Pedagogical Strategies in Practical Report Writing
and Teacher Perceptions of the IBDP Biology 2016
Internal Assessment: A Multiple Case Study

Jacqueline Dierdre Smoler
BSc. (Hons.) Grad. Dip. Ed. Grad. Cert. Maths and Science Ed.

MEd. Stud.

Submitted in partial fulfilment of the requirements for the degree
of

Master of Education

Flinders University

School of Education

March, 2018



Contents

LIST Of FIGUIES ...cuieeetreieeeeieretsetere e csees st sbssss bbb s s a e bt vii
0 E] o) L) (=3P viii
R o) 0 o] o) XA T L () PP ix
o] T xi
Statement of Original AUtHOTSNIP ..ot xiii
ACKNOWIEAZEIMENES ...ceccereeeeceeeeecereesessiseesees e ssess st ssse bbb b s s bbb bbb xiv
(08 T 01 =) ol I 09T 0T LU ) o VTP 15
1.1 IBDP Group 4 Subject Curriculum Changes in the Internal Assessment (I1A) .....ccorueeneen. 19
1.2 The International Baccalaureate Diploma Programme (IBDP) ......ccooveneneenmeenneeneceseeenneens 21
1.4.1 Origins and Philosophical Rationale of the IB Diploma Programme.........c.ccosueeeeeeenn. 22
IR 021 D) S Yel aaTo] WX U aTe) - L o) o VOO 23
1.4.3 IBDP Schools in the Australian ConteXt.....mm: 25
1.4.4 IBDP CUITICUIUIN ..ottt ssss s s st s sssssssssssssssssass 26
1.4.5 IBDP ASSESSIMENT ....vveieriririssssssessssssss s s ssssss st ss st s sssssssssssssssssans 29
1.4.6 GroUD 4 IBDP SUDJECES c..cuueeuiemeeseerrerseesseesseesssessssssessssssssesssesssssssessssssssssssssssesssessssssssssssssssssssessans 30
1.4.7 IBDP BIOLOZY ..couverueemreemreeeeeeseemseesseessesssesssesssesssessssesssssssessssssssssssesssasssesssessssssasssmsesssasssessssssssesssesssessass 32
1.4.8 IBDP Curriculum Review and Development........ceneeneennerneenseenecsseessessessesssessessessseseees 36
1.4.9 Professional Development OPPOTtUNILIES ......cccoeeeerreermeesreesseesseesssesesssesssessssesssessseesssessessans 36
Chapter 2 LIiterature REVIEW.... et ss s ss s ssse s st 38
2.1 Theoretical Frameworks Applicable to Science Practical Report Writing.........ccoeeveeeeeenn. 39

2.1.1 Constructivist influences on teaching and learning in scientific practical report

14 U8 39
2.1.1.1 Defining CONSEIUCTIVISITL ...cuueuriereueereeseessesseessessesssesssessessessessessssssssssssssssessssssssssssssssssssssssssssanes 39
2.1.1.2 Constructivist teaching and learning in the science classroom........omeereeeeeseennes 40



2.1.1.3 Scientific inquiry in the science laboratory: An authentic setting for constructivist
teaching and learning in IBDP BiolOgY ......cccuemienenrinseineseesseseessseesssssssssessssssssssssssssssssssssssesans 40

2.1.2 Writing effective secondary school science practical reports in the 21st century...43

2.1.2.1 Epistemological and linguistic features of scientific genre in practical report
L1720 00 N 43

2.1.2.2 Metacognitive models: Promoting higher-order thinking skills to develop
effective scientific writing of practical TEPOTLS ... eees 44

2.1.2.3 Contemporary research conceptualisations concerning the nature of explanation,

argument and argumentation in SCIeNtific WITting........ccouneenreenecnecnseenseseesesssseessesssessseesseeenne 46
2.2 Writing Effective Science Practical Reports: Pedagogical and Learning Challenges........ 52
2.2.1 Learning challenges fOr STUAENLS ... cueeremreeseernreeeesseesseesssessesssessseesseesssessssesssessssssesssessees 52

2.2.1.1 Appropriation of scientific discourse genres: Student epistemologies about
T 08 =) 0 Lo T 52

2.2.1.2 Self-regulation: Cognitive, metacognitive and affective influences on learning in
10 1=) 4 U= 54

2.2.1.3 Scientific JangGUAZE .....coverreemreerreeeeeeseessesssees e sesssesssess s sssess s ssess s sess s ss s sessssesns 59

2.2.2 Pedagogical Strategies and Contextual Factors: Mediating Influences on Student

Effectiveness in Practical REPOIt WITtiNg .....ooceeeeeerneernmerreesseessecsssessesssessseesssesssesssessssesssssssssssessees 60
2.2.2.1 Pedagogical mediating influences in SChool SCIENCE .......ccorverrereeernernneeneeseeereeesnsiseinees 60
2.2.2.2 Contextual mediating iNflUBNCES ...t sssssssss s 65
2.3 The Role of Contemporary Pedagogy in Scientific Practical Report Writing .......c.ccecneen. 67
2.3.1 Using the Science Writing Heuristic instructional tool ... 68
2.3.2 Using the Argument Driven Inquiry instructional t00] ........ccoonnrineconeenseinenseeseeeeereenne 70
2.3.3 Using the Premise Reasoning Outcome instructional tool ........oceneenneneeneeeseesseereenn. 72

2.4 Externally Driven Curriculum & Assessment Reform: Science Teachers’ Perceptions and
REACTIONS cuveueuceeeeseeresse ettt ARt 75

2.4.1 The problem with externally driven curriculum reform.......cneenseseensesseeseeseenns 75

ii



2.4.2 The role of teacher beliefs, decision-making and classroom practice in
implementation of CUrTICUIUM FEFOTIM ...ttt s s sesseaes 76

2.4.3 The role of teacher self-efficacy in facilitating successful curriculum reform ........... 79

2.4.4 The role of professional development in facilitating successful curriculum reform82

83 000} 4 6] 15 TS (o) o 84
CRAPLET 3 METNOM ..ottt ettt s A s bt 86
1700 I 01 10T LU m o) o PP 86
3.2 The Constructivist PAradigin.......cocseeeereererseeserseesseessesssesesssessessssssesesssesssessssssesssessssssesssssessssssessssans 86

S 0S8 01 1 oF 88
3.4 Research Strategy — Multiple Case STUAY .....coveeeereenereesseessmesseesseesseessesssesssesssessssesssesssessssesseesans 90
3.5 SAMPING METNOM.... oo receecesees s e sessse e s e s s s e s s e s e ssees s sssans 92
3.6 RESEAICH RIGOUT ..o e sess s ss s ss s s s sssessssesssssans 95
3.7 Participant Selection and Context Of SETHNG......c..cuwrereemeereeeseernnersesssessssesssessseessessssssssssesssens 100

R TRC D F- Y= 00§ =Tt 1o ) PN 106
3.9 Data ANALYSIS coeuueeuseerrerrersseesseessesssesssesseesssesssesssesssessssesssesssassssss s sssasssass s sssess e sesssess e ssesase e ssens 110
Chapter 4 Results and DiSCUSSION. ... e reeeseeeserseesseesssesssesssessseesssesssssssssssssssssssssssesssssssssssssssssssesssees 119
280 0 0L o s 1D ot (o) o F000 U 119
4.2 Pedagogical Strategies for Practical Report Writing .......ccoccoveneneenseeneeneenseneensesseeseeseesseseens 120
4.2.1 Formative Assessment: Preparation for Summative Internal Assessment............... 120
4.2.1.1 Introducing the summative IA protocol and rubric criteria........eenes 120

4.2.1.2 Implementing feedback: The influence of various formative assessment

strategies on student learning in science practical report Writing.......ccooeeseeesseesseesseesseennne 127
4.2.2 SCaAffOldiNg Strate@IEs ...ttt s bbbt s s bbb 138
4.2.2.1  Partial REPOIT WITHING ..o viereueeereereesreieesseieesseessessesssesesssesssesssssessssssessssssssssssssssssssssssssssanes 139
4.2.2.2 Using IA Rubric Assessed Exemplars of Practical REPOItS.....ccocveoreeneeureensenseeneerseennes 143

iii



4.2.2.3 USING CRECKIISTS ... ccureeeneeseessseessessseesseessessssssse et s sssesssesssssssss s sssssssssssssssssssssssssssasssssssnens 150
4.2.4.4 Other pedagogical Strate@Ies......eenreereenesneeseesesssesssesss s s sssssssssssasssssssssanes 158

4.3 Across Case Teacher Perceptions Concerning Nature and Implementation of Internal
ASSESSMENT PrOtOCOL....ciuivcriiriisisrisirs s 163

4.3.1 Professional Development as a Response to Curriculum Reform: Formal and

Informal Training Issues in Implementation of 2016 IA Protocol ......oeeneeeneeneeneeneens 163
4.3.1.1 PD Case StUAY 1 — ANAIEW ...ccviuereereeereensesssesesseessessssssessesssesssesssssessssssssssssssssssssesssssssssssssssanes 163
4.3.1.2 PD CaSe STUAY 2 — KeITi . eerrerreemreesreereeesessessseesssessesssesssessssssssssssessssssssssssesssessssssssssssssmsessens 167
4.3.1.3 PD Case StUAY 3 — MOTGAN......cuerereerreeeesseeeesseessessesssessesssssssessssssssssssessssssssssssssssssssssssessssanes 169
4.3.1.4 Across-Case comparison of Biology teachers’ professional development............. 172

4.3.1.5 Factors influencing teachers’ accessibility to and uptake of non-mandatory PD

.............................................................................................................................................................................. 188
4.3.2.1 Teacher Perceptions: 2009 IA ENADIETS ......ccneeemeerneeensemeeseesssesssessseesseesssessessessens 188
4.3.2.2 Teacher Perceptions: 2009 1A INhiDItOTS....oeereeneerseersereesseessserssessseesseesssesssessessens 193
4.3.3 Teacher Perceptions of the 2016 1A Protocol and Issues of Low Teacher Self-
0§ 5 o= T PP 203
4.3.3.1 Teacher Perceptions: 2016 IA Enablers and High Teacher Self-Efficacy ............... 204
4.3.3.2 Teacher Perceptions: 2016 IA Inhibitors (Pedagogical Challenge Types) and
Teacher Self-EffiCacy ... eeerreeseeseesseessesessssse s sesssssssss s sssssssessssssssssssssssssssssssssnens 215
08 T o1 S 00 Tod L 1) (o) o TP 253
5.1 Revisiting the ReSEarch PUIPOSE ...ttt sssssessessessesssssssssssssssssssssanes 253
5.2 SUMMATY Of KEY FINAINES ....vvuieeriereereireeseese et sssessssseesss s sssssssssssssssesssssssssessssessssssanes 254
5.2.1 Theme 1: Pedagogical Strategies. ... 254
5.2.2 Theme 2: Perceptions 0f IA REfOIMN ... sssesssesssssssseens 256

5.2.2.1 Enabling and Inhibiting Factors - Comparing the 2009 and 2016 IA Protocols.256

iv



5.2.2.2 Role of Professional DevelopmMeENt...... s ssssssssssssssssssees 257

5.2.2.3 Teacher Self-EffiCacy ...t iesssssss s sssssssssssss e ssssssssssassssees 258

5.3 LIMIEATIONS cuvrtreeureieeuseeneee et isseeseessessese s esse s ssse bbb bbb et 262
5.4 Implications and ReCOMMENAAtIONS. ... ssssssaes 263
5.4.1 EAUCAtIONAl PTACLICE ...cuuieuieeeeereeeeeeseeseessessssessessssessesssesssss s sssssssss s sssssssesssss s sssssssasssssssssens 263
5.4.2 FULUTE RESEATCH ...ttt ssea s bbb s s b 265

2N 0] 03 0 U (TP 268
Appendix A: 2009 Internal Assessment (IA) Criteria (IBO, 2007, p. 23-24)...ecnmeeereereennne 268
................................................................................................................................................................................... 269
Appendix B: 2016 Internal Assessment (IA) Criteria (IBO, 2014, p. 154-158)....ccccovverecrrecenn. 270
Appendix C: IB Learner Profile (IBO, 2017h)....ceeereesseersserseesseesssesssessesssessseessesssssssssssseesans 275

Appendix D: Sample Nature of Science Theme in 2016 IBDP Biology Syllabus (IBO, 2014, p.

4O oo eetreeeuseesu e es s s RS R R R R R R R R £ R RS EREREEAEERERR R R 276
Appendix E: 2016 Syllabus Guide SL and HL IBDP Biology (IBO, 2014, p. 25-28) .....ceecovveuuee 277
Appendix F: 2016 Group 4 Project Extract (IBO, 2014, P. 161) covveereeenreenneereerseerseeeseeseesseeene 281
Appendix G: Letters of Introduction to School Principals and Teachers.......coneneenreereennn. 282
= RN Tol  To Yo U0 0 i 1 o (ot § o - PP 282
b)  Teacher PartiCiPant. ...t es st s s sesans 283
Appendix H: Information Forms for School Principals and Teacher Participant...........c........ 284
= RN Tol  To Yo U0 0 i 1 o (ot § o - DTS 284
b)  Teacher PartiCiPant.... s seesesssesssessssesssssssesssees s sssesssesssesssssssssesssssans 285
Appendix I: Consent Forms for School Principals and Teacher Participants ........cc.oueeneeenn. 286
A)  SCROOI PrINCIPAL ..coueerieeeeeeectseeseiseiseeeesse s sss e ss s s bbb 286
D) Teacher PartiCiPAnt. ... esesesssessesss s ssse st 287
Appendix J: Examples of Audit Trail DOCUMENTS........cceeeemeesreeserseesseesseesssessesssessssesssesssesssesssessans 289

\%



Exemplar 1 — EXtract Of CASE IMEIMO ...vueuienecereeseiseeseiseesseesessssssss s ssesssssssssssssss s sssssssssssssssasees 289

Exemplar 2 - Member - Check EMail (€XtIract)...coonereereereeneerserseeseessessscsseessessesssessssssssssssssssees 290
Exemplar 3 - NVivo: Nodes for INterviews EXIIract ... 291
Exemplar 4 - Sorting of Nvivo Nodes for Interviews EXtract.....coeneenmeenseeseesssesseeenne 292
Appendix K: Exemplar INterview ProtoCOl ... sssssssssssssssssssssssssssses 293
Appendix L: Extract of Assessed Formative Practical Report Work Sample - Morgan......... 295
........................................................................................................................................................................................ 295
Appendix M: Moderator Informed ChecKlist — ANAIEW......c.cvemrnnenennenennenennesnsessssesssssesssses 296
REFEIEIICES ..cvuvreesrerserserseesseesseessesesssbsse s s b s s bbb RS R R R bR R bbb 297

vi



List of Figures

Figure 1 IB Programmes (IBO, 20170C) .cunrrrerressssssesssssssessssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssesses 23
Figure 2 - The IB Diploma Programme Curriculum Model (IBO, 2017 b) ..cvvrvcrerrrrereserrerereereseseerennns 26
Figure 3 - The scientific argument framework (Walker et al., 2013, p. 564) ....ccoeeevevrerererrerrerrerrerseenens 50
Figure 4 The SWH student template (Hohenshell & Hand, 2006, P271).....cccccovnmnrrenmenersesenseresssserenes 69
Figure 5 - Example of a student's PRO scaffold (Tang, 2016, p. 1424) ... evcerenceveisensssesensssesssssnenes 73

Figure 6 - Factors influencing teacher responses to externally driven curriculum reform (Ryder,

2015, P. 103) couerreiririerrssssessssssesss s AR AR 77
Figure 7 - THEME 1: Pedagogical strategies for the Internal Assessment (IA)....cooeereereerereereereeneens 118
Figure 8 - THEME 2: Teacher perceptions and experiences of the Internal Assessment (lA).......... 118

Figure 9 (Anonymous, 2016) - Extract 2 of Power Point presentation: Additional information on
EVAIUGLION CrItEIION. .ttt s e et s 124

Figure 10 - Five levels of scientific reasoning with respect to planning experiments (Mayer et al.,
2009 in Wollenschlagger et al., 2016) ...ttt sess s et ssssssssssssssessssssssssssssesssssssesssssssesssens 130

vii



List of Tables

Table 1 - IB Diploma Schools in Australia (IBO, 20178) .....ccceiiuiieiiiieeeeeiieeeeciteeeeeetee e e eevee e e svne e e v 25

Table 2 - Sources Capable of Increasing a Person's Self-Efficacy (Adapted from Bandura, 1997, Ch.

TR TR 4 I ) LSS 58
Table 3 - Criteria and strategies for establishing rigour in case study research..........cccccceeeeieeeennen. 99
Table 4 - Teacher Participants' Background Information .........cccccceviiiiiiii e, 105
Table 5 - Interview Questions - Excerpt from Interview 3A - Kerri....ccocoovevecieeiccciee e 106

Table 6 - Constant Comparisons of Focused Code, "Lacking confidence providing feedback
between interview PartiCiPants” ... ... e e e e srra e e e enes 116

Table 7 - Extract of original 2016 Internal Assessment (IA) rubric for Evaluation (Ev) criterion (IBO,
D T B A 1Y IR UUSRRU 122

Table 8 - Extract 1 of Power Point presentation: Hybrid version of the 2016 Internal Assessment
(1A) rubric Evaluation criterion (ANONYMOUS, 2016) .....c..ceecueieiiieiiieecieeesreeereeerireesreeereeesraeeesaeesnnas 123

Table 9 - Comparison between the IA rubric assessment descriptors and the OCC checklist
descriptors for the Evaluation criterion in the summative IA investigation.........cccocevveeiviiieeeccinennn, 152

Table 10 - Conclusion and Evaluation: Aspect 2 descriptor (rubric extract - 2009 IA) .........ccccuveneee. 194

Table 11 — Correlation between 2016 IA Pedagogical Challenge Types and Duration of Low Self-
23 ot xRS 216

viii



List of Abbreviations

ACARA Australian Curriculum and Assessment Reporting Authority
AR Assessment Research

ARB  Annotated Research Bibliography

ATAR Australian Tertiary Admission Rank

CAS Creativity Action Service

CR Curriculum Research

EE Extended Essay

HL Higher Level

1A Internal Assessment

IBDP International Baccalaureate Diploma Programme
IBO International Baccalaureate Organisation
IERD International Educational Research Database
ISA International

ISES  International Schools Examination Syndicate
JTRA  Jeff Thomson Research Award

NOS  Nature of Science

OCC  Online Curriculum Community

OR Outcomes Research

PCT Pedagogical Challenge Type

PD Professional Development

PDR  Programme Development Research

PIR Programme Impact Research

ix



PLC Professional Learning Community

PLN Professional Learning Network

PSOW Practical Scheme of Work

QACI Queensland Academy of Creative Industries
QAHS Queensland Academy of Health Sciences
QAR  Quality Assurance Research

QASMT Queensland Academy of Science, Maths and Technology
SACE South Australian Certificate of Education
SATAC South Australian Tertiary Admissions Centre
SL Standard Level

TGSM Teacher Guidance Support Materials

TOK  Theory of Knowledge

VCE Victorian Certificate of Education



Abstract

The internal assessment (lA) is an integral part of the International Baccalaureate Diploma
Programme (IBDP) Biology curriculum, requiring students to design and execute an open-
inquiry investigation and document results in a written practical report for summative
assessment. The IA is internally assessed by teachers and then externally assessed by an
International Baccalaureate Organisation (IBO) moderator. Many IBDP Biology teachers
find the IA process is pedagogically challenging. This study explores practical assessment
reform in the 2016 IBDP Biology curriculum from two perspectives: (1) teacher
perceptions concerning introduction of the 2016 IA protocol; and (2) pedagogical

strategies teachers utilise to develop student understanding of practical report writing.

A multiple case study was conducted involving three, highly qualified in-service
IBDP Biology teachers, with varying degrees of teaching experience from three different
International Baccalaureate (IB) schools in Australia. Participants undertook semi-
structured interviews and provided various teacher-generated documents that were

analysed using a grounded theory approach.

Key findings were broadly classified into two themes: (1) pedagogical strategies
and (2) teacher perceptions of the reformed 2016 IA practical assessment. Key findings
revealed teachers utilised a variety of mostly planned formative feedback strategies to
develop students’ practical report writing skills. Teachers primarily used a transmissive,
teacher-centred pedagogy that focused on low-order cognitive skills during inquiry

lessons. Overall, the teachers supported and appeared to prefer the 2016 IA compared to

xi



the previous 2009 |A due its broader mark-bands, which were perceived as enabling a

more valid and fair assessment method.

Teachers reported having engaged in several different formal (1B and/or school-
initiated) and informal (teacher-initiated) professional development experiences to
develop their understanding of the 2016 IA, which were mainly beneficial. Low self-
efficacy was generally experienced with planning, interpreting and implementing the
2016 IBDP Biology IA over both short- and long-term periods. Ten core pedagogical
challenge types (PCTs) were identified in relation to the 2016 IA that appeared to
significantly influence teacher self-efficacy at some stage. Most of the PCTs were
successfully resolved, leading to significant enhancement of teacher self-efficacy in

relation to future use of the 2016 IBDP Biology IA protocol.

Key words

assessment, curriculum reform, formative feedback, internal assessment, open-inquiry,
pedagogy, teacher perceptions, practical report writing, professional development, self-

efficacy.
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Chapter 1 Introduction

The International Baccalaureate Organisation (IBO) (2012) contends that all International
Baccalaureate Diploma Program (IBDP) subjects are reviewed every seven years, in order
to “ensure that each is fit for purpose in a changing world and incorporates the latest
educational research and lessons learned from a thorough evaluation of the existing

curriculum” (p. 1).

Prior to 2016, the IBDP Biology curriculum had remained unchanged since 2009
(IBO, 2017a). As well as the introduction of some new theoretical content, the new 2016
IBDP Biology curriculum also includes significant changes to the assessment of the
summative practical investigation component, known as the ‘internal assessment’ (IA).
Past studies (e.g. Fensham, 2009; Wallace, 2011; Ryder, 2015) have indicated that
changes in practical work assessment may significantly influence teacher pedagogy — a
factor which underpinned the first of my proposed research questions in the current
study (i.e. 1. What pedagogical strategies are IBDP Biology teachers implementing to
develop students’ understanding of how to write effective practical reports in preparation

for the internal assessment (IA)?).

Laboratory or ‘practical work,” as it is often referred to in Australian schools, is an
important component of all secondary science curricula. Written practical reports have
long been utilised as assessment items within school science curricula (Hodson, 1993;

Hofstein & Lunetta, 2004). The written practical report continues to be widely used by

15



contemporary science students and is highly regarded as an effective pedagogical tool for

authentic teaching and learning in the sciences.

During the five years | taught the 2009 IBDP Biology curriculum in South Australian
schools, | often observed that most students who performed well under high-stakes test
conditions and who also had proficient grammatical skills, still perceived that practical
report writing was particularly challenging. For example, when composing practical
reports many of my students encountered difficulties when attempting to draw
inferences from data and provide evidential support for conclusions. My observations are
supported by Morgan, Fraga and Mc Cauley Jr.’s (2011) study of high school Biology
students who reported that writing practical reports was particularly difficult. Sandoval
and Millwood (2005) established that high school science students generally found
constructing arguments in which appropriate evidence had to be provided for claims
made in relation to empirical data problematic. Additionally, Porter et al. (2010) observed
that practical report writing was perceived by university Chemistry students as being

particularly challenging.

In my experience, difficulties associated with practical report writing were
particularly palpable amongst students studying the first year of the two year 2009 IBDP
Biology program. Such difficulties were especially evident when students attempted to
effectively address the Conclusion and Evaluation criterion of the IA report. Typically,
many of my Biology students struggled to attain at the highest achievement levels of the

2009 IA rubric assessment scheme (see Appendix A). Furthermore, these students
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continued to be challenged by writing practical reports even after several months into
their studies, although many made significant improvements by the second year of the
IBDP Biology curriculum. My observations concerning students’ difficulties with practical
report writing were discussed repeatedly and anecdotally corroborated during informal
conversations with other IBDP Group 4 subject1 teachers of varying levels of IB teaching
experience and also with external IBDP Group 4 IA moderators.

Conflicting reports within the IBO literature between 2010 and 2012 concerning
the 2009 IA protocol, suggested that the IA was under review and that professional
opinions about it were somewhat divided. For example, the IBO (2010) reported that
based on 275 questionnaires from teachers and/or schools, 92.8 % of the respondents
worldwide agreed that the 2009 IA protocol was appropriate for assessing practical skills
and applying the scientific method. This view, however, directly contrasted with my own
views and those expressed by several Group 4 IBDP moderators in a 2012 IBO report
prepared by a panel of six IB personnel, including three principal IA moderators and
senior IA moderators from different IB global regions2 and school contexts, who reviewed
the 2009 IBDP Group 4 1A in 2011. The 2012 IBO report explicitly acknowledged the need
for an IA overhaul in Recommendation 5 that stated: “Group 4 |IA has been problematic
for many years. The Internal review committee came to the conclusion that the current IA

cannot be fixed so proposed developing a new IA” (IBO, 2012, p. 1). Although the IBO’s

'1BDP Group 4 subjects include Biology, Chemistry and Physics

® There are three regional organisations within the I1BO including: (1) Africa, Europe and the Middle East; (2)
the Americas and (3) the Asia/Pacific region.
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(2012) report does not outline the specific problems associated with the 2009 IA, it

proposed that the “new generic criteria for assessment will allow both a wider range of
activities satisfying the varying needs of the three subjects (i.e. IBDP Biology, Chemistry
and Physics) and more agreement of marks awarded as a result of the application of the

criteria” (p. 2).

The IBO’s (2012) report refers to an agreement of marks awarded and indicates a
strong intention to improve the IA’s inter-rater reliability. Inter-rater reliability is vitally
important, since all summative |A practical reports are initially internally moderated by
IBDP Group 4 teachers and subsequently externally moderated by the IBO. It appears that
since the IBO experts deemed the 2009 IA protocol ‘problematic’, change was inevitable,
with the 2011 meeting ultimately prompting development of the new 2016 IA protocol.
Consequently, the development of the 2016 IA protocol led me to question how the
current group of IBDP Biology teachers perceived the IA assessment reform, which
formed the basis of my second research question (i.e. 2. What are IBDP Biology teachers’

perceptions concerning the introduction of the new 2016 IA protocol in practical work?).
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1.1 IBDP Group 4 Subject Curriculum Changes in the Internal Assessment
(1A)

International Baccalaureate Diploma Programme (IBDP) Biology is one of the three Group
4 (Biology, Chemistry & Physics) pure science subjects taught within the two-year IB
Diploma Programme (DP). In 2015, the 2016 IBDP Biology curriculum was first introduced
by the IBO to Southern Hemisphere IBDP schools in readiness for final examinations in

November 2016.

Four broad changes were made to the IA component in the 2016 IBDP Biology
curriculum. The first change to the IA affected the number of summative tasks to be
attempted and submitted. The 2016 curriculum requires students to develop their own
authentic research question and to design, execute and submit a single, open-inquiry
investigation for summative assessment. The 2009 |A protocol, however, allowed
students to not only undertake several summative IA investigations over the two year
curriculum, but also choose the two best examples of each of three different IA report
criteria (i.e. design {D}, data collection and processing {DCP} and conclusion and
evaluation {CE}). Students undertaking the 2009 IA could, therefore, submit between two
to six reports for summative assessment depending upon how many of the three criteria
were assessed within a single investigation. Secondly, the length of the IA report is
specified in the 2016 IBDP Biology guide to be between six to twelve pages. Conversely,
there was no formal page limit set for the 2009 IA reports. A third change involved the
assessment weighting of the summative IA report. The 2016 IA constitutes 20% of the

final summative grade within all IBDP Group 4 pure science subjects, as opposed to the
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2009 IA weighting of 24%. The fourth change relates to the IA criterion-related marking
rubric used to assess IA reports. Although the fundamental scientific skills of the 2009 1A
remain unchanged, the 2016 IA rubric includes changes to the type, name and number of
evaluation criteria, as well as the application of a broader mark-scheme to most criteria.
Other innovations associated with the 2016 IA protocol include the introduction of two
entirely new assessment criteria, known as ‘Personal Engagement’ and ‘Communication’

respectively (See Appendix B - 2016 IA rubric and Appendix A 2009 IA rubric).

This study represents the first, in-depth exploration of teachers’ perceptions of
the 2016 Group 4 IBDP Biology curriculum reform and the identification of specific
pedagogical strategies utilised to develop students’ practical report writing skills for the
summative IA. No other literature study could be located that explored these perceptions
and strategies used to assist students with writing IA reports following practical
assessment reform in IBDP Biology. Consequently, it is anticipated that this study will
address a significant gap in the IB literature and enable the development of a better
understanding of the pedagogical challenges involving practical assessment reform, from
the teachers’ perspective. Furthermore, it is anticipated that this research will help
inform a variety of stakeholders involved in planning and/or implementing IA reform in
practical work, including IBDP Group 4 science curriculum policy-makers, professional

development staff, moderators, faculty coordinators and subject teachers.

The purpose of this study was therefore to explore the two main research

questions:
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1. What pedagogical strategies are IBDP Biology teachers implementing to develop
students’ understanding of how to write effective practical reports in preparation for the

internal assessment (IA)?

2. What are IBDP Biology teachers’ perceptions concerning the introduction of the new

2016 IA protocol in practical work?

1.2 The International Baccalaureate Diploma Programme (IBDP)
This section is about the IBDP. Readers who are already familiar with this programme
will not need to read this section and should therefore proceed directly to the

Literature Review in Chapter 2.

IB Mission Statement
The International Baccalaureate aims to develop inquiring,
knowledgeable and caring young people who help to create a
better and more peaceful world through intercultural
understanding and respect. To this end the organization works
with schools, governments and international organizations to
develop challenging programmes of international education and
rigorous assessment. These programmes encourage students

across the world to become active, compassionate and lifelong

21



learners who understand that other people, with their differences,

can also be right (IBO, 2017b).

1.4.1 Origins and Philosophical Rationale of the IB Diploma Programme

The International Baccalaureate Diploma Programme (IBDP) is a two-year senior
secondary curriculum primarily catering for students aged between 16 and 19 years old. It
was the first programme the IB developed to provide an international pre-university
education for children of educated expatriates working in Geneva for the United Nations
during the 1960s-1970s to suit their globally mobile lifestyles (Doherty, Mu & Shields,

2009).

In 1962 the International Schools Association (ISA) organised a conference in
Geneva for social studies teachers in international schools, which ultimately resulted in
developing the first IB subject - Contemporary History (Hill, 2006, p. 19). The IBDP was
greatly influenced by both teachers and parents who supported an internationally
recognised diploma that provided “an international passport to higher education” (Hill,
2002, p. 19), as well as global mobility. Currently there are four IB programmes including
the Primary Years Programme (IBPYP), Middle Years Programme (IBMYP), Career-related
Programme (IBCP) and the Diploma Programme (IBDP) which collectively cater for
students ranging from three to nineteen years old (Figure 1). Throughout all of the IB
programmes international-mindedness is underpinned by each of the ten Learner Profile
attributes (see Appendix C). The IB Diploma currently offers a globally portable
qualification accepted by most universities throughout the world (Bagnall, 2005).
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Primary Years
Programme

The PYP prepares students to
become active, caring,
lifelong learners who
demonstrate respect for
themselves and others and
have the capacity to
participate in the world
around them. It focuses on
the development of the
whole child.

Age range: 3-12

First offered: 1997

Primary Years Programme

B programmes

Middle Years
Programme

A challenging framework that
encourages students to make
practical connections
between their studies and the
real world, the MYP is
inclusive by design; students
of all interests and academic
abilities can benefit from their

participation.

Age range: 11-16

First offered: 1994

Middle Years Programme

Diploma
Programme

Research suggests many
benefits to choosing the DP.
The programme aims to
develop students who have
excellent breadth and depth
of knowledge - students who
flourish physically,
intellectually, emotionally and

ethically.
Age range: 16-19
First offered: 1968

Diploma Programme

Career-related
Programme

The CP is a framework of
international education
addressing the needs of
students engaged in career-
related education. It leads to
further/higher education
apprenticeships or
employment.

Agerange: 16-19

First offered: 2012

Career-related Programme

Figure 1 1B Programmes (IBO, 2017c)

1.4.2 IBDP School Authorisation

Recent IB statistics indicate that on the 16™ of March, 2017, the DP curriculum was being
taught in 3104 schools within 147 countries (IBO, 2017d). Before schools can offer IB
educational programmes, they must undergo a rigorous authorisation process taking
anywhere from two to three years to complete. According to the IB, schools intending to
provide IB programmes, “must demonstrate that the infrastructure and skills are in place
to deliver the programme to the IB’s high standards” (IBO, 2017e). IB authorisation
requires schools to appoint a DP coordinator and ensure that staff engage in the IBO’s

mandatory professional development. Verification visits and various professional
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development sessions occur during the authorisation period to guarantee that potential

IB schools are well organised and capable of implementing the programme.

Professional development is regularly provided for educators via a wide variety of
modes. Teachers new to the IBDP are required by the IBO to attend a face-to-face
Category 1 Workshop —developing expertise in new IB educators. Category 1 workshops
include 15 hours of PD spread across two-and-a-half days, covering topics such as the
philosophical basis of the DP, the program standards and practices relevant to each
teacher and the programmatic framework relevant to the subject area, like IBDP Biology.
The Category 2 Workshop—developing expertise in the current IB educators and the
Category 3 Workshop — strengthening skills and sharing exceptional practice are mainly
for teachers with some prior experience in teaching and assessing an IB programme. In
addition to workshops, schools can arrange with the IB to have in-school or cluster-event
workshops for groups of schools in which experts are brought into a school for
professional development. Online workshops are also held periodically throughout the
academic year, so that educators who would rather work in a more cost-effective and
convenient PD mode, can do so. In IBDP Biology for example, an online course on the IA is
regularly held. The Online Curriculum Centre (OCC) is a separate website from the IBO
website that provides educators with password-only access to a wide range of additional
professional development resources, such as subject-related teacher discussion forums,
access to exemplars of marked externally moderated scientific investigations, as well as
past examination papers and solutions. Teachers may contact moderators through

discussion forums on the OCC to clarify issues related to their specific subject area
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1.4.3 IBDP Schools in the Australian Context
Australia is included in the IB Asia/Pacific group of schools with its Head Office in
Singapore. At present, there are 185 IB World Schools operating within Australia of which

71 implement the IB Diploma Program curriculum (IBO, 2017f).

The IB Diploma has become an increasingly popular option as a ‘global’ alternative
to the state and territory-based senior secondary curricula, such as the South Australian
Certificate of Education (SACE) and the Victorian Certificate of Education (VCE) offered in
Australian schools (Table 1). By 2014, the intake of IB Diploma students had nearly tripled
compared with the early 2000s (Savage, 2014). New South Wales currently has the
greatest number of IB Diploma schools in Australia, whereas the Northern Territory has

the lowest number of just one school.

Table 1 - IB Diploma Schools in Australia (IBO, 2017g)

Australian States and Territories Number of IB Diploma Schools
New South Wales 18

Victoria 16

Queensland 13

South Australia 10

Australian Capital Territory 5

Western Australia 5

Tasmania 2

Northern Territory 1
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1.4.4 IBDP Curriculum

The IBDP curriculum (Figure 2) emphasises academic breadth, rather than the more
specialist approach characteristic of the state-based/territory-based curricula currently
operating within Australia (Savage, 2014). Although originally designed to be delivered
within international schools to cater for “multicultural globally mobile student
populations worldwide” (Doherty et al., 2009, p. 86), the IBDP curriculum now offers an
‘international-education’ alternative to many national education systems throughout the

world, including Australia.
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Figure 2 - The IB Diploma Programme Curriculum Model (IBO, 2017 b)
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Students studying the IBDP curriculum are required to choose one subject from

each of a group of five disciplines that include the following:

Group 1 Language and Literature (mother tongue language only)

Group 2 Language acquisition (a second, ‘foreign’ language)

Group 3 Individuals and Society

Group 4 Experimental Sciences

Group 5 Mathematics

Group 6 Arts

Furthermore, students must select one extra subject from either the Arts or
another one from Groups 1 to 5. In line with the philosophy of the IBDP, students may
elect subjects at either the standard level (SL) or higher level (HL). The IB recommends
that approximately 150 hours of instructional time occurs in the SL course and 240 hours
in the HL course. Both the SL and HL programmes are equally challenging, as they are
subject to the same standards of assessment rigour (IBO, 2015). It is recommended that a
maximum of three or four (but not more than four) subjects are taken at HL, while the

rest must be SL subjects.

Additionally, students must undertake a compulsory component known as the
‘core requirements,” which includes:
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1. Extended Essay (EE)

The EE is an independent, non-time-tabled research requirement in which students
investigate their own topic within one of their six subject areas they are currently
studying. Students formulate a research question and conduct independent research
culminating in a 4000 word essay that is formally written up according to university-level
academic conventions. A supervising teacher guides the student throughout the research

process over a one year period. The EE contributes towards the final IB Diploma grade.

2. Theory of Knowledge (TOK)

Theory of Knowledge is a philosophy-based subject examining critical thinking and
explores the epistemological basis of knowledge. Students explore knowledge claims
across the full range of their six subjects, to develop an awareness of their own
perspectives and how these differ from those of others. TOK also contributes towards the

final IB Diploma grade.

3. Creativity, Action and Service (CAS)

According to the IBO, CAS includes three strands, namely:
e Creativity (arts, and other experiences that involve creative thinking)
e Action (physical exertion contributing to a healthy lifestyle)
e Service (an unpaid and voluntary exchange that has a learning benefit for

the student) (IBO, 2014).

CAS helps students develop their personal identities through considering ethical
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principles, based upon the Learner Profile (LP) attributes. Although CAS does not
contribute towards the final grade, all students must engage in this requirement to fulfil
the IBDP award. The EE and TOK are the most academically challenging areas of DP study
and are considered by the IB as excellent preparation for students in their transition from

senior secondary school into university and life beyond academia (IBO, 2014).

1.4.5 IBDP Assessment

IB Diploma subjects are both externally and internally assessed. External assessment
items, such as examination papers are assessed by IB examiners. Teachers, however,
assess internal assessment items, which are subsequently externally moderated by the
IBO. Although the IBDP includes both formative and summative assessment
opportunities, it “primarily focuses on summative assessment” (IBO, 2014, p. 142).
Teachers are, however, encouraged to use summative assessment instruments to guide
formative teaching and learning. Open-ended, internal assessment tasks are appraised
using a criterion-related assessment approach. Assessment items are evaluated
according to specific characteristics describing the achievement levels that might be
expected and which are consistent with the aims and objectives inherent within a
particular subject. Further details about specific assessment guidelines for IBDP Biology

are outlined in section 1.4.8.

The final Diploma score is calculated based on a grade from 1 (lowest) to 7
(highest) for each subject, with the maximum being 42 points for six subjects, excluding a

maximum of 3 points awarded for the combined result of the EE and TOK. Students must
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earn 45 points to achieve a perfect score for the IB Diploma program, providing they have

also successfully completed their CAS requirements.

1.4.6 Group 4 IBDP Subjects
To fulfil the IBDP, students must select at least one of seven Group 4 subject disciplines,
including Biology, computer science, Chemistry, design and technology, environmental
systems and societies, Physics and sports, exercise and health science (SL only).
Environmental Systems and Societies is an interdisciplinary subject that meets
requirements for both Groups 3 and 4. The pure science® subjects of Biology, Chemistry
and Physics are unified by an overarching theme referred to as Nature of Science (NOS) in
the 21°" century. The five main NOS themes” are outlined in detail as ‘understandings’
within curriculum guides for each pure science subject and include the following:

1. What is science and what is scientific endeavour?

2. The understanding of science.

* ‘pure sciences’ will be defined here as including only Biology, Chemistry and Physics from the Group 4
subjects.

* Each NOS theme includes several paragraphs documented as separate parts (i.e. 1.1, 1.2, etc.)
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3. The objectivity of science.
4. The human face of science.

5. Scientific literacy and the public understanding of science (IBO, 2014).

Every sub-topic within the syllabus statement of a pure science subject is
accompanied by a NOS statement outlining how at least one NOS theme applies to the
understandings, skills and applications of the sub-topic (see Appendix D). According to the
IBO (2014), it is anticipated students will gain an appreciation of how scientists operate
and communicate with one another through a strong emphasis placed upon experimental
work within the pure sciences. The syllabus format for the three pure sciences is identical

ten generic aims that have a strong focus on experimental investigations.

The Group 4 aims are guided by the overarching NOS themes in which students

are to:

1. appreciate scientific study and creativity within a global context
through stimulating and challenging opportunities;

2. acquire a body of knowledge, methods and techniques that
characterise science and technology;

3. apply and use a body of knowledge, methods and techniques that
characterise science and technology;

4. develop an ability to analyse, evaluate and synthesise scientific

information;
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10.

develop a critical awareness of the need for, and the value of,
effective collaboration and communication during scientific
activities;

develop experimental and investigative scientific skills including the
use of current technologies;

develop and apply 21° century communication skills in the study of
science;

become critically aware, as global citizens, of the ethical implications
of using science and technology;

develop an appreciation of the possibilities and limitations of science
and technology and

develop an understanding of the relationships between scientific
disciplines and their influence on other areas of knowledge (IBO,

2014, p. 18).

1.4.7 IBDP Biology

As one of the three pure sciences, within the Group 4 subjects, IBDP Biology can be
studied at either Standard level (SL) or Higher level (HL) - the main difference between
the two levels relates to the breadth and depth of content. The SL syllabus includes six
core topics and one option topic, while the HL syllabus includes 11 core topics and two
option topics. The six core SL topics are common to the HL syllabus. Copies of syllabus
guides for both the 2016 SL and HL IBDP Biology curricula have been included (see

Appendix E).
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Summative Assessment - 2016

Summative assessment in IBDP Biology includes two main components, which are the

same for both the SL and HL curricula and include:

1. three examination papers — overall weighting of 80%

2. internal assessment (IA) — overall weighting of 20%

Examination papers primarily assess theoretical content, although they also include

guestions based upon analysis of secondary experimental data.

The internal assessment, the subject of this study, requires that students conduct
one individual scientific investigation of their own choice over a period of about 10 hours
in the form of a six to twelve page, written practical report. This report includes the same
requirements for Biology, Chemistry and Physics, as well as identical generic assessment
criteria outlined within a criterion-based, rubric assessment scheme. The IA is a complex
task that is rigorously assessed requiring students to develop their own research question
accompanied by a justifiable scientific rationale. Furthermore, students may choose to
undertake one of a number of possible tasks, some of which may include a traditional
hands-on laboratory investigation, extraction of data from a database and graphical
analysis or even the development of an interactive, open-ended simulation. The current,

2016 IBDP Biology curriculum comprises five |A criteria that include:

1. Personal Engagement
2. Exploration

3. Analysis

33



4. Evaluation

5. Communication

Each criterion includes several descriptors that describe specific achievement
levels, matched to a marks-band ranging from either 0 to 6, 0 to 4 or 0 to 2 marks. Some
achievement levels include descriptors that allocate up to two marks within a mark-band
and in these cases teachers are required to make decisions regarding the allocation of
either the lower or higher mark to a descriptor, as partial marks cannot be awarded. The
IB recommends that teachers adopt a “best-fit approach” (IBO, 2014, p. 152) when
marking, so that the final mark allocated represents a fair judgement of a student’s
overall achievement for each criterion. Marked exemplars of internal assessment
investigations are provided by the IBO and can be accessed by teachers in the support
material of the Biology section in the online curriculum centre (OCC). The ‘internal
assessment’ is thus internally assessed by the subject teacher and then externally

moderated by the IBO.

The Group 4 Project is an additional compulsory component of the pure sciences
that is not formally assessed, but requires students from different Group 4 subjects
(excluding Environmental Systems and Societies) to collaborate together on a topic that is
either scientific or technological and which may be practically or theoretically based. The
Group 4 Project places an emphasis on collaborative group work, rather than the end-
product of the activity. It is anticipated students will develop an appreciation of the

“environmental, social and ethical implications of science and technology” (1BO, 2014,
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p.161) and better understand the way in which scientists cooperatively interact in an
interdisciplinary manner in an attempt to solve problems. The Group 4 Project is based on

science or its applications and must address Group 4 aims 7, 8 and 10 (see Appendix F).

Formative Assessment

Formative assessment activities within Biology are solely planned by teachers and
generally include a series of tests and investigative activities designed to provide
feedback to both students and teachers about the students’ learning progress. Teachers
usually set one test for each topic, as well as a mid-year examination in both Year 11 and

12 to monitor the students’ learning of the theoretical components of the course.

