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ABSTRACT

This dissertation describes an action researcly stiled at promoting critical thinking
in learners while learning physical science witthia South African national curriculum.
The data were primarily qualitative in nature, avete collected primarily through
participant observation, composed of audio- anéaddecorded lessons, interviews,
guestionnaires, journal entries and written maltelbata collection, analysis and
interpretation were done in the inductive, cycliammer of action research. This process
was guided by research questions about task ceasdis, their position in the teaching
sequence, the role of the learning environmentth@aeed to adjust tasks to fit the
needs of different learners, so as to effectivetymote critical thinking. A pragmatic

approach was used.

It was found that it is possible, using particidaategies and tasks, to promote critical
thinking while meeting the curriculum outcomeshaligh the intense syllabus pressure
of the curriculum makes this challenging. Task geegiharacteristics and positioning in
the teaching sequence, and conditions of the legemvironment, were found to affect
a task’s effectiveness at promoting critical thimkiVarious teaching strategies can
improve attainability by a wider range of learners.

An instructional modelThe Ladder Approaclemerged as being most likely to promote
success. This was found to be successful when aeal@gainst criteria of active
engagement and interest by learners, attainakility effort, display of critical thinking
traits, and compatibility with the South Africanrdaulum. In this model, an interesting
problem is posed at the start of a section, aftechvdirect instruction and learner
engagement with the problem run parallel to ondtarplinked by scaffolding tools

which are engaged in individually and collabordive



PREFACE

The work described in this thesis was carried oihé School of Science, Mathematics
and Technology Education, University of KwaZulu-lafrom January 2005 to
December 2008 under the supervision of Prof. Paliddn (Supervisor). Ethical
clearance was obtained for this study HSS/0152/07D.

This study represents original work by the authua has not otherwise been submitted
in any form for any degree or diploma to any teytiastitution. Where use has been
made of the work of others, it is duly acknowledgethe text.

Angela Stott

December 2008



TABLE OF CONTENTS

DECLARATION ii
ABSTRACT iii
PREFACE v
LIST OF TABLES vii
LIST OF FIGURES vil
NOTES ON STYLIST CONVENTIONS ix
ABBREVIATIONS X
ACKNOWLEDGEMENTS xi
CHAPTER 1 INTRODUCTION 1
1.1. BACKGROUND AND RATIONALE........cccccceviiiiniiiiniiiiieee 1
1.2. RESEARCH APPROACH........cccooiiiiiiiic e 3
1.3.  THEORETICAL REFERENTS ......ccccoiiiiiiieec 6
1.4. STRUCTURE OF DISSERTATION........cccceeviiiiniiiiiiiiiies 14

CHAPTER 2 WHAT DO WE KNOW ABOUT TEACHING AND LEARNING

CRITICAL THINKING? 15
2.1. CURRICULUM.......cccciiiiiiiiiiiiiiiiiciiceiic e 15
2.2, CRITICAL THINKING .....cccooiiiiiiiiiiiiiiieeeeeec e 24
2.3. LEARNING........coiiiiiiiiiiiiii e 33
2.4, TEACHING.......cccoiiiiiiiiiiiiii e 46

2.5, TASKS. ..o 60



Vi

2.6.  CONCLUSION ...ttt 70

CHAPTER 3 RESEARCH DESIGN 71
3.1.  FIT OF RESEARCH DESIGN TO RESEARCH QUESTIONS.72
3.2.  DATA COLLECTION PROCEDURES ........cccccoviiiiiiiiiineen. 74
3.3. RESEARCH CYCLES AND DATA TRANSFORMATION......... 78
3.4. VALIDITY AND RELIABILITY ....ccooviiiiiiiiiiiiceeeecee, 81
3.5.  LIMITATIONS AND ETHICS IN RESEARCH ACTIVITIES ..87
3.6.  CONCLUSION .....coooiiiiiiiiiiiiiiiiicicccec e 87

CHAPTER 4 DESCRIPTION: MY JOURNEY OF LEARNING 89
4.1.  GENERAL CONTEXT......cccoiiiiiiiiiiiiiiiiiieceeee e 89
4.2.  CONTEXT; TEACHING AND COLLABORATING .................. 95
4.3. A CRITICAL EVENT.......cccoiiiiiiee e 116
4.4. CONCEPTS AND PROCEDURES.........cccccovviiiiiiiniiiiie, 132
4.5.  SCAFFOLDING.......ccccceiiiiiiiiiiiiiiciicc e 142
4.6. CONCLUSION ..ottt 152

CHAPTER 5 ANALYSIS AND INTERPRETATION 154
5.1. DESIGN CHARACTERISTICS........c.cccociiiiiiiniiiiiiiiiee 154
5.2. TEACHING-TASK SEQUENCING .......c.ccccoviviiiiiiiiiiiinen. 170
5.3. TEACHING AND LEARNING ENVIRONMENT .................. 180
5.4. TASK ADJUSTMENT FOR INDIVIDUAL LEARNERS’

5.5.



vii

CHAPTER 6 SUMMARY AND IMPLICATIONS FOR RESEARCH AND

PRACTICE 212

6.1. SUMMARY OF KNOWLEDGE CLAIMS..........ccuvvviiiiiiiiiiianns 213

6.2 THE CPAG QUADRANT .....ootiiiiiiiiiiiiiteiiiiiviietieeeeeieeevevvevaeavaaeees 215

6.3. THE LADDER APPROACH...........ccvvtiiiiiiiiiiiiiiieiiiiivieveevveenaaenes 218

6.4.  LIMITATIONS. .. .ootttttititiiitiiiiiieiiiiiieeeeeeeaeeeeeeeaaeaeeeeaeeeeeaeaaeaaa—. 228

6.5.  IMPLICATIONS ....cottttiiiiiiiiiiiiiiiiiiiiieteeeeieeeeeeeaeeeaeeeaeeeeeeeaeeeeaanes 230

6.6.  CONCLUSION .....ooiiiiiiiiiieciieeeie ettt 233

REFERENCES 236

APPENDIXES 251

LIST OF TABLES

Table 3.1: Participants per year and grade.........ccccceeeeieieeeieeeeiieieeeeeiieeaeaeens 74
Table 3.2: Data corpus: summary of sources oflokatgear. ...........cccoeeeeeeeeeeeeveeennn B,
Table 3.3: Criteria for evaluation of a task's efifeeness. ..........ccoceeeeiiiiiiieiiiiiiiinnnns 80
Table 4.1: Time schedule for grade 10 motion, 2007.............iiiiiiiniieeeeeeeeeeen. 121

LIST OF FIGURES

Figure 2.1: Schematic representation of the humBmmmation processing system. ..... 35

Figure 2.2: Relationship between AIME and PSE 0CPD.............cccevvvviviiiiicienneennn. 42



viii

Figure 2.3: Diagrammatic representation of teadtd@mer dialogue and the

PEAAGOGICAl GAP. -.iiieeeeeeeeeiii ettt ettt a e e e e e aaaad 45
Figure 4.1: Section Cycles of action and research...............cccevvvvvviiiiiiiiciiicnns 92
Figure 4.2: Theme Cycles A and Bi............ceemmmmeiieieeeeeiiiieeeeeeesr e eeeeee s 97
Figure 4.3: Class time usage for grade 10 mechamdgrade 11 motion, 2006........ 115
Figure 4.4: Mark distribution for the grade 10 moottask in 2007. ..........ccccceeeeeeeeennn. 129

Figure 4.5: Mark distribution for the mechanicstaetof the final IEB
examination, grade 10, 2007. ..........ccooiieeieeeiiiiiiee e 130

Figure 4.6: Theme Cycle C: Concepts and Procedures............ccoeeeeevieeveeeeiinnnnnns 33

Figure 4.7: 2007 grade 11 performance in the IE#sms November examination,
PEIr QUESTION LY PE. ciiiiiieeeieiiiiii vttt s s s e e e e e e e e aeeeeeeeeseenrnnns 135

Figure 4.8: Class and homework time usage for ZB@de 11 Mechanics and

=T ox (o YOO UPUPUTRRR 137
Figure 4.9: Class time usage: Grade 11 mechanizs 20d 2008 ...........ccccceeeeieeeennn. 139
Figure 4.10: Class time usage for grade 10 wav#6,2007 and 2008..................... 144
Figure 4.11: Cycle D: Scaffolding ...........oceeeereiiiiiiiie e 145

Figure 4.12: Mark distribution for the grade 10 wavask, Tsunami, in 2006, 2007
AN 2008. ... ———— 146

Figure 5.1: Comparison of performance of 2007 gied&arners in two mechanics

problem tasks: a long motion task and a shortaaskit gravity. ........... 163
Figure 6.1: The CPAG Quadrant: A task classifigaBgstem. .............ccccoevviiiiiinnnns 216

Figure 6.2: The Ladder APProach............ e eeeeeieeiiiiiiiiiiiiinnnee e eeeeeeeee e 220



NOTES ON STYLISTIC CONVENTIONS

Steps have been taken to protect anonymity of timvedved. Pseudonyms have been
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CHAPTER 1
INTRODUCTION

1.1. BACKGROUND AND RATIONALE

South African education has been undergoing raditahge during the
phasing in of an outcomes based curriculum ovep#st decade. This new
curriculum calls for an emphasis on skills (DoE93p largely absent from previous
curriculum documents. One of these is the skittr@fcal thinking. As I, together with
other South African teachers, prepared to implertteatnew curriculum in the
classroom, | was eager to learn how to promoteatithinking in learners. This
desire arose partly from having studied the powehinking of a high achieving
learner during a Masters research study (Stott &ddo, 2006). This was starkly
contrasted to the uncritical thought typical ofrfesxs. Desiring to help such learners
to benefit from the advantages of critical thoulgihdéd observed in this high achiever,
and since the new curriculum placed so much emgloaspromotion of critical
thought, | became interested in ways to promotecatithinking in all learners during

everyday classroom practice.

Abundant evidence was available that science euciat South Africa was
in need of improvement. This included South Affieang ranked bottom amongst the
50 countries patrticipating in the Trends in Intéior@al Mathematics and Science
Study (TIMSS) in 2003 (Reddy, 2006). Other indicas of the need for change
included the lack of intrigue evident in schoolesaie learning (Hobden, 2000). This
seemed to be the result of traditional teachingrfipgteadened the subject. This
teaching was directed towards preparing learnerBifin stakes examinations which
focused on equation manipulation rather than caneépnderstanding and critical
thinking (Hobden, 2000). | looked forward to embngcthe new curriculum in an

endeavour to improve this situation.



Even before the tide of change reached the fugtiecation and training
(FET) phase, in 2006, | had shifted my pedagogpalroach from a traditional to a
more constructivist one. A number of factors haadtebuted to this. | had been the
subject of a Masters case study of my practice @&g 2000), which had
demonstrated shortcomings of the traditional pedgddad been using. Additionally,
as already mentioned, | had performed a reseandy sif my own (Stott, 2002), in
which my views of learning were challenged by ad@pth study of a high achiever’'s
learning of physical science. Further, since | &swh in the senior phase, which had
experienced the implementation of the curriculumiexathan did the FET phase, |
had attended the first workshops provided by tagedb prepare teachers for this
transition. These workshops drew clear lines betvike old and new systems. The
old system was portrayed as involving the teacbauting to passive learners
according to a rigid curriculum divorced from régliThis was to be viewed as bad
education. Instead, teachers were now meant to &larners to construct knowledge
for themselves while working collaboratively in gps on authentic tasks. This would
promote critical thinking, we were told. The fir@ntribution to my ideological shift
was my involvement in co-authorship of a grade lspral science text-book in

preparation for the curricular change reachingRBé& phase.

These factors resulted in my undergoing a paradigifih before the curricular
changes reached the FET phase in 2006. This ind@hahift from an objectivist to a
constructivist epistemology, and associated gragphith replacement of traditional
by constructivist pedagogy. This personal shiftaahef the curriculum
implementation in the FET phase resulted in a giesd of internal tension. This was
mainly due to the content-rich syllabus of the @ldriculum being incompatible with
the time-consuming approach | felt was neededdcorstructivist pedagogy. |
attributed this tension to a mismatch between raghing style and the old
curriculum’s objectives. Consequently, | lookedward to the phasing in of the new
curriculum in the FET phase in 2006. | thought th& would give me the freedom to
teach in the style which the training sessionspgragagated, without constantly

fearing that this would disadvantage learners @ffitial examination. | also believed



that under the new curriculum | would be able toaamtrate on promotion of critical

thinking rather than having to merely race throagiontent-rich syllabus.

This was the ideological position, and externali@mment, in which | found
myself in 2005, a year before the implementatiothefnew curriculum in the FET
phase. These were the perfect combination of miradgksituation, | believed, for
embarking on this research study. | had spokerher physical science teachers
about my enthusiasm for the phasing in of the ngwiculum in the FET phase, and
my ideals of promoting critical thinking. Insteafireturned enthusiasm, however, |
noticed considerable foreboding about the new cuitrim, particularly due to a lack
of clarity on how it was to be implemented in preet A study of South African
literature on related topics revealed that thi& lafcclarity was widely felt. | also
noticed a general lack of understanding of whatésant by critical thinking, and an
apparent incapacity to teach for it. Again, a étere search showed this to be a
general problem, not only in South Africa, but migionally. This indicated to me
that there was a need for research into the claarsints and implementation of tasks,
which are successful in promoting critical thinkiwghin a real school setting. |
reasoned that if this could be determined withen¢bntext of the South African
physical science (SA PS) national curriculum, thesy contribute to narrowing the
gap between policy ideals and practice. This reaganspired me to prepare for, and,

at the start of 2006, launch into, this researabyst

1.2. RESEARCH APPROACH

Data collection and analysis in this study werealgdiby the general question
and associated specific sub-questions:

How should learning tasks be designed and usexhihing to promote critical
thinking within the South African physical scienta&tional curriculum?
a) Which design characteristics affect a task’s eifectess in promoting critical
thinking?



b) How does the position in the teaching sequenceenfie a task’s success in
promoting critical thinking?

c) What type of learning environment encourages pramaif critical thinking?

d) To what extent do tasks need to be adapted tafitcolar students or student

groups in order to promote critical thinking?

The study was approached within a pragmatic oriemtdo research
(Cresswell, 2003; Johnson & Onwuegbuzie, 2004) ofdiag to this, research is
guided by the problem, rather than by antecedemditions. The criterion of
usefulness in solving this guiding problem goveshgices about research methods. A
solution is recognised as that which is found teknn the desired manner. At the
same time, a realist leaning towards ontology qnstemology caused me to be wary
of viewing anything which works as truth (FeldmaaQ7). | was also wary of my
own biases influencing my perceptions and integti@ts. Consequently, | subjected
these to rigorous scrutiny by myself, participaptgrs and superiors. This was done
in a manner guided by literature on validity imterof qualitative research.

The action-research inquiry strategy used in thidysis consistent with taking
a pragmatic approach to claims to knowledge. Thisecause action research is
primarily concerned with a pragmatic improvemenpictice. It aims at praxis, i.e.,
the integration of theory and practise, (Mc Nif\&hitehead, 2006; Zuber-Skerritt,
2001). During action research, observation anecgtin are entered into during an
implementation of what is understood to be besttpra at the time. Emerging from
this, understanding is modified, moving the reslearanto new directions, which
form the basis of the next cycle of implementatimioservation and reflection. The
process is repeated until practise had been imdriovihe required manner (Mc Niff
& Whitehead, 2006). Action research is flexible aeslponsive. It is not bound by a
particular methodology, but instead takes a pragmatw of the research process.
This flexibility and responsiveness make actioreagsh suitable for researching
complex situations (Swepson, 1995), such as thqdered in this study.



Also appropriate for researching complexity, isfirneus on qualitative data
collection and transformation used in this studye Tesearcher’s powers of
observation, analysis and interpretation are cktdrnese processes, since only a
human instrument is considered sensitive enougletiect the nuances and richness in
such data (Bogdan & Biklen, 1992; Merriam, 1988)a(lative reporting is focussed
on in this dissertation. This is appropriate fan\pding readers an opportunity to form
alternative interpretations and to abstract prilesipelevant to their local conditions.

In this way the value of this study can be exten@&ehen, Manion, & Morrison,

2000; Stake, 1994). Each targeted section of warrka fperiod of three years was
approached as a cycle of action and research.iflos/ed almost daily data
collection and / or reflection throughout the thyear research period. Initially |
based my preparation and implemented of teachmategiies and tasks on a literature-
based understanding of how to promote criticalkimg. During the implementation
period | collected data, and analysed and refleoted. Guided by this and further
literature examination, | altered the strategy takesubsequent cycles. By
conducting this research over such a long period by collecting a large quantity
and variety of data from all the participants inseml, | ensured thoroughness and data
saturation and allowed for triangulation (Merrial®88). Other practises aimed at
ensuring validity, in the sense used in qualitatesearch, included subjecting the
study to scrutiny through a process of criticatdigse (Zuber-Skerritt, 2001). This
included engaging in discussions with criticalfide and a validation group (Mc Niff
& Whitehead, 2006).

A variety of data was collected. This included oped closed-type
guestionnaire and interview items, reflective learand researcher journals, analysis
of learners’ written work, and transcriptions oflaatrecordings, aided, in some cases,
by video-recordings. Data coding was done accorttirfgpmeworks which were
generated during the research, informed by releiterature. Inductive analysis was
used in the cyclic manner of action research. Avsoke package, NVivo, was used to
aid data transformation. This improved the efficieand effectiveness of pattern

searching, and added rigor to the process.



The participants of the study were the learneasigjht physical science to in
grade 10 and higher as they progressed througloktthgrade 12. This is consistent
with the focus of action research on in situ psec{Mc Niff & Whitehead, 2006).
These learners came from a wide variety of cultanal socio-economic backgrounds,
with an approximate equal gender representatiors. Jdrticipant heterogeneity is
expected to have increased the likelihood thateesawgill be able to extract
naturalistic generalisations appropriate to thaitipular conditions. Before data
collection was commenced, learners and their psngate informed about the
research to allow them to decide on whether otagive consent to the learners’

participation.

1.3. THEORETICAL REFERENTS

A number of terms and concepts are central tostlhidy. These are mentioned
here, together with the meaning | have attacheddm for the purposes of this
dissertation. A number of the issues central tasthdy are also briefly touched on. |
begin by looking at the new South African natiocadriculum in the context of which
this study was situated. | then turn my attentmaoritical thinking, in an attempt to
understand how it can be promoted while operatittlgimvthis curriculum. An
understanding of promotion of critical thinking nhibg informed by what is known
about learning, teaching, and tasks, each of wikitihen discussed.

1.3.1. Curriculum

The South African national curriculum places a hpgémium on critical
thinking, naming it three times in the cross cuwiae critical outcomes (DoE, 2003a).
Critical thinking also features prominently in ingal form within the learning
outcomes and assessment standards of the physmate curriculum (DoE, 2003b).
As is to be expected in any transitional periodyéwer, the attempt, undergone in this
study, to translate these ideals into practice, ndated with uncertainty and tension.
Some of the issues which contributed to the tessi@xperienced were the relative
stress to be placed on conceptual versus procetleaaients of the subject, the



degree of rigidity required in adherence to theicutum content, and the place each
of a traditional and constructivist pedagogy shqu&y in curriculum implementation.
The retention of a high stakes examination, withtbatavailability of prior
examination papers to serve as guidance, intedgtie feelings of anxiety which
these uncertainties encouraged. Data collectiothferstudy commenced with the
start of implementation of the curriculum in theTFghase, and saw me both eager to
explore use of the curriculum to promote criti¢dahking and uncertain about a

number of aspects related to its practical impleatem.

1.3.2. Critical thinking

Given that there are many different definitionsofical thinking in the
literature, for the purpose of this study Lipmadédinition will be used (Lipman,
1989). According to this, critical thinking is “tiiking that is reliant on criteria, self
correcting, sensitive to context and conducivautigment”(p.8). This definition
incorporates aspects of metacognition, action,agopebal to criteria, which are
common to many of the definitions available, andesgts to me as a concise,
normative framework for analysing whether thinkiagritical or not. Other authors’
views on the characteristics of critical thinkingne also used to inform a rich
understanding of critical thinking. For exampleg thtellectual standards of
relevance, consistency, accuracy, precision, fagnlegic, depth, breadth and
significance (Paul, 1993), guided decisions abdtkvcriteria should be relied on in
order for thinking to be considered critical. Sianiy, the criterion of motivation with
consideration of both merits and faults, was useguidgement to be considered
critical (Paul & Elder, 2001). Some authors, susliRasnick (1987) refer to higher
order thinking, rather than critical thinking. Rbe purposes of this study, higher
order and critical thinking are viewed as synonyfiss is justified in Chapter Two.
The term critical thinking will be used in this gistation except where an author’s
use of higher order thinking is referred to.

Critical thinking is viewed as a trait which anyuedted person should

possess. Its value includes the learning flexipitiallows for, its enablement of



rational decision-making, and its empowerment te favery-day problems
competently (Cotton, 2001; Mc Carthy, 1992; Nickers1994). Within the context of
science education, critical thinking is centrairtquiry-learning and a view of
knowledge as contested (Lipman, 1991; Mc Derm@®31 Ostlund, 1998; Yore,
2001). The emphasis placed on critical thinkingh®y South African Department of
Education (DoE), and its prominence in the newamati outcomes based curriculum,
has already been referred to.

1.3.3. _Learning

In my understanding of learning | take a pragmagiproach using those
theories and referents which make sense to me deygeon what problematic aspect
of teaching and learning | am interested in. Howelvam strongly guided by the
constructivist understanding of learning (Dirks989Yore, 2001). According to this
learning occurs as a result of sense-making presassdergone by the learners as
they interact with new information, influenced Ieir existing ideas. | find the use of
other theories, in addition, helpful in understangdihe full complexities of learning. |
find three models of learning particularly helpitulunderstanding learning: two being
constructivistic, and the other originating frongodive psychology. These models
are the more recent versions of Conceptual Chahgery (CCT) (Hewson &
Lemberger, 2001), Vygotsky’s theory of the Zond>obximal Development (ZPD)
(Vygotsky, 1978) and the Information Processing ®laaf Learning (IPM) (Niaz &
Logie, 1993). Each of these sheds light on a pdaiaspect of learning which | find
useful in deciding on what observations to focusod how to interpret them. For
me, conceptual change theory provides a usefubeatibn of the sense-making
process which occurs during conceptual learningyoésky’s theory of optimal
learning occurring in the ZPD emphasises the vafigeaffolding, social learning,
and the importance of instruction being of an appate level of difficulty for the
learners at which it is aimed. | find the IPM vablein its attribution of learning
limitation to the limited capacity of working menyor



In addition to the models of learning mentionedway&choenfeld’'s
Framework for the Analysis of Problem Solving intllematics (Schoenfeld, 1985),
appears to be useful for analysing learning behayvithe components of successful
problem solving he identified in this framework aresources, heuristics, control and
belief systems. In the light of this, learning &es to involve selection and use of
resources and learning strategies (heuristics) éacognitive control processes
affected by the learner’s belief system.

1.3.4. _Teaching

While it is generally accepted that learning ocday&nowledge construction
during a sense-making process, teaching practisghwsconducive to promoting this
is less well understood (Prawat, 1992). Terms egleto discussing this issue include
pedagogy, instructional models, and instructiotralttegies. Pedagogy refers to
ideological principles related to teaching practldse of the terms instructional model
and instructional strategy are employed in the reansed by Gunter, Estes, & Mintz
(2007). An instructional model is a sequenced sarfesteps adopted by a teacher to
achieve a certain purpose. Instructional strategfiessmaller instructional patterns
that can be used across models for a variety gfgs@s with a variety of content”
(Gunter et al., 2007, p. 282).

The term traditional pedagogy is used to refemtaathoritarian ideology in
which the teacher is seen as a fount of knowledyese job it is to transfer this
knowledge to attentive learners. This is followgddmarners practising this knowledge
by answering exercise questions. This is refeektan instructivist pedagogy by
Cronjé (2007). In contrast, an ideology which rategs that learners are not passive
receivers of knowledge, instead needing to be gomportunities to make sense of
new information in the light of their existing camqtions, is called a constructivist
pedagogy. Within each of these broad pedagogitafjoaes are numerous variations.
For example, proponents of radical constructivestagogy view all knowledge as
relative, and are therefore concerned only withnegs discussing views, rather than

reaching a predetermined understanding. Theotists as Dirks (1998), who take a
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more conservative view, do, however, acknowledegertiportance of learners
engaging with stipulated content learning, witls thossibly even occurring during a
traditional lecture. However, they also acknowlettgeimportance of the learners’
prior knowledge to the learning experience, andiirethat some sense-making
activity occurs in which new and prior knowledge &g actively evaluated and

reflected on by the learner.

| began the study informed by a constructivist gedgcal understanding. |
aimed at providing learners with sense-making ofpmities and tried to encourage
them to question and critically evaluate knowlediggms rather than accept them in a
traditional, authoritarian manner. However, | agmieed the study with much
uncertainty regarding how this should effectiveéydone with regards to the every-
day practitioner choices which needed making. Tiredaded choices about which
particular instructional models and strategies &hbe used, how tasks should be
chosen or designed, and how these should be impteohéelhis uncertainty resulted
from the fact that | could find no definitive guldees on this in the literature, despite
a thorough review of the relevant areas. Sincétigh African curriculum had not
yet been implemented, empirically tested guideltwmscerning implementation of
this curriculum in a manner which promotes crititahking, were obviously
completely absent. The literature review did, hogreveveal various debates
concerning the promotion of critical thinking. Tleedebates included whether critical
thinking should be taught directly or inferentialbeparately or infused into subject
disciplines, and what the role of collaborationidddoe in teaching for critical
thinking.

This review of relevant literature informed the wes | made at the start of
this study. This included the decision to use latect and inferential teaching of the
various components of critical thinking, as wellgagng opportunities for learners to
integrate these components. Strategies to promititeatthinking would be infused
into the normal physical science teaching. It wasidkd that collaborative learning
would be focused on, although not used exclusivatempting to transform the class

into a community of inquiry (Lipman, 1991) durirtgetcourse of this study was hoped
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to create an environment conducive to construdtigerning and critical thinking by
all learners. The research attempted to gain aretiderstanding of the influence of
the various components of the teaching and learmviyonment, the influence of
direct and inferential learning, and the value afaborative learning, on critical

thinking.
1.3.5. Tasks

Study of the literature suggests the following tels&aracteristics as potentially
critical in determining a task’s effectiveness aimoting critical thinking: structure
and guidance, context, open-endedness, length,lerityp position in the teaching
sequence, and language usage. In order to undetsi@mnole each plays in
determining task effectiveness it is necessargatige that each involves tensions
which need balancing for optimisation. A reviewsoime of the tensions relevant to
this study is given, below. First, however, an aspelevant to determining
optimisation within these tensions, is referredltois is a task characteristic’s effect
on a learner’s belief system. Closely linked t@ thie the task characteristics’

demands on the learner’'s working memory, and taenés’s motivation.

According to Schoenfeld (1985), learners’ beliesteyns determine their
selection and use of resources, heuristics andaattategies, and therefore greatly
affect performance. A learner’s belief system fe@kd by extrinsic and intrinsic
motivation (Palmer & Goetz, 1988). A learner’s mation and belief system are
affected by, and affect, the capacity of utiliseatking memory, according to the
Information Processing Model (IPM) of learning. Tdegpacity of working memory, in
which all relationship-formation occurs, is veryamlimiting performance. Learners
often utilize only a fraction of this space, witlotivation affecting how great a
portion of the working memory is utilised (Niaz 8bie, 1993). This motivation may
be extrinsic or intrinsic. Factors affecting ingia motivation include interest,
personal standards and goals, and the learnecsiped self-efficacy in relation to
the task. Optimum self-efficacy corresponds toltaener viewing the task as falling
into their ZPD (Lee & Smagorinsky, 2000). Tasksathiall beyond this, referred to
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by Margolis & McCabe (2003) as frustration-levedks, provide so much cognitive
load to the working memory that they affect motiatnegatively. These concepts
are now used to examine the tensions offered bgldst characteristics.

Task structure is taken to mean the degree ofddaffy built into the task
design. Guidance is taken to mean the help givetetrner by mentors, such as
teachers and more able peers. This can also sesaaffold a task. Scaffolding refers
to an instructional strategy in which the tasknskien into smaller, more manageable
steps (Gunter et al., 2007). On one hand, a highegeof structure and guidance
seems important for ensuring a task’s successnghelimited capacity of working
memory (Niaz & Logie, 1993). On the other handRasnick (1987) says, “We do
not recognize higher order thinking in an indivitblwéien someone else 'calls the
plays' at every step” (p.3). Therefore, a tensiiate between giving enough structure
and guidance to ensure that learners do not rifjedask as too difficult, but not so

much as to prevent thinking from needing to beaait

Research suggests that using real-life learningegtimproves the
likelihood that learners will engage in criticalrtking (Alvarez et al., 2000; Fraker,
1995; Sparapani, 1998). This can be explained &ygthater intrinsic motivation the
purposefulness and interest inherent to real-bi@exts gives the learner (Brown,
Collins, & Duguid, 1989). On the other hand, botficah context and the tension of
formal assessment might reduce the working menmuages available for performing
the task, and can increase the likelihood thahkrarmisunderstand the task

requirement (Bansilal, 2008).

Tasks can be classified as open or closed. An tgsrhas multiple correct
solutions, while a closed one has a single coaestver. Critical thinking is required
during search for and formulation of questions é&a& Doppelt, 1999; Lederman &
Niess, 2000), is non-algorithmic, meaning thatrttethods used are not prescribed,
and often yields multiple solutions, each with saatd benefits (Resnick, 1987).
Therefore it seems that open questions may encewragal thinking. On the other

hand, the variety of options, and the need to mme&soned judgements concerning
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these, in an open task, may cause a learner i thgetask as falling outside their
ZPD.

Critical thinking is complex in that it simultanesiy involves substantive and
procedural thinking (Lipman, 1991), i.e. it invosehinking about concepts at the
same time as using heuristics and exerting metéoognT herefore it seems
reasonable to expect that simple tasks, i.e. tinvsdving few concepts, criteria and
possible solutions, may be less effective in indgaritical thinking than more
complex tasks are. However, it also seems likedy farners may reject very
complex tasks as offering too much cognitive laad therefore falling beyond their
ZPD.

Procedures are referred to in this study as presashkich can be reproduced
routinely with little flexibility required (Hobder2006). This includes manipulation of
a formula, drawing a graph, and following a lisdarfections, if the process of doing
this is no longer new to the learner. Procedurdsae complexity and so can become
short-cut substitutes for independent thought PE283). However, procedures can
also be seen as important for freeing up workinghory space for other thoughts.
Both of these conflicting considerations suggegeekation that the prominence and
timing of a teacher’s presentation of procedured, their stipulations for learner
practise of these, may affect the extent to whrdircal thinking will be engaged in.

The majority of the learners who participated iis tudy do not speak
English as a home language, as is the case in 3duth as a whole, and so at the
outset | realised that the language of the taskd usuld potentially be limiting. A
number of South African researchers, such as Ad&99), give inappropriate
language as a key feature of the failure of taghg@mote critical thinking. On the
other hand, some degree of language command angledty is surely necessary to
support the complexity of critical thinking and fearners to explain scientific
concepts in a their own words: a key aspect oftearapproach to scientific thinking
according to Paul & Elder (2006c¢).
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Informed by considerations such as those briefljiread above, the initial
tasks used in this study were designed to varggreks and types of structure and
guidance, context, degrees of open-endedness amglexdty, position within the
teaching sequence, and length. As | underwentetbearch, | sought to understand the
relationship between these variables and a tafiésteeness in promoting critical
thinking. Further, | attempted to pay attentiotaioguage usage and resource
availability, another factor often cited to limésk effectiveness in South African
classrooms (du Preez, 1998). In this way | attethfieeduce the limitation these
factors may have on the tasks’ potential effectégsn The initial tasks were modified
or new tasks designed at the start of each neve @y¢he action research process,
informed by the findings of the previous cycles.

1.4. STRUCTURE OF DISSERTATION

This dissertation describes action research airhddtarmining how to
promote critical thinking while teaching physicalence within the South African
national curriculum. The theoretical framework withich the research was
approached is outlined in Chapter Two. In the pregn of this framework, the
South African curriculum, critical thinking, leang, teaching, and tasks will be
discussed in greater detail than has been domgsimtroduction. In the discussion on
research methodology in Chapter Three, | justiy ofsthe research design utilised,
describe how data was collected, analysed andometierd, and discuss the study’s
validity and reliability and its limitations. ChagstFour is a description of the
development | underwent in my teaching strategmektask usage during the period
of this research. Assertions are given in answénectudy’s research questions in
Chapter Five. The dissertation ends, in Chapterdtk a summary, a discussion of

the limitations of the study and suggestions ofliogpions of this work.
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CHAPTER 2
WHAT DO WE KNOW ABOUT TEACHING AND LEARNING CRITICA L
THINKING?

The purpose of this chapter is to situate thisystuithin the existing
understanding of critical thinking, effective learg and current knowledge on
promotion of these, particularly within the contexthe South African national
physical science curriculum. This provides a litera-based theoretical framework
with which data analysis and interpretation havenb&pproached. Inclusion or
exclusion of literature in this review was initialletermined by relevance and
availability. Recurring references within theserses were taken to indicate authority
in the field, and attempts were then made to loaatkinclude work by some of these

authors. A particular attempt was made to includetl$s African research in the area.

In order to understand the promotion of criticahking within the South
African national physical science curriculum, ifirst necessary to examine curricular
issues, with a focus on the South African curriauléfter this, critical thinking will
be defined and its promotion argued for. An exammmeof learning, which follows
this, leads to the suggestion that critical thigkis a requirement for effective
learning. Conceptions of critical thinking and lgiag together inform an
understanding of relevant teaching strategies askl¢haracteristics, with which |

conclude the review.

2.1. CURRICULUM

South Africa’s curriculum is based on the principfé¢high knowledge, high
skills” (DoE, 2003, p. 7), with critical thinkinge&turing prominently amongst the
skills to be promoted. However, while this may be turriculum’s intended aim, this
does not ensure the realisation of this ideal. Stath African national curriculum,

with particular emphasis on the physical science@uum, is discussed, below. This



16

is done in terms of the intended curriculum, myiahiperception of this, and the role
of assessment in translating curriculum aims imézfice. These set the stage for the
discussion, in Chapters Four and Five, of my im@etation of the curriculum, in the
light of these perceptions, and the consequentfioation of these perceptions as a

result of the process of action research.

2.1.1. Intended curriculum

The intended curriculum is outlined in the eduagatolicy documents.
Critical thinking features prominently in these uBoAfrica’s ruling political party,
the African National Congress (ANC), in preparationtheir election to power, in
1994, stated: “Education shall be based upon tineiptes of co-operation, critical
thinking and civic responsibility” (ANC, 1994, p.4)he following year, the first
White Paper on Education under the new regime (8H5) stated: “The curriculum,
teaching methods and textbooks at all levels aradl jprogrammes of education and
training, should encourage independent and criticalght” (p.17). It seems that this
high regard for critical thinking stems partly frarview that critical thinking in all
citizens is necessary to lift South Africans oftgfles out of the apartheid era (Bester
& Pienaar, 2002; Higgs, 2002; Lombard & Grossef40

This high regard for critical thinking has transldinto it being mentioned
explicitly and implicitly within South Africa’s Fuher Education and Training
National Curriculum Statement (FET NCS) (DoE, 2003ad the physical science
national curriculum (DoE, 2003b). Explicit mentiohcritical thinking is made in
critical outcome 1 of the national curriculum: “rddy and solve problems and make
decisions using critical and creative thinking’itical outcome 2: “collect, analyse,
organise and critically evaluate information” amiical outcome 6: “use science and
technology effectively and critically, showing resibility towards the environment
and the health of others” (DoE, 2003, p.8). Inquanoblem solving, critical
communication and evaluation are interpreted aslumg critical thinking (Hobden,
2002; Lipman, 1989; Ostlund, 1998; Paul, 1993)dfoge the thrusts of the

assessment standards (ASs) of the first and thiydipal science learning outcomes
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(LOs), could be interpreted as implicitly referritmycritical thinking. These thrusts
are: conducting an investigation (LO1AS1), intetiig data to draw conclusions
(LO1AS2), solving problems (LO1AS3), communicataryd presenting information
and scientific arguments (LO1AS4), evaluating krenige claims and science’s
inability to stand in isolation from other fields@3AS1), evaluating the impact of
science on human development (LO3AS2), and evalgatience’s impact on the
environment and sustainable development (LO3ASBE([2003b).

2.1.2. Perceived curriculum

As a physical science teacher, the perceptioneo€tiriculum with which |
began this study was based partly on the curricdloouments referred to above,
partly on the preparatory training sessions | lteehded, partly on stipulated
assessment requirements, partly on my general pgatad outlook, and partly on
practical pressures in the classroom. In an attéonjgase out some of these
complexly intertwined influences to my perceptiohngiscuss some of the tensions |
experienced in my understanding of what the culuiourequired of physical science
teachers. These tensions include a process vemstisgb focus to learning, procedural
versus conceptual learning, flexible versus rigilbus coverage, and traditional

versus constructivist pedagogy.
Process versus Product Learning

My experience of South Africa’s previous curriculuvas that it was very
strongly focussed towards the learning of the pebdi@iscience, rather than its
process. The product was generally taught and sss@s an undisputable body of
knowledge to be learnt without question. The precggioing science was sometimes
touched on, for example when the history of thenateas taught. However, this was
generally viewed as an unnecessary waste of scteaching time since sections such
as this did not feature prominently in the examoratFurther, this was regarded as
being history, and therefore not relevant to arleay of science. | interpreted the new
curriculum’s outcomes as suggesting that processebeeaching should feature more
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strongly than it did in the past. LO1 refers toastigation, and LO3ASL1 to the
contested nature of science. Both of these suggfesius on the planning,
implementation and critical evaluation of the pgef doing science.

On one hand, it seems reasonable that a procesd-approach should
contribute towards the promotion of critical thingi This is because a process-based
approach exemplifies the scientists’ evaluatioerapirical data in the light of
assumptions, to lead to inferences which answestounes within a point of view and
which have implications. In other words, it exerfip the elements of critical
thought identified by Paul and Elder (2006a). Omdkther hand, one can ask what
caused the processed-based modules designed pgdferar UK and US scientists
to fail, to a large extent, on implementation ia thassroom (Atkin & Black, 2003),
and from this wonder how successful a process-baggach would be in South
African classrooms. Further, teaching the prodather than the process, is easier
and quicker to do. It is also highly likely thaktkind of assessment required to
encourage process-based learning would need Heyhguage skill levels than it is
reasonable to assume South African learners aabtepf. If this is so, then the kinds
of assessment which it may be reasonable to prawide external examination might
suggest that a process-based approach is an uasdge of limited teaching time in

preparation for such an examination.
Procedural versus Conceptual Learning

The old South African curriculum focussed on nuicedrcomputation skills,
often learnt by rote, or with minimal understandiagd practised through answering
multiple routine exercises (Hobden, 2000, 2005dntrast, conceptual
understanding was largely viewed as a desirableaoely attained, and minimally
assessed, extra. Procedural fluency has a numlaspetts to it. This includes
drawing of graphs, following lists of instructiores)d manipulating equations
(Hobden, 2006). The latter has particularly beesssed in the old curriculum
(Hobden, 2005), and so is focussed on in this dsoun. At the outset of this study, |

interpreted the new curriculum as placing more eashon conceptual learning than
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on the manipulation of equations. However, | felsure of the exact balance of
emphasis which was required between these two.rékidted from a number of
factors, discussed below.

The emphasis on equation manipulation, accordirigeghysical science
curriculum statement, can be interpreted to be guthis. This contributed to my lack
of clarity on the balance required between procadamd conceptual foci. To me the
curriculum statement seemed to suggest a moraddesemphasis of equation
manipulation than | considered likely to actualbcor in implementation. However,
what | viewed as a dishonest interpretation ofdingiculum seemed likely to justify a
heavier emphasis on equation manipulation thamdgneed the curriculum wording
actually implied. Naturally, this caused confusiommy perception of how the
curriculum should be implemented. The details of fossible ambiguity are outlined

below.

In my interpretation, only one of the ten assessramdards for physical
science, namely LO1AS3 (DoE, 2003), seems to tefeguation manipulation. For
grade 10 this states: “apply given steps in a gmobsolving strategy” (p. 20). The
grade 12 version seems less obviously relateduat®Em manipulation, stating that
learners should be able to “select and use ap@tegproblem-solving strategies to
solve (unseen) problems” (p. 21). This assessni@ntlard forms part of Learning
Outcome 1: Investigation, which does not seem tarbappropriate placing for it,
since equation manipulation seems to have more twitth knowledge than
investigation. Knowledge is the focus of Learningt€me 2. However, the wording
of the assessment standards associated with tttisroe seem, to me, to refer only to
knowledge recall and to conceptual explanationtmabanipulation of equations.
This seemed not, though, to be the conceptionnofnaber of physical science
teachers and administrators with whom | discusBedssue. Amongst them |
perceived a general acceptance that equation natigrucan also be included in
LO2AS3. While the grade 10 wording of this AS costill pass as referring to
eguation manipulation, my understanding of the gritland 12 wording excludes

equation manipulation. For grade 10 this AS isestats: “apply scientific knowledge
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in familiar, simple contexts,” (p. 26). For gradelsand 12, the wording is: “apply
scientific knowledge in every-day life contexts”Zp). To me this suggested a
requirement for using a conceptual understandirexpdain phenomena observed in
every-day life. It seemed to me to be rather ceeattito force equation manipulation
into every-day life contexts, particularly the typleequations prescribed in the
physical science curriculum. However, | considatdi#tely that equation
manipulation questions would be cloaked in the legg of every-day life contexts so
that they could be passed as LO2AS3 questions.slisigicion was supported by a

number of factors, as discussed below.

