly Focused on Nature of Science

Purpose of Study: Understanding the obstacles that teacher experience while teaching SIE, the perceived meanings of

nature of science by teachers and the conditions that lead to successful implementation of SIE.

1 I confirm that | have read and understand the information sheet for the above study. | have
had the opportunity to consider the information, ask questions and have had these answered
satisfactorily.

2 1 understand that my participation is voluntary and that | am free to withdraw at any time,
without giving any reason, and without any adverse consequences or academic penalty.

3 I understand that research data collected during the study may be looked at by designated
individuals from the University of Oxford where it is relevant to my taking part in this study.
| give permission for these individuals to access my data.

4 I understand that this project has been reviewed by, and received ethics clearance through,
the University of Oxford Central University Research Ethics Committee.

5 lunderstand who will have access to personal data provided, how the data will be stored and
what will happen to the data at the end of the project.

Please initial
each box

ooooE oo d

6 lunderstand howr this research will be written up and published.
7 lunderstand howr to raise a concern or make a comglaint.
8 | consent to being audio recorded
g | consent to being video recorded
10 lunderstand how audio recordings / videos will be used in research outputs
11 | agree to take part in the study
Mame of Participant Date Signature

Mame of person taking consent Date Signature
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Appendix B Interview protocols

1. Year 1 Interview (60 mins)
Background questions

1 Could you tell me about your career in teaching briefly?

1 Have you taught SlBefore?

1 To how manyclasses are you teaching SIE this semester?
Views of SIE

1 What did you know about NO&hd SIE before teaching it? Have you received
any training about them?

What was your first impression abdahe NOS part in SIE?
Did it change agou teach it this semester?
Do you think SIE would be helpful to students? If so, lmowldit be helpful?

How do you feel aboutssessin@IE in terms of three levels?

= =/ =2 =/

How would you compare teaching SIE and teaching chemistry [physics, earth
science]?

1 Do you think your subject specialism in chemistry [physics, earth science]
influences how you teach SIE? If so, how?

Questions about observed lesson (examp)e
(After the o6make lessapr own periodic tabl
1 How did you come to use this activityyour lesson?

1 Is there a difference between teaching about periodic tahlehiemistrylesson
andan SIE lesson?

(After the o6éparadigm shifté | esson)
1 Why did you choose to do student presentatfonthis lesson?

1 You told students that th©&A after presentationg/ere important Was there
any particular reason that you said this?

2.Year 2 Interview (initial , 30 mins)

Usual assessment practice
1 How do you usually check for student understanding?
1 Do you have any preferred assessment methods?

1 As ateacher, what kind of things do you consider when planning assessment?
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1 How would you compare assessing SIE with assessing chemistry [physics, earth
science]?

T I'tds said that assess meusdalyesnbucewobud be f
assessment is fair?

1 How do youdeal with the fairness aissessment among other teachers who
teach the same year group?

1 How would you define NOS?
1 Do you think it is important to teach NOS to students? Why do you think so?

3. Year 2 Interview (final, 30 mins)
Views onassessing NOS
1 In your opinion, what should be assessed about NOS?

1 In your opinion, vhat kind of assessment methods would be suitable for NOS?

Cloud activity

T How did you feel about todayods activit
T What could the studeactviy? have | earnt fr
1 Howwouldyoumark ach studentds worksheet fron
1

| noticed that one student wrote for Question numberttie worksheet
How would youmark this answer?



Appendix C Example lesson and assessment materials

1. Paradignshift lesson slidegselectedtranslated from Korean

I. SCIENTIFIC INQUIRY N
IN HISTORY > e ’
- ‘ i Scientific inquiry

' TN skills
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EXPERIMENTS THAT LED TO A PARADIGM SHIFT

@ How did the evolution of science that led to a paradigm
shift come about?

Science progress may occur gradually,
but It may also be dramatic enough to transform the 'paradigm’.

Paradigm

system of thoughts that fundamentally defines the views or thoughts of
people living in a certain time

EXPERIMENTS THAT LED TO A PARADIGM SHIFT

> Understanding Aristotle’s ideas

1. Which one of heavy or light stones will fall first?

My thoughts on Aristotle's opinion

v" The falling of a heavy object more quickly is consistent with what we
know from experience. Actually, I tried to drop the eraser and a piece of
tissue at the same time, and the eraser fell faster.

v" I thought it was because of the different size, so I put several pieces of
tissue together and made them into a size similar to that of an eraser.
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EXPERIMENTS THAT LED TO A PARADIGM SHIFT

. Understanding Aristotle’s ideas

2. Can the object continue the linear motion at constant speed?

My thoughts on Aristotle's opinion

v" When I think about playing soccer, I have noticed that the ball
doesn't roll forever, and the speed of the rolling ball is getting

slower.
v However, isn’t it because the playground has frictional forces due to

sand and stones? I wonder what would happen if there was no

friction.

EXPERIMENTS THAT LED TO A PARADIGM SHIFT

" Galileo’s thought experiment

1. Fill in the blanks following Galileo's thought experiment
process, which resulted in a new paradigm for the free fall

movement.
When two stones are a5
Argu A heavy stone falls oined. it becomes Therefore, the joined
ment faster than a light - 2 w==)  stones will fall
: heavier than the
stone. hevy stone than the stone.
A heavy stone falls s'llxel:ga]:: dsitr(::;g];l)is Therefore, the joined
faster than a light =) thie miotion oEthe w=)  stones will fall

stone. than the stone.
heavy stone.
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EXPERIMENTS THAT LED TO A PARADIGM SHIFT

__» Summinguptheresults

2. Explain what changes in thought have occurred in
explaining natural phenomena through Aristotle, Galilei,
and Newton.

v" Aristotle explained natural phenomena as his own logic, but used the
hypothesis that could not be tested for the cause of the phenomena.

v" Galileo’s thought experiment revealed Aristotle's disagreement and
tried to explain it through experimentation. Newton completed the
paradigm shift caused by Galileo through the laws of gravity and motion
to the theory of mechanics.

v Newton's theory of mechanics is significant in that it is characterized by
rigorous narrative through mathematics, and through this, it is possible
to systematically explain the motion of all objects.

EXPERIMENTS THAT LED TO A PARADIGM SHIFT

_® Summinguptheresults

3. Let's investigate what are the paradigm shifts in other areas
of science.

v The paradigm shift is the process by which the theory explaining
the motions of planets and celestial bodies has shifted from the
geocentric theory to the heliocentric theory.
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EXPERIMENTS THAT LED TO A PARADIGM SHIFT

0 Nature of science

Looking at the progress of science, there are crucial experiments
(Galileo's gravity-related thought experiment, Newton's theory of
gravity) that led to the transition of the existing paradigm.

The scientific development discovered by the steady research and
experiments of various scientists and the accidental discovery
based on this may lead to great developments in science.

Scientific knowledge can be replaced by newly proven theory
through continuous experimentation and verification process.
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2. Student presentation tre discovery of DNA double hel(translated from Korean)

Double Helix

James Watson DNA double helix Discovery

Life Components X-ray
Accomplishments Crick
Wilkins
Franklin




Appendix C 289