Practical work, however, requires a different approach. Biology teachers are
required to plan their own practical scheme of work (PSOW) which includes all
formatively assessed investigations that students undertake throughout the two year
program. Teachers select various activities including several complex open-inquiry
experiments that are conceptually demanding, and some simpler, more guided-inquiry
investigations. When planning practical activities, teachers consider factors such as their
teaching style, availability of resources and the nature of the student cohort. Suggestions
for practical investigations are provided by the IB within the Biology syllabus and may
include activities, such as short practicals conducted over extended time periods,
computer simulations, databases using secondary data, fieldwork, questionnaires and
development/use of models. Teachers may participate in discussion forums on the OCC

website and share practical resources with other Biology teachers. Upon conclusion of

35



the course, teachers must provide a copy of the class Form 4/PSOW, listing all of the

completed formative practical activities to the moderator.

1.4.8 IBDP Curriculum Review and Development

The education arm of the IB Board of Governors manages academic policy across all IB
programmes, with the Diploma Review Committee (DRC) reviewing each DP syllabus
every seven years (IBO, 2017b). The DRC maintains curricula by keeping abreast of global
changes, is cognisant of contemporary education research and considers responses to
evaluation reviews of current curricula (IBO, 2017b). The review process is inclusive and
involves several stakeholders, such as IB schools, teachers, students, alumni, consultants,
examiners and moderators are involved, as well as DRC members. The three phases in the
review process include evaluation, development and implementation, which can be

accessed from the IBO website (IBO, 2017b).

1.4.9 Professional Development Opportunities

The IBO provides several different modes of professional development (PD) for teachers
which include face-to-face, online workshops, webinars, blended learning and e-learning
resources. Schools can avail themselves of PD opportunities that are held within their
own school or alternatively, at cluster workshops and regional conferences off-site. Three

categories of PD workshops can be undertaken by teachers, which include:
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Category 1 which focuses primarily on IB philosophy and implementation of the program
and is considered mandatory for teachers new to teaching the IB.

Category 2 which focuses on the delivery of the four IB programmes of education.
Category 3 which provides an opportunity to focus in some depth on an aspect within a

specific area of the curriculum such as the internal assessment (IA) in IBDP Biology.
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Chapter 2 Literature Review
In order to explore the two research questions, “what pedagogical strategies are

IBDP Biology teachers implementing to develop students’ understanding of how to write
effective practical reports in preparation for the internal assessment (IA)” and (2) “what
are IBDP Biology teachers’ perceptions concerning the introduction of the new 2016 IA
protocol in practical work?”, a theoretical framework comprising four schemas was
adopted: (1) a constructivist teaching and learning approach; (2) Bereiter and
Scardamalia’s (1987) metacognitive models of writing; (3) scientific argumentation
models and (4) epistemological reasoning models for developing scientific explanations.
Science practical report writing is explored from the perspective of pedagogical and
learning challenges, the teacher’s roles in developing effective pedagogical practices for
facilitating students’ writing skills and the impact of externally driven curriculum reform

on science teachers’ perceptions and pedagogy.
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2.1 Theoretical Frameworks Applicable to Science Practical Report Writing

2.1.1 Constructivist influences on teaching and learning in scientific practical report
writing

2.1.1.1 Defining constructivism

Constructivism has probably been the most influential theoretical perspective in science
education for the past three decades. This perspective is based upon the premise that
learners actively engage in building their own knowledge with the teacher who assumes
the role of facilitator rather than transmitter of knowledge (Conner, 2014; Siemears,

2012; Lew; 2010; Osborne, 2000).

Constructivism is underpinned by two main theoretical perspectives: personal
constructivism and social constructivism. Firstly, personal constructivism, is based upon
Piaget’s (1964) ideas that learners individually build upon their own existing knowledge
and experiences to construct new knowledge. Social constructivism, however, is an
extension of personal constructivism, which emerged from Vygotsky’s (1978) notion that
the social aspect of learning enables knowledge construction through collaborative
interactions with other learners (Walker et al., 2013). Vygotsky (1978) proposed the zone
of proximal development (ZPD) concept to describe how students gain help from others

such as their peers and teachers, when learning how to acquire new knowledge.

Conner (2014) recognised that constructivism historically focused on learning
conceptual knowledge, which prompted her proposition of ‘evaluative constructivism’ to

explain how students learn and when they should engage with specific learning styles.
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Conner’s (2014) interpretation of constructivism is underpinned by cognitive psychology

principles, such as information processing, self-regulated learning and situated cognition.

2.1.1.2 Constructivist teaching and learning in the science classroom

Constructivist teachers promote student-centred, socially interactive, collaborative and
reflective learning environments that emphasise establishment of a student’s prior
knowledge. Furthermore, such teachers encourage students to construct accurate
scientific understandings through participating in a variety of authentic, engaging
activities to address their alternative conceptions. (Conner, 2014; Garbett, 2011; Lew,
2010). Keys (1999) stated that “instruction emphasising inquiry and problem-solving
within social, cultural and technological contexts is consistent with constructivist theories
of learning science” (p. 119).

2.1.1.3 Scientific inquiry in the science laboratory: An authentic setting for constructivist
teaching and learning in IBDP Biology

The IBO 2016 Biology curriculum guide recognises the human face of science and
dedicates a significant section to the nature of science (NOS) that includes multiple

references supporting a socially-constructivist, investigative approach to scientific inquiry:

Both the ideas and processes of science can only occur in a human
context. Science is only carried out by a community of people
from a wide variety of backgrounds and traditions, and this clearly
influenced the way science has proceeded at different times. It is

important to understand, however, that to do science is to be
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involved in a community of inquiry with certain common
principles, methodologies, understandings and processes (IBO,

2014, p. 7).

According to Keys (1999), open-inquiry investigations lend themselves to
authentic purposes for students to write scientifically by “keeping track of procedures
and data, reflecting on quality of designs, brainstorming new ideas, making meaning of

results and communicating what they have found to others.” (p. 120).

Duschl (2008), drawing on the research of Gee (1996) and Lemke (1990), pointed
out that contemporary school science requires students to appropriate language skills
unique to the scientific domain. Peker et al. (2011) asserted that the language used to
construct scientific explanations involves more than simply extracting information from
empirical data; it also relies on writers interpreting and linking this information with prior
experiences. Yore (2010) contended that school science often emphasises the
mathematical and communicative roles of language instead of focusing more on the
constructive and persuasive elements that help develop new understandings. Through
socially interacting with their peers and the teacher, students engage in talking and
listening, which allows them to reflect on both their own ideas and those of others to
promote deeper thinking (Yore, 2010). Cavagnetto et al. (2011) proposed that language is

crucial in creating an authentic learning environment, “not only on the individual level
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(personally, while writing or reflecting), but also at the social level through listening to

ideas, questioning ideas and defending ideas” (p. 194).

Rivard et al.”s (2000) study of eighth grade science students in Canada, revealed
that analytical writing was important in developing simple ideas into more structured
knowledge. Additionally, peer discussions amongst the students enabled them to share,
clarify and disseminate their knowledge through using questions, hypotheses,

explanations and development of ideas. Rivard et al. (2000) concluded that:

These two modalities appear to be dialectical: talk is social,
divergent, and generative, whereas writing is personal,
convergent, and reflective. Moreover, writing appears to enhance

the retention of co-constructed knowledge over time” (p. 588).

The role of both written and oral language in science learning has been
extensively studied in recent decades with most researchers agreeing that language is
critical in constructing scientific knowledge. According to Florence and Yore (2004), since
language is constructed by humans, “knowledge must be influenced by, though not
totally dependent upon the society and culture in which the language exists” (p. 639).
Florence et al. (2004) stated that for scientists to become enculturated into the discourse
of the scientific community, they must be proficient at using both oral and written
language to describe “known events, predictions of future events, speculations of
causality, and metaphoric models to help conceptualise science for themselves and their

research groups” (p. 638)
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2.1.2 Writing effective secondary school science practical reports in the 21st century
Cavagnetto (2010) suggested four domains of understanding that enable students to
produce effective scientific practical reports: (1) epistemological and linguistic features of
the scientific genre; (2) metacognition; (3) scientific explanation and (4) argumentation

(Cavagnetto, 2010).

2.1.2.1 Epistemological and linguistic features of scientific genre in practical report
writing

Recent science education trends indicate a wide acceptance amongst researchers that
contemporary scientifically literate individuals require more than content and procedural
knowledge of science; they must also have an epistemic knowledge (Cavagnetto, 2010).
These views are also reflected in several contemporary science curriculum guides (e.g.
IBO, 2014; ACARA, 2012) and other key science documents (e.g. PISA, 2015). For example,
the 2014 IDBP Biology curriculum guide, nature of science (NOS) statement 3.2 states that
“scientists analyse data and look for patterns, trends or discrepancies, attempting to
discover relationships and establish causal links” (IBO, 2014, p. 9). Epistemic scientific
knowledge is, therefore, particularly relevant in open-inquiry investigations like the IA in
which students must evaluate experimental design and justify claims made in conclusions.
In recognising the socio-cultural perspective, many educational researchers suggest
scientific learning requires students to undertake a cognitive ‘apprenticeship’ (Sandoval
et al., 2005; Florence et al., 2004; Gee, 2004 ) to enhance their scientific communication.
Gee (2004) argued that successful scientific communication arises when students have

several opportunities to actively engage within the culture of the scientific semiotic
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domain. Furthermore, Gee (2004) highlighted that experience and confidence in using
domain-specific language, is key to interpreting and using language successfully to
promote scientific learning. Halliday et al. (1993) strongly advocated that students should
engage with the scientific genre through explicit instruction, before participating within
the domain. Hand and Prain (2006), however, recognised that scientific educators need to
understand how to help students develop the type of ‘scientific habits of minds’ that
scientists frequently adopt. For example, Hand et al. (2006) pointed out that writing
laboratory reports allows scientists to present their findings in scientific journals.
Moreover, they claimed that students do not often consider using the “rich dialogues, the
redrafting processes, and the revising and tentative acceptance of ideas” (Hand et al.,

2006, p. 106) that scientists typically use when composing laboratory reports.

These various literature perspectives of scientific language pose important
pedagogical implications for practical report writing in IBDP Biology. For example, the IBO
supports the idea that Biology students can build tentative claims to develop effective
explanations about experimental data — a notion that is explicitly stated in NOS statement
3.8 of the 2016 IBDP Biology curriculum guide: “although scientists cannot ever be certain
that a result or finding is correct, we know that some scientific results are close to
certainty” (IBO, 2014, p. 9).
2.1.2.2 Metacognitive models: Promoting higher-order thinking skills to develop
effective scientific writing of practical reports
Practical report writing involves complex higher-order thinking that is cognitively

demanding. Higher-order thinking requires students to develop new cognitive strategies
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that involve ‘thinking about thinking’ - a phrase often associated with metacognition.
Schraw and Moshman’s (2006) updated interpretation of Flavell’s (1995) metacognitive
framework comprises two elements: (1) knowledge of cognition and (2) regulation of
cognition. Knowledge of cognition involves a personal awareness of learning on three
levels: declarative (knowing of self), procedural (knowing how to enact a task) and
conditional (knowing when/why to apply specific strategies). However, regulation of
cognition involves activities undertaken to control regulation of cognitive processes and
involves planning, monitoring and evaluation (Schraw et al., 2006). According to Schraw
et al. (2006) cognitive regulation is highly relevant to open-inquiry learning. Planning, for
example, may involve students proposing a research question and hypotheses, designing
experiments and thinking about data collection and presentation. Monitoring involves
checking existing knowledge and the skills needed to enact it, but may also involve
collaborating with peers or consulting literature. Finally, evaluating requires reflection as
students consider what they learned from the investigation and how to accurately
express their knowledge in writing.

Bereiter et al.’s (1987) knowledge-telling (KTE) and knowledge-transformation
(KTR) metacognitive models have been used by several contemporary scholars (e.g.
Whitehead et al., 2014; Klein et al., 2010; Gunel et al., 2009; Keys, 1999), albeit in various
modified formats to inform research examining the link between student writing and
learning in school science. According to Bereiter et al. (1987), inexperienced writers often
use simplistic cognitive processes to write and devote little effort towards knowledge

transformation. Furthermore, Bereiter et al. (1987) contended that skilled writers
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generally employ higher-order thinking skills, such as problem-solving, that allow them to

achieve new and deeper understandings.

Klein et al. (2010) likened the KTR model to two “mental spaces” - the content
space and the rhetorical space. Students with highly developed metacognition use their
existing knowledge (content space) to explain meaning and think about how to
persuasively express understandings (rhetorical space). Whitehead et al. (2014) pointed
out that KTR cognitive processing is necessary when writing the discussion and conclusion
sections of practical reports, because it “engages students in causal thinking that
connects actions and observations to the science that explains results” (p. 493). Bereiter
et al. (1987) asserted that the interaction of both the content and rhetorical problem
spaces enables reflective writing. Bereiter et al.”s (1987) metacognitive models provide a
useful way to explain how novice writers utilise different strategies compared to more
expert writers. According to Keys (1999), expert science writers generally consider both
the content and rhetorical domains, while novices concentrate on rhetoric more than
scientific content.
2.1.2.3 Contemporary research conceptualisations concerning the nature of

explanation, argument and argumentation in scientific writing
Teacher pedagogies that help students enhance the quality of their written

practical reports have been widely researched (Braaten & Windschitl, 2011; Ruiz-Primo et
al., 2010; Mc Neil, 2008). Most of this research has, however, primarily focused on the
teachers’ use of scientific argumentation rather than scientific explanation. Some

research suggests that the research bias towards scientific argumentation has been
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mainly due to many academic scholars misinterpreting the terms ‘explanation’ and
‘argumentation’ (Tang, 2016; Braaten et al., 2011). Osborne and Patterson (2011) were
the first researchers to recognise the conflated use of both concepts within the literature

and so addressed the issue in their paper.

Scientific explanation

Many science education researchers (e.g. Tang, 2016; Peker et al., 2011; Mc Neil, 2008)
have claimed that scientific explanation is critically important in fostering a student’s
enculturation into epistemological scientific practices and effective knowledge
construction. According to Osborne et al. (2011) a scientific explanation requires students
to “make sense of a phenomenon based on scientific facts” (p. 629) and usually answers a
guestion. Conversely, Braaten et al. (2011) defined scientific explanation as
“communication of reasoning in an effort to make thinking visible or audible within the
science classroom” (p. 645). Tang (2016) acknowledged that a scientific explanation is
more than a definition or description of an observable phenomenon, since students must
provide theoretical accounts of how and/or why the phenomenon is the way it is. For
example, Tang (2016) explained that when students are asked to ‘explain photosynthesis’
they are really being asked to define photosynthesis rather than explain it. However, if
asked ‘How is photosynthesis carried out in a plant cell?’ this would require a scientific
explanation based on theoretical principles, such as an understanding of leaf anatomy,

diffusion and biochemical reactions.

In the past two decades, several epistemological reasoning models have been

proposed to conceptualise scientific explanations (Braaten et al., 2011; Veel, 1997; Driver,
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Leach, Millar & Scott, 1996). Most models include reasoning categories requiring
descriptions, causal accounts and the utilisation of scientific theories and models to
explain observations. Braaten et al. (2011) identified five key models of scientific

explanatory reasoning that emerged from science philosophy:

1. Covering Law - scientific explanations based on patterns emerging from empirical
observations;

2. Statistical/Probabilistic —induction from trends/patterns in data in which a cause
may or may not be sought to explain observations;

3. Causal —inductive explanations relying on patterns in data that involve searching
for a particular cause of the observation;

4. Pragmatic —proposal of different acceptable, but equally valid explanations which
can appear irrelevant to other people and

5. Unification — explanations generally utilised for singular events unified into

generalisations based upon scientific models or theories.

Braaten et al.’s (2011) study found that grade 6-12 science students mainly
utilised Causal and Unification explanatory models when composing scientific
explanations. Tang (2016) discovered that in secondary Chemistry classes, the Covering,
Causal and Unification models were most commonly used by teachers to assist student
learning. Tang (2016) also supported the idea that a scientific explanation is improved if it
provides an underlying cause that is not just apparent from empirical observations, but

also includes references to scientific theories and concepts. The outcomes of these
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studies point to the academic benefits that could be gained by IBDP Biology students who
develop an understanding of how to implement these scientific explanatory reasoning

models in order to compose coherent, well written practical reports.

Scientific argument and argumentation: Different concepts

Osborne et al.’s (2011) definition of scientific argument based upon Toulmin’s (1958)
model of informal reasoning is the most widely utilised approach in analytical argument
in science education literature. Toulmin (1958) posited that argument requires using data
and warrants to justify belief. Osborne et al. (2011), however, defined an argument as
validation of an uncertain conclusion based upon a “claim supported by the data, which
act as the premises of the claim” (p. 1417) with the warrant providing the phrasal link
revealing how the data supports the claim. Walker et al. (2013) defined scientific

argument as “a claim supported by evidence and a rationale” (p. 564) (see Figure 3).
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Figure 3 - The scientific argument framework (Walker et al., 2013, p. 564)

Osborne et al. (2011) reasoned that students must decide whether an explanation
is valid or if it fails to explain, in which case, another explanation is required.
Argumentation is the logical discourse process students engage in and experience while
thinking about how evidence can be used to justify a conclusion (Duschl, Shouse &
Schweingruber, 2007). Competency in argumentation can help develop higher-order
thinking, thus enabling students to think more critically and sceptically about scientific
claims. The validity of using an argumentative writing style is supported by several science
education researchers (e.g. Cronje et al., 2013; Choi et al., 2012; Osborne; 2010; Hand,
2008; Hohenshell et al., 2006), primarily because it is similar to the way in which

professional scientists write.
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Comparing scientific explanation and argumentation

Scientific explanation entails working out how and why a phenomenon occurs and
involves knowledge generation. Argumentation, however, is concerned with justifying a
claim to certain knowledge. In practical work, it can be difficult to distinguish between
argumentation and explanation, as constructing new explanations following open-inquiry
is often vastly different to constructing well-established explanations based on accepted
scientific knowledge. Students engaged in constructing new explanations must reflect on
prior knowledge, discuss ideas and access resources to help bridge gaps in their
knowledge in order to interpret the findings- a process that is similar the way scientists

submit their tentative findings to the scientific community for peer review.

The IBO clearly recognises the importance of argumentation strategies in forming
credible scientific explanations in practical work. For example, in the 2016 IBDP Biology
curriculum guide support for using argumentation strategies is evident in the assessment
descriptors for the IA ‘Analysis’ criterion: “assesses the extent to which the student’s
practical report ‘provides evidence that the student has selected, recorded, processed and
interpreted the data in ways that are relevant to the research question and can support a

conclusion” (IBO, 2014, p. 156).
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2.2 Writing Effective Science Practical Reports: Pedagogical and Learning
Challenges

2.2.1 Learning challenges for students

Many science researchers and educators in the past three decades have acknowledged
that practical report writing is often problematic from a teaching and learning stance
(Washburn et al., 2013). Science education literature of the past two decades has
highlighted that challenges in practical report writing are often correlated with student
difficulties in understanding and appropriating scientific discourse genres. Additionally,
cognitive, metacognitive and affective factors also significantly influence how students
self-regulate their learning. This section explores some of the major factors that
researchers believe can significantly impede a secondary science student’s success in

practical report writing from both a student and teacher perspective.

2.2.1.1 Appropriation of scientific discourse genres: Student epistemologies about
science

Havdala and Ashekanazi (2007) explored the epistemological views of three
undergraduate Chemistry students with respect to theoretical knowledge and empirical
evidence. By examining both the students’ laboratory practice and written laboratory
reports, it was found students held distinctly different epistemological beliefs across the
theoretical and empirical evidence domains. Three different epistemological theories
were identified, which included the empiricist-, rationalist- and constructivist-oriented

views.
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The constructivist-oriented student considered both theoretical knowledge and
empirical evidence knowledge as subjective and tentative. Thus he/she held an informed
view in both domains of scientific knowledge. However, the other two students who
demonstrated the empiricist and rationalist views respectively held naive views in the
empirical evidence domain, because they had trusted the knowledge gained through
either personal observation (i.e. empiricist) or by mathematical analysis (i.e. rationalist).
Furthermore, these students held informed views in the theoretical knowledge domain,
believing it was subjective and tentative. Overall, the empiricist- and rationalist-oriented
students held partially informed, non-bona-fide views, because they were unable to
effectively coordinate theory with empirical evidence. Havadala et al.’s (2007) study
concluded that students’ epistemological stances strongly influenced how they

coordinated scientific knowledge and empirical data together in practical work.

Peker et al. (2011) examined tenth grade Biology students’ practical reports by
investigating epistemological beliefs underpinning written explanations and their capacity
to use exploratory, causal and theoretical explanatory reasoning tasks. Most students
held constructivist-empiricist epistemological beliefs, since written practical reports
mainly included observational, procedural knowledge recounts rather than explanations
of results. The majority of students utilised both exploratory and causal explanatory
reasoning processes and showed little evidence of higher-order, model-based reasoning
involving integration of theory into explanations. Additionally, most explanations were
written as if they had only occurred in the past and were primarily related to the

students’ first-hand experimentation experiences.
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Both of these studies suggest that teachers should consider providing explicit
epistemological instruction through developing an understanding of the constructivist-
oriented domain of scientific knowledge. One way to do this may be to explicitly teach
how to use explanatory reasoning models.
2.2.1.2 Self-regulation: Cognitive, metacognitive and affective influences on learning in
science
According to Schraw et al. (2006), self-regulation involves understanding and managing
learning, as well as setting goals, enacting strategies and monitoring one’s progress. Self-
regulation can be promoted in inquiry investigations, and hence science educators should
try to assist students in this area (Pintrich, 2000). According to Trujillo and Tanner (2014),
educational psychologists classify the three main learning domains as cognitive,
metacognitive and affective. Open-inquiry investigations provide authentic opportunities
for students to develop and use cognitive and metacognitive strategies, although the
affective component of learning often receives less attention in science classes (Trujillo et

al., 2014).

Critical thinking (CT) is an important cognitive higher-order thinking skill that
promotes metacognitive thinking processes (Schraw, Crippen & Hartley, 2006; Kuhn,
1999). Even university students have been observed to struggle with CT (Kuhn, 1999;
Halpern, 1998). According to Linn (2000), CT requires students to competently identify
information, verify its credibility and determine if this new information fits with their

prior knowledge in order to make conclusions. Linn (2000) asserted that CT skills are
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fundamentally important in building a student’s capacity to write competent practical

report explanations.

Norris and Phillips (2003) contended that although some students capably decode
scientific text and understand theory, they may not be as astute at analysing, synthesising
and critically evaluating written scientific text. According to a study by Porter et al. (2010)
students who are deficient in CT skills tend to find scientific practical report writing
extremely demanding. For example, Porter et al.’s (2010) study of senior high school
science classes of mixed gender, grade (junior and senior) and ability levels, revealed that
only 16% could write high quality conclusions without instructional assistance. According
to Porter et al. (2010), difficulties with writing conclusions were attributed to students
having problems effectively analysing experimental data trends - a skill that was complex

for most students and apparently unrelated to chronological age.

Zohar et al. (2013) posited that metacognition in teaching and learning is a key
issue in contemporary educational research. According to Garner and Alexander (1989),
as students approach adolescence they tend to develop more metacognition, but only on
an as needs basis. For example, when students ask questions to gain more information
about a concept, they are engaging in metacognition. However, not all students can
monitor learning new concepts and recognising when certain cognitive strategies should
be utilised or how to improve problem-solving. Other students, however, are more

capable at monitoring how and when to apply metacognitive strategies and are able to
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achieve more positive learning outcomes than those with less metacognitive proficiency

(van Opstal et al., 2015; Conner, 2007; Swanson, 1990).

Conner’s (2007) study examining a high-stakes essay writing task in high school
Biology, discovered that students utilised metacognition differently from one another. For
example, most students were aware of their individual learning approach, although there
was a significant discrepancy between high achievers and low achievers with respect to
awareness of metacognitive strategies. Conner (2007) stated that “low achievers could
describe their learning in broad, general terms whereas high achievers could explain how
they carried out the strategies in detail” (p. 13). The outcomes of these and many other
studies involving older adolescent science students (e.g. Dangremond Stanton, Neider,
Gallegos & Clark, 2015; van Opstal et al., 2015; Grotzer & Mittlefehldt, 2012) suggest
that teachers may need to consider explicitly addressing metacognition, particularly in
the context of scientific writing. Explicit metacognition instruction may help improve
reading, higher-order thinking and knowledge generation, as well as understanding of
scientific concepts which are all important skills needed for competent practical report

writing.

Affective factors such as motivation can also play an important role in influencing
the success of a student’s learning. For example, students with well-developed cognitive
and metacognitive learning strategies, but who lack motivation, will not necessarily
achieve positive learning outcomes. According to Schraw et al. (2006), motivation is

underpinned by two key elements: epistemological beliefs and self-efficacy. Since student
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epistemological beliefs were discussed in section 2.2.2.1, the focus here is to consider
simply the mediating effects of self-efficacy on student motivation in the sciences.
Bandura (1997) proposed four factors that may enhance personal self-efficacy: 1)
enactive mastery experiences, 2) vicarious experiences, 3) verbal/social persuasion and 4)
physiological/affective states (Table 2). When integrated, these four factors may reinforce

one another (Bruce & Ross, 2008).
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Table 2 - Sources Capable of Increasing a Person's Self-Efficacy (Adapted from Bandura,
1997, Ch. 3, p. 79-115)

Number Name of Factor Description of Factor

1 Enactive Mastery Experiences | Most effective source - based on prior successful
achievements or authentic experiences in which

individual performed the task capably.

2 Vicarious Experiences Occur when another person is observed carrying
out the desired task successfully - heightens the
belief that the observer can also perform the

action.

3 Verbal/Social Persuasion. Others convince the person they are capable of
performing the task in question. If convinced, the
person will be more likely to apply greater effort

and persevere despite challenges involved.

4 Physiological/Affective States | Involves how a person reacts according to
physiological and affective states, such as stress,

fatigue or mood.

Trujillo et al. (2014) pointed out that self-efficacy may affect a student’s academic
achievement and perseverance. Mc Connell et al.’s (2010) study indicated that
undergraduate geoscience students with low personal self-efficacy, but who were highly
academic, achieved similar grades to those with a higher self-efficacy and lower academic
abilities. In a study of 11% grade Biology students, Alpmen (2016) discovered that

individuals with higher personal self-efficacy who valued Biology lessons had a higher
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achievement potential than other students. Students with higher personal self-efficacy
often demonstrate greater persistence with academic difficulties (Usher & Pajares, 2008;
Zimmerman, 2000). These studies highlight the important role that science teachers must
play in promptly addressing student incidences of low self-efficacy. This is particularly
important in IBDP Biology, which is undertaken at a time when students often make

important decisions about their future careers.

2.2.1.3 Scientific language

The characteristically authoritative and somewhat impersonal style, of traditional
scientific writing has often been rejected, particularly amongst women and people of
non-European cultures (Hildebrand, 1996; Spanier, 1992). Deiner et al.’s (2012) study
exploring practical report writing scaffolds found that many undergraduate Chemistry
students were reluctant to improve their writing skills, because they believed writing is
more relevant to humanities subjects. According to Halliday et al. (1993), student
difficulties with scientific writing may be due to its use of lexically dense language.
Dawson (2007) contended that numerous contemporary scientific papers written by
professional scientists include personal, active language written in the present tense,
which is not how traditional school practical reports are normally written. Consequently,
it may be time to assess the importance of mandating traditional modes of scientific
writing in school science practical reports, which are typically written in the third person,
passive voice. These findings pose important implications for IBO Group 4 curriculum

developers involved in setting writing guidelines for IA reports.
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2.2.2 Pedagogical Strategies and Contextual Factors: Mediating Influences on Student
Effectiveness in Practical Report Writing

According to Hand et al. (2006), although researchers have claimed for the past forty
years that school science instruction needs to move away from a teacher-centred,
transmissive approach and become more student-centred, this transition has been
exceedingly slow — a view supported by many contemporary science education
researchers (e.g. Hofstein et al., 2012; Cavagnetto, et al., 2011; Osborne, 2007). Garbett
(2011) claimed that many contemporary science teachers feel uncomfortable
relinquishing their control as ‘transmitters’ of knowledge and assuming the role of co-
constructor of knowledge with students. Furthermore, implementing pedagogical
strategies that integrate literacy into everyday science teaching and fostering the higher-
order thinking skills required in practical reports are challenging tasks for most teachers

(Talenquer, Tomanek & Novodvorsky, 2013; McNeil & Knight, 2013; Braaten et al., 2009).

2.2.2.1 Pedagogical mediating influences in school science

Several education researchers have reported that many science teachers dedicate
considerable time and effort to assisting students with low-level cognitive activities
during laboratory- based activities (Hofstein et al., 2012; Osborne, 2007; Ruiz-Primo,
2007; Hofstein et al., 2004; Hodson, 1993). Abrahams and Millar’s (2008) study involving
observations of twenty five practical science lessons in UK secondary schools, revealed
that most teachers predominantly assisted students with procedural aspects of practical

investigations. When these teachers focused on manipulative procedures, such as
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handling apparatus, they directed minimal effort towards cognitively challenging students

to generate knowledge based upon their observations and experiences.

Lemke (1990) stated that teachers rarely teach students “how to speak, argue,
analyse, or write science” (p. 22) and tend only to emphasise these skills either at the
beginning or end of tasks. Several researchers (e.g. Cavagnetto et al., 2011; Hand et al.,
2006; Rivard et al., 2000; Lemke, 1990) suggested that science teachers should increase
opportunities for small group work and whole class conversations amongst students and
teachers. By engaging in rich discussions, students may experience the high cognitive
demand necessary to construct logical explanations about experimental phenomena and
evaluate data. Such discourse is similar to how professional scientists “submit their
conversations and text to the scrutiny of peers and use peer criticism to refine and

reconstruct their ideas” (Florence et al., 2004, p. 638).

Havdala and Ashkenazi (2007) have suggested that science students need to learn
about the two separate, yet interrelated facets of scientific knowledge: theory and
empirical evidence, which are key to understanding the nature of science and how it
operates. Several researchers have recognised that overlooking epistemic knowledge has
resulted in inconsistencies between the goals of science curriculum planners and the daily
practice of science classes (Hofstein et al., 2012). Norris et al. (2003) posited that
scientific literacy includes two main elements: (1) fundamental sense and (2) derived
sense. The fundamental sense involves the students’ reasoning capabilities, whereas the

derived sense involves conceptual understanding of science content. The fundamental
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sense of literacy, however, is not usually explicitly taught in traditional science classes.
Furthermore, while the fundamental sense is not unique to science per se, it is essential
for effective participation in activities involving the derived sense of literacy, like practical

report writing (Norris et al., 2003).

Osborne (2010) pointed out that although argument and debate are frequently
undertaken by the scientific community, these discourses rarely occur in school science
classrooms. Arguments are claims that must be supported by credible evidence. Evidence
can use data and when combined together a persuasive tool is formed that can convince
others to believe their claims. According to Ruiz-Primo et al.’s (2007) study of 72 middle-
school science students, only 18% provided written explanations including claim,
evidence and reasoning. This low percentage was thought to be attributed to limited
opportunities for students to undertake scientific inquiry. Tang, Coffey and Levin (2010)
suggested that how teachers frame inquiry tasks may influence the way they assist
student thinking. Additionally, Tang et al. (2010) posited that contextual factors such as
class routines, student behaviour, time constraints and high-stakes curricula can all

significantly influence student thinking.

McNeil et al.’s (2013) study examined three professional development (PD)
workshops. The PD was designed to foster authentic practices amongst seventy
elementary, middle and high school teachers’ pedagogical content knowledge (PCK) with
respect to scientific argumentation. Teachers found the PD workshops useful for

developing their PCK for some aspects of argumentation. Overall, 70% of teachers
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successfully used the claim-evidence- reasoning (CER) framework (refer section 2.1.2.3 —

Figure 3) to assess student writing.

A few studies have evaluated secondary science teachers’ understandings of
scientific argumentation. For example, Sampson and Blanchard’s (2012) study found that
secondary science teachers had difficulties in critically supporting claims made in
explanations about experimental results and tended to rely more on content knowledge
than the data. Peker et al.’s (2011) study revealed that Biology students argued minimally
with experimental data and teachers did little to assist students improve their written

explanations following investigations.

Tang (2016) pointed out that most science teachers are poorly equipped to teach
the construction of written explanations because they do not have a clear understanding
of the difference between the concepts of scientific explanation and argumentation.
Consequently, the CER framework that is normally used for formulating arguments, has
been “misleadingly adopted by many science educators to construct explanations, even
when there is little argument construction going on in instructional tasks” (Tang, 2016, p.
1437), such as practical reports. Osborne, Erduran & Simon (2004) contended that
students need scaffolding tools to assist them due to the difficulties associated with
composing persuasive arguments. According to Osborne et al. (2004), competent
acquisition of argumentation skills should help students write better quality practical

reports. Perhaps it is time for the IBO to think about providing training for Group 4
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science teachers in pedagogy supporting the teaching of scientific explanation and

argumentation skills in order to better support students with practical report writing.

Giorka (2009) investigated how UK senior secondary school science teachers
managed assessing and teaching summative coursework when preparing students for
high-stakes GCSE and A-level examinations. This study showed that teachers faced
difficulties trying to ascertain the extent of formative feedback required during
summative assessment of written reports. Giorka (2009) observed that many science
teachers prioritised their assessor role and regarded teaching and summative assessment
as separate processes resulting in the provision of either limited or no feedback and help
to students. However, some teachers combined the dual roles of teaching and assessing
by providing constructive feedback, but still supporting the examination guidelines. For
example, one teacher formatively assessed students by communicating to students “what
they were doing well, suggestions for improvement and specific guidance on where
corrections are needed” (Giorka, 2009, p. 424). Consequently, Giorka (2009) posited that
teaching and assessing high-stakes science curricula needs re-examination, as teachers
should be primarily focused on student learning. Furthermore, the high-stakes
accountability assessment in these curricula was thought to create many challenges for
teachers during implementation of summative tasks. Giorka (2009) recommended using
an assessment model that placed greater trust in the teacher’s ability to assess, as well as
“an increase in the weighting of internal assessment and less emphasis on external
exams” (p. 428). Additionally, Giorka (2009) suggested teachers should exercise

professional judgement when balancing fair marking with the feedback given to students.
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Other studies conducted worldwide in this field have revealed similar findings to Giorka’s

(2009) study (e.g. Westbroek et al., 2013; Torrance, 2007; Yung, 2001).

2.2.2.2 Contextual mediating influences

Deiner et al. (2012) claimed that time constraints and large class sizes add to the
contextual pressures science educators experience when assisting students with practical
report writing. A Biology Education Research Group (2014) report found that the
correlation between teachers’ pay scales and student grades in England resulted in
increased accountability of teachers instructing high-stakes curricula. Consequently, in
recent years many teachers in England have been forced to focus more on curriculum
components with the highest assessment weightings. The idea of correlating teacher pay
scales with accountability in high-stakes curricula has serious implications for the 2016
IBDP Biology IA Practical Assessment Scheme that has only a 20% assessment weighting
compared to a much higher 80% weighting for examinations. Will the IBO follow the lead

of the English education system?

Wallace et al.’s (2004) study of experienced high school science teachers
identified two belief constructs influencing their practical knowledge base. The first belief
involved contextual factors arising from a school culture that constrained inquiry which
led to reduced opportunities for students to engage in higher-order thinking. Secondly,
teachers’ beliefs about academic rigour, high-stakes exam preparation, efficiency and
student capabilities were found to impede their implementation of authentic scientific
inquiry. Wallace et al. (2004) cited an example of three teachers who believed their main

pedagogical focus was to present canonical theoretical concepts. Another teacher in the
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same study, however, was preoccupied with time limitations and preferred to
concentrate on curriculum theory rather than practical activities. The science teachers in
the study appeared to hold competing belief sets about what was best for student
learning and struggled to reconcile this issue against a background of culturally-mandated

learning goals.

The culturally based beliefs of exam preparation and efficiency in
covering the curriculum exhibited a powerful influence; the
teachers also had learning goals for their students that stood in
contrast to the culturally supported goals. This causes a
substantial difficulty for teachers, who are placed in the position
of trying to choose between what they believe to be best for their
students with what society has deemed best for their students

(Wallace et al., 2004, p. 958).

The studies referred to in this section indicate that tensions experienced by
teachers who are held professionally accountable to high-stakes standardised tests are
real, widespread and particularly challenging. Section 2.3 examines some contemporary
pedagogical approaches trialled by researchers to address the development of students’

scientific practical report writing skills.
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2.3 The Role of Contemporary Pedagogy in Scientific Practical Report
Writing

Central to the current study is a focus on pedagogical strategies which IBDP Biology
teachers utilise to promote student understanding of writing practical reports to prepare
for the summative IA. Cronje et al. (2013) posited that a particular pedagogical challenge
for science teachers is how to help students construct competent written explanations

based on data obtained during investigations.

Several researchers have posited that in order for students to write competent
practical reports they must be capable of writing rhetorically in compliance with the
expository conventions of science, in order to develop persuasive and thus effective
scientific explanations (Cavagnetto et al., 2010; Osborne, 2007). According to Peker et al.
(2011) Biology students who attain competence in rhetorical writing skills are more
capable of interpreting findings through causal thinking in which links are made between
theoretical scientific knowledge/models and observed phenomena. Additionally,
pedagogical practices designed to improve rhetorical writing skills are also often
associated with improvements in high-stakes assessments, such as examinations (Keys,

2000).

The development of effective explanatory reasoning and rhetorical argumentation
skills has shown a renewed interest by many researchers. For example, over the past two
decades, many science education researchers have trialled innovative pedagogical
approaches to help teachers improve their ability to assist students write practical

reports. This section explores three innovative contemporary pedagogies: the Science
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Writing Heuristic (SWH), Argument Driven Inquiry (ADI) and the Premise Reasoning

Outcome (PRO), all designed to enhance practical report writing skills.

2.3.1 Using the Science Writing Heuristic instructional tool

Hohenshell et al.’s (2006) research explored using the Science Writing Heuristic (SWH)
(Figure 3) to determine its effectiveness in promoting conceptual learning of ninety- one
ninth and tenth grade science students studying cell Biology. The study revealed no
significant difference between the multiple test results of ‘control’ students who wrote
traditional practical reports without scaffolding and the SWH group who wrote reports
based upon guided prompts within SWH scaffolds. However, when students were
instructed to write a summary report of six practical investigations and then tested a
second time using a series of higher-order extended response questions, the SWH group’s

test results were significantly greater overall than the control group.

The researchers reported that the control group did not perceive that the second
writing task of the summary report had a separate focus from earlier traditional practical
reports. Consequently, the control group tended to incorporate the pre-existing
information documented in their earlier practical reports into their summary reports.
Furthermore, the control group did not restructure their text to demonstrate revised
thinking and/or elaborated upon their initial ideas. In essence, the summary report for
these students was simply that - a report! In contrast to the control group the SWH
students displayed a better understanding of the summary report aim. The latter group
focused on the overarching ideas in the topic and coordinated their investigative findings,

leading to a more integrated understanding of concepts. Hohenshell et al. (2006)
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concluded that SWH scaffolds constituted effective preparation for writing summary
reports by enabling students to develop a more sophisticated suite of cognitive

experiences than the control group.

Science Writing Heuristic for Laboratory:

1. Beginning Ideas What questions do I have?
(Students were guided to write testable questions with matching predictions.)

b

Tests What did I do?
(Students were asked to completely describe how they performed tests to answer their
questions with enough detail to allow repeatability )

3. Observations What did I see?
(Students recorded what they found from tests and were asked to appropriately
represent data.)

4. Claims What inferences can [ make?
(Students interpreted observations and explained what they thought happened.)

Evidence How do I know?
(Students justified claims by providing evidence for each claim )

th

6. Reading How do my ideas compare with others?
(Students compared their ideas with two additional sources, one of which required a
citation )

7. Reflection How have my ideas changed?
(Students were asked to relate back to their beginning ideas and explam how these
had changed )

Figure 4 The SWH student template (Hohenshell & Hand, 2006, p271)
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2.3.2 Using the Argument Driven Inquiry instructional tool

Sampson, Grooms and Walker (2011) explored the effectiveness of the Argument Driven
Inquiry (ADI) instructional model on the ability of nineteen tenth grade Chemistry
students to successfully engage in scientific argumentation and construction of written

scientific arguments. The ADI model consisted of seven stages:

1. Task identification

2. Data generation

3. Tentative argument production (claim, evidence, reasoning)
4. Argumentation in small group setting

5. Individual creation of written investigation report

6. Double-blind peer review

7. Report revision

Students completed fifteen different practical activities that corresponded to one

of four different emphases:

1. Development of new explanations
2. Revision of an explanation
3. Evaluation of an explanation

4. Explanation used to solve a problem

Initially, most students did not understand the criteria guiding the development of
explanations and argumentation. Consequently, many students were unsure of how to

engage effectively in argumentation discussions or write arguments. Some students used
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everyday (non-science) contexts to guide their understanding of the terms
‘argumentation’, ‘explanation’, ‘evidence’ and ‘reasoning’. Sampson et al. (2011) believed
that two main learning issues hindered the students’ ability to effectively engage in
scientific argumentation. Firstly, students did not utilise theory, models or laws as to
evaluate their understanding of scientific phenomena. Secondly, some students limited
their discussion to one major idea which they attempted to verify, instead of exploring

other more acceptable explanations.

A positive correlation existed between high-level scientific argumentation
discussions and the quality of the students’ written arguments, although the researchers
admitted that one outcome did not necessarily rely upon the other. Instead, it was
speculated that students utilised the same sorts of basic understandings of the scientific
epistemology that are needed to participate in both processes. Moreover, it was stated
that “one way to promote this type of learning in the school science laboratory is to
develop new instructional models that focus on scientific content, scientific processes,
epistemology and social norms at the same time” (Sampson et al., 2011, p. 253).
Furthermore, the study concluded that ADI is a useful way for students to experience
scientific practice as it is more authentic and educative than traditional laboratory
approaches. Sampson et al. (2011) conceded that further research was required to refine

the ADI model and trial it in a wider range of school contexts.
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2.3.3 Using the Premise Reasoning Outcome instructional tool

Tang’s (2016) study examined the effectiveness of his Premise Reasoning Outcome (PRO)
tool (Figure 4) in assisting 9th and 10th grade secondary school Physics and Chemistry
students with writing scientific explanations. The PRO heuristic is based upon scientific
philosophy and linguistics and is typically presented linearly and sequentially for ease of
use by both teachers and students even though Tang himself acknowledged that scientific
explanations usually involve iterative, non-linear thought processes. The PRO tool
comprises three main components: premise (P), reasoning (R) and outcome (O). The
premise is the basis of the explanation which is often underpinned by a scientific law,
theory or model. Reasoning involves the logical sequence of connectives that follow the

premise, while the outcome is the phenomenon itself to be explained.
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Figure 5 - Example of a student's PRO scaffold (Tang, 2016, p. 1424)
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In Tang’s (2016) study the PRO was introduced to half the student cohort during
scientific activities based upon Bybee et al.’s (2006) 5 Es’ teaching framework. The PRO
scaffolds were initially handed out during the explanation phase within an investigation
and removed during the later elaboration phase when students were required to think
about their explanations after the investigation, by applying new knowledge to a novel
situation. During the early interventional stage, PRO students were given more prompts,
guiding questions and sentence starters in the scaffold than non-PRO students with
scaffolds being gradually removed as students gained confidence writing explanations.
Students who worked with PRO scaffolds were found to write better explanations than
control students. Despite these encouraging results, some students found PRO scaffolds
difficult to use. It was concluded that the PRO may be particularly useful when teaching
theoretical scientific content because it can help students organise their thoughts into

coherent, logical written explanations that include causal sequences (Tang, 2016).

In summary, four major implications arose from the reviewed literature cited in
this section in relation to developing the practical report writing skills of students in IBDP
Biology Firstly, it appears that scaffolding tools improve science students’ writing skills by
enhancing their conceptual understandings and ability to write rhetorically persuasive
explanations. Secondly, students require explicit instruction in the epistemology of

scientific discourse, as it is initially difficult for them to understand and use. Thirdly,

i Roger Bybee and his peers created the 5E instructional model framework for thinking about teaching and
learning in science in 1989. The model consists of 5 phases including engagement, exploration, explanation,
elaboration and evaluation that encourage and support students to formulate their own explanations for
scientific problems through collaborating with their peers and the teacher (Skamp & Preston, 2015).
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although group work is highly recommended from a social constructivism perspective, it
is not the only solution to improving practical report writing. Lastly, pedagogical
innovation should be promoted within the ongoing professional development of in-

service science teachers.

2.4 Externally Driven Curriculum & Assessment Reform: Science Teachers’
Perceptions and Reactions

Externally driven curriculum reform is a contentious issue within school science programs
worldwide (Ryder, 2015; Fensham, 2009). Assessment reform often accompanies
curriculum reform and hence also plays a prominent role in influencing pedagogical

practice.