The following factors suggested that equation maaipn would be given a
more prominent place than my reading of the culuitusuggested it should: the
stipulated weightings between the outcomes, inest@hange, and the poor language
capabilities of the majority of South African lears. The curriculum statement
initially stipulated that equal weightings shoulel &ssigned to each of the three LOs
(DoE, 2003b). This was modified slightly in latezrgions (DoE, 2005, 2008) to place
more stress on LO2. These weightings suggest thati®n manipulation questions
cannot feature prominently, as long as one inté&smech question as being
represented only by LO1ASS. In contrast, allowinghsquestions to be included as
either LO1AS3 or LO2AS3 questions would enable #qonananipulation questions
to make up high percentages of final external erations. This seemed, to me, likely
to happen. This was partly because it seemed Uylikat a drastic change from the
old system which had focused heavily on equationipudation would occur
immediately. Additionally, a strong de-emphasiggb@iation manipulation seemed
unlikely given the fact that the majority of Soutfrican learners answer the physical
science examinations in a language which is nat toene tongue, and so might be

disadvantaged by a more language-rich focus.

While these considerations suggested that consildeeanphasis should still
be placed on developing procedural fluency in leesnother factors tipped the
balance of my perception to the side of concegt@ls. Foremost amongst these was

my desire to promote critical thinking. Meaninglei&rning involves higher order, or
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critical, thinking (Nickerson, 1994; Resnick, 198He ability to operate qualitatively
with concepts is crucial to critical thinking, ander-emphasis on procedures can
short-circuit critical thinking (Paul & Elder, 2006 Further, the Independent
Examinations Board (IEB), under which my school, fghve the following advice to
teachers:

In their efforts to ensure learners achieve simisults to that in the past, teachers
are tempted to drill and practise content to hieirtlearners answer questions typical
of past examination question papers based on dofitea quantity of subject content
knowledge listed in the NCS document makes thisagmh impossible in the
teaching time available. Teachers should thereftdteer focus on helping their
learners develop the skills and attitudes they neebe their knowledge in new
contexts. (IEB, 2007, p.32)

These guidelines suggested that conceptual unddistg rather than
procedural drill, should be the focus of instrustiBlowever, practical considerations
made me doubt the feasibility of the ideals it @gged. | knew from experience that
without drill learners did not develop procedutakncy. And without procedural
fluency, the cognitive demands of much problemisgl\oecome prohibitive. This is
because procedural fluency frees up working menengbpling learners to engage in
more cognitively demanding tasks (Kirschner & SeelP006; Niaz & Logie), such
as those involving conceptual engagement and aritiinking. As stated in the
extract above, however, the heavy syllabus pressiute NCS does not allow for a
traditional approach of procedural drilling. Thesparticularly so if conceptual
understanding is also strived for. Unfortunatetyugh, emphasis on conceptual
understanding does not ensure transfer of knowlemlgew contexts (Bransford,
Brown, & Cocking, 2000). This means that it seenshful to hope that a focus on
developing conceptual understanding in learnerstraihslate to them not requiring
procedural drilling to prepare them to perform welhumerically focussed questions.

Curriculum ambiguity and limitations imposed byrieer abilities and time
availability, have been discussed above. Theseedame to approach this study with
an uncertainty as to the required and feasiblenoal#o be used between procedural
and conceptual foci (Stott & Hobden, 2008). Theealss of previous examinations to
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serve as guidance contributed to this lack of tggladncerning how this aspect of the

curriculum was meant to be perceived.
Flexible versus rigid syllabus coverage

As in the case of my understanding of the balaaqaired between procedural
and conceptual foci, my perception of the degrefeaibility allowed in the
implementation of the curriculum, was confused bgflicting messages | received.
The South African Revised National Curriculum, whapplies to grades R to 9
provides for flexibility by providing only loose gielines for content requirements,
and requiring that 30% of what is taught comes foomtent not specified by the
curriculum (DoE, 2002). Having worked with this paf the national curriculum for
the past few years, | assumed that its implememtati the FET phase would,
similarly, be open to flexible interpretation. Catent with this, the physical sciences
National Curriculum for the FET phase, similarlypyided only loose stipulation of
content (DoE, 2003b). However, the supplementi®dbcument, released in June
2006 (DoE, 2006), removed this flexibility by stiating exactly what should be
taught, providing a schedule so tight that flexipiin content became impossible. In
this study, | refer to this curriculum as conteiotir meaning that it requires a large

amount of content to be covered in a stipulate@tim

This newly perceived curricular inflexibility anawctent-richness seemed
inconsistent with much literature on effective teag. John Deweghampioned the
idea that school should be an extension of lifthablearning would be relevant to
children (Bransford et al., 2000). This suggesas thmight be necessary to let
learners have a say in what they would like todeand that the curriculum should
not be so rigid as to prevent teachers followingraxes of learner interest or issues of
current — possibly local — relevance. Atkin anddgl§2003) support this view,
arguing that “the less teachers are able to plalyeiv strengths and interests, the less
effective they are likely to be with students” {»1). Similarly, Prawat (1992)
suggests that the curriculum should not be seen Gmirse to be run”. Instead it

should be thougth of it as “a network of importatgas to be explored” (p. 382). He
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states that such a conception enhances the likelibbteachers employing
instructional practises consistent with construstiv These views made me doubt
whether | should yield to this perception of rigydand content-richness in grades not
presided over by external examination. On the dtlaad, the risk associated with

such a departure from the stipulations of the cuim seemed daunting.
Traditional versus constructivist pedagogy

The preparatory training sessions offered to taacsteessed that
implementation of the new curriculum required dtdhom traditional to
constructivist pedagogy. A traditional pedagogipased on an authoritarian view of
teaching (Dirks, 1998). In such a pedagogy, theheapresents knowledge to the
learners, mainly through direct instruction. Leasn@ccept this knowledge with little
or no question, and practise it with the aim of te®s A constructivist view of
teaching, on the other hand, emphasises the imqueariaf learners undergoing sense-
making activities, by means of which they manipailencepts, and in so doing
construct understanding (Dirks, 1998). Various wers of constructivist pedagogies
exist. Social constructivism, such as that propagjaly Vygotsky (1978) stresses the
importance of learners undergoing sense-makingegs®s within social settings. It
was apparent that such a view was adopted by therties responsible for the
preparatory teacher training sessions | attendeesd sessions placed a great deal of
emphasis on group work. These moulded my percepfipedagogy relevant to the
new curriculum as revolving around sense-makingigneork, with little direct
instruction involved. On the other hand, this cqimas posed tensions, particularly in
the light of the curriculum crowdedness, referr@éhtprevious sections, and

assessment pressures, referred to below.
2.1.3. _Assessment

Classroom practise is often driven more by extessaéssment than by policy
(Hobden, 1995). This is because teacher effectsgeand learner capability are seen
to be indicated by learner performance on extaess. While the validity of this
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premise is questionable (Atkin & Black, 2003) sita strong motivating factor for
teachers to teach towards the exams. Unfortunatetyrolled, time-restricted, high-
stakes, externally set examinations are poor ggtfior testing certain skills, reducing
the likelihood that these will be tested, and tf@eereducing the likelihood that these
will be taught towards (Atkin & Black, 2003). Alsonfortunately, some styles of
guestioning discriminate against second-languagi@éss, reducing the likelihood
that these will be used in testing, therefore reduthe likelihood that the kind of
thinking they promote will be taught towards. Theeems to me to be a high
likelihood that the implication of the issues jdgcussed might be that some of the
curriculum aims, particularly promotion of criticlinking, might not be realised in
actual practise. Further, there is the problemhake assessment drives change, it
cannot itself change too rapidly without leadinglisaster (Atkin & Black, 2003), and
hence there is the danger that teachers who ietetpe curriculum literally will be
disadvantaging their learners by bringing aboungeawithin their classrooms ahead
of the national external assessment’s implemematichange. These considerations
were particularly applicable in the FET phase duthé presence of a high-stakes
final examination. Further, stipulated categoritassessment tasks to be done in

addition to this final examination did limit flexlkty to an extent.
2.1.4. Summary

In this section | have described the prominentelae writers of the South
African curriculum in general, and the physicakscie curriculum in particular,
intended critical thinking to occupy. | have dissed some of the tensions and
influences which affected my perception of how ¢heiculum should be
implemented, and, particularly, how critical thingishould be promoted. | now turn

the discussion to an analysis of this central aspiethis study: critical thinking.

2.2. CRITICAL THINKING

In this section | define critical thinking and diss ways of recognising when
it takes place. | explore the value of criticahtting, the need for promoting critical
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thinking in formal education, and mention its plagéhin the South African national
curriculum. | then look briefly at successes arftiadilties in attempts to promote
critical thinking in educational settings.

2.2.1. Definition

For the purposes of this study, it is necessadetme critical thinking in a
way that is consistent with available literature aiseful for guiding the recognition
of critical thinking’s occurrence. A large numbérdefinitions of critical thinking are
available. These include “reasonable and refledtivgking that is focused upon
deciding what to believe or do” (Ennis, 1992, p.“®)e art of thinking about your
thinking while you are thinking in order to makeuydhinking better: more clear,
more accurate, or more defensible” (Paul, 19952f), “the disposition to provide
evidence in support of one's conclusions and toasigevidence from others before
accepting their conclusions” (Hudgins & Edelman@,98 333 in Bester & Pienaar,
2002), “the process of determining the authenti@tcuracy and worth of
information or knowledge claims” (Beyer 1985, p64ii Bester & Pienaar, 2002).

In addition, the term higher order thinking appdarbe used occasionally as a
synonym of critical thinking (Hobden, 2002), andasionally as inclusive of critical
thinking (Lipman, 1991). In Bloom’s taxonomy it e to analysis, synthesis and
evaluation (Bloom, 1956). Resnick (1987), afteiterdture review on higher order
thinking, could not produce a definition. Inste&e ighlighted particular
characteristics such as being non-algorithmic, deryself-regulated and effortful. A
weakness in use of the term higher order thinksnpat it implies the incorrect notion
that lower level thinking, such as recalling, isdemportant than higher level thinking
(Hobden, 2002), and that learning proceeds sedlritiom lower to higher levels
(Prawat, 1992; Resnick, 1987).

In the light of the above, higher order thinkingaken as a synonym of critical
thinking, but the term critical thinking, ratheiath higher order thinking, is used.
Lipman’s definition, “thinking that is reliant omiteria, self correcting, sensitive to
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context and conducive to judgment” (Lipman, 198%8)as used, as will be argued
for below. However, this definition appears to beamplete in terms of Bailin’s
(2002) assertion that the defining characteridticritical thinking is its normative
dimension. Lipman’s definition seems to lack a natire dimension for deciding
whether the criteria relied on should be acceptableritical or not. Similarly, for
judgement to be classed as critical judgemengabhs necessary to add some

normative dimension to Lipman’s definition.

To mitigate this shortcoming, as well as to infamcher understanding of
critical thinking, | approached this study with@gaisance of characteristics of
critical thinking as described by other authorse3dare, particularly, the
characteristics listed by Resnick (1987), and titellectual standards and criteria for
critical judgement, given by Paul (1993). | used lditer to guide decisions about
whether the criteria used during thinking shouldcbesidered to be critical or not.
According to this, the criteria which were consetkacceptable are borrowed from
Paul’s (1993) intellectual standards, namely rateeaconsistency, accuracy,
precision, fairness, logic, depth, breadth andi@mce. Similarly, judgement which
were considered acceptable had to be objectivesalpstantiated by reasons which
consider both merits and faults (Paul & Elder, 2001

This expounded version of Lipman’s definition ingorates aspects of
metacognition, action, and appeal to criteria, Whkdce common to many of the
definitions available, and suggests a concise, atve framework for analysing
whether thinking is critical. For these reasongas chosen to guide recognition of
whether the thinking observed was critical.

2.2.2. Promotion
Value

The high premium placed on critical thinking by thericulum writers has
already been discussed. Further, it is commonlg@ed that the ability to think
critically is a valuable skill in an educated persGritical thinking is viewed as
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necessary for developing flexibility in people, blwag them to cope with the modern
demands of a changing workplace, face every-dalyl@mws competently, preserve a
democratic way of life, make rational and moralicke, and reach their full potential
as human beings (Cotton, 2001; Mc Carthy, 1992k&t&on, 1994). Resnick (1987)

and Paul & Elder (2001) equate successful learwittiy the use of critical thinking.

While the development of critical thinking has afwdeen the aim of the
education of the elite, today it is generally relgar as a desired outcome of mass
education (Nosich, 2005; Resnick, 1987). Within¢batext of science education,
critical thinking has moved into the spotlight widlls for inquiry-learning, which
requires learners to be more active and critic#th@ir evaluation of scientific
phenomena (Lipman, 1991; Mc Dermott, 1993; Ostld®®8; Yore, 2001). This is
coupled with the current drive towards an emphasithe contested nature of science,
which requires learners and teachers to engag#ticatthinking (Yore, 2001). In
contrast, science has traditionally been tauglat ‘4sgically bound and internally
coherent body of knowledge which the learner hasdeive with no possibility of
compromise or negotiation” (Watts & Bentley, 1984309), Under such a
pedagogical regime, it would be expected thataaiitihinking would not have been as
desirable a trait in learners as is the case witheat views of science learning.
Finally, the rationale for an emphasis on crititéhking includes the development of
thinking skills believed to be transferable to exeay life, improving the relevance of
scientific instruction beyond that of knowledge aisgtion (Williams, Papierno,

Makel, & Ceci, 2004).

Need

Despite the value of critical thinking, previouséferred to, researchers
generally find low levels of critical thinking arittle understanding of what is meant
by the term, amongst children as well as adultss &pplies to international research
(e.g. DeMolli, 1997; Fraker, 1995), as well as &oifrican findings. Kaminsky
(2004) found low levels of understanding and useritital thinking amongst grade

seven learners, their parents and teachers. Ankaestial. (2001), in a case study of
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technology teaching in a South African class, folittié critical thinking happening.
Mashike (2000) observed limited ability to interjoresults, draw valid conclusions,
and evaluate arguments, and an inability to idgm@tssSumptions and select pertinent
information, among grade 11 physical science legarimea school in Soweto. Neither
is this problem confined to an inability of schéedrners to undergo critical thinking.
Lombard & Grosser (2004) found very low levels ofical thinking skills among
prospective South African teachers, Madolo (1988ntl the same amongst South
African nursing students, and van den Berg (20@@rag South African university

students.

In addition to the evident lack of critical thinkyrskills in the South African
population, there is also evidence that teachersotl@now how to remedy this
situation by promoting critical thinking in the sEeoom. Msimanga & Lelliot (2008)
found that while learners were overheard to exfiesit peers to support claims in
casual conversation outside the classroom, dismussvithin the classroom were
devoid of critical argument, with teachers seemingure how to alter their approach
to allow for this. Similarly, Jina & Brodie (2008) a case study of a grade 10
mathematics teacher’s use of questions, foundhleaieacher had difficulty in
altering his style of instruction to include quest which would promote critical
thinking. The fact that so little is known abouitical thinking and its promotion,
despite the high value placed on critical thinkisgggests that intervention strategies
for the promotion of critical thinking are necessas well as strategies to overcome

obstacles to their effectiveness.
Obstacles

Researchers have exposed a number of obstacldengts to promote
critical thinking. These include student and teactgtudes, lack of relevant
resources, pressure from curriculum schedules ssgsament requirements,
workload, and an inappropriate atmosphere (Bar@@4p Ankiewicz et al. (2001)
explained the low levels of critical thinking thelpserved in South African

technology classrooms in terms of difficulties loé imultiple languages present in the
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South African classroom, poor correlation betwesarrers’ language abilities and
language used in the tasks, low question wait-tjrdesed-ended questioning, poorly
defined task instructions, and a misconceptionttiateacher should take on a
passive role during group work. Other South Africeasearch confirms these
problems. Mashike (2000) refers to negative atéitui thinking, as well as language
barriers, as obstacles to critical thinking amomdstsical science learners. Language
is mentioned as a limiting factor by Scholtz, Hoglgeoopman & Braund (2006) in
their study of the training of teachers to engagargumentation. Further problems
include prominence of closed-ended, mainly retadlks in our classrooms (Jina &
Brodie, 2008; Msimanga & Lelliot, 2008; Pudi, 199k of resources (du Preez,
1998) and lack of use and understanding of critlwaking by parents and teachers
(Kaminsky, 2004).

Other obstacles include the difficulty associateith\@ change in existing
practice and perceptions. This includes difficsltieachers experience in changing
their instructional methods, partly due to overl¢&tbffels, 2005a) and partly due to
the lack of clarity of how this is meant to be d¢RHarrenkhol & Guerra, 1998; van
Rooyen & de Beer, 2006). Pudi (1999) found thatabramon practise of use of
models and recipe-style assembly instructionsestifritical thinking in technology
classes. Existing cultural practice and perceptalss serve as barriers to critical
thinking promotion. These include the traditionatgeption of the role of external
authority and the value of consensus, in generdfiican cultures (Tabulawa, 1997).
Additionally, the traditional understanding of edtion as delivering correct answers,
rather than justifying choices and posing altexsatiews (Scholtz, Sadeck, Hodges,
Lubben, & Braund, 2006; Scholtz, Watson, & Amos2005), also poses an obstacle

to the promotion of critical thinking in a Southri&an classroom.

Finally, research indicates that the promotionrdfaal thinking is neither an
easy nor a short-term endeavour. Lubben, Schokzs& (2008) reported that
minimal exposure to an argument framework did rentglate to spontaneous use of
this to enhance critical thinking, suggesting thatpromotion of the required skills

takes time and persistence. Further, Molefe (2008),case study of a learner who
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produced a silver-medal-winning project for theiowél Expo for Young Scientists,
showed that the learner was not able to demonstriitzal thinking despite
engagement in this quality level of inquiry, funtiseiggesting that critical thinking is
difficult to promote. This can be seen as an olstiaccritical thinking promotion if
disillusionment results when interventions do reseral rapid and easily obtainable
results. Aware of the obstacles discussed in #eian, | approached the study fully
expectant of a long term struggle ahead. Balanitiisg however, was an optimism
that promotion of critical thinking is possible.i$thope was supported by successes

cited in literature, as discussed below.
Successes

Gains in critical thinking in response to intenientprograms include reports
from international sources (Barak, 2004; Barak 8ppelt, 1999; Jimenez-Aleixandre,
Rodrigues, & Duschl, 2000; Milton, 1993; Williamsa., 2004; Zohar & Nemet,
2002), as well as a number from South African redess. Du Preez (1998) reported
a significant increase in Biology teachers’ usstaditegies aimed at promoting higher
order thinking after receiving in-service trainifagusing on these strategies.
Kaminsky (2004), Madolo (1998) and Maskhike (208&¢h reported a rise in critical
thinking or, at least, attitudes towards critidahking, following short-term
intervention programs amongst primary school,deytnursing, and high school
physical science, students, respectively. Fur®enpltz et al. (2006), Scholtz,
Hodges et al. (2006) and Lubben et al. (2008),ntedcsome evidence of
improvement made by grade 10 learners, teachedjrawaersity students,
respectively, in argumentation quality in respotesmtervention strategies. Such
findings encourage the pursuit of an understandfrigpw to promote critical
thinking, since they suggest that this will notib@ain. This shows the need for an
examination of the existing body of literature drategies for promotion of critical
thinking, given below.
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Strategies

When discussed in the literature, the conceptit€al thinking is often
decomposed into a number of components to aid atadeting. The following
components are often referred to in the literatiinewledge, skills, procedures,
heuristics, dispositions and criteria. Howevettical thinking is more than the sum of
its parts (Lipman, 1991; Nickerson, 1994). For tieigson, although some authorities
promote the teaching of critical thinking througla¢hing its components (Barak &
Doppelt, 1999; Hindes & Bakker, 2004; Milton, 19@&hers think that this kind of
teaching is of very limited value, and insteadicaitthinking should be improved by
learners being given numerous opportunities takthmtically (Smith, 1992, cited in
Kaminsky, 2004; Lipman, 1991).

One consequence of decomposing critical thinking its constituent parts is
that a large number of programs have been develimoedsing on each of these
components (Cotton, 2001). Some of these focub®skills and procedures of
critical thinking. De Bono (1985 in Milton, 1993)e developer of one of these
programs (CoRT) states that it is necessary “t@namsble thinking so that a thinker is
able to use one thinking mode at a time - instddgyimg to do everything at once”
(p- 199). A number of developers of critical thingiprograms similarly argue that
decomposing critical thinking into enabling skittekes its teaching more tangible
(Hindes & Bakker, 2004; Lee, 2003). Furthermoresthprograms generally claim
success (Cotton, 2001; Milton, 1993), althoughathenticity of these claims,
particularly with respect to transfer to other @ts, may be questioned (Resnick,
1987).

Heuristics are another of the components of ctitidaking which some
programs focus on. These are “guides to discovedyl@arning and rules of thumb
that help learners proceed along empirical lindgebsolutions or answers” (Lee,
2003, p. 1). A large number of heuristics, sucmaans-ends-analysis, sub-goaling,
considering extreme cases, thinking of counterexasnghunking, summarising,
predicting, questioning, etc. (Nickerson, 1994 kitexr & Salomon, 1989) have been
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identified and taught. Unlike algorithms, heuristdo not guarantee that the desired
solution will be reached if applied correctly. Alggbms are rules specific to the
domain, whereas heuristics are generally applicaiols. According to Resnick
(1987), algorithmic thinking is not critical thimg. On the other hand, heuristics are

important components of critical thinking (Baili2002).

Finally, criteria and dispositions, also named@®gonents of critical
thinking, are the focus of other programs. Bait6@2), argues for this, saying that it
is critical thinking’s normative dimension whichferentiates it from other thinking,
and therefore is at its core. Further, she ardusstéaching for skills and procedures
is problematic given the unobservable nature diss&nd the fact that following
procedures does not ensure critical thinking. PEQ®3) seems to place a similar
stress on the criteria and dispositions of critibaiiking. He calls the criteria against
which thinking which is critical assesses itsalteilectual standards, and lists these
(Paul & Elder, 2006d). Additionally, he providefis of what he terms affective
dimensions or intellectual traits. These seemotwespond with Bailin’s term

dispositions.
2.2.3. _Summary

While the variety of definitions of critical thinkg available inform the rich
understanding of the term in this study, for thieesaf brevity the definition “thinking
that is reliant on criteria, self correcting, séinsito context and conducive to
judgment” (Lipman, 1989, p. 8) will be used. FurtHesiew the elements of thought
and intellectual standards referred to by Pault8ddr (2006a) as particularly useful
in identifying critical thinking in action. The digssion given in this section shows the
value of and need for a study such as this on@ldiee for this includes the high
regard for critical thinking shown by the ANC anéfartment of Education (DoE),
coupled with the obvious need by South Africansctarity on what critical thinking
is and how it can be taught and assessed. ThiofadRrity is a natural consequence
of a lack of definitive research and empiricallgtezl exemplars to guide South

African physical science teachers and text-bookension what critical thinking tasks
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should look like within the new curriculum. Furtheridence that critical thinking
can be promoted by educational intervention suggést this study will not be in
vain in its quest to undertake the required reseanc produce much needed

empirically tested exemplars.

One of the benefits of critical thinking is theeal plays in effective learning.
Since this study sought to understand instructipradtise which promotes critical
thinking, and therefore effective learning, it waportant to begin the research with a
clear understanding of theories of learning. | nom to an examination of such

theories, with an emphasis on effective learning.

2.3. LEARNING

In this section | discuss the three theories | padticularly useful in
understanding learning. These are the Informatimcdssing Model of Learning
(IPM), Conceptual Change Theory (CCT), and Vygotskiyeory of the Zone of
Proximal Development (ZPD). After this, | examinbatis generally meant by
effective learning in the light of these learnihgaries and through the lens of
Schoenfeld’s framework for analysis of problem sav(Schoenfeld, 1985). | then

point out some obstacles to effective learning.

2.3.1. Theaories of learning

Drawing from Cognitive Psychology, | find the Infoation Processing Model
of Learning (IPM) (Gagné, 1985; Glynn, Duit, & Bah, 1995; Mayer, 1988) useful
in its explanation of cognitive load as the limipatoffered by working memory. Its
weaknesses include its potential for suggestingitii@armation can be absorbed, and
its inability to explain the value of meaning nagtibn within social contexts. | turn
to Constructivism, particularly to Conceptual Charideory (CCT) (Dykstra, Boyle,
& Monach, 1992; Hewson, 1996; Hewson & Lemberg8013 and to Vygotsky’s
theory of the Zone of Proximal Development (ZPDy§dtsky, 1978) to better
understand these areas. Taking a pragmatic appriodamot find it inconsistent to
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use both the objectivist IP model and the constristtconceptual model and concept
of the ZPD to aid my understanding of learning.aAsragmatist, | consider it
appropriate to utilise those theories which aretrhefpful in reaching an

understanding within the particular context of tstigdy (Cresswell, 2003).
The Information Processing Model of Learning

| regard the IPM’s main value to be the attenttodraws to the role of the
short term memory’s limited capacity in learninggufe 2.1, below, taken from
Mayer (1988), summarises the IPM. It provides u$a@iwarning that as teachers we
cannot provide a large amount of information or ptax problems to learners without
providing some support to minimise the load onwoeking memory. According to
this model, some of the information presented person’s extremely short sensory
memory (SM) is selected by attention being paii, tand this is passed on to the
short term memory (STM) where it is lost after arstime if not rehearsed or linked.
During rehearsal, links are formed within the comgrats of this new knowledge.
While the new knowledge is in the STM, pre-existkmpwledge may be accessed
from the long term memory (LTM) and, during a pregef comparison and
evaluation, transformations may occur either inrtee knowledge, or the pre-
existing knowledge, or both. Links between the @@ prior knowledge are formed.
The new knowledge may then be stored in the LTMiwia knowledge schema. This

may be accessed and brought into the STM for owatipaitater stage.

The capacity of the STM (also called working mempigy considered by
many authors to be the limiting factor in learn{iagrschner & Sweller, 2006; Niaz &
Logie, 1993). James Clerk Maxwell recognised itpantance in the dcentury: “I
quite admit that mental energy is limited ... and#&# of attention would be much
less fatiguing if the disturbing force of mentadtdaction could be removed”
(reprinted in Niaz and Logie, 1993, p. 511).

Viewers of this model might consider that the infiation processing it
describes is automatic, suggesting that learningocaur by transfer. However, |
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view this interpretation as erroneous. Instead¢gssing of information involves
effortful thinking by the learner as meaning is stoacted. This process of knowledge
construction is more clearly highlighted in the nevodel to which | turn. This model,
called Conceptual Change Theory, can leave readgrs 10 doubt that information

transfer is a fallacy.

rehearsal

S

attention |
INFLIT SM w————hL STM  p————= OUTPUT
3
retrieval encoding

LTM

Figure 2.1: Schematic representation of the humfmmmation processing system.
(From Mayer, 1988, p. 15)

Conceptual Change Theory

While the IPM is useful for understanding cognitoaerload, it is less helpful
in understanding the need for the conceptual-méatipn process of sense-making
during learning. For this | turn to Conceptual Ciaiheory (CCT). CCT is based on
the assumption that individuals construct theinidealge as a result of personal
choices they make, and is therefore constructtvistnature (Kramer, 1999). As
referred to in Chapter One, a variety of understagglof constructivism exist.
Common to all is a view of learning as a procedsnofvledge construction from
perceptions arrived at through interpretation ébimation using existing knowledge
and sense-making strategies (Cobern, 1995; Whed®9p). As can be seen by the
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description given in the quote, below, learninthisrefore seen to be an active process
on the part of learners, with prior learning playmn significant role in learning:

A constructivist view of learning perceives studeas active learners who come to
science lessons already holding ideas about ngghesdomena, which they use to
make sense of everyday experiences. Learning s;idmrefore, involves students in
not only adopting new ideas, but also in modifyimgabandoning their pre-existing
ones. Such a process is one in which learnersehctivake sense of the world by
constructing meanings. (Scott, cited in MoodleyQ@(. 15)

CCT suggests how knowledge is constructed and inflaénces a learner’s
choices during this construction (Hewson & Lembergé01). Piaget’s terms
assimilation and accommodation are often usedserdeng conceptual change
(Dykstra et al., 1992). These correspond to Hews(®96) terms conceptual
enlargement and conceptual exchange respectivetyder to explain learners’
possession of multiple versions of a concept, ehebhich is resorted to under
specific contextual conditions, conceptual stasugferred to. This is determined by
the individual’s perception of the intelligibilityplausibility and fruitfulness of the
concept within a specific context (Hewson and Lergee 2001). Learners assign a
status to each of a set of competing conceptsaic ef a variety of contexts in which
the concept might be used. This is done as a rekatt evaluation of the concepts
against the criteria mentioned. While CCT helpsousnderstand the mental processes
which occur during learning, it does not emphasisevalue of social contributions to

learning. For this | turn to Vygotsky’s Theory dietZPD.
Vygotsky’s Theory of the Zone of Proximal Develagme

One of the aspects of this study was to considermach help learners need
when performing critical thinking tasks. Vygotskyene of Proximal Development
(ZPD) provides a useful way of describing the mantpand scaffolding provided by
the teacher and more advanced peers. The ZPDimnedefs the distance between
what the learner would be able to achieve on th&ir, and what they can do with
guidance and support from mentors (Bransford £2800; Vygotsky 1978). Learning
is optimal when a learner is operating in their ZBRDing situated learning, with their

learning scaffolded by mentors (Slavin, 2008jil the learner is able to self-direct



37

their learning (Schunk, 1990). Situated learningnselearning that occurs while
performing real-life authentic tasks (Alvarez et 2D00; Anderson & Roth, 1989;
Brown et al., 1989). Instructional scaffolding msféo strategies to support a learner
while they extend their learning into their ZPDuyshpermitting them to perform tasks
which would otherwise not be possible (Scunk, 2088)the learner extends their

knowledge and skills, their ZPD shifts.

2.3.2. _Effective learning

CCT, IPM and the ZPD are useful in helping to ustird how people learn,
as well as, to an extent, how they should leawrder for this learning to be effective.
To shed further light on the latter, it is firstoessary to explore what is meant by
effective learning, and then examine its componériisd Schoenfeld’s framework
for analysis of problem solving (Schoenfeld, 19g8aiticularly valuable in doing the

latter.
What is effective learning?

It appears to me that the terms learning for unidedsng, quality learning,
effective learning and meaningful learning all rafelearning which involves a two-
way evaluation process between new and prior knayeeresulting in modification
of either or both of these and integration of tbevnnformation into a conceptual
schema, thus making the knowledge usable (Ger@82, Hauslein & Smith, 1995;
Kilpatrick, Swaffod, & Findell, 2001; Larkin, 198Bovak & Gowin, 1984; Stanton,
1990; Stevenson & Palmer, 1994; Willis, 1993). thev words, learning for
understanding involves conceptual change. Willg9@) cites Bowden’s statement
that quality learning is about:

searching for meaning, developing understandingalating that understanding to
the world around. As a consequence, the worldas séferently and student
conceptions have undergone change. Quality leaigialgjout conceptual change -
seeing the world differently is an essential outeof@owden, cited in Willis, 1993,
p. 391)

According to Hewson and Lemberger (2001) “Coming tieep understanding
of a conception ... means grappling with the coodg of intelligibility, plausibility
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and fruitfulness that define a conception’s stat(js. 123). The word grappling
suggests an active, effortful process. This coulghsst critical thinking, given the
effortful nature of such thought (Resnick, 1987prilspecifically, the act of making
a decision about the need for conceptual changalyating an existing concept’s
characteristics against criteria of intelligibilifglausibility and fruitfulness, is
consistent with Lipman’s (1991) definition of cadl thinking relying on criteria to
guide judgement. The view of effective learnindsetaby Ertmer & Newby (1996),
further encourages a view that critical thinkingusintegral component of effective
learning. According to this, reflection serves dimka between metacognitive
knowledge and self-regulated learning, and sodsk#y to effective learning.
Reflection is an important component of criticahiing since it allows for self-
correction, part of Lipman’s definition of criticilinking (Lipman, 1991). Therefore
critical thought is clearly central to effectivataing. However, as Schuster (1992)
puts it, “There is a fascinating complexity to tkimg, a mixture of chaos and
coherence, knowledge and intuition” (p. 160). Cousatly, some approach is needed
for dissection and analysis of effective thought] ¢hus effective learning. | have

chosen to borrow Schoenfeld’s Framework, for thigpse.
Schoenfeld’s Framework

Woods (1988) equates problem solving strategids érning strategies due
to their mutual employment of critical thinking toake sense of unknown situations,
and Lavoie (1995) and Wheatley (1995) refer torleay as a problem solving
activity. Consequently, | consider it reasonablanalyse learning using a framework
for understanding problem solving behaviour andehzhosen to structure my
discussion on effective learning using Schoenfefdamework. According to this,
problem solving behaviour is determined by thevithial's resources, heuristics,

control and belief system.

ResourcesMental resources refer to the availability andamigation of
knowledge, and of the skills needed to utilise thia meaningful way. The value of

the presence and organisation of resources isigigatl by a study of the difference
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in performance of expert and novice problem solvEnss difference lies in the
nature, structure and utilisation of their stored\kledge. Experts have extensive and
highly organised knowledge structures which theyndneavily on during qualitative
analysis of problem situations (Bransford et &00@ Gerace, 1992; Hauslein &
Smith, 1995; Leonard, Dufresne, & Mestre, 1996;d&my2000; Willson, 1995). The
relationships between, and organisation of, elesard seen as particularly
important, with experts showing a high degree o$@ring and linking around big
ideas, and hierarchical activation of knowledgeck&@nd Holyoak, and Hasselhorn
and Korkel, cited in Lipman (1991), suggest that majority of school children and
undergraduate students generally fail to delibgratee prior knowledge when
confronted with a new situation. This suggestsrih@rtance of not only possessing
appropriate prior conceptual and procedural knogdedut also owning and using
strategies necessary for utilisation of this knalgk Stevenson and Palmer (1994)
and Willis (1993) maintain that learning for undargling generates intrinsic
motivation because new knowledge becomes meaninpgftégrated into cognitive
schemas, providing a satisfaction which the fragamgrstorage involved in rote
learning does not. This suggests that the extemwhtoh prior knowledge can be used
affects the belief system of the learner. ThisuBson shows that it is generally
accepted that resources are vital in learningptbetal organisation of these resources
affect their usefulness, and their usefulnessritiéu affected by and affects the other

components of learning.

Heuristics, Learning strategieSchoenfeld (1985) classifies automated
strategies as resources and those which requiseioms thought as heuristics. This
shows correspondence with Garner’s (1988) defmitiblearning strategies as
sequences of activities, largely under the deliieei@nscious control of the learner,
which are selected from alternative activities lidew to attain a learning goal.
Research shows that knowledge of and ability toausteategy is insufficient to ensure
that it will be applied where appropriate. Chi (598und that there is a complex
interaction between the use of a strategy andrfwiat and structure of the content

knowledge (resources) to which the strategy isstajiiplied. Reynolds and Shirey
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(1988) and Schoenfeld (1985) highlight the impartaof metacognitive strategies
(control), while Palmer and Goetz (1988) pointhiie importance of motivation (belief
system) in selection and use of appropriate legrairategies. This discussion shows
that learning strategies are very important foe@if/e learning, but they are
insufficient on their own due to their interactiaith the other components of

learning.

Control. By control, Schoenfeld (1985) refers to self-regioin of activity
through selection and implementation of resourogissérategies. It involves planning,
monitoring and assessment, decision-making andcemms metacognitive acts. In
reference to the important role control plays ialgem solving, Schoenfeld states:
“The issue for students is often not how efficigrttiey will use the relevant resources
potentially at their disposal. It is whether theyl allow themselves access to those
resources at alllp. 13). Resnick (1987), referring to the needcfamtrol in learning,
says “many individuals primarily lack good judgmeagarding when strategies
should be applied” (p. 26).

In reference to the components of an ability totmdhearning, McCombs
(1988), identifies metacognitive skills as beingportant: “The self-controlled and
self-motivated learner is one who can plan, reguland evaluate his or her own skills
and strategies” (p.142). A number of authors (Eagrest-Pressley and Gillies, cited
in Garner, 1988; Lipman, 1991; Stevenson and Palh®&4, Williams et al. 2004)
refer to the importance of metacognition in leagniBandura and Schunk, cited in
McCombs (1988) assert that the metacognitive aselbfevaluation against internal
standards allows learners to create self-incentidgsh, when fulfilled, result in
satisfaction, which causes interest and an enhagmteim self-efficacy. As already
mentioned, common to the various definitions oficai thinking is allusion to
metacognition. This partially explains criticalriking’s central role in effective

learning.

Thomas, cited in McCombs (1988), relates contrdéarning to the learner’s

beliefs about learning:
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It seems reasonable to assert that the spontanseus learning strategies is a matter
of disposition: the disposition to perceive a léagrtask as controllable, to feel
responsible for the outcome, and to search actieeligeas for solving the problem
posed by the task. (p. 144)

Carver and Schuer, cited in Butler & Winne (199830 refer to the
interaction between the control learners exerh@irtlearning and their beliefs about
learning, saying that self-regulated learning osaunen learners stumble on obstacles
which they consider themselves able to surmounbdiy (2000) says self-regulated
learning occurs when a learner escapes from thagoggtcal cycle propelled by
extrinsic motivation from the teacher, to undergarhing propelled by the learner’s

intrinsic motivation.

It appears to me that the views given above arenaliedded in self efficacy
theory, which has to do with learners’ beliefs atibeir abilities relative to task
demands (McCombs, 1988; Moodley, 2000; Palmer amert®, 1988). | conclude,
therefore, that the control learners exert on tle@ming determines strategy and
resource usage and is significantly influencedhgyrtbelief systems, to which | now

turn.

Belief systemSchoenfeld (1985) defines a learner’s belief sysis “the set
of (not necessarily conscious) determinants ohdividual's behaviour” (p. 15). He
states that “problem-solving performance is notpynthe product of what the
students know; it is also a function of their p@taans of that knowledge, derived
from their experiences” (p. 14). In other wordssia function of their belief systems.
Figure 2.2, taken from Moodley (2000), illustrateselationship between learning
performance and learner perceptions, showing treuatof invested mental effort
(AIME) learners are prepared to allocate to leayraa being optimal when their
perceived self efficacy (PSE) or the perceived timkand characteristics (PDC) is
neither low nor high. In other words, when learneesceive their capabilities (self
efficacy) either to be high or low in relation teetdemand of the task, then they will
expend less mental effort in the task than if thegceive it to be challenging but

within the range of their capabilities. This copesds to Vygotsky’s theory that
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optimal learning occurs in the individual learneZBD (Lee and Smagorinsky, 2000).
Learners’ perceptions of relevance and intereliemmaterial to be learnt determine
the perceived value of the learning outcome, aitiaddl factor affecting the amount

of mental energy they are prepared to invest imlag (Moodley, 2000).

m X - »

PSE or PDC

Figure 2.2: Relationshipetween AIME
and PSE or PDC.

(From Moodley, 2000, p.21)

The discussion so far has explained the valuestohsic and extrinsic
motivation in learning in terms of self efficacyethry. Another way of looking at this
is that motivation increases the size of the fuumal mental capacity, which is the
portion of the working memory which is utilised @eaal-Leone, cited in Niaz and
Logie, 1993). According to this model, highly meatied learners are able to learn
more effectively than less motivated learners bgeani the greater space motivation

makes available for use in the short-term memory.

Various authors stress the role of belief systemkiearning and the learning
experience on belief systems. Paul & Elder’s refeegoessential intellectual traits
describe a belief system which encourages critigalght, and therefore effective
learning (2006d). These traits are confidence asoa, fair-mindedness and
intellectual humility, courage, empathy, autonoimyegrity and perseverance. Bailin
(2002) refers to a commitment to rational inquiisting respect for reasons, an

inquiring attitude, open-mindedness and fair-mimi=s$ as examples. She takes the
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view that teaching of critical thinking should facan cultivation of the intellectual
resources relevant to the particular subject dopvenich includes an understanding
of the relevant criteria and a disposition to usan. Finally, Dewey points out the
influence of educational experiences on learnegbébsystems. He emphasises that
the learning of a belief system, rather than theet learning through which this is
brought across, is often the aspect which mosoprafly impacts future learning.

Perhaps the greatest of all pedagogical fallasiéisa notion that a person learns only
the particular thing he is studying at the timell&eral learning in the way of
formation of enduring attitudes, of likes and diek, may be and often is much more
important than the spelling lesson or lesson irgggehy or history that is learned.
For these attitudes are fundamentally what couttierfuture. The most important
attitude that can be formed is that of desire togdearning. (Dewey, 1938, p. 49 in
Carver & Enfield, 2006)

In summary, the learner’s belief system is a \atahponent of learning in that
it determines the extent and direction of learnkgyther, the nature of educational
experiences can influence a learner’s belief sysfgmproaching this research, |
expected the planned educational experienceseotathd be affected by learners’
belief systems both in their abilities, i.e. sdfieacy (Palmer & Goetz, 1988), and in
criteria they consider worthy of evaluating infortioa against, i.e. dispositions
(Bailin, 2002). The role of self-efficacy is viewad particularly important here since
critical thinking is expected to be effortful (Redn 1981). It seemed likely to me that
this requirement of effort should challenge leashbeliefs in their abilities. The role
of dispositions towards criteria against which rlaishould be evaluated, and whether
it should be evaluated at all, is viewed as impuria directing conceptual choices
(Hewson & Lemberger, 2001), and in determining Whethey will engage in critical
thinking, and if so to what extent and in which t@xts this will occur (Bailin, 2002).
Additionally, it seemed likely that learners’ pamance in these tasks should affect
their future beliefs about their abilities to thioktically, their dispositions towards
thinking, and the value of critical thinking in théves. These aspects were born in

mind during the implementation and reflection stagkthis study.
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Obstacles to effective learning

Having discussed what | understand by effectivemmeksarning, above, | now
turn to a few obstacles which hinder learning, ipalarly scientifically sound learning
of physical science. | look at the fallacies of Wihedge absorption and of conceptual
learning through inductive practical discovery, adaps in communication. A
constructivist view of learning rejects the notmmabsorption of information from
observations, since observations must be convestpdrceptions through
interpretation (Cobern, 1995), which is done ugrigr knowledge, expectation, and
imagination (Driver, 1983). As Einstein and Infekated:

Science is not just a collection of laws, a catatogf facts, it is a creation of the
human mind with its freely invented ideas and cpt&ePhysical theories try to form
a picture of reality and to establish its connawtiwith the wide world of sense
impressions. (Einstein and Infeld, cited in DrivE®83, p. 3)

Driver calls conceptual learning of science througtuctive practical
discovery “a fallacy” (p. 3). Similarly, Lock (199@alls for increased teacher control
during data interpretation if conceptual undersiragds to be the focus of instruction.
A consequence of this is that in order for learnerse directed to view observations
in the way scientists do, communication is impdrtarearning. However,
communication has very real limitations. Figure, 2i8veloped by Moodley (2000), is
useful for understanding these limitations as aslthe role of dialogue in reducing
these. It illustrates that the teacher’s instructights up certain conceptions in the
teacher’s mind and certain conceptions in the kE&mind. However, only a few of
these overlap and therefore meaning is sharedtordy extent. The degree by which
understanding is not shared describes the degresioh teacher and learner are
divided. This can be called the pedagogical gaps gap can be narrowed by the
learner and teacher undergoing a dialogue. Theéeexie and significance of this
pedagogical gap explains and is explained by tihgigience of students’ intuitive
beliefs and the frequent alteration of their coticgs in directions unintended by
instruction (Gauld, 1989). This is particularly tb&se in a traditional classroom where
transmission-style lecturing is the sole meansigiiruction (Leonard, Gerace, &
Dufresne, 2002).
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Figure 2.3: Diagrammatic representation of teadd@mer dialogue and the
pedagogical gap.