2.4.1 The problem with externally driven curriculum reform

Teachers are the key sources of innovation in science classrooms and therefore
significantly influence their students’ learning (Ryder, 2015; Zhang, Parker, Koehler &
Eberhard 2015; Spillane, 1999). When curriculum reform includes major assessment
changes, science teachers often find the adjustment professionally difficult. For example,
Koh (2011) pointed out that many educational systems worldwide reported that
numerous teachers are not adept at “developing and implementing authentic
performance assessments due to inadequate training and support during pre-service
teacher education programs” (p. 256). Ryder et al. (2013) claimed that educational

literature includes many accounts of science teachers who “resent the demands to
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respond to seemingly constant curriculum change and curriculum policy-makers who find
that teachers do not implement curriculum reforms as intended” (p. 491). Finally,
Towndrow et al. (2010) pointed out that “top-down rationalist approaches to innovation
and change management in laboratory assessment rarely achieve the levels of fidelity
desired by policy-makers” (p. 130). Ryder (2015) asserted that “there is less attention
given to examining in detail the experiences, motivations and reflections of teachers, and
how these might change over time” (p. 88) and argued this was just as important to

know, as determining whether curriculum reform had proceeded as planned.

2.4.2 The role of teacher beliefs, decision-making and classroom practice in
implementation of curriculum reform

Many contemporary studies have indicated that successful curriculum reform
implementation is a considerably complex issue that cannot be based exclusively upon a
science teacher’s personal attributes. Ryder’s (2015) large-scale review of 34 science
curriculum studies involving in-depth interviews with science teachers drawn from across
the globe, explored teacher beliefs, practices and reflections in light of curriculum reform.
The review provided some illuminating insights concerning teachers’ reactions during
such reform. Ryder utilised Goodson’s (2003) categories of personal (specific to teacher),
internal (specific to school) and external (specific to system) contexts to group twenty-
seven factors identified as being key influences in teachers’ responses to reform (See
Figure 5). Of the twenty-seven factors influencing teacher responses to externally driven
curriculum reform presented in Figure 5, about one-third relate to science teachers’

personal attributes, whereas approximately half relate to school-based influences. The
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implications of Ryder’s (2015) review for IBDP Biology is that schools have an important
role to play in ensuring that teachers are provided with appropriate professional support

when implementing curriculum reform.

PERSONAL (TEACHER FOCUS)

Personal factors relate to a teacher’s:

Pl.  Subject knowledge

P2, Pedagogical skills

P3. Beliefs about the purposes of science education

P4, Views about the epistemology of science

P5.  Beliefs about how stdents leam and his/her role in the classroom
P6.  Beliefs about the intentions of the curriculum reform
P7.  Perceived audiences for his/her work

P8.  Professional and personal biography

P9, Prmofessional identity

INTERNAL (SCHOOL FOCUS)

I1.  Students” differing backgrounds and aspirations

2. Students’ interpretations of what counts as appropriate science cumriculum content
3. Parental aspirations and their visibility to teachers

4. Availability of teaching resources (e.g. textbooks, practical activities)

I5.  Physical teaching spaces (e.g. labomtory provision)

Io.  Engagement of teachers in professional development activities

I7.  Science depantment working practices (e.g. collegial, fragmented)

I8.  School and departmental leadership style

9 What counts as appropriate assessment of student learning

[10. Local cultural perceptions of the *good”, *professional” teacher

I11.  School ethos and priorities

112. Relation of the science curriculum reform to other reforms in the school
I13.  Role of inter-school mediators/brokers of reform

EXTERNAL (SYSTEMIC FOCUS)

El.  Flexible versus prescriptive nationalregional curriculum frameworks

E2.  Participation in ongoing, inter-school teacher networks

E3.  Other national'regional education reform agendas

E4.  Accountability measures (e.g. through external measures of student attainment, school
league tables, school inspectorate policies)

E5.  Specifications for externally awarded science qualifications

Figure 6 - Factors influencing teacher responses to externally driven curriculum reform (Ryder, 2015, p.
103)

Zhang et al.’s (2015) review of 118 science education reform studies found that a
teacher’s effectiveness strongly influences student learning outcomes. Factors such as
subject knowledge, pedagogical skills and epistemological beliefs about science, all
significantly impact on reform success. Some other recent reform studies have focused on

the intimate relationship between science teachers’ beliefs and actions and how these
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can impact teaching and learning. Building on Nespor’s (1987) seminal work on
theoretical belief constructs, Wallace et al. (2004) argued that affective elements, such as
moods and prior experiences may strongly influence teachers’ decisions about
incorporating inquiry-based innovations into science lessons and that teacher actions
reflect their beliefs — the two elements cannot be separated. Furthermore, when teachers
perceive they cannot successfully meet reform requirements, low teacher self-efficacy

may result (Bandura, 1997).

Westbroek et al.’s (2016) study used ‘goal theory’ as a theoretical construct to
explain teachers’ decision-making processes and pedagogical practices involving
Chemistry curriculum reform. According to Westbroek et al. (2016) goals in a teacher
context represent the teacher’s unique desired state and are mediated by the
knowledge/beliefs of the individual. Westbroek et al. (2016) argued that since teachers
often manage multiple goals simultaneously, they will never fulfil all goals due to the
hierarchical and time-dependent nature of goals. Furthermore, this study revealed that
despite the extensive academic qualifications and high level of pedagogical expertise of
the teachers and their participation in innovative professional development, some reform
elements were still compromised. Moreover, teachers adopted the reformed curriculum
in a modified manner according to those aspects that either supported or impeded
attainment of their own individual core goals. Lastly, the study highlighted that personal
teacher attributes such as pedagogical-style, beliefs about how students learn, the
teacher’s role in the classroom and their beliefs about curriculum reform intentions

played an important role in influencing pedagogy. As Westbroek et al. (2016) stated:
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If a teacher does not act in accordance with a rational innovation
proposal, we cannot conclude that the teacher acts irrationally.
Rather, we can more wisely view this as sign that we still do not
understand a teacher’s goals in his/her practical world. Once we
know his/her goals almost always the actions of a teacher turn out

to be perfectly reasonable (p. 2).

Yung’s (2001) case study of three Biology teachers in Hong Kong illustrated how
one teacher employed pedagogical strategies that were ineffective in enacting high-
stakes practical assessment reform. The teacher’s confusion regarding when and how to
use formative and summative assessment practices in a school-based summative practical
investigation led to adverse student outcomes. These adverse outcomes included a
reticence to seek formative feedback, a loss in summative marks and increased student
anxiety. Evidently, when teachers interpret reform differently from curriculum
developers, it may “ruin the best intentions behind these new forms of school-based
assessment...and this would be grossly unfair to all parties concerned - teachers and

students alike” (Yung, 2001, p.1002).

2.4.3 The role of teacher self-efficacy in facilitating successful curriculum reform
Blonder, Benny and Gail Jones (2014) contended that teacher self-efficacy may
significantly influence curriculum reform. Although some researchers are sceptical about
whether high teacher self-efficacy leads to greater pedagogical effectiveness (Settlage,
Southerland, Smith & Ceglie, 2009; Wheatley, 2002), there is strong research evidence

which suggests that teacher self-efficacy affects student achievement (Tschannen-Moran
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& Hoy, 2001; Goddard, Woolfolk Hoy & Hoy, 2000). According to Gibson and Dembo
(1984), self-efficacy can be conceived according to outcome expectancy and personal self-

efficacy such that:

Teachers who believe student learning can be influenced by
effective teaching (outcome expectancy beliefs) and also have
confidence in their own teaching abilities (self-efficacy beliefs)
should persist longer, provide greater focus in the classroom, and
exhibit different types of feedback than teachers who have lower
expectations concerning their ability and influence on student

learning (p. 570).

High levels of personal self-efficacy have been linked to teachers who willingly trial
innovative pedagogies and demonstrate greater persistence and resilience when
challenges arise (Cantrell, Young & Moore, 2003), such as might be expected with the
introduction of curriculum and assessment reform in IBDP Biology. McCormick and Ayres
(2009) found that self-efficacy can be domain-specific. Loughran (1994) observed that
secondary science teachers who displayed high self-efficacy were more likely to achieve
‘pedagogical freedom’ (p. 377) resulting in greater student engagement and more
effective learning. Of the four sources of self-efficacy proposed by Bandura (1997) (see
Table 4, Section 2.2.1.2), enactive mastery is believed to have the greatest influence upon

teacher behaviour. That is, when teachers have experienced prior challenges similar to
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the current experience, there is a greater chance that they will display high self-efficacy

and overcome such challenges (Blonder et al., 2013).

Many studies support the importance of self-efficacy in positively influencing
reform, although some others suggest otherwise. For example, Southerland et al.’s (2012)
study used ‘conceptual change theory’ to explain one teacher’s approach to learning that
appeared unrelated to teacher self-efficacy. The researchers proposed that teachers were
more likely to support and enact curriculum reform if they experienced sufficient
pedagogical discontentment - an affective state that occurs when a teacher recognises a
“mismatch between his/her science teaching pedagogical goals and classroom practices”
(p. 484). Settlage et al.’s (2009) study explored changes in pre-service science teachers’
self-efficacy beliefs during three stages in their training and found that many individuals
held an excessively high self-efficacy both prior to and during teaching, despite their
limited teaching experience. The researchers believed that teacher over-confidence
thwarted the pre-service teachers’ own abilities to partake in self-doubt, which limited
their academic growth. According to Settlage et al. (2009), self-doubt need not be
regarded as a constraint and may even promote teacher reflection enabling them to more
successfully implement curriculum reform. This finding has important implications for
IBDP Biology teachers who may hold feelings of self-doubt when tackling the challenges
of implementing IA reform measures within the 2016 IBDP Biology curriculum for the first
time. In other words, self-doubt may better prepare teachers to analyse reform measures
more critically and adopt a proactive approach to seeking innovative solutions to

pedagogical challenges that may ultimately enhance student learning outcomes.
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2.4.4 The role of professional development in facilitating successful curriculum reform
Internal factors relating to a teachers’ school context interact with personal factors that
may contribute significantly to successful curriculum reform. Van Driel et al. (2012)
reviewed 44 contemporary studies and found that while most science education PD
programmes intend to support reform, they do not usually satisfy teachers’
requirements. Zhang et al.’s (2015) study discovered that many teachers believed PD
frequently lacked relevance to their classroom needs. Ebert et al. (2010) argued that
teachers often bring preconceived beliefs and values to PD sessions, which tend to

influence their opinions about the training benefits.

Koh (2011) stated that since assessment is a “key lever for driving teachers’
instructional practice, changing or improving classroom practice will require teachers’ to
improve their knowledge and skills in designing and implementing new forms of
assessment” (p. 256), thus enabling them to both teach and assess students according to
contemporary pedagogies. This means that PD planners should consider how best to
foster the teachers’ assessment literacy skills in ways that support students’ needs. One-
off PD programmes that encourage and support teachers to develop appropriate
knowledge and pedagogies that align with reform do not often achieve their intended
goals (Zhang et al., 2015; Koh, 2011). Koh (2011) suggested, however, that PD that allows
teachers to collaborate and discuss assessment strategies within their own classroom

context, can be beneficial in promoting pedagogical innovations.

82



Desimone (2009) proposed that five factors should be included in all high quality
professional development: (1) content; (2) active learning; (3) coherence; (4) duration of

PD and (5) collective participation.

Content: Many scholars agree that a teacher’s subject knowledge is a crucial element in
science education and that PD focusing on increasing the teacher’s understanding of

teaching conceptual theory results in improved student outcomes (Desimone, 2009).

Active learning: PD effectiveness can be enhanced when teachers engage in active
learning opportunities (Doppelt, Schunn, Silk, Mehalik, Reynolds & Ward, 2009), such as
being observed by peer/mentor teachers followed by constructive feedback (Desimone,

2009).

Coherence: Coherence is the “extent to which teacher learning is consistent with
teachers’ knowledge and beliefs” (Desimone, 2009, p. 184). Penuel, Fishman, Yamaguchi
and Gallagher’s (2007) study of 454 teachers found coherence was the most important

predictor of change in a teacher’s knowledge and pedagogical practice.

PD Duration: Many researchers advocate that one-off PD delivered in the traditional
workshop manner is not particularly effective and that teachers prefer ongoing, sustained
PD, particularly when implementing inaugural curriculum reform (Zhang et al., 2015; Koh,

2011; Monty Jones & Dexter, 2014).
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Collective Participation: A solid body of evidence exists to support PD that provides
opportunities for teachers with a common focus, such as a grade level or subject area, to

gather collectively (Koh, 2011; Loucks-Horsley, Hewson, Love & Stiles, 1998).

2.5 Conclusion

This literature review highlighted the importance of the social constructivist approach, as
the basis for effective science pedagogy in contemporary science classrooms. The
constructivist movement heralds the move towards a more student-centred approach
whereby teachers play a supportive role as facilitators and co-constructors of knowledge.
IBDP Biology is underpinned by a constructivist approach and is also strongly influenced
by NOS understandings (IBO, 2014). Pedagogies that include explicit instruction on use of
explanatory reasoning categories, rhetorical argumentation and metacognition represent
some strategies that many contemporary science education researchers have deemed
important in developing the higher-order cognitive skills necessary for effective practical
report writing in the sciences. The review has also revealed that many teachers perceive
external curriculum reform as difficult, and often do not implement the reform measures
according to the precise intentions of curriculum planners. Furthermore, a teacher’s
capacity to successfully implement curriculum reform is evidently greatly influenced by
personal attributes of teachers, school context and systemic elements, such as external

curriculum planners.
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It is anticipated that the current research may offer some valuable insights about
pedagogical strategies designed to promote student understanding of scientific practical
report writing. Furthermore, it is envisaged that this research will also offer a unique
understanding of the perceptions and inaugural experiences of Biology teachers
implementing practical assessment reform in the 2016 IBDP Biology curriculum.
Furthermore, | hope that the research findings will be of some benefit to Group 4 science
teachers throughout the global IB community. In the next chapter the data collection and

analysis process (method) of the current study will be outlined.
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Chapter 3 Method

3.1 Introduction

A multiple case study involving three IBDP Biology teachers from Australian schools was
utilised to collect data from two main sources: (1) face-to-face interviews and (2) various
teacher-generated documents, including exemplars of assessed student practical reports
and personal emails. A grounded theory (GT) approach was selected to inductively

analyse and synthesise the data.

3.2 The Constructivist Paradigm

Constructivism was selected as the most appropriate philosophical stance from which to
formulate the current qualitative study based upon its ontological and epistemological
assumptions. Ontology concerns understanding the nature of reality and what can be
known about it (Punch & Oanacea, 2014). Constructivist thinking assumes that many
different perspectives exist (Denzin & Lincoln, 2005), which are socially constructed by
individuals directly experiencing a phenomenon (Creswell, 2013). Epistemology involves
the nature of knowledge in which questions are asked about the relationship between
what people know and how they come to know it. According to Guba and Lincoln (1989),
epistemological issues cannot be separated from ontology according to a constructivist
stance, because, “If you assert that reality consists of a series of mental constructions,
objectivity does not make sense — only interactivity can lead to construction or its

subsequent reconstruction”(p. 87). Subjectivist epistemology underpins constructivism
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and assumes a tightknit relationship must be formed between researchers and
participants in which knowledge is co-constructed based on an individual’s experiences
(Denzin & Lincoln, 2000). For this relationship to develop and support research,
researchers must get to know participants by collecting data in the field to seek an emic

perspective of the phenomenon.

Productive and collaborative working relationships were developed with the
teacher participants by interviewing them face-to-face within their individual school
environments and by maintaining regular email communication about the research
progress. The interview process created several opportunities to directly co-construct
knowledge with participant teachers and obtain numerous direct quotes that provided an

emic perspective.
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3.3 Ethics
Ethical issues may arise at times during research, despite the design utilised (Punch &
Oancea, 2014). Creswell’s (2013) key ethical considerations for researchers guided the

before, during and after phases of the present study.

Before research

Institutional ethical consent to conduct the research was sought from and subsequently
approved by the Flinders University, Social and Behavioural Research Ethics Committee
(SBREC) in Adelaide, South Australia (approval number 5926). Initial contact with schools
involved making phone calls to the Principal’s Executive Assistant. To ensure informed
consent, an email with six attached documents including a formal introductory letter
(Principal & Teacher) (Appendix G), an information form (Principal & Teacher) (Appendix
H) and two consent forms (Principal & Teacher) (1 and 2) (Appendix |I) were subsequently
emailed to both the IBDP Principal and potential teacher participant of each school. An
important objective of this initial contact was to gain my permission to recruit volunteer
teacher participants and access schools during data collection. Participant teachers

usually responded by email soon after Principals had consented to the process.

During research

Maintaining the teacher participants’ anonymity was considered a high priority, since the
IBDP Biology teacher community within one of the cities utilised in the study is relatively
small and many of its members are well acquainted with one another. Anonymity of

teacher participants was also protected by using pseudonyms instead of real names. In
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order to decrease the perceived level of threat to the teachers’ anonymity, only people
not known to the researcher were invited to participate in the research. To further
minimise the likelihood of potential dilemmas associated with anonymity, a third teacher

participant was invited to participate from another major city outside of my hometown.

When analysing transcribed data as part of the member-checking process,
participants were invited to remove material that they believed should be excluded from
written interview transcripts. For example, one participant excluded transcript details

that indicated the names of past schools he had previously worked at.

After research

Compensation for research participants is a pertinent ethical concern, particularly in
qualitative research involving interviews (Merriam, 1998; Patton, 2015; Punch et al.,
2014). In this study, professional reciprocity was considered in light of its potential
influence upon data quality. It was important to recognise each teacher’s role as a hard-
working individual, who had willingly committed valuable time from their busy
professional and personal life to participate in the research. Furthermore, it was
perceived that the most authentic and genuine demonstration of gratitude could be
expressed in ways that did not necessarily involve monetary compensation. For example,
teacher participants in this study were sent regular emails that included updates about
the research and expressions of thanks for their ongoing participation. The idea of
maintaining email contact with the participants helped ensure that they were not left

feeling exploited at the end of the interviews. Teacher participants were also offered a
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S50 gift card following the interview, as an additional gesture of appreciation for their

contributions.

3.4 Research Strategy — Multiple Case Study
Stake (2003) asserted that a case study is “both a process of inquiry and the end product

of inquiry” (p. 136). Stake (1995) distinguished between three types of case study:

(1) an intrinsic case study involves investigating a single case because of an inherent

interest in learning more about its uniqueness;

(2) an instrumental case study in which the case is of secondary importance and “plays a
supportive role, facilitating our understanding of something else” (Stake, 1994, p. 237) -

this ‘something else’ is the main issue of interest; and

(3) a collective case study that analyses several instrumental cases with the main goal

being to develop an even greater in-depth understanding of the issue.

Multiple case studies (i.e. collective case studies) are useful when the researcher
believes the phenomenon is not unique to one case, and where several perspectives are
perceived to offer a more meaningful insight (Ary, Cheser Jacobs, Razavich & Sorenson
2010); this was the case in the present study. Exploring the phenomenon across more
than one case allows one “to understand how they are qualified by local conditions,

which can lead to more sophisticated descriptions and more powerful explanations”
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(Miles, Hubermann & Sandana, 2014, p. 101). The current research utilised a multiple
case study approach, because multiple perspectives involving three teacher participants
were requisite in developing insights into and interpretations about the phenomenon.
Data collected from cases studies are generally more in-depth and often yield richer

descriptions and more insightful explanations (Yin, 2003; Merriam, 1998).

Case study research offers considerable flexibility, as it does not “claim any
particular methods for data collection or analysis” (Merriam, 1998, p. 28) and involves the
researcher as the primary means of collecting and analysing data. In the current study,
gualitative data in the form of semi-structured interviews, email responses and teacher-
generated written documents were collected. The interviews offered ample opportunities
to pose probing questions to participants to expose emergent themes and uncover more

compelling insights that would not be possible using quantitative methods.

Yin (2012) recommended that researchers should decide early on, when planning
case studies, how the case will be defined. According to Merriam (1998), “the single most
important defining characteristic of case study research lies in delimiting the object of
study, the case” (p. 27). Stake (1995) defined the case as a “specific, complex functioning
thing...an integrated system” (p. 2) and indicated a case is usually either a person or a
program. Miles and Hubermann (1994) defined the case as “a phenomenon in some sort
of bounded context” (p. 25) and highlighted the importance of factors such as setting,
context and time, to indicate how the case can be contained. Thomas (2011) suggested

the case should consist of two parts: the subject and an analytical frame to focus on.
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Despite varying ideas about what constitutes a case, it is important that boundaries
enclosing the case are clearly set and articulated when commencing the study (Merriam,
1998; Miles & Hubermann, 1994 & Thomas, 2011). Yin (2012) pointed out that it can be
difficult to clearly define the case’s boundaries, because “spatial and temporal

dimensions may be blurred” (p. 6).

In the current research, the case was bounded by the three participant teachers
(cases or subjects) that were teaching IBDP Biology in Australian schools (spatial
boundary or context), while experiencing the IBO’s assessment reform of the IA involving
an open-inquiry investigation and the subsequent writing up of a practical report
(phenomenon or analytical frame). Some additional participant sampling criteria are
outlined in Section 3.5. In the present study, teachers were interviewed during the 2015-
2016 Australian academic school years (temporal boundary) when planning and
implementing the IA assessment reform for the first time with their Year 11/12 IBDP

Biology classes.

3.5 Sampling Method

Purposeful sampling (Creswell, 2012) was utilised to select three IBDP Biology teacher
participants (cases) prior to collecting data, according to how they fulfilled the following
six criteria:

1. Teaching IBDP Biology at the time of the research (2015-2016), with a minimum of two

years’ experience teaching the subject within Australia.
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2. Experience teaching the 2009 IBDP Biology program, as well as teaching during the

inaugural transition phase of implementing the updated 2016 IBDP Biology program.

3. Aregistered teacher in an IBDP school.

4. Willing and able to participate at length for the purpose of in-depth research during

the designated study period.

5. Easily accessible to the researcher.

6. Willing to be re-contacted for member-checking and additional clarifying questions.

Purposeful selection of teacher participants was influenced by Patton’s (1990)
view that when this sampling strategy is used with even very small samples, it can
potentially yield “information-rich” (p.169) insights that cannot be attained using
guantitative, statistical, probability-based, random sampling methods. Maximum
variation sampling is a type of purposeful sampling that aims to maximise diversity of the
research participant group and enable several different viewpoints to be presented - “an
ideal in qualitative research” (Creswell, 2013, p. 157). A maximum variation approach was
employed in the current study to ensure that participants reflected different dimensions
of the four criteria: gender, number of years’ experience teaching senior secondary
school Biology, gender composition of school (single sex or co-educational) and school
context (independent or publicly funded). These criteria were considered most likely to
yield high-quality, detailed information and broaden the range of perspectives relevant to

the research questions. Ritchie and Lewis (2009) suggested that maximising diversity
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between the samples, while remaining within the case study boundaries, increases the
potential of exposing the “full range” (p. 83) of relevant issues. The extent to which the
variation could be maximised in the current research was, however, minimal, due to the
small number of teacher participants involved. A small number of cases were deliberately
utilised, however, to generate a comprehensive body of relevant and in-depth

information from each participant.
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3.6 Research Rigour

Over the past four decades, social scientists have extensively debated how best to
enhance, assess and ensure the quality of qualitative research. Today, this debate
continues without a consensus being reached (Pereira, 2012). Guba and Lincoln’s (1989)
model of four research rigour criteria (credibility, transferability, dependability and
confirmability) informed the trustworthiness of the current study. Furthermore, the
current study was influenced by its compatibility with a constructivist philosophy and
gualitative paradigm, the researcher’s epistemological stance and the use of a semi-

structured interview as the principal data collection method.

Corbin and Strauss (2008) asserted that both researchers and readers should
appraise credibility, while Bruner (1998) emphasised that research findings should display
verisimilitude, even if they appear context-dependent. Several strategies were used to
assess credibility in the current research, including triangulation, peer debriefing and

member-checking.

Triangulation was utilised to determine the extent to which the data could be
verified (Houghton, Casey & Murphy, 2013; Miles, Hubermann & Saldana, 2014). Two
types of triangulation were utilised: (1) multiple data methods, including interviews and
analysis of documents (e.g. school practical reports) and (2) multiple data sources (i.e.
three teacher participants). The data were compared to determine the extent to which

findings could be corroborated. An in-depth examination of three teacher participants’
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(cases’) perspectives from three different schools enabled a more complete

understanding of the research phenomena, than if only one case had been explored.

Member-checking, according to Lincoln and Guba (1985), “is the most critical
technique for establishing credibility” (p. 414). In the current study, this was achieved by
emailing participants a verbatim, written transcription of their audio interview/s for an
accuracy check, soon after interviews. Merriam (1998) suggested that interviews enable
researchers to gain more intimate insights into the reality of the data. | maintained
regular communication with participants throughout the data collection and analysis
phases to help refine the accuracy of existing data and allow collection of additional

documentation.

Transferability, as proposed by Guba (1981), refers to the applicability of findings
to similar contexts, while still preserving the meanings and inferences from the
completed study. According to Stake (1995), transferability is enhanced by including thick
description, such as detailed contextual and methodological information and presenting
several examples of raw data. For example, in the current study, participants’ direct
guotes extracted from interviews are included, as well as tabulated examples illustrating
how raw data was coded and developed into themes through an iterative data collection
and analysis process. Thick description enables readers to make their own interpretations

about the data and its transferability to their own contexts (Houghton et al., 2013).

Since individual teachers have unique perspectives, it was important to minimise

the sample size, so that cases could be examined in sufficient depth without producing
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superficial findings. Merriam (1998) argued that limiting sample sizes in qualitative case
study work is preferable because, “a single case or small, non-random sample is selected
precisely because the researcher wishes to understand the particular in depth, not find

out what is generally true of the many” (p. 208).

Guba and Lincoln (1989) explained that dependability is concerned with
demonstrating how consistent the findings are with the data. Unlike the positivist
conception of reliability, dependability is not related to replicability — an unrealistic and
hence inappropriate concept in qualitative, constructivist research (Merriam, 1998).
Nowadays, however, dependability or ‘auditability’ (Creswell, 2013; Houghton et al.,
2012; Miles et al., 2014; Ryan-Nicholls, Kimberly & Will, 2009), as it is commonly referred
to, usually involves researchers providing documented evidence explaining the rationale
behind the methodological and analytical decisions made during research. Examples of

documents illustrating the audit trail maintained in this research are provided in Appendix

Confirmability, according to Guba and Lincoln (1989), is achievable only when
credibility, transferability and dependability have been satisfactorily established by the
researcher. Sandelowski (1986) coined the term ‘neutrality’, to describe the extent to
which researchers separate themselves from personal bias. This process of exercising
‘reflexivity’ (Fontana, 2004; Jootun, McGhee & Marland, 2009) is important in promoting
rigour within qualitative research. While it is acknowledged that ignoring one’s own

preconceived ideas is almost impossible, researchers should be transparent about their
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personal beliefs and the potential for bias (Jootun et al., 2009) during data collection and
analysis. In the present study, reflexivity was promoted in several ways, some of which

included:

e having regular discussions with my supervisor and professional peers who were
willing to question my assumptions;

e constructing a decision trail in which the participants’ responses to questions in
earlier interviews influenced those that were constructed for subsequent
interviews;

e writing memos to allow free-flow of thoughts to illustrate researcher’s
interpretation at the time of analysis and

e taking care to avoid posing leading questions that may potentially influence a

participant’s responses and compromise data integrity.
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The criteria and strategies for establishing rigour in the current study are

presented in Table 3.

Table 3 - Criteria and strategies for establishing rigour in case study research

Quantitative
Criteria for judging
rigour (Yin, 2003)

Qualitative Criteria for
judging rigour (Guba &
Lincoln,1989)

Guiding questions

Strategies employed in
current case study to
address qualitative
rigour criteria

Internal Validity

CREDIBILITY

How plausible are the
findings?

Do the findings display
verisimilitude?

Member checking
Triangulation

Peer debriefing

External Validity

TRANSFERABILITY

How applicable are the
findings to:

a) other contexts

b) audience’s
experiences?

Limited as only three
participants were
involved.

Reliability DEPENDABILITY How have External auditing (audit
methodological and trail)
(Auditability) analytical changes been
recorded and justified Documentation e.g.
over time as research memos and record
findings emerge? sheets
Objectivity CONFIRMABILITY How has researcher bias, | Employing reflexivity

(Neutrality)

values and prejudices
been managed?

e.g. diaries, memos
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3.7 Participant Selection and Context of Setting

The IBO website (www.ibo.org) was consulted when locating authorised IBDP schools
within Australia for research. This website includes the names of the schools within each
Australian state that currently implement the IBDP curriculum. Oher useful information,
such as the subjects taught within each school and the name and contact details of IBDP
coordinators, was also located on the IBO website. In the early research phase, seven
schools located within my home state were invited to participate in the study. Teachers
were chosen according to whether they had taught the 2009 IBDP Biology curriculum and
were currently implementing the 2016 IBDP Biology curriculum. By selecting teachers
who had taught the 2009 and 2016 IBDP Biology curricula, it was possible to obtain their

comparative perspectives on both programmes.

Principals from four of the seven invited IBDP schools politely declined to
participate in the research due to their teachers being too busy. Consequently, this
response by these schools required me to select a third participant outside of my home
state. Eventually, three school Principals, two from my home state and a third from
another Australian state, agreed to participate in the study. The Principal from the
interstate IBDP school had a particular interest in the IBDP programme, having worked

extensively in the past for the IBO.

Table 4 presents relevant demographic information about the three participants
and their teaching contexts. The IBDP Biology teacher participants, Andrew, Kerri and

Morgan shared some professional similarities that included working in a large, urban

100



school context and experience teaching IBDP Biology for approximately the past three-
and-a-half years at the school in which they were interviewed. All participants previously
worked in scientific research before transitioning into teaching careers and also held
leadership positions within their respective schools. A number of notable differences also
existed between the participants. For example, the teacher participants ranged in age
from about 31-60 years old, represented both genders and differed with respect to their

total number of years of teaching experience.

According to Patton (2015), when common themes arise in the data during
exploration of a small sample group of considerable heterogeneity, there is “value in
capturing the core experiences and central shared dimensions of a setting or
phenomenon” (p. 283). It was important in the current research not only to consider the
uniqueness of each case, but also to explore commonalities across cases to enable
comparisons that offered information-rich insights. Patton (2015) asserted that “Context
envelopes and completes the whole. Without attention to and inclusion of context,
qualitative findings are like a fine painting without a frame” (p. 69). In this section, a brief
overview of the three teacher participants’ school setting, teaching and academic
backgrounds, professional interests and prior work experience is included to provide

context to the research.

Lakeside International Secondary School*® (LISS)

®* denotes a pseudonym
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Lakeside International Secondary School (LISS) is in the upper middle-class inner city
suburb of Lakeside, located a few kilometres from the central business district of City A.
LISS is a public (Year 8-12) secondary, international school with a student population
comprising more than fifty different countries of birth. Two-fifths of the students have a
non English speaking background (NESB). The school does not include any students of
indigenous ancestry, but does offer places for a modest number of international fee-
paying students with a high Index of Community Socio-Economic Advantage (ICSEA) (My
School Website). In 2015, 59% of the Year 12 IBDP students attained an ATAR of 95% or

more.

Case Study 1: Andrew*- teacher at Lakeside International Secondary School (LISS)

Andrew is a mid-career teacher, with an Honours degree in the biological sciences. He
previously worked in medical research for eight years, prior to becoming a secondary
Biology teacher. Andrew’s career change was prompted by a need for further challenge,
as he found research work was somewhat repetitive. Teaching was recommended to
Andrew by a few people who believed he would succeed in the field and enjoy it.
Lakeside International is Andrew’s second appointment, where he has taught for seven
years. Andrew is especially interested in developing student learning resources, such as
‘Moodle’, as an Information Communication Technology (ICT) learning platform. He is
also passionate about ecology and has a specific interest in organisms’ adaptations.
Andrew enjoys observing his students’ receptivity to new learning, as well as the

challenges they pose in extending him professionally. Andrew holds two leadership
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responsibilities within the school, which include roles as a middle sub-school leader and

Vocational Education Program (VET) coordinator.

Arrowhall Boys’ College* (ABC)

Arrowhall Boy’s College (ABC) is in the upper middle-class inner city suburb of Castlehill*,
located on the outskirts of the central business district of City A. ABC is an independent
(non-government) R-12 boys’ school, with approximately 1050 students. One fifth of the
student population are ESL students. The school has a high Index of Community Socio-
Economic Advantage (ICSEA) (My School Website) and does not include students of
indigenous ancestry. In 2015, 20% of the Year 12 (SACE and IBDP) students attained an
ATAR of 95% or more (My School Website). Individual ATAR statistics for the Year 12 State
Higher School Certificate and the IBDP were unavailable on both the Arrowhall Boys’

College and My School websites.

Case Study 2: Morgan* - Arrowhall Boys’ College (ABC)

Morgan is an early-career teacher (ECT) with Doctoral qualifications in biological science.
Prior to becoming a secondary Biology teacher she worked in the pharmaceutical field.
Morgan’s decision to teach was influenced by the enjoyment of teaching undergraduate
classes during her PhD studies. Furthermore, Morgan had a certain desire to find a career
that was more varied and people-oriented. Arrowhall Boys’ College is her second school
appointment and is the first school in which she has taught IBDP Biology. Morgan is
interested in biochemistry and currently teaches Biology and Chemistry within the IBDP

curriculum. She holds a leadership position as a Biology coordinator.
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City View College (CVC)*

City View College (CVC) is in the upper middle-class inner city suburb of Edgely*, located a
few kilometres from the central business district of City B. CVC is an independent (non-
government) R-12 co-educational school with a high Index of Community Socio-Economic
Advantage (ICSEA). Approximately one-fifth are NESB students, however, there are no
students of indigenous ancestry. In 2015, 58% of the Year 12 IBDP students attained an

ATAR of 95% or more (My School Website).

Case Study 3: Kerri*- City View College (CVC)

Kerri is a mid-career teacher with Doctoral qualifications in biological science, who
worked in medical research before becoming a secondary Biology teacher. Moving from
medical research to teaching was influenced by Kerri’s dislike of spending long hours
sitting at a computer writing grant applications, as well as his passion for mentorship. CVC
is Kerri’s first, full-time school appointment. In addition to teaching IBDP Biology, he also
teaches IBDP Theory of Knowledge (TOK). Kerri has a particular interest in ‘visible
thinking’ and enhancing understanding in the classroom through questioning and

supporting active participation of students in developing their ideas.
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Table 4 - Teacher Participants' Background Information

Participant | Age Gender School, Type and Years Years Educational School | Leadership | Years
Name (years) City Teaching | Teaching | Qualifications | Size Rolein Working
[BDP School in
Biclogy Scientific
Field
before
Teaching
Andraw 41-30 JXETS Lakesids 14 35 BSec. (Hons) 1730 vas ]
International Grad. Dip. E4.
Sacondary School
(LI55) —Public Co-
educational {City A)
Morgan 31-40 Famasls Arrowhall Bovs’ 4.3 35 BSec. (Hons) 1,030 vas ]
Colleg= (ABC) — (Grad. Dip. Ed.
Independant Bovs FhD
(Citw A)
Kerri 31-60 Mals City Viaw Collags 1z 35 BSc. (Hons) 3000 no 12
(CVC) - Dip.Ed. FhD
Independant Co-
aducational {Citv B)
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3.8 Data Collection

Interviews are “one of the most powerful ways in which we understand our fellow human
beings” (Fontana & Frey, 2000, p. 645). According to Fontana & Frey (2000), using
individual, face-to-face interviews as the primary data collection method is probably the
most effective way to understand another person’s point of view. Semi-structured
interviews were considered particularly suitable in the current study, as they offered a
flexible approach to data collection. Although most questions were determined before
interviews, several probing questions were used to elicit more depth and detail. Patton’s
(2002) idea of considering question order was utilised to ensure the least sensitive and
hence less threatening questions were near the beginning of the interviews (see Table 5).
According to Patton (2002), this method of question order affords participants more time

to acclimatise to interviews and develop trust and a rapport with the researcher.

Table 5 - Interview Questions - Excerpt from Interview 3A - Kerri

Sensitive Question Less Sensitive Question

Qu 5. Commenton your personal strengths and
weaknesses in facilitating student practical
reportwriting skills amongstyour studentsin
IBDP Biology?

0w 1l b. What do you find interesting aboutthe
new 2016 version of the IBDP Biology curriculum
fromthe perspective of practical work, which
eventually leads up to the final production of a
major investigation in Year 127

Two photocopies were made of each participant’s written interview guide; one for

the researcher to read from and the other for the participant to refer to during the
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interview (see Appendix K). Each interview guide had a cover sheet which outlined the
date, time and location of the interview, the names of both the researcher and
participant (pseudonym’), the participant’s teaching position and a brief description of

the research.

To minimise disruption to the school site and teacher participants, interviews
were arranged on dates and at times and locations that were mutually convenient. Most
interviews were conducted at the participant’s school within the familiar surroundings of
their own office, classroom or private interview room. On one occasion, however, a
participant expressed a preference for being interviewed at home, in the school holidays,

away from the distractions of school routines.

Prior to each interview, | explained the purpose and importance of the study, how
the data would be used and the participant’s rights, using an informal, conversational
style to help establish a positive relationship. A digital voice recorder and an iPhone (as a
back-up device) were simultaneously used to create audio recordings of interviews. Note-
taking was avoided, so | could maintain eye-contact during interviews and focus my

attention on the participant’s speech.

Several strategies were utilised during interviews to ensure that participants were
treated with respect, sensitivity and dignity. These strategies involved listening carefully,

allowing think-time for more complex questions and using prompting questions or re-

T A pseudonym was used for the purpose of anonymity in order to protect the identity of each participant.
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wording questions for clarity. | effectively established trust and developed a friendly, yet
professional rapport with the participants. My professional status as an IBDP Biology
teacher enabled me to use subject-specific language. Moreover, my in-depth knowledge
of the relevant IBDP Biology curriculum and assessment protocols and ability to genuinely
empathise with the participants’ professional challenges, helped me to form a positive
rapport with the teacher participants. Care was taken, however, to maintain an emic
perspective throughout interviews. | avoided the urge to pledge allegiances by siding with
the teacher participants during interviews to maintain data integrity and allow each
individual’s perspective to naturally emerge. Creswell (2013) advised that during
interviews researchers should “Avoid leading questions; withhold sharing personal
impressions; avoid sharing sensitive information” (Creswell, 2013, p. 58). | made a
conscious effort not to partake in discussions of a personal and/or sensitive nature in

order to respect any perceived power imbalances with teacher participants.

The first round of two interviews with Andrew and Morgan in City A resulted in
two- and-a-half hours of data. These interviews were conducted in 2015 when the
teachers were experiencing their first year of implementing the 2016 IA protocol with
their Year 11 Biology classes. The second round of interviews with Andrew and Morgan
occurred in 2016 and constituted another two hours of data. At this point in time,
Andrew and Morgan were teaching the same group of students from 2015, who had
progressed into Year 12. An opportunity to interview the third participant, Kerri, did not
arise until 2016. Consequently, | conducted a longer interview with Kerri in which one-

and-a-half hours’ worth of data was collected. Kerri’s interview included questions
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relevant to experiences with his Year 11 IBDP Biology class in 2015 and during 2016 when
they were in Year 12. Overall, a total of six hours of audio interview data was collected

from all three participants.

At the conclusion of interviews, participants were thanked, reassured of their
anonymity and confidentiality of data and asked if they had further relevant information
to offer. | reminded participants that member-checking would occur later during the
study and requested their permission to send follow-up emails in case clarifying questions
were required. Once all interviews were completed, | sent an email questionnaire to each
participant requesting some demographic information. Once interviews were transcribed
verbatim, a written transcript was emailed to the participant to check accuracy, soon
after the interview, as part of the member-checking process. Member-checking provided
another opportunity for participants to either add or remove information that they
believed was inaccurate or could potentially compromise their privacy. Participants were
also sent an email requesting permission to collect a variety of artefacts from them. Some
of the artefacts collected included teacher-generated formative assessment practical
reports, lesson notes and samples of assessed student practical reports. These artefacts
helped to add contextual detail to the data and to verify the accuracy of verbal comments

from interviews.
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3.9 Data Analysis

Charmaz’s (2006) constructivist grounded theory (GT) approach was adopted as an
analytic framework, as it provided “systematic, yet flexible guidelines for collecting and
analysing qualitative data to construct theories ‘grounded’ in the data themselves” (p. 2).
Multiple case studies typically involve two analytical stages: (1) within-case analysis and
(2) cross-case analysis (Merriam, 1998; Miles & Hubermann, 1994; Thomas, 2011). A
within- case analysis was initially conducted to generate initial ideas emerging in the data
for each case. This was followed by cross-case analysis to identify thematic similarities

and differences between cases.

Data analysis commenced immediately after the first interview and involved
repeatedly listening to audio recordings and re-reading interview transcripts to gain a
holistic impression of case data. All data, including both audio recordings and written
interview transcripts and documents, were stored on NVivo computer software and
organised into separate files. NVivo software provided an efficient file management

system which helped facilitate systematic analysis of large amounts of data.

The GT coding approach utilised to analyse interview data included three types of
coding: initial, focused and theoretical. Each case interview was first coded separately
using the initial coding technique. Initial coding is the first level of analysis in which the
data is ‘opened up’ to see what is happening and make some sense of it (Strauss &
Corbin, 1990). Initial coding involved line-by-line coding, where each line or sentence

within the interview transcript was allocated a short, descriptive phrasal code beginning
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with a gerund (verb ending in —ing) depicting the main action within a particular data
segment. According to Glaser (1978), using gerunds enables researchers to concentrate
on processes, rather than topics. “Staying close to the data and, when possible, starting
with the words and actions of your respondents, preserves fluidity of their experience
and gives you new ways of looking at it. These steps encourage you to begin analysis from

their perspective. That is the point” (Charmaz, 2006, p. 49).

Utilising this process ensured that initial ideas were grounded in the data and that
the integrity of the participants’ views was preserved. | maintained a reflexive approach
throughout analysis, since this coding method limited the extent to which my pre-
conceived ideas, as a fellow IBDP Biology teacher, might influence the data. Giles, de
Lacey and Muir-Cochrane (2016) acknowledged that initial coding may require a few
attempts before provisional codes are finalised in a way that has the required “analytical
grab” (p. 32). Several coding iterations occurred in the current study, as initial coding

involved several repetitions to ensure codes closely fitted the data.

Memoing

Memoing was also used to analyse data and included both case-based and conceptual
memos (Sbraini, Carter, Wendell Evans & Blinkhorn, 2011) that were written to document
initial impressions of the participants’ experiences and views, as well as my own thoughts
about them. Case-based memos were written soon after interviews and allowed for
reflection of my own pre-conceived ideas. Memos were quickly written, in a free-flow,

informal narrative format to help guide coding. Conceptual memos helped explicate the
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overall idea/s emerging in response to interview questions. This process enabled me to
actively engage with the data of each case in a reflective and critical manner. Reading and
re-reading memos assisted in analysing data in more detail. Both initial coding and
memoing allowed analysis of each case as a separate entity in its own right before moving

onto cross-case analysis (see Appendix L)

Second Interview

Following the first interviews with Andrew and Morgan, in which they outlined their
experiences with their Year 11 Biology classes, | decided, based on the emerging data to
interview them on a second occasion. A second interview was negotiated with both
Andrew and Morgan and was conducted during the second year (Year 12) of the two-year
IBDP Biology curriculum to explore their perspectives following implementation of the
summative IA. Since the third participant, Kerri, was teaching the second year of the
curriculum when he was first interviewed, a second interview with him did not occur.
Conducting just one interview with Kerri was not a major limitation, since his interview
was the longest within the group. Kerri was asked questions that had already been
covered to a large extent during interviews with the other participants. Consequently,
Kerri’s questions were relevant to both the first and second years of his experience with
the 2016 IA component of the IBDP Biology program. At the time of Kerri’s interview, his
students had recently completed the investigative phase of the summative IA and were
writing rough drafts of their practical reports. Interviewing participants both before and
after the implementation of the summative IA comparisons was an important research

strategy designed to further enrich the data quality. Although Kerri was not interviewed
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before conducting the summative IA, his pre-IA implementation views were collected

through his retrospective recounts of practical report writing experiences.

Focused Coding

Next, focused coding involved closely examining the initial codes within each case. Initial
codes were grouped together into broader categories, according to their frequency
and/or importance. This grouping of initial codes was the first foray into a cross-case
analysis of the data. Throughout the research period, an iterative process of
simultaneously collecting and analysing data, another key component of GT analysis
(Charmaz, 2006; Glaser & Strauss, 1967) occurred to inform subsequent data collection.
In this way, several initial codes were successively modified to create an increasingly
better fit with the existing data, as new data arose. Generating focused codes involved
iterations between the initial and focused coding stages. Focused coding synthesised the
data from the best-fit initial codes across the three cases (across-case analysis) to provide

comparisons of the experiences and views amongst the participants.

This process involved modifying or developing new interview questions to follow
areas of inquiry that were not considered earlier. Focused codes were more conceptually
sophisticated than initial codes and involved making decisions about which initial codes
were most relevant. For example, extensive initial coding of all three cases revealed that a
particular group of codes emphasised what participant teachers thought about providing

formative feedback to students on written practical reports. This aspect of formative
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feedback provision was consistently raised by all teacher participants. Since formative
feedback is a key pedagogical strategy, it was assigned the focused code ‘lacking

confidence in providing feedback.’

Constant Comparisons

Throughout the analytical phase, the constant comparative method was used to compare
both similarities and differences in the data, firm-up emerging concepts, further develop
conceptual ideas and finally, compare findings with relevant theoretical and research
literature. Table 6 presents sample excerpts from interview transcripts that compare the
experiences of participants according to the phenomenon coded as ‘lacking confidence
providing feedback’ and also illustrates the initial codes that led to developing this

focused code.

Although participants claimed to lack confidence in providing feedback, this
focused code can also be interpreted in a dimensionalised way. For example, Morgan was
not particularly confident with feedback. Andrew, however, simply regarded feedback as
a challenge that would improve with experience. This example depicts not only the
similarities that can prevail across cases, but also acknowledges the subtle and yet
important individual differences within each case that cannot be ignored. The unique
differences between cases (i.e. Andrew and Morgan in this example), such as degree of
self-efficacy with respect to formative feedback, are often only noticed upon close
examination of the participants’ own words. Care was taken not to generalise from each

case, since they are not meant to be representative samples of the population. Instead,
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my intent was to compare these cases for what they show and to allow readers to make

their own judgements about verisimilitude.
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Table 6 - Constant Comparisons of Focused Code, "Lacking confidence providing
feedback between interview participants"

Excerpt (Selected Examples)

Initial codes

Focused codes

1 Andrew

”_g challenge um , and then you know,
trying to make sure you're providing er..
you know, really specific, quality
comments and feedback...”

“ _.something that hopefully, you know,
you build up with experience”.

Challenging process of providing
specific, quality feedback to students

Hoping that with experience guality
of feedback to students will improve

2 Morgan

“| think the challenge and concern thatl
have is how much help I'm allowedto
give".

“| think for me the concern is how much
help am | allowed to give before [am
actually disadvantaging them™.

“I"'m not confident on it”.

| think it would prove useful to do
moderating, but I'm sure that wouldn't
happen because | am not experienced
enough and there's a billion 1B teachers”.

Concerning issue is how much help
teacher can give students

Lacking confidence in knowing how
much feedback to give students on
new |A.

Thinking that becoming a moderator
would help to better understand
degree of guidance allowable.

3 Kerry

“and | am not that experienced as to
euiding them to what anexternal
examiner would consider a 6. | am not
really sure what that is .so partly guided
by the old course there probably, solam
thinking that to be safe they will probably
look pretty similar to those inthe old
course”

“_.but the truth of itwas | guess, in that
feedback on that one draft there was
some help there to improve and... | don't
know how fair across the board that was,
but it seems talking about it now, it's
probably normalising the students, rather
than keeping them spread out”.

Feeling inexperienced in providing
adequate guidance in achieving
highest level withincriterion of new
1A,

Trying to find a balance between
providing some help but not too
much.

Lacking confidence providing
feedback.
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As interviews progressed, | compared case-based and conceptual memos by
recording similarities and differences across cases. This enabled a re-examination of the
initial and focused codes with a fresh perspective, so the future direction of the data
collection and analysis could be determined. Memoing helped enhance research rigour,
as it progressed through the production of an audit trail that documented evidence of my

thoughts concerning the coded data and the emerging theory.

Final Coding

According to Charmaz (2006), “theoretical codes specify possible relationships between
categories you have developed in your focused (substantive) coding” (p. 63). In the final
stage of coding, the focused codes were then subsumed within one of six core categories.
The final core categories (theoretical codes) were then represented within one of two

broad themes:

1. IBDP Biology Teacher — Pedagogical Strategies for the Internal Assessment (Figure 6)

2. Teacher Perceptions and Experiences of the Internal Assessment (Figure 7)

Each theme is directly related to the research focus on IA practical reports in IBDP Biology

and are discussed in detail in Chapter 4.
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Figure 7 - THEME 1: Pedagogical strategies for the Internal Assessment (IA)
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Practical
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Formative
Feedback
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Figure 8 - THEME 2: Teacher perceptions and experiences of the Internal Assessment (I1A)
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Chapter 4 Results and Discussion

4.1 Introduction

This chapter presents the findings and interpretations of the two research questions
posed in the current study concerning the pedagogical strategies and perceptions of the
teacher participants regarding the IBDP Biology Internal Assessment (IA). Section 4.2
describes the pedagogical strategies teachers utilised to develop their students’
understanding of practical report writing skills when using both the 2009 and 2016 IA
protocols. Section 4.3 includes a comparison of the teachers’ perceptions of the 2009 and

2016 IA protocols within the IBDP Biology curriculum.
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4.2 Pedagogical Strategies for Practical Report Writing
In this section, the type and range of pedagogies implemented by the IBDP Biology
teacher participants to develop the practical report writing skills of students in

preparation for the summative internal assessment (IA) investigation are explored.

4.2.1 Formative Assessment: Preparation for Summative Internal Assessment

4.2.1.1 Introducing the summative IA protocol and rubric criteria
All teacher participants distributed marking rubrics and explained assessment criteria to

students during whole-class discussions before implementing both the 2009 and 2016

summative IA investigations.

Andrew introduced the 2016 IA rubric (Table 7) to students early in Year 11 and
explained the five IA rubric assessment criteria [i.e. ‘personal engagement’ (PE),
‘exploration’ (E), ‘analysis’ (An), ‘evaluation’ (Ev) and ‘communication’ (C)]. Andrew
explained that he displayed the IA rubric on an electronic whiteboard and would “go
through each (criterion) briefly at the start.” The IA rubric and formative practical
investigations were posted on the Biology Moodle site that Andrew developed, for quick

and easy access by students.

Kerri implemented several formative investigations during the first half of Year 11
that focused on specific descriptors within the ‘An’ and ‘EV’ criteria of the 2016 IA rubric.

As he explained;

I ran several practicals through Year 11 where one or two aspects

were assessed and significant individual feedback provided. In
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each case, | talked through the criteria descriptors using digital

projection. Kerri

The 2016 IA ‘EV’ criterion “assesses the extent to which the student’s report
provides evidence of evaluation of the investigation and the results with regard to the
research question and the accepted scientific context” (IBO, 2014, p. 157). Table 7 depicts
four groups of ‘descriptors’ that correspond to four quality levels with a mark-scheme
ranging from 0 to 6 marks. Notably, three of the ‘Ev’ descriptors include a two point
mark-band (e.g. 1-2, 3-4 & 5-6). According to the IBO (2014), moderators and teachers are
advised to employ a “best-fit approach” (p. 157) when allocating marks to a descriptor;

this approach enables some marking flexibility.
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Table 7 - Extract of original 2016 Internal Assessment (IA) rubric for Evaluation (Ev)
criterion (IBO, 2014, p. 157-158)

Evaluation
This criterion assesses the extent to which the student’s report provides evidence of evaluation of the
investigation and the results with regard to the research question and the accepted scientific context.

Mark Descriptor
0 The student’s report does not reach a standard described by the descriptors below.

1-2 A conclusion is outlined which is not relevant to the research question or is not supported by
the data presented.

The conclusion makes superficial comparison to the accepted scientific context.

Strengths and weaknesses of the investigation, such as limitations of the data and sources of
error, are outlined but are restricted to an account of the practical or procedural issues
faced.

The student has outlined very few realistic and relevant suggestions for the improvement
and extension of the investigation.

3-4 A conclusion is described which is relevant to the research question and supported by the
data presented.

A conclusion s described which makes some relevant comparison to the accepted scientific
context,

Strengths and weaknesses of the investigation, such as limitations of the data and sources
of error, are described and provide evidence of some awareness of the methodological
issues*® involved in establishing the conclusion.

The student has described some realistic and relevant suggestions for the improvement and
extension of the investigation.

Mark Descriptor

5-6 A detailed conclusion is described and justified which is entirely relevant to the research
question and fully supported by the data presented.

A conclusion is correctly described and justified through relevant comparison to the
accepted scientific context.

Strengths and weaknesses of the investigation, such as limitations of the data and sources of
error, are discussed and provide evidence of a clear understanding of the methodological
issues* involved in establishing the conclusion.

The student has discussed realistic and relevant suggestions for the improvement and
extension of the investigation.

The 2016 IA rubric was introduced to all of the Year 11 IBDP Group 4 students (i.e.
Biology, Chemistry & Physics) in Morgan’s school, via a PowerPoint presentation designed

by a science teacher colleague. The PowerPoint presentation included a ‘modified’
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version of the original 2016 IBDP Group 4 IA rubric. The modified version of the ‘EV’
criterion displayed in Table 8 includes some descriptor language borrowed from the 2009
IBDP Group 4 IA rubric (refer Appendix B). New descriptors (refer Table 8: left-hand
column) were created by the anonymous author, although the quality level mark-bands

remained identical to the IBDP Biology 2016 IA rubric.

Table 8 - Extract 1 of Power Point presentation: Hybrid version of the 2016 Internal
Assessment (lA) rubric Evaluation criterion (Anonymous, 2016)

Evaluation
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The modified ‘EV’ criterion’s last descriptor, that states, ‘realistic and relevant

suggestions for the improvement and extension of the investigation,” includes minimal

information to help scaffold student responses. Figure 8 shows another slide from the
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same PowerPoint presentation, as the one in Table 8 and provides some additional
information about the ‘EV’ criterion descriptors. The repeated use of the verb, ‘show’, in
the slide shown in Figure 8, may reflect the author’s intention to encourage students to

include all of its listed points, thereby enhancing the transparency of the 2016 IA rubric.

D - Evaluation

v Show that the conclusion is visually presented and
summarized in the text

v’ Show that the data supports the conclusion and the
research question has been answered

v’ Show that the conclusion of the investigation clearly
addresses the research question and it appreciates in
a qualitative sense the degree of accuracy

v’ Show that the results illustrate any given equation,
and the data range and graphs were all appropriate

v’ Be aware of assumptions and uncertainties and
random/systematic errors throughout the
investigation, and these are all addressed in the
concluding comments

Figure 9 (Anonymous, 2016) - Extract 2 of Power Point presentation: Additional information on
Evaluation criterion

In the context of the current study, it should be pointed out that the official IA
rubric criteria listed in the 2016 IBDP Biology curriculum guide were designed by the IBO
and it these that are intended to be used by teachers for summative purposes. Since the
modified rubric Morgan used was not formally sanctioned by the IBO, it may have caused
some confusion amongst students. Consequently, it is important that all IBDP Biology
teachers have an accurate understanding of these IA criteria, so that they can be clearly

explained to students before undertaking practical assessment tasks. Morgan, however,
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evidently supported using the modified rubric and stated: “they [students] found it
helpful and | would definitely do it again.” Morgan remarked that she did not use a
modified rubric for the 2009 IA, as “it was just each practical [summative] ongoing, as the
same format as all the formative ones — it didn’t need as much explanation.” Evidently,
Morgan applied the 2009 IA rubric identically to both the formative and summative
practical write-ups. Her greater familiarity with the 2009 IA rubric may have meant that
she did not believe further clarification of the IA criteria was necessary. Morgan
introduced the 2016 IA summative criteria to students towards the end of Year 11, for
formative IA investigations, one term before commencing the summative IA investigation
in mid-Term 1 of Year 12. Her rationale for delaying the use of the 2016 IA for formative

purposes is discussed in section 4.3.

Few studies are evident in the education literature that specifically examine the
assessment of ‘school’ science practical work (Abrahams, Reiss & Sharpe, 2013) and in
particular the use of rubrics as assessment tools in this area of the curriculum. Jonsson’s
(2014) study of university educators within three different professional education fields
(e.g. dentistry, statistics/epidemiology and real estate), revealed that rubric accessibility
was prioritised when communicating assessment task expectations to students. The
educators gave rubrics to the students before attempting planned assessment tasks and
allowed adequate time to explain rubric criteria and clarify assessment expectations.
Although the methods used to explain assessment criteria by the educators differed
according to the subject discipline, the researchers concluded that “it is not how this is

done that is of importance, but that it is done” (Jonsson, 2014, p.849).

125



According to Montgomery (2002), making rubric assessment criteria transparent
to students before assessment tasks usually leads to higher quality work; however, the
“rubric needs to be clear and specific as possible when a multi-dimensional task is
assigned, as the challenge of the task should be in its completion, not in figuring out the

task itself” (p. 37).

Pandero and Jonsson’s (2013) reviewed 21 studies based exclusively on empirical
data involving primary, secondary and tertiary students across a wide variety of subject
disciplines. It was found that when summative rubrics were used for formative
assessment, they “may mediate improved performance through (a) providing
transparency to assessment, which in turn may (b) reduce student anxiety” (p. 140). The
findings of this review suggest that the pedagogical approaches Andrew and Morgan used
to clarify the assessment expectations of the IA rubric criteria, probably, at best enhanced

their students’ confidence in practical report writing.

In the current study, it was difficult to ascertain how modifications made to the
2016 IBDP Biology IA rubric by Morgan’s science colleague would have affected her
students’ learning outcomes. It is possible that by conducting classroom observations or
interviews with Morgan’s students, it may have been possible to determine the extent to
which the modified rubric enabled a better understanding of the assessment expectations

of the 2016 IBDP Biology IA.
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4.2.1.2 Implementing feedback: The influence of various formative assessment
strategies on student learning in science practical report writing

According to Sadler (2010), formative feedback typically involves making qualitative
judgements about the quality of a student’s work. Crisp (2007) asserted that feedback
may empower learners, but does not necessarily guarantee improved learning outcomes.
Butler’s (1987) study found that personal praise directed to the individual (ego-involving
feedback), rather than the student’s task attempt, had a significantly different effects,
with the former method leading to significantly less learning improvements than the
latter. Sadler (2010) posited that feedback serves two main functions regarding the
student’s learning task. Firstly, an evaluation of the student’s performance is made that
may or may not include a grade or mark, along with a rationale explaining how strengths
and weaknesses of the work were appraised. Secondly, constructive advice may be

provided concerning how the work could have been improved.

Cowie and Bell’s (1999) research identified two formative assessment approaches
commonly utilised by teachers. In the first approach, known as ‘planned’ formative
assessment, teachers elicit and interpret assessment information and design specific class
tasks. The second approach, however, known as ‘interactive’ formative assessment,
occurs spontaneously as learning activities proceed and involves teachers “noticing,
recognising and responding” (Cowie et al., 1999, p. 412) to individuals or small student
groups. It was assumed in the current research that planned formative assessment was
more commonly used than interactive formative assessment, as a pedagogy, since the

latter approach was minimally reported during interviews. It may be speculated,
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therefore, that teachers did not consider interactive formative assessment to be a formal

pedagogy, possibly due to its incidental nature in daily classroom practice.

The teacher participants reported providing regular opportunities for student
engagement in both confirmatory and inquiry investigations. Although most formatively
assessed investigations involved structured-inquiry, students did engage in open-inquiry,
although the proportion of these investigations differed amongst the teachers. The
teachers perceived that regular feedback involving formative tasks was particularly
beneficial for student learning when writing practical reports. The nature and extent of
the feedback provided, however, was unique to each teacher. The formative feedback

strategies typically used by the teacher participants are now explored.

Formative feedback strategies

Morgan, an early career teacher, initially believed that her Year 11 2016 IBDP Biology
students would learn more effectively by submitting their first formative practical reports
without any scaffolding assistance and little formative feedback. Early in Year 11, Morgan
instructed students to submit two formative reports in quick succession and only gave a

mark as feedback. As she explained;

| thought they would learn more from getting it back with a low

mark when it’s formative. My strategy really for the first couple
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[formative IAs], was to just let them do it and then rip [give

feedback] into it afterwards. Morgan

Morgan’s comment suggested that she anticipated that her students learning
might be enhanced, if she withheld scaffolding assistance for the first two formative

practical reports.

A study by Wollenschlagger, Hattie, Machts, Moller and Harms’ (2016) may
explain why simply providing an assessment rubric to students in the absence of any
additional feedback, may have led to the minimal learning that Morgan reported.
Wollenschlagger et al.’s (2016) study subjected 120, Year 8 students to three different
conditions of rubric feedback: (1) transparency information, (2) individual performance
information and (3) individual performance improvement and examined the effect on
their overall performance, motivation and self-regulation. The task tested the students’
abilities in scientific reasoning in preparation for implementing an experiment. Under
condition 1, students were only given a 5-scaled rubric (see Figure 9) prior to the task and
no additional feedback after task completion. Condition 2 was identical to condition 1,
but additionally, a feedback grade of 1 to 5 was assigned to each student after task
completion. Finally, condition 3 included both elements of the first two conditions, but
students were also provided with pertinent information about the specific levels of

scientific reasoning they had achieved following task completion. The researchers

concluded that “students seem to benefit most from rubric feedback if it includes
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individualised feedback on how to proceed” (Wollenschlagger et al., 2016, p. 8). Although
Morgan ensured that the IA criteria were clearly explained to her students, it appeared
that she had not fully appreciated the extent of formative feedback that she would need
to provide to the students at this early point in the IBDP Biology curriculum.
Wollenschlagger et al.’s (2016) study pointed to the importance of individual feedback

that informs students how to improve specific aspects of their practical report.

When planning experiments, yvou have to consider the following steps:

1) ... At first, vou say what you want to investigate. You name a variable. A variable is the

one factor that is going to be investigated and modified, i.e. that is varied in the experiment.

2) ... You say how you are going to measure the modifications of the variable.

3) ... You control other influencing factors that you don*t want to investigate, ie. vou keep

all other variables constant.

4) ... You say with how many objects of investigation, how often or how long you want to

run the experiment.

5) ... You think of possible mistakes or limitations in your design. Then vou plan a new

and more appropriate experiment.

Figure 10 - Five levels of scientific reasoning with respect to planning experiments (Mayer et al., 2009 in
Wollenschlagger et al., 2016)

Clark (2010) argued that authentic formative feedback should include scaffolding
or carefully crafted questions to help students achieve their learning goals. Clark (2010)
stated: “simply telling students to ‘work harder’ or ‘recalculate your answer’ does not
possess the qualities of effective formative feedback, because it does not support (or

scaffold) learning by telling students how or why they need to do this” (p. 344).
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Furthermore, Clark (2010) asserted that formative learning is enhanced when teachers

support students in managing their own learning using metacognitive strategies.

In light of Wollenschlagger et al.’s (2016) and Clark’s (2010) studies, it is not
surprising that when Morgan returned ‘a couple’ of practical reports with low marks
without prior scaffolding during the early stages of practical report writing, minimal
learning was achieved by students. In hindsight, Morgan conceded after the first
interview that her early strategy of allowing students to write an IA practical report had
not been pedagogically successful. Furthermore, the research has indicated that Morgan
may also have needed to provide more ‘effective’ formative feedback and support for her
students, so that they could readily understand how to improve specific areas of their
practical report writing and achieve greater academic success. Morgan’s relative
inexperience as a Biology teacher probably played an important role in her early
pedagogical decisions, with respect to practical report writing in Year 11 IBDP Biology
classes. Scaffolding pedagogies utilised by teacher participants are examined in more

detail in section 4.2.2.

Both Morgan and Andrew acknowledged the importance of providing sufficient
report writing practice and regular formative feedback, to support students learning

about writing practical reports. As the teachers explained;

| think for the kids it’s really just a matter of doing it [formative
practical report] again and again and again and getting feedback

each time and fine tuning, because even though they’ve said, “Yes,
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I understand I have to control all of those and yes, | understand
that my method has to have a quantity for everything”, .... they
don’t do it. I’ll say, “How many, how many, how much, how much”
and I’d try and hammer home that it needs to be able to be done
exactly the same by another kid in another school, that they’ve

never had a conversation with. Morgan

We are doing a number of formative practicals in Year 11. You
might do three to five practicals [per term], but having one that’s
written up in detail, so for each of those, they’re building up more
skills and more understanding of what’s required...but providing
them with regular practical activity times. Then they become more
and more familiar and their depth of understanding about

practicals and good practicals and requirements improve. Andrew

Like Morgan and Andrew, Kerri also emphasised using an approach in which
students engaged in regular experimental work and report writing. He also reported
providing the students with detailed formative feedback about their reports. As Kerri

stated;
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We still did a practical class a week consistently through the year
and they were given some extensive feedback on those reports.

Kerri

Crotwell Timmerman, Strickland, Johnson and Payne (2011) suggested that
teacher expectations of student performances should be consistent over time and
claimed that students require multiple opportunities to learn and practise writing skills.
Evidently, both Morgan and Kerri regularly provided students with extensive written
feedback and marks-indicators on both formative 1As and rough drafts of the summative
IA. When using the 2016 |A, Morgan typically indicated a marking range, such as 3 to 4
out of 6 marks for the ‘E’ criterion (see Appendix M) and highlighted mathematical errors

with red circles. As the teachers explained;

| wrote a lot of feedback on those and | gave them the mark
scheme and | put on there where it currently was at on the mark
scheme for the draft, so they knew where they had to improve it.

Morgan

l indicated an indicative score, sometimes blurring the boundaries
as a means of feedback and where to improve the draft. This was

done with the old course (2009 IA) also. Kerri
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Kerri discussed practical reports in more depth, post-handback during individual
mini-conferencing sessions, particularly with students who struggled with writing. As Kerri

explained;

So struggling students, | think, | probably give them a bit more

direction on a really weak IA. When | hand back, it would be a one-
on- one. When | hand back that IA it’s not just a here they all are in
class, but again | wouldn’t..... certainly not re-writing it for them in

anyway. Kerri

Deiner, Newsome and Samaroo’s (2012) study of college Chemistry classes
provided anecdotal evidence that informal mini-conferencing sessions following return of
laboratory reports, was more effective than only providing written comments. The
researchers conceded, however, that these findings were not substantiated by rigorous
research and that further studies were necessary. According to Deiner et al., (2012),

Ill

verbally communicating detailed feedback to each individual “conveys the message that
the instructor reads and pays attention to each student’s writing” (p. 1513) and may also
assist student confidence. Andrew, in contrast to Morgan and Kerri, only included written

feedback without marks on rough drafts of both formative and summative practical

reports. As he explained;

I haven’t gone through and given a mark on each. Notes were

provided on each submission. What I’'ve done when I’ve drafted
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students’ work is to go through and give them feedback on each of
their sections and any bits that were missed, or that they need to

look into in a bit more detail or re-word. Andrew

Interestingly, some literature findings appear to support Andrew’s approach to
formative learning whereby written feedback is provided without marks. According to
Lipnevich, McCallen, Pace Miles & Smith (2014), although it is generally accepted that
formative feedback is recommended, it is the ‘type’ of feedback that is important. Butler’s
(1988) study, for example, examined the link between intrinsic motivation and assessment
methods used in science classes with middle-school Israeli students. Those students who
received only written feedback from their teacher without grades or marks, performed
more effectively on written tasks than those who either received only grades, or a

combination of grades and comments.

Black, Harrison, Lee, Marshall & Wiliam’s (2004) study of middle-school students
similarly found that although written feedback assisted learning, providing marks or
grades could lead to adverse outcomes. The researchers argued that students do not
usually read written feedback, preferring instead to take note of marks, which can lead to
lost opportunities in improving work quality. Black and Wiliam’s (1998) seminal literature
review of over 250 feedback studies in a broad range of educational settings concluded
that, “even if feedback comments are operationally helpful for a student’s work, their

effect can be undermined by the negative motivational effects of normative feedback, i.e.
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by giving grades” (p.13). These findings are consistent with several other educational

researchers (Lipnevich & Smith, 2009; Hattie & Timperley, 2007; Harlen & Crick, 2003).

It is interesting to consider why two teachers in the current study included marks-
indicators and written feedback. The inclusion of marks-indicators by Kerri and Morgan
was probably standard practice within their respective schools. Nonetheless, the extent to
which the omission or inclusion of marks-indicators in IA reports influences the students’

learning outcomes merits further investigation.

Andrew believed it was important when giving formative feedback, to establish
why some students do not perform to their full potential in practical reports. He
suggested it was necessary for him to distinguish between students with genuine learning

difficulties and those who were simply not conscientious. As he explained;

Well, it’s really personalising the feedback. Individualising... so it’s
providing written feedback. It’s providing verbal feedback. It’s
really trying to identify for the individual where is it, that they are
falling down, what’s their problem. And it’s also identifying those
who perhaps aren’t understanding fully how to do a component
[criterion of IA] of it, to those who aren’t spending enough time on
it, where you can see they are just not being thorough enough,
they’re not putting in enough detailed effort and so you then, you
know you change your discussion and your feedback to them.

Andrew
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Andrew’s apparent nuanced understanding of his students’ unique learning needs
appeared to have enabled him to adjust his pedagogy and individual formative feedback
accordingly. It was apparent that Andrew was aware that the students’ understandings
are influenced by a combination of both affective and cognitive processes. Hattie et al.,
(2007) suggested that utilising affective feedback processes, such as encouraging students
to apply more effort, motivation or engagement to the task, can assist students in their
learning. Furthermore, Hattie et al. (2007) posited that cognitive processes, such as
providing corrective feedback, suggesting different paths for accessing task-related
information and considering alternative ways to improve understanding, may also be
useful in bridging the gap between the students’ current and desired level of

understanding.

A unique feature of Kerri’s approach to developing his students’ understanding of
investigative work was to use a practical log book. Kerri’s students regularly recorded
their formative practical work details within a log book. Furthermore, Kerri often posed
guestions about scientific concepts, which his students answered in their log books.
During his interview, Kerri reflected on alternative ways that he could use log books in
future to improve his students’ practical report writing skills. For example, he suggested
log books could be used to record information that more closely aligns with the theory

underpinning the summative IA report. As Kerri recounted;
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This is their weekly record of practical work; they keep a log book
[in] which they make some entry. It will be a new title each week
after being introduced to the experiment, but usually there’s at
least some questions to answer, to reflect on and get back to the
theory. They’re [entries] probably more theory-based than
questions about variables. | could see that as an opportunity to
teach theory, but | am seeing that maybe they [log books] should
be more focused on areas that are related to the IA write-up too.

Kerri

In summary, the teacher participants utilised several different formative
assessment strategies to assist students with writing practical reports, such as providing
detailed, constructive written and verbal feedback, face-to face mini-conferencing
sessions between the teacher and student and regular student log book checks. Planned
formative feedback was the most common method of formative feedback mentioned by
the teachers. In the next section, the teacher participants’ uses of scaffolding devices for

developing student proficiency in practical report writing are considered.

4.2.2 Scaffolding Strategies
The teacher participants shared some scaffolding strategies in common when supporting

students during the formative stages of practical report writing, that included partial
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report writing, presentation and discussion of assessed report exemplars and the use of
tables. Only one teacher used checklists to further student understanding of practical

report writing.

4.2.2.1 Partial Report Writing

The most common scaffolding approach utilised by teacher participants involved partial
practical report writing. Partial report writing consisted of separating written tasks
outlined within the rubric criteria into manageable sections or ‘chunks, as well as focusing
on a particular criterion. According to Wood (2015), scaffolding writing tasks can assist
students who may be threatened by the perceived enormity of tasks and it may also

increase their personal self-efficacy.

It [scaffolding] separates the task into pieces which by themselves
seem to require less effort than the whole. By breaking the task
into manageable chunks, students may also find that they

experience smaller, more frequent successes (Wood, 2015, p. 23).

Teacher participants regularly instructed students to complete partial practical
report write-ups of formative investigations by focusing on at least one or more, but not
usually all, of the rubric assessment criteria. Partial report writing allowed students to
regularly practise responding to specific IA criteria in order to improve practical report

quality.
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Andrew’s usual approach when using the 2016 IA during formative inquiry
practical lessons in Year 11, involved focusing the students’ attention on writing reports
that included from one to three IA criteria. For example, Andrew assessed the ‘An’, ‘EV’
and ‘C’ criteria following a structured inquiry investigation about enzymes. Since students
were given the experimental design in the enzymes investigation, the ‘E’ criterion was not
assessed. Andrew pointed out that his Year 11 students submitted one practical report
per term focusing on only one of the three main assessment criteria (i.e. ‘E’, ‘An’ or ‘EV’ ).
For example, in Term 1 students were summatively assessed for school reporting

purposes (not for external moderation) on the ‘E’ criterion. As Andrew explained;

We broke down the sections [IA criteria] of the IA, and for the first
practical students might have just written up the Exploration
[criterion] part, and were marked on that. The next practical, they
had to focus on the data and the tables, graphing, observations
and so on. We deliberately did that to focus in on different sections

in Terms one, two and three. Andrew

Kerri assessed his Year 11 students on at least two assessment criteria within the
2016 IA, as part of their formative learning. In a similar vein to Andrew, Kerri’s students
submitted some formative practical reports, purely for school reporting purposes. As

Kerri explained;
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With the introduction of a single IA we probably saw a greater
need for scaffolding through Year 11.... to help them and we did re-
design the course with that in mind. So we are marking part write-
ups according to the mark-scheme [new 2016 IA]. And [when]
we’ve done say, an enzyme practical, we’ve collected class data
and asked them to tabulate, graph and write a conclusion and
evaluation on that work. We did an Analysis-Evaluation with our

first sort of marked practical piece. Kerri

At the time of her first interview, Morgan had not commenced using the 2016 IA
assessment rubric with her Year 11 class and hence could not comment on her
experiences with its use. She did, however, mention utilising partial report writing
throughout the 2009 IA. Once Morgan had implemented the 2016 IA rubric for formative
IA practical reports with her Year 11 students during Term 4, she usually assessed up to
three of the five criteria at a time. For example, her students designed an open-inquiry
investigation to test the effect of a factor on seed germination and were formatively
assessed on the ‘E’, ‘An” and ‘C’ criteria. Morgan chose, however, to assess only parts of
descriptors within the ‘An’ criterion, which specifically related to selection and recording
of data. Furthermore, in this report she omitted the ‘An’ criterion descriptors of
processing and interpreting data. Focusing on the whole or parts of descriptors within a

criterion, was a form of “fine-tuned chunking’, which possibly enabled Morgan’s students
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to more accurately interpret specific descriptors within an assessment criterion. The
three participant teachers also regularly used partial report writing to formatively assess

the students’ understanding in the 2009 IBDP Biology program. As the participants stated:

l usually don’t assess all three in one practical. Usually, | would do
Design (D) separate from Data Collection and Processing (DCP) and

Conclusion and Evaluation (CE). Morgan

We would have tasks with partial report writing requirements.

Kerri

Each one of those (D, DCP & CE) would make up an individual focus

for a student doing the formative practical. Andrew

Both Andrew and Kerri’s students undertook an open-inquiry investigation in
which all five 2016 IA criteria were formatively assessed together at one time in Year 11.
Kerri’s students wrote a ‘full’® formative IA practical report towards the end of Term 1 in
Year 11. Andrew, however, waited until Term 4 of Year 11 until he believed his students
were confident enough to write a full formative IA report. Andrew pointed out that his
students received more teacher guidance with this full formative practical report

compared to the summative IA report undertaken in Year 12. As he explained;

& Full report — is one in which all five 2016 IA criteria were assessed within a practical report (i.e.
exploration, analysis, personal engagement, evaluation and communication)
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In Term four ... they did a full write-up [IA report], and we did a full
marking using the new [2016] IA criteria. We gave them some
guidance about a general topic, but then that was it, so it wasn’t

sort of full rein like for the actual IA this year. Andrew

Morgan’s students, however, did not write full formative practical reports using
the 2016 IA. As mentioned earlier, Morgan delayed using the 2016 IA rubric until Term 4
in Year 11 (refer section 4.2.1). Her decision to delay using the 2016 IA was largely based
on the rationale that the students had not had sufficient opportunities to practise using
the new IA rubric criteria and that Morgan, herself, lacked confidence in using the rubric

at this time.

4.2.2.2 Using IA Rubric Assessed Exemplars of Practical Reports

Each teacher participant described utilising assessed practical report exemplars to
scaffold their students’ understandings of the required standards and formatting
procedures for the 2016 IA. Exemplars are defined here, as past copies of student
practical reports that were previously assessed either by an IBDP Biology teacher or
Group 4 moderator. Although teacher participants all utilised exemplar reports as
scaffolding tools, they chose different pedagogical approaches to use them and in some

cases, accessed them from different sources.

For example, both Morgan and Andrew sourced summative 2016 IA practical

report exemplars from the Teacher Guidance Support Materials (TGSM) section of the
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IBDP Biology page on the OCC website. The OCC exemplars had been assessed by IBO
moderators using the 2016 IA rubric and included their written feedback and marks-
indicators. According to Jonsson and Svingby (2007), Orsmond, Merry and Reiling (2002)
and Sadler (1989), providing exemplar reports with assessment rubrics enables students
to better understand how to attain various achievement levels. In the current study, the
teacher probably would also have learned more about the IA assessment protocol by

reading through moderator comments on exemplar reports.

Research conducted by Lipnevich et al. (2014), however, concluded that when
undergraduate psychology students were given rubrics separately from exemplar reports,
they produced higher marks than when rubrics and exemplar reports were provided
together. The researchers believed this may have been due to students being forced “to
examine what they had done and look to see how it met the requirements of the task,
rather than trying to imitate the exemplar without checking the understanding of the

task” (Lipnevich et al., 2014, p. 551).

Morgan distributed exemplars to Year 12 students as they were writing their
summative IA report rough drafts. She believed it was important that students could
examine an outstanding example of an IA report, as well as one that was below
satisfactory. Her perception was that distributing exemplars of opposing quality
highlighted the exceptionally high standard students would require to attain a high

achievement level in the summative IA. She also pointed out that students perceived that
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an exemplar report on smoke-treated gum tree seeds from the OCC had been especially

helpful as a scaffolding device. As Morgan recounted;

I gave them exemplars from the OCC of a really good one and a
really bad one. | got them to look at the moderators’ comments of
those and also have a look at how they are marked, to get a feel
for what they needed to produce. If they were saying, "Oh, | don't
know how to present this", then | would give them some guidance
and then I'll say, "Have a look at the exemplar that got an ‘A’
[grade] and see how they did it and then you can use that for your

own template as well.” Morgan

Andrew was still using 2009 IA exemplars to illustrate high standards of
achievement with his 2016 IBDP Biology Year 11 students when | first interviewed him in
August 2015. He had obtained some 2009 IA reports from past students, while others
were sourced from the OCC website. Andrew pointed out that he had requested
permission from past Year 12 students to use their IA practical reports for teaching
purposes. At this point in time, Andrew explained, he was updating his Moodle site and
planned to include several resources to reflect IA changes within the 2016 IBDP Biology
curriculum. Furthermore, he planned to include the latest moderated-assessed 2016 IA
exemplars from the OCC on the Moodle site before students commenced the summative

IA.
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Unlike Morgan, however, Andrew distributed only ‘high quality’ exemplar practical
reports via the Biology Moodle site. Andrew also annotated exemplars to highlight
incorrect or missing details, a strategy he used for both the 2009 and 2016 IA protocols.
Andrew appeared unconcerned that his students were provided with 2009 |A exemplars
up until October 2015, despite his utilisation of the 2016 IA rubric for formative
assessment throughout Year 11. Andrew asserted that the ‘An’ criterion in the 2016 IA

differed little from the DCP criterion in the 2009 IA. As he explained;

What’s up on the Moodle is an exemplar that scored either full
marks or almost full marks from the previous [2009] IA. For the
results section, getting across raw data, observations, processed
data, examples of calculations, uncertainties, graphing, and then
observations from the graph, they are able to see that as well from

the previous 2009 IA. Andrew

Like Andrew, Kerri explained that when implementing both the 2009 and 2016 IA
protocols, he had also shown students only ‘good’ exemplars of summative 1As. Unlike
Andrew, however, Kerri’s exemplar reports were exclusively sourced from past students
and were not electronically available to current students. Kerri’s approach involved
discussing exemplars and displaying them via a data projector presentation. Unlike
Morgan and Andrew, Kerri did not source moderator-assessed exemplars from the OCC.

As he explained;

146



I guess in those earlier write-ups before the IAs, there is some
scaffolding there. We show some good examples of write-ups from
past students. But we don’t hand them [exemplar reports] to
them. We don’t give them electronic copies of anything. Just ones

we have kept for some reason or other. Kerri

Kerri had recently completed implementing the summative 2016 IA investigation,
at the time of his interview in the middle of 2016. At this time, his Year 12 students were
writing up rough drafts of the summative IA. Kerri was aware that moderator-assessed
exemplar reports existed on the OCC website. He mentioned he had considered giving
2016 IA moderator-assessed exemplar reports to his students but had decided against it.
Instead, he showed some exemplars of his past students’ 2009 IA reports when he
introduced the 2016 summative IA rubric to his Year 11 class. Kerri’s decision to present
outdated 2009 IA exemplars throughout the 2016 IBDP Biology program, rather than IBO
moderated 2016 |IA exemplars, may have confused some students. Kerri’s decision not to
distribute moderator-assessed exemplars may have been strategically motivated, so that
his students were not influenced by what Lipnevich et al. (2014) referred to as
‘imitation’. Kerri explained his uncertainty about accessing the OCC for moderator-

exemplar practical reports:

I personally don’t use it [OCC] much. | don’t know why [pauses],

whether | feel like they should be on top of that themselves,
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whether | am a bit archaic and not very on top of my IT. | am not

sure. Kerri

Morgan proposed that when teaching future IBDP Biology classes she would
consider providing exemplar reports without marks and comments, so that students
could individually assess them. This idea arose out of discussions within her science

faculty. As she explained;

I do think we [Morgan and her IBDP science colleagues] were
talking about giving the students an exemplar and getting them to
mark it themselves, which | think is quite a good exercise for them.

Morgan

The idea of students assessing exemplar reports may have indicated a move by
Morgan’s Science Faculty to enact a more student-centred learning approach in science
classes. Student assessment of exemplar reports as proposed by Morgan, is somewhat
similar to a peer review process, which is widely supported in the literature as an effective
formative feedback method (Sampson, Grooms & Walker, 2011; Osborne, Eduran &
Simon, 2004). For example, Sampson et al. (2011) suggested that peer review may
improve the students’ quality of rhetorical writing in practical reports. In peer review,

anonymous practical reports are usually distributed to small groups of students, along
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with peer review feedback sheets including assessment criteria. Students collaboratively
appraise a report’s quality and provide written feedback to the author. The difference
between Morgan’s proposed approach and conventional peer review, however, is that her
students would not be reviewing their own class’ reports, but instead those exemplar
reports accessed from the OCC website. Although students would not be receiving specific
peer feedback on their own practical reports, it is likely that Morgan’s idea of assessing
moderator-assessed exemplar reports (minus the moderator feedback) would still be a
valuable learning experience. According to Sampson et al. (2011), peer review can help
develop the students’ awareness of the requirements of high-quality reports, encourage
metacognition and help students to value evidence. Developing metacognition may assist
students to develop higher-order cognitive skills, such as critical thinking and problem

solving, when constructing scientific explanations in practical reports.

Some empirical evidence exists that suggests exemplar quality may be important
in engaging students in self-regulation during writing tasks. For example, Lipnevich et al.’s
(2014) study found that students who were given several written assignment exemplars of
varying quality, preferred analysing the highest quality exemplars and tended to ignore
those of a lesser quality. Although all three teachers in the current study provided good
quality exemplars to students, it is possible that other confounding factors, such as using
outdated (in the case of Andrew and Kerri) or low-quality (in the case of Morgan)

exemplars may not have achieved the teachers’ desired intentions.
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Deiner et al. (2012) suggested that students should be given copies of a writing
scaffold and the report structure, before commencing practical report writing, to allow
students time to practise writing and gain feedback, while they gradually “internalise the
cognitive strategies contained in the scaffold” (Deiner et al., 2012, p.1514). It should be
pointed out that Deiner et al.’s (2012) scaffolding tool was not an assessed practical
report exemplar, but was a questionnaire that students had to answer before writing a
particular section. Deiner et al.’s, study found that writing quality significantly increased

when students utilised a scaffold compared to when no scaffold was provided.

4.2.2.3 Using Checklists

Andrew was the only teacher in the current study who gave students checklists to help
clarify their understanding of the rubric assessment mark-scheme. He located a useful
2016 IA checklist’ (see Table 10) written by an anonymous author via a web link listed on
the OCC website. Andrew explained that although this IA checklist was not formally
sanctioned by the IBO, it had been extensively reviewed by IB teachers worldwide and

included their opinions, which he personally valued. As he explained;

| went through it, and | thought “Okay, well, that’s really good at
helping you to go into some of the nitty gritty [detailed writing in
practical] of [the] report and look for, have they included this.

Andrew

9 This IA checklist will henceforth be referred to as the ‘OCC checklist’.
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According to Andrew, the IA checklist helped him ascertain the information that
needed to be either included or omitted in the 2016 IA report. He also believed the
checklist was useful in formatively appraising the students’ summative IA rough drafts.
Table 10 shows a comparison of the ‘EV’ criterion descriptors of the IBO’s official 2016 IA
rubric and those shown in the OCC checklist. Andrew gave the OCC checklist to students
before they undertook their IA investigations. The OCC checklist is considerably more
detailed than the IBO’s IA rubric. For example, the first dot point in the OCC checklist
prompts students to think about how appropriate the apparatus was in obtaining
relevant data and to incorporate these ideas into the ‘EV’ section of the |IA report.
Conversely, the 2016 IBDP Biology IA does not specifically mention ‘apparatus’ in the ‘EV’
criterion, but instead refers to more generic information, such as a “detailed conclusion
described and justified” (IBO, 2014). Many students may have found the 2016 IA
descriptor to be rather unclear. It is likely that Andrew’s use of the OCC checklist would

have enhanced the transparency some of the rubric criteria for the students. As he

explained;

It seems fairly detailed, and when I've drafted students’ work....1
go through and give them feedback on each of their sections [IA
criteria), and any bits that were missed, or that maybe they need

to look into in a bit more detail or reword. Andrew

Andrew also used checklists as part of his teaching approach when assisting

students with the 2009 IA.
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Table 9 - Comparison between the IA rubric assessment descriptors and the OCC
checklist descriptors for the Evaluation criterion in the summative IA investigation

IBDP Biology IA Rubric
Criterion

IBDP Biology Rubric Mark
Scheme Descriptors (IBO,
2014)

Andrew’s IA OCC Checklist
Descriptors from Teacher
Resource Exchange on OCC
Website (Anonymous, 2016)

Evaluation (5-6 marks)

e Adetailed conclusion is
described and justified
which is entirely relevant to
the research question and
fully supported by the data
presented.

e A conclusion is correctly
described and justified
through relevant
comparison to the accepted
scientific context.

e Strength and weaknesses of
the investigation, such as
limitations of the data and
sources of error are
discussed and provide
evidence of a clear
understanding of the
methodological issues
involved in establishing the
conclusion.

e The student has discussed a
realistic and relevant
suggestion for the
improvement and extension
of the investigation.

a) Evaluation

e appropriateness of
apparatus in obtaining
relevant data is commented
on.

o weaknesses in methodology
are discussed.

o reliability of data is
commented on.

e precision and accuracy of
data is commented on.

e outlier data or irregularities
in data are addressed.

e significance of uncertainties
in the trend line is
determined.

b) Suggested Improvements

e where limitations are
determined to be significant,
specific improvements are
proposed.

e Improvements effectively
address the limitations (not
just be more careful)

e Improvements are given
which are possible within
the context of the school
laboratory.

c) Further Research
Questions

e atleast 2 further research
questions are stated with
clear independent and
dependent variables.

e research questions are an
extension from the
conclusion and evaluation.

e short explanation for each
question is given to
establish its importance and
relevance.

d) Conclusion
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an introduction is given.

a conclusion is clearly
stated, “in conclusion..
conclusion given is correct
and clearly supported by the
interpretation of data.

key data from the analysis is
given and trends are
discussed.

extent to which the
hypothesis is supported by
the data is explained.
variation in the results is
reported, showing strength
of the conclusion.

scientific reasoning is used
to show validity of the
relationship.

how the conclusion is
generalized and discussed.
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Andrew attended a school cluster meeting, with other IBDP Biology teachers and
moderators in his home town during the time his Year 12 students were writing their
summative IA practical report drafts. The meeting enabled Andrew to gain a deeper
understanding of the IBO’s expected assessment requirements. For example, Andrew
learned that his prior belief that ‘personal engagement’ (PE) was assessed by the
teachers’ judgement of the extent of student engagement during implementation of the
investigation was incorrect. At the cluster meeting the moderators explained that instead,
the students were required to justify in writing why they had chosen the research
guestion, to indicate their personal engagement with the research topic. As Andrew

explained;

Well, if someone’s doing a study that relates to some medical
condition, they might be able to form a link that “Within my family
so and so has diabetes. I've been interested in this, and therefore
I’m going to be looking into secondary data from the World Health
Organisation.” Once that came out, then | said, “What’s your
research question? Why have you chosen it, what’s the
justification for you choosing this?” And if they can answer that, |

say “Right, you’ve got to make sure you put that down.” Andrew

Following the cluster meeting, Andrew and an IBDP Biology colleague from his

school, collaboratively created a second IA checklist, referred to here as the Moderator
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Informed (MI) checklist to more accurately scaffold the students’ understanding of the
summative IA practical report requirements, see Appendix M). The Ml checklist includes a
two-page summary of information derived from two main sources that included: (1) the
IBDP Biology IA moderators at the school cluster meeting and (2) an IBDP Physics
teacher/IA moderator at Andrew’s school. Andrew explained that his Physics teacher/IA
moderator colleague shared some useful information with him about IA assessment
based upon his experiences attending formal IBO meetings and feedback about marking.
It is probable that Andrew believed, since he had obtained credible, face-to-face advice
about IA assessment from Group 4 IBDP IA moderators, that this information should be
included in the Ml checklist. Andrew posted the Ml checklist onto his Moodle website and
discussed it with his students before they completed their summative IA practical report.