(From Moodley, 2000, p.12)

2.3.3. _Summary

| view learning as a process in which knowledgeoisstructed through the
formation of perceptions resulting from the leais@rterpretation of information. |
consider three factors to be particularly influehiin affecting learning outcome, as
given by CCT, the IPM and the ZPD respectivelyskilearning quality is affected by
the effectiveness with which the limited capacityvorking memory can be
managed. Second, the quality of learners’ concéfaming of science will affect
learners’ ability to make scientifically sound jeaigents with regards to a concept’s
status. Third, learning quality will be affected Whether learners are allowed to
operate within their ZPD, and whether appropriasdfslding is provided until such
time as they are able to self-direct their learning

| view effective learning of physical science totbhat which results in
possession of a deep understanding. This is bralghit by use of resources and
learning strategies as learners exert productiméraover their learning because of
the interest and motivation which arise from a fesibelief system towards physical
science learning. Effective learning is hinderedhmsy existence of gaps in

communication. Communication is a necessary comgarfdearning, given the
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limited scientifically sound learning that occursrh children’s individual practical
discovery and the inability of learners to absarfioimation passively. The
understanding of learning, arrived at above, infooonceptions of effective teaching.

| turn to this next.

2.4. TEACHING

While the primary objective of teaching is obvigui) promote effective
learning, how this is to be done is not at all olog. Neither is it obvious how to
promote critical thinking. A myriad of practical dsions have to be taken daily by
practitioners as they design and implement taslsv@@nage classes. Each of these
has the potential to promote or inhibit learningyéneral, and critical thinking in
particular, as well as having many other consegegmsuch as propelling learning
through the syllabus at the rate stipulated bysthte, engaging learners’ interest,
including learners of a range of abilities in leagy or failing to do any or all of these.
A variety of factors guide practitioners as theykméhese decisions. One of these is
their perception of the curriculum within which yheperate. This has already been
discussed. Another factor is their perception oaindffective teaching entails. | begin
this discussion with a look at this, after whidluin to a brief discussion about models
and strategies of instruction potentially relevanattaining this in this particular
study. | end with what is known about teachingtf@ promotion of critical thinking.

2.4.1. Effective teaching

In this section | examine traits of effective clagsns. This serves as a prelude
to the discussion on models and strategies ofuastm aimed at achieving these
traits. These traits are taken from Bransford ef24100), who state that an effective

classroom should be learner, knowledge, assessamdrdiommunity centred.

Learner-centred instruction means instruction winsdnformed by an
understanding of the knowledge, skills and attistunadbich learners bring to the
classroom (Bransford et al., 2000). Unless instonds sensitive to this, learning is
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unlikely to be effective. According to conceptubbage theory (Hewson &
Lemberger, 2001), unless learners realise the toealter their preconceptions about
what is taught in a classroom, they will simply adav conceptions to their existing
ones. In contexts which clearly require use ofdtvecept taught in the classroom,
learners will use these in the form learnt in tlessroom, but in any other context
they will revert to the more deeply held conceptiath which they entered the
classroom. Learner-centred instruction recognisiss &and so seeks to activate prior

knowledge, build on it where appropriate, and @rajk it where it is incorrect.

Another aspect of a learner-centred classroonistkte teacher is sensitive to
the fact that learners come to the classroom withreety of skills. The teacher’'s
response to this variety in learners affects ctasarclimate, which affects motivation
(Pintrich & Schunk, 2002). In a learner-centredissrunent, the teacher is sensitive
to cultural differences related to class partiggatand to self-image with regards
learning aptitude (Bransford et al., 2000). This affect learners’ attitude towards
intelligence, which, research shows, affects leay®ffectiveness. Those learners who
view intelligence as malleable are more likely éodvepared to struggle with
challenging tasks, than those who view intelligeasdixed (Bransford et al., 2000).
A learner-centred classroom is one in which theieaencourages attitudes
conducive to effective learning through the choicesle, and through taking an

active interest in individual learners.

In addition to being learner-centred, effectiverinstion is also knowledge-
centred. Knowledge-centred classrooms supportilegfor understanding (Bransford
et al., 2000). Expert-novice research revealsftrdtnowledge to be easily accessible
and transferable to new contexts, it needs to glelynorganised and inter-linked
(Prawat, 1992). In other words, it needs to be tstded, rather than merely
memorised (Willis, 1993).

Prawat (1992) stresses the importance of teachkrggtan integrated view of
learner- and knowledge- centeredness. By this fenathat each of the learner and

the content is seen as dynamic. Learners shouldenséen as being defined by
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certain learning styles, and content should nad®sn as an infallible and
unchangeable body to be learnt without questicstebd, each should be seen as
changing over time and affecting one another. s #as requires acceptance of
intermediate partial understandings of contentiabée accessibility of learning. This
requires striking a balance between the purityhefibformation interacted with and
its modification in the light of needing to be appriate for the particular learners
involved, such that content is both accessibl&¢dearner and truthful to certain
disciplinary standards. This conception, he claiageeded for teachers to change
their instruction to be more consistent with comstivistic principles. In practise, he
sees this as involving the negotiation of meanwiggre this means a navigation of
learning through the obstacles to effective leaynand the process of reaching

consensus of understanding through dialogue.

Finally, effective instruction is assessment anghicwnity centred.
Assessment-centred classrooms use formative assetssna manner which makes
the learning process visible to both the learnerthe teacher, with the purpose of
effectively guiding the learning process (Atkin d&aBk, 2003; Bransford et al., 2000).
Community-centred classrooms are appropriately aueg by the surrounding
community, and themselves form a community withrabgeristics conducive to
engagement in critical discourse by all. For effectearning to occur the community
in which the classroom is situated, as well atramunity of the classroom, need to
value principles conducive to effective learninggBsford et al., 2000). Effective
attitudes include a preparedness to make errorpantidipate in critical discourse,
giving and accepting challenge, during learninge Tdacher needs to convert the class

into such a community of inquifipman, 1991).

Informed by the discussion given above, | approddhaching, in this study,
with the aim of creating a classroom environmenicWhvas learner-, knowledge-,
assessment-, and community- centred. How this waaipally to be done was
informed by an understanding of a variety of mo@eld strategies of instruction, as
discussed below. Additionally, as | engaged inrdsearch, | strived to further

improve my understanding of this.
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2.4.2. Models of instruction

A model of instruction is taken to mean a sequesegs of steps adopted by
a teacher to achieve a certain purpose. Guntegs E&tMintz (2007) discuss a variety
of instruction models, each of which has strengtid weaknesses and consequent
appropriateness for achieving particular outcorirethis discussion | focus on some
such models which appear to be potentially appatgifior promoting critical thinking
within a content-rich stipulated curriculum. These: direct instruction, conceptual
learning, problem-centred inquiry, Socratic senmsn&ggen and Kauchak’s
integrative model and co-operative learning modEtese are each discussed briefly

below.
Direct instruction

Direct instruction is central to objectivistic, tnsctivistic pedagogy (Cronjé,
2007). This is a common practise and results iche@ preparing many notes,
worksheets and tests to support their instructimstruction involves the teacher
reviewing previously learned material, stating dibgectives for the lesson, presenting
new material, guiding practice, assigning indepeng@eactice, and periodically
reviewing and providing corrective feedback wheeeassary (Gunter et al., 2007). It
is what many of us have experienced particularlonth African schools and could
be called a traditional instructional strategy.

Direct instruction has its foundations in behavaysychology, social
learning theory and cognitive learning theory (Gurt al., 2007). According to
behaviourists, learning behaviour can best be tiomaid by providing clear targets, a
systematic and incremental provision of informatonl testing of learning, coupled
by positive reinforcement. According to social lgag theory, people learn from
observing one another, and this does not necgssesilit in an observable change in
the learner’s behaviour. Hence, learners can ligam observing teachers teaching,
even if no change in the learner’s behaviour ioled at the time of the instruction.
Cognitive learning theory, to which the InformatiBrocessing Model of learning,
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belongs, supports the clear, careful, systematatimg of new to background

knowledge during direct instruction.
Conceptual learning

Concepts are categories of objects or ideas winahesessential attributes
(Gunter et al., 2007). Learning involves the c@atnd modification of conceptual
structures (Hewson & Lemberger, 2001), and effed@arning involves clarification
of conceptual boundaries, and consistent usagenafeptual rules which are
consistent with the particular subject domain ({S®202; Stott & Hobden, 2006).
Models of instruction focussed on conceptual leagr@oncentrate on the essential
attributes which distinguish concepts. This inveltee teacher providing positive and
negative examples, from which a concept definiteoderived, in the concept
attainment model. The concept development modabie inductive, with learners
grouping items according to their own criteria, @fhthey then make explicit to define
the concept they have developed. Learners conteetoldssroom holding many
existing conceptions, some of which are in confiith scientifically acceptable
conceptions. Unless the alternative concepts alketiyed, they are likely to be
retained, and reverted to in contexts where thensific concept is not clearly
required (Bransford et al., 2000; Hewson & Lembgergé01). Hence, models of
science instruction founded in conceptual changerthaim at exposing existing
conceptions, creating dissatisfaction with them nehreecessary, and showing that the
scientifically acceptable conceptions are mordligtble, fruitful and plausible
(Hewson & Lemberger, 2001)

Problem-centred inquiry

Problem-centred inquiry involves anchoring learnimgeal world situations
(Gunter et al., 2007). WebQuests and Problem Blasarthing (PBL) are examples of
problem-centred inquiry. In WebQuests the teachkercss a problem and relevant
websites, after which the learners solve the probuided by a WebQuest template
and using the selected websites. Thomas (2000j)ifiesrfive criteria which must be
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present in an approach for it to be called PBL.sEh&re centrality, driving question,
constructive investigations, autonomy, and realiShe project must be central to the
curriculum, must be driven by a question whichldaners need to engage with as
they investigate the related issues, which shootdlieady be known by them. This
should be done with a high degree of learner autynae. the teacher should
facilitate, but not take control of, the acquisitiand manipulation of information.
Finally, the project must have the feel of beinthautic, with the learners’ solutions

to the problem being implementable in real life.

PBL has been found to be effective in inciting rearinterest, enjoyment and
active engagement (Albanese & Mitchell, 1993),ipatarly in the case of
unmotivated, low-achieving learners (MergendolMarkham, Ravitz, & Larner,
2006). Further, PBL is believed to lead to deeglewf understanding (Gunter et al.,
2007). However, there are indications that PBLrofeads to gaps in learners’
knowledge base, and students’ perception thatdheyot as well prepared for
conventional science examinations as their couatespvho were taught in a more
traditional fashion (Albanese & Mitchell, 1993). $@arch suggests that PBL is
difficult to implement and depends largely on thadher having a strong content and
pedagogical knowledge (David, 2008) and beingesti#it project management
(Mergendoller et al., 2006).

Socratic seminars

During Socratic seminars, students undergo a di@agth one another in
relation to stimulus material. This is aimed at@leping critical thinking and
respectful, yet critical discourse, during a deegagement with the subject matter by
means of asking essential questions (Gunter 2@0.7; Paul & Elder, 2006b; Tanner
& Casado, 1998).

Eggen and Kauchak’s integrative model

Eggen and Kauchak’s integrative model is an indeciipproach to instruction
which aims at guiding learners to make sense ofpt@xrelationships between
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concepts. It involves learners searching for pastén data, explaining this and
hypothesising about what would happen under carditmodified from the data
(Gunter et al., 2007).

Co-operative learning models

Co-operative learning models involve learners aaténg with one another as
they engage in subject material. Co-operative lagrmodels claim greater
achievement gains, and more learner activity, @algrly in the case of more reticent
learners, than do traditional teacher-dominatedaggies (Gunter et al., 2007).
However, research done in South African classrosuggest that such approaches
need to be carefully structured to prevent themrmfleading to limited learning
(Adam, 1999; Ankiewicz, Adam, de Swardt, & Gros302). Various models of how
this can be done are proposed. These includedgsawimodel (Gunter et al., 2007),
in which learners work in different groupings dfetient stages in the learning

process, aiding cross-pollination of learning amtregn.

2.4.3. Strateqgies of instruction

In contrast to a model of instruction, discusseavaba strategy of instruction,
is taken to mean “smaller instructional patterrag ttan be used across models for a
variety of purposes with a variety of content” (&met al., 2007, p. 282). Gunter
refers to a variety of instructional strategiesthis discussion | will focus only on
those which seem particularly relevant to the pribomoof critical thinking in a
content-rich stipulated curriculum. These are sddiig, think, pair, share strategies,

summarising, questioning, and argumentation.
Scaffolding

Scaffolding involves breaking a process into parémageable by the learner,
with the purpose of supporting learners while dirgcthem towards self-directed

learning (Gunter et al., 2007). It is consisterttwthe notion of learners needing help
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as they operate in the ZPD, until they reach sieffetion (Lee & Smagorinsky, 2000;
Vygotsky, 1978).

Think, pair, share strategies

Think, pair, share strategies are aimed at inangds@arner participation due to
learners sharing ideas in non-threatening environsnéearners are given an
opportunity to think about an issue individuallftea which they share this in pairs.
They then pool these ideas in a whole-class shaesgion (Gunter et al., 2007).

Summarising

Summarising involves learners selecting relevaiarmation, and
paraphrasing this in their own words (Gunter et2007). This process helps learners
to make sense of and internalise learning, andnmegjamployment of critical thinking
to be done well (Paul & Elder, 2001).

Questioning

Question asking and answering is central to theesemaking process of
learning (Paul & Elder, 2006a). It seems reasondbérefore, that the quality of the
guestions asked and answered, as well as who ldeesking and answering, will
greatly affect the quality of learning resultingn this. South African research
suggests that the most common form of questiomrgassrooms is of the IRE
(initiation-response-evaluation) form (Hobden, 200i6a & Brodie, 2008; Msimanga
& Lelliot, 2008; Stoffels, 2005a, 2005b). This ives teachers posing a question,
learners responding, and the teacher evaluatingeiponse. This seems particularly
consistent with an interactive style of direct rastion. Problem-centred inquiry and
Socratic questioning, however, would require leeghe additionally participate in the
guestion posing and evaluation, with the evalugpossibly being more complex than
a simple judgement of being right or wrong. Queioan be classified in many

ways. This is discussed in a later section.
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Argumentation

Much research has been done, in recent yearsyect distruction of
argumentation, and infusion of argumentation inteonlearning, as a means of
promoting critical thinking (e.g. Braund, Erdur&@imon, Taber, & Tweats, 2004;
Braund, Lubben, Scholtz, Sadeck, & Hodges, 200, ddrNewton, & Osborne,

2000; Erduran, Ardac, & Yakmaci-Guzel, 2006; Erdaur@imon, & Osborne, 2004,
Kuhn, 1992; Msimanga & Lelliot, 2008; Newton, Driy& Osborne, 1999; Ogunniyi,
2007; Scholtz, Hodges et al., 2006; Simon, Erdu8a@sborne, 2006; Zohar &
Nemet, 2002). Most of these approaches to argurti@mia the classroom utilise
Toulmin’s model of argumentation (Toulmin, 1958oarding to this, an argument is
composed of claims which are supported by datardies link data to claims, and are
strengthened by backings. Claims are refuted byttals. The strength of an
argument rests on the truth of the data and thdityabf the claims being logical
outcomes of the data (Aikenhead, 1991; Epstein2R00

Armed with the knowledge of models and strategfaasiruction discussed
above, | sought to understand how to use, or mpttifg knowledge, in order to
promote critical thinking. Additionally, as | emlk&d on this endeavour | was
informed by the literature currently available &l promotion of critical thinking.
This is discussed below.

2.4.4. Teaching to promote critical thinking

| began this study with a literature-based undaditeg of what was already
known about instructional strategies aimed at prtorgccritical thinking. This
literature is characterised by debates on compeisggs. These debates can be
categorised into those dealing with general insibnal strategies and those related to
effective task characteristics. The latter is dssed in a later section and the former
here. As has already been mentioned, developmamnitichl thinking is not an
automatic consequence of maturation (Lombard & §€m<004) but can be
improved by explicit instruction (Resnick, 1987nre authorities state that this
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should be done directly, and others that it shbeldione inferentially. Some promote
infusion of such instruction into other subjectoiiidines, and others argue that critical
thinking should be taught separately. These twatksbare explored below.

Direct versus inferential teaching of critical thing

Some programs encourage direct instruction incalithinking skills,
heuristics, criteria and dispositions, followeddpplication of these. Others use an
inferential approach: providing guidance only asnleed arises. For example
Wheatley (1995) and Lavoie (1995) caution agaathing heuristics directly since
this may result in the heuristic being used aslgoridghm. Wheatley (1995) supports
this view by appealing to constructivism: “In asdaoom where instructional
practices are compatible with constructivism, stisl@re presented with tasks before
being shown any solution procedures. The interisahat students will construct
their own meaningful methods” (Wheatley, 1995 p.Cgtton (2001) concludes from
a literature review of thinking skill instructiohat both direct and inferential methods
have been shown to improve critical thinking, aeskelarch suggests that a mix of the

two might be the most effective.

Critical thinking requires knowledge (Lederman &eii$, 2000), and effective
learning of knowledge involves critical thinkingai & Elder, 2001). Therefore it is
relevant to discuss the direct versus inferentiasentation of knowledge here too.
Knowledge can be presented directly before theitaskich it is required, or arrived
at inferentially during the task. Another way oyisgy this is that a learner can obtain
information in an already processed form, or digcdkie information themselves.
Ausubel called these receptive and discovery legrrespectively (cited in Duminy,
Steyn, Dreyer, Vos, & Dobie, 1996). However, Audisbese of the term receptive,
and his reference to learning, rather than insooatvhen speaking about these two
ways to present knowledge to learners, seem tatherunfortunate since they
suggest incompatibility with a constructivist vi@ivlearning. Such a view seemed to
be prevalent amongst teachers and physical sctertbook writers | had to do with

at the start of this study. This led to the propiageof a misconception that learners
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should have to discover knowledge inferentiallytfoe learning and teaching to be

seen as constructivistic.

To avoid the confusion evident in this impressibrg important to make clear
distinctions between theories of learning and tiesoof teaching and, particularly,
constructivism as a theory of learning and consiristn as a theory of teaching.
Constructivism as a theory of learning is generallgepted in the education
community, while constructivism as a theory of taag is far less well defined and
supported (Prawat, 1992). Sense-making activitybeaseen as the central component
of a constructistic view of learning (Dirks, 1998 long as sense-making occurs,
this can be consistent with either an instructiatadtegy in which information is
presented to learners directly, or one in whicly @@ expected, possibly with
guidance, to induce the information themselveshénformer, the sense-making
follows the introduction to the information. In thadter, the sense-making is the
process by which the information is derived. Onghefinterests with which |
approached the study was a desire to understarplate each of these strategies
should hold in instruction aimed at promoting catithinking within the stipulations
of the SA PS curriculum.

An inferential strategy, while seeming more likedydevelop critical thinking,
has a number of difficulties associated with ifehence is an important component of
critical thinking (Epstein, 2002). It is also angortant component of the thinking
process scientists use to generate knowledge (Bru®@1). However, Driver (1983)
points out that inferential learning is very timensuming, and it is neither possible
nor necessary for learners to repeat centuriesientsts’ induction to arrive at the
generalisations they are required to know. Furtslee,argues that inferential learning
through practical inquiry is more likely to leadrtasconceptions than to scientific

conceptions.

In this study | sometimes approached the instraoadioknowledge, skills,
heuristics and criteria directly, and sometimesraftially. Additionally, | used

various positioning of tasks within the teachingusence. Through the research
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process | sought to improve my understanding okffext of these aspects on a task’s

effectiveness in stimulating critical thinking.
Infused versus separate teaching of critical thagki

Another issue relevant to the teaching of crittbaking is whether it should
be infused into subject areas within the curricylombe taught separately in a
general form. Research shows that transferabifiskils and knowledge across
domains does not happen automatically, althoughidgpattention to use of a
strategy in different contexts can aid transferks & Salomon, 1989). Also, while
some strategies are specific to a context, othmsky o many contexts (Resnick,
1987). Additionally, there is general agreement tfanain-specific knowledge is a
necessary, but insufficient, component of crititehking (Barak & Doppelt, 1999;
Lederman & Niess, 2000; Nickerson, 1994; PerkinSa&8omon, 1989). Glaser and
Ennis, both in Barak & Doppelt (1999), view progsathat develop thinking without
touching on specific content as insufficiently etfee. However, critical thinking will
not spontaneously occur just by teaching conterki@ison, 1994). Therefore it is
generally accepted that combining a general prograrfor thinking within specific
knowledge domains is the most effective (Barak &pat, 1999; Cotton, 2001;
Perkins & Salomon, 1989). This is the approach twiwes taken in this research.

2.4.5. Framework for evaluation of effectivenesmstructional approach

It was necessary to approach data analysis fostady with a framework for
evaluation. An appropriate framework would neeththicate whether an instructional
approach was effective in promoting critical thimiwithin the context of the SA PS
curriculum. | began my quest for such a framewoitk & literature review of existing
frameworks. When this revealed nothing suitabtiedigned a framework for the
purpose of this study, supported by referenceécdiure. The discussion below
explains my dissatisfaction with existing framewsyrnd presents and supports the
framework | developed for this study.
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Shay & Jowitz (2005) remark that critical thinkiisgvery difficult to measure.
This is supported by an examination of some ofridm@meworks used to determine the
effectiveness of intervention programs in termsrdfcal thinking. For example, in a
South African study by Kaminsky (2004) the researchted learner responses on a
scale of 0 to 10, representative of the degreeitidal thinking shown, with no
concrete substantiation of how the ratings weréevddr Herrington & Oliver (1999)
used Resnick’s descriptors to develop a framewarkiéciding whether student talk
was higher order or not. Their framework classitiay talk other than social
discussion or recall as higher order, and is tloeegin my opinion, inappropriate for
identifying critical thinking since the normativegect of the thinking, which is the
hallmark of critical thinking (Bailin, 2002), is abnt. A similar problem was found
with the framework used by Pudi (1999). This lis&rner activities indicative of each
of information gathering, organising, analysingnemting and evaluating activities,
but with few normative descriptions. When reporedording to this framework,
learners appeared to be actively involved in @ittbinking, however descriptions
given elsewhere, and the overall conclusion reatlyatie researcher, suggest the

opposite.

Much research has been done on the developmeratméworks for analysis
of argumentation (e.g. Braund et al., 2007; Drigteal., 2000; Erduran et al., 2004,
Jimenez-Aleixandre et al., 2000; Newton et al.,239gunniyi, 2007). These are
based on Toulmin’s Argument Pattern (TAP) (Toulniifi58). According to TAP, an
argument is composed of claims which are suppdiyedata. Warrants link data to
claims, and are strengthened by backings. Claimseduted by rebuttals. In the
framework developed by Erduran et al. (2004) argumare rated according to the
frequency of claims, warrants, backings, countérdaand rebuttals. While this
framework was applied in analysis of written wodklg in this study, it was found to
be unsuitable. This was partly due to its lackesfsstivity to the quality of
information used in the argument. Given the impuoéaof the learning | tried to
promote in this study being compatible with a catiéch curriculum, this weakness

in the TAP framework reduced its effectivenesstien; while argumentation is
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generally viewed as a component of critical thigk{Erduran et al., 2006), this study
was not limited to this aspect of critical thinkifgnhother framework commonly used
to assess argument quality is the SOLO taxonomije(k& Hattingh, 2004). This
focuses on the degree of cohesion within an argturiiéis was also used during early
data analysis in this study. However it was alsofoend to be entirely suitable, with

motivations for this view including those mentiorfedthe TAP framework.

Since no suitable existing framework could be fquradksigned one for the
purpose of this study. According to this framewdearning is seen to be effective if
(a) learners are interested and actively engagkzhming, (b) learners display higher
order thinking during the learning, (c) tasks usegromote learning are attainable
with effort and (d) the curriculum objectives aretm

Use of these criteria to make judgements on legreffectiveness can be
justified by reference to the literature. Extentesrner interest and engagement with
learning matter has been shown to be a reliabieatm of learning effectiveness
(Bransford et al., 2000). This can be measureddsgiving learner interactions in
class time, as well as getting feedback from themmugh questionnaires and
interviews, on their levels of interest and motivatand times devoted to learning out
of school hours. In order for learning to be megfuhand transferable to new
contexts, new and prior knowledge need to be linkedceptual boundaries formed,
modified or clarified, and implications of the asdiated conceptual structure
explored. All of these require higher order thirkiiCotton, 2001; Nickerson, 1994).
This can be recognised when learners show “thinthagjis reliant on criteria, self
correcting, sensitive to context and conducivautigment” (Lipman, 1989, p. 8) in
written work and verbal interactions. Accordingnotivation and self-efficacy
theory, and Vygotsian theory of learning occurrimghe ZPD (Lee & Smagorinsky,
2000), effective learning occurs when targets #eereamble. However, learning with
understanding, which requires critical thinking ¢k&rson, 1994), is effortful
(Resnick, 1987). It is clearly important, if oneoiserating within the South African

national curriculum, for learning to meet the ccwtum’s objectives before it is
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classed as effective within the system. This cambasured by mapping learning to

the curriculum documents and measuring learnerfdprance in assessment tasks.
2.4.6. Summary

In this section | have looked at teaching in geharad the teaching of critical
thinking in particular. | have attempted to congeyne of the ideals striven for in
teaching, as well as some of the tensions invoiweedaching for critical thinking. |
have also mentioned some models of instructiont@aching strategies which are
considered particularly useful in understanding #gtudy. Finally, | have presented,
and supported, a framework for evaluation of irdtamal strategy in this study. |
now turn to a discussion on tasks, in general, arute specifically, to aspects of
tasks which are potentially critical in determinwbether they will be effective in

promoting critical thinking or not.

2.5. TASKS

An academic task is a goal which learners are requo meet while engaging
in certain content presented in a particular foBluihenfield, Mergendoller, &
Swarthout, 1987). This study focuses on instructiod use of tasks likely to promote
critical thinking while operating within a contenth curriculum. Literature on
effective characteristics of tasks is characterisedebates on conflicting tensions
which require optimisation. This is true for tagkgeneral, and critical thinking tasks
in particular. The discussion below aims at représg some of these tensions. These
tensions are compounded by desires to cater fode range of learner styles and
abilities, and occasionally conflicting advice fragsearch. Consider the following
example of conflicting advice. Margolis & McCabé&Q@B) recommend assigning
tasks of different levels to different learnerseyhefer to instructional, independence
and frustration levels. Instructional level is teeel of difficulty learners are able to
cope with under guidance, corresponding, it seenmsd, to the ZPD. Independence
level refers to the range of task difficulty suiabor learners to work on
independently, and the frustration level is theshiold of difficulty which is
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counterproductive to learning since it falls beydinel learners’ ZPD. These authors
suggest that no learner should be assigned taskdatond this point. Given the
uniqueness of these levels for each learner, andatige of learners present in a
typical classroom, this suggests assignment oédifft tasks to different learners in a
single class. On the other hand, Blumenfield ef1&87) caution about assigning
different levels of tasks to learners of differabtlities since this encourages the
notion that students should take the easiest wayl bagin this discussion on tasks
with a study of characteristics of tasks which @weentially critical to determining
success in critical thinking promotion. After thigirn to potentially critical task

settings and end with mention of existing systefrtask classification.

2.5.1. Potentially critical task characteristics

It is necessary to identify characteristics of saskich are potentially critical
in determining whether the task will be successfuhducing critical thinking or not.
In this study these informed task selection andgdesStudy of the literature suggests
the following task characteristics as potentialiyical: structure and guidance,
context, degree of open-endedness, length, defjmplexity, and language usage.

These are discussed in turn.
Structure and guidance

A number of researchers point to the importanosedf structured tasks for
inducing critical thinking (Adam, 1999; Alvarez &t, 2000; Ankiewicz et al., 2001;
Lee, 2003; Milton, 1993). Ankiewitcz et al. (20GL)ggested that low levels of
teacher guidance were partially responsible foldkecritical thinking incident in a
South African class studied. It seems reasonalil@n& that the degree to which a
task is structured and guided may affect learmasteptions of whether the task falls
into their ZPD or not. Also, due to the limited spaf working memory (Niaz &
Logie, 1993), teachers or peers are often needehtporarily supplement a learner’s
limited working memory space through exploratorygaiding dialogue (Baron,
1987). However, as Resnick (1987) says, “We daewtgnize higher order thinking
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in an individual when someone else 'calls the platysvery step” (p.3). Pudi’'s (1999)
documentation of a task involving assembly of a ehaglan example of the need for
critical thinking being removed by provision of @l degree of guidance. The model
guided the learners to a predetermined solutioth l@shto trial and error approaches
rather than problem solving through critical thimii Therefore, a tension exists
between giving enough structure and guidance torerikat learners do not reject the
task as too difficult or unclear, but not so mustt@prevent thinking from needing to

be critical.
Context

Assessment context affects intrinsic motivationrfiea & Goetz, 1988). This
is enhanced by authentic, meaningful contexts (MgRl, 1995), while contexts
which are not meaningful to the learner encouralgevaengagement in school work
and inhibit the transfer of learning to new consgdlewmann, Secada, & Wehlage,

1995). Dewey was a strong advocator of the usetbieatic contexts:

From the standpoint of the child, the great wastechool comes from his inability to
utilize the experience he gets outside while orother hand he is unable to apply in
daily life what he is learning in school. Thathe tisolation of the school--its isolation
from life. (Dewey, 1916, in Bransford et al., 2000,147)

Additionally, research suggests that using realigfarning contexts improves
the likelihood that learners will engage in critit@nking (Alvarez et al., 2000;
Fraker, 1995; Sparapani, 1998). This can be exgiblny the greater intrinsic
motivation the purposefulness and interest inheieregal-life contexts must surely
give the learner. Explicitly pointing out other kHige contexts to which a type of
critical thinking applies, and using real-life certs to indicate the consequences of
critical and uncritical thinking, can be effectiveenabling transfer of thinking
between contexts, in developing a disposition tatbally think critically (Mc
Carthy, 1992), and in developing a desire to wauhink critically (Bailin, 2002).
Bailin further points out that critical thinkingvahys arises in particular contexts, and

therefore an approach which seeks to promote alritfiinking should focus on using
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the kinds of contexts which would do this. She ssgg that these are “complex,

scientifically significant problems” (p.373).

On the other hand, both a rich context and thadaref formal assessment
might reduce the working memory space availablg@é&forming the task. Further,
overly contextualised learning has been foundad e learners being unable to
transfer their learning to contexts other than thathich the learning took place, and
so abstraction of knowledge beyond the confinesoafext is necessary (Bransford et
al., 2000). In rebuttal, Prawat (1992) argues thigtview results from a
misconception, namely an impression that learrsrgerarchical. This, he says, is
propagated by systems such as Bloom’s taxonomy. duggests that horizontal
transfer, i.e. transfer of knowledge between casteoan only occur once vertical
transfer, i.e. learning on higher cognitive levélas occurred. He argues, instead, that
it is the richness of connectedness of knowledgethe quality of learning, which
determines whether transfer can occur or not. Aattadly, he points out the
importance ofndexical knowledgas beingvaluable. By this he means knowledge
which develops out of the use of knowledge. He satgthat connections affecting
accessibility of learning include knowledge-knowgedand knowledge-context links.
Consequently, he argues that contextualisatianhaitls deep learning, will improve,
rather than inhibit, learning transfer. Further pleents out that contextualisation of
learning encourages the enculturation of appropbatief systems, causing more than

the learning of knowledge to occur.
Degree of open-endedness

Research has shown that use of open-ended questoreases the likelihood
of learners engaging in critical thinking (Miltoh993; Potts, 1994). Ankiewicz et al.
(2001) and Pudi (1999) both named closed-endediquasy as a factor limiting
critical thinking in South African classes studi€&btt & Duggan (1987) classify
investigative tasks according to whether they @enor closed in each of the aspects:
defining the problem, choosing the method, andviaugiat solutions. Critical thinking

is required to search for and formulate questi®sdk & Doppelt, 1999; Lederman
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& Niess, 2000), so it is to be expected that taghich are open in the defining of the
problem may encourage critical thinking. Resnic882) says higher order thinking is
non-algorithmic, meaning that the methods usechar@rescribed, and that such
thinking often yields multiple solutions, each witbsts and benefits. Therefore it
seems that tasks where the method choice is opée tearner, and / or where more
than one answer is correct, may encourage critioaking. On the other hand, these
task traits may cause the learner to reject theaadalling outside his / her ZPD, in
which case they will probably not encourage crittbanking. Alternatively, they may

lack a normative dimension, and therefore not meqeritical thinking (Bailin, 2002).
Length of time

A number of studies name short time allocation Bisiato effective critical
thinking (Fraker, 1995; Sparapani, 1998). The caxip} of critical thinking seems to
suggest that effective tasks should take a faiyglperiod of time. However, it seems
reasonable to assume that increasing task lengthredace a learner’s perception of
efficacy. South African research done by ChamberButton, Dison, Granville, &
Delmont (2004) claims that short questions canffeetéve in assessing critical
thinking. However, task length may have differeif¢@s on critical thinking

stimulation than it does on its assessment.
Complexity

Higher order thinking, which includes critical tking, is complex in that it
simultaneously involves substantive and procedihraking (Lipman, 1991), i.e. it
involves thinking about concepts at the same tismesing heuristics and exerting
metacognition. Further, it may involve use of npléiconcepts and multiple criteria,
and yield multiple solutions in an attempt to impasder on disorder (Resnick,
1987). Therefore it seems reasonable to expecsimgie tasks, i.e. tasks which do
not require use of multiple concepts and strategney be less effective in inducing
critical thinking than more complex tasks. Howegven the limited capacity of
working memory, and the likelihood that a complagkt may decrease a learner’'s
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perceived self-efficacy, it seems reasonable t@eixinat learners may reject very

complex tasks.

A task which could be complex under certain condgimight cease to be so
under others. One of the ways of reducing a tasi’splexity is the introduction of
routinisable procedures. These include the uséofithms. Algorithms are cognitive
tools which reduce complexity, thus potentiallyefreg up working memory space for
other thoughts. They are “ways of expediting ingtivat can be misleading when
thought to be ways of terminating inquiry” (Lipmar891, p. 23). Paul (1995) says
that critical thinking is often prevented due tadkers presenting algorithms to
learners as short-cut substitutes for independhenight. It seems reasonable to expect
that the prominence and timing of presentationi@dr@thms in tasks may affect the
extent to which critical thinking will be engaged Further, emphasis on
routinisation, such as provided by algorithms, mduearning flexibility (Lavoie,
1995) and may result in “deadening and banalisa{idruner, 1971, p.17) of
knowledge, decreasing motivation. On the other haimte algorithms reduce
complexity, which very likely affects perceivedfsefficacy, this should also affect

learner motivation.

The likelihood of converting a potentially complesk into a simpler one is
increased by a natural avoidance of complexityitmassociated effort. This view is
consistent with findings by South African researshgich as Stoffels (Stoffels,
2005a, 2005b), as well as international researchach as Blumenfield et al. (1987):

For teachers, assignments which are cognitivelypaadedurally simple allow for
more routinization of procedures and may be delgfadcause they are easier to
teach or to manage. For the student, less comadds twhile boring, may also be
preferable because they can readily generate addegiroducts. And, faced with a
press for explicitness from students, teacherschapge the nature of the curriculum
itself and, as a result, curricular innovations rfalyor, more accurately, be
sabotaged from within. To gain co-operation, redvm&usion and facilitate success,
teachers may transform comprehension or problerirgptasks into recall and
recognition tasks. But, while this routinizatioms to reduce confusion and thus
helps students to understand what is expectedeai thcan have negative long-term
consequences on students as 'thinkers' and ‘wortsnenfield et al., 1987, p. 143)
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Language usage

The majority of the learners who participated ia study do not speak English
as a home language, as is the case for the magdr@puth Africans, and so the
language used in the tasks was potentially limitMgshike (2000) and Adam (1999)
give inappropriate language as a key feature ofaihgre of tasks to promote critical
thinking in South African classrooms. However, safegree of language complexity
is surely necessary to support the complexity icat thinking and for learners to
explain scientific concepts in their own words:ey kaspect of a critical approach to
scientific thinking according to Paul & Elder (2@)6Adam (1999) suggests that
skilful teacher facilitation can mitigate the misietabetween learners’ language
abilities and the language used in tasks. Thisestggn interdependence between
factors discussed above, i.e., the relationshiwdsen guidance and language usage.

This concept of interdependence very likely extdmelgond this example.
Resources

A variety of resources may be needed to suppditakrthinking, and when
these are not present, interest in thinking ciliffczan easily wane (Sparapani, 1998).
This is particularly a problem in the many poodgaourced South African schools (du
Preez, 1998). Internet, library, computer, labasgteideo and photostatting facilities
were available to support the tasks used in thidysand the necessary resources for

each task were determined before its implementation

2.5.2. _Potentially critical task settings

It is not only the characteristics of tasks whigledmine their potential
effectiveness, but also the manner in which theyiraplemented. The influence of
collaboration and the role classroom climate pragietermining effectiveness are

explored below.
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Collaborative learning

Research suggests that learning to think critidadlgpens best within an
environment of collaborative learning (Gokhale, 39Resnick, 1987; Sparapani,
1998). Sparapani (1998) claims that group work esssaritical thinking, and that this
can be further enhanced by the teacher expectiticatthinking from the learners.
However, Elder (1997) maintains that co-operateagring is a necessary, but
insufficient, requirement for learning which invek critical thinking. She says that
collaboration must continually be measured agamstlectual standards such as
those named by Paul (1993), i.e. relevance, camggt accuracy, precision, fairness,
logic, depth, breadth and significance, otherwisll not lead to critical thinking.
Research done in a South African classroom (Ad&®9;1Ankiewicz et al., 2001)
documented group work which lead to little or nibical thinking. They suggest a
number of possible reasons for this. These inclbdeonfusion which can result
from South Africa’s linguistic diversity, and thp@arent misconception that learner-
centred education means teacher-passive educdtiggestions for bridging the gap
between the theoretical virtues of co-operativeriegy in fostering critical thinking,
and the reality of what was observed in the study ‘@areful design of activities,
strategic intervention by teachers, and the posses$ a basic set of group process
skills by the learners” (Ankiewicz et al., 2001,§3).

Collaborative learning was focussed on in this gtpartly because of its
potential strengths, discussed above, and partlyaie learners’ thinking explicit for
the purpose of data collection. Think-aloud proteaiten fail to sense crucial
periods of thought as learners often fall silemirdyperiods of intense thought due to
the added cognitive load required to express thaking (Young, 1995, in
Herrington & Oliver, 1999). However, in the socsatting of collaborative learning
the sharing of thoughts is critical for communioatiproviding a more natural
environment for learners to make their thinkinglex facilitating data collection
(von Wright, 1992, in Herrington & Oliver, 1999).
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Classroom climate

Factors which affect the willingness of learnergemngage in critical thinking
include their perception of the risks versus gamslved, which is greatly affected by
classroom climate (Cotton, 2001). An environmemtdrive to promoting critical
thinking encourages openness in participating bynlers as well as an attitude of
being prepared to give and accept challenge (EI®£7). The former requires a
perception of safety in making mistakes, and theldaequires an attitude of
challenge of error. These two seem to be conflictexcept if error is seen to be a

normal and beneficial component of the processariing (Bransford et al., 2000).

| strived to create such an environment duringcth@se of this study. | did
this by employing a learner-centred pedagogy, uphglthe affective dimensions
named by Paul & Elder (2006d) and attempting tosiarm the class into a
community of inquiry (Lipman, 1991). When referritgemployment of a learner-
centred pedagogy | mean display of a sensitivitgéoner needs, as has been
discussed earlier. This included establishing tiigmut professional relationships
with the learners, respecting learners, and bepan ¢o learners’ views and
suggestions (Bransford et al., 2000). The affealimeensions referred to include fair-
mindedness, intellectual courage, humility, andeeerance. This included the
teacher taking on the role of co-inquirer, and Qgrepared to be challenged
intellectually by learners. One of the aims of tl@search was to gain a better
understanding of the influence of the teachinglaaching environment on the

promotion of critical thinking.

2.5.3. Question classification

A number of systems of question classification tex@$assification of
guestions as being open or closed has alreadydigeussed, and reference has been
made to Bloom'’s taxonomy. Bloom’s taxonomy is comigaised by teachers to
classify questions. According to this, questiores@assified as lower, medium or
higher order. Lower order questions involve reocdknowledge. Medium order
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guestions may test comprehension or applicatioghéfiorder questions probe for

analysis, evaluation or synthesis (Bloom, 1956).