As Andrew explained;

From information that we had, we put together a couple of pages
on various dot points to support and advise us on different areas.
Because this is the new IA....we’re trying to work out, based on as
much as we can read, to prepare our students and help them. As
we get further information, then we want to pass that on. | think
we’ve tried to scaffold it as much as we can, without trying to have

students just led by the nose. Andrew
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Andrew’s preparedness to go to seemingly extreme lengths to develop the Ml
checklist within such a short time-frame pending the moderator meeting, demonstrates
his professional integrity. Moreover, it also highlights Andrew’s long-term uncertainty
about assessing ‘PE’, despite attending a formal 2016 IBDP IA Biology workshop.
Apparently, Andrew felt compelled to inform students of the new IA information he had
learned from speaking face-to-face with moderators, so they would not be academically
disadvantaged. It can be speculated that the high stakes 20% weighting allocation of the
2016 IA may have been a key factor influencing Andrew’s decision to develop the Ml

checklist.

Apart from distributing the IA rubric assessment mark-scheme to the students,
neither Kerri, nor Morgan handed out checklists. Morgan openly acknowledged her
reluctance to provide additional written checklists to guide students, in case their IA
marks were adversely affected. Morgan explained she had heard from her colleagues
about a nearby IB school, that gave students checklists for the 2009 IA, which evidently
resulted in students’ marks being downgraded at moderation, as the teacher had
apparently provided ‘too much’ help. Morgan conceded she was unsure about the extent
of guidance IBDP Biology teachers should provide. Her apprehension about providing

checklists is encapsulated in the following comment:
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I feel a bit iffy™® about how much guidance you’re allowed to give
in the old [2009 IA] one anyway, because my colleagues were
saying if you give them a checklist, it’s frowned upon in
moderation really heavily... How much is fair and how much isn’t?
And because he [colleague] said there was another school where
they’d given a checklist [and asked], Have you included units? Have
you included whatever, whatever, whatever? And that school got
really marked down in the moderation because they’d given too

much guidance. Morgan

Morgan’s decision not to provide checklists, suggests she readily adopted the role
of assessor rather than teacher, when assessing summative practical reports. Her
comments indicated that by rigidly following the IBDP Biology practical assessment
guidelines, Morgan believed she would avoid having her students’ reports being “marked
down” during moderation. Similar responses to high-stakes summative assessment have
been highlighted in the literature (e.g. Giorka, 2009; Yung, 2006; Yung 2001) in which
science teachers were conflicted by their dual assessor and teacher roles following
external assessment reform. In Giorka’s (2009) study involving nine science teachers, only
two teachers reported having actively prioritised their role of teacher over that of

assessor during summative coursework practical tasks. The same two teachers employed

10
“Iffy” — slang for ‘unsure’
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several different pedagogical strategies to assist students during the learning process. For
example, some of these strategies included providing formative feedback in the form of
constructive written comments on practical reports, posing oral questions and explaining

how coursework could be improved.

The remaining teachers in the study were, however, reluctant to provide little, if
any formative feedback for summative coursework because they tended to view teaching
as separate from assessment. The researchers concluded that teaching and assessment of
science coursework needs to prioritise ‘learning’. Furthermore, the study emphasised
that teachers need to be professionally competent and confident in providing student
feedback, such that “the balance between ‘being fair’ and providing the kind of feedback
that leads students to improve should be a focus for considered attention” (Giorka, 2009,
p. 425) and that experience played a role in increased competence and confidence in
assessment. Finally, it was posited that teachers required increased support from schools
and curriculum policy-makers to tackle the difficulties associated with the dual roles of

teaching and assessing.

4.2.4.4 Other pedagogical strategies

Andrew claimed he explicitly instructed students in key strategies to assist students with
formative practical report writing prior to experimental investigations that often
involved conducting a whole-class discussion outlining the assessment criterion
requirements. For example, when discussing the ‘An’ criterion, Andrew described the

conventions for formatting data tables:
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I would be quite explicit. | would start with — so we would have
gone through doing proper scientific tables, proper layouts,
headings, columns and rows, units, uncertainties.... possibly even
provide an exemplar about how students have laid out tables. | will
use whiteboards. | will put up some examples on electronic
smartboard. So what | find the students respond to really in this
case is very explicit, giving direction, showing examples - and then
there’s lots of notetaking and some questions. - Then also on the
Moodle having an exemplar [IA report] or two, that they can see a

properly, well done IA. Andrew

Morgan encouraged students to use tables not only when displaying quantitative
data in the ‘An’ criterion, but also to help format their written responses to qualitative
assessment criteria. For example, in past IBDP Biology classes, Morgan instructed
students to present the independent, dependent and controlled variables of the
experimental investigation in a table, as part of the ‘design’ (D) criterion in the 2009 IA
rubric scheme. Additionally, in the 2009 IA ‘conclusion and evaluation’ (CE) section she
encouraged students to present written information about experimental design
improvements and justifications in tables. Morgan claimed that using tables for some
text, served two main advantages. Firstly, she believed using tables reminded students to

include pertinent information, such as controlled variables, that might otherwise be
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omitted from reports. Secondly, she asserted that students performed better when
certain text was tabulated, rather than simply presented in a paragraph. She did not,
however, explain how this strategy enhanced the ‘quality’ of written explanations. As

Morgan explained;

I’d make them do a table of their variables; what it is, how it’s
measured and how it’s controlled or what units. For the table |
want, what the problem was, how significant it was, whether it
would have actually impacted the results or not, and then a
realistic improvement. | do find when they put it [information] in a
table, they do a lot better job than when they write it in a

paragraph. Morgan

Although Kerri did not mandate specific formatting conventions in practical
reports, he acknowledged that students often presented some written text in tables. Kerri
allowed students to choose their own formatting styles. Furthermore, he acknowledged
that practical report formatting methods had been quite variable over time, the students

were often influenced by one another. As Kerri explained;

There tends to be trends [that] come and go through the class, but
a table with strengths and weaknesses has been pretty common. |
think they probably picked it up by osmosis [conversations with

other peers], rather than me telling them to do it. | don’t tend to
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force them to do this or that in the formatting of the IA. My feeling
is it probably gets around just from them seeing each other’s work.

Kerri

Kerri appeared to support a social-constructivist approach amongst his students
by allowing them to collaboratively decide on the way reports were presented. He
pointed out that most of his students presented graphs similarly because of the
structured manner in which he explicitly instructed them in graphical and statistical

processes, using Excel software. Kerri stated:

I think there is a bit of variety there. They are quite individual
because we do Excel graphing. They look pretty similar there, but

the design of the tables looks different. Kerri

Overall, all three teacher participants used partial-report writing and display of
practical report exemplars to assist students develop an understanding of both the
standard and presentation required in formal IA practical reports. Andrew and Morgan
provided explicit advice on formatting of most sections of practical reports. Kerri provided
explicit advice on presentation of numerical data, but allowed students to choose their

own approach to present the remainder of the report, through peer collaboration.
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Duschl (2008) pointed out that what is missing from pedagogical discussions
nowadays, “is how we know, what we know and why we believe it” (p. 269). It seems that
there has been a long history of emphasis on the ‘what’ of science, rather than
establishing the reasoning behind knowledge claims. It is strongly recommended
therefore, that even the most highly qualified and/or experienced teachers, such as those
in the present study, should consider expanding their pedagogical repertoire to include a
more diverse array of contemporary pedagogies designed to develop the students’
scientific reasoning skills. For example, by incorporating a wider range of contemporary
pedagogies, such argumentation practices into IBDP Biology classes, teachers may better
assist students to generate the high-order thinking and metacognitive awareness skills
they require to write rhetorically persuasive and thus more effective scientific

explanations in IA reports.
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4.3 Across Case Teacher Perceptions Concerning Nature and
Implementation of Internal Assessment Protocol

4.3.1 Professional Development as a Response to Curriculum Reform: Formal and
Informal Training Issues in Implementation of 2016 IA Protocol

In this section the teacher participants’ perceptions and experiences in relation to
professional learning about the 2016 IBDP Biology summative |A are explored. Case study
vignettes of the teachers’ professional development (PD) experiences are presented,

followed by an across-case comparison.

4.3.1.1 PD Case Study 1 — Andrew

Andrew participated in a variety of IB training experiences during his four years of
teaching IBDP Biology. Although he had not undertaken any formal IB training in the 2009
IBDP Biology curriculum, Andrew initiated his own informal training with Science Faculty
colleagues, with prior experience implementing the IA. Andrew’s colleagues mentored
him during the early stages of teaching the 2009 IBDP Biology curriculum to enhance his

understanding of the summative IA. As Andrew explained;

For the old one [2009 IA], I didn’t do any formal training. | went
through and marked all of the very first IAs and | gave them a
mark with comments. | selected three individual ones and gave
them to each of the two colleagues, who looked at my comments
and marks, and then gave me feedback on them, which was

basically yes, you are on the right track. They would highlight
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particular things that they have found moderators in the past have

picked up on. Andrew (before 2016 IA)

Andrew attended his first official IBDP Biology PD conference on the 2016 IA in
2014, during his second year teaching the 2009 IBDP Biology curriculum. Andrew

described the PD experience as follows:

So it [the conference] was really about seven to eight months prior
to me doing the first practical. Well, one day of the course for one
section, for one period, they [the workshop leaders] went through
the new assessment criteria and talked about changes to the old
[2009] course and the new mark-scheme. It probably really just
helped in the sense of getting me some understanding of the new

criteria, the weighting and the marks. Andrew (before 2016 IA)

Andrew developed an awareness of the 2016 IA rubric criteria and mark-scheme,
before implementing the 2016 IBDP Biology curriculum (in 2015), during an IB-planned
workshop in 2014. Andrew appeared enthusiastic about collaborating with his new

Biology colleague, as evidenced by the following comment:

So one of the problems last year [2014] was that | ended up being
the sole teacher of a Year 12 IB class last year. This year [2015],

now that I've got a new group, there is a second class [additional
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2016 IBDP Biology class] and she’s a new IB teacher, but an
experienced Biology teacher and so, we are able to meet and work
together to go through and discuss the IAs and practical reports
and requirements. So | think that’s going to be beneficial. I’'m not
just learning it by myself, but I’'ve got a colleague who’s learning it
as well, so we can compare and we can do a bit of moderating.

Andrew (before 2016 1A)

Andrew perceived that collaborating with his new Biology colleague would be
mutually beneficial and planned to hold an IA debriefing session with her after external

moderation was completed. As Andrew explained;

The aim is [....].this year that myself and the other Year 12 IB
teacher will get together to sort of debrief. | mean, not only once
we’ve marked the IAs and put in our marks, but next year when we
get our marks back and find out how they’ve gone. Andrew (after

2016 IA)

Andrew’s attendance at a local school cluster meeting (referred to in 4.2.2.3) with

other IBDP Biology teachers and moderators helped clarify his understanding of the IA
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criteria and assessment process. Furthermore, Andrew’s desire to improve his

understanding of the 2016 IA is clear in the following interview excerpt:

Well, a number of people [Biology teachers at school cluster
meeting] have said, “Okay, they [referring to IBO], say this, [state
criteria descriptors in the 2016 IBDP Biology IA rubric], but when it
comes down to marking it and the moderator going through it,
what do they [moderators] want to see? We need to know what a
moderator wants to see, otherwise our students are going to be

disadvantaged. Andrew (after 2016 IA)

Andrew also used the OCC website as an informal online PD mode to access IA

resources, via both prior to and after implementing the IA investigation. As he explained;

I might have got some [exemplar practical reports] off the OCC
site. | think there is a link in the Resources link. There’s also a
website — ‘I Biology’. That was really useful. The whole section on
the IA is there; the lab reports and rubrics. Now under the new
curriculum, there’s ‘Bioknowledgey [IA website]’. It’s got a similar
layout [to ‘I Biology’] and a link for the practical scheme of work.

Andrew (before 2016 1A)
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| think it [OCC IA checklist — see Table 11 in section 4.3.2] came
from the TRE and so people [IBDP Biology teachers] put something
up and the others do reviews. You look at reviews to see other IB
teachers’ opinions on that particular piece [IA report], that’s been

put up. Andrew (after 2016 IA)

4.3.1.2 PD Case Study 2 — Kerri

Kerri spoke enthusiastically about his PD experience at a 2009 IBDP Biology conference.
Interestingly, his enjoyment of the conference seemed to be related to the positive
rapport he developed with his workshop leader, with whom he could professionally

relate. As Kerri explained;

I really enjoyed those couple of courses. It was nice having a leader
that was really into Biology, so | enjoyed the few days | spent with
him in the old [2009 |A] course. So that was fun. We marked an IA
and had a look at various complexities in the course. | pretty much

enjoyed doing that. Kerri

Kerri also explained that he had not attended a conference for the 2016 IA

because it occurred in his holidays. Of noteworthy interest were Kerri’s comments about
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the significant professional learning benefits he derived from IA ‘cross-marking’ [internal

moderation] sessions with other IBDP Biology teachers at his school. As Kerri explained;

| probably learned more [compared to the IBDP workshops] with
my peers here [at school]. Sitting down and cross-marking them,
because we’ve got such a big school and that wasn’t necessarily
always easy, when you develop a feeling that this student is really
awesome and this was a great practical write-up and somebody

else disagrees. Kerri

Kerri’s desire not to participate in formal, non-mandatory training concerning the
2016 IBDP Biology curriculum was based on the rationale that he had already attended
two PD workshops in the previous two years’ holiday periods. He did, however,
acknowledge that the 2009 IBDP Biology conference which he had previously attended
was particularly helpful with respect to assessing IA reports. Kerri stated that he to learn
the nuances of assessing summative |IA reports with his Biology colleague, who had

attended the 2016 IBDP IA Biology workshop. As he explained;

It’s like you’ll actually sit down and start reading one [IA report]
and marking it. We work in the same office and we spend a lot of
time talking to each other. Where we’re up to with our teaching,
how did we do that, anything that worked really well, whatever,
some homework, everything. I’m not really knowledgeable about
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the new mark scheme. | am going to find out, when | have to apply

it. Because that’s exactly what we’ll do - nut out the scheme. Kerri

4.3.1.3 PD Case Study 3 — Morgan

Morgan’s school organised for her to attend a Category 2, 2009 IBDP Biology curriculum
conference in 2013 - in the year before her appointment at the school. It is evident that

Morgan found the process of engaging in assessing exemplar |A practical reports, as well
as receiving constructive feedback from other teachers and IA workshop leaders, a

valuable professional learning experience. As Morgan explained;

| found that [2009 workshop] really helpful. Because we did
marking of samples and then getting feedback from everyone else
about what they marked and how | marked it. | could see where |
was wrong, because IB was completely new to me. | was shocked
by some of the things they [moderators] got ‘not at all’ (i.e.
marked an IA criterion ‘zero’ marks). | was like, “What? But their
method, it’s fantastic” and they [moderators] said, “No, they
[student who wrote report] didn’t actually say at the end how to
record or what to record and therefore they didn’t record any
data. So, it’s a zero.” That really helped me to reinforce to the

students you have to put in your method how you are going to
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record it, and what to record. It really helped me to understand the

mark scheme better. Morgan (before 2016 1A)

Morgan also attended a 2016 IBDP Chemistry conference in 2015 and discovered
there was considerable overlap between the 2016 IBDP Biology and Chemistry courses
with respect to the IA. Despite Morgan submitting a PD funding request to attend a 2016
IBDP Biology conference, the school declined by explaining that she had already attended

a 2016 IBDP Chemistry conference.

Morgan’s inability to attend the 2016 IBDP Biology conference prompted her to
initiate other strategies to improve her understanding of the IA protocol. For example,
she explored the TRE discussion forum on the OCC website to determine if other Biology
teachers had posted any useful advice about the IA. Morgan also discussed the 2016 IA
with her Chemistry colleague/mentor who had a well-developed professional network
with several Group 4 IBDP teachers/moderators in the northern hemisphere. Morgan
perceived that her mentor’s professional network may also help deepen her

understanding of the IA.

Morgan was the only teacher at her school who taught the 2016 IBDP Biology
curriculum. Although there was one other IBDP Biology teacher and an IB coordinator

who once taught the 2009 IBDP Biology curriculum, neither teacher had taught, nor was
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intending to teach, the 2016 IBDP Biology curriculum. Morgan admitted she had thought
about discussing the new Biology curriculum with these other teachers but had decided
against it, because she perceived they were not up to date with the new curriculum.
Moreover, she admitted she was not proactive in forming professional networks off-
campus. As she explained;

I guess | should use the OCC more than | do. | tend to go there

when | need something, rather than just be involved in the

community, so it probably would be worth cultivating that,

because I’'m only a new teacher. I’'ve only been teaching since

2012. | don’t really have a lot of connections. My connections are

also inexperienced teachers. Morgan (before 2016 IA)

Prior to the implementation of the 2016 IA, Morgan believed she would locate
useful information about the IA on the OCC website. However, after reading the teachers’
posts on the TRE forums, she realised they did not provide the information she required.
As she explained;

| find the forums really tedious and not that helpful. You look in the
subject and you think, “Oh, this is going to be good” and it’s just
somebody has asked a question and nobody has bothered to
answer which | guess is partly my fault too, because | never answer

either, but | don’t find them valuable. Morgan (after 2016 I1A)
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Consequently, Morgan’s overall understanding of 1A assessment was primarily
derived by speaking directly with her IBDP Group 4 science colleagues. As she explained;
In the past, my colleagues have said that the moderators want as

much information as you can give them on how you’ve come up

with where you’ve put the mark. Morgan (after 2016 IA)

In the next section, an across-case comparison of the teacher participants’

professional development experiences is discussed in light of the IA protocol.

4.3.1.4 Across-Case comparison of Biology teachers’ professional development

The PD strategies undertaken by teachers in the current study can be broadly divided into
two groups: formal and informal PD. Two groups of formal PD were identified: (1) IBDP
Group 4 conferences and (2) mandated school meetings/workshops involving Biology
teachers discussing subject-specific content. Informal PD is defined here as any subject-
specific PD that teachers organised themselves to interact in professional discourse “with
others at a range of levels” (Tytler, Symington, Darby & Kirkwood, 2011, p. 876). In the
current study, three main ‘levels’ of teacher-initiated, informal PD were identified: (1)
professional collaboration with science colleagues on-site at the teachers’ own schools;
(2) online professional networks and (3) off-site meetings with Biology teachers and

moderators from other schools.
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Two key themes emerged in relation to the Biology teachers’ acquisition of
knowledge, skills and understandings in relation to the IBDP Biology IA in the current

study:

1) Teachers’ perceptions of the effectiveness of PD

2) Factors influencing teachers’ accessibility to and uptake of non-mandated

PD

These themes are explored using an across-case comparison of the teacher

participants’ experiences with PD.

a) Teachers’ Perceptions of the Effectiveness of PD

Formal school-initiated PD

I. Group 4 IBDP conference/workshops

Overall, teacher participants in the current study agreed that formal IBDP Group 4 |IA
workshops helped advance their understanding of IA criteria. Moreover, they found that
assessing exemplar practical reports was beneficial, because they could discuss their
difficulties and misconceptions with workshop leaders and other teachers. This finding is
supported by Tytler et al.’s (2011) study involving science and maths teachers who
claimed that conferences provide a key role in developing the teachers’ professional

competence within a subject area.

Svendsen’s (2016) study found that when teachers undertake PD programs

involving reflection with colleagues, in the presence of guiding mentors, they are more
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likely to construct new knowledge and perspectives. This finding bears some similarities
to the participants’ IB workshop experiences in the current research. Furthermore,
Svendsen’s (2016) study revealed that once teachers shift their perspective after learning
new assessment methods, there is a greater likelihood that classroom teaching and

learning will improve.

Kerri’s explicit use of positive-affect verbs, such as ‘enjoyment’, ‘fun’ and ‘nice’
when describing his last IA workshop experience, indicated that affective outcomes were
important for him. Few literature studies were found that referred to affective benefits of
science education PD programs. Lucardie’s (2014) study, however, found that adult
learners perceived that fun and enjoyment experienced during learning, motivated them
to learn new knowledge and skills, assisted their concentration and helped develop social

networks.

Il. School-based Professional Learning Communities (PLCs)
Kerri engaged with his IBDP Biology peers during formal, compulsory school-based PD
meetings and stated that they were professionally “probably more powerful”, than IBDP
Biology conferences. Furthermore, Kerri’s comments concerning school-based internal
moderation of |A reports, suggest that he recognised that the professional learning
community (PLC) of which he was a part, significantly contributed to his professional
learning. Koh (2011) reported that many studies on teacher PD suggest that;

Teachers can improve their classroom practices when they

collectively review student work to do the following: analyse what
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has been learnt by students, uncover students’ misconceptions
and reflect on their own curriculum or instructional adaptations
necessary to promote student understanding. Such an active
learning approach has been recognised as one of the core features

of effective professional development (p. 273).

Kerri’s admission, that not all his peers agreed with his evaluation of IA reports
during an internal moderation PLC meeting at his school, was professionally courageous,
although probably quite confronting for him. Fostering a professional faculty
environment, where colleagues openly share their opinions and sometimes disagree,
implies there was probably a high degree of mutual respect and trust between Kerri and
his colleagues. Kerri’s acknowledgement that his colleagues’ constructive feedback
encouraged him to think differently about his assessment strategies, is a view that has
wide support in the literature. For example, Svendsen’s (2016) study of Norwegian
science teachers’ participation in a year-long school-based PD programme discovered
ongoing professional reflection provided teachers sufficient time to reflect on their
pedagogy and “led them to think differently about their own teaching” (p. 321). Following

these reflective periods, teachers were more inclined to trial new pedagogies.

Monty Jones and Dexter’s (2014) study revealed that science and mathematics
teachers perceived formal, school-based PD to be professionally beneficial. Moreover,

teachers valued their involvement in school-based PLCs, because they had time to discuss
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ideas, collaborate and build positive relationships with their peers during working hours.
Another study by Dogan, Pringle and Mesa (2015) reported that most research studies
they reviewed, indicated that PLCs influenced changes in teachers’ cognitive knowledge
and practices and also shaped affective outcomes including “teacher confidence, self-
efficacy, leadership skills, collegiality, sense of accountability, change in culture of
professional practice and empowerment” (p. 578). These studies indicate the positive and
often powerful influence that collaborative, school-based PLCs may have upon teacher
learning. Many other studies (e.g. Zhang et al.; 2015; Koh, 2011; Moyer-Packenham et al.,
2011; Desimone, 2009) support the idea that ongoing, school-based PD encourages

pedagogical reflection and innovation.

Informal (Teacher-Initiated) Professional Development

I. One-to-one professional collaboration with science colleagues within teachers’
schools

The teacher participants spoke positively about collaborative working relationships they
had formed within their science faculty and the cognitive and affective benefits that were
derived. Van Driel et al. (2012) suggested that collaborative teacher learning experiences
typically promote active learning. Furthermore, Lewis, Baker and Helding (2015)
concluded that science teachers acknowledged that positive collaborations assist with
implementing new teaching ideas; “this underscores the value of engaging teachers in

communities of practice” (p. 926).

In the present study, science faculty interactions generally included regular

informal mentoring and collaborative peer planning, organisation and evaluation sessions
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amongst teachers. The teachers appeared to find engaging in self-initiated, informal
mentoring sessions with more experienced colleagues was an especially powerful form of
PD. Each teacher participant identified at least one expert teacher (mentor) within their
science faculty from whom they regularly sought professional advice. In Morgan’s case,
for example, this was her Chemistry mentor. Tytler et al.’s (2011) study involving the PD
of science/maths teachers in rural Australia, discovered that mentoring was mostly
informal and usually teacher-initiated - a finding which resonates with the current study.
Ryder et al. (2013) also acknowledged the importance of having on-site expert teachers
with prior, successful experience in implementing novel pedagogies who are capable of

mentoring their colleagues.

Lewis et al.’s (2012) research revealed that science teachers recently trained in
curriculum reform have “acted as formal and informal mentors to newer participants, and
these more experienced CISP (Communication In Science Inquiry Program) teachers
shared the results of trying new approaches in their own classrooms” (p. 928). Andrew’s
comments about checklists in section 4.2 indicate that his new Biology colleague may
have motivated him to collaborate and experiment more often with novel teaching
strategies. Andrew’s comments about his Biology colleague imply that their relationship
was professionally balanced. However, it is likely, given Andrew’s prior teaching and
research experience and his recent, formal PD in IBDP Biology, that he may have

eventually assumed the mentor role in this collaborative partnership.
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Monty Jones et al. (2014) found that teachers perceived informal face-to-face
conversations amongst colleagues beneficial, as key information could be exchanged
efficiently in a way that was unconstrained by school-determined meeting schedules. The
aforementioned studies support the current research findings, whereby IBDP Biology
teachers perceived that informal, collaborative PD was valuable in stimulating

professional growth when implementing the 2009 and 2016 IA protocols.

Il. OCC website
The Teacher Resource Exchange (TRE) is an online discussion community (ODC) in which
IB teachers share professional ideas and resources. With respect to the TRE, the IBO are

careful to point out on the OCC website that

None of the resources added by teachers to this site are endorsed
by the IBO. The IBO cannot guarantee that material found in these
resources is accurate or useful. Teachers should exercise their

professional judgment, therefore, when assessing the value of any

resources they may wish to use (OCC, 2017).

Teacher participants, Andrew and Morgan searched the TRE for various informal
online PD opportunities, but had different perceptions about its usefulness. Andrew
thought the TRE was professionally beneficial, as it includes links to teacher-developed
websites that offer professional advice and IA teaching resources. Andrew selected

website resources and incorporated these into lessons. Morgan, however, believed the
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TRE was unhelpful and became frustrated by the teachers’ questions, for which no
responses were provided by other online users. She acknowledged that were she to
contribute to the OCC, it may expand her professional networks. The extent of perceived
usefulness of the TRE by teachers in the current study may be related to both their

intention and online social media confidence.

Some studies have discovered the immediacy aspect of ODCs can be
advantageous, due to fast response rates and quick resolutions to problems (Duncan-
Howell, 2010; Mageau, 2012). This was not the case, however, for Morgan. Duncan-
Howell’s (2010) study of 98 Australian online teacher-users indicated teachers found that
reading numerous emails on ODCs was time-consuming. This may explain why Morgan
grew impatient with the TRE, as much time was wasted searching for relevant topics and
awaiting responses. Interestingly, aside from time constraints, none of the disadvantages
cited by Duncan-Howell (2010), including dealing with side-tracked discussions,
dominating users, misunderstandings and people pushing personal agendas, were raised

by teachers in the current research.

Trust, Krutka and Carpenter’s (2010) global survey-based study involving 1417, P-
12 teachers revealed that professional benefits of ODCs could be conceived from four
different perspectives including affective, cognitive, social and teacher identity.
Furthermore, Trust et al. (2010) stated that 96% of survey respondents altered their
teaching practice due to perceptions gained via this online professional learning network

(PLN). Many teachers believed that PLNs facilitated improved student learning outcomes.
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Duncan-Howell (2010) posited that Australian teachers retain their online discussion
memberships for primarily professional and emotional reasons, with 92.85% stating their
needs were met in this regard. Additionally, other advantages of ODCs included subject-
matter relevancy and peer discussion opportunities at mutually convenient times
(Duncan-Howell, 2010). None of the teachers in the present study appeared to derive any
of the professional benefits stated by Trust et al., (2010) or Duncan-Howell (2010), except
for Andrew, who appeared to draw some cognitive benefits, such as obtaining useful

teaching resources, from recommended websites.

Mageau’s (2012) study involved the views of leading practitioners in ‘community
of practice’ education about online communities. Nussbaum-Beach, a participant in
Mageau’s (2012) study, suggested that new online users should source information for

personal use and also contribute to the online community. Nussbaum-Beach stated that;

It’s out of co-constructed knowledge that a sense of community
and a sense of ownership begins to develop, as people begin
having really powerful conversations about what they’re working
to develop, whether it’s lesson plans, an innovation they’re

working on or a shift in PD. (Mageau, 2012, p.13)

The findings of these studies pose important implications for IBDP Biology
teachers who could professionally benefit by utilising resources and/or positively
influencing the PD of others by actively contributing to ODCs. Furthermore, both the IBO

and IBDP schools should consider actively encouraging teachers to regularly use the TRE,
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to promote professional growth. Consequently, teachers who participate in knowledge
co-construction through ODCs, are probably more likely to develop sustained, extensive
professional networks that potentially lead to positive teaching and learning outcomes

for both teachers and students.

lll. Off-site school cluster meetings with IBDP Biology teachers and moderators

Andrew attended informal, off-site, school cluster meetings with other IBDP Biology
teachers and moderators from nearby schools. School cluster meetings provided
alternative PD opportunities that were professionally advantageous. For example,
Andrew gained a broader perspective of the challenges associated with the 2016 IBDP
Biology IA through professional discourse with other educators outside his own school.
Importantly, he refined his understanding of the IA protocol during face-to-face meetings
with IB moderators, who directly addressed both his and the other teachers’
misconceptions. Moreover, Andrew resolved his misconceptions about the interpretation
and assessment of the PE criterion. Of noteworthy interest is that Kerri, a Biology teacher
in another capital city within Australia, who did not attend a 2016 IBDP IA training
workshop or take part in off-site PD, also held the same misconception as Andrew in

relation to the PE criterion.

Tytler et al. (2011) claimed that teachers benefit by engaging in different PLCs,
including those with professionals from other schools. It appears that PLCs are effective in

enabling teachers to clarify their understandings of curriculum and assessment issues.
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The teacher participants appeared to enjoy formal IB-run conferences/workshops
and found them to be professionally quite helpful. It was evident, however, that formal
on-site school PLCs were even more effective at disseminating professional assistance
with the IA protocol. All three teachers engaged in regular professional collaborations
with more experienced colleagues and fount it one of the most useful modes of informal

PD.

4.3.1.5 Factors influencing teachers’ accessibility to and uptake of non-mandatory PD
a) Formal: IBDP Group 4 PD conferences/workshops and OCC online resources

The timing of formal, school-funded PD appeared to significantly impact the
teachers’ access to training, but did so in uniquely different ways. For example, Andrew
did not attend a 2009 IBDP IA Biology conference workshop before teaching the
curriculum, as its timing did not coincide with when he was appointed to his school, but
he was able to attend a 2016 IA IBDP Biology workshop before implementing the new

curriculum.

Morgan and Kerri, however, had both previously attended 2009 IBDP Biology IA
workshops, although neither of them attended a 2016 IBDP Biology IA workshop for
different reasons. Morgan’s school denied her request even though she was teaching
both the IBDP Chemistry and Biology curricula at the time. Her school may have rejected
her request to attend the 2016 IBDP Biology conference due to budgetary and/or school
timetable constraints, although this was not established during her interview.
Furthermore this situation illustrates the tensions that can exist when the needs of

schools and teachers are in competition. From a PD perspective, it could have been
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beneficial for the school to allow Morgan to attend the Biology conference, as she was an
early career teacher, a permanent staff member, the only IBDP Biology teacher in her
school and she did not have another Biology colleague to mentor her in the 2016 IA

protocol.

In Moyer-Packenham et al.’s (2011) study, specific attention was focused on
training teacher leaders during the formal Maths and Science Partnership PD program.
Training future teacher leaders helps create a group of experts in a certain discipline or
area, who could potentially build capacity within a particular school or school cluster.
Increasing the number of onsite teacher experts could provide additional professional
benefits for more staff, once PD funds diminish. Although pertaining to rural teachers in
isolated schools, Tytler et al. (2011) suggested that secondary subject-specialist teachers
who lack sufficient numbers of colleagues in the same discipline are at a disadvantage.
When secondary specialist teachers are few in number, teachers may not be able to form
a local subject-based PLC. Tytler et al., (2011) stated that PD must reach “beyond the
school boundaries” (p. 877) as a means of contributing to the professional growth and
effectiveness of teachers. The findings of the studies by Moyer-Packenham et al. (2011)
and Tytler et al. (2011) indicate that there could have been valuable teaching and learning
benefits for Morgan’s school, if her school had funded her attendance at the 2016 IBDP

Biology conference.

In contrast to Morgan, Kerri’s school invited him to attend a 2016 IBDP Biology

conference. Kerri, however, had attended two PD workshops during his recent holidays
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and decided to not attend the 2016 conference. Kerri’s decision to forgo the conference
illustrates that teachers, like many other professionals, need to balance their personal
lives with non-mandatory, after-hours professional learning. The teachers in the present
study were funded by their schools to attend IBDP Group 4 conferences on at least one or
more occasions. Despite schools providing conference funding, it appeared that
additional non-monetary or ‘personal’ costs strongly influenced the teachers’ uptake of
formal, teacher-initiated PD in the present study. For example, scheduling of IBDP Group
4 conferences also appeared to influence teachers’ accessibility and uptake of formal PD.
Conference timing may also affect whether schools decide to fund teachers to attend PD.
Moreover, it appears that when schools do fund PD, not all teachers will be motivated to

forgo personal time, especially when attendance is not mandatory.

Fields, Levy, Karelitz, Martinez-Gudapakkam & Jablonksi’s (2012) conducted a
study of 37 science teachers from eight schools in Boston, USA. Of these teachers,
twenty-five percent stated that insufficient time or inconvenient scheduling of
conferences caused them to not take up PD opportunities. Burton and Frazier’s (2012)
study revealed that the main reasons that exemplary American science teachers did not
undertake PD were “a lack of time and money” (p. 186). The findings of these two studies
concerning science teachers’ non-mandatory conference attendance appear to concur

with those in the current study.

Morgan’s school’s decision to reject her Biology conference request, may not have

greatly bothered her, since the 2016 IBDP Chemistry IA protocol was essentially the same
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as the IBDP Biology one — a point she raised in her interview. As the only practicing IBDP
Biology teacher in her school, Morgan had to select alternate PD strategies, such as
accessing IB online discussion forums and engaging in professional dialogue with her

Chemistry colleague/mentor, to refine her understanding of the IA.

Both Andrew and Morgan reported that externally moderated practical report
exemplars located on the OCC website’s Biology Resources link, provided valuable
learning opportunities. Wilson (2013) suggested that online PD can provide “just in time
assistance and that it is potentially more scalable than PD that presses on local resources”
(p. 312). Kerri’s reluctance to access the OCC website was unclear. It can be speculated,
however, that factors such as time constraints or a genuine preference for using face-to-

face PD, could have influenced his decision about not accessing the OCC.

b) Informal IBDP Biology PD

The teacher participants appeared proactive in networking with more experienced
colleagues/experts either within and/or outside of the school setting, to further their
knowledge and skills during the implementation of both the 2009 and 2016 IBDP Biology
curricula. There were, however, notable differences between the teachers’ personal
motivations to access various informal, teacher-initiated PD opportunities. Of the three
teachers, Andrew willingly sought out, and apparently participated in, the greatest variety
of informal PD. Moreover, Andrew probably established the most extensive professional
network, as evidenced by his highly socially-oriented approach to PD. For example, he

attended local school cluster meetings in his own time, collaborated informally with peers
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in school-based mentoring and pedagogical planning/evaluation sessions and also
accessed the TRE online discussion forum on the OCC website and IB Biology resources
links for PD resources. Neither Morgan nor Kerri, however, appeared to have invested an
equivalent effort to that of Andrew, in relation to developing professional networks

outside of the school context through informal PD.

In a German study of 139 secondary teachers from 198 schools, Richter, Kunter,
Klusmann, Ludtke and Baumert (2011) reported that uptake of in-service training peaked
at mid-career with older teachers reading more professional literature than their younger
colleagues, who engaged more in professional collaborations. These findings were
inconsistent with those in the present study, in which there was no correlation between
age and preferred PD mode or between phase of career and preferred PD mode. It should
be pointed out, however, that the teacher participants in the present study were ‘second
career’ teachers. Consequently, they did not represent a typical age-career phase
trajectory, attributable to a young university graduate entering the teaching profession as

their first career.

According to Hubermann’s (1989) career stage model, Morgan, in her fourth year
of teaching, was transitioning into the stabilisation career phase (4-6 years) from the
beginning teacher career phase (1-3 years), even though she was in her mid-thirties.
During this time, teachers often feel overwhelmed, as they move towards a new stage,

with many seeking promotions and networking opportunities. Interestingly, Morgan held
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a leadership position as a Biology coordinator at her school with only four years’ teaching

experience.

Richter et al.’s (2011) study also found that teachers with high work engagement
and/or leadership positions, accessed more formal PD than teachers with high work
engagement, but no leadership responsibilities. Once again, these findings do not support
those of the present study, in which all three teachers held leadership positions, but
showed considerable variability in their uptake of both the mode and variety of formal

PD.

In terms of informal PD, the school cluster meeting Andrew attended (see section
4.2.2) was not mentioned, nor presumably attended, by Morgan, who worked in the
same city as Andrew. A possible explanation for Morgan’s non-attendance at this meeting
was that she did not communicate with the school cluster network. Alternatively, her
non-attendance at the meeting could have been due to time constraints, or that she
perceived this PD mode was not required at the time, since she previously admitted to
being reticent to develop off-site professional networks. Whether she had intended to or
not, Morgan’s absence from the school cluster meeting probably represented a missed
opportunity to both deepen her IA knowledge and develop useful local professional

networks.

Evidently, uptake and access to formal PD such as IB conferences is highly
dependent upon the scheduling and number of conferences already attended within an

academic year. Informal PD appears to be more commonly utilised by all three
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participants, presumably because it is more accessible, sustained over a longer-period

and occurs mainly during school hours.

4.3.2 The 2009 Internal Assessment: An Across-Case Comparison of Teacher Perceptions
This section explores some key enablers and inhibitors that participant teachers
perceived influenced their capacity to effectively implement the 2009 IA protocol. The
teachers’ perceptions of the 2009 IA were included for comparison with the 2016 IA, to

ascertain whether the latter protocol was regarded as an improvement or not.

4.3.2.1 Teacher Perceptions: 2009 IA Enablers

Enabler 1: More than one opportunity to undertake and write-up a summative IA task
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The teachers acknowledged that when students had than one opportunity to undertake a
summative IA, it could assist them to improve the quality of subsequent practical reports.
Both Andrew and Kerri utilised similar methods to implement summative IA practical
write-ups. For example, Andrew instructed students to undertake a ‘full’ summative IA
practical investigation in which all three criteria (i.e. D, DCP and CE) were assessed within

the same report on at least two occasions. As Andrew stated,

| think with the 2009 IA where the students need to submit two full
written reports or a minimum of two, that the students would be
able to do quite different areas of focus, using different research
techniques and types of data collection. It was also good for them
that they could make up or improve from their first one and so
whilst it’s summative, they would use it formatively to help them.
We would offer the opportunity for students to do a third one but
that was their choice too, if they felt that they wanted to improve
upon something in one of their other IAs. A quarter to a third of

the students took up that opportunity. Andrew
Similarly, Kerri’s students completed three full IA practical reports in which the

two best ones were selected for the final summative grade. As Kerri explained,

I think that doing three practicals [summative |As] had strengths. It
doesn’t matter how well | scaffolded the students during the

eighteen months beforehand, | think that first practical write-up
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always had some errors. Some students achieved very highly from
the start, but most students needed the first IA write-up to start to
realise what was required. But most of them, certainly giving them
an opportunity to fail, or to learn what is required with having
more than one IA was a good thing. | liked that they had three

chances. Kerri

Morgan, however, managed the summative 2009 |A process differently to Andrew
and Kerri. She instructed students to complete six IA practical reports, of which three
included only the D criterion and the other three included both the DCP and CE criteria.
The two best D, DCP and CE criteria were chosen from the six practical reports for
summative assessment. Morgan’s rationale for not completing three criteria within one
practical report was partly influenced by affective factors that could potentially impact on

the students. As she explained;

The kids (students) got to practise over and over again, to get it
right. | liked it better when they had a chance to spread them [i.e.
summative practicals] out, because they might just be having a
bad week or something’s going on, or their girlfriend broke up with
them or their mum’s got cancer. If they were not doing it as well,

you could say, “improve it for the last one.” Morgan
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Although not directly related to the practical write-up process, the teachers
agreed that undertaking more than one summative investigation enabled students to
experience a wider variety of research topics and experimental techniques. As they

explained;

The students would be able to do quite different areas of focus
using very different research techniques and types of data

collection. Andrew

In the old version [2009 IBDP Biology] / like that you can assess

them on a variety of topics. Morgan

The pressure was on that every student had to make the
equipment work and they faced different problems. | guess it was
closer to the real world. | think most of the time you spend in a lab
as a scientist you are probably getting the method to work, so it

was probably quite authentic in that way. Kerri

Enabler 2: Simplistic use and interpretation of marking scheme in assessment rubric

Only Kerri perceived that the 2009 IA rubric mark-scheme was beneficial, by contending
that it simplified the assessment process. He also believed that the 0-2 mark-band for
each aspect within the assessment criteria helped clarify how full marks could be

attained. Kerri stated:
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I think it [2009 IA rubric] did simplify the marking. I think it did give
me quite a concrete goal or message to give the students about
what’s required for a ‘complete’ (i.e. full marks- see Table 12).

Kerri

Finsson and Ormsbee (1998) acknowledged that rubrics with narrow mark-bands
make it easier for assessors to distinguish between the different levels of responses.
Gunes, Katircioglu and Yilmaz (2015) found that when using rubrics with university
Psychology students, grading was more objective and consistent. Kishbaugh, Cessna,
Horst, Leaman, Flanagan, Graber Neufeld and Siderhurst’s (2012) study involving
undergraduate Biology/Chemistry instructors and their students, reported that
instructors agreed that rubrics enabled easier and more time-efficient grading.
Furthermore, Kisbaugh et al.’s (2012) study revealed that the students either agreed or
strongly agreed that rubrics helped improve clarity of assessment task expectations.
These studies suggest that rubrics can be both an effective and time-efficient method
that can simplify assessment, although Sadler (2009) warned that efficiency alone should

not be grounds for rubric use.

All teacher participants agreed that having more than one chance to write an IA

(as stipulated in the 2009 1A) was more academically advantageous to students.
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4.3.2.2 Teacher Perceptions: 2009 IA Inhibitors

Inhibitor 1: Unfair rubric marking scheme

There was a high degree of consensus amongst participant teachers regarding the
perceived lack of fairness in using the 0-2 mark-band to assess the three aspects within
each rubric criterion in the 2009 IA. The teachers believed that the narrow mark-band
enabled students to more easily attain one mark rather than zero or two marks per
aspect. Andrew argued that two students could potentially both achieve one mark out of
two for an aspect, even if the quality of their individual reports was vastly different. The
Evaluating procedure/s aspect within the CE criterion in Table 11 clearly illustrates

Andrew’s point. As Andrew stated,

Often there were times, you could have two different IAs and you’d
have to give both of them, a one [1 mark] for a particular
component and yet, one of those ones could be barely above a
zero really and the other one, could almost have been a two [2

marks]. Andrew
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Table 10 - Conclusion and Evaluation: Aspect 2 descriptor (rubric extract - 2009 IA)

Levels/marks Aspect 3

Evaluating procedure (s)

Complete/2 Evaluates weaknesses and limitations.

Partial/1 Identifies some weaknesses and limitations, but the

evaluation is weak or missing.

Not at all/0 Identifies irrelevant weaknesses and limitations

From Table 11 it can be inferred that students who identify any relevant
weaknesses and limitations could attain one mark for Aspect 3, regardless of the number
of these factors and whether an evaluation of any kind is included. The inclusion of the
word ‘some’ in Aspect 3 could create ethical dilemmas for teachers during assessment.
For example, if student A identified one relevant weakness and one relevant limitation,
without an evaluation, they could be awarded one mark. Conversely, if student B included
three weaknesses and three limitations, along with an evident, albeit weak, evaluation,
they could also score one mark. How then, can a teacher justify the fairness of this
marking schema, when student B has clearly addressed Aspect 3 more comprehensively
than student A? Presumably, student B utilised their higher-order thinking skills to a
greater extent than student A and should probably attain more marks for their response.
Morgan’s comment succinctly summarises the conundrum that the teacher participants
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evidently experienced when using the 2009 IA marking scheme to assess student work,

when she asserted;

In the old scheme [2009 1A], it’s hard to get two marks and hard to
get nothing [0 marks], so you’re just left with lots of ones [1 mark

per aspect]. Morgan

Kerri struggled with using the rubric from a philosophical perspective believing
that the quality of a student’s overall response is more important than the constraints

imposed by rubric descriptors. As he explained;

There was probably a lack of appreciation of the quality of other
areas they could drop to one mark, even if the rest of the
description in that practical write-up was outstanding. | think it
had its weaknesses and from my perspective, particularly, it led to
a method of marking the practical where you only need find fault
to drop to one mark [from 2 marks] and it was obvious that it
wouldn’t be a zero. | am not particularly like that as a teacher. |
am more interested in how well they [students] did and the ideas
that they had and would prefer to mark on a reward basis rather

than a negative marking approach. Kerri
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It is interesting to note that Kerri’s comments made here about the 0-2
markbands, appear to contradict the more positive views he expressed earlier in the
interview (see section 4.3.2.1 - Enabler 2). A possible explanation for Kerri’s contradictory
comments is that he simply needed more time to think deeply about his personal
experiences using the 0-2 markband. Bennett (2016) suggested that using rubrics as
assessment tools for complex writing tasks may stifle creative, insightful and higher-order

thinking. If this idea is true, then what is the point of the assessment task?

The quantification of essentially qualitative work is highly
reductive: it reduces complex, multifaceted and rhetorical factors
to single numerical digits for the purpose of ordering and ranking
variations in thinking and writing. The problem with any reductive
estimation of thinking and writing is that it moderates uniqueness;
it seeks to resolve and unify rather than recognise and value

differences in thought and expression (Bennett, 2016, p. 57).

Rubric critics have questioned whether the end product of assessment realistically
reflects the student’s cognition, or if it indicates how effectively they can follow
prescribed criteria (Bennett, 2016; Sadler, 2009). Not all educational researchers agree,
however, with these criticisms of rubric use in assessment tasks. There has been some
recent research, however, which supports the view that rubrics confer benefits for both

teachers and students. Pandero and Jonsson’s (2013) review indicated that rubrics
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enable clarification of learning goals, leading to improved student outcomes. Crotwell
Timmerman et al.’s (2011) study found that when undergraduate Psychology students’
laboratory reports were regularly subjected to rubric assessment schemes, instructors
could more easily identify skills students had either readily attained or found difficult.
Furthermore, the researchers also discovered that when rubric criteria expectations are
consistent students can “learn and practise those skills repeatedly in order for gains to be
seen” (Crotwell Timmerman et al., 2011, p. 533). Similar findings supporting rubric use for
assessment have been reported in several other studies (e.g. Pandero & Romero, 2014;

Pandero et al. 2013; Montgomery, 2002).

The 2009 IBDP Biology curriculum guide suggests that teachers rely on their
professional judgement when allocating marks to a specific aspect within an IA criterion

and states:

[...] a student’s work may contain features denoted by a high
achievement level descriptor combined with features appropriate
to a lower one. The highest descriptors do not imply faultless
performance and moderators and teachers should not hesitate to
use the extremes, including zero, if they are appropriate

descriptions of the work being assessed (IBO, 2007, p. 21).
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Inhibitor 2: Pedantic nature of data collection and processing assessment expectations

Two teacher participants suggested that the IB’s expectations regarding certain
assessment descriptors in the DCP criterion in the 2009 IA reports were overscrupulous.
Morgan, for example, expressed frustration that students had to include errors relating to
uncertainties for all recorded measurements. Furthermore, she found that the
differences between 2009 IBDP Biology and Chemistry curricula in relation to IB
guidelines for error bar usage created confusion when assessing DCP. As Morgan

explained;

| guess the errors and the error bars. | sometimes get a bit
confused about what is required in each subject and | sometimes
have to go back and check. Not super confident. It’s frustrating
that it’s [protocol for error-bars and uncertainties] not the same

for all of them [Group 4 subjects]. Morgan

In contrast to Morgan, Kerri was more concerned with the IB’s expectation
concerning the extent of precision of decimal places in the DCP section. As Kerri

commented;

It was a very pedantic approach, the number of decimal places,
without them [the students] necessarily understanding the basis of
precision in the data. I’m just sort of ticking boxes really. We’re not

very rigorous as to whether it really is + or — 0.1 [for uncertainty
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error]. | feel like we’re only doing that [assessing uncertainties in
DCP] to satisfy trying to get a ‘complete’ [full marks]. If they
[students] had eighteen decimal places, | would say, “You need to
be more consistent with the presentation of your data.” Again that
was a complicated thing. So if you calculate an average, does the
average still have the same number of decimal places as the

original data? Kerry

Inhibitor 3: Problems with implementing open-inquiry investigations

Students planning IA investigations must formulate their own experimental design,
although teachers may provide prompts. A prompt may be a general aim or problem to
solve or a general research question to investigate, without the suggestion of any
variables. Alternatively, teachers may provide research questions and a dependent
variable. The 2009 IBDP Diploma Programme Biology Guide (IBO, 2007) guides teachers in

this regard:

An example of such a teacher prompt would be to ask the student
to investigate the effect of a factor that influences enzyme
activity. This could then be focused by the student as follows:

Does ethanol concentration affect the activity of bovine catalase?”
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It is not sufficient for the student to simply restate the research

guestion provided by the teacher (p. 25).

Following research investigation prompting, a student usually further refines the
aim, problem or research question and selects appropriate variables to investigate. When
a common research problem is investigated by the whole class, whereby each student
must individually design an experiment and choose an independent variable, logistical
difficulties can arise due to students using similar materials and apparatus. Morgan’s
summative 2009 IA investigation involving beetroot pigments is a good example of how
logistical difficulties can adversely affect experimental work. In this specific experiment,
Morgan found it difficult to provide sufficient apparatus for the students and also wasted
a lot of time trouble-shooting various methodological complications. Her subsequent
decision to forgo further summative investigations involving all three IA criteria was
largely influenced by her experiences with the beetroot experiment. As Morgan

explained;

In the last class that | took through to Year 12 [with the 2009 IA], /
got them to do one [summative |A] that went all the way through
[included all three criteria- D, DCP & CE]. It was a nightmare
logistically, because we were looking at pigment leaching from
beetroot cells. They [students] all had different things they were

bathing the cells in, to look at how much pigment came out into
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the solution. We had a colorimeter, so they could measure the
intensity quantitatively of the pigment that had leached, but we
only had one colorimeter. All students needed to take 15-20
samples and it was just a nightmare. I’'m not keen on doing a D,

DCP and CE. Morgan

Morgan’s experience with the beetroot experiment indicates that when
insufficient results are collected, the student’s ability to write a credible, full (three
criteria) summative IA report can be compromised. Consequently, teachers would either
have to repeat the investigation or introduce a new one. Given the time constraints in
delivering the IBDP Biology curriculum, most teachers would not have time to repeat
many summative investigations. It is possible that Morgan’s inexperience as a Biology
teacher may have resulted in some of the difficulties she encountered when
implementing the beetroot investigation. For example, a more experienced teacher may
have first checked that there was sufficient equipment available for each student and also

conducted a pilot experiment beforehand, to assess potential procedural difficulties.

Like Morgan, Andrew also found implementing a full three rubric criteria IA

investigation could be problematic, but for different reasons. Andrew’s main challenge

involved the logistics of managing a large class size during the investigation. This often
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involved Andrew simultaneously supplementing each student’s individual apparatus

needs during the IA investigation. As Andrew explained;

Last year well, Year 11, | had a class of seventeen. There were two
classes. In Year 12 there was one class of twenty six, so that [class]
was quite challenging for the IA. They [IBDP Biology students
during the experimental phase of 1A in class would say] “Oh, I just
need this and just need that.” And I’d be fetching stuff [apparatus

& materials]. Andrew

In Andrew’s case, it appears evident that the implementation of a ‘full’ 1A is
logistically stressful from a teacher perspective, as many students do appear to anticipate
the specific number or type of apparatus needed until the experimental phase of the

investigation.

Overall, it is evident that the primary concern of the three teachers was that the 0-
2 markband was not sufficiently broad enough to provide a valid assessment of student

achievement.
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4.3.3 Teacher Perceptions of the 2016 IA Protocol and Issues of Low Teacher Self-
Efficacy

A significant theme emerging from the current research was that self-efficacy affected
the teachers’ implementation of the 2016 summative IA. Self-efficacy is the belief in one’s
capabilities (Bandura, 1997). According to Tschannen-Moran, Woolfolk Hoy and Hoy
(1998), teacher self-efficacy is defined as a “teacher’s beliefs in her or his ability to
organise and execute the courses of action required to successfully accomplish a specific
teaching task in a particular context” (p. 22). Furthermore, Tschannen-Moran & Woolfolk
Hoy (20010 contend that teachers may be one of the greatest influences on a student’s
learning. Successful science education reform often depends upon a teacher’s belief in
their ability to positively influence student learning (Pendergast & Main, 2016; Levitt,
2001; Cronin-Jones, 1991). Many researchers have acknowledged that highly efficacious
teachers are capable of positively influencing student learning (Haigh & Anthony, 2012;

Tschannen-Moran, Woolfolk Hoy & Hoy, 1998).

Most studies examining teacher self-efficacy, however, typically involve primary
and pre-service teachers and are mainly based upon quantitative research (Blonder,
Benny & Jones, 2014; Davis et al., 2006). According to Klassen, Tze, Betts and Gordon’s
(2011) review involving teacher efficacy studies conducted between 1998 and 2009, only
15 % investigated science teachers’ self-efficacies. Additionally, very few literature studies
exist that have explored self-efficacy of in-service secondary science teachers (Haigh et

al., 2012). In this section the teacher participants’ perceptions of the enabling and
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inhibiting factors that influenced their self-efficacy when planning and implementing the

2016 IBDP Biology IA protocol are explored.

4.3.3.1 Teacher Perceptions: 2016 IA Enablers and High Teacher Self-Efficacy

Enabler 1: A more appropriate mark-scheme and a good choice of assessment criteria
Overall, the teachers supported the 2016 IA criteria (Appendix A) and their corresponding
mark-bands. Kerri, however, agreed only with the ‘personal engagement’ (PE), ‘analysis’
(A) and ‘evaluation’ (Ev) criteria’s mark-bands. Although Morgan was initially hesitant to
use the 2016 IA rubric, she conceded it was better than the 2009 IA rubric, once she had

gained some experience using it. As she explained,

I think the rubric [2016 |A] is better. | think the weighting [of

assessment] of the sections is better. Morgan (after 2016 1A).

Andrew and Kerri used the 2016 |A for formatively assessed practical tasks with
their Year 11 students. Andrew that perceived the 2016 IA mark scheme, with its broader
range of marks in the mark-bands (with the exception of the PE criterion) was a positive
innovation. Additionally, Andrew thought the new mark-bands enabled students to
potentially attain grades that more accurately reflected their cognitive capabilities. As

Andrew explained;

| think the ‘conclusion and evaluation’ [i.e. CE criterion in the 2009

IA], because it contained analysis and evaluation components
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together. The good students could get it, but it was harder for the
mid-range students to get. So that’s™* sort of now [2016 1A] been
split into the ‘analysis’ and ‘evaluation’ separately and so | think a
good, solid, hard worker should be able to get a 5 [marks] for
‘analysis’ and possibly the 6 [6 marks] there. So it’s good in a sense
that the marks are now broader, they’re more spread out there.
And so the fact now, that you’ve got the ‘exploration’, ‘analysis’,
‘evaluation’ and ‘communication’ sections to all have ranges from
zero to six or zero to four, | like that. ....give a truer reflection [of

students’ abilities compared to 2009 IA]. Andrew (before 2016 IA)

Similarly, Morgan supported the 2016 IA criteria’s broader mark-bands due to
more accurate differentiation between students of varying abilities. Notably, Morgan’s
assertion about the 2016 IA mark-scheme was made only after she had implemented the

summative investigation with her Year 12 students. As she explained;

It [2016 1A] is easier | guess, to ascertain the higher achievers from

the lower achievers. Morgan (after 2016 IA)

= Analysis and evaluation are now separate criteria within the 2016 IA, whereas in the 2009 IA, these two
criteria were combined together into the one criterion, ‘conclusion and evaluation’.
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Andrew also believed the 2016 IA mark scheme would allow more accurate
assessment of practical reports than the 2009 IA. Andrew supported the inclusion of the
communication (C) criterion [worth four marks], because he perceived it informs both
teachers and students precisely where marks can be validly deducted for communication-
based errors. Conversely, the absence of a C criterion in the 2009 IA mark scheme,
appeared to create some confusion amongst teachers, when assessing reports with

communication-based errors. As Andrew explained,

It’s interesting to have the four marks for ‘communication’. | don’t
think that was how the marks criteria for the old system [2009 |A]
worked. If someone was making communication errors, it wasn’t
so clear where you’d take the marks off. | think there might be a
difficulty that someone’s done a really great ‘analysis’, but they
have not done well with the structuring and wording of a
particular paragraph. This will hopefully allow you to separate that

out. Andrew (before 2016 IA)

When asked whether he thought the two marks maximum score for the PE

criterion was appropriate, Kerri responded,

Yeah, | do. Very much so, and so those two marks being there,

perhaps does drive an outstanding student, or at least a student
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that is very engaged, to find something they are particularly
involved with, otherwise I guess it becomes insignificant and
difficult to assess whether somebody should get a one or a two; it’s

a problem. Kerri

Both Morgan and Kerri supported inclusion of the new PE criterion in the IA,
because it allows students to explore areas of personal interest. Kerri recognised that PE
could lead to original experimental work being undertaken - an outcome considered an
important aspect of scientific endeavour. Andrew’s perception was that PE provided a
welcome change, from the strong curriculum focus on scientific content. All teachers

unanimously supported the PE criterion, as evidenced by their comments:

That [PE] would make it more interesting for them. It could be
really good, because they are going to choose an area that they

are interested in. Morgan (before 2016 IA)

I mean the first point; it’s very interesting that there are marks in
there about personal engagement. That’s interesting,
unusual...good yeah, because the course, is just so heavy on

exams. Andrew (before 2016 1A)

I personally like that there is some drive to really do your own

thing and this is the first year that we’ve attempted it. We have

207



made steps to personalise it and every student doing something
different was already a hard task to achieve. | liked the idea of self-
design practical work. | liked the rigour with the demand of the
accuracy in the write up. | really liked that is was individual. | kind
of like that it motivates the possibility of an original experiment

being done. Kerri

The teachers also supported the Ev criterion:

I think it’s [2016 IA] good. Kerri

‘Evaluation’ - the new one [2016 |A] where it says in the scientific
context. | think that’s good that they have put that in. Morgan

(before 2016 IA)

I think I like the way the ‘evaluation’ [Ev criterion] is set out and
described [in 2016 IA]. | think the students should be able to
achieve the fives and sixes [5 & 6 marks] by being thorough with

working through carefully. Andrew (before 2016 IA)

When asked whether six marks was an appropriate mark-band for the A criterion,

Kerri explained;
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When | see the data, | can see how many repeats there are and
that there is an average and a standard deviation and it’s the data
that’s the big part. It’s what does the results show, that’s what
generally you look for in a scientific report, how good that graph
looks, how much work has gone into making the data strong. |

think it’s [2016 1A] good. Kerri

Enabler 2: Only one IA to mark

Andrew and Kerri both supported the IB’s requirement of one summative 2016 IA report
being submitted compared with two reports in the 2009 IA. Prior to the 2016 IA, Andrew
posited that planning, organising and implementing the summative IA would be less time-

consuming compared to the 2009 IA. As he stated;

So there should be a reduction in the time set aside for all of that
planning and preparation. So that’s the benefit of going to the new

system [2016 IA]. Andrew (before 2016 IA)

After Andrew completed the 2016 IA, he maintained the view that undertaking

one |IA was more efficient. As he explained;

Well, it’s [2016 |A] better in the sense that we’re just having

students do one [IA report]. We generally have larger classes, and
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one of the problems with the old [2009] IA was that you needed to
set up, run, draft and mark at least two pieces [practical reports]

for each student, and for some, three. So that’s good. Andrew

(after 2016 1A)

Similarly, Kerri supported the one IA requirement, because it increased his

marking efficiency, but he advised that students required more scaffolding compared

with the 2009 IA. As he explained;

Surely it is nice for me to just mark one IA but with the introduction

of a single IA, we probably saw a greater need for scaffolding

through Year 11. Kerri

Prior to implementing the summative IA, Andrew posited that schools should
consider how to manage situations in which students perform below par in the

summative IA practical report prior to moderation. As he explained;

I guess that will be interesting, to review whether we feel that we
need to do the optional second IA. | don’t think that’s how it’s

meant to be done. Andrew (before 2016 IA)
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Andrew also speculated that some IB schools may allow students a second

opportunity to improve their IA result as follows:

Now, I think some schools, maybe particularly schools with small
numbers of students, will allow them to do a second one, and then

they just submit their best result. Andrew (after 2016 IA)

Furthermore, Andrew believed that undertaking one IA would not disadvantage
his students, because they had sufficient formative preparation in Year 11 to proficiently
manage the IA task criteria in readiness for writing the summative report in Year 12. As

Andrew explained;

And so where you’ve decided to make it so Year 11 is really to
prepare students as much as possible, Year 12 is a lead-up to your
IA, [to] spend time possibly extending it or for some they might

have to go back over it. Andrew (after 2016 IA)

Andrew and Kerri supported a reduction in the both the marking load and
experimental logistics associated with implementing one summative IA. Kerri’s statement
that there was a “greater need” for scaffolding Year 11 students implies that perhaps
students required more formative practice in writing practical reports before attempting

the summative IA. It is unclear from Kerri’s comment whether he used a greater variety of
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scaffolding tools and/or if students were afforded more opportunities to hone their

practical report writing skills before submitting the summative IA.

The teacher participants all agreed that the 2016 IA was an improvement in terms

of assessment criteria and the broader mark scheme.

Perceptions of High Teacher Self-Efficacy
The following interview excerpts illustrate the teachers’ responses, when asked to

describe their perceived individual teaching strengths:

| think the explicit teaching, | can almost see the students absorb
what you go through and with intense note-taking or listening and
questions. | think | do that well and also providing them with a
number of different support resources through the Moodle.

Andrew (before 2016 1A)

I think I’'m good at helping them brainstorm [research topic]. /
would have a good idea about what they would realistically be
able to measure and record... and what they are going to be able
to achieve. | think I’'m good at helping them understand that if
their hypothesis was not supported that it doesn’t mean that they

were wrong or that it was a failure... and then to help them figure
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out why it wasn’t supported or what they could have done.

Morgan (before 2016 IA)

I think I’'m pretty strong in making it [practical report write-up]
seem achievable for them. | think that the way we go ahead with
Excel with standard deviation is terrific. Everybody in the class
seemed to have got a handle on that pretty quickly, without too

much effort. Kerry

The greatest similarity between the teachers’ responses was that there was little
discussion about pedagogies designed to assist students in writing explanations in
practical reports. Teachers mainly focused on helping students during the planning and
procedural stages of open-inquiry. According to Velthuis, Fisser and Pieters (2015) science
teachers with a high content knowledge tend to have a correspondingly high self-efficacy
in teaching science concepts. One might infer from this study that teachers with scientific
research experience, as those in the present study, might also display high self-efficacy in
pedagogies that enhance the students’ higher-order cognitive skills required to interpret

and explain experimental results.

Andrew used verbs, such as ‘absorbing’, ‘listening’ and ‘taking’ [notes] to describe
student actions during his lessons and cited several examples of traditional, didactic
teaching strategies for assisting students with developing the IA report. It is, however,
difficult to ascertain the extent to which he utilised alternative pedagogies without
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observing his classroom teaching. The IB’s philosophical underpinnings are, however,
based upon constructivism. Constructivist teachers typically promote student-centred
learning, where learners actively co-construct new knowledge by building on prior
knowledge in a socially, interactive and collaborative environment. Moreover,
constructivist teachers facilitate learning by encouraging students to collaborate with one

another in many different engaging activities.

In contrast to Andrew, Kerri perceived his teaching strength involved assisting
students to manipulate quantitative experimental results. Kerri’s pedagogical emphasis
on mathematical processing, analysis and presentation was highly evident throughout his
interview. For example, Kerri’'s numerous references to statistical analysis and use of
Excel software indicated that he possibly held strong rationalist epistemological beliefs
about science. According to Havdala et al.’s (2007) research, science students who
displayed rationalist epistemological approaches found it difficult to coordinate theory
with empirical evidence in inquiry investigations. It would have been interesting to
determine how effective Kerri’s students were at linking theoretical concepts to their
empirical evidence in practical reports. Morgan asserted she had high self-efficacy in her
capacity to help students analyse experimental data and appeared to see herself as a co-
constructor rather than transmitter of knowledge. Morgan did not, however, explain how

she developed the students’ higher-order thinking skills when analysing data.
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4.3.3.2 Teacher Perceptions: 2016 IA Inhibitors (Pedagogical Challenge Types) and
Teacher Self-Efficacy

Ten inhibiting factors, referred to here as pedagogical challenge types (PCTs), arising from
the introduction of the reformed 2016 IA protocol, were identified from the teachers’

interview data as follows:

PCT 1. Understanding the nature and extent of formative feedback of summative IA

reports

PCT 2. Interpreting ‘personal engagement’ criterion and marks allocation

PCT 3. Interpreting ‘analysis criterion’

PCT 4. Coping with time-constraints

PCT 5. Selecting IA research topics

PCT 6. Managing experimental IA investigation

PCT 7. Deciding on depth required in practical report

PCT 8. Using the new mark-scheme

PCT 9. Applying the ‘communication’ criterion to ESL students’ work

PCT 10. Providing one opportunity for summative IA
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The ten PCTs evidently contributed to low*? self-efficacy according to teacher self-

reports. At least five different PCTs were experienced by teachers during implementation

of the 2016 IBDP Biology IA. Table 11 illustrates the correlation between each PCT and the

duration of low teacher self-efficacy for teacher participants.

Table 11 - Correlation between 2016 IA Pedagogical Challenge Types and Duration of
Low Self-Efficacy

2016 IA Pedagogical

Number of Short-Term PCT’s Contributing to Teachers’ Low Self-

Number of Long-

Total number of PCT’s

Challenge Type (PCT) Efficacy Term PCT’s Contributing to
Contributing to Teachers’ Low Self-
Teachers’ Low Self- Efficacy
Efficacy
Only Prior to IA Only During IA Only After IA
A K* M A K M A K A K M
1 v v v 3
2 v v vy 3
3 v v v 3
4 v y 2
5 v v 2

2 The terms ‘low’ and ‘high’ self-efficacy are used comparatively and do not necessarily indicate extreme
ends of the teacher self-efficacy spectrum.
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6 v v 2
7 v v 2
8 v v 2
9 v 1
10 v 1
Total number of 1 no 7 0 2 0 1 0 0 3 5 2
challenges per person

data
Total number of 8 2 1 10 21
challenges per group
Total number of PCT 10 10

by type per group

Short-term PCTs*® are defined here, as those that occurred in a fixed period either
prior, during or after implementing the 2016 IA investigation. Since Andrew and Morgan
were both interviewed prior to and after implementing the 2016 IA, their data reflected

their self-efficacy perceptions at these times. Kerri’s interview, on the other hand,

 Short-term PCT’s will be referred to from now on as prior, during or after in relation to the
implementation of the summative IA investigation.
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occurred after implementing the 2016 IA, so his data was collected only in this period. No
interviews were conducted with any participants ‘during’ IA implementation.
Consequently, inferences were made about teachers’ perceptions of PCTs during IA
implementation by analysing their retrospective reflections in interview and member-

check data.

A total of eleven short-term PCTs occurred across seven of the ten different PCTs
and of these, at least two contributed to the low self-efficacy of each teacher. Morgan
experienced the greatest number of seven short-term PCTs in six areas (1, 2,3,5,6, 7 &
8) with all occurring in the ‘prior’ period. Both Andrew and Kerri experienced two short-
term PCTs which belonged to different areas and times in relation to IA implementation

(i.e. Andrew: 1 - ‘prior’ & 2 - ‘after’ and Kerri: 5 & 6 - both ‘during’).

Conversely, the long-term PCTs persisted longer than short-term PCTs and
included the periods prior to, during and after IA investigations. There were eight (1, 2, 3,
4,7,8,9 & 10) different long-term PCTs. PCTs 3 and 4 evidently contributed to the low
self-efficacy of both Andrew and Kerri. Both Morgan and Kerri experienced long-term low
self-efficacy with PCT 1. Additionally, long-term low self-efficacy was attributed
exclusively to PCT 2 with Kerri, PCT 7 with Andrew and PCTs 9 and 10 with Morgan. An
across-case comparison of the teachers’ perceptions of and experiences with the ten
different PCTs is explored in this section. Additionally, the extent of each PCT’s influence
upon teacher self-efficacy throughout both the short-term and long-term periods, in

relation to the 2016 IA reform, is also discussed.
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PCT 1: Understanding the nature and extent of formative feedback of rough drafts of

summative 2016 IA reports

According to the data in Table 11, the teachers experienced low self-efficacy with the
nature and extent of formative feedback on |A reports. Andrew implied that his self-
efficacy was lower, in the period prior to, but not during, IA implementation when he

stated:

It’s [2016 |IA] a challenge ... and then you know trying to make sure
you’re providing really specific, quality comments and feedback ...

something that hopefully you build up with experience. Andrew

(prior)

Both Kerri and Morgan, however, found PCT 1 persisted over a significantly longer
period compared to Andrew. The impact of PCT 1 was unique for each teacher. Andrew’s
low self-efficacy in relation to PCT 1 related to concerns about his effectiveness in

providing high quality formative feedback when assessing IA reports. Despite his
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concerns, Andrew assumed he would develop greater efficacy as he gained more
experience using the 2016 IA protocol. Bandura (1997) described enactive mastery
experience as a self-efficacy source based upon one’s prior successful enactment of a

task.

Prior to implementing the 2016 IA, Morgan acknowledged her low self-efficacy
with providing formative feedback to students on practical reports. Unlike Andrew,
however, Morgan’s concerns related to the extent and type of feedback ‘allowed’,

according to IB guidelines. As she explained;

My colleagues were saying that if you give them a checklist, it’s
frowned upon by moderation really heavily. | think for me, the
concern is how much help am | allowed to give, before | am
actually disadvantaging them. I’m not confident on it. It’s going to
depend on the teacher as well isn’t it? Like, if you go, well actually,
like we’ll pretend that draft [rough draft of IA] did not happen.
How many [teachers] are actually going to follow the rules [IA
guidelines of IB] and how many aren’t? So, | find it really hard to

know how much is ok, and how much isn’t. Morgan (prior)

As mentioned in section 4.2, Morgan’s idea about ‘disadvantaging’ her students
appeared to stem from the hearsay of her IB science colleagues at her school. Morgan

had heard that a nearby school provided too much scaffolding assistance to students in
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summative IA practical reports. This extra assistance apparently led to the student results
being downgraded during external moderation. Morgan’s strong sense of professional
integrity appeared to reinforce her determination to adhere strictly to the IB assessment
guidelines, rather than risk compromising her students’ grades. Her admission that she
was ‘not confident’ may have been due to her limited teaching experience. Morgan’s
acknowledgement that not all teachers ‘follow the rules’ suggests she may have been
guestioning not only her own professional integrity, but also that of her peers.
Furthermore, unlike Andrew, a more experienced teacher, there was no evidence prior to
IA implementation that indicated Morgan’s self-efficacy with PCT 1 would increase until

external moderation was completed.

Kerri’s low self-efficacy when using the new mark-bands, appeared to persist over

the long-term. As he explained;

I am not that experienced as to guiding them to what an external
examiner would consider a 6 [full marks]. | am not really sure what
thatis [......] so partly guided by the old course there. So, | am
thinking that to be safe they will probably look pretty similar to

those in the old [2009 |A] course. Kerri

Andrew and Morgan’s self-efficacy regarding formative feedback appeared to

significantly increase once they gained experience using the 2016 IA rubric. Andrew’s use
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of a checklist sourced from the TRE on the OCC website guided his formative feedback

and also helped scaffold student responses. As he explained;

So it [teacher checklist] seems fairly detailed. So, what I’'ve done
when I've drafted students’ work is to go through and give them
feedback on each of their sections and any bits that were missed,
or that maybe they need to look into in a bit more detail or reword.

Andrew (after)

According to Bandura (1997), a vicarious source of self-efficacy relies on one
witnessing another person enacting the desired task. Andrew’s self-efficacy was evidently
increased by using another teacher’s idea (i.e. checklist) rather than observing the person
first-hand assessing IA reports — a type of vicarious self-efficacy source. Morgan, however,
did not use checklists to scaffold the students’ written responses of the summative IA
report. The following interview excerpt clearly demonstrates Morgan’s increased efficacy

in using the 2016 IA once she had mastered using it with her Year 12 class:

| used the mark-scheme as it was and just when | gave it back to
them, underlined the bits in each statement that were or were not
present. | think the sentences are quite well designed to include
everything that you need to assess. But they [IB] make it quite easy

to assign that mark in each block [criterion]. Morgan (after)
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PCT 2: Interpreting personal engagement (PE) criterion and marks allocation

All teacher participants experienced low self-efficacy when using the PE criterion at some
point in time. For Andrew and Morgan, low self-efficacy with PE occurred within a short-
term period, but for Kerri it was a long-term concern. The following interview excerpt

illustrates Morgan’s concerns with PE prior to implementing the IA:

How can you really assess ‘personal engagement’ based on a
workshop? | think it’s going to be really subjective. | mean
probably seeds in a soil tray is not going to come across that
they’re really passionate about it. And | think it’s going to be
moderators relying on teachers’ opinions of whether the kid was
interested or not and of course they [students] are going to say

they were interested. Morgan (prior)

Morgan’s perception in the ‘prior’ period was that teachers could write comments
on summative practical reports to indicate the students’ interest displayed during the IA
investigation. Morgan initially believed that moderators evaluated PE according to
teachers’ comments. Prior to IA implementation Morgan was unaware that her
assumption about PE assessment was incorrect. Andrew, however, appeared confident
about PE during the IA process, until he attended the school cluster meeting with
moderators. It was at this time when his students were writing their rough IA drafts, that

he first realised he had misinterpreted the PE assessment process. Like Morgan, Andrew
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believed teachers assessed the students’ engagement levels during the IA investigation.

As he explained;

One of the areas that’s different that | think has often had people
wonder about, was this first one [criterion] about ‘personal

engagement’. And the initial reading [understanding prior to

school cluster meeting] that | had, was that as the teacher of your

class, that you would be observing students, you’d be interacting
with your students, and when they hand in their write-up, and
you’re marking it, you’re also taking into account what they’ve
done in class and how engaged they’ve been. And that would go

towards my marking of it. Andrew (after)

Eventually, Andrew discovered that PE was evaluated by judging how well

students could justify their choice in the research topic. As he explained;

And what was interesting was that this moderator was saying that
the moderator needs to be able to see just from their write-up,
that’s where they [the student] will get their mark for ‘personal
engagement’, no matter whether they have been highly engaged
and taking a big lead role in class. So my understanding is what
they want to see is students come up with a research question.
They want to see; why has that student chosen that research
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question? What’s the justification that indicates personal interest

or significance, or their curiosity for that. Andrew (after)

Andrew questioned the validity of the PE assessment method used by moderators

and perceived it could potentially disadvantage his students’ grades by stating that:

Perhaps as the teacher, if their sample [IA reports] goes in for
moderation, and the sample should have various comments on it,
where you’ve given marks or not given marks and so on, that
within the ‘personal engagement’ [PE criterion] that a teacher
might need to put on a comment about that during the lesson they
were fully engaged. | would be quite disappointed if a moderator
were to, just from reading, go, “This is a one out of two,” because
in their [moderator’s] mind they [students] haven’t met the

criterion. Andrew (after)

Both Morgan and Andrew enhanced their self-efficacy when summatively
assessing PE, but did so differently. Andrew’s self-efficacy with applying the PE criterion
was evidently heightened, albeit to some extent, by discussing the issue with IB
moderators’ at a cluster meeting. Conversely, Morgan relied upon observing IB
moderated practical report exemplars from the OCC website, to develop her

understanding with PE assessment. As she explained,
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I have seen some of them, as well-marked with track changes. The
teacher puts their evidence of ‘personal engagement’ shown here
or appropriate data analysis used. So when I’m marking, | have
thought | would do it the same way, electronically, or even if | do it
on paper first and go back and do it on an electronic copy. |
thought it was quite good. My opinion [about PE] is less bad than

it was before. Morgan (after)

Morgan evidently enhanced her self-efficacy of PE assessment through utilising
the moderators’ comments and assessment technique ideas on the online assessed

exemplar reports; this represented another form of vicarious self-efficacy.

Kerri’s low self-efficacy in applying the PE criterion occurred after his students
submitted drafts of the summative IA reports. Kerri’s use of the pronoun, ‘we’ rather than
‘I, suggests he was probably not the only IBDP Biology teacher at his school who was

perplexed by PE assessment. As he explained;

But we [Biology Faculty] do wonder [...] out of those two marks for
personal engagement, what to do there. That is something we are
not sure of. Do you just see it as something that was not possible
and not give them two, or give two to everyone? | don’t know. |
am thinking that they’ll not get zero, so | am thinking most of my
kids will probably get a one and then some kids who did show that
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extra, get a two. It’s a very subjective assessment. | guess being in
class with them... some of them were more engaged and involved

in it. Kerri (after)

Kerri appeared to have maintained over the long-term the same misconception
that Andrew and Morgan had before they learned how to correctly assess PE. That is,
Kerri believed PE assessment was based upon the teacher’s perception of the students’
interest displayed during the investigation. Andrew, on the other hand resolved his
misconception when students were writing up the summative IA reports. Kerri, however,
was still unaware of the correct PE assessment protocol when his class was writing up
their summative IA reports. Since Kerri had not met face-to-face with moderators, nor
accessed the OCC to view moderated-assessed exemplar reports, he could not have
known of his misconception. Kerri’s misunderstanding of PE assessment may explain why
he thought evaluating student engagement during investigations was subjective. The ad
hoc nature in which Andrew and Morgan discovered their misconceptions about PE
assessment is troubling, given they had both attended formal IBO IA workshops. It

appears that the workshops had not made the PE assessment process particularly clear.

These misinterpretations were unusual because all three teachers were teaching
at different schools during the research period. Furthermore, two teachers attended
formal IB 2016 IA workshops where they were explicitly informed about the new

assessment criteria by IB workshop leaders prior to IA implementation. An additional
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concern was that two teachers unknowingly misinterpreted the PE criterion assessment
process throughout most of the two year IBDP Biology program. The ‘chance’ realisation
by one Biology teacher that he had misunderstood the PE assessment process for just
over one year whilst attending a school cluster meeting, caused him to seriously question

the IBO’s endeavours regarding IA transparency.

PCT 3: Understanding aspects of data processing, presentation and analysis

As pointed out earlier, Morgan used the 2009 IA rubric to formatively assess practical
reports up to one term before implementing the 2016 IA. However, once she commenced
using the 2016 IA, her self-efficacy with data manipulation gradually increased. As

Morgan explained;

The main issue is errors [error bars] and uncertainties...but other
than that, it’s sort of, not that different from what they’ve done
before in terms of making an appropriate graph and making an
appropriate table and showing your sample calculations. | think
that I didn’t need to give them as much guidance on how to do

stuff. Morgan (after)

Morgan believed that using the 2016 IA for formative assessment helped increase

her self-efficacy in the (A) criterion:
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Actually doing it has helped me understand the mark-scheme
better, even in the drafting which areas... They [students] have real
problems with uncertainties and errors [error bars]. They [IB] have
taken a lot of weight off the uncertainty and errors because it’s
just because they [students] don’t find it easy. Makes me wonder if

everybody was doing it badly forever and ever. Morgan (after)

Morgan indicated that her past students had difficulties understanding the
concepts of uncertainties and error bars in the 2009 |IA. Consequently, she supported the
IB’s decision to reduce the emphasis on measurement error in the 2016 IA. Morgan’s
experience with errors and uncertainties is another example of how mastery experience
can increase self-efficacy. Andrew and Kerri also had some long-term concerns with the
(A) criterion in the 2016 IA. The following comment highlights Kerri’'s ongoing concerns

with data analysis:

What was the error in that measurement? I’m not really sure to be
honest what the general IB is expecting, in that sort of error

analysis.

There are some problems in Excel when doing a line of best fit
[......]. It can give you a very loose exponential line that goes below
the axis, which I’'m not sure how to fix up. In previous IAs | have

had them print it with no trend line and draw it in by hand. My
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skills are perhaps missing there. | don’t know what sort of trend
line to add sometimes and it is an interesting problem, in itself,
whether to make it linear or polynomial. Even though | had been a
researcher, I’'m not really sure how you go about that choosing
which one. It’s hard for me to communicate that to the kids. Kerri

(after)

Like Morgan, Kerri was unclear about error analysis and uncertainties in the 2016
IA. Despite his strong scientific background, he lacked confidence in advising students
about choosing appropriate trend-lines for graphs when using Excel software. Although
Kerri’s concerns were valid, they were not unique to the 2016 IA, as they also applied to
the 2009 IA. Kerri’s low self-efficacy with parts of the 2016 IA ‘A’ criterion was not
reconciled in the short-term, as it was for Morgan. Andrew, on the other hand, was
unclear about the extent of statistical analysis that could be carried out in the, A criterion.

As he explained;

I’m trying to understand with the processing of the results sort of
how much more they are expecting than in the old IA. But [...]
concerns about how much more statistical analysis. So those were

some concerns. Andrew (after)
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Andrew’s concerns about statistical analysis, however, appeared to be adequately
addressed by the moderators at the cluster meeting. Once again, it appeared Andrew’s
self-efficacy was enhanced by the verbal/social persuasion of IB moderators, who clarified

the IB’s stance on using statistical analysis. As he explained;

They were also talking about how the stronger IAs this time round,
they are sort of taking the IAs slightly further, even more towards
a mini Extended Essay (EE), [....].utilising where they can some
statistical analysis of the results, which in the previous IA you
would want to get enough data that you could calculate the
standard deviation and put that on the graph. Here, they want
that as well, but if you’re also able to look at doing t-tests if
appropriate, then do that as well. It’s not compulsory. It really
depends on the study that they’re doing and the data they’re
getting. But yeah, if relevant they really should do it. Andrew

(after)

PCT 4: Coping with time constraints

Both Andrew and Kerri explained that time constraints were problematic,
irrespective of the IA protocol utilised. Morgan, however, did not raise the issue of time
constraints presumably because she had a small class of only six students. Andrew,

however, had a much larger class of twenty-five, as did Kerri, who had eighteen students.
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Andrew believed his intermittent class absences due to various administrative
responsibilities, regularly disrupted the students’ learning and hindered his marking
efficiency. Moreover, he believed his students would benefit from undertaking multiple
formative IA practical report write-ups, but time constraints made this idea impossible to

achieve. As Andrew explained;

One challenge is the other part of my job as a coordinator. At
times | have been away from class. So at times that’s been
disruptive. Trying to provide more opportunities for them to do
write-ups is difficult with the time available and getting IAs

marked and back to the students in a timely manner. Andrew

(prior)

Kerri acknowledged the powerful formative learning outcomes often associated
with post-practical student discussions of open-inquiry, but continued to prioritise

teaching theoretical content due to time constraints. As he explained;

I don’t very often at all follow up the practical lesson with a lesson
about what was that about and | think that is largely this is a very
jam-packed theory curriculum driving me. The day after a
practical, it might be worth spending time looking at how could we
have done that better and | can see that would teach them a lot
about doing practicals, but | don’t take the time. It feels like nearly
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every lesson we do a different part of the course and it’s really a

lot of theory. Kerri (after)

As illustrated by Kerri’s comments here, the decision to forgo post-practical
discussions, in order to continue teaching scientific content often occurs when teaching
curricula comprising high-stakes examinations. Wallace et al. (2004) found that teachers
may hold competing beliefs about what is best for their students learning when high-
stakes examinations are involved. When high-stakes examinations are coupled with
other contextual factors, such as time constraints and content-laden curricula,
implementation of authentic scientific inquiry can be mediated. Consequently, students
can often miss out on valuable learning opportunities such as investigative practical work.
The view that contextual factors can impede successful curriculum reform enactment has
been raised by several other contemporary researchers (e.g. Deiner et al., 2012; Tang,

2010).

PCT 5: Selecting topics for 2016 IA Research

Prior to the summative IA, Morgan acknowledged her low self-efficacy in helping students
select research topics. During her first interview, Morgan reflected upon her past
teaching experiences and suggested using a PMI (Pluses, Minuses & Interesting points)

process to help students choose research topics. As she explained;

I’m a bit nervous about that one [IA topic selection]. | guess we’re
going to have to do some, maybe the sort of, same kind of ideas
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that we do with the research project [i.e. SACE Research Project]
when you’re trying to pick your project for that, where you do the

little boxes with the diagrams, the pluses and minuses. Morgan

(prior)

The following interview excerpt clearly illustrates that Kerri also experienced low

self-efficacy with research topic choice:

We [Biology Faculty] probably had a list of twenty five different
ideas or something like that. We do have a list of possible
practicals and we tick them off. Students supposedly choose the
one they are most interested in and then that’s it, so each kid does
something different. So at least we feel like we’re sort of achieving
some differentiation there - maybe some personal engagement.
Some students came to me and it was a bit disappointing. | tried
to get a couple of associations. Maybe they could spend some time
in a lab at a university. Maybe this wild IA in genetics or behaviour
or something might be achievable, but basically in no case did it
eventuate. | did have a couple of those more engaged students
feeling a little less than happy working with something on a list
and looking at potato cores or something [...] and we weren’t

really able to offer it. And whether that’s the school’s fault or it
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was expected that a student would use their own resources to set
up everything, | don’t know, but | think the ambitions of the IB
were not realised, in that situation. We overall, as a college, sort of
find that really hard to get the creativity really high without

actually telling them what to do. Kerri (after)

Both Kerri and Morgan were challenged by the issue of students choosing their
research topics. Like Morgan, Kerri acknowledged that topic choice was constrained by
the school’s available resources. Both teachers predicted limited resources could impede
personal engagement. Kerri’s large class size required a higher number of engaging
research topics to be organised compared to Morgan’s class. Kerri’s initial idea of
contacting a nearby university, so students had a greater likelihood of pursuing their
personal research interests, was not successful. Consequently, Kerri provided students
with a list from which to choose topics. The advantage of this latter idea was that Kerri
knew the experiments could all be undertaken at school, during school hours, with
adequate resource availability. However, the disadvantage of the teacher-generated list

was that some students were not enthusiastic about the listed research topics.

Morgan used a very different approach to topic selection than Kerri. Following
implementation of the investigative phase of the IA, Morgan solved the problem of

facilitating research topic choices with her students. As she explained;
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We spent a couple of lessons actually brainstorming topics and
then making very sure that they were all separate [different] from
each other. So we had six students in the class and it ended up two
doing seeds, but with different factors. One did yeast, one did
catalase, one did human exercise and one did fruits, so they were
all quite different from one another. One of the students is really
into sports, so he was, straight away, “I’ll do something with
sports” and then the ones who did seed stuff [plant experiments]
were a bit more, “ah, | don’t know what to do.” Then | would say,
“Well, you’re doing seeds, so find some way that seeds are
relevant to you.” But they both actually managed to find a decent
spin on it for ‘personal engagement’. One of them related it to his
own garden, where he grows plants at home, looking at efficiency

of watering, so | thought it was fine. Morgan (after)

Morgan explained that most students required minimal help when choosing
research topics and concluded that topic selection was easier than she had originally
expected. Furthermore, by allowing students to play a more central role in facilitating
their own topic choices, Morgan enhanced her self-efficacy with respect to research topic

choice.
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Although Kerri genuinely tried to resolve the research topic issue, his approach did
not appear to increase his self-efficacy as significantly as Morgan’s approach. Kerri’s
approach to topic choice was more teacher-centred than Morgan’s and therefore some
of Kerri’s students may have felt disengaged with their research topic, because they had
little say in choosing topics they wanted to pursue. Morgan’s use of a more student-
centred, social constructivist approach in which she acted as a facilitator, is widely
recognised by many researchers as effective pedagogical practice (Conner, 2014; Garbett,
2011; Lew, 2010). It can be speculated that overall, Morgan’s students were more
satisfied with their research topics than Kerri’s, since they probably believed they had
more choice. It is likely that when students exercise more control in their learning, such as
research topic choice, they may be able to more validly justify their personal engagement

with the research topic — a key assessment criterion in the 2016 IA protocol.