Unlike these generic systems of question classiinaHobden (2008) has
designed a system customised to the classificafiguestions used in physical
science classes. Consequently, | find this systanticplarly useful. According to this
system, questions are classified according toyihe of thinking they require, namely
remembering, reproductive thinking or productivimking. Remembering involves
recall of knowledge. Reproductive thinking requipescedural fluency. This includes
graph drawing and formula manipulation. Productiiaeking involves going beyond
given information to generate new knowledge. Hohplevides three subcategories
of questions involving productive thinking. These those involving conceptual
understanding, those requiring use of investigagials, and those involved in
problem solving. Finally, questions requiring pen of a point of view is given as
an additional question category. This can invobagthers engaging in any or all of the
identified categories of thinking. Influenced bystklassification system, | frequently
refer to procedural and conceptual questions. Ttexses are used in the sense

described above.
2.5.4. _Summary

In this section | have discussed task charactesistettings and classification.
| have attempted to portray some of the tensiodsoanasionally conflicting advice
concerning task characteristics, given in thedit@re. This was done with a particular
focus on tasks aimed at promoting critical thinkihgave also explored views on the
role of collaboration and classroom climate on ti$&ctiveness. Finally, | have given
a brief discussion on systems with which taskshmanategorised. The understanding
represented in this section informed the designimapiementation of tasks used in
this study. Further, | sought to understand thesaeas more fully as a result of the

action research process undergone.
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2.6. CONCLUSION

In this chapter | have outlined the theoreticahfeavork within which |
operated as | approached the research of this.dthidye described policies and
perceptions of the South African national physsménce curriculum, within which
this study occurred, theories of learning and atleng, and characteristics and usage
of tasks. A constructivist view of learning is takéeavily informed by conceptual
change theory, Vygotsky'’s theory of the ZPD, ad aglthe Information Processing
Model’s stress of the limitations of working memagpacity. Critical thinking is
taken to mean “thinking that is reliant on critegalf correcting, sensitive to context
and conducive to judgment” (Lipman, 1989, p. 8)thwhe elements of thought and
intellectual standards referred to by Paul and i§@@06a) considered to be
particularly useful for highlighting aspects oftamral thought. | have shown that there
is both value in and a need for investigating hoywromote critical thinking,
particularly within the South African context. To this effectively requires a sound
understanding of how learners learn, how teachesld teach, and characteristics
tasks should have in order to be effective in priamgocritical thinking within a

content-rich curriculum.

In discussing each of these issues | have triedpose a number of tensions
which practitioners face as they attempt to proneatecal thinking while operating
within the demands and unpredictable condition®af practise. Each pole of these
tensions yields costs and benefits which may aon#ltith one another. Some of these
include the tension between employing a traditiameasus a constructivistic
pedagogy, infused versus separate, direct vergaremtial teaching of critical
thinking, a focus on concepts versus a focus ooqutares, and long versus short,
complex versus simple, highly structured versusédpostructured and open versus
closed task characteristics. It was within suclsitams that | conducted this research
on my own practise. In the next chapter | outlinenesearch design, before relating
my story of learning in Chapter Four.
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CHAPTER 3
RESEARCH DESIGN

In this chapter | describe and justify the reseadvities | carried out during
the course of this study. The knowledge claim pmsitaken in this study is one of a
pragmatist (Cresswell, 2003), with a leaning towsarehlism as far as ontology and
epistemology are concerned. The strategy followasd @ne of action research with a
gualitative approach to data collection and anajysince this was most suited to the
research questions and context. Tools used iregearch process included
observation, interviews, questionnaires, reflecfoxgnals, audio and video
recordings, and document analysis. The followingegal question and associated
sub-questions guided the collection and analysdatd:

How should learning tasks be designed and usexhithing to promote critical
thinking within the South African physical scienta&tional curriculum?

a) Which design characteristics affect a task’s eifectess in promoting critical
thinking?

b) How does the position in the teaching sequenceenfie a task’s success in
promoting critical thinking?

c) What type of learning environment encourages pramaif critical thinking?

d) To what extent do tasks need to be adapted tafitgolar students or student

groups in order to promote critical thinking?

| begin by motivating the applicability of the reseh design to answering the
guestions given above, after which | outline myeegsh activities. This is followed
by a description of methods used to ensure valatity reliability.
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3.1. FIT OF RESEARCH DESIGN TO RESEARCH QUESTIONS

As shown by the research questions, the aim ofthdy was an improvement
of my practice as | sought to promote critical king. This focus on understanding
and improving practice from within, rather than ttoling and manipulating it from
without, is consistent with an action researchtsgy of inquiry (Mc Niff &
Whitehead, 2006). Action research aims at botloacind research, and therefore
bridges the gap between theory and practise, theircoming the persistent failure of
research impacting on practise (Somekh, 1995, me€et al., 2000). In action
research the search for answers is driven by thstimun, rather than by antecedent
conditions. Consistent with this, a more flexibpgeoach to research design is
required. This would allow responsiveness to thmacesearch processes of
observation, reflection, action, evaluation, andssmuent modifications in direction
(Mc Niff & Whitehead, 2006). This flexibility, drien by what is useful, is appropriate
for answering questions, such as the ones givevealaimed at improving practise
(Mc Niff & Whitehead, 2006), and is consistent wélpragmatic orientation to
research (Cresswell, 2003). Further, this flexipiéind responsiveness is suitable in
complex situations where little is known about tiygic (Swepson, 1995), as was the

case in this study.

Action research is founded on the epistemologisalimption that through
critical self-reflection and negotiation with pafpants, a researcher can create
answers useful to effecting self-improvement (M &iWhitehead, 2006). These
answers will not be definitive, but will be useflihese epistemological assumptions
reject the positivist notions that a single mindependent reality is knowable. On the
other hand, | also reject the relativism of radmahstructivism, with its associated
dangers of accepting anything as truth (Feldma@7R0rherefore, in terms of my
views on ontology and epistemology, | lean towarg®st-positivist / realist
paradigm. This states that a single mind-indepetnaathty exists, but there are
multiple perceptions of this. Realism recognizeslasticity of perceptions,

differences between perceptions and reality, aadhéed for researchers to interact
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with the social actors to understand their peroggtiand so try to reach a partial

understanding of the reality itself (Krauss, 2005).

My choice of action research was aligned with nggpnatic approach to
research. From the point of knowledge claims, gmiatic orientation to research
views truth as what works (Cresswell, 2003). Thprisrement of practice through
the process of action research is largely concemnddetermining what works. On
the other hand, | approached this research withwareness of the dangers of
viewing all pragmatic knowledge as truth, and & potential for action research to
yield narrative of questionable validity, as warragghinst by Feldman (2007). This
increased my awareness of the importance of stestég ensure rigor and
accountability in this study. This is discussed@tail in a later section.

Qualitative data collection, analysis and reportiege focused on since this is
more sensitive to complexity than quantitative rodth Qualitative reporting has also
been focused on, since this is more easily undetatde, and open to alternative
interpretation by readers, thus extending its valeypond the researcher’s
interpretations (Adelman, cited in Bassey, 199%é&oet al., 2000; Stake, 1994). The
researcher’s observation, synthesising, analyéiodlinterpretive activities are central
to such a study, allowing the detection of non-aédspects to which only a human
instrument is sensitive (Bogdan & Biklen, 1992; kem, 1988). Long-term
observation and triangulation by comparing multgderces of data and undergoing a
number of smaller action-research cycles withigdarcycles, were used. This,
coupled with an awareness of the meanings evidethcedgh non-verbal data and of
the possibility of interviewees sub-consciouslyamwg to narrative frames they
perceive to be desirable or expected, rather thpresenting their perceptions
accurately (Henning, 2004), was done to increasditya(Merriam, 1988). A variety
of types of data was collected. This included opet closed-type questionnaire and
interview items, field notes, a reflective diamgriscriptions or reports of audio-

recordings, aided, in some cases, by video-recgsgiend document analysis.
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Taber (2000) says that “studies of a phenomenauilatte and complex as the
learning of science require in-depth examinatiomdividual learners” (p. 469), and
Roth (1998) refers to studies which “display exasspf learning processes in vivo”
as able to “contribute to understandings of phylsasning processes” in a manner
which is “accessible to the teaching community”Xp19). These remarks point to the
value of a study such as this one, as well as @iy the in-depth, in vivo approach
of observing a few learners’ learning when seekmgnswer questions about the

effects of aspects of instructional strategy onléfaening process.

3.2. DATA COLLECTION PROCEDURES

This action research study took place over theethigars from 2006 to 2008,
during which time | taught physical science to grd@, 11 and 12 learners. | taught
the same learners as they progressed from gratie10 The numbers of
participants, per year, are given in Table 3.1.sEHearners served willingly as
participants after informed consent had been obthfrom them and their parents.
This use of the learners within my classes as resgrrticipants is consistent with
the action research focus on an in vivo, in sitanexation of practice (Mc Niff &
Whitehead, 2006).

Table 3.1: Participants per year and grade.

Grade 10 Grade 11 Grade 12
2006| 23 18
2007| 16
2008 | 16 >16 23

A number of tasks were prepared during the coufrfeecstudy, informed by a
literature-based understanding of critical thinkargl its promotion, as well as the
progressing research. They were given to learnepm@opriate times in the physical
science learning programme. Lawson’s Test of Sifieeasoning (Lawson, 1978)
was also used. Learners were given journals inlnthiey gave remarks on their

learning experiences. Questionnaires and interg@vedules were constructed to suit



75

the task and the context. Learners’ experiencepsa@sed, their work examined for
evidence of critical thinking, and classroom obaéions analysed. Tools to aid
reflective analysis were summarisation of the esserh video and audio recordings,

transcribing of salient sections from these, coding pattern searching.

The data corpus of this study is summarised ind 3[®2. This gives the year
of collection and quantity of each data type gattleAs can be seen from this, a large
amount and variety of data was collected, ensurgay. A more detailed explanation
of aspects of the data corpus, and motivation @pitagmatic choices made

concerning data collection, is now given.

Table 3.2: Data corpus: summary of sources of lokatgear.

2006 2007 2008 | Total

Audio recorded lessons 22 19 4 45
Video recorded lessons 17 4 21
Researcher journal (RJ) entries 120 182 27 | 329
Learner journal (RJ) entries 740 136 | 876
Audio recorded interviews 6 33 1 40
Questionnaires (answered by all learners) 12 3 15
Quantitative analysis of tests or written work 8 8 4 20
Analysis of voluntary learner work 5 3 8
Reflective e-mails / reports of validation discoss | 8 12 6 26
Analysis of class-time usage 3 4 2 9
Exemplar paper analysis 5 5
Lawson’s reasoning test 2 3 2 7

For the first year of data collection (2006), qumstaires, having closed and
open response items, were answered by every |lelameach of the 12 tasks
considered to be potentially useful in developinigaal thinking. One of these is
given in Appendix A. Additionally, | conducted imtgews and transcribed audio-
recordings of these, wrote lesson reports, oftdadaby audio-recordings which |
transcribed fully or partially, and kept a researatiiary. At the end of each cycle |
analysed the data collected during that cycle bycbeng for the emergence of

meanings, which | then tested in subsequent cyElasher, at the end of 2006, as was
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the case at the end of each year, | reanalysed @lé data by categorising and coding
it according to themes. During this process | ssalithat the closed response items
from the learners were of limited usefulness. Wthikgr answers to open responses
were found to be more useful than the closed-resgmyrihey were limited by a preset
amount of space offered in the questionnaire, byfdbt that they were only answered
at the end of the cycle, and therefore might haued to capture the learners’
experiences during the course of the cycle, anthéyact that they were restricted by

the question itself.

Consequently, at the start of 2007 | replaced #geai questionnaires with the
use of learner journals. | issued each learner avithok and encouraged them to write
in it as frequently as possible. | outlined in gahavhat | was interested in, namely
how they felt about what we did in science, how mtime they spent on science and
what they spent this time doing, how they considéhat the approach | was taking
could be improved, whether they were enjoying smeor not, whether they were
struggling with science or not, and if they wer&gther this was in a manner that
made them give up, or that made them rise to th#estge, and whether or not what
we did in science made them think deeply, thoropghld productively. | stressed,
though, that | would appreciate any comments thagianeven if not specifically
about any of the topics | had mentioned. Whereiplesiuring the last few minutes
of those lessons which had particularly been aiatateveloping critical thinking, |
made learners write in their journals. After thisdk the journals in, processed them,
and returned them to the learners, usually bydHeviing day. Additionally, a
number of learners would write in their journal€ewhen not specifically given time
to do this in class, and would voluntarily handithaurnals in at various times. This
use of learner journals aided the development otinderstanding of what was
happening during the course of each cycle. At titea# each cycle | would state my
understanding of the learners’ views, based om jbernal feedback, to the whole
class, and ask them to comment either in theim@luior verbally in an interview, on
whether they considered my representation to kd,\ahd to add to or correct my

understanding if they thought that it was incomplat incorrect.
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In 2006 | conducted a few long interviews. Eaclerged over an hour in
length, largely due to the learners appearingmotant to leave until they had
thrashed issues we discussed out in full. In cehtia 2007 interviewing was mainly
done through small groups of learners chatting @amformally, often at break-time,
in response to the issues | had raised in clasdlb@sthe journal evidence. This
change in interviewing style resulted from a foogsof the research with time as
answers to my research questions became appahesshifted the emphasis of the
interviewing style from a looser brainstorming aggmh taken in 2006, to a more
targeted one in 2007. Interviews were audio reabed®l transcribed, or used as a
reference for report-writing. At the start of 200dbtained a video camera, which |
used to video those lessons directly related tatitieal thinking tasks used. These,
together with simultaneously made audio-recordimgse referred to as | wrote my
report of the relevant lesson. However, even wkeasdns were not audio or video
recorded, | generally wrote a report on each legs@007, with some lapses in the

daily routine due to time pressure.

The approach to data collection taken in 2008 wagas to that in 2007,
although its scale was reduced. This was becaitigedliteration was made to the
teaching approach in 2008 relative to 2007, ancosdirmatory evidence, rather than
detailed exploratory data, was gathered at thggestiely focus could consequently
turn to more formal data analysis, using the sawmogram NVivo, and reporting,
as | worked on this dissertation. This processhtirtargeted data collection as

specific questions emerged from the analysis apdrt@g process.

Throughout the data collection period | was caredigncourage learners to be
honest in what they told me. | did this by reassgithem that there would be no
adverse consequences for them to tell me the &authey saw it, but rather the
opposite, since by letting me see their perspethigg were empowering me to
improve the situation for their benefit. | followéls verbal reassurance up with
action in that | never disciplined a learner basedvhat they told me in the data, for
example confessions to not doing homework. Algopk time to write comments

back to learners to show them that | was intereistethd appreciated their views.
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Additionally, | made explicit mention of cases widégarners’ advice to me during the
data collection process was being put into practsspoint out the value of their
participation in the process. Occasionally | asleadners for greater clarity, and used
the journal as a dialogue space as | tried to wtaed or confirm understanding of
what they were saying. This use of the journals alss valuable in motivating and

forming positive relationships with the learners.

Records of learners work were always kept, as lstigd by the school’s
assessment policy. Where these records appearableay clarifying whether an
impression which emerged from the other data fomas valid or not, they were
analysed. Additionally, in some cases written wods analysed to an extent beyond
the requirements of school assessment policies.Was done in response to needs for
this arising out of the data analysis. Since leapoetfolios were kept at the end of
each year, learners’ work could be revisited amahagy/sed in cases where the
usefulness of this became clear long after theymtooh of the work. Other written
material used as data included questions and tiefteclearners voluntarily gave me

for comment. One of these, including responsey ¢ ga given in Appendix B.

Rigor permeated the research process in this sfiydata collection process
was performed extensively, meticulously and thohtyigas was the transformation of
this data, as illustrated below. These traits tetishfidence in the study’s

trustworthiness, as discussed in a later section.

3.3. RESEARCH CYCLES AND DATA TRANSFORMATION

Each section of work stipulated by the curriculterved as an action research
cycle. Twenty such cycles occurred through theetty@ar duration of the study.
These are summarised in Appendix C. For easier aoriwation, | have called these
section cycles, and refer to them as sectionsvé gaouped these into four, each of
which exposed a certain principle. | have callesséhTheme Cycles. This is explained
more fully in Chapter Four. Each of these actioseezch cycles informed the next
cycle’s practice and was used to reflect on th&liglof previous cycles’ findings.
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| used various methods to help me manage and antdlgsiata. These
included coding and sorting manually as well asiiypg NVivo (software designed
for analysis of qualitative data), and frequent swarisation and reflective writing. To
aid analysis of the data | developed a set ofr@ifer evaluation of effectiveness, as
suggested by McNiff et al. (2003). These are givegether with their method of
recognition, and motivation for selection, in TaBI8 (p. 80). This has also been
discussed in greater detail earlier. These aawitvere performed throughout the time
in which data was collected, and particularly itvien each cycle of action research

as prior action was contemplated on in order tedfifuture action.

Use of NVivo for data transformation was done with rigor characteristic of
this study. Data were captured electronically drehtmeticulously coded. This
coding was subjected to the scrutiny of the critidgands and validation group used
in the study, as discussed in a later section.diee NVivo software enhanced the
efficiency and effectiveness with which data cooddmanipulated, displayed and
retrieved, and thus enhanced pattern searchinghan@sulting emergence of
understanding (Wolcott, 1994). An example of a gurm for one of the twenty

sections, is given in Appendix D.

The research is grounded in its data since it waspproached with a
hypothesis for testing, as is the case in expetiahstudies. Rather, understanding
emerged through an internal dialogue resulting foyeies of data collection, analysis
and literature review (Bogdan and Biklen, 1982; 8raR000). This is consistent with
the process of action research (Mc Niff & Whitehe2@D6) and the overall emphasis
on the qualitative, interpretive research approalith was used. Continual
engagement with data analysis throughout the caifrge study, with an
intensification of this process once all the dassw, is consistent with advice given
by authorities on qualitative research and datssfcamation, such as Bogdan and
Biklen (1992) and Merriam (1988).
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Table 3.3: Criteria for evaluation of a task's efffeeness.

Criterion

How will this be seen?

Justification forusing this
criterion as an indicator of
effectiveness

Learners are
interested and
actively
engaged, both
in and out of
Science class
time.

Learners (and possibly family members) repor
interest and active engagement in and out of
class.

Learners are observed during (and possibly
outside) class time discussing their own thoug
about the task with one another.

Learners voluntarily engage in optional activitig
or activities of their own making, relating to the
task.

I Theories of self-efficacy and us
of working memory, according
to the information processing
model of learning (Niaz &
htsogie, 1993), stress the
importance of interest in learnin
»{Bandura & Schunk, cited in
McCombs, 1988). Active
engagement, especially if
voluntary, suggests motivation,
key component of effective
learning (Cotton, 2001;
Schoenfeld, 1985).

Learners use
critical

Learners are observed, during class observati
and / or in their written work, to show critical

richese characteristics are derive
from literature (e.g.Lipman,

2d

thinking thinking traits, such as: sensitivity to context, | 1989; Paul & Elder, 2001).
during reliance on criteria, self correction, objective
performance | judgement substantiated by reasons which
of the task. consider both merits and faults, attention to

relevance, consistency, accuracy, precision,

fairness, logic, depth, breadth, significance, and

display intellectual humility, intellectual couragge

intellectual empathy, intellectual integrity,

intellectual perseverance and fairmindedness.
The task is Learners are observed to struggle but eventuall{.earning should fall into the
attainable, to succeed. Learners report on thinking being | ZPD (Lee & Smagorinsky,
with effort. effortful, but attainable, having experienced 2000). Higher order thinking is

confusion, but having emerged from this to
clarity. Learners’ written work shows successfl
answering of the task.

effortful (Resnick, 1987).
Il

Learners gain
the knowledge
and skills

required by the
curriculum.

The task requirements can be mapped to the
curriculum core knowledge and assessment
standards’ requirements. After the task has be

done, learners are able to answer questions, in

test situations, based on the curriculum, such
the examinations released by the examination
board. Learners report on the task helping the
to learn the knowledge and skills required by t

This is inherent to the research
question.
en

AS

3

ne

curriculum.
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3.4. VALIDITY AND RELIABILITY

While the original conceptions of validity and edility, founded in
positivism, are not relevant to a study such as thodern understandings of these
terms extend their applicability to any study. Rert it is imperative that a study
meets criteria related to these modern understgadon it to be trusted (Feldman,
2007). Although taking an extreme view of radicahstructivism removes any need
for consideration about validity and reliabilityrdject such an epistemology. Instead,
| take Feldman’s view that research, particuladiiaan research, which aims at
improving the human condition, has the respongybdf directing change in a
beneficial manner, with such an outlook being inpatible with an acceptance of
anything passing as truth (Feldman, 2007). Takipgagmatic realist view, | consider
that a mind-independent reality does exist, andestriowing this fully and with
certainty is not possible, it can be approximat@ass, 2005). Further, certain
practices can aid this approximation of realitystincreasing the truthfulness of the
representation. This can be demonstrated by tleares meeting various criteria of
validity and reliability, with these terms used ating to their understanding within

the context of qualitative research, as discussémib

A variety of ways of substituting the concepts ahdity and reliability in the
context of qualitative studies have been propoSediinal work on this concept was
produced by Lincoln and Guba in the 1980s. Accardanthis, the concept of
trustworthiness should replace that of validity agichbility, in qualitative research.
Further, they proposed specific criteria for tegtinis (Lincoln & Guba, 1985).
Heikkinen, Huttunen, & Syrjala (2006) suggest ukthe quality of the research as an
indicator of its validity, and they name criterigaénst which this can be measured. In
rebuttal, a number of authors argue that sinceliyland reliability determine the
worth of research, to avoid use of these terms wéfamring to qualitative studies is
to demean their worth as research (Cohen et &0;28enning, 2004; Morse, Barrett,
Mayan, Olson, & Spiers, 2002). Further, some agthguch as Feldman (2007) and
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Morse et al. (2002) criticise the use of the ci@t@nentioned above as reliable

indicators of validity and reliability.

Based on the discussion above, the terms validiyraliability will be used,
although not in the positivist sense. Insteadfdlewing definition of validity, which
encompasses both quantitative and qualitative ndstbbdata collection, will be
used:

An account is valid or true if it represents acteisathose features of the phenomena
that it is intended to describe, explain, or themr(Hammersley, 1992, p. 69, in
Feldman, 2007, p. 23)

Similarly, a qualitative equivalent of reliabilitg required. This is referred to,
by Lincoln and Guba (1985), as dependability antsistency of data. Walker (cited
in Merriam, 1988) says this involves “presentatidmaterial in forms where it is

open to multiple interpretations” (p. 44).

Action research aims to describe, explain and tee@bout the effect that
certain action has in a localised context (Mc MiffWhitehead, 2006). This is
consistent with notions of internal validity, bugtrwith those on external validity
(Cohen et al., 2000). The latter, which referd@degree to which findings can be
generalised beyond the study, is not applicabéctomn research (Mc Niff &
Whitehead, 2006). This, as well as the value afinadistic generalisations formed by
readers of qualitative studies, has already besrudsed. Since only so called
internal, and not external, validity is applicadeaction research, my reference to
validity from this point refers only to the formé.number of suggestions have been
made concerning evaluation of an action reseatadys validity. Some of these refer
to the data collection process, and others totlaéysis, interpretation and
communication of findings. Some of these suggestare discussed below, together
with explanations of how | sought to meet eacledon.

Lincoln and Guba’s (1985) criteria of credibilitgonfirmability and
dependability appear to refer to validity. Crediijlthe degree to which we can

believe what is being said, is attained, they sagdlrough prolonged and persistent
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engagement in the field, triangulation, peer déinge negative case analysis, in-
process and terminal member-checks and referemejuacy. Techniques to
demonstrate dependability and confirmability, tseggest, involve a dependability

and confirmability audit.

Morse et al. (2002) argue, though, that althougiliex audit trails do
document decisions taken the research processdthegt ensure that these are valid.
Further, they point out that in some cases memteeks could inhibit the emergence
of quality synthesis by researchers as they stovetain a low enough level of
generality to allow members to recognise themsehitsn the discussion they
produce. Despite this criticism, an attempt has\bbeade to make the audit trail
explicit in this report, as given by referencesléa sources in chapters 4 and 5. The
audit trail was also subjected to dependabilityc&seby critical friends and a
validation group, as documented in Appendix E. Mendhecks were performed in
the manner described earlier in this chapter. Ghgabf the final dissertation by the
research participants, however, was not practigaiisible. In the light of Morse et
al.’s (2002) dismissal of the value of member clsethis is not seen as a limitation to

this study.

Merriam (1988) and Cohen et al. (2000) join Lincaimd Guba in referring to
the importance of long-term observation and tridation. Consistent with this, data
for this study was collected over three years whildergoing numerous cycles within
larger cycles of action and research. The condibomeferential adequacy is
considered to have been met. Not only is the extetite data that was collected very
large, as indicated in Table 3.2 on p. 75, butsigirdata saturation were evident as
data collection drew to a close. Further, triangotaof methods was obtained by
comparing multiple sources of data, as represanttius table, and triangulation of
sources by gathering data from as many learnggsssble. Although triangulation of
investigators was not possible, since this study pexformed individually, active
engagement in a reflexive dialectic with knowledgeand competent peers and
superiors, as discussed below, is considered te teuced the limitation this

offered.
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Critical evaluation is a vital element of validignd was engaged in rigorously
in this study. This appears to correspond to Lin@id Guba’s (1985) naming of peer
debriefing and negative case analysis as techniguestisfy the criterion of
credibility. It also seems to correspond to othehars’ reference to the use of a
dialectic which seeks disconfirming evidence inesagf agreement, and explanation
in the cases of disagreement (Cohen et al., 208, D999; Feldman, 2007;
Heikkinen et al., 2006; Morse et al., 2002; Zubke@tt, 2001). Mc Niff, Lomax and
Whitehead (2003) suggest that such critical evadnatan be enhanced by engaging
in discussions with critical friends and a validatigroup. This increases
accountability, helps the researcher to sharpetheiprocesses of observation,
analysis and deduction, prevents personal biaskdserperceptions from leading the
researcher to invalid conclusions, and lends ciidgito the research. The methods

by which | went about this are discussed below.

Critical reflection was aided by frequent interantwith two critical friends.
These people, both my colleagues, are both expeteteachers and deep and
thorough thinkers. The kind of relationship reqdiletween critical friends already
existed between myself and each of these. Theseitrelude the freedom to accept
and give challenge, an interest in improvemenidoication, and a mutual striving for
attainment of deeper understandings of how to dottinough examining the rigor,
reliability and honesty of information and its ayss. | frequently discussed emerging
ideas with these two, telling them how | had amliat these in terms of the data. | also
discussed issues | was grappling with. This wagdoformally on approximately a
weekly basis, but less frequently for extendedqgakriin a more formal setting, in
which case the discussion was summed up by a rélgwse periods are documented

in Appendix E.

Appendix E also shows interaction with a largerdation group. As in the
case of the critical friends, one of the purposgsed by the validation group was to
ensure that the reflective dialectic | underwenilevimteracting with the data was
done in a critical and accountable manner. Thelatbn group included the critical

friends, my physical science subject head, my paicand three lecturers from a
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nearby college of education. The latter-mentionednimers each held PhD degrees. |
engaged in formal meetings with available membéteevalidation group, on only
two occasions since meeting with the members wiisudi, given their busy
schedules. Consequently, | found it more usefdlistribute electronic presentations,
included videos | produced, of the evolving reskatc the members at regular
intervals in the research process. These presemsatiere then commented on
verbally or by e-mail by the members of the valiolaigroup. E-mail discussion was
engaged in on a number of occasions. The stahniediirst validation group meeting’s
minutes is given in Appendix F. The final validatigroup meeting, held on 11/11/08,
after completion of the data transformation processlved a rigorous evaluation of
validity. At the start of this session | presenteeimbers with the criteria for
evaluation of validity in qualitative research wiichad extracted from writings by a
number of authors. This is reproduced in Appendix tBen justified the validity of
my work by evaluating it against these criteriajstisubjecting the work to the
scrutiny of the members. Although no major concevaee raised, minor suggestions
were given, and modifications were made in accardavith these. At the end of this
meeting, the members signed a declaration thattibdyevaluated my work, and
agreed to it meeting the listed criteria. One ekthsigned documents is given in
Appendix G.

Besides the processes described above, | havecsdjay work to the
scrutiny of other peers and superiors on a numbecaasions, as outlined in
Appendix E. This included publishing a paper oretisn of the work, participating
in three poster displays, and performing two vepsatentations of aspects of the
research. The critical dialogue undergone with fitraners, academics and
researchers during these events enhanced theyqufahity engagement with the
study. Additionally, | have striven to represer# teflection | underwent during the
course of this study in this dissertation. Thiespecially shown in chapter 4, where |
have tried to represent the process of the devedapof the thoughts which emerged
in this study. In this way | hope to demonstratg the assertions made are indeed
grounded in the data (Zuber-Skerritt, 2001). | halg®e tried to represent the use of a
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dialectic which searches out disconfirming evidemsentioning counterclaims and

attempting to represent and compare the plurafipecspectives (Feldman, 2007).

Besides pointing to the importance of undergoimgfi@xive dialectic,
Feldman (2007) argues that to demonstrate validityaction research study should
make explicit how and why data was collected, dedctiteria for determination of
what counts as data. This has been done earlibisichapter. Table 3.3 (p. 80) lists
the criteria used for evaluation of task succebs. Motivation for use of these criteria
in terms of literature is given on p. 57. Theseenaso presented for critique by the
members of my validation group on 01/01/07 and 280, as well as by academic
researchers on 18/06/07 to 22/06/07 and 23/06/@8/@6/08. Further, Feldman states
that the action researcher should make the pratessnsformation of data into
narrative explicit. This has been done earlierafyn Feldman suggests that validity
can be enhanced by the explanation of observedopinama in terms of theory which
is useful in situations beyond the study, and dpesritique. This is done throughout
the discussion given in Chapters Four to Six. gséhchapters | have been careful to
evaluate understandings which emerged in termisemiries expounded on in existing
literature, and, where this seemed inadequatepmoge relevant theories of my own

which | support in terms of existing theory.

Morse’ (2002) views on validity were also considerde argues that validity
should be ensured during the process of reseattigrrthan only through an
evaluation of the final report at the end of theeaerch, by which time rectification of
error is impossible. He suggests various verifarastrategies to be applied during the
course of the research. These are an attentiortioasiological consistency,
appropriate sampling, concurrence of data collactiod analysis, theoretical thinking
and theory development. These criteria have beg¢nam¢he foregoing discussion has

already shown.
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3.5. LIMITATIONS AND ETHICS IN RESEARCH ACTIVITIES

Action research searches for fuzzy generalisati@tser than universal truths
(Stenhouse, cited in Bassey, 1999). The value i sesearch is readers’ extraction
of aspects relevant to their localised conditiavis (iff & Whitehead, 2006). The
likelihood that readers will find aspects of thisdy useful to their own situations is
increased by the presentation of a rich descripgoren in Chapters Four and Five,
by the fact that the participants represented betiders and were of varied socio-
economic, cultural and linguistic backgrounds, bBpdhe naturalistic nature of this
study (Mc Niff et al., 2006).

Before commencement of data collection, learnedstlaair parents were
informed about the research to allow them to decide/hether to give consent to the
learners serving as subjects or not. The Englissioe of the letter and form
requesting this permission, is given in AppendiXTHese were translated into Zulu
and the relevant language version was given todéearand parents. These were
signed and returned. None of the learners or gagnts objected to the learners’
participation in this study. The school’s principah behalf of the governing body,
also signed consent for me to conduct this stufiyreeeommencement of data

collection. This is given in Appendix |.

3.6. CONCLUSION

This is an extensive and rigorous action resedratysThis can be seen by
the extensiveness and meticulousness with whichwlate collected and
transformed. Further, careful attention has bedsh tpecriteria of validity, according
to an understanding of this concept which is applie to qualitative research. These
traits lend credibility to a reading of the findsgf the study, which follow. This
study aimed primarily at improving my teaching pise through seeking to better
understand how to promote critical thinking in leens while meeting the

requirements of the South African national curnicnl However, it is believed to have
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wider usefulness than just my practise, based @as$kertion by a number of authors
that the stories told by practitioner researchezgpawerful in that they are situated
within the complexity of real life, and so can efigely be related to by other
practitioners (Atkin & Black, 2003; Hollingswortbadds, & Miller, 1997; Mc Niff &
Whitehead, 2006). This is done by abstraction lefvent issues from the rich
description supplied (Stake, 1994). Such abstnasto@an be applied, with necessary
modification, to readers’ particular cases. A mgscription which will enable such
abstraction is now given, in Chapter Four. Thifoilwed by my analysis and

interpretation, in Chapter Five, using the thegedtiramework given in Chapter Two.
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CHAPTER 4
DESCRIPTION: MY JOURNEY OF LEARNING

In this chapter | tell the story of my quest to ersfand promotion of critical
thinking in school physical science, operating wittine tensions of real practise. |
start my recount with information about the leasnewvolved in this study and the
school environment in which the study took pladaisTs followed by an overview of
the action research cycles engaged in, coupledamitixplanation of some of the
terms used. After this, | tell the story of my leiag.

4.1. GENERAL CONTEXT

4.1.1. The school

The research took place at the private missionddha rural area of Kwa
Zulu Natal where | have been teaching ever sindeico&ating in 1990. All my
tertiary education has been conducted part-timéavwbaching here. Currently there
are just over 250 learners and approximately 30 st@mbers. The junior classes are
very small since there is no boarding facility floe younger grades, all learners in
these grades living within walking or driving dista of the school. A relatively large
intake occurs in grade 7, from which age upwarddiog is available. Selection for
admission is not done on an academic basis, anediation is provided, where
necessary, for bridging from the generally substash@ducation learners seem to
receive from the feeder schools in the surroundimgl public schools. Classes from
grades 7 to 12 average about 25 to 30 learnerdams, with two classes per grade in
some cases. The majority of learners tend to chBbgsical Science in the Further
Education and Training (FET) phase. Physical Se@esnchosen against Computer
Applications Technology and Business Studies. RlaySicience seems to be held in
high esteem by the learners, so that most of gtradées who perceive themselves as

capable of passing it choose to take it. A scigaleratory has recently been
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constructed, but for the period described in thisknscience lessons occurred in the
register classrooms and | carried equipment telies as | required. This included a
data projector which | often used during teaching.

The school has a history of a 100% pass in themaltsenior certificate
examinations at the end of grade 12 for an uninpéed 20 years, and has produced
top learners in these examinations a few timewjedisas having a stellar record of
achievement in the Expo for Young Scientists onoregj, national and international
levels. The school environment is conservativelstalisciplined and, according to
an internal survey conducted in 2006, happy. Ttwgesy showed very high levels of
interest in science amongst learners of all agaekti@s and backgrounds. This is
corroborated by personal observation, as well @asatt that the school’s science club
is one of the most popular of the extramural cldiss is possibly due to previous
learners’ high achievement in the Science Expor& hee very high levels of
participation in the competition every year. Mubht not all, of this participation is
compulsory. The school management is very supfriihe principal takes an active
interest in each staff member and is open to intimvawhile also being wary of
replacing traditional teaching with what she migbisider to be an inferior
substitute. She and other members of the scho@rgong body have followed the
research | have done as closely as their busy atgsebave allowed, frequently

inputting their views and providing support in fieal ways.
4.1.2. The learners

The participants of this research were membersyofrade 10, 11 and 12
physical science classes in 2006 to 2008. A summiatye numbers of learners who
participated in my research per grade per yeargivesn on Table 3.1 (p. 74). These
refer to the numbers of learners present in thesallaring most of each year, although
one or two learners did leave or join the classnduthe period of study. In the case of
the 2006 grade 10 learners | also taught them @7 20grade 11 and in 2008 in grade
12. The classes had heterogenous compositiondu$trate this, | describe some
details of the 2006 grade 10 class, which progtessgrade 12 in 2008. Fourteen of
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the 23 learners were girls. Three are from Endiisimes, two Afrikaans, two German,
two Sotho, and the rest Zulu. Six are white, orlewred, and the rest black. The
learners come from middle- to lower- class backgds, some from urban and others
rural areas. Six of these learners lived on thesimmsstation on which the school is
situated, four commuted each day to school fromosmding areas within 20km of
the school, and the rest boarded at the schoolkifds of learners in the other

classes were similar to this cohort.

4.1.3. Overview of cycles of action and research

This study was both extensive and thorough, askamimation of Figure 4.1
reveals. This summarises the cycles of action asédarch undergone in this study.
Each of the 20 learning sections named in thisrdragserved as an action-research
cycle. Some sections of work are composed of nf@e one topic. For example, the
grade 10 mechanics section consists of three topicgon, gravity and energy. |
created and implemented a number of modules thmughe course of the study.
Examples include Tsunami and Must he pay?, panghath appear in Appendixes J
and K respectively. Most of these modules corredpdrio a single topic, although in
some cases a topic was dealt with over the codradesv modules. In some cases |
created a number of parallel modules for a pasdrctdpic, with some common
elements between them. In such cases, each learlyenad to perform one of the
modules. The term module is used here to refen tendire learning-teaching strategy
for a unit of work dealt with within a particulaoitext. It includes the direct
instruction and facilitation done by the teached ¢he classwork, homework, formal
and informal assessment performed by the learraah Bf these modules served as
mini-cycles of action and research. The individuadules have not been represented
in the figure, but rather only the sections to ihicey belonged. This was done to

reduce clutter in the diagram.
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| approached each section with a particular undedihg of best practise at that time
in my teaching journey, which I tried to implemeAs | did so, | collected data on the
effectiveness of this implementation strategy, eflected on this. At the end of each
section | reflected on the action and data as t&a pir@sented my emerging
understanding to the learners, and collected fudh&a on their reactions to my
reflections. Further reflection led to modificatiohmy views, which informed the
design and implementation of the next section’s me(@). At certain points, for
example after running parallel strategies with tlifferent classes, and at the end of

each year, | reflected on the process undergogeinmps of sections.

| have tried to represent this cyclic process m4&il. As shown by the first
large black arrow, | approached the first sectr@mmely grade 10 electricity, in 2006,
with an initial understanding of best practiseidd to implement this in the
classroom, as indicated by the broken red arrowinuhis time | collected data. |
then reflected on the process, sharing my thougtisthe learners and collecting
data on their responses to this, as well as onwréten performance, and reflecting
on these. This process is represented by the dgtéesh arrows. This resulted in a
modified understanding, represented by the blaackiarwith which | began the next

section.

Within the row allocated for each year, the sediare arranged in
chronological order from left to right, with simakteously occurring sections,
implemented with different grades, placed abovelaidw one another. The
arrangement, however, is not to scale. For examp)06, sections 4 and 5, i.e.
grade 10 chemistry and 11 motion, occurred at aqmately the same time as one
another, although section 5 took less time despédigure’s representation of the
two starting and ending together. Additionally, grecess was messier than indicated
in the diagram. For example, reflection on groupsyales, represented by dotted
green ellipses encompassing more than one cyatarmed more often than indicated.
Reading through data, coding it in various wayscuassing emerging thoughts with
the participants, critical friends, the study’siglation group, and others, were

methods | used to aid my reflection process.
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At certain points, represented by the orange tiesm Figure 4.1, this
process resulted in the emergence of a conclusioata certain principle. Four such
insights have been identified and labelled A-D. $hetions contributing to
emergence of each principle have collectively ieemed a Theme Cycle. | have
named these after the main principle each expddezte are: A: Context, B:
Teaching and Collaborating, C: Concepts and Praesdand D: Scaffolding. These
are represented in more detail in later figureesehTheme Cycles do not follow a
neat chronology between them. This is because ®atlon lends itself to furthering
the understanding of particular themes more thharst Further, data was collected
from more than one grade each year. Theme Cyake@porates A, since its
conclusions emerged as a result of inquiry inva\al the sections indicated as being
part of Theme Cycles A and B. Theme Cycles C amtdurred simultaneously, with
some sections common to both. These two occurted Aafand B, which informed

them.

Each of these four Theme Cycles will now be disedss turn, followed by
reflection on the process as a whole. Sectiore72007 grade 10 mechanics, has been
highlighted in the figure. This is seen as a aitevent, since the action research
cycles which came before and after it suggesttthatcycle is the model of best
practise emerging from this study. Consequenthyjlitparticularly be emphasised.

During this discussion it is important to bear imchthat | was unable to
pursue my goal of promoting critical thinking afee agent. Instead, this had to be
done within the pressures, constraints and expeenof real practise. As a
consequence, | experienced a great deal of tefrgioninterests which often
competed with the ideal of critical thinking pronuwst. These tensions include the
requirement that a content-rich syllabus be corepl@t a limited and interrupted
timeframe, and that | prepare learners for a higkes final examination which is
externally set in some cases. Besides these, drgday pressures of practise, such as
weather conditions, absenteeism and learners pitlasses part-way through the
year, added further complexity to the process. €guently, this is the story of my
search for optimisation and balance within thereftenflicting tensions of real

practise.
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4.2. CONTEXT,; TEACHING AND COLLABORATING

| launched into this study under the impression klshould focus my efforts
on facilitating group discussions revolving arowadefully prepared tasks, and keep
direct instruction to a minimum. However, latettle year, having fallen drastically
behind schedule, | reverted to a traditional styate save time and limit confusion.
An evaluation of the strengths and merits of edadh@experiences during this time
convinced me of the importance of prominent usdd®th direct instruction and
learner collaboration. On the path to this decisioas also alerted to the value of

contextual intrigue to a strategy’s success.

4.2.1. Initial ideas: using facilitated discusstorpromote critical thinking

| began 2006 feeling that | was fairly well equidge teach the new
curriculum. | interpreted this as differing fronetbld mainly in that | was expected to
adopt a strategy which required learners to thitically, and to cultivate a
community of inquiry within the classroom. | thoughis meant that | should, as far
as possible, avoid presenting science as an indisiaubody of knowledge to be
learnt without question (Watts & Bentley, 1984)tlra, the processes of doing
science, such as questioning, analysing, evaluaanmgygiing, and reasoning through
induction and deduction to lead to generalisatioth @ncept development, should be
stressed (Bruner, 1996, in Atkin & Black, 2003).

| had understood this from numerous in-servicehegatraining courses which
the Department of Education (DoE) had presentadachers during the country’s
transition to outcomes based education in the $&thase, i.e. grades 7 to 9. Further,
| understood this to be consistent with recentifigd from educational research into
development of critical thinking, particularly thugh argumentation (Erduran et al.,
2004) and inquiry (Lipman, 1989), and learning frarconstructivist perspective
(Slavin, 2000). Additionally, I interpreted the pished outcomes of the physical
science South African national curriculum staten{®aE, 2003) as supporting this
conception. The outcomes and assessment standahgsaurriculum seemed
consistent with the view that “the style of thought particular discipline is

necessary as a background for learning the wonkiegning of general concepts”
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(Bruner, 1996, p. 28, in Atkin & Black, 2003). THatyle of thought is what | was
aiming at developing.