PCT 6: Managing the open-inquiry investigation of the 2016 IA

Morgan’s low self-efficacy was probably influenced by a past negative experience
involving the 2009 IA beetroot pigment leaching investigation (refer to section 4.3.2.2,
2009 IA Inhibitor ¢ — Difficulties in implementing open-inquiry investigations) and the
moderator feedback she received about it. Morgan’s problems centred on the students’
use of large sample sizes, shortages of apparatus and challenges related to using live
tissue. Her low self-efficacy when managing the 2016 IA investigation is clearly explained

in the following quote:
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It makes me worry about the new protocol, how much logistically
it was difficult when they all had to do so many samples and if they
all have to do something different. | actually got a comment on my
moderation [2009 1A]; “Was this really 5 hours?” | was like, it was

really more like ten! Morgan (prior)

Prior to the 2016 IA, Morgan appeared uncertain about how to allocate time to
the summative investigation and report write-up. The IBDP Biology guide (IBO, 2014)
specifies that “ten hours of teaching time” (p. 149) should be allocated to the IA. Morgan
was frustrated by the IB’s imprecise details about how the ten hours would be utilised for
the specific phases of the summative IA. The time allocation issue was not resolved at the
2016 IA, IBDP Group 4 workshop and therefore Morgan devised her own solution. As she

explained;

| went to a workshop and everybody was saying, “Well, is it ten
hours of classroom time, is it ten hours of total time, is it ten hours
of instruction time?” Well they [workshop attendees] kind of all
agreed that it was ten hours of classroom time, but whether that
was actual time to work on it [IA investigation experiment and
practical report write-up] themselves [students] or intensive
instruction, wasn’t really clear. It should take approximately ten

hours. | can’t remember the wording exactly and that’s why we
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had this huge debate [at workshop]. I think when we spend time
actually designing the practicals, | think some of those ten hours
are going to have to be doing research in class and asking me what

is ok and what isn’t. Morgan (prior)

After IA implementation, Morgan explained that she initially allocated just over
ten hours of class time for students to plan, research and carry out the practical
component and discovered that report write-ups generally required over ten hours of
class time. She accepted it was difficult to precisely specify time allocation, due to the

unique nature of each student’s investigation. As Morgan explained;

So probably the class time, the ten hours [...] | also in that block |
gave them some time going on with their research, [..] so they
could ask me for advice at the start and a lot of them did their
data collection outside of those hours. For example, the plants;
they [students] had to water them daily, but that was only five
minutes a day. One of the boys did exercises [...] in his own time.
It’s hard to make it be ten hours exactly for every student when
they’re all different. | think maybe ten hours of classroom time |...]

it’s going to be more than that for the students. Morgan (after)
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Morgan’s time management approach appeared more flexible than Kerri’s. Kerri
found it challenging to assist his large class of students who simultaneously implemented

eighteen different IA investigations over a series of lessons. As he explained;

With the individual personal engagement aspect and our attempts
to individualise the student’s practical work this year in the new
[2016 IA] course [...] put a massive load on me. | do feel
responsible for them at least getting some data and so | was faced
with eighteen students in the class, for say two to three periods in
a row and nearly every student had different problems they faced

with the ongoing experiment and collection of data. Kerri (after)

The tension that Kerri endured during the investigative phase of the IA was
audible in the intonations of his speech during his interview, when he recounted the
“massive load” involved in trouble-shooting experimental issues. Part of this stress was
evidently due to his desire to ensure that technical problems were resolved and that all
students had sufficient experimental data for analysis — another example of Kerri’s

apparent rationalist epistemological stance.

It seemed that Kerri’s approach to managing the IA investigation was that all
students had to complete the investigation by the end of three lessons. If this was the
case, then Kerri would have understandably been under immense pressure to ensure
technical problems and issues relating to the students’ data collection were minimised, so
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experiments did not need to be repeated. Furthermore, the requirement of the 2016 IA,
that students conduct highly diverse, individualised experiments and that eighteen
experiments occurred simultaneously in his class, would have significantly added to

Kerri’s tension during the investigation.

When Morgan was asked about whether she spent much one-on-one time with

the students during the experimental phase of the summative IA, she confidently stated:

Not really, because when they were doing some in lesson time,
there were multiple kids doing stuff at the same time and the ones
who weren’t were just watering plants every day, | didn’t need to
help them much with that. They were pretty independent. Morgan

(after)

PCT 7: Deciding on depth of practical report

Before implementing the summative IA, both Andrew and Morgan shared concerns about

the depth required in the practical report write-up, as follows:

I mean what we are looking at is sort of half-way in between the
EE™ [Extended Essay] and the old [2009 |A] practical report

maybe. The exemplars [sample 2016 IA practical reports viewed at

" The Extended Essay is a compulsory, independent 4000 word essay which all IBDP students have to
complete as part of a core assessment requirement for the Diploma Program (IBO, 2017).
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IB workshop] seemed like a smaller thing than what everybody
was thinking. It was confusing and a bit worrying [. ...... ] can’t be
that much larger than a really decent old formative practical, |
guess. The exemplars, to me seemed like a meaty [detailed] old

syllabus practical. Morgan (prior)

IAs [2016 |A reports], I've heard and | can understand, are often
thought to be mini EEs. The presenter that we had was trying to
allay our fears about that. But it is becoming even more of a
detailed research report along the lines of an Extended Essay. |
think most people were getting the impression that the one IA [in
2016 curriculum] was expected to perhaps be more detailed than,

the previous [2009 IA] IA. Andrew (prior)

Morgan was not sufficiently reassured of the depth requirements for the
summative IA report at the IB workshop. Her self-efficacy appeared low prior to
implementing the 2016 IA. Morgan and Andrew both predicted, prior to the IB’s IA
workshops, that the 2016 IA practical reports would be less detailed than Extended
Essays, but more detailed than the 2009 IA reports. After the IB workshop, both teachers

concluded that the IA workshop exemplars were not as detailed as they had expected.
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Morgan'’s self-efficacy was, however, greater after implementing the 2016 IA. As

she explained;

I think I did quite well in helping them come up with the scope and
size of their practical. | guess we’ll find out when they come back
from the moderator. | think when we [Morgan and researcher]
talked last time, | said that | felt like it just needed to be like a
beefed-up™ old IA, and I think that’s sort of about the level that

they all go to. Morgan (after)

Unlike Morgan, Andrew’s low self-efficacy concerning depth requirements for
practical reports, persisted over the long-term. He learned at the school cluster meeting
(attended by moderators) that the 2016 IA was broader and deeper than the 2009 IA

version. As Andrew explained;

In that old [2009 |A] system you had each of these sections, it was
marked zero to two. And here [2016 |A), you’ve got sections that
are now marked up to six marks, that they’re [moderators] saying
for students who are looking at getting those sixes [six marks],
then, they are looking at it being broader and deeper than the old

IAs. Andrew (after)

= “beefed-up” — slang term that refers to being ‘more detailed’

243



Andrew explained that discussions with several Group 4 IBDP subject teachers and
moderators within different contexts, such as formal IBDP Biology workshops, local
school cluster meetings and his own school, were professionally enlightening. Andrew’s
perception following these discussions was that there was an apparent lack of
transparency by the IBO concerning IA requirements. According to Andrew, Group 4 IBDP
science teachers were not privy to the same assessment information as moderators.
Furthermore, Andrew remarked that the IBO provides teachers with less specific detail

about assessment compared to the moderators. As he explained;

So the other concern, query, was about the extra depth that they
[moderators] were looking for. That was sort of being implied, but

at times not explicit.

This was a criticism that a number of people teaching IB Group 4
subjects have had [....]Jthat the IB will put out guidelines and
information and yet information that goes to the moderators, or is
given to them, the moderators are specifically told, “This is not for
publication. This is not for passing down the chain.” And it’s secret
squirrel stuff that really annoys and frustrates... So it’s not just how
| feel in Biology, it’s about Chemistry teachers and Physics teachers
saying, “Okay, well we mark based on our understandings,” but

then there seems to be this something else that happens amongst
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the moderators, and information isn’t quite clearly given back why
they operate in that way. That’s my gut feeling on it. Andrew

(after)

Andrew’s perceptions about IA assessment raise serious concerns about
assessment transparency within the IBDP Group 4 |IA protocol and its potential impact on

academic fairness in relation to students’ grades.

PCT 8: Learning a new mark-scheme

Morgan intended on using the 2016 IA rubric to assess formative practical reports early
on in the first year of the program in Year 11. However, she decided at this point in time
that her students would find the number of rubric criteria in the 2016 IA mark-scheme
difficult to work with. To solve this problem, Morgan tried to create her own 2009/2016
IA hybrid rubric to introduce the students to the 2016 IA mark-scheme, but found
modifying the rubric was too difficult. Consequently, she delayed using the 2016 IA rubric
for formative assessment purposes with her Year 11 class until later in Term 4. Morgan
justified using the 2009 IA rubric for most of the first year of the 2016 IBDP Biology
curriculum, because it seemed she found it easier to use and also believed that it would
be less threatening to her students. It can be speculated that Morgan’s initial reluctance
to use the 2016 IA rubric, illustrates her lack of confidence in adapting to the new IA
scheme. This is understandable given her status as an ECT with limited teaching

experience. As she explained;
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| thought the new [2016 |IA] mark-scheme was a bit overwhelming
for just a formative practical, like with all [five] of those different
criteria and | thought, | just | don’t think the class I’'ve got is a super
strong class and | didn’t want to, [....] terrify them too much
[laughs], because they are a bit terrified about their test scores. |
thought if we can build up to it, if | give them a few goes on the
simpler rubric [2009 IA, with three criteria] and make sure that
they’re doing everything there, then we can build up to the new

one. Morgan (prior)

By the end of the first year, Morgan had gained a better understanding of the
2016 IA rubric, having trialled it on a few occasions with her class. Once again, successful

‘mastery’ experience appeared to improve self-efficacy. As Morgan explained;

I actually think they’re [criteria] quite well set out. | do think it’s

easier to use the scheme [2016 IA]. Morgan (after)

Kerri was concerned that the 2016 |A marking process would be more subjective
than the 2009 |A process, due to the former IA’s broader mark-scheme that applied to

most assessment criteria. As he explained;
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I think perhaps as soon as you go to more than 3 or 4 or 5 or 6
[3,4,5 or 6 maximum marks within a mark band], I think it’s going
to become more subjective. It [2009 1A] is probably going to be
easier to agree on, than a 4, 5, 6 level of system, but | am really yet

to find out. Kerri (after)

Despite being the most experienced teacher participant in the current study, in
terms of years of teaching, Kerri was the least familiar with the 2016 IA marking scheme.
Kerri did, however, appear highly efficacious in his capacity to assess the |A practical
reports, even though he had not attended formal IB PD in the new scheme. Additionally,
he believed that he would overcome his IA assessment knowledge deficiencies by
collaborating with his colleague. Kerri’s perception was that he would develop
assessment competency through observing and collaborating with his peer — another
example of a vicarious self-efficacy source. Kerri’s high self-efficacy in relation to IA

assessment is evident as follows:

They [summative |A practical report write-ups] might take three
quarters of an hour to an hour each or something. These first few
will be much longer [...] because that’s exactly what we’ll do |[....]

nut out the scheme. Kerri (after)
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PCT 9: Applying Communication (C) criterion to English as a Second Language students

The new ‘communication’ (C) criterion created an ethical dilemma in terms of formative
feedback given on ESL students’ rough drafts. Prior to IA implementation, Morgan was
deeply concerned about one of her ESL student’s grammatical difficulties and how

extended written explanations might disadvantage his IA practical report grade. As she

explained,

Two of them have very good English, but one of them, his English is
just really bad. I think that probably with report writing it’s one of
the things that he’s got a better chance of sneaking it through,
because it’s so regimented and structured and even if his English
isn’t that good and he can get the ideas across, and he has met all
of the points, then it’s probably ok [ .....] but I’'m a bit concerned
when he has to do longer writing in the report that will be hard for

him. Morgan (prior)

ESL students constituted fifty percent of Morgan’s class and so her apprehension
regarding how best to manage assessing the ESL students’ reports appeared valid. The C
criterion requires that |IA reports are well-structured, clear and concisely presented. As

Morgan explained;

| think the Communication one [C criterion], it’s going to
disadvantage ESL students, whereas before [2009 |A], it was, if you
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have the science right, then it didn’t matter if your English was
broken, but now it might actually pull them down on those marks.

Morgan (prior)

Morgan initially lacked confidence in determining the extent of formative
feedback she was permitted to give to her ESL students in their 2016 IA practical reports.
Her overriding uneasiness about academic fairness prompted her to seek advice from the

IB coordinator at her school. As Morgan explained;

He’s [ESL student] a native Chinese speaker and his English is just
appalling and | was trying to read, | was trying to draft it for the
content and | couldn’t even read it. The English was just so bad, |
couldn’t even begin to look at the science [....] and so | said, “Look,
what | do in this situation, because I’'ve been told one full draft?”
He [IB Coordinator at Morgan’s school] said in the past he’s had
feedback where there was a student who, his work was clearly
good work, but the English let it down and the feedback from the
moderator said, “Why wasn’t this clearly ESL student given more
guidance on the English?” So, he said, “Absolutely, help [him with
the] English.” | actually went through it once just to get the English
in order without changing the content at all and then I actually

went through it again looking for the science which | thought, am |
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allowed to do this? He said, “Absolutely’, because they [Morgan’s
school) have been told off [warned by the IBO] about it before.

Morgan (after)

In other contexts, Morgan had displayed a patently strong commitment to
ensuring that the IB guidelines were rigidly followed. However, she recognised that in this
situation, her ESL student would be academically disadvantaged if she strictly enacted the
IB’s IA guidelines. Yung’s (2006) study showed that when Biology teachers were faced
with the complexity of both teaching and assessing high-stakes tasks, their competing
belief paradigms (assessor vs teacher) can create tension which affects their pedagogical

approach.

Morgan’s question, “Look, what do | do in this situation, because I’'ve been told,
one full draft?” indicates that she was undoubtedly struggling to manage her dual roles of
assessor and teacher at the time. By accessing her IB coordinator’s advice, however,
Morgan advanced her understanding of how to apply the IB guidelines to ESL students.
Morgan learned that the IB phrase, “one full draft” could be flexibly interpreted. By
correcting the ESL student’s grammar before formatively assessing the scientific
component of the IA draft, Morgan achieved two important goals. Firstly, she facilitated
the necessary support the ESL student required from a learning perspective. Secondly,
she assisted her student knowing that the IB guidelines were not contravened. Morgan’s

teaching role in this situation predominated over her assessor role. It is likely that
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Morgan’s handling of the ESL student’s formative feedback was pedagogically

transformative for her.

In Morgan’s case, verbal/social persuasion by her IB coordinator played a key role
in increasing her self-efficacy when assessing ESL students’ IA reports. This finding is
supported by Milner and Woolfolk Hoy’s (2003) study whereby verbal/social persuasion
played a significant role in enhancing self-efficacy amongst ECTs until mastery was

achieved.

PCT 10: Providing one opportunity for a summative IA

Morgan was the only teacher who did not support the ‘one-only’ IA requirement of the
2016 IA protocol. This view is manifest in the following statement she made during an

interview before implementing the 2016 IA:

I am a little bit concerned about the new model, that it’s one
practical. | don’t really like it just being just one practical. Because
if that one practical is a failure, then there is twenty percent of

their mark. Morgan (prior)

After having implemented the 2016 |IA, Morgan indicated that she was still

unconvinced of the IB’s stipulation of one IA. As she explained;

I still would prefer if they had a smaller one and more, or even if

they had two, that were each smaller, because there’s a lot riding
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on that one. | mean, like the boy who just his first run
(experiments) at it completely didn’t work, | mean he got another
go. And | guess you take into account that it’s their one and only
and maybe it’s not as strict [as in the case of the 2009 IA with
more than one opportunity to complete an IA]. / still think twenty

percent is a lot for it. Morgan (after)
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Chapter 5: Conclusion

The current multiple case study presents in-depth accounts of three, Biology teachers’
experiences in response to recent assessment reform in the IA practical component of the
2016 IBDP Biology curriculum. This research provides an understanding of the unique
professional issues faced by these Biology teachers within Australian schools when
implementing pedagogical strategies designed to develop student understanding of
practical report writing for the high-stakes summative internal assessment (IA). This
chapter briefly revisits the research purpose, summarises the key findings, presents the

limitations of the study and finally provides suggestions for future research.

5.1 Revisiting the Research Purpose

The current research addressed two main research questions:

1. What pedagogical strategies are IBDP Biology teachers implementing to develop
students’ understanding of how to write effective practical reports in preparation for the

internal assessment (IA)?

2. What are IBDP Biology teachers’ perceptions concerning the introduction of the new

2016 IA protocol in practical work?
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5.2 Summary of Key Findings
This section presents the key findings according to the themes that formed the basis of

the two research questions in this study:

1) Pedagogical strategies utilised in implementing the internal assessment (IA).

2) Teachers’ perceptions of the 2016 internal assessment (IA) in IBDP Biology.

5.2.1 Theme 1: Pedagogical Strategies.

The teachers in this study ensured that the assessment criteria were clearly explained to
students before implementing the summative IA. Furthermore, teachers perceived that
student learning benefitted from regular participation in a variety of formative practical

tasks such as confirmatory, structured- and open-inquiry investigations.

A key finding of this research was that the pedagogical approaches utilised by
teachers to assist students with writing practical reports were primarily transmissive and
teacher-centred. There was little evidence to suggest that teachers utilised a wide range
of student-centred, constructivist approaches following experimental investigations such
as those involving self and peer assessment techniques to review formatively assessed
practical reports. All three teachers did, however, encourage students to collaborate in
small groups during the experimental phase of formative practical investigations —a
practice that is supportive of social constructivist principles. Additionally, the teachers did

not report using contemporary pedagogies that incorporated scientific explanatory
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reasoning models, argumentation techniques or strategies designed to develop student
metacognition. It is probable that the teachers were neither aware of, nor skilled to

instruct students using the aforementioned pedagogies.

The teachers reported that they used pedagogies which facilitated the procedural
elements of scientific inquiry and involved the production of scientific evidence.
Pedagogical strategies that focused on developing the students’ lower-order cognitive
abilities such as observational skills, attending to technical aspects of investigations and
acquiring mathematical and ICT understandings of data, were commonplace practices

amongst teacher participants.

Four scaffolding tools were used by teachers to help students improve their
practical report writing skills: (1) partial report writing; (2) authentic, moderator-assessed
student exemplar IA reports; (3) scaffolding checklists and (4) formatting tables. Partial
report writing and teacher and/or moderator-assessed exemplar practical reports were
frequently utilised by the teachers, albeit in diverse ways and in some cases, for different

purposes.

Teachers primarily used a range of planned formative feedback strategies and
believed that when regularly used they improved the students’ practical report writing
skills. The most common formative feedback strategies implemented by teachers
included writing comments and/or marks indicators in practical reports, face-to-face mini-

conferences with individual students and whole class discussions.
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5.2.2 Theme 2: Perceptions of IA Reform

5.2.2.1 Enabling and Inhibiting Factors — Comparing the 2009 and 2016 IA Protocols

Enablers

Overall, teachers supported the 2016 IA’s broader mark-bands for all assessment criteria,
except for ‘personal engagement’ (PE). Teachers perceived that the broader mark-bands
increased assessment validity by making it easier for them to differentiate between
students’ cognitive abilities. The teachers were supportive of most of the 2016 IA rubric
criteria and especially favoured the newly introduced PE criterion. Two teachers verified
their support of the 2016 IBDP Biology curriculum’s single IA requirement, because less
work was required by them in terms of planning, implementing and assessing for
summative purposes. However, all three teachers agreed that the 2009 IA guideline of
submitting the equivalent of two IAs for summative assessment was more academically

just for students than the 2016 IA protocol.

Inhibitors
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In the lead-up to implementing the 2016 IA, the teachers were generally unclear of how
to accurately interpret and assess the PE criterion. Additionally, teachers lacked clarity
concerning the allocation of class time to the IA and the depth required in practical
reports. Two teachers were initially apprehensive about both the ‘communication’ (C)
and ‘analysis’ (A) criteria, although their concerns diminished upon completion of the
summative IA process. Only one teacher disagreed with the IBO’s ‘one-only’ summative
practical report guideline for the 2016 IA. All three teachers perceived that the (0-2)
mark-band used to assess the 2009 |A criteria was ineffective in accurately differentiating

between their students’ cognitive capabilities.

5.2.2.2 Role of Professional Development

Teacher participants engaged in a variety of both formal (IB and/or school-initiated) and
informal (self-initiated by teacher) PD experiences to develop their understanding of 2016
IA curriculum reform initiatives. Two formal PD modes were identified: (1) IBDP Group 4
conference workshops and (2) school-based professional learning communities (PLCs).
Three informal PD modes were identified: (1) ad-hoc school-based collaboration and/or
mentoring sessions with IBDP science colleagues; (2) OCC website and (3) off-campus

school cluster meetings with other teachers and IB moderators from nearby schools.

Teachers perceived that each PD mode had its own unique benefits and
constraints. For example, the teachers acknowledged that the IBDP Group 4 IA workshops
provided valuable opportunities to share their ideas of IA assessment with workshop
leaders and other teachers. Not all teachers’ concerns about the IA appeared to be

adequately addressed at formal IB workshops. The one-off nature and limited time of IB

257



workshops often resulted in teachers seeking additional expert advice from other
sources. For example, the teacher participants found that mentoring by more
experienced ‘expert’ teachers within their own schools was particularly effective, as it
was easily accessible during working hours, highly applicable to their local school context

and could be sustained long-term.

Significant differences existed between the type, range, accessibility and uptake of
non-mandatory PD by teachers. Non-mandatory PD was primarily influenced by personal
and school-based contextual factors. Teachers sometimes perceived that the advice
provided by their professional networks concerning the 2016 IA at formal IBDP workshops
was not always reliable. Furthermore, in some circumstances, teachers perceived that the
IBO lacked transparency with respect to some elements of the 2016 IA protocol. In other
situations, teachers had either purposefully chosen not to take up, or were unable to
access both formal and informal PD activities. In either case, it appeared that teachers
missed out on valuable learning opportunities to deepen their understanding of the IA

process.

5.2.2.3 Teacher Self-Efficacy

Despite the teacher participants’ extensive academic qualifications and access to several
different PD modes, they all admitted to experiencing periods of low self-efficacy whilst
planning, implementing and assessing some aspects of the 2016 |A. Low self-efficacy in
the current study appeared to be independent of gender, age, teaching experience, type

of PD undertaken and school context.

258



The current study identified ten different Pedagogical Challenge Types (PCTs) in
relation to the 2016 IA. These PCTs were experienced by teachers over either a short- or
long-term duration. Four PCTs were correlated with a significant decrease in the teachers’
self-efficacy over the long-term: (1) understanding the nature and extent of formative
feedback for summative IA reports; (2) interpreting and allocating marks to the PE

criterion; (3) interpreting data analysis and (4) coping with time-constraints.

It is professionally worrying that teachers experienced low self-efficacy within four
areas of the 2016 |A protocol during a prolonged period. Ryder (2015) pointed out that
failure of curriculum reform enactment cannot be solely attributed to teachers’ personal
characteristics. For example, challenges, accompanying curriculum reform often include
school-based contextual factors, such as limited time, large class sizes, a busy teacher
work schedule and teacher accountability pressures imposed by meeting the
requirements of a content-laden, high-stakes curriculum. Such contextual factors may
explain why time constraints posed significant challenges for two teachers in this study
over the long-term. Furthermore, it is also possible that pre-service training and in-service
PD did not appear to adequately prepare teacher participants to meet the pedagogical
and assessment literacy demands associated with teaching the academically rigorous
IBDP Biology curriculum. Alternatively, teachers may have missed out on valuable PD
training that may have provided the information needed to effectively address their

pedagogical challenges.
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The teachers’ struggles with the nature and extent of formative feedback may
have also been attributed to their own competing belief systems. For example, in this
study it appeared that at least one teacher, Morgan, allowed her assessor role to
predominate over her teaching role through rigid enactment of the IA assessment
guidelines in an attempt to maintain academic fairness. As a consequence of prioritising
the assessor role, Morgan’s use of a restricted range of scaffolding strategies may have
mediated rather than promoted her students’ deeper understanding of practical report
writing particularly during the first year of the IBDP Biology programme. However, the
current study revealed that formal assessment guidelines may be flexibly interpreted. For
example, Morgan’s discovery that she could legitimately correct an ESL student’s

grammar in a summative |A report without breaching IB guidelines, is a case in point.

Teachers did not always swiftly resolve the pedagogical challenge types (PCTs)
they encountered when implementing the IA. For example, there were several situations
in which teachers held inaccurate or at best, partially-accurate understandings of some
elements of the |A over several months. In some cases teachers completely
misinterpreted the IB’s intent of IA criteria outlined at IBDP Group 4 IA workshops and/or
accepted inaccurate hearsay advice from their teaching colleagues. Additionally, teachers
also relied on prior experiences with the 2009 IA to guide their understanding of the 2016
IA. Although past professional experiences can often be extremely useful in bolstering a
teacher’s confidence in relation to assessment reform, the current study revealed that

this did not always occur.

260



Overall, this study found that high teaching self-efficacy appeared to be related to
the extent to which teachers were able to accurately interpret and implement the IA
rubric assessment criteria during both the formative and summative phases of practical
work. Furthermore, the teachers’ ability to research, utilise and provide a variety of
effective formative feedback strategies, proactively seek accurate professional
advice/training concerning the IA protocol from the IBO and experienced IBDP colleagues
both within and outside of their own schools before the students implemented the
summative IA were key factors in promoting high teacher self-efficacy. Low teacher self-
efficacy appeared to be linked to the Biology teachers’ misinterpretations of some of the
IA assessment descriptors within the assessment criteria, and the nature and extent of
formative feedback allowed to be provided to students when assessing summative IA
reports. The IBDP Biology teachers in the current study have cited factors such as a lack of
transparency with respect to some |IA assessment criteria descriptors, as well as
insufficient and/or ineffective professional development ( both formal {IB & non-IB} and
informal {IB & non-IB}) as contributing to low teacher self-efficacy whilst implementing
the new protocol. Furthermore, personal factors, such as teachers being unfamiliar with
the nuances of the new IA, the extent to which they strictly adhered to IB assessment
guidelines and personal/ professional time-constraints, also reduced teacher self-efficacy

when implementing the reformed 2016 IA.
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5.3 Limitations

Three limitations were identified as being particularly important in relation to the
interpretation of this study’s results. Firstly, the current study’s transferability to other
school contexts was limited due to a small sample size of three teacher participants. In
order to counteract some of the perceived disadvantages associated with a small study
sample, stratification was used to ensure that important population elements, such as
age, gender, teaching experience and school context (i.e. public vs independent, single-
sex vs co-educational) were represented. Secondly, although triangulation was achieved
through semi-structured interviews, some member-check email correspondence and a
small number of formatively assessed practical reports, there was still a heavy reliance
upon interview data. The third limitation involved the timing of interviews. Due to
logistical reasons, | was unable to interview one of the participants before he
implemented the summative 2016 IA. Consequently, data obtained from the third
participant’s (i.e. Kerry) recount of the pre-implementation phase was considerably
retrospective, as it was collected much later after he had implemented the IA with his
class. The two other participants’ recounts, however, occurred during the pre-

implementation phase and reflected a more recent recount.
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5.4 Implications and Recommendations

5.4.1 Educational Practice

Three key recommendations in educational practice have been proposed in light of the
current research, with the view of improving IBDP Biology students’ understanding of
written practical reports in preparation for the summative internal assessment (lA). In
developing these recommendations due consideration was attributed to the unique and
often complex needs of IBDP Biology teachers who recently implemented, or who may
potentially implement the 2016 IBDP Biology IA in the future. Embracement of these
recommendations depends upon the unique pedagogical orientations of teachers,
diversity of the student cohort and school context. Consequently, it is important to
acknowledge that several different professional approaches could be employed to assist

teachers to effectively implement the IA.

The first key recommendation emerging from the findings of the current study is
that both the IBO and IBDP schools may need to consider how to further enhance
transparency in relation to the interpretation and assessment of the IA criteria in Group 4
pure science subjects. For example, the current study’s finding that all three teacher
participants misinterpreted the PE criterion in a similar way was both unusual and

professionally concerning.

The second key recommendation is that IBDP Biology teachers undergo specialist
training in contemporary pedagogies that more closely align with the epistemological and

constructivist principles of IBDP Biology programme. Although the IBO currently offers
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professional development (PD) for Group 4 IBDP teachers desiring to become IA
workshop leaders and moderators, it does not offer pedagogical training. Schools
therefore, may need to play a more central role in both advocating and encouraging PD in

contemporary science pedagogies.

The third key recommendation is that schools should provide enriched
professional support so that Group 4 IBDP teachers are better able to identify and resolve
challenging issues especially prior to and during IA implementation. For example, schools
could assist science teachers by appointing a school-based staff member with Group 4 IA
expertise. Ideally, this ‘Group 4 expert’ would have up-to-date IBO recognised training
and experience as a Group 4 IA moderator and/or IBO workshop leader. The Group 4
expert could establish an audit of pedagogical and assessment challenges identified by
teachers. Additionally, the expert could facilitate connections with off-campus IB
moderators to help teachers promptly and effectively resolve challenging issues within
the curriculum. Additionally, a regional Group 4 expert could be appointed to a cluster of
schools with small faculties. Group 4 experts could also organise targeted, sustained PD
for teachers, particularly during assessment reform periods in order to enhance teacher

self-efficacy when delivering new curriculum programmes.

Moreover, every effort should be made to ensure teachers can readily access help
from Group 4 experts on an ‘as needs’ basis, preferably in a face-to-face or digital format.
Although IBDP Biology online |IA workshops are already available for teachers to engage

with, IB conferences could be made accessible by Skype in real time or via webinars on

264



the OCC website to encourage more teachers to keep abreast of curriculum innovations
and common challenges. Additionally, Group 4 1A experts could establish a locally-based
professional learning community (PLC) by holding regular meetings to address common
assessment challenges, share best pedagogical practice, examine student learning and
engage in informal internal moderation within pure science subjects. Sustained
professional support through the establishment of regular PLC meetings for teachers may
assist in raising the awareness of online resources (e.g. IB training programmes and social
media networks) and encouraging collaborative working relationships within the Group 4

science teaching community.

The success associated with implementing these aforementioned
recommendations would ultimately depend on school contexts and staff training needs. If
successful, such approaches could minimise the extent to which misinterpretations about
curriculum and assessment requirements filter through from the IBO to teachers and
from teachers to students, thus maintaining the intended integrity of the curriculum

reform.

5.4.2 Future Research

The present study focuses on IBDP Biology teachers in high socio-economic, Australian
schools. Future research could, therefore, involve examining alternative geographic or
socio-economic school contexts. Additionally, new research could also explore the
perceptions and pedagogical strategies of teachers implementing the 2016 IA in IBDP

Chemistry and Physics. The findings from studies involving IBDP Chemistry and Physics
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could help determine whether the issues highlighted in the present research resonate

with other Group 4 IBDP science teachers.

This research utilised a qualitative, multiple case study approach with a small
sample of teachers. Data was primarily collected from teachers’ self-reports during a
limited number of semi-structured interviews on two separate occasions.*® Future
research could, therefore, incorporate additional data collection instruments such as
classroom observations by non-participant researchers and the analysis of students’
formatively assessed IA practical reports. Classroom observations would enable
researcher/s to verify first-hand, not only the pedagogical strategies teachers use, but
also how they are implemented in an authentic school science setting. Research that
explores the range of both planned and interactive pedagogical strategies could also be

effectively undertaken during classroom observations.

Analysis of Biology students’ formative |A reports may enable a deeper insight
about the effectiveness of their teachers’ formative feedback practices and help
determine the influence of various pedagogies upon student learning outcomes in
practical report writing. Other studies could involve interviewing and observing teachers
during key phases in implementing both formative and summative IA practical work. Such
studies may highlight individual pedagogical and learning challenges associated with

practical report writing.

'® Two of the teachers were interviewed twice, while the third teacher was interviewed on only one
occasion after the implementation of the summative IA.
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Future research could also explore the effectiveness of various PD modes with
respect to teacher self-efficacy when implementing the 2016 IA for the first time. The
present study revealed that IBO staff, such as PD workshop presenters and Group 4
moderators significantly influenced teacher self-efficacy before, during and immediately
after IA implementation. Research investigating the perspectives of IB workshop staff
concerning teacher self-efficacy in relation to the 2016 IA could also be explored. This
latter research could provide baseline data to inform IBDP Group 4 workshop presenters

when planning PD for science teachers.

Student perspectives in relation to developing an understanding of practical
report writing skills in preparation for the summative IA were outside the scope of the
present study. Consequently, student perceptions of the |IA could be a beneficial area of
future research. For example, several questions could be posed to gain a student-
orientated perspective of practical report writing such as: What challenges do students
face when writing IA practical reports? What pedagogical strategies implemented by
teachers do students find most effective in developing an understanding of practical
report writing? Answers to these questions may assist IBDP Group 4 teachers to improve

student learning and achievement in IA practical reports.
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Appendices

Appendix A: 2009 Internal Assessment (lA) Criteria (IBO, 2007, p. 23-24)

Internal assessment criteria

Design

Levels/marks

Aspect 1

Aspect 2

Aspect 3

Defining the problem
and selecting

Controlling variables

Developing a method
for collection of data

varlables

Complete/2 Formulates a focused Designs a method for Develops a method that
problem/research the effective control of allows for the collection
guestion and identifies | the variables. of sufficient relevant
the relevant variables. data.

Partlal/1 Formulates a problem/ Diasigns a method that Davelops a method that
resgarch question thatis | makes some attemptto | allows fior the collection
incomplete or identifies | control tha variables. of insufficient relevant
only some relevant data.
variables.

Not at all/0 Does not identify a Designs a method that Develops a method
problemy/research does not control the that does not allow for
question and does not vanables. any ralavant data to be
identify any relevant collectad.
variables.

Data collection and processing

Levels/marks Aspect 1 Aspect 2 Aspect 3
Recording raw data Processing raw data Presenting processed

data

Complete/2 Records appropriate Processes the Presents processed
guantitative and guantitative raw data data appropriately and,
associated qualitative correctly. where relevant, includes
raw data, induding units errors and uncertainties.
and uncertainties where
relevant.

Partlal/1 Records appropriate Processes quantitative Prasents processed data
quantitative and raw data, but with appropriately, but with
associated qualitative some mistakes andfor some mistakes and/for
raw data, but with some | omissions. omissions.
mistakes or omissions.

Not at all/0 Does not record any No processing of Presents processed
appropriate quantitative | quantitative raw data data inappropriately or
raw data or raw data is is carried out or major incomprehensibly.
incomprehensible. mistakes are made in

processing.
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Intemnal assessmant criteria

Conclusion and evaluation

Levels/marks Aspect 1 Aspect 2 Aspect 3
Concluding Evaluating Improving the
procedurea(s) Investigation
Complete/2 States a conclusion, Evaluates weaknesses Suggests raalistic
with justification, and limitations. improvements in
based on a reasonable respect of identified
interpretation of the weaknesses and
data. limitations.
Partlal/1 States a conclusion Identifies some Suggests only
basad on a reasonable weaknesses and superficial
intarpretation of the limitations, but the improvements.
data. evaluation is weak or
Mmissing.
Not at all/o States no conclusion or | ldentifies irrelevant Suggests unrealistic
the conclusion is based | weaknesses and improvemants.
on an unreasonable limitatiomns.
intarpretation of the
data.
Manipulative skills (assessed summatively)
This criterion addresses objective 5.
Levels/marks Aspect 1 Aspect 2 Aspect 3
Following Carrying out Working safaly
Instructlons* technigueas
Complete/2 Follows instructions Competent and Fays attention to safety
accurately, adapting methodical in the use of | issues.
0 new droumstances @ range of technigues
(secking assistance and equipment.
when required).
Partlal/1 Follows instructions but | Wsually competentand | Usually pays attention
requires assistance. methodical im the use of | to safety issues.
a range of technigques
and equipment.
Not at all/0 Raraly fallows Rarely compatant and Rarely pays attantion to
instructicens or requires | methodical in the use of | safety issues.
constant supervision. a range of techniques

and equipment.

*Instructions may be in a variety of forms: oral, written worksheats, diagrams, photographs, videaos, flow
charts, audio tapes, models, computer programs, and so on, and need not originate from the teacher.

Sae "The group 4 project” section for the personal skills criterion.
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Appendix B: 2016 Internal Assessment (lA) Criteria (IBO, 2014, p. 154-158)

Internal assessment

The tasks include the traditional hands-on practical investigations as in the previous course. The depth
of treatment required for hands-on practical investigations is unchanged from the previous internal
assessment and will be shown in detail in the teacher support materials. In addition, detailed assessment of
specific aspects of hands-on practical work will be assessed in the written papers as detailed in the relevant

topic(s) in the “Syllabus content” section of the guide.

The task will have the same assessment criteria for 5L and HL. The five assessment criteria are parsonal

engagement, exploration, analysis, evaluation and communication.

Internal assessment details

Internal assessment component

Duration: 10 hours
Welghting: 20%
Individual investigation.

This investigation covers assessment objectives 1, 2, 3 and 4.

Internal assessment criteria

The new assassment model uses five criteria to assess the final report of the individual investigation with

the following raw marks and weightings assigned:

s Exploration Analysls Evaluation Communication Total
engagement
2 (B%) & (25%) 6 (25%,) 6 (25%;) 4(17%) 24 (100%)

Levals of performance are described using multiple indicators per level. In many cases the indicators
occur tegether in a specific level, but not always. Also, not all indicators are always present. This means
that a candidate can demonstrate performances that fit into different levels. To accommodate this, the
IB assessment models use markbands and advise examiners and teachers to use a best-fit approach in

deciding the appropriate mark for a particular criterion.

Teachers should read the guidance on using markbands shown above in the section called *Using
assessment criteria for internal assessment” before starting to mark. It is also essential to be fully acquainted
with the marking of the examplars in the teacher support material. The precise meaning of the command

terms usad in the criteria can be found in the glossary of the subject guides.

Personal engagement

This criterion assesses the extent to which the student engages with the exploration and makes it their own.
Personal engagement may be recognized in different attributes and skills. These could include addressing
personal interests or showing evidence of independent thinking, creativity or initiative in the designing,

implementation or presentation of the investigation.
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Internal assessmant

Mark

Descriptor

The student's report does not reach a standard described by the descriptors below.

The evldence of personal engagement with the exploration Is limited with little
Independent thinking, Inltlative or Insight.

The justification given for choosing the research question andsor the topic under
investigation does not demonstrate personal significance, Interest or curlosity.

There is little evidence of personal Input and Initiative in the designing, implementation or
presentation of the investigation.

The evidence of personal engagement with the exploration Is clear with significant
Independent thinking, Inltlative or Insight.

The justification given for choosing the research question andsor the topic under
investigation demonstrates personal signiflcance, Interest or curlosity.

There is evidence of personal Input and initlative in the designing, implementation or
presentation of the investigation.

Exploration

This criterion assasses the extent to which the student establishes the scientific context for the work, states
a clear and focused research gquestion and uses concepts and technigues appropriate to the Diploma
Programme level. Where appropriate, this criterion also assesses awareness of safety, environmental, and
ethical considerations.

Mark

Descriptor

The student’s report doos not reach a standard described by the descriptors below.

The topic of the investigaticn is identified and a research question of some relevance is
stated but It Is not focused.

The background information provided for the investigation is superficlal or of limited
relevance and does not aid the understanding of the context of the investigation.

The methodology of the investigation is only appropriate to address the research question to
avery limited extent since it takes into consideration few of the significant factors that may
influence the relavance, reliability and sufficiency of the collected data.

The report shows evidence of limited awareness of the significant safety, ethical or
environmental issues that are relevant to the methodology of the Investigation®.

3-4

The topic of the investigation is identified and a relevant but not fully focused research
quastion is described.

The background information provided for the investigation is mainly appropriate and
relevant and aids the understanding of the context of the investigation.

The methodology of the investigation is mainly appropriate to addrass the research question
but has limitations simce it takes into consideration only some of the significant factors that
may influence the relevance, reliability and sufficiency of the collected data.

The raport shows evidence of some awareness of the significant safety, ethical or
anvironmental issues that are relevant to the methodology of the Investigation®.
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Internal assessment

Mark | Descriptor

5-6 The topic of the investigation is identified and a relevant and fully focused research question
is Clearly described.

The background information provided for the investigation is antirely appropriate and
relevant and enhances the understanding of the context of the investigation.

The methodology of the investigation is highly appropriate to address the research question
because it takes into consideration all, or mearly all, of the significant factors that may
influence the relevance, reliability and sufficiency of the collected data.

The report shows evidence of full awareness of the significant safaty, ethical or
anvironmental issues that are relevant to the methodology of the Investigation®.

* This indicator should only be applied when appropriate to the investigation. See exemplars in TSM.

Analysls

This criteriom assesses the extent to which the student’s report provides evidence that the student has
solected, recorded, processed and Interpreted the data in ways that are relevant to the research question
and can support a conclusion.

Mark | Descriptor

0 The student’s report does not reach a standard described by the descriptors below.

1-2 The report includes Insufficlent ralevant raw data to support a valid conclusion to tha
research quastion.

Some baslc data procassing is carried out but is either too Inaccurate or too Insufficlent to
lead to a valld conclusion.

The report shows evidence of little consideration of the impact of moasurement uncertainty
on tha analysis.

The processed data is incorrectly or insufficiently interpreted so that the conclusion is invalid
or vary incomplete.

3-4 The report includes relevant but incomplete quantitative and qualitative raw data that could
support a simple or partially valid condusion to the research question.

Appropriate and sufficient data processing is carried out that could lead to a broadhy valid
conclusicn but there are significant inaccuracies and inconsistencies in the processing.

The report shows evidence of some consideration of the impact of measurement uncertainty
on the analysis.

The processed data is interpreted so that a broadly valid but incomplete or limited conclusion
to the research question can be deducad.
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Internal assessment

Mark

Descriptor

5-6

The report includes sufficient relevant quantitative and qualitative raw data that could
support a detailed and valid conclusion to the research question.

Appropriate and sufficient data processing is carried out with the accuracy reguired to
enable a conclusion to the research question to be drawn that is fully consistent with the
exparimental data.

The report shows evidence of full and appropriate consideration of the impact of
measurement uncertainty on the analysis.

The processed data is correctly interpreted so that a completely valid and detailed conclusion
to the research question can be deducad.

Evaluation
This criterion assesses the extent to which the student’s report provides evidence of evaluation of the
inwestigation and the results with regard to the research question and the accepted scientific context.

Mark

Descriptor

The student’s report doos not reach a standard described by the descriptors below.

A conclusion is outlined which is not relevant to the resaarch question or is not supported by
the data presented.

The conclusion makes superficial comparison to the accepted scientific context.

Strengths and weaknesses of the investigation, such as imitations of the data and sources of
arror, are outlined but are restricted to an account of the practical or procedural lssues
faced.

The student has outlined very few realistic and relevant suggestions for the improvement
and extension of the investigation.

3-4

A conclusion is described which is relevant to the research guestion and supported by the
data presented.

A conclusion is describad which makes some relevant comparison to the accepted scientific
context.

Strengths and weaknasses of the investigation, such as imitations of the data and sources
of error, are described and provide evidence of some awareness of the methodologlcal
Issues® involved in establishing the condusion.

The student has describad some realistic and relevant suggestions for the improvemeant and
axtension of the investigation.
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Internal assessment

Mark | Descriptor

5-5 A detailed conclusion is described and justified which is entirely relevant to the research
question and fully supported by the data presented.

A conclusion is correctly described and justifled through relevant comiparison to the
accepted scientific context.

Strengths and weaknesses of the investigation, such as limitations of the data and sources of
error, are discussed and provide evidence of a dear understanding of the methodological
Issues® involved in establishing the conclusion.

The student has discussed realistic and relevant suggestions for the improvement and
extension of the investigation.

*Sea exemplars in TSM for clarification.

Communlcation

This criterion assesses whether the investigation is presented and reported in a way that supports effective
communication of the focus, process and outcomes.

Mark | Descriptor

0 The student’s report does not reach a standard described by the descriptors below.

1-2 The presentation of the Investigation Is unclear, making it difflcult to understand the
focus, process and outcomas.

The report is not well structured and is unclear: the necassary information on focus, process
and outcomes is missing or is presented in an incoherent or disorganized way.

The understanding of the focus, process and outcomes of tha investigation is obscurad by the
presance of inappropriate or irrelevant information.

There are many erors in the use of subject-spedific terminology and conventions®.

i-4 The presentation of the Investigation Is clear. Any errors do not hamper understanding
of the focus, process and outcomes.

The raport is well structured and clear: the necessary information on focus, process and
outcomes is present and presentad in a coherant way.

The report is relevant and condse theraby facilitating a ready understanding of the focus,
process and outcomes of the investigation.

The use of subject-specific terminology and conventions is appropriate and comract. Any
arrors do not hamper understanding.

*For example, incomact/missing labelling of graphs, tables, images; use of units, decimal places. For issues of
referencing and citations refer to the “Academic honesty” section.
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Appendix C: IB Learner Profile (IBO, 2017h)

Attributes of an IB Learner

Description of Attributes

Inquirers

We nurture our curiosity, developing skills for inquiry and research. We know
how to learn independently and with others. We learn with enthusiasm and
sustain our love of learning throughout life.