Part of the initial understanding | worked from atwed use of tasks which
should guide learners to derive equations, andutata concepts themselves. This
would be done as they engaged in argumentatiomnauity and underwent
abstraction and generalisation. In other wordssahasks would, hopefully, cause
learners to undergo the process which scientistengo while generating knowledge.
The teacher’s role would mainly be facilitativetbé learners’ engagement with the
guiding questions while collaborating in groupseTlacher would then consolidate
this learning during direct instruction. Experies@ehile co-authoring a grade 10
physical science text book for the new curriculuad lgiven me the impression that
such a strategy should be used. During this prddess continually been admonished
to take a constructivist approach. This was dorenmanner which implied use of an
inductive approach with much opportunity providedIearners to infer concepts

from making sense of experience or data.

This strategy bears resemblance to Eggen and Kkisahgegrative model of
instruction discussed earlier(Gunter et al., 20BiBwever, since it was implemented
with less teacher control than their strategy satgyé will rather refer to the strategy
asinductivefacilitated group discussiohis approach was used to a large extent for
the first part of 2006, during the grade 10 eletirj mechanics, and waves, sections.
The teaching of these modules is represented ur&d.2. The inductiveness of the
strategy used is indicated, in this figure, by ptaent of the group discussion icon
before the teaching icon for part of the electyieihd waves, and all of the mechanics,
sections. The relative sizes of the teaching andmudiscussion icons indicate that

group discussion, rather than direct instructioas Wwocussed on.

Facilitated group discussion can also be perfordeztiictively, and this
formed another part of my initial understandindhofv the curriculum should be
implemented. In this, direct instruction is follogvby a group discussion about some
related issue. The latter is guided by a task desigo encourage the learners to make

sense of what they have been taught so as to beabpply this deductively to solve
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a problem. This was done during parts of cycleed. 3 as shown in Figure 4.2 by the
teaching icon being placed before the group disonsson for part of the
representation of each of these.

4.2.2. Does group discussion work?

Action

| focussed on argumentation in deductive and indegroup discussions in
the grade 10 electricity section in 2006. | tauagpects of good and poor arguments
explicitly. This section consists of three topiekectrostatics, circuits, and magnetism.
For all of these | used short tasks designed ta@argoskills in detecting and
improving poor arguments, and in developing gogiiarents. Each of these tasks
had an individual and a collaborative componenea®ar detail of how this general

strategy was implemented in each of the topic®vs given.

| implemented a few modules within the electrostatopic. Facilitated group
discussion was sometimes used inductively and soregtdeductively in these. Short,
interesting subsuming contexts were used. Theseded evaluation of beliefs about
lightning and reasoning through the implicationslafa from electrostatics
demonstrations. | provided learners with a good desupport and guidance and
introduced concepts individually within the guiditagsks. For the circuits topic | used
direct teaching to a greater extent. This was adwlgne in a highly interactive
manner, and was interspersed by sense-making arfidroement tasks. An inductive
group discussion strategy was used in the sectianagnetism. However, in this case
| could not facilitate learning during class dissioss since the learners’ engagement
with the module’s task coincided with a week ofctear-training which | attended. |
situated the electricity learning for all threeitspin a fair amount of hands-on
practical work, although in the case of electrassatone of the experiments showed

what was intended, due to high humidity levels.
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Observation

The following extract is fairly typical of what oemed during this cycle. At
the start of this 30-minute discussion lesson thgschad, using prior experience,
listed some materials which were able to attraetgs of paper when rubbed, and
others which were not. They then discussed hypetheswhy some materials, when
rubbed, are able to pick up pieces of paper, amerstnot, as well as suggesting ways
of testing these hypotheses.

Helen told me she thought it had to do with thet hel@ased during friction, and the
fact that some materials retain heat or heat uetitan other materials. | asked her
how she could test if this was so. She thoughgfote a while, then said something
quite illogical and irrelevant. | repeated my qimstAfter a while, she suggested that
two pieces of the same material be used at diffeeenperatures, and if heat is not
the cause of the ability to pick up material, thieey should behave in the same way
at both temperatures. Just after this, Silindileg different group to Helen, suggested
heat as the reason too. | sent Helen to her tatepe discussion the two of us had
had.

Sonja and Jennifer said perhaps it had to do Wwithdegree of smoothness,
and then answered themselves saying that if so ttieemetal, plastic and glass, all
very smooth, should behave the same, which theyotldViarike wondered about
electrical conduction. She suggested that condsictmuld let electrons “run away”.
Sonja and Jennifer, independent of Marike anddiifarent group, also started
speaking about conduction. But they were puzzledidyd, and asked “Isn’t wood an
insulator?” | told them it can conduct electricigspecially when wet. They then
remarked to one another that that was the reasmkeld them to explain why being a
conductor or not should cause the difference. Toeyd not answer. | left them to
think.

I went to a group of boys. Again the heat theompean, and then electrical
conduction was referred to. Here, as well, theyewmizzled by wood. Eventually,
amongst themselves, and in response to my promimge of them seemed to come
to an explanation, although it seemed like onlgwa followed this, and none of them
spoke very clearly. A few learners suggested thiabing transferred “something”
between the cloth and the plastic. Marike useduig “electrons”.

| then got the class’ attention, asked Marike tplax what she had come up
with, after which | repeated her explanation wiigtgly different wording, saying
electrons are transferred during rubbing, but cotetlaway in the case of electrical
conductors, therefore charge is not retained. 2BM1/06)

The extract given above, typical of the sectiogeneral, is considered to
show that effective learning was occurring, acangdp the criteria given earlier (p.
80). On the day of this extract, and throughog saction, learners were generally
positive, displaying and reporting fairly high lésef interest and enjoyment in their
learning. All learners participated actively andqghuctively in the group discussions,
although some to a greater extent than othersolfaund evidence of critical
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thinking in learners’ discussions. For examplehserved cases where learners
challenged their own or one another’s statements ezaluated these against criteria.
An example is given in the extract above, wherg&and Jennifer evaluated their
own statement that smoothness differentiates naddesihich can attract pieces of
paper from those which cannot. This they evaluatgainst the criterion of their
observations being consistent with the predicti@ssilting from this hypothesis. As a
consequence they made a judgement, i.e., a rejegtitheir hypothesis. During this
section it was evident that learners engaged ieffantful intellectual struggle. This is
visible in this extract in the process the learnarderwent to reason their way to an
answer. Further, the instructional strategy usdtligisection is considered to have
been compatible with the curriculum in that leasg®emed to learn what they were
intended to learn. For example, the scientificaltgeptable explanation was reached,
in the extract, at least by a significant numbeleafners, within the 30-minute lesson.
Further, learners performed well on a test onghigion: 15 of the 23 scoring over
70% and only two learners under 50%.

However, the strategy was time-consuming. It toékaurs, instead of the 14
hours stipulated by the curriculum, to completeeleetricity section. Further,
learners were heavily dependent on my guidanceaglaliscussions, as can be seen by
the key role | played in the discussion given ia éxtract above. It was usual, when |
joined learners in discussions during this sectionme to have to prompt learners in
a sentence-by-sentence manner. Since this wasvgsbaess, | often could not get to
every group during the course of a lesson. Then&zal high dependence on me also
meant that each group needed me with them for ratittie discussing time, which
was obviously not possible. Learners complainetittiia sometimes meant that their
discussion drifted off-topic as they waited foredition from me. Additionally, | found
the struggle and communication difficulties vernyny, frustrating and slow. This was
particularly the case since | was continually reegito provide patient guidance and
prompting through dialogue customised to each gsonged. Also tiring and
frustrating were the noise and confusion assocwattda classroom in which a

number of learners are speaking at once.
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Reflection

Reflection on the strengths and weaknesses otrégegy used in the
electricity section strengthened my impression theaititated group discussion could
promote critical thinking. On the other hand, iseal concerns that the process, as |
had implemented it during the relevant modulesis $ection, was too time-
consuming to be compatible with the curriculum. Aiddally, it did not seem
effective in getting learners to be self-directietthought that perhaps assigning more
of the tasks to homework would help with this.dalvondered whether using a
higher proportion of inductive tasks involving anmioer of concepts simultaneously
could reduce the need for direct teaching, saving.tFurther, | considered the
possibility that withdrawing my help to some extamght force learners to become
more self-directed. | designed the strategy | im@ated in the next section, namely
grade 10 mechanics in 2006, with these thoughtsirial.

4.2.3. Does induction work?

Action

| focussed on logic during the instructional stggtéused for the grade 10
mechanics section in 2006. | explicitly taught subd logic, and logic notation to the
learners, and infused their application into mafthe tasks of this section. | used one
task from the Ideas, Evidence, and Argument inrfRadIEAS) resource (Braund et
al., 2004), and was informed by strategies usehignresource as well as those taken
by Aikenhead (1991) as | designed the other tasks.

In an attempt to overcome the shortcomings of tiegipus cycle, | assigned a
number of tasks to be done for homework, desigaskktin such a way that they dealt
with a few concepts at once, and tried to withdnayvsupport to an extent. |
embedded a number of the tasks in the contexfalfiag stone which | considered to
be very simple and uninteresting, but very instugctThis absence of an interesting
context is indicated by the relevant icon in Figdr2 (p.97).
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Observation

The following extract illustrates the kind of indetion typical in this cycle. It
refers to an activity from the IEAS material (Brauet al., 2004). This task was meant
to lead learners to see that objects of differemtswill fall to the ground together if
air resistance is negligible. This was done byrlees having to make a series of
choices between pairs of conflicting claims. THevant concepts had not been taught
before the task was engaged in. Learners had ctedpiee task individually for
homework the night before, and had spent aboutamalfour discussing their answers
in groups by the time of the extract. The 23 leesnweere divided into five groups.

The following interaction occurred between myseldl @ne of these groups just after |
had realised an error in one of the options ingineing worksheet, namely that size,
rather than mass, had been referred to:

Teacher Imagine two rocks: a boulder here and blpg¢here. Now
they're on a slope, and we're going to push thegetcthem
started... no, let's make them on a flat surface,domg to
push each of them and make them accelerate. Nopugle
each of them equally — equal force. Are they gaingccelerate
equally — the boulder and the little pebble?

General No.

Teacher Why not?

Jabu Not the same weight.

Teacher Which is going to accelerate at the greate?
Sonja Boulder.

Marike The one you pushed the hardest.
Teacher No, you're pushing equally.

[Noise]
Busi Pebble.
Teacher It's going to accelerate faster initially.

Marike But the pebble can go and sit on somethimytbe bolder will
just go over it.

Teacher If you have a smooth surface.

Helen But it’s different if you drop it.

Teacher The principle is the same, but it's edsi¢hink of pushing the
boulders to start with. Now my point is that thesgtion refers
to how big it is, but | could change my questiomatvif we
have a big piece of Styrofoam and a small bit ¢flgoand
then you push them equally, equal force on a smaunrtiace,
which will accelerate greater?

Thandiwe  Styrofoam.

Teacher Styrofoam.

Helen Huh?



103

As can be seen from the extract above, as welsa®ntinuation, to follow,
the discussion was messy and confusing. For exatdplen’s frequent protests about
falling and interjections like “huh?” suggest casifan. |, unwittingly, added to the
confusion, such as saying acceleration of thedigbbject would be higher initially,
unintentionally implying that its acceleration wdlde lower than that of the heavier
object later on. | also forgot that real-life obs®ions, which would be all learners
could draw on in the absence of formal teaching,dane in the absence of variable
control. For example, | said a Styrofoam block vdoatcelerate at a higher rate than a
block of gold of the same size, when the same fre@plied. In doing this, | was
forgetting that in the presence of air resistaace, therefore in common experience,
this would not necessarily be so. The extract oot below:

Teacher So it's not really the size — it's the mass

Marike But the gold is heavier than the...

Teacher Yes, and the one with a lower mass, wharpysh it with a
certain force, will accelerate at a greater rapéck up speed
faster.

Helen No.

Teacher Just think of the bolder and the pebblgoif push them
equally, which one is going to pick up speed faster

Helen Okay the stone is going to initially, buit# dropped...

Teacher For now don't think of dropping. If I'vetgovery heavy
bolder and a stone and | push them, which onelsgoimi be
easier to get moving?

[Noise]

General Stone.

Teacher If I push them with the same force, whick’® going to
accelerate faster? — the lower mass.

Helen But it’s different when it’s falling.

Teacher Why should it be different that way thaat thay? [showing
vertical and horizontal with hands.]

Helen Gravitational pull.

Teacher Gravity’s the pull. Here you were the pisne gravity's the
pull. What's the difference?

Helen But... [unclear]

Teacher But don’t worry about that now, you mudgidie if it's true that
a 1kg object will speed up more than 2kg if the edonce is
applied. So if you've got a heavy one or a lighe orwhich will
speed up faster?

Helen The small one.

Heleris reference, above, amhrike's, below, to size, rather than mass,
suggest that my attempt to show that mass, ratlaergize, was the significant

variable in affecting acceleration, was ineffecti@a the other hand, this extract does
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suggest that the learners were engaging in arldotedl struggle which involved
critical thinking. For example, Helen’s frequenbfasts suggest that she is
undergoing an intellectual struggle. Further, Helad Marike’s frequent rebuttals to
my explanation, such as “but it's different if ydrop it”, “but the gold is heavier”,
“but the pebble can go and sit on something”, ssgtat they were undergoing
critical thinking. The learners’ lack of self-ditean, as shown by their heavy
dependence on me, as well as the vagueness ofd¢herks, however, were
concerning. This is shown, further, in the contimuaof this extract:

Teacher The light one — just like that: if you pugth the same force
the light one speeds up faster. But are they pwlighithe
same force?

Sonja No.

Teacher Which one’s pulled with a greater force?

General The heavier one.

Teacher How many times?

Helen Two times.

Teacher As many times as it is heavier.

Jabu So that’s true.

Teacher What?

[unclear]

Teacher Which one will go faster?

Sonja The light one.

Teacher The light one, but...

Marike The gravity on the bigger one is greateutibits 1kg and
5kg, then 5kg isn’t twice 1.

Teacher Then it's 5x.

Sonja The ratio is the same.

Teacher Exactly. The two effects cancel out sottieg fall together.

Busi Oh.

Teacher If what?

Kim If the surface area is the same.

Teacher Why should that matter?

Jennifer Air resistance.

Teacher That'’s the point: if there were no airgtsice, surface area

wouldn’t matter. So you remember | wrote “if it sdwier
then it falls faster”. How will you fix that up?

Kim There is no air resistance.
Teacher If it's heavier and there’s not air resistait will fall faster?
Jennifer No — the same.

(Audio transcript: 20/04/06)

Notice the learners’ fragmented and vague resppsgel as Kim’s reply
“there is no air resistance” and Sonja’s answee fHtio is the same”. This, and the
heavy teacher dependence evident here, were Usaraloteristics of discussions

during this section. The reason | took this teacdwninated strategy here was
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because learners had not made sufficient progoesshage to explain the argument
without this sentence-by-sentence prompting. Tlas despite the fact that learners
had worked on the task for homework and approxilp&i@f an hour before this

extract.

This extract gives the interaction | underwent vatity one of the five groups.
Discussions with the other four were similar. Ifiduthe teacher-dependent, slow,
confusing and repetitive prompting, the noise,liettual and communication
messiness, and confusion, frustrating. Furthepjiteared that most learners did not
learn the desired concept effectively. Even thoogdr an hour was spent discussing
this concept, and it was taught directly the foilogvday, and revised each day for a
few consecutive days after this, in the June exatiun only six learners out of the 23
could give this argument correctly. While this does$ necessarily imply that another
method of instruction would have been more effegtivdoes suggest that this
method was of limited effectiveness in getting heats to understand the required

concepts.

| received the impression that the learners deeel@n intense dislike for
mechanics as a result of this cycle. | receivederons complaints from the learners
about this section. | surmised this dislike argsenfthe learners not developing strong
conceptual understandings, and that this was bedhas poor generalisation and
pattern-searching skills caused them not to betalierive these during the inductive
facilitated discussion they were engaging in. Wés despite much effort and intense
activity and participation on the learners’ paas well as evidence that critical
thinking was occurring. This poor conceptual leagnneant that the large numbers of

concepts learners were required to understandimktiécame overwhelming.

The strategy was riddled with other problems tomunber of learners
reported to not seeing the use of studying thesebecause it seemed to have no
interesting or useful link to their lives. Additially, a number of learners confessed to
guessing during homework activities. They said tthelythis since they found the
tasks overwhelming when performed alone. Also, tmyessed, guessing was

encouraged by the fact that they did not havestifjuanswer selection when
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answering the multiple-choice homework questionstter, the strategy was even
more time-consuming than the electricity sectiod been. | spent 30 hours, rather
than the stipulated 14, on this section and and@tmwurs at the end of the year, re-
teaching the section. This was done by means ditioaal direct-teaching in
response to learners’ request to be helped ohieofdnfusion that had resulted from

my initial strategy.
Reflection

The discussion above suggests that the inductoiktdéed discussion

strategy, taken to a great extent in this secaod, exemplified by the extract, was not
effective in that it did not promote strong conegptearning. On the other hand, 58%
of the 57 learners who participated in this stud2006 and 2007, responded, in a
guestionnaire, that they did find this inductiveattgy effective, and 61% indicated
that they enjoyed it. Test performance evidendess conclusive concerning the
effectiveness of the strategy. For a test whicluigsed on this section, seven of the 23
grade 10 learners in 2006 scored below 50%, anthanseven scored above 70%.

The learners’ dislike for the context of a fallisipne was very obvious. They
complained that it was boring and pointless. Thay tiearly not enjoyed the section,
and part of the reason for this seemed to be tberale of an interesting context. This
made me realise the importance of situating thé medule’s learning within a
context which the learners would find interestiRgrther, the learners’ confusion and
need for a more structured provision of informatamu support during the sense-
making process, was clear. On realising the coofushad contributed to by my
unintended communication errors, | wished | habdeaintroduced the concepts
during delivery of a pre-planned lesson. | was @oced that in this way | would have
been able to explain the concepts in a more helpdyl Learners would have then
have had a chance to make sense of the explandtioing the discussions. Further, |
realised that inductive discussion does not redinoe through short-circuiting the
need for direct teaching. Instead, it requires ntione than a more deductive strategy
does. Further, expecting a removal of supportdode self-direction is clearly not

reasonable in the case of learners whose skillcantknt knowledge are still poorly
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developed. Finally, this section suggested to maedhtical thinking tasks in which
answering can be done by guessing should not Igmasisfor homework. This is
particularly the case if there has been no priasxlkengagement in the task. Evolving
from these reflections, | developed a strategyetaided in the grade 10 section which

followed mechanics. This is described next.

4.2.4. How can | capture interest?

Action

The waves section consisted of two topics, nanwigitudinal waves and
geometric optics. | designed a module for eaclhes$é. The first moduldsunami
will be stressed here, since it was re-used in BOGY and 2008. The second module
consisted of a number of tasks related to cell-paphut in subsequent years this
module was discontinued due to time pressure.dimfdunammodule the learners
role-play a professor and a sailor. They use knogdeof wave properties and
behaviour to give advice on various proposed niitigameasures to protect South
Africa from an expected tsunami and to explain howake measurements of various
aspects of waves and from this diagnose whethexva v a tsunami or not. This task
is included in its final 2008 version in AppendiXthe 2006 version did not have the

scaffolding worksheets included

| presented the problem and then allowed for ihigarner exploration of the
task’s implications for learning. | then approaclieel relevant concepts with the
following combination of strategies. | tried to unzk the learners to derive concepts
through guided learner discussions. | used diesathing in the interactive way
previously described, and | expected learners tkersanse of directly-taught
concepts as they strove to apply these to the suibhguyroblem task. | periodically
demonstrated aspects of waves to the learnerswadddjtheir observation and
analysis of these. This | sometimes did using pleipank and sometimes by means of
computer simulations of wave behaviour displayedgia computer and data
projector. Using this strategy is consistent wittdings that exposure to empirical
evidence aids sound concept formation (Gauld, 198@}her, | made frequent

reference to Paul & Elder’s elements of thought iatellectual standards during the
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teaching (Paul & Elder, 2006a), and | frequentljecbon learners to relate these to
particular aspects of the target task.

Additionally, | encouraged learners to submit vaéug written drafts of their
understanding of the work and their attempt at @&nswy the target problem. This
practice is consistent with the view that gettiegrhers to write about their learning
aids critical thinking and, consequently, learmmith understanding (Paul & Elder,
2001). It is also consistent with Black’s assertioat formative assessment enhances
learning effectiveness (Atkin & Black, 2003). | ppmded, in writing, to each draft.
Additionally, | gave verbal feedback to the wholass where | became aware of
common misconceptions. By misconceptions | refesie¢avs which are not consistent
with commonly accepted scientific thought (Stantt®90). The responses | gave to
the class included corrections, explanations amstipns designed to prompt the
learners to think more deeply, express themselhae fogically or precisely, provide
backing to claims, or explaining the relevance ofaam to the overall argument they
were making. | also allowed learners to read orhean’'s work, with my
accompanying remarks, if they wished, although iitdd copying. This strategy
was intended to empower the learners to be alertplete the target task
satisfactorily by the time the end of the teactpegod for the section had been
reached.

Observation

| found an intense interest and enjoyment, and kigyly levels of learner
engagement both in and out of school hours duhrggsiection. For this period my
journal features almost daily notes about the le@rappearing to be interested.
Similarly, almost every entry shows signs of therihers being intensely active in and
out of class time. For example, on 25/07/06 | wrtdegroup of girls voluntarily
stayed after school to continue discussing whattiad to do with the task”. Fourteen
cases of learners giving me voluntary notes ortslfaf checking, further testifies to
the learners’ engagement beyond the minimum tagkirements. During an

interview with six learners on 18/08/06, eight exchtions of interest in this task



109

were made within the first ten minutes of the imigw, with all participants

unanimous about this.

However, as the task progressed, | realised thredstmore complex than | had
initially thought. This was disconcerting for bdtte learners and me. Learners would
sometimes ask me questions about the task whichldl ot answer satisfactorily,
causing feelings of insecurity for both of ugarners reported insecurity from the fact
that the text-book dealt superficially with the cepts and was therefore a poor
resource to support them in the answering of thke. ta likewise, often felt insecure,

as suggested by this remark:

I am not myself sure of exactly what | want frone tearners. So in general | get a
feeling of interest and enjoyment of the task, Untertainty of how exactly to go
about answering it due to its complexity and opedeelness. (RJ: 01/08/06)

| found, in general, a high standard of work in final submissionwhich was
marked with a rubric which credited argument relevance, significance and logic,
correctness and thoroughness of content. The class obtained an average mark of 68%,
with 11 of the 23 learners scoring above 70%. Tiwihe learners, however, were
awarded below 40%. This written work, as well asdralogues observed amongst
learners and between learners and myself, suggéstelbarners were undergoing
critical thinking. This included instances of lears rebutting one another with
references to essential criteria, considering mleltoptions with costs and benefits of
each, within a given context, voluntarily askinge#tial questions, as well as a
general atmosphere of self-direction. The genefratifh standard of work, as well as
remarks made in learner interviews, suggestedtioat of the learners had developed
fairly strong understandings of the concepts stifmd by the curriculum. On the other

hand, the poor performance of two of the learnexs goncerning.

The process, however, was slow, taking 26 houctast time instead of the
14 suggested by the curriculum programme guidelipe&, 2003). Further, some
learners complained about the high language fottledask. They also reported
needing greater guidance. Five of the six learn¢éesviewed on 18/08/06 remarked
that they liked the open-endedness and ambiguitlyeofarget task since they said this
encouraged them to think deeply and independddtiyever, all said this aspect also
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made them feel insecure. | formed the impressiam fiwwhat they said, that
sometimes this prevented them from engaging wethdkk as deeply as they might
otherwise have. Further, only five of the 23 leasroduced drafts for the final task,

suggesting poor time management amongst the réisé ééarners.
Reflection

The positive outcome of this module convinced m#hefadvisability of the
use of an interesting open-ended subsuming prolmienwhich most or all of a
topic’s learning is embedded. This conclusion issidered to mark the end of Theme
Cycle A, as indicated in Figures 4.1. and 4.2. O#spects | reflected on were the
role of procedural exercises, the need for gresitacture and guidance, and the time-
consumption of the process | had used here.

| considered the high language focus associatddwgi of a context-rich
subsuming problem to be inherent to critical thikil felt that | was supported in
this by literature, for example by Paul & Elderglusion of the ability to express
scientific concepts in every-day language in thsirof essential components of a
critical approach to science (2006c). On the okt@erd, | was concerned that the focus
on conceptual understanding would prevent learinens developing the necessary
competency in answering the numerical questionshvimight dominate the end of
year examinations. However, in the final examinatibe learners obtained an
average of 68% for those questions involving comfaor with regards to waves, with
only three of the learners obtaining lower than S0%4hese questions. This suggests
that the learners had learnt the basic computagi@vant to this section, although this
may have been thanks to my focus on these kindsedtions during revision for the

final examination.

The Tsunami module suggested that higher degrestsuature and guidance
were needed in the written material provided wihi# task. This is consistent with
findings by numerous researchers that high degestsucture are necessary for a
critical thinking task to be effective (e.g. Adah®999; Ankiewicz et al., 2001; Lee,
2003; Milton, 1993). | provided guidance through weybal interaction with the

learners as they underwent group discussion, andiiten form on an individual
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basis for those who submitted drafts of their wimrkme to check. However, the fact
that so few learners made use of the latter sestiggested that a different system
was needed. Further, | pondered the possibilitydhawing the learners to read
peers’ drafts and comments had masked the weakh#ss lack of structure and

guidance, to an extent.

At this stage I reflected on how much time eacthefmodules done so far had
taken. | had finished only a third of the curriauluyet | had used three quarters of the
available teaching time. Further, | was disillugdrby the inability of the inductive
inquiry strategy to lead learners to sound con@pinderstandings. This made me
ponder the strengths of a more traditional strat€pnsequently, | decided to try a
more teacher-dominated, highly structured strateiggn introducing concepts. This
would be followed by requiring learners to makesseof the concepts through
answering questions based on the preceding teachigl did for the remainder of
2006. | convinced myself that this seemed moreisterd with a view, taken by the
Information Processing Model of Learning (IPM),ttli@e capacity of working
memory is the limiting factor in learnin®liaz & Logie, 1993). Consequently,
presenting concepts individually, sequentially amatementally, in a highly
structured manner, is more manageable for leatharsexpecting them to deal with
multiple new concepts within a complex problem aion.

At this time | received the Education Departmeep&smplar examination
papers, as well as the revised physical sciencercbdocument (DoE, 2006). To my
dismay | noticed an increased emphasis on comehis new version of the
curriculum. | realised from the exemplars that wat preparing learners well for an
externally-set examination. This was partly dubdog very far behind in the
syllabus. Further, the examination was set in ataiwece with the revised version of
the curriculum content which required coverage ahynconcepts, whereas | had been
teaching according to the original version whidowéd for a deeper engagement

with fewer concepts.

This reflection led me into a series of cycles dgnvhich | reverted to a large

extent to a traditional strategy of direct instroit Together with the sections making
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up Theme Cycle A, these convinced me of the impodadf both direct instruction
and facilitated group discussion, which | labelled outcome of Theme Cycle B. This

part of the journey is discussed below.

4.2.5. _Reverting to traditional teaching

Action

| employed a highly teacher-controlled, systemsifiategy, using PowerPoint
presentations, for the next section, chemistryd Itklis in an attempt to cover content
more rapidly. Additionally, | occasionally perforoh@ractical demonstrations for the
class. | designed my presentations to be intematiiten posing questions and
expecting learners to respond in pairs before ¢geded. | also tried to integrate
teaching of aspects of critical thinking, suchltesdriteria for causation and elements

of thought, with teaching of content.
Observation

Due to time constraints, | had to cut the Chenmyatems section out of the
grade 10 syllabus. However, | did manage to geiutlin the Matter and Materials and
Chemical Change work required by the curriculura lemarkably short space of
time. Four of the five learners interviewed on 306, however, reported that | had
not provided for enough time and reason for themhitgk critically, except
occasionally during class time, during this sectibimey attributed this to the fast pace
taken and the fact that the presentations werémkad to a long, interesting target
task. Additionally, | experienced that the pacedk in my teaching was clearly faster
than the pace at which learners were able to maksesof and internalise learning. |
frequently recorded my frustration resulting framst The following is an example:

The lesson was frustrating because the learness seeslow. | realised that | had not
provided enough practise with building formulaghaiigh the learners had done all
the questions related to this in the text bookt yaar’s class had done far more and
we had worked with lots of equations together, whih old curriculum. So no wonder
in comparison these learners seem so slow and déreseasked to write an
equation. In the evening | spent three hours adgishy PowerPoints to make them
more incremental and visual. I'm trying to avoidlag’s frustration. Today it clearly
poisoned the class — | felt as if the learners g@we as an enemy because | was
going too fast for them. (RJ: 17/10/06)
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Reflection

This experience underlined the fallacy of learnaygnformation transfer from
teacher to learner. It highlighted that although ¢harity and structure of direct
instruction can have the advantages of being tifficient and less messy than other
strategies, it is insufficient as a method of iastion on its own. This seemed to be
the case despite the fact that the form of direstruction which | used was highly
interactive, with question-posing and wait-timedtanto the approach. Some kind of
additional sense-making opportunity was neededlditian to direct instruction to
promote critical thinking and hence effective leagy and to match instructional pace
to learning pace. This is consistent with viewstarature that direct instruction is
insufficient on its own (e.g. Gunter et al., 2007).

4.2.6. Traditional teaching followed by sense-mgki

Action

The phasing out of the old curriculum and the impatation of the new
resulted in both the grades 10s and 11s studyirigpmim 2006. In the light of the
failure of the largely inductive strategy used wiltle grade 10s earlier in the year, |
decided to take a more structured strategy witlgthde 11s to whom | taught motion
later in the year. | prepared a series of PowetHri@sentations in which | developed
the concepts incrementally, with frequent shortsjoe-posing to promote
comprehension and to provide opportunity for sema&ing. After introducing the
formulae, | worked through examples of their usagel posed questions to the
learners. The answer to each of these questionsated on by the learners,
answered individually in writing, or discussed gurg, after which | would provide
the correct answer, with motivation, or get on¢heflearners to do this. In this way |
made an effort to have the majority of class inedln the questioning. Most of the
homework given was of the standard text book, nizakexercises type. At the end
of the section | gave the learners two sense-makisks. These required use of
conceptual understanding and critical thinking @l as procedural competence. One
of these involved learners performing practical kvivearners did the work for these

tasks individually in writing for homework, followdeby small-group discussions with
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frequent alteration of group composition. At thel efi the year, | re-taught the
mechanics section to the grade 10 class usinghgytstyuctured, yet interactive,
strategy. This was similar to the one taken withdghade 11s, except that time did not
allow for implementation of the final sense-makawgivities | had used with the

grade 11s. This re-teaching process took 5 houctae$ time.
Observation

The class time usage for this strategy, togethdr thiat for the strategy used
with the grade 10s, is shown in Figure 4.3 Thisaghthat the more structured
strategy which gave greater prominence to diresttuistion, taken with the grade 11s,
was far less time-consuming than the inductiveegsataken in grade 10. It should be
born in mind, however, that the grade 11 sectiéerred to in the lower graph in
Figure 4.3 is a subset, i.e. only the motion topfdhe grade 10 mechanics section
shown in the upper graph. The topics of gravity andrgy make up the difference.
However, these two additional topics are relativakprt, being dealt with in only six

class hours.

The positive response from the grade 11 learnarseraing the motion
section was remarkable. In a questionnaire answeredl the learners on 20/10/06,
as well as an interview participated in voluntably seven of the 18 learners on the
same day, there was unanimous agreement that#tegst was better, being clearer
and less time-consuming, than the more inductiraesiy | had normally used with
these learners. Similar positive comments wereingdafrom the grade 10 learners in

an interview on 03/11/06, after | had re-taughtrtfexhanics section to them.

While the stronger grade 11 learners clearly dgbee deeply with the topic,
which must necessarily involve critical thinkingi¢kerson, 1994), the weaker
learners were observed to borrow phrases from #taidemically stronger peers and
use these superficially. Additionally, in compando the Tsunami module, learners
were clearly not engaging deeply and voluntarilfesgrning after school hours, and
were not as interested and excited about the legprocess.
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Figure 4.3: Class time usage for grade 10 mechamdgrade 11 motion, 2006.

Reflection

This experience convinced me of the value of weeliedured direct, but
interactive, teaching, followed by engagement imssemaking activities. However, it
also convinced me that even when direct instruagdollowed by sense-making
activities, learning seems not to be as passi@araeexciting as when learners grapple
with an interesting sense-making problem throughioeicourse of a module, as had
been the case in Tsunami. | also considered threlation between the strategy | was
taking and literature. | considered that it couddthat using direct instruction to a
large extent can be less inconsistent with thesdiure than an initial consideration
may suggest. This is particularly so if the teaghshdone in an interactive manner
which challenges learners, and gives them oppdyttminductively and deductively,
inquire and argue. | hoped that if attention was pathis, the benefits the literature
suggested for activities of inquiry, reasoning anglument could be obtained within
the closely structured setting of teacher contther than during loosely structured
learner discussion. However, from practical expergeas well as literature | was

aware of the limitations of direct instruction ixp®sing learner misconceptions and
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promoting active learning (Leonard et al., 2002504 having seen the interest and
active engagement learners displayed during theegt8 electricity and mechanics
group discussions, | wanted the next cycle to ihelboth direct instruction and the
opportunity for facilitated group discussion. ThEgonsistent with Cronjé’s view that
integration between content and teacher-centrategies, which he terms
instructivistic, and more learner-centred strategrehich he terms constructivistic, is
both possible and advisable (Cronjé, 2007).

4.3. ACRITICAL EVENT

At this stage | was armed with the conclusions thatinstructional strategy to
be taken should stress both direct instructionlaadher collaboration while engaging
with an interesting subsuming problem. | was alsallenged by the need to
streamline this strategy to squeeze it into theowatime allotment allowed for by the
curriculum. While reflecting on this | was expodedgroblem-based-learning (PBL). |
recognised this as having some similarities tosthetegy which was emerging from
my research. PBL uses facilitated group discusgielased to an interesting real-life
problem, to entice learners to undergo a processmge-making. This culminates in
learners being able to apply their learning toitiigally-posed authentic problem.
These aspects of PBL corresponded to the undenstpatibest practise which was
emerging from my research. On the other hand, asfoa direct instruction is
incompatible with PBL (Thomas, 2000). My reseatubwever, was revealing that it
is vital to give direct instruction high promineniceany instruction strategy required
to cover large amounts of content and prepare éesifior high stakes examinations
with many numerical problems to solve. An aspeathgfengagement with PBL
which particularly influenced my work from this pbionwards was its stress on
scaffolding tools. These are designed to aid learimethe learning process, and
seemed potentially powerful in solving the probleshgsecurity and poor time-
management | had experienced in the Tsunami mobwias resolved, therefore, to
use these in the next modules | created.

Evolving from this reflection, | developed a newastgy towards grade 10

mechanics to replace the 2006 tasks | had evaltateel unsuccessful. This set of
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modules, which formed section 7, is viewed as h@abieen critical in this study.
Although it occurred at the start of each of Thedyeles C and D, to which it was
common, the sections following it confirmed it e model of best practise emerging
from this study. This section consists of threedspmotion, gravity and energy, with
the last two making up very little of the curricoiun comparison to the first. The
modules designed for the motion topic were longeyTare focussed on in the
description which follows. In contrast, the grawéilyd energy modules were short,
together taking a week and a half to complete nidelled, on a small scale, roughly

on the same lines as those focused on in the gésarbelow.

4.3.1. _Initial planning

| designed three modules for use in the motionctophile periods of direct
instruction were common to all three, the subsunpiradplem task differed between
them. Each learner only had to engage in one skthaut the possibility existed for
learners to do more than one for bonus marks, earthérs were required to interact
with those learners who did the same task as themwell as those who did different
tasks. This was done partly to provide the possildbr performing extra work for
enrichment and partly in an attempt to increasdikieéhood of learners being able to
transfer their knowledge to new contexts Accordm@erkins & Salomon (1989),
this can be aided by explicitly pointing out thekgation of the knowledge within
various contexts. A form of the Jigsaw Model of gerative learning was used in that
learners belonged to and worked with expert gragpsposed of all the learners
assigned to a particular module, but also collaedran learning groups, where each
member was engaging in a different module (Gurtat.£2007).

One of the tasks is given in Appendix K. This wiled Must he pay?n this
task learners role-play a judge. They have to de@d the basis of the partial data
from a taxi’s motion, the truth likelihood of a otathat the taxi had bumped a woman
standing at a certain spot on the road. They ayaned to justify their decision.

Before beginning the section, | paid careful attento preparing the
instructional strategy | would take and the suppoduments | would use. My

strategy was as follows concerning the issue o€eptual versus procedural balance.
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| would teach the learners how to perform certaotedures, such as using the
equations of motion, | would assign class and hoonkwasks to practise these, and |
would also integrate the need to use these intsiubsuming mainly-conceptual
problem task. | feared that learners might avoasoming conceptually in this task
due to the presence of the procedural short-dtied to prevent this by designing the
scaffolding worksheets in a manner that was meafarte conceptual engagement. |
set up a system of scaffolding worksheets duriegolanning stage of this section in
correspondence with my teaching strategy. These wfethree types: a KWL (know,
wonder, learn) chart, interim reports, and a priegeEm template. | also created a
series of PowerPoint presentations to guide myctinstruction, and a time-schedule
planning the sequence of teaching and learningtevewill now describe the strategy
taken during this section by referring to use oédi instruction, facilitated group

discussion, homework and interaction with scaffoddivorksheets.

4.3.2. Direct Instruction

The manner in which | engaged in direct instruct®axemplified by an
extract from my Researcher’s Journal (RJ), belows interactive style of teaching is
what is referred to when | use the term directrutdion in this dissertation. Some of
the PowerPoint slides used to support the teadafitigs section are shown in
Appendix L Some of the discussion which followsersfto the extract, and some to
the greater level of detail evident in the appendix

| show the learners a newspaper clipping aboutiaatzident, in which terms such as
position, distance, displacement, speed, velocityacceleration are used. | ask the
learners to tell one another what they understgnebloh of these terms, and then we
discuss this as a whole class.

Then | teach the concepts of distance and displecerio make learners
realise a need for two separate concepts relatedvidar, | make two learners walk
across the room: one straight across and the albweg a crooked path. | ask the
learners to compare how far the two had gone. Tibairg class discussion reveals
that in one way this was the same for the two,iarahother way it was different. |
then apply the terms distance and displacemersdio ef these two ways of referring
to how far.

| show learners the definitions, symbols and umiitsieasurement of each
concept. | get learners to use the terms to contparmotion of each of the learners
in our simulation. | give learners an equationdaiculating displacement for motion
in one dimension. | also give the learners pradtisgplying the concepts of distance
and displacement and the equation for calculatisgl@cement in one dimension, to
questions | pose. (RJ: 23/01/08)
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The teaching style used is interpreted to be ctargisvith both traditional,
and more modern ways of teaching, which Cronjérsdfeas instructivistic and
constructivistic principles (Cronjé, 2007). It exas prior knowledge, for example by
getting learners to speak about their understanafingrious terms in relation to a
newspaper article and a demonstration of two legarmeotion. Where necessary, a
teacher-guided discussion aimed at developing tisésetion with current knowledge
and a need for further learning follows this. Batries to support the process of
concept construction. It does this by introduciagreconcept in relation to a need
emerging from the discussion, such as a need fomtays in which to differently
refer tohow far. The discussion above is consistent with constrigtt pedagogy.

On the other hand, the teaching strategy desciib#w extract is highly teacher-

controlled and structured, consistent with insixist, or traditional, pedagogy.

Questions aimed at inducing learners to generateeqts and procedures
were used in the teaching. An example of a congeperating question is “How can
we definehow farin two different ways corresponding to the twdeliént meanings
we have seen are needed?” An example of a procegegmerating question is
“Represent these two understandingb@# fastin two formulae”. These were
answered individually in writing or by pair discu@s during a short pause within the
teaching. Concept application questions were adgal during the teaching. This was
done to encourage conceptual sense-making anchforae learning. An example is
“Is it possible for Joyce’s displacement to be mibian the distance she covers for a
certain motion?” Procedural application questiomseralso used to reinforce

learning. For example, “Calculate the distance dispglacement Joyce undergoes”.
4.3.3. Homework

Procedural-focused homework was generally assigfieddirect instruction,
with some exceptions. For example, following thecteng of distance and
displacement the learners answered numerical qgusstibout distance and
displacement for homework. This is shown in Table Zhis table lists activities
performed in class and for homework for the duratbthe motion topic. In addition

to the homework which aimed at developing procddiwancy, engagement with
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scaffolding tools related to the subsuming problask was required. This involved
learners answering these worksheets individuallyriting. These worksheets are
discussed in detail below.

4.3.4. Scaffolding worksheets

Thescaffolding worksheets for this section were desigwith the intent of
making learners use both conceptual and procekncalledge to solve the module’s
subsuming problem task. These worksheets w&&\&L chart threelnterim
Reports and gpresentation templatd’hey were answered partly in class-time and
partly for homework. They were engaged in indivitluan writing after which they

formed the focal point of group discussions.

| designed the scaffolding worksheets such thah&ra would be required to
engage in an initial conceptual analysis of thesauting problem task, followed by
procedural performance and then conceptual reflectn this. | did this to try to
prevent learners from avoiding conceptual thinkiggapplication of procedures
alone. This can be seen in Appendix K as well dsaiole 4.1. The K-W-L chart and
Interim Report 1 are almost only conceptual in &daterim Report 2 and 3 have a

procedural focus: graphical for report 2 and equabased for report 3.

The purposes of the K-W-L chart and Interim RedaH to initiate a
conceptual engagement in the problem situatiothdrK-W-L chart, learners write
what they already know, what they wonder abous#wtion, and what they will need
to learn to be able to find answers to this. Thes\done immediately after
introduction to the subsuming problem tasks. IntéReport 1 was answered after |
had taught the meanings of the basic concepts tbmand required learners to
reproduce the basic facts about these concepisktthese concepts to aspects of the
problem task, and to search for and describe patiarthe provided data. This is
illustrated in Interim Report 1 dflust he Pay?given in Appendix K. | found the
learners’ engagement with these initial scaffoldiogjs superficial and slow. For
example one group spent 20 minutes, on 30/01/@7gtty figure out what

photograph number tells about the motion in MusPhg The learners made
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Table 4.1: Time schedule for grade 10 motion, 2007.

Key:
Conceptual focus Procedural focus jj " Equal conceptual and procedural focus
Date | What was done during the 1 hour lesson Homewor

| introduced the motion taskB4y, Plunge Car) and the basic
19/01 | strategy | will be using. Learners wrote in the K\Wart, and shareceeigs:
this with one another.

Went through homework; | taught (revision from lgsar) distance

23/01 and displacement using PowerPoint. Carsactivities 3-5

24/01 Went through homework; | taught speed and velagsing Carsactivities
PowerPaint. 6,9,10

25/01

%) Went through homework.

(212/;)1 Learners did Ferrari and Cheetah task.

| taught different types of motion and the diffecerbetween averagg
{7l and instantaneous velocity and how to find instagbals velocity. Interim Report 1
Used PowerPoint.

Learners discussed Interim Report 1 in groups abdited these to

30/01 .
me for marking.
Graphical
V(i | taught graphical representation, using PowerPoint representation
worksheet
Learners discussed Interim Report 2 in groups whageight new
01/02 .
learners what they had missed.
| taught frames of reference, revision of graphsgpduction to .
02/02 equations of motion. Used PowerPoint. L5 iR leln
22;02 Learners discussed and improved Interim Report 2.
(012/;)2 | taught equations of motion using PowerPoint.

Equations of motion

or7[o7All | taught equations of motion using PowerPoint. worksheet

o1(ox \\Vent through homework. Interim Report 3

Learners discussed Interim Report 3 and final priasion. Submitted
Interim Report 3 at end.

09/02

ik7oral \Vent through common problems.

iV:¥oyml \\ent through common problems. Final presentation

Learners discussed their answers with learnershaldodone the Finalise final

15/02 same task and with learners who had done diffeeesits. presentation
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statements such as, “The camera takes a photo i@y the taxi has moved a

certain distance and it tells us the speed ofakig, twith the whole group agreeing

with this for a while. Another example of this sdipzality is given by the following

comment from my journal:

On marking the learners’ written work (Interim Refpb), | find that except ilvhich
car to be inthere seems to have been little productive aeg tleought on the task,
and much error. In many cases mistakes are maderetiee basic concepts. There is
clearly a good deal of copying from one membeiefdroup by the other members
evident. | get the impression that the learnerssarg dependent on me and on one
another for progress. (RJ: 31/01/07)

Engagement with Interim Report 1 was followed bedi teaching about

graphical representation of motion, as shown in&4dUl. Learners then answered a

worksheet on this for homework, we went throughrtaeswers in class, and then the

learners engaged with Interim Report 2. This regglithem to represent the situation

graphically, describe conceptually what this shoveed evaluate the implication of

this to the solution of the problem task. The falilog extract illustrates some of the

struggle learners underwent while engaging with.thialso suggests a deep

engagement with the concepts, and evidence of angemce of understanding:

Later in the day, while batting for an absent teacMusa comes to me with Interim
Report 2. At first | feel we will never get anywkeHe seems not to realise the most
basic aspects of the task. For example, he caeedhat change in position between
any two consecutive photographs, divided by the tiluration between the
photographs, would give the average velocity ferittterval between those two
photographs. However, later | am amazed at how rhacdhctually can see into the
task. When | ask him to speak about patterns in#te he gives changes in position
per time interval and comments on a steady incrédesdinks this to the increase in
velocity. Later he points out the period of constaglocity and remarks, as he uses
his calculator, that the distance increase perdeabnd is now constant. He makes
similar remarks about the period of deceleratiad\vise him to continue the pattern
he had previously noticed. | probe to see if herbased how this could be
significant to the task as a whole, and get the@sgion he does understand this. He
had previously started drawing the graph and dgkssiis correct. | tell him to plot
per half second, starting with 0s as the first pdint otherwise he has the right idea.
(RJ: 01/02/08)

After learners had written answered Interim Re@ddr homework, they were

allowed an opportunity to discuss their answerdass time. This is referred to in the

extract below. As mentioned here, | found the amho@imput | had to input into

learner discussions manageable. This can be ctedristhe greater dependence of
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learners on teacher prompting for progress which etmsmerved when a more
inductive strategy had been used, as was desadréidr. This extract also suggests

that the effortful learning process is beginningitdd results.

For the first half hour the learners discuss trenams they had written for homework
for Interim Report 2. Except for the three new tesis, pleasing progress seems to be
occurring and understanding seems to be develapatigSome feedback is
necessary, from me, concerning Interim Report 2nbtito an extent which suggests
learners are very dependent on me. The learneexcavely engaged and show
interest and application of learning to the tagkeyl'seem to be coping well with the
task. This is confirmed by the learners’ journatieis, which show evidence of
struggle, but also progress. Three examples, repiatsve of six others, are given:
Petrus: | loved today’s lesson because | learatreéw way to work out a problem.
Musa: | really was struggling to find where he gteg but after | went to Johan and
he explained to me then | was confident and | ustded.

Mandla: | have an idea of what's going on with Wihat the Plunge, but | often get
confused in the process. (RJ: 06/02/07)

The discussion referred to above was followed bgatliteaching into use of
the equations of motion. This was followed by |lessranswering exercises to practise
the usage of these equations. Then the learnensess$ the final interim report. This
was done partly in class on a day | was absentpartty for homework. This
worksheet required learners to represent the pmoldiagrammatically, after which
they had to solve the problem using relevant equnatof motion. They were then
required to give a conceptual evaluation of thisght of the problem task. The
following extracts from my journal refer to this:

In the afternoon | mark the learners’ Interim Reé@submissions. | find this
discouraging. Almost none of the learners haveiegphe equations of motion to the
problem. Further, a large number did not complétde work | left for them while |
was away on Thursday and Friday. These observagigeane the impression that it
is important that | am present, especially wherid¢heners are working on a critical
thinking task. On the other hand, Sofia and Taraxgeleach given excellent voluntary
drafts of the entire target problem’s answer. kgiwritten feedback to each learner.
(RJ: 13/02/07)

I return Interim Report 3 to the learners. Theydresy comments. | allow learners to
discuss common problems in groups and help ondanbx their errors and improve
their answers, and then work on their final subioissThe latter, at least in rough,
has to be completed by tomorrow. Two learners vimitdeir journals that they work
on this until very late at night. (RJ: 14/02/07)

These extracts suggest the important role the &egdhys in managing
learning. This is shown by the reflection that l@rners seemed to have suffered due
to my absence while they were engaging in Intergpdt 3. Further, these extracts
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suggest that my checking of the learners’ work mesessary since it exposed errors

and gave me the opportunity to guide learners teecbunderstandings.

At this stage, with all the interim reports compbitthe learners produced a
rough draft of the final solution to the problerskaThis was guided by a presentation
template. An example of such a template is giveAygpendix K. The following day,
in class, learners gave verbal presentations afgbaition to the problem to one
another: first to peers who had performed the dasieas themselves, and then to
those who had performed a different task. In gdribimappears to have been
effective, although for some learners the strugjgdy had been undergoing over the
past weeks did not seem to have led them to clantthe related issues. This is
suggested by the following remarks concerning lei@’'responses at this stage:

The discussion is very animated. Ten learners ywiteal entries today. Eight
suggest confidence in their own task. For exanijlesa says, “Today it was nice and
| was really sure that | understand my task”. Tagp they are still not managing. For
example, Mandla says, “Plunge is very confusing,| imeed to put my mind to it. The
lesson was nice although The Plunge seems to nie¢dfefocus”. Five make

remarks suggesting that they have benefited fraanimg about tasks other than their
own. For example, Menzi says, “| had a broader \agwather guys’ tasks so it's good
that we got tasks and also look at others to geemiew.” (RJ: 15/02/07)

The learners then wrote their final answer outeatnwhich they submitted
the next day for marking by me. As indicated in ¢éx&ract below, this long language-
rich task was found to require learners to spendyn@urs out of school time on
writing the final submission. In some cases this w&onsequence of learners
working beyond the minimum requirements, as poiotgdbelow.

Today the learners hand in their final submissiba¢so get feedback from them
about how they feel about the strategy taken figrglction. The general response is
that they had struggled through the task, but fahatit had made them think deeply,
and that they had enjoyed it. They have had to werlt hard, and have found there
to be a lot of writing required. A number remarkttit was nice to see how the
various methods, such as explanation, pattern atiop| and reasoning, graphs and
equations, all corresponded with one another te tiie same answer. Five of the 15
learners submitted additional tasks for extengi@spite this costing them work into
the early hours of the morning, according to comismemade by four of them in their
journals today. (RJ: 16/02/07)

While this active engagement suggests task effeatiss (Cotton, 2001;
Schoenfeld, 1985), it is possible that the exténih® engagement may be seen as

unreasonable or have negative effects, such aéss in class. For example, Petrus
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remarked, the following day, that he found concaian in class difficult due to lack
of sleep as a result of having answered the magiskinto the early hours of the

morning.

4.3.5. Facilitated group discussions

Most of the facilitated group discussions in thestgon revolved around the
scaffolding tools, and involved sense-making obinfation | had taught during direct
instruction. The following description, howeverfars to a half-hour facilitated
discussion which was not related to a scaffoldilmgksheet or even to the subsuming
problem task. It was a half-hour discussion, penkeat on 25/01, after the basic
concepts of motion had been taught, but the equeattb motion had not yet been
introduced. Learners were asked to work out hoveufar how fast each of a Ferrari
and a cheetah would be after 4 seconds of acdelei@teach from rest, given their
acceleration rates. In the absence of knowledgleeoéquations of motion, they would
need to reason the answer out conceptually. Thésamaattempt to force learners to
reason with the concepts without having the tomlshort-circuit the critical thinking
required for such a discussion by converting tk,tastead, into a procedural
exercise (Paul, 1995). The discussion which folldvwaescribed here, is considered to
be fairly typical of the strategy | took in managarhof such discussions, and the
general observation of how the learners respormiedadh discussions, during this

section.

The task has the potential to induce learners iweléhe equationav=at and
s=vt. Development of the former is illustrated for dearner, Tanya, in the extract
below. The introduction of the latter equation higihts a danger in this type of
guestion. As shown in the extract below, | guidad of the learners, Johan, towards
this equation, after which he repeated it, withivet conceptual guidance | had given,
to his friends. This in effect converted this pErthe question to a procedural exercise
for these learners. The inability of these learmemxplain this equation, suggests that
this was not effective in developing understandingritical thinking. The latter

argument rests on the premise that an ability pde@x issues qualitatively is a
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hallmark of both understanding and critical thou@titkerson, 1994; Paul & Elder,
2001).

Individual work After posing the problem to the learners, | tleddm to work on it
individually for a few minutes. Tanya almost immegeiy puts up her hand and asks
if it is alright if she starts by seeing how thengersion between km/h/s and m/s/s
works. | say yes. Johan quickly (within the firghote of individual work) has all the
answers. Speeds are correct, but distances netlsebas calculated these as if the
object has been travelling at the final speedHerdntire second. | explain this, and
ask him what the average speeds are per secorgivétestrange answers: 0,6 and 4.
| ask him what the average of all the numbers betvand including O and 6 are. He
does something with his calculator and again hesgystrange answers (3,5 and 0,5). |
then say “What's the average of 0+1+2+3+4+5+6" cdmments about dividing by 6
or by 7. He then gets it, and then gets all thevans During the discussions later he
shares his method with others. | wonder, thougletiadr they see why this method
should work.

All learners are apparently intent on work. Safigoioking in the appendix of
the Carsmodule. | wonder if she is revising previously damork so as to apply this
here. Tanya calls me again. She is grappling wigmteaning of acceleration. She
has converted km/h into m/s and is confused abbether to multiply or divide this
by the time to get the acceleration. She says “B¥s/in 4,6s, so it must be 27,7 x
4.6". | tell herin or peror for everymeans divide . . .

Johan, who is a strong learner, initially gave asomable answers to the
seemingly simple question of calculating averageoity. Further, the interaction
between him and the teacher was clearly necessdsiping him progress. These
observations illustrate that error is a normal congnt of learning, even for strong
learners, and therefore a secure environment vdiiotvs for errors to be made and
challenged, is important for effectiveness. Ta@yso a strong learner, similarly,
needed the freedom and support to struggle witkeeqais and ask for help. | tried to
give this help in a manner supportive of understamdy linking language and
mathematical procedure, rather than merely supglgirote operation. On the other
hand, my reply thah means divide, could have lead Tanya to form a misgption,
since this is not always true.

... Group workl divide the class up into groups and tell thendiscuss the
task with one another. Tanya asks me whether nhytigpacceleration (6m/s/s) by
time (4s) will give final velocity. | ask why thahould be so, and she answers that
there is a 6m/s change each second, so (6x4)migeliar a total of 4 seconds . . .

By questioning Tanya on why she thinks that thelgm she has generated,
i.e., v=at, is correct, rather than just giving affirmatid was trying to ensure that she

applied conceptual understanding to generate thatiesp. However, it would
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probably have been better to have extended thistignéng to contexts in which the
initial velocity was not zero for the interval atceleration. This might have led the
learner to the generic algorithatv=at.

... I move between the two groups. | find a gahdisregard for precision
between the use of the units m, m/s and m/s/saayaheral tendency to referiiat
it goes per second explain to each group that the racers’ speeelsl@anging
throughout the duration of a second, and so ibignssible to give one speed that
goesfor the entire second. | point out the need ttirlisiish between the change in
speed during a second and the actual speed at @amharithin time, e.g. at the end of
a certain second. | do this primarily by askingieas questions in response to their
statements.

In some cases, e.g. with Wiseman’s group, thisesatie learners to rethink
their statements, asking me to come back latestHer cases, e.g. Petrus’ group, it
prompts members who had already understood theeptsito correct the faulty
statement, this sometimes being their own, anda@ixiis to the rest of the group. In
some cases, e.g. with Hlonipha, my questioning doeseem to help. | ask him the
difference between 6m and 6m/s. He says there diffevence. Sofia tries to explain
the difference to him. It does not seem to me lteainderstands. | see that Jack, in
Johan’s group, is quite lost.

There is a lot of struggle and grappling with woraisd a fair amount of
confusion on some learners’ faces, but after aenhibst groups have the correct
answers for the racers’ speeds at certain momemisé.

| split the groups and recombine them in differ@mangements. | try to
identify those learners who cannot explain howdbthe answers. | assign learners
who are able to do this to help them.

Now the groups are working on finding the distanm®@gered by each racer in
the given time. Wiseman says he has calculatedis@nces using the average
speeds, as Johan had explained to them. Howevesr chearly using this method as a
recipe, rather than with understanding. He, Artimuol Petrus ask why the Ferrari does
not travel 6m in the first second despite its spsdtie end of the second being 6m/s.
| explain that it was not travelling at 6m/s foetwhole second. Petrus says “oh — so
then you'd have to break the second into segmehitgliid on this to try to explain
why using the average velocity for the intervallddae useful to find the distance
covered. Petrus comments on how to find the averalgeity. These comments
suggest that he understands this concept.

Journal feedbackSeven learners make comments saying that theyeshjo
the challenge, and found group discussion helpil.example, Wiseman writes
“Very excited facing challenges. I've really enjoyespecially because when you
discuss in groups you seem to get so much mores.I€arner says the task
“disturbed” him. (RJ: 25/01/07)

This extract illustrates some of the process amefits of facilitated group
discussion, as was implemented in this sectioneétspof the process used includes
guidance given by the teacher, and the practispldfing and recombining groups
with different member arrangements part-way throtinghdiscussion. The latter is
referred to as jig-sawing from this point onwairdalko illustrates benefits of this

strategy to learning. Active learning is evidentesgners grapple with the concepts.
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Further, this seems to contribute to effectiverieay. For example, Wiseman claims

that group discussion helped him to “get so muchefo
4.3.6. Reflection

According to my criteria, an effective strategglsracterised by learners
being actively engaged and interested in theiniegrof science, both in and out of
class time, the learning involving effort and @t thinking, while also being
attainable and compatible with the curriculum.dns of these criteria, the overall
instructional model, with its component strategiesed in section 7, is interpreted to
have been effective. This is justified below, withrticular reference to the long
motion modules of this section. After this, | loakdifficulties experienced in these
modules. | present the alternation of use of lomgluhes such as these with shorter
ones, such as those used for the gravity and enepips in this section, as a partial

solution to these difficulties.
Effectiveness

Active engagement and intereBhe data collected for the motion modules
was overwhelmingly positive with regards evidentproductive engagement,
interest and struggle, with a fairly high degreatinability. High levels of interest
and active engagement were observed relating tsulbbguming problem task for the
described module. Sixty-four comments, from leajoernals, interviews and
observations, were counted with regards to learineirsy active, and 72 to them being
interested and enjoying the strategy. In contadl 21 comments were counted
related to learners not being interested, activengying the section. Four of the
latter were related to initial revision of work whihad been done in grade 9, rather
than the problem task itself. Examples of learnegsiarks concerning interest and
active engagement include the following, by Sofia:

| like being sort of thrown into the deep end. Wiyen gave m&he Plungd

thought, mmm, like how am | going to do this? Bhén as soon as you start
discussing it with people then it's very nice. Thathy | like discussion: if you don’t
know what it's like and then you discuss. (Sofraetview: 27/02/07)

Critical thinking and effortThere is evidence that critical thinking did occur

during the cycle. This includes the fact that tregarity of the learners were able to
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perform well in the task, which demanded crititahking for successful completion.
Further, critical thinking was observed as learmgrgaged in the group discussions.
Finally, abundant evidence of struggle for thistieecsuggests that learners did

engage in the effortful process of critical thingin

Curriculum compatibility and attainabilityAlmost all learners did appear to
acquire the necessary knowledge and skills stipdlay the curriculum for this
section. As shown in Figure 4.4, 12 of the 15 lesrachieved over 60%r the final
submission to the subsuming problem task, with pirthese scoring A’s.
Additionally, five learners voluntarily engagednrore than one of the modules for
bonus marks, although these are not reflectedemytaphs. The learners’ performance
in the mechanics section of the externally setl faxamination also seemed to
confirm that the desired competencies had beenasae successfully in the
majority, although not all, of the learners. Thestson was out of 40 marks, with 30 of
these assigned to procedural questions and 1teptual. The 14 learners to whom
| had taught this section and who wrote the exatimnacored an average of 67% for
this section. Eleven scored over 60%, five of treesgeving over 80%. However, two

of the learners achieved 39% or lower. This isespnted graphically in Figure 4.5.

W A (80% or higher)
B B (70%-79%)
H C (60%-69%)

E (40%-49%)

B F (39% or lower)

Figure 4.4: Mark distribution for the grade 10 noottask in 2007.
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m A (80% or higher)
M B (70%-79%)
m C (60%-69%)

D (50%-59%)

B F (39% or lower)

Figure 4.5: Mark distribution for the mechanicstaetof the final IEB
examination, grade 10, 2007.

This performance also seems to suggest that @egyr of integrating
procedural requirements into the subsuming, masolyeeptual problem, was
effective for most learners. Learners’ commentshsas the following, also suggested
a sense of satisfaction in seeing the integratioranous strategies to problem
solution:

The task really got me critically thinking becaadiehat we learned in the science
lesson and put it into practise. It was very enfibgdo see one getting the right
answers, to all the equations. Also that the eqoatianswers corresponded to the
graphs. It was time taking to write it then allneat. (Elizabeth: LJ: 16/02/07)

Difficulties

Despite this evidence, in general, of the succe#sednstructional strategy
used in this section, it was not without its fauie of these was that this success did
not extend to all the learners. Three of the le@rhad not engaged deeply with the
problem, one ascribing this to the conception timly a procedural treatment was
required. Clearly, for these learners even thefalciig worksheets had been
insufficient to guide their learning in an effe@imanner. Another aspect which could
be viewed as problematic was the lengthiness oivtiteng process required for the
final submission. Additionally, | found it diffictto apply the rubric repeatably during
marking of the final work. This was because mudbjettive judgement was required.
Further, the marking was very time-consuming. Aiddilly, | was still unable to
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complete the work within the time required by thiericulum, although this effect was
significantly reduced relative to the previous yddre curriculum stipulated that
approximately 14 hours of class time be spent ocha@cs. In 2006 | had spent 35
hours on this section for grade 10, i.e. 150% ntioae | should have. In 2007 | spent
21 hours on the same section, i.e. a relativel\llsfb& more than | should have. All
of these difficulties seemed to me to be unavorlabhsequences of the highly
conceptual focus and the length of the problem. tdskvever, it seemed possible to
mitigate their effects somewhat by interspersingagement with long tasks with
shorter ones. Examination of the shorter tasks taetie gravity and energy topics

of this section suggested this to me.
Shorter tasks

The discussion above has focussed on the long reedfithe motion topic.
Data collected concerning the shorter gravity amergy topics suggested that most of
the learners who had coped with the longer moduled it more effective in
promoting deep engagement and critical thinking thbase who had found the longer
module unattainable preferred the shorter onesn Boee of those learners who said
they found the longer motion module more effecév@romoting critical thought,
remarked that they preferred the shorter moduleaus the final write-up of the
motion task had been long and tedious. A few ofrémearks made by learners in their
journals are given below. These show extended gbtime spent on this final
submission, as well as giving a sense of the skeugygd achievement which many of

the learners reported to for this task:

Tanya: In the beginning of my task | didn’t undarst everything at once but now
that | have finished it, everything is crystal ¢ldaast night | sat for about 3 hours
rewriting my task. It took a lot of time.

Musa: The projedviust He Pay?2vas very interesting. | got to really like it when
understood the concepts. | really enjoyed the aesit, although it was a lot of
work. (LJs: 16/02/07)

Reflection on all of the above reinforced the vidvaad developed during
Theme Cycles A and B. In addition, it suggested lttrag subsuming problem tasks
should be alternated with shorter ones. Furtheyggested the potential effectiveness
of an integration of procedural and conceptual irequents in the direct teaching,

scaffolding worksheets and requirements of thewwulbsy problem task. On the other
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hand, it highlighted the danger that the presefigeazedural elements in such a task
may subvert conceptual engagement. The lattemfghdias the reason why |
continued my quest for an optimum conceptual-procadalance, i.e. continued
working within Theme Cycle C. This process is dissad below.

4.4. CONCEPTS AND PROCEDURES

While | was at school | formed an impression of §ibgl science as a process
of subjecting an arbitrary collection of equatidasanal and mundane manipulation
for little purpose other than finding an answercémtrast, my later exposure to the
fascination of scientific concepts created an irapi@n of physical science as an
intriguing, powerful, dynamic and exciting investtgpn. As a physical science
teacher, | wished to pass the latter outlook omydearners. My initial understanding
of the new curriculum seemed to suggest to meittsapported me in this. However,
as described in this section, | was soon confroniéidthe paradox that although |
was able to achieve my vision of inspiring passmolearning of science, this
threatened to brand me as a bad teacher. Thisecasige, | found, a conceptual
emphasis failed to prepare learners to answer eaempamination papers. Below is
a description of my quest to both prepare learfterexams and develop a deep
understanding of and love for science conceptss Yielded no quick-fix solution.
However, the strategy of integrating conceptual grotedural foci, as was used in

the critical cycle (7), emerged as optimal.

4.4.1. Stressing conceptual explanation

Action

The main difference in strategy between sectioas®7, was the approach to
integration versus separation of conceptual andgataral tasks. In 8, i.e. grade 11
mechanics, 2007, these two aspects were not inéeyrahis is indicated in Figure

4.6. by the relevant icons being separated fromama¢her. | used this design to



"S9INP320.Id pue s1dasuo) D 8j9AD away] 9 ainbiq

THEME CYCLE C:
CONCEPTS AND
PROCEDURES

Will integrating
procedural practice and
conceptual explanation
improve performance
without overloading
learners?

"

3.10 Waves 06
especially
Tsunami module

X=y+z

. Conceptual and procedural foci must be integrated.

A

17. 10 Mechanics 08; 18. 11 Mechanics 08; o
19b. 12 Mechanics remediation 08

19a. 12 Mechanics 08 X

:y+z

Will traditional
procedural exercise focus
improve performance?

11. 11 Electricity 07 I

=z R B

_”1X=y+Z

Will more procedural practice
without sacrificing conceptual
stress imorove nerformance?

7. 10 Mechanics

8. 11 Mechanics 07

Key:

Direct instruction

Group discussion

Presence of subsuming
problem task(s)

Learning is set in an

interesting context m
Fo o

Procedural focus
(size of icon
represents degree)

X=y+zZ

Conceptual focus = B
(size of icon Y \ma|
represents degree) S

€eT




134

prevent the short-circuiting of conceptual thinkemya result of procedural
performance (Paul, 1995). On the other hand, efé#rat learners might not develop
procedural competence as a result of this stratdged to prevent this by expecting

the learners to do a fair number of procedural@ses for homework.
Observation

Learners’ remarks concerning interest, enjoymargagement in active,
productive learning, and struggle with eventuaiatbility, were overwhelming. On
the negative side, my fears concerning procedwralpetence were realised. |
received criticism from learners and colleagueseaning the under-emphasis of
routine procedural exercises. Further, after thenlers had worked through the IEB
exemplar, and, later, written the externally sé& Examination at the end of the year,
15 comments were made by the 23 learners thattheyot been sufficiently well
prepared to answer numerically-based questiongxample is given below:

I think we did too little numerical. During the yaadid not seem so because we were
writing your exams, but now, all this manipulatioifformulae, substituting

unknowns by some other formulae derived from chamtfie subject of the formula
etc. (Kim: LJ: 01/11/07)

The class scored an average 50% for the final IBBips examination. Their
average score for the mechanics section of thiempaps 46%, with them scoring an
average of 41% for those questions involving calitoihs, 55% for those involving
explanation, and 57% for those involving recaltepresentation. These statistics do
seem to confirm the learners’ views that they werewell equipped to answer
numerical questions in this section. Statisticslierphysics examination as a whole,
given in Figure 4.7 show a 33% average obtaineddtaulation-type questions,
supporting the view that learners had not develdpedequired competence in this

area.
Reflection

Reflection on this section revealed the paradokdtsrategy which seemed
highly effective in promoting critical thinking seed incompatible with the South

African physical science (SA PS) curriculum. Thatgtgy taken here had
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Figure 4.7: 2007 grade 11 performance in the |E§sms November examination, per
guestion type.

clearly excited learner interest and induced irdgpsoductive and persistent
engagement in deep learning and critical thinkdegpite requiring significant effort
on the parts of the learners. However, it had ofiicsently developed the learners’
procedural competence, which had disadvantaged itnéme final externally set IEB
examination where this had been stressed in théaneés section. Clearly, a greater
stress on procedural exercises was needed. Howevas, unwilling to reach this by
sacrificing the advantages of the strongly concapdtrategy | had taken here in
exchange for the lifeless procedural drilling of thaditional physical science
classroom (Hobden, 2005). Consequently, my optamppeared to be increasing the
amount of homework learners were required to do/amdntegrating procedural

performance into the subsuming conceptual probsesk, as | had done in cycle 7.

Besides the issues raised above, the fact that dbae no practical work
during the mechanics modules meant that the insnal strategy used in cycles 7
and 8 could not serve as a prototype for learringughout the year. According to the
assessment requirements stipulated by the natonatulum statement (NCS)
subject assessment guidelines (SAG) for physig¢ahse (DoE, 2005), two practical
investigations have to be assessed formally per yea
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4.4.2. _Stressing both conceptual explanation aodegural fluency

Action

In an attempt to better align my instructional &gy to the curriculum
requirements, | developed a set of modules fogthde 11 electricity section which
incorporated all the principles learnt so far a8l @& providing for practical work and
more numerical drill questions to be done. | lidfieel curriculum requirements and
where each part of my strategy was linked to itl provided printed and video
support to learners so that if they fell behindlass they would be able to catch up
after school. Preparation of this took 75 hoursgfEaster holiday, and demanded
extreme organisation and discipline to enforce;esitlass and homework time were
tightly prescribed in order to squeeze everythmd.lnfortunately syllabus pressure
compromised some of the critical thinking tasksl$b excluded almost any
addressing of difficulties learners experiencedrdpuhomework tasks, with negative

consequences of these being noted.

Figure 4.8 compares the class time usage and ¢stirhamework time, for
the grade 11 mechanics and electricity modulessdsbow that similar amounts of
time (17 to 18 hours) were devoted in total to @mtaal explanation for each, but
much more time was spent on answering proceduesteses in the electricity

module (12 hours against 6 hours), and that thimework was done for homework.
Observation

This strategy did seem to be effective to a lagrele. High levels of learner
activity were evident in the video and audio ddtelass activities. The class average
for the final submission was 85%. This task waskaiusing a rubric which
rewarded accuracy and relevance in self-desigiraiits required to perform
particular functions, and precision and logic ia tearners’ written conceptual
explanations of why these would operate as requirkd learners seemed to feel
more confident with numerical practise questiospading to a group of six grade 11
learners interview on 05/06/07. Despite journatiestsuffering due to the increased

work-load pressure, learners still found time tpress their interest and enjoyment in
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the conceptual explanation aspect of the sectigaluation of whether the increased
amount of numerical homework improved learner pestormance is difficult,
though. Performance in the test on electricity siaglar to that of mechanics, with
very high scores attained in familiar types of qioes and low in those requiring

transfer and higher order thinking: both for nuroarrand explanatory questions.

Curriculum requirement M Curriculum requirement

W Teaching
Gr 11 Mechanics 07
M Conceptual explanation
Gr 11 Electricity 07

0 5 10 15 20 25 30

Procedural practise

Class time (hours)

Gr 11 Mechanics 07

Gr 11 Electricity 07 B Conceptual explanation

; ; 1 Procedural practise
0 10 20 30

Homework time (hours): estimated

Figure 4.8Class and homework time usage for 2007 Grade 1hafecs an
Electricity.

Reflection

On considering the amount of homework | had beedifa learners with in
order to stress both conceptual explanation ancepitral exercise, and on hearing
rumours of younger learners being frightened cérsoe due to the enormous
workloads involved, | wanted to find a differentigomn to the one taken in this cycle.
| considered whether an integration of procedwquirements into the subsuming
conceptual problem wasn’t a more appropriate gjyatte use. On one hand it did
seem to have the potential weakness of encourdggmngers to take a procedural
short-cut to avoid reasoning conceptually. On tieohand, its alternatives: either

sacrificing one of the competencies for the othrasv@rloading the learners with



138

homework, seemed worse. Further, this strateggnsistent with work done by
Dufresne, Leonard, & Gerace (1992). This work stobtirat expecting learners to
precede numerical problem solving with conceptoalstderation encourages learners
to engage with the numerical aspects of a probleenway that makes sense, rather
than just exercising mindleptugging and chuggingrhis strategy was also found to
improve problem-solving performance. These reftexticaused me to alter my
strategy to grade 11 mechanics in 2008, as disduxsew.

4.4.3. Will integration develop proficiency in appropriate time?

Action

At the start of 2008 | modified the grade 11 medtmmodules used in 2007
to be more like the strategy used in the critieaition, 7. | did this by integrating
procedural requirements into the subsuming cone¢ptoblem task. This required
learners to invent data and manipulate it usingelevant equations, to illustrate the
concepts they explained. Further, | set aside rore for explaining problem
guestions on the board than | had in the previ@as,\cutting down somewhat on
teaching time to make way for this. This is showralcomparison between the class
time usage for each of these modules respectigaign in Figure 4.9. While no time
is indicated for correcting procedural homeworksjioms during class time in 2007,
this is not an entirely accurate representationehlore lessons had specifically been
devoted to this in 2007. Instead, model answersead handed out for marking
either at the start of the lesson or for homewbidgwever, common problems had

occasionally been discussed during teaching time.

Unfortunately, due to time constraints, | did redte in and check the interim
report in which learners had to apply proceduraividedge to the subsuming
conceptual problem. | did, however, allow learrterdiscuss this interim report in
groups during class time. Possibly as a resuhisflack of teacher control, seven of
the 16 learners dealt superficially with this sewtof the final submission. To try to
salvage the strategy, | required, and monitoraatotigh corrections on this section of

the task by those learners who had performed paotlyis section.
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_ B Conceptual explanation:

class group discussion
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Class time (hours) grade 11 mechanics, 2007 classwork

O Class correction of
procedural homework...

0 5 10 15 20 25
Class time (hours): Grade 11 Mechanics 2008

Figure 4.9: Class time usage: Grade 11 mechanizg 20d 2008

Observation

| attempted to determine whether this procedurakeptual integration was
effective in developing procedural confidence. Fof¢he 16 2008 grade 11 learners
commented that they felt confident with procedg@stions and four that they were
not confident and needed more procedural praciise.remarked that having been
forced to invent data had made them more profigeoiblem-solvers, two said they
did not think it had made any difference to thend three that they had found this
requirement too difficult. The 2008 learners scaskghtly higher than the 2007
learners had in two numerically-focussed momentusstions answered by both
classes under controlled conditions. Their avefagthese questions was 53%
opposed to 49,5% for the 2007 class. However stiiall difference might well be
insignificant, particularly due to the small samgpiees and obvious lack of variable

control between the classes.
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Reflection

Whether the strategy of integrating proceduralin@ments into the
conceptual problem task, and paying more atterttidhe marking of homework
exercises improved learners’ competence in solgmegedural problems is unclear.
Possibly paying more attention to enforcing thdfetding worksheet dealing with
this integration would have improved meaningful agpgment with the procedural
aspects of the subsuming task, and so improvesgual competence.

4.4.4. Does drill improve procedural competence?

Action

In 2008 | was afraid to depart from a traditiomredtructional strategy with the
grade 12s for the mechanics section. This was lsedaad formed the impression
that the mechanics section would be examined méiofhg a procedural angle. | had
developed this impression from the 2007 grade Eingkar examination for which
67% of the mechanics section’s marks were allocatedlculations. Speaking
informally to examiners on 23/02/08 had confirmied impression. Consequently, |

approached the section with a strong focus on nigalgractise

By this time the grade 12 IEB assessment syllaliB, 2008) had been cut
down to include little more than a revision of ggad.0 and 11 mechanics. For a week
| allowed the learners to revise basic conceptstsurliss scenarios conceptually from
multiple angles, working in groups and individual®fter this, | devoted the next
three weeks to working through numerous numerigaktjons. | occasionally used
direct teaching, but much of the time | modellegl &mswering of problem questions
on request by learners in a style consistent wattlitional practise (Hobden (2000).
Learners were expected to answer and self-markigaosdor half an hour of

homework each school day.
Observation

At the end of this period, the learners wrote aitesvhich 60% of the
guestions involved calculation. The result was stisaus. The class average was 40%,
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whereas for their previous test it had been 66%o0h® scored above 70%, and a third

of the class failed.
Reflection

This suggested to me that my hypothesis that #@itvadl strategy is effective
at preparing learners for highly numerical testghhhave been faulty. Over the next
month, | tried to improve the learners’ abilitydoswer numerical questions in a
manner more consistent with the findings which aagkrged from this study, and
with work done by Dufresne et al. (1992). Accordinghis,forcing learners to
analyse problem situations conceptually beforenatig them to find suitable
equations for substitution and solution, is effeetn improving problem-solving
capability.

Action

| did this by devoting the first ten minutes of mosthe lessons between the
28/04/08 test and the June examination, to engagtenith numerical mechanics
guestions. | first provided the stimulus situatwithout the associated numerical
guestions and required learners to make sense aittiation conceptually, after
which this was discussed in groups. This was falldwy the learners answering the
situation numerically. | monitored this processtéling learners’ books in on three

occasions
Observation

| found little evidence of success of this procegth only two learners being
able to solve the problem. Instead of providingldaners with the final numerical
solution, | gave them a written conceptual explamabdf the problem situation and
asked them to try to improve on their solutionot the impression that this did not
seem to help much. | then verbally explained tlublem situation, and got learners to
explain this to one another, after which learneesenasked to reattempt the solution.
This process was repeated with another problenh, le@rner performance improving
relative to the first attempt, according to my joairentries. Performance in the

mechanics questions of the next tests, suggestguament. In a mechanics test
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written in October, for example, the learners aohika class average of 71%, with

only two learners achieving below 50%, one of tHadang.
Reflection

It is unclear how much the intervention of gettiegrners to precede
formulaic manipulation with conceptual reasoningw@thank for this improvement,
though. The questions used in the later testsabithgo be easier than those in the
earlier April test. Further, one would expect erdeghperformance in the later tests,

thanks to learner maturation and additional pradirse.

Reflection on all of the sections comprising Thebyele C developed an
awareness of the difficulty of achieving a balabhetveen conceptual and procedural
foci which will promote critical thinking as welkameeting the requirements of the
curriculum. This difficulty is compounded by syllabpressure, particularly in grade
11, where this is intense. It appears to me attitiis that the most promising strategy
involves integration of procedural requirements itte subsuming conceptual
problem task. For such a strategy to work optimialbeems to be important to
monitor learner engagement with the scaffoldingksbeets. As this implies, these
findings cannot be divorced from those of a satyales, some of them common to
Theme Cycle C, which highlighted the importancesd¢ and management of
scaffolding. These are collectively called Themel€Y. These occurred
concurrently with Cycle C, with some overlap oftsmts between the two. | now turn
to a discussion of those sections contributing youmderstanding of the importance

of scaffolding on a strategy’s success.

4.5. SCAFFOLDING

In my experience of speaking to teachers, thenmsée be a general
perception that critical thinking tasks, such aeeech projects, should be left over to
learners to be done on their own, with very ligleicture provided. | had taken this
view myself during the 2006 Tsunatask. The insecurity which resulted mostly did
not seem helpful, and contributed to the moduladpgery time-consuming. Between
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completion of the 2006 Tsunami task and the sfe2067, | participated in a course
on problem based learning (PBL). This emphasisedntiportance of worksheet-
based scaffolding. This is provided by tools, sashvorksheets or templates,
designed to empower learners to manage one adpibet task at a time and,
collectively, to succeed in the whole. | saw tlssagpotential way to reduce
Tsunami’'s weaknesses. | found this to be a powé&shilduring the critical section, 7,
as has already been described. The rest of myierpes concerning scaffolding are

recounted below.

4.5.1. _Does loose, voluntary scaffolding help?

Action

The scaffolding | provided for the second implena¢ion of the Tsunami task
turned out to be a feeble attempt with little sgsce introduced a mostly-empty
mind-map, loosely structured around the task isgodse completed voluntarily by
the learners through the course of the sectiors Wias intended to serve as a
scaffolding worksheet. However, it differed frono#ie used in the critical event,
previously described, in that it did not consistrafremental pieces each required to
be answered at a stipulated time after the corretipg teaching. Additionally,
completion of this mind-map was voluntary and wasfarmatively assessed. This
was partly due to the impression that althoughdl tealised, from sections 7 and 8,
that scaffolding worksheets were important, Tisenamimodule had seemed effective
in 2006, and therefore it did not seem to me sessary to make much of an
adjustment to the strategy | had taken. Also, Irtitthave the time available to set up
as detailed a scaffolding system as | had donth@®omechanics modules.

The 2007 implementation disunamidiffered from that in 2006 in that | cut
down significantly on group discussions in an afieto complete the section in the
time required by the curriculum. This is evidenFigure 4.10. This figure shows
class time usage for the waves section in 20067 20@ 2008. Part of the difference
stems from the IEB’s removal of optics from theeassnent syllabus, resulting in less
needing to be taught in 2007 and 2008. Howeves, dfiect on time was minimal in

comparison to the change in strategy.
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Figure 4.10: Class time usage for grade 10 wav@3;,22007 and 2008.

| hoped that use of the scaffolding mind-map, algtoit was minimal, would
compensate for the decrease in time provided fmugdiscussion. | hoped that in this
way attainability would not be compromised. | enra@ed submission of voluntary
drafts of the final work, and wrote detailed comtsdmack to each learner who did
this. Eight of the 16 learners submitted draftgyalgh only two did this for the entire
task. The minimal provision of scaffolding for tlgection (10) is represented, in

Figure 4.11, by the scaffolding icon being very Briwa this section.
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Observation

Figure 4.12 compares the mark distribution forfthal submission for the
Tsunamimodule across the three years. As can be seertliisnthe task seemed to
be fairly effective for 12 of the 16 learners, 00Z, but disastrous for the other four.
These four scored 22% or lower for this task, \eitie achieving as low as 5%. Al
four of these learners had failed to submit coneplasks by the deadline date, giving
poor time management and lack of relevant resowcdguidance as reasons for this
when interviewed. Although | had been preparedeip them by checking drafts of
the assignment, they had not managed their timepgptely to be able to produce
these for the whole task. As remediation | madedhearners repeat the task, making
it compulsory for them to submit drafts. | gavealled feedback on this, referring

them to specific pages in their text book for imi@tion where necessary.

100%
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Figure 4.12: Mark distribution for the grade 10 wavask, Tsunami, in 2006,
2007 and 2008.

During interviews or in their journals, a fair nuertof comments were made
by learners saying that they found discussion wilters very effective in helping
them with this task. Two learners remarked thatenthscussion time was needed.
While the loosely-structured mind-map was refetceety half of the learners as
having been helpful, it appeared not to have pewiddequate support at least for the

four learners for whom the task was a failure.
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Reflection

Reflecting on the data convinced me of the impa#asf well structured and
enforced scaffolding worksheets and group discassievolving around these.
Consequently, | resolved to create a set of foimalim report worksheets modelled
around the 2007 mechanics units’ scaffolding woelett before re-implementing this

task in 2008. This | did. These worksheets carobed in Appendix J.