Knowledgeable

We develop and use conceptual understanding, exploring knowledge across a
range of disciplines. We engage with issues and ideas that have local and
global significance.

Thinkers

We use critical and creative thinking skills to analyse and take responsible
action on complex problems. We exercise initiative in making reasoned ethical
decisions.

Communicators

We express ourselves confidently and creatively in more than one language
and in many ways. We collaborate effectively, listening carefully to the
perspectives of other individuals and groups.

Principled

We act with integrity and honesty, with a strong sense of fairness and justice,
and with respect for the dignity and rights of people everywhere. We take
responsibility for our actions and their consequences.

Open-Minded

We critically appreciate our own cultures and personal histories, as well as the
values and traditions of others. We seek and evaluate a range of points of
view, and we are willing to grow from the experience.

We show empathy, compassion and respect. We have a commitment to
service, and we act to make a positive difference in the lives of others and in
the world around us.

Risk-Takers

We approach uncertainty with forethought and determination; we work
independently and cooperatively to explore new ideas and innovative
strategies. We are resourceful and resilient in the face of challenges and
change.

Balanced

We understand the importance of balancing different aspects of our lives —
intellectual, physical and emotional- to achieve well-being for ourselves and
others. We recognise our interdependence with other people and with the
world in which we live.

Reflective

We thoughtfully consider the world and our own ideas and experience. We
work to understand our strengths and weaknesses in order to support our
learning and personal development.
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Appendix D: Sample Nature of Science Theme in 2016 IBDP Biology Syllabus (1BO, 2014,

p. 49)

apinb Abooig  @F

Topic 3: Genetics

Essentlal Idea: Every living organism inherits a blueprint for life from its parents.

3.1 Genes

Nature of sclence:

Devalopments in scientific research follow improvements in technology—gene sequencers are used for the sequencing of genes. (1.8)

(1]

Understandings:

A geneis a heritable factor that consists of a length of DMA and influences a
specific characteristic.

A gene occupies a specific position on a chromosome.

The various specific forms of a gene are alleles.

Alleles differ from each other by one or only a few bases.

MNew alleles are formed by mutation.

The genome is the whole of the genetic information of an organism.

The entire base sequence of human genes was sequenced in the Human
Genome Project.

Applications and skills:

Application: The causes of sickle call anemia, including a base substitution
mutation, 2 change to the base saquenca of mRMA transcribed from it and a
change to the sequence of a polypeptide in hemoglobin.

Application: Comparison of the number of genes in humans with other
species.

Skill: Use of a database to determine differences in the base sequence of a
gene in two spedes.

International-mindedness:

Sequencing of the human genome shows that all humans share the vast
majority of their base sequences but also that there are many single
nuclestide polymorphisms that contribute to human diversity.

Theory of knowledge:

Thereais a link between sicklz cell anemia and prevalence of malaria, How can
we know whether there is a causal link in such cases or simply a comelation?

Alms:

Alm 7: The use of a database to compara DNA base sequences.
Alm B: Ethics of patenting human genes.
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Appendix E: 2016 Syllabus Guide SL and HL IBDP Biology (IBO, 2014, p. 25-28)

Syllabus

Syllabus content

Core

Topic 1: Cell biology

1.1 Introduction to cells

1.2 Ultrastructura of calls

1.3 Membrane structure

1.4 Membrane transport

1.5 The origin of cells

1.6 Cell division

Topic 2: Molecular biology
2.1 Molecules to metabolism
2.2 Water

2.3 Carbohydrates and lipids
2.4 Proteins

1.5 Enzymes

2.6 Structure of DNA and RMA
2.7 DNA replication, transcription and translaticn
2.8 Cell respiration

2.9 Photosynthesis

Toplc 3: Genetics

3.1 Genes

3.2 Chromosomeas

3.3 Meiosis

34 Inheritance

1.5 Genetic medification and biotechnology

277

Recommended
teaching hours

95 hours
15

21

15



Syllabus content

Topic 4: Ecology

4.1 Species, communities and ecosystams
4.2 Energy flow

4.3 Carbon cycling

4.4 Climate change

Toplc 5: Evolution and blodiversity
5.1 Evidence for evolution

5.2 Natural selection

5.3 Classification of biodiversity

5.4 Cladistics

Toplc 6: Human physiology

6.1 Digestion and absorption

6.2 The blood system

6.3 Defence against infectious disease
6.4 Gas exchange

6.5 Meurons and synapses

6.6 Hormones, homeostasis and reproduction

Additional higher level (AHL)
Toplc 7: Nuclelc acids

7.1 DA structura and replication

7.2 Transcription and gene exprassion

7.3 Translation

Toplc 8: Metabaolism, cell respiration and photosynthesis
8.1 Metabolism

8.2 Cell respiration

8.3 Photosynthesis

Toplc 9: Plant blology

0.1 Transport in the xylem of plants

0.2 Transport in the phioem of plants
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Recommended
teaching hours

12

12

20

60 hours
9

14

13



Recommended
teaching hours

9.3 Growth in plants

0.4 Reproduction in plants

Toplc 10: Genetlcs and evolution 8
10.1 Meiosis

10.2 Inheritance

10.3 Gene pools and speciation

Topic 11: Anlmal physlology 16
11.1 Antibody production and vaccination

1.2 Movement

11.3 The kidney and osmoregulation

11.4 Sexual reproduction

Options 15 hours (SL)/25 hours (HL)
A: Neuroblology and behaviour

Core toplcs

A.1 Naural development

4.2 The human brain

A2 Perception of stimuli

Additional higher level toplcs

A4 Innate and leamed behaviour

A5 Neuropharmacology

A6 Ethology

B: Blotechnology and bloinformatics
Core toplcs

B.1 Microbiology: organisms in industry

E.2 Biotechnology in agriculture

E.2 Environmental protection

Additional higher level toplcs

E.4 Medicine

B.5 Bioinformatics
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Syllabus content

C: Ecology and conservation
Core toplcs

C.1 Spacies and communities

.2 Communities and ecosystems
.3 Impacts of humans on ecosystams
.4 Conservation of biodiversity
Additional higher level toplcs

.5 Population ecclogy

C.& Nitregen and phosphorus cycles
[: Human physiology

Core toplcs

0.1 Human nutrition

D.2 Digestion

D.2 Functions of the liver

D.4 The heart

Additlonal higher level toplcs

0.5 Hormones and matabolism

D.& Transport of respiratory gases
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Appendix F: 2016 Group 4 Project Extract (IBO, 2014, p. 161)

The group 4 project

The group 4 project is an interdisciplinary activity in which all Diploma Programme science students must
participate. The intention is that students from the different group 4 subjects analyse a common topic
or problem. The exarcise should be a collaborative experience where the emphasis is on the processes
invalved in, rather than the products of, such an activity.

In most cases students In a school would be involved in the investigation of the same topic. Where
there are large numbsers of students, it is possible to divide them into several smaller groups containing
representatives from each of the science subjects. Each group may investigate the same topic or different
topics—that is, there may be several group 4 projects in the same school

Students studying environmental systems and societies are not required to undertake the group 4 project.

Summary of the group 4 project

The group 4 project is a collaborative activity where students from different group 4 subjects work together
on a scientific or technological topic, allowing for concepts and perceptions from across the disciplines to
be shared in line with aim 10—that is, to "develop an understanding of the relationships between scientific
disciplines and their influenca on other areas of knowledge”. The project can be practically or theoretically
based. Collaboration betwean schools in different regions is encouraged.

The group 4 project allows students to appreciate the environmental, social and ethical implications of science
and technology. It may also allow them to understand the limitations of scientific study, for exampla, the
shortage of appropriate data and/or the lack of resources. The emphasis is on interdisciplinary cooperation
and the procasses invalved in sclentific investigation, rather than the products of such investigation.

The choice of scientific or technological topic is open but the project should clearly address aims 7, 8 and 10
of the group 4 subject guides.

Ideally, the project should involve students collaborating with those from other group 4 subjects at all
stages. To this end, it is not necessary for the topic chosen to have clearly identifiable separate subject
components. However, for logistical reasons, some schools may prefer a separate subject "action” phase
(see the following “Project stages” section).

Project stages

The 10 hours allocated to the group 4 project, which are part of the teaching time set aside for developing
the practical scheme of work, can be divided into three stages: planning, action and evaluation.

Planning
This stage is crucial to the whole exerdse and should last about two hours.

The planning stage could consist of a single session, or two or three shorter ones.

This stage must involve all group 4 students meeting to “brainstorm” and discuss the central topic,
sharing ideas and information.
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Appendix G: Letters of Introduction to School Principals and Teachers

a) School Principal

Fosaae Thiz research project has been spgroved by the Flinders University Socialand Behavioural Resesrch
Asminia Ethics Committee (Project Number INSERT PROJEGT No. here following spproval. For more
LR infermation regarding ethical aperoval of the project e Exscutive Officer of fe Committes can be
Email: Grce SXTYDiECOMRIes a0y By contacted by telephoneon (08) 8201 3116, by faxon

P e 4445 (08) 3201 2035 orby email human i eduau

EMAIL LETTER OF INTRODUCTION — School Principal

Dear

This email is ta introduce Mrs Jacqui Smaler who is 2 Masters student in the School of Education at
Flinders University. She s undartaking research to address th following two quastions:

1.What are IBDP Biology teachar parceptions ofthe 201614 protacal?

Z. What padagogical strateges ara usd by teachers to devalop student understanding in prapaning
written lsboratory reports?

She would be most grateful if you would szres to bring this resesrch to the sttention of the Science
Faculty =t your school and consent to the perticipstion of teachers willingto assist in this project by
consenting to = 45-50 minute interview and being observed in the dassroom teaching on one
occasion [eary in Term 2) to provide extended responses that will assist in the achisvement of the
project objectives

Attached to this email is =n Information Sheet for Principals giving you further information
regarding this study znd 2 Consent form for Principats should your thaal wish to be involved.
Additionally, | have sttached the following documents for interested Biology teachers: Letter of

for Teachers, jon Sheet for Teachers and two Consent forms for Teachers.
Please be assured that any information collected will be treated in the strictest confidence and that
no participant will be individually identifisble in the resulting report.

Any queries you may hava concerning this projact should be directad to me =t the address given
sbove or by telsphone on [0B) 8201 5878, by fax on [08) 8201 3184 or by emai
Grace. Skrzypiec@flinders.edu.2u.

Thank you for siving this request dus consideration.

Yours sincerely
Dr Grace Skraypiss,

BSc[Hons), Grad Dip Ed, Mad, PhD, Asspg MARS

Lecturer, School of Education
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b) Teacher Participant

Dr Graces Berzypis
Lechomer

School of Efdwcation
S0 Boo 2100
Aoaleids S4 5001
Tal- =54 & 8201 8578
= Fa+51 & $201 3184
:I"::L"I Sl Grmce Skmyplecdriinders o sy

-
B J.l T T% (SR Prow e B G0 144
UNIV

EMAILLETTER OF INTRODUCTIOMN — IBDP Biclogy Teachers

This email is to introduce Mrs Jacqui Smaler who is a Masters student in the 5chool of Education at
Flinders University. Sheisundertaking researchto address the following two gquestions:

1. What are |BOP Biology teacher perce ptions of the 2016 1A protocol?

2. What pedagogicd strateges are usd by teachers to develop student understanding in preparing
written laboratory reports?

EShe would be most grateful if you would volunt=er to assist in this project by consenting to = 45-60
minute interview and alow her to observe one of your Biology lessons [garly in Term 2) to provide
extended responses that will assist in the achievemeant of the projectobjecives.

Attached to this email j5 an Information Sheet for Teachers and = Consent form for Teachers giving
you further information regarding this study. Please be assured that any information collected will
be treated in the strictest confidence and that no participant will be individuzally identifiable in the
resulting report. After the interview a second Consemt form for Teachers will be =nt to seek

consent for the teacher transcript to be includedin the research data.

Any queries you may have concerning this project should be directed to me at the address given
sbove or by telephone on (08) 8201 5878, by fax on ([D8) 8201 2184 or by email
Grace Skrzypiec@flinders.edu.au.

T far siving thi | N

Yours sincerely

Dr Grace Skreypisc
BSc[Hons), Grad Dip Ed, Med, PhD, Asspc MAPS

Lecturer, 5chool of Education

Thiz rezearch project haz been approved by the Fiinders University Social and Behavioural Rezearch

Ethice Committee [(Fryject Number INSERT PROJECT No. here following spproval). For more
information regarding ethical approval of the pmoject the Executive Officer of the Commitiee can be
contacted by telephone on (08) 8201 3116, by faxon

(8] 5201 2035 or by email human.rezesrchethicsi@finders. edu.su
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Appendix H: Information Forms for School Principals and Teacher Participant

a) School Principal

MG Saogqul dmaoter

ﬁ Flinders o

Tet: ~51 82013442
Faned 332093134
Emeil: SmOl001SQMinde edu 2
[

INFORMATION SHEET FOR PRINCIPAL S

Title: * The influence of IBDP Biology teacher perceptions of the 2016 internal
assessment protocol onthe pedagogy implementedin developing student skills and
understanding inwriting laboratory reports”

Investigators:

Mrs Jacqui Smoler

School of Education

Flinders University

Email: smol0016G@flinders.edu.au
Ph: +618 201 2442

Description of the study:

This projectwill examine perceptions thatteachers have concerning difficulties faced by
students in successfully achievingthe internal assessment criteria atthe highestlevel.
Additionally, itexamines the teaching strategies that classroom teachers use to assist
IBDP Biclogy students to develop theirunderstanding of the rubric descriptorsin the
preparation of written practical reports which are submitted for assessment. This project
is supported by Flinders University, School of Education

Purpose of the study:
This projectaimsto examine the following questions:

1. ‘What are IBDP Biclogyteachers’ perceptions concerning the introduction of the new
2016 internal assessment protocol?

r

. What pedagogical strategies are IBDF Biology teachers implementing to develop
student understandingin orderto increase student achievement of criteria within the
internal assessment of written practical reports?
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‘What will the TEACHERS be asked to do?

IBDP Biology teachers will be asked to volunteerto participate in a 45-60 minute
interview. The interview will examine their perceptions about difficulties students face in
achievingthe internal assessment criteria within the assessment of written practical
reports andthe strategies used to develop studentunderstandingtoincrease
achievement of the criteria

The interview will be audio-taped, using an electronic device and then personally
transcribed into a written document by the researcher (Mrs Jacqui Smoler) which
teachers will be ableto check for accuracy upon completion of the process. Handwritten
notes will be taken by the researcher during classroom observations.

Where will the interviews and classroom observations take place?
The teacher participantinterviews will be conductedin the workplace of the teacher
participantin a quiet room after school hours.

What benefit will my school gain from being involved in this study?

The sharing of your school's experiences will informthe planning and delivery of future
IBDP Biology programs to your students as you will be able to access the outcomes of
this projectupenits completion.

Will teachers be identifiable by being involved in this study?

Names of teachers will not be published. Once the interviews have beentranscribedthe
audiofiles will be destroyed. Any identifying information will be removed andthe
franscripts stored on a password protected computerthat only the coordinator (Mrs
Jacqui Smoler)will have accessto. Any comments made will notbe linked directiyto
participants.

Is there any risk or discomfort to teachers involved in this study?

The researcher anticipates few risks from your involvernentin this study. If you have any
concerns regarding anticipated or actual risks or discomforts, please raise them withthe
researcher.

How do teachers agree to participate?
Participation is voluntary. Teachers may refuse to answer any questions and are free to
withdraw from the interview without effect or consequences.

How do school Principal's it to their teachers participating in the study?
The Letter of intreduction to Teachers andthe Teacher Consentform accompanying this
information sheet are to be givento the Science Coordinatorto disseminate to IBDP
Biologyteaching staff.

If your school agrees to the participation of your|IBDP Biclogy teacher/s in this study,
please readthe Principal’s consentform andsign in the appropriate place. Please then
send one scanned copy of this consent form to the researcher, (Mrs Jacqui



Smoler) via the following email: smol0016@flinders.edu.au by no later than (date)
or give to the researcheronthe day of the interview before it commences.

If the teacher agreesto participate inthe interview he/sheis to read and sign the Teacher
Consentform providedinthe appropriate places and give to the researcher (Mrs Jacqui

smol0016@flinders.edu.au priorto the interview day or on the day of the interview before

it commences.

The researcher (Mrs Jacqui S

r) will contactteacher paricipants a week afterthe

forms have been sent to the schools to confirmthe interview protocol andtime. Please
note: Before the interview can take place the School Principal must have already signed

the Principal’s consentform.

How will teachers receive feedback?

Outcomes from the project will be summarised and given to you by the researcher.

Thank you for taking the time to read this information sheet and we hope that you

will acceptour invitation to be involved.

b) Teacher Participant

Mrc Jasqul Smolas

m Flinders e

Fmed1 3 3207 3134
Emall: SmOICC 1 Egrinders edusy
R ER Rk (4

INFORMATION SHEET FOR TEACHER PARTICIPANTS

Title: * The influence of IBDP Biclogy teacher perceptions of the 2016 internal
assessment protocol onthe pedagogy implemented in developing student skills and
understanding in writing labaratory reports”

Investigators:

Mrs Jacqui Smoler

School of Education

Flinders University
Email:smol0016@flinders. edu.au
Ph 0412056774

Description of the study:

This projectwill examine perceptions thatteachers have concerning students’
successfully achieving the internal assessment criteria atthe highest level. Additionally, it
examines the teaching strategies that classroomteachers use to assistIBDP Biology
students to develop their understanding of the rubric descriptars in the preparation of
written practical reports which are submitted for assessment. This projectis supported by
Flinders University, School of Education.

Purpose of the study:
This project aims to examine the following questions:

1. What are IBOF Biology teachers’ perceptions concerning the introduction of the
new 2016 internalassessment protocol?

2. What pedagogical strategies are IBDP Biology teachers implementingto develop
studentunderstanding in order to increase student achievement of criteria within
the internal assessment of written practical reports?
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‘What will | be asked to do?

IBDF Biology teachers willbe askedto volunteerto participate in a 45-60 minute
interview_The interviewwill examine teacher perceptions about difficutties students face
in achieving the internal assessment criteria within the assessment of written practical
reports and the strategies used to developstudentunderstanding fo increase
achievement of the criteria.

The interview (only) will be audic-taped, using an elecironic device and then personally
transcribed into a written documernt by the researcher (Mrs Jacqui Smoler) which you wil
be able to checkfor accuracy upon completion of the process.

‘Where will the interviews take place?
Theteacher participant interviews will be conducted inthe workplace of the teacher
paricipantin a quietroom after school hours,,

What benefit will | gain from being involvedin this study?

The sharing of your experiences willinformthe planning and delivery of future IBDFP
Biology programs to your students as you will be able to access the outcomes of this
projectuponits completion.

'Will | be identifiable by being involved in this study?

MNames of teachers will notbe published. Oncethe results of the interview have been
transcribed the audicfilewill be destroyed Any identifying information willbe removed
andthe transcripts stored on a password protected computer that onlythe researcher
(Mrs Jacqui Smoler)will have access to. Your comments will not be linkeddirectiy to you.

Are there any risks or discomforts if | am involved?

The researcher anticipates few risks from yourinvelvementin this study. If you have any
concerns regarding anticipated or actual risks or discomforts, please raise themwith the
researcher.

Howdo | agree to participate?

Participationis voluntary. You may refuse to answer any questions and you are freeto
withdraw fromthe interview withovt effect or consequences. A consentformaccompanies
this informationsheet. If you agree to participate in the interview/classroom
observations, pleasereadand signthe consentformprovided in the appropriate places
and givetothe researcher (Mrs JacquiSmaoler) to also sign eitherin the form of a
scanned copy tothe following email: smol0016i@flinders. edu.au prior to the interview day
or onthe day of the interview at BEFORE the interview commences.

The researcher (Mrs Jacqui Smaler) willcontactteacher participants a week afterthe
forms have been sentto the schoolsto confirmthe interview protocol andtime. Please
note: Before the interview/observation can take place the Schoo! Principal musthave
already signed the Principal’s Consentform.

How will | receive feedback?
Outcomes fromthe projectwill be summarisedand given to you by the researcher.



Appendix I: Consent Forms for School Principals and Teacher Participants

a) School Principal

PRINCIPAL'S CONSENT FORM FOR TEACHER PARTICIPATION IN RESEARCH
(CONSENT FORM FOR TEACHER PARTICIPATION IN RESEARCH)
(by interview)

I...
being overthe age of 18 years hereby consentto participate as requestedinthe
Letter of Introduction and InformationSheet for the research project on*What are
|BDP Biologyteacher perceptions ofthe 2016 1A protocol and what strategies are
used by teachersto develop student understanding in preparing written laboratory
reports?”

| have read the information provided.
Dietails of procedures and any risks have been explainedto my satisfaction
| agreeto audio recording of my informationand participation

Eal

| am awarethat| shouldretaina copy of the Information Sheet for future
reference.

B | understandthat:
. | may not directly benefit from taking part in this research.

. | am freeto withdrawfrom the project at any time andam freeto
decline to answer particular questions.

. While the informationgainedinthis studywill be published as
explained, lwill not be identified, andindividual informationwill remain
confidential

. | may ask thatthe recording/observation be stoppedat any time, and
that| may withdraw at any time from the session orthe research
without disadvantage.

Participant's signature (undanseez jmanizs ).

Date...cooveereenns

8. | certify that | have explainedthe studyto the volunteerand considerthat shefhe
understands whatis involved andfreely consents to participation.

Researcher's name: Jacqueline Smoler

Researcher's signature......coooovvveeniacrccvansasscnvensan D8
1
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SCHOOL PRINCIPAL S NEED ONLY SIGN THIS FORMONCEINTHE
APPROPRIATE SECTION LISTED BELOW THISLINE.

As the Principal of (name of school), | consent to the IBDP Biologyteacher/s
approached by the researcher inthis school tovoluntarily participate inan interview
process for the purposes of answerngthe aforementionedresearch question.




b) Teacher Participant

COMNSENT FORM 1_FOR TEACHER PARTICIPATION IN RESEARCH
(by interview)

being over the age of 18 years hereby consent to participate as requested in the
Letter of Introdudction and Information Sheet for the research project on “What are
IBOP Biology teacher perceptions of the 2016 14 protocol and what strategies are
used by teachers to develop student understanding in preparing written laboratory

reports

1. | have read the information provided.

2. Details of procedures and any risks have been explainedto my satisfaction.
3. | agreeto audio recording of my information and participation.

4. | am aware that| should retaina copy ofth e Information Sheet and Consent

Farm for future reference.

5. | understamd that:

l | may not directly benefit from taking partinthis research.

l | am free to withdraw from the projectatany time and am freeto
decline to answer particular questions.

* Whiletheinformation gained inthis study will be published as
explained, l'will not be identified, and individual informationwill remain
confidential.

. | may ask thatthe recording/observation be stopped atany time, and

that | may withdrawat any timefromthe session ortheresearch
without disadvantage.

Participant's signature (undartskz inariaw)

Date. .coieerunrannas

8. | cerlify that| have explainedthe studyto thevolunteer and considerthat shefhe
understands whatis involved and freely cons ents to participation.

Researcher's name: Jacquelineg Smoler

Researcher's signature. ..o D88 vt svan s vanssn s m
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Flinders

UNIVERSITY

COMNSENT FORM 2 FOR USE OF TEACHER INTERVIEW TRANSCRIPT DATA INCLUSION IN RESEARCH

being over the age of 18 years hereby consent to paricipate as requested inthe Letter of Introduction and
Information Sheetfor theresearch project on*What are IBOP Biology teacher perceptions ofthe 2016 |A protocol
and what strategies are used by teachers to develop student understanding in preparing written laboratory reports?

| have read the information provided.
Details of procedures and any risks have been explainedto my satisfaction.

| am aware that| shouldretaina copy of the Information Sheet forfuture reference.

oW ko

| understandthat:
" | may not directly benefit from taking part inthis research.

" While theinformation gained in this study will be published as explained, |will not be identified,
and individualinformationwill remain confidential.

Participant's signature |, the participant whose signature appears below, have read a transcript of my participaion
and agreetoits use by theresearcher as explained.

Participant's signature. ... D8EB e s van van v

5. | certify that | have explained th e study to the volurteer and consider that shehe understands what isinvolved and
that shefhe has hadthe opportunityto review the transcript data and make any necessary modifications to it.

Researcher's name: Jacqueline Smoler

=T U= T T B R I - | (- S
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Appendix J: Examples of Audit Trail Documents

Exemplar 1 — Extract of case memo

M1 Case — based memo June 14" 2016

| really wanted to meet M at her school this time and despite it being the middle of a busy
Term 2 she agreed to meeting me at the school. M met me at the front office and ushered
me through to her laboratory. After a brief chat with her lab assistants about upcoming

practicals- | got the sense that this young teacher had the respect of her lab assistants we

set up for the interview on the front lab bench.

Theoretical/Conceptual Memo

This time | had prepared really specific questions to ask M, many of which related to her
recent experience of running the new |1A with her current year 12 class. Now was my chance

to probe deeper into the actual experience of the new IA.
Question 1 Allocation of 10 hours time for 1A

M explained that a two week block of lessons was set aside in which the students could
perform their 1A prac but it was not a realistic time frame for Biology as some of the
experiments needed more time eg plant pracs and exercise prac. At least 2 lessons were
spent brainstorming topics for the |A. Exemplars with moderators comments of new 1A prac
from the OCC were handed out to students who had a look at a really good one and a really
bad one. M asked the students tolook at the moderator’'s comments to see how they were
marked in order to “get a feel for what they needed to produce”. Part of the ten hours was
used for research and asking advice of the teacher. A lot of the students did data collection
outside of those ten hours. Plants for example had to be watered daily and the students
that did exercises did prac in his own time, so the time each student spent on prac was
variable. Some students found it really easy to come up with a topic of interest but others
needed help in deciding what to do. Overall M was satisfied that the students had managed
to find a decent spin on it for personal engagement. One student related his 1A to his own
garden at home and looking at efficiency of watering — M thought that was fine for IA. It
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Exemplar 2 — Member - Check Email (extract)

Hi i
| hope the year has started well for you and that you had a nice relaxing summer break.

I am currently writing up the results and discussion of my thesis and was wondering if you could please
answer a few questions, just briefly, that perhaps | should have asked earlier? NE W
Qu 1. When you introduced the new criteria for the summative 1A to the Year 11 students for the first time, did T A
you show a Power Point or did you just have the rubric sheet up on an interactive whiteboard? How did you go
through the criteria and explain them individually JREBHESHEEE Sh alactonic White W0 ard :

8
Qu 2. Can you reveal the range of marks in the IA's or the average score out of ﬂ? Marks ranged from UEN TA.
14-24

Qu 3. Once you marked the formative practicals in the new IA did you provide one on one feedback me ”w .If\

or all of the students? How did you provide the feedback eg one on one cha class discussion, detailed

written notes. Notes provided on each submission plus generalised class discusgion

Qu 4. When marking formative rough drafts did you indicate a mark on the rubric for each criterion as as &

a written comment or just a comment only? Comment only NEWIOLD
JA.

Qu 5 How did you deal with the students who were struggling with formative 1A's in new course and NEwW IA

summative IA’s in old course? How did you change your teaching to accommodate this? Personalise my
approach depending on the student and how they best ieamnt.

Qu 6 How did you assist students who were not putting in enough detailed effort? How did you changef(your GL D T

teaching to accommodate this? Gave exemplars and hiahlighted in
— —“

Qu7 Did you go to the same trouble of making up or finding checklists to scaffold the student's work in the Old oLpT A
IA as you did in the new IA? If so, why? If not, why? Yes | used scaffolds as this helps students to focus on 2
particular sections.

A
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Exemplar 3 — NVivo: Nodes for Interviews Extract

Nodes
+ Name Sources References Created On Created By Modified On Modified By
31 Accessing Formal and Informal IA Training for [EDP Biclogy teachers 5 141 6/09/2016 8:33 PM DS /11/2016 10:21PM s
Collborating with and mentoring by peers in schol 5 53 15/08/2016 8:50 PM 105 31/08/2016 10:15 PM 10§
Moderating issues 4 36 15/08/2016 9:27 PM oS 31/08/2016 10:15 PM 10§
Training issues and the 180 52 15/08/2016 0:550M 108 21/08/2016 10:15BM 108
&.(0) Affectand Environment 5 96 6/09/2016 8:25 PM 105 6/09/2016 8:42 PM DS
&.(0) Assessing the strengths and weaknesses of old and new IA protocols in 18DP Biclogy 5 198 6/09/2016 8:36 PM 105 8/11/2016 10:23PM 105
() Challenging issues and recommendations involved in coping with change in 1A 5 97 6/08/2016 835 PM I3 8/11/2016 10:20PM Ios
& (0) Concerning issues in interpreting criteria and marking with 1A rubrics 5 72 6/00/2016 8:30 PM I3 2/11/2016 10:200M o8
(D) Creating, locating and providing resources forIA teaching and leaming 5 129 6/09/2016 £:40 PM 105 8/11/2016 10:10PM 105
(©) demanstrating genuine personal engagment in topic 1 1 31/08/2016 11:39 AM I3 31/08/2016 10:15PM B
5.(0) Formatively assessing and providing feedback to students 0 0 8/11/2016 10:14PM 108 8/11/2016 10:14PM I0s
() Perceiving teacher self efficicacy in implementation of 2016 A 5 91 6/09/2016 8:38 PM 108 8/11/2016 10:25PM oS
(D) Scaffolding techiques 5 86 £/02/2016 8:20 PM I3 6/00/2016 £:26 PM o8
(D) Teaching strategies 5 588 13/08/2016 8:05PM 108 8/11/2016 10:25PM I0s
() understanding of PE guided by interest and depth of research 1 1 31/08/2016 12:26PM 108 31/08/2016 10:15PM Bs
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Exemplar 4 — Sorting of Nvivo Nodes for Interviews Extract

Ao 6 %‘H\
S —lOPW\
\ Nodes for Interviews 1A, 2A and 3A

Teaching strengths

Teaching weaknesses

Feaching Resources for Practicals

Doing various practicals formatively in Year 11

Doing all three criteria in same 1A prac

Planning for students to practise write-ups of different section in Year 1 1 new IA

Explaining pedagogy for doing formative prac on Exploration
Explaining pedagogy for doing formative prac on Analysis
Suggesting method for qualitative observations

Teaching approach for practical work

Recommending upproprinte support material for students
Creating own resources for students
Explaining the focus of formative prac in old 1A

wding pedagogy spproach

Suggestng design pracs focus related to equipment availability
Introducing expectations and terminology of 1A in Year 11
Focusing on specific sections of prac using different pracs in year 11
Providing access to prac in advance for pre reading

Giving fairly prescriptive pracs in early stages of course

Giving less prescriptive pracs as Year || progresses

Referring back to prac once done with explicit expectations of sections

Using class time post prac for students to ask questions about mark allocation to sections
Discussing commonalities in errors & misunderstandings

Doing 3 to 5 pracs a term based on time

Doing one prac per term detailing one particular section

Practising skills and understanding by writing up one section in details per term
Providing regular prac opportunities to build understanding in design

Doing design pracs later in Year || old 1A

Experiencing designing pracs earlier in year through discussion not always writing
Grouping students in pairs or small groups to discuss and plan design pracs

Timing design prac in mid term | Year 12 old [A

Encouraging students to approach teacher with guestion to base design prac
Disallowing double ups of research questions

Suggesting not to do particular pracs

Setting deadlines for submission of research questions

Approving research question

Submission of equipment list and risk assessnient

Collating equipment lists for lab tech

Practising formative pracs in Year | |
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Appendix K: Exemplar Interview Protocol

Interview Protocol: IBDP Biology Teacher

Time of Interview:

Date:

Place:

Interviewer:

Ms Jacqui Smoler.

Participant Pseudonym:

Pasition of Participant:

Project Description:

The purpase of my study is to investigate the exper of International
Baccalaureats Diploma Program (IBDF) Giclogy teachers by:
1. saplaring their perceptions of the new 2015 |& protool.

2. dessribing the pedagogical strategies they implement to facilitate
student undzrstanding in undertaking practical report writing for the
purposes of the internal assessment [14) component of the curriculum
‘with consideration of both the 2002 and 2016 1A protocols.

Question Number Question

1 1. What do/aid you find interesting:
3} abput the old 2002 version [worth 2%} of the internal assessment {18}
component of 1BDP Biolozy?
b} abput the new 2006 version [worth 20%}of the |1BDP Biology curriculum
from the perspective of practical work, which eventually leads to the final
production of a major ten hour investigation in Year 123

7 Describe in as much detail 3z possible the pecagozical strategies you have
used in 2 typical leszon [Vear 11 or 12 1BDP Biology? — old 2008 course)
involving explicit instruction of practical report writing skills necessary to
promote successful student achievement in each of the followi

2ria for the internal as component:

a) Design
= Defining problem and selecting variables
= controling variables
= Developing a method for data collection
b}  Data Collection and Processing
= Recording rawdata
= Processing raw data
= Presenting processed data

1]
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T]  Condusion and Evaliation
. Conduding
. Evaluating procedure
= Improving the investization

3 What PO have you undertaken for teaching:

a)  the old 2000 IBOR Biokgy 1A and how has this training helped you to
gevelop student skills in producing successful outcomes in IBDP
Biokogy practical reports?

b} the new 2016 I1BDP Bickigy and how has this professional
gevelopment training helped you to develop student skils in
producing successful ovtcomes inwriting formatively assessed Year
1118DP Biology practical reports?

4 How have you managed situations in which 2 student is consistently
underachieving in each of the assessment criteria in the production of
|BDP Biology practical reports?

3} Design

s Defining problem and selecting variabies

s controlling variables

s Developing a method for data collection
b} Data Collection and Processing

s FRecording raw data

»  Processing raw data

»  Presenting processeddata
¢} Conclusion and Evaluation

= Concluding

s Evaluating procedurs

*  Improving the investigation

o} New Year 11 Course

5 Explain what you think your strengthe and arein facitating
stugent practical repart writing skills amongst your students in 1BDP
Biokogy in
a) vear 117 (old course)

b} vear 117 [new course)

¢} ¥ear 127 (old course}

d} ¥ear 127 (pgw course} i.e. predictions for next year?

5 Describe any challeng=s/concerns you face/have faced in faciitating
stugent practical repart writing skilks in 2] Year 11 and b Year 12 18DF
Biolozy?
afrear 11 [old course}

b} ¥ear 11 [new course)

o) Year 12 [old course)

2]




Discuss your understandings of your current |BDP Biokogy students 3t this
paint in terms of their success in practical report writing skills for
formative assessment? Forexample, are there certain attributes and skils
that have for toachieve? If so, what

are they?

‘Could you provide your opinions on the Trve 2016 1A criteria and the
nature of the associated rubric descriptors, used to assess the summative
Individual Investigation compared with those criteria and descriptors used
in the 2009 1A? Do you have any wornes, concems? Do you think the new
protocol is an improvement on the old? If so, in what ways?

7 A new 2016 IA protocol has been introduced to Year 11 1B0F Biokgy
students this year and will be fully introduced to Year 12 students in 2015,
Do you think the introduction of the new protocol has affected the
pedagogical strategies that you currently use/have used, to prepars
students for successful achievement of the 5 new 1A oriteria in the
Individual Investigation invear 127
If 50, could you explain how you have fostered or could foster the
development of each of the following five criteria in terms of the students”

ings and skills in ion for sful achis in:
3] Personal Engagement
+  signi i thinking, inftiative or insight
+  Personalsignificance, interest and curiosity
«  personalinput and initiative in design, implementation and
presentation of investigation,
b} Exploration
+ Ahility to identify a relevant and fully focused research question which
is clearly described.
s Provide entirely appropriate and relevant background information
+  Develop highly apprapriate methodology which considers, relevance,
reliability and sufficiency of collected data.
«  Develop ful awarensss of safety, ethical or environmentalizsues
relevant to the methodology of investigation.
o Analysis
# Inclusion of sufficient relevant quantitative and qualitative raw data
o support detailed and valid conclusion.
+  Appropriate, accurate and sufficient data processing
+  Abifity to fully and appropriately consider impact of measurement
uncertainty on analysis of data.
4+ Ability to correctly interpret processed data toreach valid and
detailed conclusion.
d} Evaluation
+  Ability to provide a detailed conclusion thatis described and justified
by considering:
1. relevance to research guestion and fully supported by data
2. relevance to accepted scientific context
3. consice gth [suchas jons and
sources of error) and provides dear evidence of methodological
issues involved
4. ynderstanding of realistic and relevant suggestions for
&} Communication
% Abiiity to write 3 well st andlear reportwhi ¥
outlines the focus, process i igatis
4 Ability to write a relevant report which is concise and facilitates ready
understanding of the focus, process and outcomes of the
investigation,
4+ Ability to use subject-specific terminology and conventions in
appropriate and correct manner.
2]

4]
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Appendix L: Extract of Assessed Formative Practical Report Work Sample - Morgan

EXPLORATION

This criterion assesses the extent to which the student establishes the scientific context for the work, states 3 dear and focused research
question and uses concepts and technigues appropriate to the OP level. Where appropriate, this ¢ also of safety,
environmental, and ethical corsiderations,

student’s report does not reach a standard described by the descriptors below.

1-2 {The topic of the investigation is identified and a research question of some relevance is stated but it is not focused.
The background info provided for the | gation is superficial or of limited relevance and does not aid the
i ding of the of the investigation.
2 [The hodology of the i gation is only appropeiate to address the h question to a very limited extent since it takes
into consideration few of the significant factors that may Influence the refevance, rellability and sufficlency of the collected data.
Mefhiodd pnll Lt allew colictrniCm o any evant clatea .
e mvemsmmdemedhnedmmdtmmmumm | issues that are to the
hodology of the investigation®. S
Backenedl  Safeiv?

134 © [The topic of the investigation s identified and a relevant but not fully focused research question is described.
o [The background information provided for the investigation is mainly appropriate and relevant and aids the understanding of the

of the investiga

The methodology of the i jgation is mainly appropriate to address the research ion but has i Jons since it takes
into consideration only some of the significant factors that may influence the relevance, rellability and suffickency of the
collected data.
The report shows evid of some of the significant safety, ethical or environmental issues that are relevant 10 the
methodalogy of the invectigation®

5-6 The topic of the investigation is identified and a relevant and fully focused research question s clearly described.
The background inf provided for the iga is entirely appropriate and relevant and enhances the understanding
of the context of the investigation.
The dology of the investigs Is highly appropriate to address the h question b It takes into consideration

a4, or nearly all, of the significant factors that may influence the relevance, rmmymwwyumman

mmmmdlullawarmmollhewuﬁumuhrv,ﬂhxalormlmmmnnmmtom
dogy of the in: g 3

* This indicator should only be applied when appropriate to the | ga S plars in TSM,
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Appendix M: Moderator Informed Checklist — Andrew

1BOP Sciences Internal Investigation Headings and Guldance
Raesparch Question

aTthe jon wcludas sn hat leads 1o the reszarch question
0 A descriptive yet conoos title s given

0 A grammatically correct question sbout a precise relaticrship is asked

o A sufficiently datalled question 10 stind slone and be sff-seeplanatoey i asked
0 A speciic measurable dependent vartable is inclucked

1 A spechiic independent variakle to be manpulsted is ncluded

© Precise logations, measuremaents and GENUs S0R08S Rames. are given
Background Information

o Thinking, lnl(luhv or weght for mvanum chosan topic is given

o o ourlosity for chasen design &
presentation is gvan

o All information i ckearly supported with references

© At least 3 appropriste sources with authors have been used

@ Both Intemet and prnt scurces are mduded

0 There & no plagarism [this will gve 2 zern)

Hypothesis

0 A pramenatically corect seswer 10 the research question is gven
ummm\eslsoac\be supported Mumnc research and msodnu
oA t the

o The il
question

0 The bypethesis is given as a scoentifically reasonable answer to the research quésticn

0 The bypothesis & clearly justfied and supportad thivugh 3 reywenm of scentific |iterature

vanables s y the same s i the

Varlables
oAl kqwinﬂesrnkmnl 10 the experimant are Fwestigated
o Variable, Variable and Controbed Vanables ae
m
s o Jent variables ore ctly the same 3= in the question

nAmwmmﬂmdemm’mﬂemwesmdvﬁd  glwan

0 A very birtef descrption of how the dependent vorisble is measared Iz gven

= Cortrobied vorlables include 3 significant vanables that could afinct the dependent
vanable
':Amwumwmofmaammdhdudabhmhhptmmsgm

and

and processed data tables)

5 A zharl introduction & ghen ta establish what dats was collected and why Itis

pprophiate

O ApPropeiate raw data in @ ¢leardy designed and drearen tidide

0 A descriptive titk with the variaties is gwon for the data table

1 Column headings #xlude the quantity, units and wnertainties

1 Datais racorded to an approgriate degrae of precision and consistént with unceraintes

o How the e ware I stated below the dita

table

0 Each data table has o short paragraph establishing s relevance

n Qualitative dats is racordad in the data table or separataly as appropreste

0 A shortinsroduction of how the data was processed |5 grven

oThe of this data pr the research quastion Is green
Caleulalmsmamedcmwmclly and abow msuucuon of an appeopriate graph

ac din o tetle of approps

o Data table from I copled and pasted clude

> Sarmgie calouations e demonstrated for the reader

o are caludsted and "

Data {raw in data

Data Analysis: presenting and describing data (graphs and description of trends)

o The dependent variable & appeopciately graphed sgainst the independent varisble

0 Grapts includa descriptive tithes of the variabiles and aus are Inbeled Inchuding wnits

0 Erver bars showsng the uncertainties 200 mchided on the graph for sdwidual data points
o How uncertirtios wire datarmined Is stated beiorw the gragh and explyned f not
Inchuded

0 Masimum aovd minamam Sevés of bast fit are drawn if apgropiate

© Each graph hes & ther s} and trends shawn - no
condusion

Conglusion

040 gren {see the & step )
uAmumww%ww«-..

oThe Foven s cormeet pparted by the (7 of the data
@ Key data from the anabysis s given and trends in the data are decussed

0 The extent ta which the i SUp by the data is

© The varsation in results & repoetad, showng the strangth of the concluzion

© Scientific reasoning ks used to shaw the valdity of the relationship
o How far the Yon can ba generalaed is disoussed
e —————
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Apparatus

= [ust all equipment used] [nclude 2l tems, Guantities, concentrations, volumes, masses
ete., for measuring equipment uncertaintios]

Methed- manipulation and control of variables

oA the a3 o fair tes1of the hypothesis
© The modifiction of procedures from other sources are chearly reféranced In APA format
1 Al materials are dearty lsted with detsls [type, smosnt, size, volume, concentration.. |

o ams andfce ph. ety shoming the setup of apparatus is induded
batogr are d using APA or (Orawing/Photograph by

Author)

o0 What ok ind of why is given for each

o How the varialle d &5 dearky

© How the listed were kep in the experiment is Sesenbed

o The use and method of random sampling & described where relevant
© Commant on possible hazards, srwicamental, ettice and sodal impacts of the work,
Mswmmmummmmmmmmm)

o The intrecuction establishes the data collected & vakd for answering the research
question

© The reability of the dok theough suffic

o How the bl is 15eshy d

0 The number of dependent wirisble measurements and wihy this amount s deseribed
0 The =ze of the Increments between =sch data polnt and why this was acceptable s

described

o The n:-dmkmsww:mmmdﬁambrmﬂymk
explomead

o Tha inclusicn of 3 sample 5ize of at least 10 is deseribed when the T-test was used
o The collection of data fram amyather students or saurces & clearly ecplained and
refereryed

Evaluation

Enhnum

a The spprogpei of th in obtaining refevant dota is commanted on
o in the

n‘Iherethyo’mnnlsmmsmdm

o The quantity of the data IS commanted on
nmmwnwu(uawdn\ettmmonwm

1 Ounlies Gata o o the data are

OThe of in the trend foe | d

Suggested Improvements

© Where limitstions arne 1o be specific 5
o cddress the (not jet to b careful}

o lmpfmm:nu are grvan which sre possible within tha contest of a schook laboraioey

Further Research Guostions.

) At loast 2 further ressarche Gosstions are stated with deor indepandant and dependent
variables

ohe h L fram the i d

1 4 short explanation for 93 ch question is gven 1o establish its importance and rekemncs

References

OF ical irtent e are prven in APA format

2 A Warks Cited Lst with APA formatting is green at the end of the report
1 Sources are written in alpiabetical order by author's last name

o Each source i listed with 2 hanging indent

Overall Guidance for the Internal Assessment

Owverall Presentstion

© No spEling Of GrAMmMar evTors are présent

O There are dear headgs For each section, with consisignt farmatting

1 All tables and diagrams have a tite and briet dascription with APA refecancing if
required.

o Arial or Times New Roman foet sice 12 fontis used

1 A el Qo

structure

past tense with good paragraph/numbesed
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