4.5.2. The value of scaffolding

Action

The 2008 implementation of the Tsunami module neelaround these
scaffolding worksheets. These were answered inar&ite by the learners after the
topic relevant to each report had been taught.rAlfis they were engaged with in
small-group and whole-class discussions, modifietthé light of these, and then
checked by the teacher. Unlike in the previousg,damwever, drafts of the final task
were not accepted and commented on, this beingn@consuming for me to

manage.
Observation

All learners were able to meet the task deadlinéke the previous year, and
the task was attainable for all 16 of the learn@ssshown in Figure 4.12.
Interestingly, the fraction of learners achievirfly@ or higher was the same for both
the 2007 and 2008 classes, namely 10 out of thedbl6 learners in each case. The
main difference Figure 4.12 suggests between ttee tyears is that the task was
attainable for more learners in 2008 than in tlevious years. This is despite the fact
that my general experience of the 2008 grade ¥ aleas that they are considerably

weaker than the other two groups.
Reflection

It seemed to me that the improvement in attairgtaimongst the learners in
the lower end of the academic spectrum in 2008ivel#o the previous years could be
attributed to the presence of enforced scaffolamgksheets in 2008. Reasons for this
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success seem to include the fact that the integports served to induce learners to
engage in the sense-making process necessaryceeslin the task, in an
appropriately time-paced manner.

4.5.3. Point of view arguments

Because of the crowdedness of the curriculum, teptrated most of my
efforts at developing critical thinking in context$ich would also propel the learning
of content knowledge. In many cases this involvwgukeeting learners to develop
explanation-type arguments. However, | have reckilie impression that the
understanding of the majority of educators, ofuke of critical thinking, is its
application in point of view type arguments (Hobd2006), often about controversial
ethical issues. In these, multiple correct answetdd be considered acceptable, with
answer quality being determined by the qualityhaf tnotivating argument. |
developed these impressions from interaction va#thers, such as at IEB cluster
meetings on 23/02/08 and 24/05/08, and from penfsatternal examinations and
activities. The Chemical Systems section and Legr@iutcome 3 lend themselves
well to this type of question. Unfortunately, thénigyllabus pressure prevented me
from touching this section at all in 2006, and &kal only for a short treatment of it in
each of grades 10 and 11 in 2007. In much of myipus experience with these kinds
of questions, | had found that learners tendecetmate illogically, emotionally and
egotistically. | wondered whether scaffolding cobklp prevent this. | designed such
tools for two such questions within the 2007 gratlehemistry work, and found both

effective.
Action

In one, | expected the learners to write a listrderia, against which each of
two opposing views had to be systematically evaldiain the other strategy, |
required the learners to map out their argumemtgugibranching structure, a model
of which | provided. This required a classificatioinclaims as supporting or opposing
a motion or another claim. Learners also had teigeoauthority references for each.
After learners had completed each of these inngjtihey shared their work with

others in groups, the compositions of which | clethgt approximately 15 minute
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intervals, and improved on it accordingly. Afteistithe learners wrote their essays

guided by these plans.
Observation and Reflection

Not only did learners report to finding these thingktools helpful, but their
work was generally of a high quality. The taskseva@ssessed with a rubric which
credited correct factual content and its logical eglevant support for claims made.
Intellectual fairness, in the form of well supparounterarguments, was also
required, as was appropriate referencing. Theserieriare consistent with views on
the nature of critical thinking (Paul, 1993). Eatied against these criteria, the
learners achieved a class average of 80% forwréten work. Nineteen remarks
were made by the 23 learners in their journals betwl8/10/07 and 22/10/07 saying
that the structure provided had been effectiveeipihg them produce quality

arguments.

45.4. Essential questions

Besides worksheet-based scaffolding, | also exgltre use of more informal
discussion strategies to be used during generethitgga These can also be viewed as
scaffolding tools in that they serve to incremdgitaelp learners towards managing a
target goal. Reading work by Paul and Elder (e0§12, and other related resources, |
became convinced of the importance of being abéskoessential questions. These
promote self-direction, and hence critical thinkanyd effective learning (Paul &
Elder, 2006a). | tried to stimulate learners to q@&stions which would be effective
in propelling their thoughts in a meaningful andgurctive direction by using two
main strategies. | call thedeurnal sharingandQuestion-answer dialoguing
respectively. Besides these two concentrated appesao questioning, | made it a
continual habit to encourage questioning and pramptg and calling for essential
guestions. This was done throughout all my lessotisall the learners for the entire
period of the study.
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Action: Journal sharing

| implemented the Journal sharing strategy in #aehing of Chemistry to the
2007 grade 10 class. | expected the learners o &gaurnal of essential questions
they thought up during the course of our studyhefhistory of man’s understanding
of the atom. Occasionally | called on learnersetadrout the questions they had
written in this journal. | also encouraged questgking interspersed within my
teaching. | used the learners’ questions as sfraages in my teaching.

Observation

| found this method worked very well for the stresglearners, but dismally
for the majority. Some learners reported in theurrpals to losing concentration
during the asking and answering of the strongenk¥a’ complicated questions. Also,
the majority of the learners seldom managed to copneith good questions

themselves.
Action: Question-answer dialoguing

The question-answer dialoguing strategy was mdeetfe. | used this in the
teaching of electricity and the matter and matersaiction of chemistry to the 2007
grade 11s, and to the 2008 grade 11s. | gave @nedes a diagram of a scenario
which needed explaining, e.g. the functioning ebkar panel. | expected them to
generate a set of questions which, when answeraaddwelp them to explain the
scenario. They first did this individually in writy, after which they shared these
guestions in small groups, answered them and tbsedofurther questions, and so on.
To aid those who were unable to self-direct thewesein this way | handed out a
partially completed mind-map containing some questiessential to the
understanding of the particular topic after abdutriinutes of discussion. After
another 20 minutes, | handed out a more complet@ore Near the end of the session
| got two volunteers to explain the scenario iruasgion-answer dialogue form. After
this | handed out a completed question-answer mmag-to all learners. Learners then

produced a written explanation for homework.



151

Observation

Learners were actively involved and interestedraythis strategy. After the
solar panel discussion, 18 enthusiastic comments wetten by learners. An
example is given below.:

The group work was excellent. | had no idea hovouila explain it and | had
absolutely no idea how it worked. First coming ittie group and asking questions
didn’t help much, but when we moved and | was \8itimja, Anne and Thandi, we
tried to answer the questions and this made mw lmain. Then when James came to
the group, he had a very straight-forward explamatind we argued and explained
(tried to) all the in-between stuff, like diffusipatc. | understand completely now. It
also helps having to explain it to others becauskaws what you know and
understand and what concepts you have all wrongadtalso fun! (Lauren: LJ:
15/08/07)

Action: Continual modelling and expectation

In addition to the concentrated strategies refetweabove, | infused critical
thinking into everything done in science throughiht period of the study. This
included modelling critical thinking and expectiagd prompting for it on a daily

basis.
Observation

Some learners reported to finding themselves ggifying the strategies used
during science to their learning outside of scieriasses. An example is given below:

An interesting thing | found out, when | was studyfor maths, | began to ask
myself, “why” questions when applying formulae ditve were taught in science.
This curiosity helped my understanding and it wasaxfun than just the usual
practise | used to do. | hope the results will @lsow improvement. (Agnes: LJ:
25/03/07)

Reflection

Reflecting on these experiences and results coedlinee of the importance of
maintaining a continual expectation of criticalking in the classroom over a long-
term period. This is done through modelling and/mion of opportunities for asking
essential questions. This does, eventually, at feasome learners, pay off in that
learners develop a habit of doing this themselassuggested by Agnes’s comment,

above, and the remarks made by the learners iextinact below:
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Me: What is it that has made you become more gbadiout things like
that?

Tim: | guess it’s the way Miss Stott teaches us.

Silindile: You ask us why.

[General agreement]

Me: Do you find that that makes you do better?

[General agreement] ...

Agnes: Then you get into the habit of it.

(Interview: 03/11/06)

4.6. CONCLUSION

In this chapter | have described my journey ofri@ay in my quest to promote
critical thinking while teaching physical sciencéhin the South African national
curriculum. This is further represented in Appen@ixOut of this voyage, a theory of
best practise, briefly summarised here, and elébdm@n in Chapter Six, emerged.
Additionally, a number of principles were learnh€Be are expounded on in Chapter
Five and form the basis of the answers to the reBapuestions of this study. At this
time, having completed my study, | am convinced tha instructional model
outlined below, can be effective in promoting calithinking while also managing to
comply with the curriculum requirements. This modetxemplified by the critical
event (section 7) which has been described inctepter. While my current views on
this model are reasonably stable at this stageyafefitections, | accept that in the
future the model will undergo refinement as furthetion reflection cycles are

encountered.

An interesting, subsuming problem task should b®duced at the start of a
section. This should preferably integrate both pdaral and conceptual foci. The
relevant work should then be taught directly, isp@rsed with individual answering
of scaffolding worksheets which link this teachimigh the problem task. These tools
should serve as group discussion points, and lessmesponses to them should be
formatively assessed by the teacher. The subsupnofilem should infuse the
learning experience, and be so captivating togbhekers that they are inspired to
reflect on the problem on an ongoing basis througtite duration of the section, not
only during times of formal class or homework foausit. While this focus of

classroom activity shifts between direct teaching angagement with the problem,
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the influence of each should run parallel to onetlagr throughout the learning
experience. These two parallel strategies aim@doaoting critical thinking as well
as complying with curricular requirements are lithke one another by references the
teacher makes to the problem during instructiod, @nengagement with the
scaffolding tools. The classroom environment creé#teoughout the learning
experience should be such that it supports long-struggle and a continual use of
guestion-answer dialogues revolving around critiggdstions, so that critical
discourse becomes a normal expectation and haliithapter Six | describe this

strategy in greater detail, and name&he Ladder Approach.

At the end of the reflective cycles described is tthapter, | am left with the
overall feeling that promotion of critical thinking difficult, yet rewarding. It requires
a commitment by both teacher and learner to emtnaik long-term, patient,
dedicated struggle. The model of instruction | ecdeshaving emerged from this
study brings with it risks and resulting anxietias,well as inducing fascination and
exciting an eagerness to learn. As a teacher, watdbarners become more critical in
their thinking is one of the most rewarding expecies there is. This is especially so

since it comes at the price of a long and oftenfpabattle.
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CHAPTER 5
ANALYSIS AND INTERPRETATION

Having provided a detailed description of my actonl reflection cycles in
the previous chapter, the purpose of this chaptir focus more specifically on the
research questions and provide some convincingemssBeing the focus of the

chapter, the study’s research questions are repbate:

How should learning tasks be designed and usezhthing to promote critical
thinking within the South African physical scienta&tional curriculum?

a) Which design characteristics affect a task’s eifectess in promoting critical
thinking?

b) How does the position in the teaching sequenceeanfie a task’s success in
promoting critical thinking?

c) What type of learning environment encourages pranaif critical thinking?

d) To what extent do tasks need to be adapted tafitgolar students or student

groups in order to promote critical thinking?

In this chapter a number of assertions are madaswer to these questions.
Each of these assertions is then supported byergferto the study’s data. It is
important to note that these assertions refer tat\wherged from this study, which is
no doubt only one manner in which critical thinkicen be promoted.

5.1. DESIGN CHARACTERISTICS

Assertion 1: The design characteristics dealing lwé task’s ability to capture a
learner’s interest, its complexity, and its focua conceptual explanation all
play an essential role in promoting critical thinkg.

5.1.1. Interest

Assertion 1.1: Intriguing tasks that capture learr® interest are more likely to

promote critical thinking.
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Importance of interest

Literature suggests that capturing learner intasashportant for the success
of a critical thinking task. One way of explainitigs is that interest increases the
capacity of working memory (Kirschner & Sweller,08) Niaz & Logie, 1993), as
well as the motivation to struggle through the dieéit that working memory load
provides (Bandura & Schunk, cited in McCombs, 198#)ce critical thinking places
particular demands on the limited space of workmemory, given the fact that it is
effortful (Resnick, 1987), it seems reasonable itht@rest should be particularly

important in securing the success of such tasks.

The findings of this study confirmed this. Thisigggested by as many as 206
learner comments in the data mentioning intereat@ssitive aspect contributing to
the success of a tasks intended to promote crttioaking. For example:

Thandiwe: Yes, otherwise you feel like what's tise of it. Like the cell phone
one, | thought you'd just ask questions like this this this this, but
like putting Sipho and John and how cell phoneskimitike what
really makes you interested — like | want to knowalnt to know... it
makes you want to know more. It makes you wannbeustand and
learn ...

Agnes: But now there’s more interest driving you.

Thandiwe: And it really helps us with this thingithing. And it's like we only
started with Physical Science this year, and if weue just to start
with the text book, | don’t think we would have neaitito grade 12,
because like the interest will be down.

(Interview: 18/08/06)

In this study | found that novelty, role-playingjzzle-solving and practical
work can provide interest. | propose that thisasduse these aspects provide intrigue.
By intrigue | refer to a sense of mystery and wandeich appeals to both the

learner’s affective and cognitive facilities.
Novelty

Non-novel work, even if set in real-life, and selgly interesting contexts,
were found ineffective in inspiring intrigue. Fotaanple, four remarks concerning
boredom, and none suggesting interest, were coumtederence to redoing tasks
performed the previous year, for section cyclesTvas despite the fact that the
activities used were set in the real-life, seenyingleresting contexts of cars and the
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motion of SpaceShipOne. Comments such as Sofielswh show that the lack of
novelty caused the tasks to be boring for thoseéza for whom the tasks were not
novel. In contrast, the challenge of the novel t&gkat’s in the Plunge?, appeals to
her:

| liked the challenge of What's in the Plunge? itdgtfl didn’t know how I'd get the
answer, but after jotting down my ideas, thingsdnee clearer. Though I'm still in
the dark. | really feel bored and tired about tleesCevision. (Sofia: LJ:19/01/07)

Similarly, | had used the context of an electricrent-based lie-detector in a
previous year with the 2006 grade 10 learners. Safrtiee learners pointed out that
the consequent lack of novelty of this task cautstalose its interest
(Questionnaires: 16/02/06). This corresponded mighobservation of a general
atmosphere of lower interest than | had anticip@&H 16/02/06).

In contrast, the contexts in which the subsumirgplem tasks were embedded
for cycle 7, were clearly interesting to the leasn@his is evidenced by many (72)
remarks in journals and interviews stating thad gubsuming problem was interesting
or enjoyable. Video footage of the learners’ fesposure to these problems confirms
this impression, especially in the case of the takited to the newspaper clipping of
a man surviving a 61m fall onto a car. Learnerglera, looked at one another and
commented in a manner that suggested interedieldiscussion below | argue that
although a number of factors seem to have conethtd learners finding these tasks

intriguing, it seems that novelty may have beenhgerative quality.

It would appear that learners need to perceive sgailness in engaging in a
task. In an interview with six learners, all remedkhat they had found the context of
a falling stone, used in grade 10 mechanics in 2006ng. These learners pointed out
that they did not see the point of answering qoastabout a falling stone, e.g. “Why
do we do the calculation — get the displacemenybeia(Jabulani: Interview:

18/08/06). In the case of some of the modules fauckvinterest was observed, such as
Must he pay? and Tsunami, the factor of perceissdulness could have contributed
to interest. However, in the module What's in thenige?, learners discuss the motion
of a man who survived a 61m fall. This explanai®not useful except in satisfying

curiosity.
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It could be that this high level of interest in y@’s subsuming tasks was
partly due to the tasks’ links to life experienc&l.three of the tasks used in cycle 7
had a link to what happens in life. Nine commengserfound in the data in which
learners remarked on enjoying a context which edlé life. However, a falling stone
does also have a link to life, and despite thisiess found this context boring. The
fact that learners generally did not seem curidasgiathe stone’s fall, but did about
the man’s seems linked to novelty rather than atitye While stones often fall,
people very rarely fall 61 meters and survive. Buggests that novelty, rather than a

useful link to life, was the component elicitindrigue here.

Learners gave a number of comments in which thieye interest to novelty.
An example is: “Now we are really getting to stuffon’t know, so I'm beginning to
enjoy the lessons.” (Sofia: Learner’s Journal: 26J@). It seems that a novel question
is intriguing to learners, i.e. it inspires thematonder, and that this motivates them to

engage deeply in the process of seeking a solution.
Role-playing

In an interview in reference to tAsunamimodule, a group of learners
remarked that role-playing had enhanced their @stesind enjoyment and made them
feel important. Possibly role-playing contributesriterest in that it makes the process
of answering the question intriguing, capturingteas’ imaginations as they engage

in performing an act of simulated usefulness.
Puzzle-solving

Puzzle-solving seems to be another way to captaigue. As many as 32
comments referring to interest and enjoyment wetsted in semi-structured
guestionnaire responses concerning a logic-puagleih grade 10 gravity in 2006
(12/05/06). In this, the truth of statements writie logic notation had to be
determined (Aikenhead, 1991). The subject contétitie task, namely data about the
weight of an object on various planets, does netsmtriguing. It has no novel or

apparently useful link to every-day life, and inved no role-playing.
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Possibly the interest came from the challenge weain the process of
debating the truth of the statements in groupss Ehsuggested by the following
extract from a learner referring to a cause efbecizle task:

Because you had a statement and you said okayittgulike this, and others would
say, no Thandi, its actually like this, and them’gosay like “why?”, and then you'll
start debating together. (Thandiwe: Interview: 3806)

On the other hand, having to make judgements ahetituth of statements
about a falling rock had failed to evoke the santerest (Interview: 18/08/06). This,
however, was not done using logic notation. Thighhhave caused learners not to
view this task as involving puzzle-solving. Aikemlde(1991)’s extensive experience
with learners enjoying the use of logic notatioer®wn a relatively long-term basis,
suggests that this enjoyment comes from more thandvelty of the notation.
Perhaps the interest | observed in those taskg lsyic notation might have stemmed
partly from the notation turning the task into a@ple, i.e. an intriguing question.
Further, the successful gravity task was debatdddoyers in class, whereas the less
successful task related to a falling stone was dangely individually for homework.
The opportunity to figure this puzzle out througbdte, an intriguing process, could
further explain the success of the logic puzzlegas

Practical work

Teacher- and learner-performed practical demonstiusing real or
computer-simulated equipment were used in somleeoéttion-research cycles. The
data suggests that each of these activities comabto interest and active
engagement. It appears that the practical workeseag an intriguing process. Twelve
comments relating practical work to interest wenenid amongst 15 grade 10
learners’ journals after studying waves. Remarktuote, “I just enjoyed the lesson so
much. I like practical work than theory. It waslhganteresting” (Patricia: LJ:
28/04/08). This referred to the interest offeredobgctical demonstrations made by
the teacher, using real equipment. Other rematkd as “the magnets: we could see
the magnets and work with the magnets” (Silindikéerview: 12/05/06) suggested
that the concreteness offered by learner handsamtigal work enhanced enjoyment.
Additionally, remarks, such as the one belosterred to the benefit of use of

computer simulations in learning.
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The clips (on the presentations) about pulsesmdde the work clear. They helped
and were great. | like it that we looked at theedgictlips and then had to write what
we see. It was difficult to word what we see, sames$, but in the whole, it makes
you think. (Victoria: LJ: 28/04/08)

This discussion has shown the importance of inténes critical thinking task,
and ways in which this interest can be capturéevk argued that an intriguing
guestion or process can capture interest. By thagel to a question or process which
engages both learners’ affective and cognitivelfasssu | suggest that this can be done

through novelty, role-playing, puzzle-solving andgical work.

5.1.2. _Length and complexity

Assertion 1.2: Tasks that have a degree of compleand require a longer time to

solve are more likely to promote critical thinking.
Advantages of long, complex problem tasks

The long, complex motion modules described eanene effective in
promoting critical thinking. Each took one monthctamplete, making them long
tasks. Each involved multiple concepts, namelyraiconcepts in the grade 10
motion syllabus, as well as added complexitiesragifom deviation of real from
idealised situations, such as the inclusion ofesistance, affected by aspects such as
the falling man’s body orientation, type of clothjrand wind speed and direction on
that particular day. Therefore, the tasks were dexfiPaul & Elder, 2006a). The
tasks were introduced before the learners had taegt the work, and solved
incrementally during the teaching. This meant thia¢n the tasks were introduced
they were new to the learners. Further, their smuvas not found in the learners’
notes. Instead, answering these tasks requireddeareativity, reasoning and
argumentation. This makes them problem tasks (Hold2@06). The effectiveness of
these modules to promote critical thinking and tagatible with the South African
physical science (SA PS) curriculum has been destrin detail earlier (pp.128-130).
This included overwhelming interest, enjoyment antive engagement by learners,
abundant evidence that learners were undergoirgfartful struggle in which they
employed critical thinking, curriculum correspondenand attainability by most of

the learners.
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The data suggests that the length and complexitiyesie and similar problem
tasks contributed to their effectiveness. The lemgid complexity seem to have
added interest to the task, goaded learners imkitig critically, and provided
opportunity for long-term struggle involving deepgagement. As just mentioned,
complexity seems to add interest to a task. Rentaritss effect, found in the data,
include “Make it a bit more complex and interestif@ole: Questionnaire: 18/02/06).
During the motion tasks of cycle 7, eight remaxkdunteered amongst the 16
learners, said that the struggle they were undeggdue to the task’s complexity
caused them to be interested. A potential for exgpilon into a problem task’s
complexity seems to goad learners into thinkingaaily. The following is an excerpt
from a report on a group discussion lesson, in kvlearners exposed further
complexities in an already complex task, namelyirngto explain why a bullet could
be stopped by a silk handkerchief. The learnedalyed depth of thought, a hallmark
of critical thinking (Paul, 1993), clearly as auktof the complexity of the situation.

The group discussing the bullet task unearthedbeu of aspects deeper than the
basic questions. This included the effect of thikeba heat on the silk and the effect
of the distance between the gun and the personnwakashot. (RJ: 07/02/07)

All of the learners were observed to undergo a-@mm struggle through the
duration of engagement with the complex problerk teescribed for cycle 7. Forty-
five comments were counted in journals and intevsieegarding struggle during this
section. An example of a learner’s remark thatiding-term struggle and complexity
caused them to think deeply and engage activegwen below:

The big problems are quite thought provoking aedjby them. But exercises e.g.
Activity 12 — yes, they help to drill the thingsyou, but they tire me out and they
don’t make me think as much as a big problemelltyf little working through it. |
feel by the end as if I've grown. (Sofia: LJ: 16/02)

This comment compares long with short questiont) lenger questions
seeming to be more effective in promoting deep ghoand enjoyment. This view
seemed to be widely held by those learners for wlomm questions were attainable.
Fifteen comments were coded in the data from learj@urnals and interviews, for
the 2007 mechanics section, to this effect. Examiplelude:

The second and third were too short, and thereteakittle information, so you felt
like you must be missing something, but the fiaskt every day you got to new
things, so | got to link it with the task, so | himdwork through a lot of information to

get to it, but for the ?d and 3d tasks I didn’t think much. (Jabu: Interview: 01/0B)



161

Disadvantages of long, complex problem tasks

Despite the evidence of the effectiveness of lang)plex tasks, given above,
they are not without their difficulties. These difflties include time-consumption and
potential tediousness. They also encourage feetihgsecurity, and tend to be less
attainable for weaker learners than shorter, lesgptex tasks. Each of these

difficulties is discussed below.

Long, complex problem tasks are time-consumings Tillustrated by the
fact that for most of the modules in which | regdilearners to engage with a
complex problem task, | spent more class time tharcurriculum stipulated. This
was so even when | followed as disciplined a tirtleeglule as possible and assigned a
great deal of homework (e.g. see Figure 4.8 or8p).IThis is also shown by the
time-consumption of guided class discussions whexpected learners to engage
with complexity, rather than avoiding the needtfos by telling the learners facts for
them to learn without question. See, for exampie léngthy discussion (p.102-104)
aimed at leading learners to realise that objdotsfierent masses fall together in the
absence of air resistance. Further, writing thalfamnswer for these long tasks was
intimidating and very time-consuming for learnéraienty out of the total 38 learners
in grades 10 and 11 in 2007 remarked on how tilmswwaming the final write-up for
the motion task had been, at least four working antil the early hours of the
morning. The following comment was made by a leawteo obtained full marks for
both the short and long tasks for grade 11 motidz007.

The longer tasks get you thinking more, but thet tiask’s writing component, being
so big, was daunting, and so | put off doing itewdas with the shorter tasks | got
down to doing it quickly. (Kim: Interview: 01/03/p7

Not only did the learners find the final write-upée-consuming and daunting,
but the task tended to get tedious after a whileéhé grade 11 mechanics module,
eight learners said they had eventually tired eftdsk because of it being so long.
This is illustrated in the following learner’s resyse to whether the long task made
her think more or less than the shorter tasks:

Very much definitely more. | spent many hours a$igtool with Jabu or sometimes
alone in my room. Then | got confused, then | diggiain, then | got it. | think it was



162

fun, | actually enjoyed it very much. At the stiwtas actually looking forward to it.
And then towards the end | was sick and tired,lamds too tired and | just wanted to
get it over and done. (Silindile: Interview, 01/03)

If a complex task is presented with little struetuthe insecurity which results
can compromise the task’s effectiveness. Thidustiated by the first two
implementations of the Tsunami task, describedezaihis task is long and complex,
and, in the first two implementations, was loossttyictured. My feelings of
insecurity during the first implementation are sltated by 15 journal entries such as
the following:

| also realise that the task is very complex —amInot myself sure of exactly what |
want. So in general | get a feeling of interest anpyment of the task, but
uncertainty of how to exactly go about answerirdyuié to its complexity and open-
endedness. (RJ: 01/08/06)

These feelings were mirrored by learners who reethda being unsure of
what was required (interview: 18/08/06). To previaig insecurity from sabotaging
the task’s attainability, large amounts of time evdevoted to group discussion during
the first implementation (see Figure 4.10, p. 144 following year, when this was
removed, attainability plummeted (see Figure 4pl246). On being interviewed
(11/05/07), the learners for which this task hatbfaremarked that they had not been

sure of what they had been expected to do in it.

Even with the provision of structure to reduce ms#y, as given by
scaffolding worksheets in sections 7 and 8, comtasks tend to be less attainable by
weaker learners than simpler tasks. Fifteen oBth&arners involved in these
sections scored lower than 50%, with one failimgcdntrast, all learners scored over
50% for a shorter, less complex task which followad. The assessment mark for the
first term was obtained from the sum of the maktseved from the long motion task,
and those from two other shorter tasks. In thialfmark, the lowest mark achieved
was 59%. It was found that the shorter tasks gépeeased learners’ marks,
particularly of those who did poorly in the londask. This is shown in Figure 5.1. In
this graph the learners are arranged along thesxhaxlescending order of mark
improvement between the long and short tasks. gilaigsh shows that, in general, the
greatest mark improvement between the long and &eks was experienced by

those who had performed less well in the long task.
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Figure 5.1: Comparison of performance of 2007 gtebéearners in two mechanics
problem tasks: a long motion task and a short ahsiit gravity.

Advantages of shorter, less complex problem tasks

Shorter, less complex problem tasks have a nunftahv@antages over longer
tasks, although seem less effective at promotiitiga&rthinking. These shorter tasks
were generally viewed as more pleasant than trggdomplex ones. Learners who
made remarks to this effect included those whogwatbrmed well in the long
complex problem task. Reasons they gave includgthéemore secure with the
shorter task and not having to write as much. Sieax®ers, however, when asked
further about this, admitted that they had actufaliynd the longer task more effective
at getting them to think critically (Interviews: /22/07).

The discussion above suggests that while compléexigs tend to promote
critical thinking, it has downsides, so sensitivigyneeded in use of complex tasks.
These findings correspond with suggestions by Bhifiakl et al. (1987) that complex
tasks tend to be more interesting to learners sirapler tasks, and to be more
effective at promoting thinking skills and work ethHowever, because simpler tasks

require less effort they are more likely to be predd. Blumenfield et al., state that
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this encourages teachers to simplify tasks to “gatoperation, reduce confusion and
facilitate success”, with “negative long-term camsences on students as ‘thinkers’
and ‘workers’ (p. 143). | suggest that findingstbis study provide practical
strategies to teachers so that attainability fostnhearners can be achieved without
having to remove the task’s potency. One of thasgegjies is alternation of long
complex tasks with shorter, simpler ones. Othezsd&scussed in other sections of this
dissertation.

5.1.3. Conceptual explanation

Assertion 1.3: Subsuming tasks which have a prim&ogus on conceptual

explanation are most effective in promoting critictinking.

The subsuming problem questions described in &clen be called concept
explanation questions since they required leartmeexplain an issue conceptually.
This required learners to make sense of informafitve discussion below suggests
that use of a subsuming conceptual explanationlg@mois more effective in
promoting critical thinking than is a more tradrtal focus on procedural application
exercises, although is associated with difficultidsave argued for this elsewhere

(Stott & Hobden, 2008), and provide a condensedioerof this argument here.
Advantages of concept explanation tasks

Use of a subsuming concept explanation task wasdftw be effective in
promoting enjoyment of the subject. This is seedB§ data entries referring to
interest and enjoyment for sections 7 and 8, irctvBubsuming concept explanation
tasks were used. These were made amongst 39 leawera period of a month.
Additionally, almost all of these learners wereemtewed, and all who were
interviewed said they enjoyed a conceptual foclsaming science: “before | wasn’t
really interested in science, but now I'm so inséeel, and even just in normal life |
just mention something to do with science.” (Agriaegerview: 01/03/07). Active
engagement was evidenced by 173 remarks, suclpassef voluntary engagement
with the concepts after school, for these two sestiIn contrast, no remarks

concerning enjoyment of numerical practise werenfbun the learners’ journals
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throughout the data corpus. An example of evidéoicenjoyment of conceptual
explanation is given below:

C came to me during break and said she and N hreddiscussing why a ball
bounces when hitting the ground but a person dgemmd wondering about whether
an egg bounces on grass and about the contribaftiibre springiness of the grass.
(RJ: 23/01/07)

Conceptual explanation tasks were found to proraetieal thinking amongst
learners. Audio-recorded class discussions wensdrédbed and analysed in terms of
Lipman’s (1991) definition of critical thinking, drevidence of critical thinking was
found in most group discussions requiring concdpxgplanation. lllustrative
examples of learners verbalising their thoughtsgiathg evidence that they are
thinking critically has been given on many occasithroughout chapter 4 and 5 (see

for example p. 99 and p. 104).

Concept explanation questions seemed to have lfisetivee in developing at
least some degree of conceptual understandingiteiiners. Of the 57 learners who
participated in this research in 2006 and 2007, #&8pponded, in a questionnaire, that
explaining concepts in words helped them to undadsscience. In contrast, only
67% said that answering numerical questions helpeh understand science.
Learning in section cycle 8, i.e. grade 11 mecleam@007, can be used as an
example to support this. At the end of a month-lpraress of teaching and learner
engagement in sense-making conceptual explanasongssions, learners produced a
written answer to the subsuming problem. Ninetdehe?23 learners were awarded a
mark higher than 60% for this submission, which wasked using a rubric which
credited thoroughness, clarity, precision and deptmderstanding suggested by the
written explanation. The class average for thik t@as 77%. This suggests that
conceptual learning had occurred to a significateérg. On the other hand, an
observation that most learners demonstrated lintregsfer to contexts other than
those discussed in class does suggest that thie oiepdnceptual learning was
possibly lower than the results given above suggedthis is referred to again in the

discussion which follows.
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Difficulties with concept explanation tasks

Although conceptual explanation tasks were founiet@ffective in promoting
critical thinking, interest and understanding, thnre associated with a number of
difficulties. These included them being time-congwgrand frustrating, a focus on
them tending to cause a neglect of procedural igeant preparation for answering
numerically focussed questions, and learners stpliimited transfer of the
knowledge they gained from these tasks to new gtmt€hese difficulties are

discussed below.

Concept explanation tasks were found to be verg tonsuming and
frustrating. They involved communication messinessifusion and insecurity. For
example, eight learners assigned to explain theldiation of a taxi to a stop
struggled for two hours in class over two lesstny#g to sort out confusions. These
confusions included saying that since the taxirhase mass than the road it does
more work on the road than what the road does @Jit01/02/07). | provided input
to these two groups during at least half of theuision time. | found this frustrating
since the learners needed prompting for even segyrsimple steps in the
explanation, and continual repetition and revigitoi concepts, with much
misunderstanding evident in the process (RJ: 26/M011/02/07). Further, written
work submitted for formative assessment immediaéiisr this discussion suggested
that only one of the eight learners had manageahdierstand the situation correctly.
On the other hand, by the time the task was subdhitir summative assessment
(12/02/07), only two of the learners were unablexplain the situation in a way that
suggested a considerable level of understanding.stiygests that although the

process was frustrating, with persistence, it pdaeebe successful in the long term.

The discussion above suggests that although tleedonsumption and
frustration of conceptual explanation questionsepdifficulties, in these very
difficulties lie part of the power of these typdsjaestions. This includes the potential
to induce struggle and critical thinking, and tloéemtial to develop the beneficial trait
of persistence. The requirement for effort, evidamve, is consistent with Resnick’s

view that critical thinking is effortful (Resnick987). Zimmerman (1994) names
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persistence, which was clearly demonstrated byetmmers and teacher in the extract
above, as a key contributor to general academicessc Unfortunately, though, these
beneficial aspects might not proceed from thealiffies mentioned. Instead, they are

likely to encourage task avoidance (Blumenfieldlet1987).

A consequence of the time-consumption of a focusamteptual explanation
was that less time was available for dealing witmarically focussed procedural
exercises in class time. Instead, these were megfdgated to homework. However,
this was not found to be ideal since some leardiersot take homework seriously
and in general learners’ mathematical competensevery limited. For example, in
the 2007 grade 10 mechanics section interactiom tivé learners suggested that nine
of the 15 learners were unable to perform basielabyat the start of the mechanics
section. Similarly, almost all of the 2008 gradeld&rners were found not to possess
the algebraic competence necessary for working thghequations of motion (RJ:
19/02/08). None of the 23 grade 11 learners in 2085 able to convert ¢no nf
when this was required in the electricity sectior2007 (RJ: 10/05/07). This meant
that learners needed the teacher’s help in ansgvekien basic numerical questions,
as well as suggesting that a good deal of numepreaitise was needed. Some 2007
grade 11 learners complained of being confusethéytimerous equations used in
mechanics (e.g. Interview: 01/03/07). These learneade 15 journal entries
suggesting that more attention needed to be paidrwerical questions. For example,
“I got most of my answers wrong” and “I didn’t undeand the corrections” (N and
M: LJs: 05/02/07). Since the text-book activitiegllall been answered through the
course of the section, this suggested that suppiEmequestions were required.
Additionally, the school’s physical science subjeead, and principal, expressed
concern that the strategy taken in the teachingexfhanics in 2007 did not equip
learners for the potentially highly numerical sergertificate examination (RJ:
28/02/07).

Further, although the grade 11 learners performatimthe final
presentations of the subsuming problems of the arech section, they performed
fairly poorly in a test situation in which explaogat questions were set in a different

context. Nineteen of the 23 learners were awardedri higher than 60% for the



168

final presentations of the problem tasks, whichearearked using a rubric which
credited thoroughness, clarity, precision and deptmderstanding suggested by the
written explanation. The class average for theslkstavas 77%. In the test, unfamiliar
contexts, e.g. an asteroid’s path being alterezlititr an impact, rather than the
familiar egg breaking on concrete, were used. Meeage score for higher order
conceptual explanatory questions in these new gtmveas only 44%, with 13 of the
23 learners scoring below 50% and none over 70%omtrast, the learners scored an
average of 81% for recall-type questions in theestast. For those numerical
guestions which were very similar to those doneughout the teaching period,
learners scored an average of 77%, whereas foe tlegsiiring the learners to be able
to perform more than the familiar numerical mangbiain, the class average was only
50%. This data suggests that the learners hadie#gclearnt the basics of the
mechanics section, but were generally poor at fearsg learning to non-familiar
contexts and applying their learning to answerimgipér order thinking questions in a
test situation. This is consistent with findingsriymerous researchers that transfer of

knowledge to new contexts is generally limited (&fard et al., 2000).

An attempt to overcome the problems discussed albile still holding on to
the advantages referred to, by doubling up on hametime, was impractical. In
order to provide for enough learner activity inte&gpe of task, namely procedural
and conceptual, for the learners to feel reasonadntyident with each, it was
necessary to give learners approximately 1houoafdwork each week day. Also, in
order to accommodate both foci to a satisfactotgrex marking of homework and
performance of practical work had to be done aftdiool hours. Additionally, the
class time needed was approximately 50% longer ttietrallowed for by the

curriculum statement (Figure 4.8, p. 137).

Integrating procedural application questions ihi@® subsuming conceptual
problem seems to show promise as a solution todkd to stress both conceptual and
procedural elements while not overloading the leexnThis is consistent with work
by Dufresne et al (1992) that forcing learnersriecpde solution of numerical
problems with conceptual analysis improves probseiving ability. However, the

difficulties discussed above were not eliminatedty strategy. This is suggested, for
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example, by two of the 14 grade 10 learners whopaaticipated in the integrated
approach described here and who wrote the finahexation in 2007, failing the
mechanics questions in this examination (see Figiep. 130).

The above discussion suggests that while the telwfirds a more conceptual
strategy to physical science learning, suggestdtidogurriculum documents, seems
to be advisable in promoting understanding, integed critical thinking, it brings
with it additional challenges. These are partidylas a result of the intense syllabus
pressure of the curriculum, the time consumptichrmessiness of a conceptual
strategy, and the apparent need for learners tipeganumerous numerical questions
in order to compensate for their poor mathemaskdls and low ability to transfer
learning to new contexts. The latter raises theipdgy that unless formative
conceptual explanation tasks are set within theesaontext as used in the externally
set examination, the large amounts of class ancelhamk time which conceptual
explanations must, of necessity, due to their messi take, might contribute little to
examination performance. On the other hand, thsiplysmore predictable nature of
the numerical questions could mean that class antetvork time spent on this might
show up more in examination results. While the gtaujgests that integrating some
procedural questions into the subsuming problekitagdvisable, the difficulties
discussed were not found to be eliminated by ddirgy

The finding that conceptual explanation questiaeseffective in promoting
critical thinking is consistent with Paul & Eldengew that being able to explain
concepts in words is a vital component of being ablthink critically within a
discipline (Paul & Elder, 2006c). Further, the fimgks that this kind of question is
associated with difficulties are not surprisingisTis to be expected, considering the
cognitive load which critical thinking tasks proeitb the mind’s limited short term
memory (Kirschner & Sweller, 2006; Niaz & Logie,9®). The disposition for
persistence seems to be developed as learnersecinghg task despite the
discomfort this cognitive load causes. Persistene@ewed as being effective in
promoting the development of critical thinking $ki{Resnick, 1987), and to be an

attitude conducive to academic success (Zimmera@ey).
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5.2. TEACHING-TASK SEQUENCING

Assertion 2: Under certain conditions both inducévand deductive approaches to
developing understanding can promote critical thiimig.

5.2.1. Induction

Assertion 2.1: The use of group work at the begingistages of instruction to
generating new conceptual understanding, beforeeadit instruction, should

be used with caution.

A use of group discussion to induce generatioroateptual understanding
was often found to be ineffective. This is referteds an inductive strategy, in the
discussion below. The difficulties associated gitich a strategy include time-
consumption, frustration and poor conceptual lemynHowever, some success with
an inductive strategy was found when this was ased small scale rather than in a

subsuming task. These are now discussed in turn.
Difficulties

Using group discussion to induce learning of cotxg@s found to be very
time-consuming, and therefore largely prohibitiveler the heavy syllabus pressure
of the curriculum. The grade 10 mechanics sectias taught in 2006 predominantly
using this strategy, and took nine weeks: more tarble the four weeks stipulated
by the curriculum. In contrast, the following yehis strategy was abandoned.
Instead, direct instruction, supported by grouplkniorwhich learners made sense of
learning as they sought to apply knowledge dedalstito the subsuming problem,
was used. The mechanics section took six weekg tisis strategy. This is still longer
than stipulated by the curriculum, but at leas$ l&s.

Using an inductive strategy was found to be adiffi strength-sapping
experience for me. This was due to the noise aedsstaissociated with handling
multiple discussing groups simultaneously, thetfaten and confusion arising from
communication imperfections, and the energy denmdufiacilitating the slow and
messy struggle of multiple groups’ simultaneousrery. Further, the loss of control
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relative to using direct instruction sometimes medrad to answer questions on
issues | had not prepared myself for. This sometimade me feel insecure and
required me to think on my feet as opposed to babig to teach according to a
carefully prepared plan. During some of these disians | inadvertently said things
in a way which is likely to have encouraged leasrierdevelop misconceptions,
whereas | think this would have occurred to a lesgtent had | been teaching
according to a prepared plan. | also faced de@sobmow long to prolong learner
struggle before providing information, how muchubpo provide at what times, and
what to consider irrelevant discussion. All of theslded stress and uncertainty to the
teaching experience. Further, these decisions e@mpounded by pressures from
multiple groups requiring my assistance, often emethe most basic level and in a
repetitive manner, limited time and classroom nol$es heavy dependence on me
encouraged off-task talk while groups waited for meyp. For example, as many as
six admissions by learners of off-task talk becaafs®ot getting my assistance when
it was needed, were recorded for a single lessarviimg the inductive strategy. One
example of these is, “we got into dead ends, miogs avere off track” (Tim:
Interview: 01/02/07).

Although learners were generally observed to beged during an inductive
strategy, the data often suggested limited undw®istg occurring. This suggests that
the struggle and frustration present in these caas<f limited value in the context
of the SA PS curriculum, despite the potential gadfistruggle, and even of a degree
of frustration, discussed earlier. It appeared tihatconfusion associated with this
inductive strategy was overwhelming, so that feavrners emerged from this
confusion into clarity. An extract, given earligp( 102-104), illustrates the struggle
and confusion typical of this strategy, and thatkeh conceptual learning resulting
from it. This discussion had intended to induceriess to realise that objects falling
in a vacuum will fall together regardless of mdmg, resulted in only six of the 23
learners being able to demonstrate an understaodlitngs in an examination. An
example of a learner’'s comment suggesting thatatividiscussions are ineffective

in promoting understanding is given below.

You have to try and apply it now, and you don’t Wnexactly what this term means,
and then you get totally side-tracked, and whemtenadly you get back to the point
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you've confused yourself. But if you get taught witds means and then you have to
apply it into some situation, then you can stattydo think of other ideas and more
complex things. (Phil: Interview: 19/10/06)

The poor conceptual learning of the grade 10 mackaection in 2006
seemed to cultivate a general dislike for the topius is testified to by many negative
comments recorded in interviews (26), as well asenous comments | overheard
from learners to this effect throughout 2006, aodento the contrary. In contrast,
later in the year the section was re-taught iraatter-controlled manner, with no
negative and some positive comments (11) beingwedeén an interview with a
voluntary sample of the class. An example of suchrament was:

| didn’t understand it the first time, whereas nlosid because it was clearly
explained at the start, whereas the first timeais ke all thrown at me and | had to
take it all in big chunks. (Tim: Interview: 03/08)0

This dislike for mechanics seems to have resuttat the teaching strategy
rather than the topic itself. This is suggestea lwgh degree of interest and
enjoyment (86) reported on for the mechanics sedhie following year, when a

different strategy was employed.
Successful experiences with small-scale inductie¢egjies

In some cases the evidence suggests that the igdnaging to struggle
through the stimulus material to derive the coneépémselves did suggest task
effectiveness according to the criteria developedetermine this. An example of this
is the discussion, reported on earlier, in whicrrers discussed hypotheses of why
some materials, when rubbed, are able to pick epegiof paper, and others not
(p-120). This is considered to illustrate effectigarning. This can be seen by the
critical thinking the learners displayed, as shdoyrihem making judgements
substantiated by reasons, showing sensitivity tiecd and self-correction through
theirif-then statements. The learning described was attainatiesffort. The
learners’ intellectual struggle is evident in tearhers having to reason their way to
an answer. The scientifically acceptable explamatras reached, at least by a
significant number of learners, within a reasondiohe, i.e. a 30-minute lesson.
Further, the strategy is compatible with the culde, since learners did seem to
learn the prescribed concepts of electrostatiaselkinductively here and through
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similar discussions, well. At the end of the eliettly section, the learners were given
a test, in which 16 of the 23 learners scored @286 and only two under 50%.
Further support for the usage of group work tohezmncepts inductively comes from
some learners’ comments, such as “It's better $atoudiscuss it because you
understand it better if you’ve found it out by dissing it yourself’ (Laura: Interview:
01/02/06). However, such comments were not abundatft only ten being found
through the three-year data corpus.

It is possible that the difference in effectivenekthe mechanics and
electrostatics inductive discussions, referrecbimva, can at least partly be explained
by the following. The less effective experienceuiegd learners to use numerous
abstract concepts they had not yet mastered, suabcaleration, force, weight, mass,
size, density and ratios of weight to mass, toveesin argument which did not match
common experience, i.e. that a light and a heaygcblwvould fall together in a
vacuum. In contrast, the more effective experigegeired learners to use fewer, and
more familiar, concepts, such as electrical coraho, friction, heat and smoothness,
to derive an explanation for a phenomenon modtehthad observed, i.e. the ability

or inability of various substances to pick up pseoépaper when rubbed.

The discussion above suggests that use of groulp twanduce conceptual
learning should only be done in cases where feweamis unfamiliar to the learners
are involved. It is also suggested that this omydbne on a small scale so that if the
process fails to induce effective conceptual lesgnwhich seems fairly likely at least
for a significant portion of learners, time willlsallow for use of other methods to
help learners to understand the section befosenecessary to move on. Also, if
teachers choose to use this method they shouldepangd for the intellectual
messiness of struggle, confusion, noise, havirtgitd on their feet, and insecurity,

and should develop strategies to curb off-tasknlearalk.

The findings that inductive approaches can prorooteal thinking is not
surprising. Induction is a reasoning process cetaranowledge generation in
scientific research. Construction of knowledge dgiearning is characteristic by

sense-making (Dirks, 1998), and learning with ust@rding involves critical
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thinking (Nickerson, 1994). This suggests that otothe inference, which is a

cognitive sense-making tool, should be importaneftective learning in physical
science, and, more specifically, critical thinkiagyview supported by literature (e.g.
Epstein, 2002). The finding that inductive appracban be time-consuming and lead
to learning in unintended directions correspondb Wiriver's (1993) research

showing that knowledge-generation types of acasifire time consuming and
unlikely lead learners to the formulation of scikcally accepted conceptions.

5.2.2. Deduction

Assertion 2.2: Deductive application, following dict teaching, is effective in

promoting sense-making using critical thinking.

The strategy of following direct instruction witersse-making group work
aimed at enabling learners to apply learning teesalproblem, is interpreted as
having been effective in terms of this study. Tikiseferred to as a deductive strategy
in the discussion below. Two cycles are used tstithte use of this strategy, as well
as to support the assertion made above. Thesesay@esections 7 and 8, i.e. grade 10
and 11 mechanics in 2007. The strategy used inopadction 7 has been given in
Table 4.1 (p. 121), and illustrates the strategadubroughout both of these sections.
As can be seen from this table, roughly week-longctlinstruction of subsections of
the syllabus were followed by hour-long group dgsians. In these learners were
required to make sense of concepts they had ldamighout the week in order to use
them in explaining a real-life, interesting, pheraan. These group discussions were
guided by scaffolding tools the learners answaeredyiting, individually, for
homework, during the course of the week. Suchadegjy was found to encourage
effective critical engagement, increased attaintgtof curriculum goals, and reduced
teacher stress, as discussed below. The strategyheaever, not free from difficulty,

as will be explained in this discussion.
Positive aspects

Learners were interested during these two cyclg8)(INumerous comments

similar to the following testify to this: “I'm rebl enjoying Science this year”
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(Phindile, LJ, 31/01/07). These remarks include égjrstatement, given earlier, that
previously she had not been interested in scidndenow she is so interested that she
applies it in normal life. This application to liextended to discussions on the
sportsfield: “I also spoke about it practically wiGert and Seth when we were
playing cricket yesterday (the momentum and whemateh the ball)” (Cole: LJ:
01/02/07). Other evidence of active learning (1ig3)iven by the audio-recorded
footage of discussion sessions, and comments @iégarners and their parents, e.g.
“She would discuss it at the supper table” (Paréatsonal Communication:
22/02/07) and “I would think about it before | weatsleep” (Sofia: Interview:
27/02/07). Learners thought critically during threuyp discussion times as well as
independently and in voluntary groups out of schamlrs (32). The extract given
below, of a group of grade 11 learners discussing avsilk handkerchief can stop a
bullet, shows evidence of critical thinking occagi This can be seen in the learners’
judgements, supported by reasons, and their ugeestions to self direct learning.
Learning throughout the section was characterigeeffort (102). The discussion

below illustrates this too.

Thandiwe: When they meet.

Marika: That makes it slow down.

Thandiwe: That compression force — does it makeNewton-3 thingy?

Marika: No, the same force that the bullet hits plerson with, the person
pushes back with and this slows the bullet dovthink.

Thandiwe: Well, yes, it does, because if it didtfie bullet would have
continued through.

Marika: So it does.

Lauren: But what | think is: if it's a jersey, havme doesn't it stop the
bullet?

[Pause.]

Lauren: Because N-3 applies in the case of ayjdms®e

Thandiwe: Doesn't it... friction helps it to...

Learners had been taught about force, Newton’sdTlbaxv, friction,
momentum, and impulse, before this discussion eeduil he discussion above, and
its continuation, below, show the learners andhernengaging in critical sense-
making discourse using these concepts. At thistp@rplained that friction from a
surface only acts parallel to the surface, andheetwould need to be a component of
the bullet's motion parallel to the surface focfion to play a role in slowing the
bullet. Thandiwe’s response to this shows thaeastof accepting the knowledge |
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had offered as from an unquestionable authority vedis thinking critically while

trying to construct her own understanding of theation. She said that as the bullet is
making an indentation, during its decelerationgities rub against the sides of the
indentation, so friction would act even if the letilhad hit the person perpendicularly.
My response to Thandiwe encouraged this critidébde, since | acknowledged that

| saw that what she said made sense. Howevem kalstinued the critical discourse
by pointing out that this still did not answer Lanis question. Lauren said that silk is
more elastic than jersey fabric, so it stretchdh Wie bullet’'s motion. | asked why the
fact that the silk is elastic should mean thagit stop the bullet, whereas the jersey,

being less elastic, cannot. The discussion condimsefollows:

Thandiwe: Because it's elastic.

Me: So?

[Other suggestions were given, but the recordinghidear.]

Thandiwe: The silk slows the bullet down.

Me: The jersey too.

Thandiwe: More; the time it's going, the silk i®re and more.

Me: And all that time what's it doing?

Thandiwe: It's losing momentum, decelerating.

Me: Why?

Lauren: It's getting tighter and tighter.

Me: And what'’s that causing?

Lauren: Accelerate more, push more.

[The recording is unclear.]

Me: Deceleration is caused by force; the silkliegga force for longer.
Marika: So actually the force would get greater.

Thandiwe: Because of the tension thing.... bechas®y stretched it wants to go

back to its original.
[The recording is unclear.]
Me: What does the silk being stretched — and eddtte being applied
for a longer distance — mean about the silk contpréhe jersey?
[Lauren said something about the silk being mdeelyito be able to stop the bullet
than the jersey is.]
Me: It's more likely to decelerate it to a stop.
(Audio transcript: 25/01/07)

Had the above discussion been attempted beforet tde@ching of the
concepts, it is unlikely that learners would haeerbable to engage effectively in
critical discourse, since it is unlikely they wouldve been aware of the necessary
knowledge needed to do so. Had the discussione®ot beld at all, with direct
teaching of the concepts being followed by onlyagngg in procedural practise
related to them, it is unlikely that the sense-mgland critical thinking which clearly

occurred in this discussion, with resultant congapkearning, would have occurred.
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This view is supported by findings that a focuspoocedural proficiency does not
lead to conceptual understanding (Zoller, LubedNgkhleh, Tessier, & Dori, 1995),
potentially implying that it also does not leadptomotion of critical thinking, given

the close link between conceptual learning andcatithinking (Paul, 2001).

In contrast, the strategy used here was foundaib te conceptual learning as a
result of the learners engaging in critical thirkifor sections 7 and 8 learners
provided a written explanation of the phenomenay thad been discussing during
the motion section. This was done after three ses2f teaching and discussion, with
alteration of group composition at approximatelif-haur periods to aid sharing of
thoughts amongst learners of mixed abilities. Jhoftthe 39 submission implied a
deep or reasonably deep understanding of the ased@hysics. Another eight of the

answers were satisfactory, and only one of thenkrardid not perform acceptably.

Relative to the inductive strategy, the deductivategy was associated with
reduced teacher stress. During periods in whidcldsed an inductive concept
development strategy, | had continually had to grbamd discipline the learners in
order to keep them on task. In contrast, duringdtiuctive strategy, learners
required my input only occasionally. This was wiile exception of two groups in the
grade 11 mechanics class, previously referred ho, iequired almost constant help.
This reduced stress on me and is expected to eavueed the effect of learners
drifting off-task as they waited for me to finisklping other groups when they

needed my help to progress.

In a questionnaire, 86% of the 57 learners in B@62and 2007 data sample
reported that they enjoyed a deductive strategy 6890 that they learnt effectively
from it. Numerous (106) learner journal entriedloiwing discussions in which
groups applied conceptual knowledge to a situatieported enjoyment and / or
effective learning. A typical example is: “Explang things to people helps to sort out
the logic in my mind” (Sofia: LJ: 01/02/07). In doast, very few entries (6) were
recorded in which learners gave some form of negatbmment about this strategy.

However, since most of these had to do with striggld effort, they could be viewed
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to be positive comments in terms of the criteriadetermining effectiveness, used in
this study. An example is given below:

| thought the egg doesn’t decelerate when it higsground... This made it difficult
for me to understand most of my group’s discusdBynthe end of the lesson | had a
headache! (Busi: LJ: 25/01/07)

Negative aspects

Although the deductive strategy was found to bedatiffe in terms of this
study, as described above, it did also have diffesiassociated with it. These include
time-consumption and messiness. These negativetasgre common to both the
direct and inductive strategies referred to in #tigly, although their extent differs
between the two, being more acute with an inducmgroach. Application
discussions, like inductive discussions, were fotmble time-consuming, although to
a lesser extent. As already mentioned, teachingegt@ mechanics in 2006, with a
focus on inductive discussion, took nine weeksngslirect instruction interspersed
with application discussion, in 2007, took six weekhe curriculum, however, only

allows for four weeks for this section.

While not as messy and frustrating as inductiveudisions, application
discussions are also associated with struggle amsinzinication difficulties, which
contribute to time-consumption and possibly tothatson. An example of this can be
seen in the discussion where learners made sehks®wfedge about motion while
engaging in a question about the movement of afemnd a cheetah (pp. 125-128).
Another example is given on pp 175 to 176, wheaenlers made sense of Newton’s
Third Law, force, friction, momentum and impulsetlie context of a bullet being
stopped by a silk handkerchief. A further exampléhe reference to two groups’
grappling with an explanation about a taxi comio@tstop (p. 166). These
discussions are clearly messy. This is certainlyenso than the kind of interaction
usual in a traditional classroom. | see this messinhowever, as a positive indication
of effective learning occurring as long as theneaidoes emerge from this messiness
to understanding, rather than remaining confusethéyliscussion process. This view
arises from a conception that learning is messlyfdsut to be helpful it should end in

the learner understanding what was learnt (Bradsgbal., 2000). In the two
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examples of application discussions cited herm@pjtears that a significant number of
the learners did emerge from the discussion withraterstanding of the work
discussed. This is suggested by the high scoreswachon the target explanatory task
by the grade 11 learners who underwent discussiacis as the one on pp. 175 to 176

(see Figure 5.1 p. 163) and the remarks conceatiagability of this task (p. 177).

As discussed above, general success was obsenesddivect instruction of
concepts was followed by learners engaging in sereeng activities. This sense-
making occurred during learners’ manipulation d@itlperceptions of these concepts
as they sought to apply them to explain problemmasibns. Part of this sense-making
occurred during group discussions. The successabf an instructional strategy
suggests that this kind of activity should be aaddor as frequently as syllabus
pressure allows. In the long modules of this stilndyknowledge to be taught was
broken up into pieces. Each strategy: direct imsion and engagement in sense-
making activities related the instruction to thesuming problem, was focussed on
successively, although the influence of each exadridroughout the learning period.
A number of learners remarked on the effectiveésisis model. An example is
given below:

What I liked ... was that you first got the taskdahen got taught and solved it along
the way. (Silindile: Interview: 02/03/07)

The discussion above has suggested that teachoddsprecede sense-
making group discussion. These findings can benstated in terms of existing
literature. This literature includes the inclusipnsome authors of deduction or
application amongst critical or higher order thimkiprocesses (e.g. Bloom, 1956,
Epstein, 2002). It also includes views on promotbronceptual learning, which is
seen to require critical thinking, and thereforgigate its occurrence (Paul & Elder,
2006a), Nickerson, 1994). The value of sense-makatigities to development of
conceptual understanding can be understood in tefiine learners being given an
opportunity to construct understanding (Dirks, 19®8iring this process learners
were able to explore their perceptions of concaptsimplications of these, and to
challenge and be challenged on these. In othersythits process allowed for critical

discourse to be entered into (Dirks, 1998). Thesdurse serves to narrow the
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pedagogical gap (Moodley, 2000), encourage conaéfgarning (Hewson &
Lemberger, 2001), which involves critical thinki(faul & Elder, 2006a). The
effectiveness of setting these in group discussigeriences corresponds to learning
occurring in the ZPD, where social interaction deslearners to achieve what would
have been impossible in individual endeavour (Bi@dset al., 2000). The role of
direct teaching in this process is also seen toobeistent with this, being a form of
social interaction between the teacher and theéear Further, it seems likely that the
structure and clarity which direct instruction leritself to contributes to a deductive
approach being less cognitively demanding on théditions imposed by short term

memory (Niaz & Logie, 1993).

5.3. TEACHING AND LEARNING ENVIRONMENT

Assertion 3: Critical thinking is encouraged by amvironment in which struggle is
accepted as normal, and participants are free teaggat intellectual

challenge.

5.3.1. An open, struggling environment

Assertion 3.1: An environment in which struggle &cepted as normal and
beneficial is vital for a critical thinking task’ssuccess. This can be

encouraged by various strategies.

Struggle was found to be a normal component otthieal thinking activities
used in this study. Evidence from this study reseahis process of struggle to be
effective in promoting critical thinking. This isigported by literature. From this it
follows that learners’ struggle should be treatedauable and so an environment
conducive to encouraging it is worthy of strivirgg.fTwo strategies effective in doing
this were found, namely pair and group discussantsjournal use. These were found
to encourage learners to feel free to engageuigglke in a safe and supportive

environment.

Struggle is a normal component of critical thinkifidpis is illustrated by the
long term struggle undergone during the study’soatlievent (pp. 116 - 132). This
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cycle also illustrates the difficulty and confusiexperienced by learners as they
engaged in critical thinking. Numerous remarks (®®¢rring to effort and struggle
were made by learners throughout cycle 7. Follovaing learner’s journal entries
through the duration of the motion module illustsathe general observation that
learners underwent a long-term struggle, feelingfuesed and experiencing
difficulties at times, particularly initially. Thpositive feeling of managing to struggle
through a difficult task and conquer the challeiggalso illustrated by these entries.

19/01/07: Today’s lesson was not that interestiegpose we learnt stuff that we had
already learnt in Grade 9. But the first challetigg we got abou¥lust He
Pay?was a bit challenging. Firstly | didn’t grasp urgtanding aboutiust
He Pay?But at the end | understood.

23/01/07: Today’s lesson was nice and easy bedtwss stuff we did last year.

25/01/07: The work was challenging. | enjoyed wogkwith others.

26/01/07: Today | didn't clearly understand mosthaf stuff we did.

30/01/07: 1t was very tough. | didn’t understandhecstuff but it became a bit clearer
near the end of the lesson

31/01/07: Today's lesson was very nice and | coumderstand everything.

01/02/07: Today | didn’t understand a thing withehim Report 2.

06/02/07: | really was struggling to find wheredtepped but after | went to Johan
and he explained to me then | was confident andletstood.

15/02/07: Today it was nice and | was really shie t understand my task.

16/02/07: The projedfiust He Pay?vas very interesting. | got to really like it when
understood the concepts. | really enjoyed the assegt, although it was a
lot of work and | had to sleep at 12 o’clock butvas interesting. (Musa:
LJs)

Further evidence of struggle is found in commerasienby learners new to the
school. They said that they found the instructiatedtegy | used different and
difficult. Five comments to this effect were madel&arners new to the school, with
the following being typical:

I'm not used to the way Miss teaches. Now you hav@ink for yourself. I'm just
used to hearing things and then. (Phindile: Ine2wvi18/08/06)

The learner who made this comment, as well as tivers who were also new
to the school at the start of the participationgmgrand who made similar remarks,
showed dramatic improvement in reasoning skillnaasured by Lawson’s Test of
Scientific Reasoning (Lawson, 1978), during thersewf the study. Each of these
learners more than doubled their score over a ®a-period, one improving by
257%. This suggests that the difficulty of haviogthink for yourself”, mentioned by

this learner, was not in vain.
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Even those learners not new to the school, whenvigwed, indicated that
they were not used to being expected to think écetitent required by the
instructional strategy used in this study (e.gemviews 18/08/06, 28/02/07 RJ
11/02/08). This further supports the notion thaiggle is a component which sets an
instructional strategy aimed at promoting crititahking apart from other strategies.
This is not surprising. As Resnick (1987) points, autical thinking involves
uncertainty and is effortful. Therefore it is reaable to expect that an instructional

strategy aimed at promoting critical thinking shtbbke characterised by struggle.

With perseverance, this struggle was found to ghyTais is as evidenced by
learner successes following engagement with steu@yhe example of this is the
gains made in the reasoning test scores, previoushtioned. Other evidence of
learning success following struggle includes theegal attainability of the majority of
critical thinking tasks used, as has been refewednumber of times. An additional
illustration was given earlier by reference to thaority of learners managing to
produce conceptual explanations suggestive of gtatating after struggling through

a discussion about a taxi decelerating to a stop.

From this it seems to follow that a task which cblbhve been effective at
developing critical thinking, with perseveranceghtibe considered a failure unless
teachers and learners are prepared to underg@ddam struggle. A comparison of
two groups during a discussion lesson on 04/05/€6ér illustrates the value of an
atmosphere of openness to struggle. One group hsstaheir confusion, enabling
me to direct them to productive learning, while omember of another group claimed
their group understood, ending learning despitdabethat later interaction showed
that a number of learners in that group had noerstdod the work (RJ: 04/05/06).
This observation points to the need for strategiesncourage an environment of
safety to embark on, and openness to verbalisggle. Various strategies were
found to help create such an environment. These pa&r and group discussions, and
journal use. These are discussed below.
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Pair and group discussions

Expecting learner response within a whole-clagingetvas found to be non-
conducive to creating the climate needed to sugtarggle. The quote below

suggests this:

Miss it's bad to call us to answer. Please donibjpme I'm shy it's better if | put up
my hand coz it might happen that | don’t know thevaer and can’t answer right then
recognized as a dum person. (Sihle: LJ: 13/02/07)

Additionally, calling for voluntary response wasifal to tend to offer
opportunities only to the few who were bold enotglparticipate in this way, as
illustrated by the following learner journal entry:

When a question is asked in the class, sometirkeaw the answer but it's just that
I’'m shy, maybe afraid to say it aloud in class.itfa_J: 14/08/07)

In contrast, high levels of active participationrevéound by all learners when
instead of calling for a response in front of theoke class, all learners were instructed
to answer a question with their desk partner, ¢éaeler walking amongst the learners
during this process. | would then feed individuagwers back to the whole class for
critique. This would be done anonymously wheraasin would be required in a
manner which would be likely to embarrass the learAn example suggestinige
effectiveness of such a strategy is given below:

| enjoy doing science. | just have to force my lazgin to work and think hard. I like
it when a teacher asks questions, I'm quite sdarethke a mistake in front of my
classmates but | just go against that feeling beealearn from mistakes. I like it

when we Miss says, “Tell the one next to you”,"@ipse your eyes and put up
hands”. (Lindiwe: LJ: 15/04/08)

However, such a strategy is not without its diffi@s, some related to
classroom climate, and others related to otheesdtiwas found to tend to slow the
teaching process down, reducing time for othewdigs such as group discussion
revolving around the task, practical work and gdimgpugh homework problems.

This slowing effect particularly occurred whendténed in to the learners’ pair
responses and drew some of these into the lessibier than simply allowing for

what seemed to be an appropriate amount of tim#hédiscussion before supplying
the answer (e.g. RJ: 31/07/06). This was espediadi\}case when weaker learners
were listened to (e.g. RJ: 23/04/07). Furthercéreed the impression that sometimes
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such pair discussions broke the lesson flow (eagirén: LJ: 06/08/07, 28/08/07, Busi:
LJ: 30/08/07). It also occasionally led to off-topalk (e.g RJ: 16/02/06, 24/04/06,
Interview: 18/08/06), and sometimes made some éealinse concentration (see p.

150). Related to classroom climate, group discussi@s found sometimes to hinder

the development of an open environment, as sughbgtéhe following remark:

I loved the topic we were talking about, but | @nit say anything much because
there is no use of speaking nonsense just forake af it especially if you are not
sure what the answers are. When everyone goekeothhit | know it they think I'm
dumb cause I'm quiet but there wasn't a right monfenme to say something. | felt
discouraged today. | lost my touch and no one betién me anymore. (Helen: LJ:

25/01/07)

The composition of Helen’s group could, possiblyyd been a factor causing

prevention, rather than promotion, of open paréitigm in the struggle of learning.

Group composition’s effect on openness and criticgdourse is complex. The

discussion below explores this.

Thembi:

Me:

Agnes:
[Commotion]
Agnes:
Thandiwe:

Me:
Thandiwe:

Silindile:

[Commotion]

Yesterday — on the discussion topic —d &g@roblem with task 10.
Then | went to Busi, we had a problem, both ofTueen we called
Kim. We had a problem. Then we called Cole. Anchtive all
discussed. We're normally not in the same grodmfals. Then we
all discussed, and then it was so helpful becawseewot in the
same groups, plus Cole was just putting more efffecause he never
discusses, he saw the point.

Yes, the boys don’t usually discuss.

| think it's more “who am I” — ego.

I think you should write a list and thetate the groups.

The girls are different from the boysviNf | take Tim and put him
with James, maybe they don't feel comfortable toget
So maybe the girls can be mixed, but nobibes?

But maybe if | put Tim with Bhekani, amaybe they have the same
brain, and then they get stuck, then they redtieg must ask Miss
because we are stuck, but if | were to put him d#mes, James will
like: Oh, this this this this, and he’s left behibe&cause he knows
James is going to get impatient, so | think magbéHe boys go
together with those they want to and from therg dan even make it
a secret.

If 'm put with Sonja, Kim and Laurenféel very small and I just
have to listen to them because they just understand

Silindile’s remark, above, suggest that learnemikhbe placed in similar-

ability groups, since being placed with strongarhers made her feel small and

stopped her from participating. Similarly, Jabuam, in the continuation of the
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extract, below, that she works well with Thandi,ong of similar ability to her, might
suggest that similar ability groupings are benefidn contrast, Agnes challenges this

notion, below:

Agnes: Probably we have the problem of socialisoggther, now we need
to overcome that problem.
Thandiwe: It's a matter of understanding one amottve learnt to accept

Lauren, so | don't go to her because | know sh@atan | picked it
up in maths. She’s a very good worker if she’s tokaalone, because
if | get there and | ask like x times x, and shiké “Thandi, you're
so stupid” — she can actually tell you!

[General agreement]

Thandiwe: And I'll go back and think | won’t go ter, meanwhile if she were
to... Like Kim, we can actually talk together. Buhink like...

[Commotion]

Jabu: Being with Thandi’s group helped me a Idhals increased my
science marks because it's got me to express myself

[Agreement]

Thandiwe states that “it's a matter of understagdine another”. This might
refer to academic ability, or it might refer to penality traits. Similarly, Thandiwe’s
remark that she will ask Kim for help, but not Lany suggests that personality, rather
than merely academic ability, affect group composis effectiveness. Both Kim and
Lauren are academically strong learners, but Lahasna more independent and
direct personality. Kim’s remark about having “casihg” people in her group
preventing the group discussion from having be&rcate (see p.203) might also
suggest the effect of personality incompatibilitytbe effectiveness of group
discussion. Jabu raises a further factor, commtiaicakills, in affecting the
effectiveness of group discussion, linking thigémder:

Jabu: | think girls have that communication, beealthink with boys... If
we get stuck we do like go to Kim, no matter.

As Jabu mentions here, and as was referred tdew ather places in this
interview, the boys in this class were found tdbsitant to discuss work with one
another. Mixing the genders was proposed as algessilution, with some support
given here for its success. For example, Themiohed that the inclusion of Cole, a
boy, into a previously all-girls discussion thepoeis evening, had enlivened the
discussion. Mixing the genders in group discussias tried in subsequent lessons,
and did seem to increase their participation (8301/02/07). This probably resulted
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less from this aspect increasing learner openhessather increasing the motivation

not to appear inactive and uncritical.

The remainder of this extract, given below, expdkedine line that exists
between freedom learners should feel to make earmighe need for these errors to
be exposed through critical discourse. The neguidtect learners’ dignity can be
seen in the apparent reason why Tim will go to Jaaestronger learner) for help
after class, but not during class time. This setenie that he does not want to appear
stupid in front of other learners who might overhigian asking James a seemingly
stupid question during class. Similarly, Thandiwagigestion that clumping stronger
learners (e.g. Lauren and Kim) together is unadesaelates to the issue of
managing group composition in a manner which ptetée dignity of learners and so
enhances their willingness to participate. She agtsclumping of strong learners
together prevents weaker learners placed in the sgoup from participating. She
relates that when, instead, stronger learnerssafated from other strong learners,
they are more approachable. On the other handheoissue of the need for critical
challenge by peers, Agnes raises the point thatrgdearners of similar ability in

one group does not provide the opportunity fortleaker to learn from the stronger

learners:

Tim: | also go to James, but after hours — bezdlsow...

Me: Then there won't be an audience?

Tim: Not really; when you're in class | won't undeand him. When we're
out of the class I'll say, hey James, how do yoalgout this.

Agnes: It could be you're tense in the class.

Thandiwe: How come in class don't you understand?

Tim: There are many people there.

[Commotion]

Tim: | don't get the chance to speak to him.

Thandiwe: Maybe it's because it’s like putting Kand Lauren together, and if
you come then you won't get anywhere.

Me: Whereas if they were separated it's diffePent

Thandiwe: Whereas it might be if James is alore@m comes, he thinks he
can help him, but maybe if it would be with someeise.

Silindile: Maybe each must find who they work welth, and work with them,
and when they get stuck ask others.

Agnes: But if you're all of the same level, yoeed someone to pull you up.

[Commotion]
(Interview: 18/08/06)
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Later in this interview Agnes suggested that | makist and rotate group
composition according to it. As a result of thitenview, | started jig-sawing groups,
i.e. changing their composition part-way througé discussion. This seemed to help
increase the likelihood that at least some of ithe positive combinations of learners
would arise. The benefits of altering group composipart-way through the
discussion are illustrated to a small extent oh7.. Here the procedure that Johan
had previously derived while working in one grougsipassed on to other members
of the class because of a rotation of group contiposi In Lauren’s 15/08/07 journal
comment (p. 151) she says that at the start afigeission she “had absolutely no
idea” how to explain how a solar panel works. Hogrewith each change in group
composition she gained a more complete understgridim various people with

whom she discussed the problem, until at the eadisderstood the whole.

From the discussion above | conclude that pairgaodp discussions are
potentially effective at encouraging safety andrm@ss in struggle, however, their
management affects whether this potential is redl@ not. One of these
management considerations is group composition effieet of group composition on
learning effectiveness is a complex factor. Noyatdes it affect how free learners
feel to openly undergo the struggle normal and se&ang to critical thought, but also
whether critical discourse occurs to help the gjling learner out of his/her error and
what knowledge is shared between group membensoédth the data does not
apparently suggest the superiority of any particsteategy regarding group
composition, it does suggest that changing a gsog@mposition part-way through a

discussion, i.e. jig-sawing of groups, is advisable
Journals

Another strategy found to be effective in suppattruggle was the use of
journals. These were initially meant only for detdlection for this study, but
additionally proved effective for creating an opetationship between learners and
the teacher. Learners frequently wrote their fgdim the journal, such as the
following:

Miss Stott ignores us when we’re having a debdite haid to come and be a judge.
But the subject is getting well and tougher bug itice and challenging but Miss Stott
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you're too ignorant to people like us, you sorpath us to the side and leave us there
to go to those ahead of us and pull them out, tleeme back to us. Better push one at
atime. (Sihle: L J: 01/02/07)

| wrote an apology back to this learner in his j@ly explaining that | had not
noticed his raised hand. This incident made me rsensitive to this kind of situation,
and my heightened sensitivity seemed to be theecaluthis particular learner
becoming highly motivated to work hard, as candendy the following excerpts
from the data, concerning him. This list illustsatee power of intrinsic motivation
which seems at least partly have been inspirechlypan relationship of mutual
respect between the learner and the teacher. Qorrdmg to this attitude change in
the learner, he rose from bottom to middle positiothe class between 2006 and
2007. Some of his voluntary notes, submitted tdaneomment, and written in a
guestion-answer style suggestive of metacogniaomgiven later.

Nice day enjoying my work coz you paid attentiorugoand that sort of encourages us
to pay more attention and concentrate more if ymuecand see our problem we have
and work with us to get the answer it was brillianish it carries.(Sihle: LJ:

14/02/07)

Sihle: Motivation.

Me: And what gives you motivation?

Sihle: Speaking to me and encouraging me.

Me: So the teacher encouraging?

Sihle: Yes, like if this child isn’t coping at smbl, going to him and saying

“you need to spend more time” — it really helped me
(Interview: 28/03/07)

Good inspiration through your comments of motivatio the note book and making
me look superior from inferior you made me capalblsetting good goals in Science
because of your motivation. (Sihle: LJ: 15/02/07)

And obviously afraid to disappoint you with my réspuafter you have gave a lot of
your effort on helping me! (Sihle: LJ: 08/03/07)

Not only did the journals prove to be valuable sesrof information to alert
the teacher of problem issues due to the openheg®nhcouraged, they also served as
ways in which the teacher could provide encouragemed guidance to the learners,

as illustrated by this extract:

Miss, sometimes your end comments even after @f lmistakes corrected by you
(which I don’t mind) makes a difference in my attie to the task. (Agnes: LJ:
31/01/07)
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This particular comment was made after | had rewithe learner’s draft
submission of the final task, covered in red malks,with no encouraging note at the
end. The learner, feeling discouraged, had writterentry given above in her journal.
| responded to her in her journal, pointing out thavas normal to struggle with the
kinds of tasks we were doing, and that if she penssl with the effort she was
evidently putting into her work, | was sure she Wiosucceed. The effect of this
simple response was immense. Her next journal ke(d&/02/07) showed that this
simple encouragement was the turning point indlsk for her, motivating her to
renew her struggle. When interviewed at the entietask, for which she achieved
83%, she was extremely positive about the expegieagain remarking how the
encouragement | had given in her journal had helygedo cope (Interview:
01/03/07).

In this section | have shown that struggle is amadrand beneficial component
of critical thinking, and therefore a classroonmte which views struggle as such
and which gives learners the security to be opehigstruggle, is vital for the
success of a critical thinking task. | have alsovpated evidence for the success of two
strategies, namely use of pair and group discussidrijournal use, in creating such
an environment. The importance of the creatiorushsan environment can further be
understood in terms of literature. Research hawshbat those learners who are
willing to make mistakes learn more effectivelyrtthose who shy away from
activities which might reveal their errors (Bransfet al., 2000). The struggle
inherent to critical thinking (Resnick, 1987), aslmas the high cognitive demand
which critical thinking must obviously place oniears (Niaz & Logie, 1993), is to
be expected to lead to learners making numeroossailiuring learning. This was
found to be the case even for a high achiever wleasaing of physical science |
studied (Stott, 2002). Without this freedom to mak®rs within a supportive

learning environment, it is unlikely that optimueatning will occur.

However, although creating an environment of opsar®necessary, it is
insufficient for encouraging critical thought. Thésbecause an environment in which
errors are accepted without challenge is inconsistéh critical thinking’s nature

(Paul & Elder, 2006b). This suggests that an emvirent in which learners and
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teachers are free to give and accept intellectualenge in critical discourse, is
necessary to enable learners to learn from theseeroerging from the struggle they
undergo. This is discussed below.

5.3.2. Ciritical discourse

Assertion 3.2: An environment in which learners andacher are free to give and
accept intellectual challenge is vital for a crita thinking task’s success.
This can be encouraged by various strategies.

Critical discourse is central to critical thinki@Dirks, 1998). It follows,
therefore, that an environment which encouragesstmould promote critical thinking.
In this section | analyse examples of cases whéreat discourse was clearly being
engaged in to illustrate the benefits associatel gvitical discourse. | then describe
strategies which | found to be beneficial in promgtan environment conducive to

critical discourse.

As the interview concerning management of groupkvpp. 184 to 186)
suggested, learners tend not to want to reveal tiieking if they feel they will be
ridiculed for this. However, without doing so, lited progress is likely to occur in the
sense-making process necessary for a critical ithgrtiask’s success. In the examples
referred to in the discussion below, learners laeakls of ability participated actively
in sharing their ideas even where these were estmd his freedom suggests that the
learning environment, at least for these particalamts, was conducive to
encouraging critical discourse. In this discussiargue that this freedom resulted in
the tasks engaged in being successful in promatitigal thinking. The first example
refers to a small group discussion, and the setmaderiod of direct instruction,

performed in an interactive manner.

For an example of critical discourse in a smallugrdiscussion, refer to the
discussion about a silk handkerchief stopping &b(pp. 175 to 176). This extract is
seen as an example of a group discussion in whaimérs and teacher undergo
critical discourse. At atmosphere of freedom teegand accept intellectual challenge

is clearly present. This is evident by the presari@number of instances of learner-
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learner, learner-teacher and teacher-learner edtmaturring (Erduran et al., 2004).
Besides illustrating critical discourse and an smvnent conducive to this, the
exchange is also interpreted as illustrating the vole that critical discourse plays in
a critical thinking task’s success. These includedvident engagement of the
learners, evidence that they are undergoing criticaking, and the fact that the
engagement did lead them to the required undersigantiheir active engagement is
shown, for example, by their exploration of detéigyond the minimum requirements
of the task, exploring, amongst other things, tifece of distance between the gun
and target on the likelihood of the bullet beingpgted. The reasoning they underwent
suggests reliance on criteria. For example, theytmut that N-3 applies in the case
of a jersey, so if its presence is the determienitgrion, then a bullet should be
stopped by it too. They also display sensitivitetmtext. For example, Thandiwe
points out that since an indentation would be madke silk during the bullet’s
impact, friction could occur since the bullet'sderwould have a component parallel
to the silk’s surface. Further, they are using thasoning to aid their judgement of
why a bullet can be stopped by silk, but not by elwample, the material jerseys are
normally made of. In other words, there is evidethes they are undergoing critical
thought according to the definition given by Lipm@®91). Further, productive
learning did occur as a result of this discuss&@mshown by the learners reaching at
least a degree of understanding of the issue bgrileof the discussion, and by them
all performing well in the final task in which thelysplayed this understanding (see p.
177).

The example referred to above was used to illestiat process and benefits
of critical discourse. The extract below furthémstrates this, during direct
instruction. In this discussion a wide range ofeas: academically weak and strong,
shy and bold, participated, all making errors aweiving correction. This example is
particularly noteworthy in that the class involvsdjenerally known as being non-
participative. This example will, later, also seasan illustration of some of the
strategies used to create an environment effestieéciting and encouraging critical
discourse.

| first showed them a computer simulation of thigetion of light off a plane mirror
for various angles of incidence. | asked them tibtensfown what they saw. | asked
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them to ask me for terms which might help themlbarer. Thabani asked what he
should call the line of light going to and from timérror. Prudence suggested incident
and reflected rays. Victoria asked how to refearigles. | pointed out the difference
between magnitude and orientation of an angle lasidwthen referring to an angle
one must have two lines that one gets the angledeet

| wrote these things on the board. Then | gavédhAmers some time to
improve what they had written and show it to soneeeise. | asked Ntombifuthi what
she had written. She said she was still writirgsked her to give me what she had got
so far. She said, “The incident ray is the reflagtbarrier mirror.” | wrote this on the
board and asked for comment from the learners.ivimgdaid reflecting barrier and
mirror are the same thing, so one could rathef'tsayincident ray is the reflecting
barrier”. | asked, though, what this means. Ntouothifcould not say.

Siphesihle then said “it is perpendicular”. | wrétés, and asked, “What is
perpendicular to what?” He tried to explain, butildonot, so | asked him to come and
show it on the screen. He pointed to the normal IBomeone helped by saying,
“That line is perpendicular to the reflecting barri | then asked what the
significance of this line was to explaining what kagd observed. Thabani said it
separates reflection from refraction. Mike saiid ithe line that the incident ray in the
first demonstration | had performed for them haérben. | said that | could have
made the simulation to have started elsewherdyaanas not of much significance.
Just after | had said this, Thabani said what Mi&d just said, and | repeated my

reply.

Jan then said, “It has an angle to the line pergetat to the reflecting
barrier that is the same on both sides”. | wroie down and asked for questions
directed to Jan that would help him improve his @mswer. Thabani said “What is
it?” Jan improved his statement to “the reflectedhay an angle to the line
perpendicular to the reflecting barrier that is $aene on both sides”. | wrote this
down and asked for questions or comments directddr that would help him
improve his own answer. Victoria said that he wadsiring to “both” - which
suggests two, but the reflected ray is just onggthian improved his statement to
“the reflected ray and the incident ray have aret@the line perpendicular to the
reflecting barrier that is the same on both sides”.

| said this made sense now, but was too long, snegded to introduce a
term which could cut out on some words. | explaittelmeaning of Normal, and
then asked the learners to all improve Jan's staterand write their improved
statement down. Stewart then remarked “but whas dweboth sides’ mean?”Later
Mike volunteered: “The angle between the incidaytand the normal is identical in
magnitude to the angle between the reflected rdytl@normal.” | wrote this on the
board and remarked that it was very clear and geebiut that we could still make it
shorter by introducing other terms. | then introetilithe terms “angle of incidence”
and “angle of reflection”. Stewart then said, “Aaglf incidence equals angle of
reflection”. (RJ: 21/04/08)

The fact that | am engaging in critical discoursthuwhe learners in the extract
above is evident by the question-answer challenggswhich | interact with the
learners. Further, the learners are clearly algaging in critical discourse with one
another. This can be seen by their challengeseaanther, such as Thabani’s
guestion to Jan “What i§?” and Stewart’ question to Mike “but what does hmth
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sides’ mean?” This process resulted in the clagsther deriving the Law of
Reflection. They did this by collectively applyiagcritical evaluation of their
attempts to verbalise their observations. Had arnot felt free to participate, which
involved making errors, challenging and being a@vadled, this process would not
have been possible. Therefore the freedom to undwitical discourse was vital to

the success of this critical thinking task.

In the discussion above, | have given two examiple@ghich critical discourse
occurred. | have briefly referred to the effectigss of the freedom to give and accept
challenge in the promotion of critical thinking,timese two examples. | now turn to an
examination of strategies to encourage criticatalisse. | will refer to the two
examples given above, and others, to support thereent | make concerning this. |
found evidence for the success of various straseghech encourage critical
discourse. These include modelling and expectatiofinquiry, prompting through
asking initiating and reflective questions, inciagdearner-learner accountability and
allowing for wait-times and a lag phase. Thesedaeussed in turn.

Modelling and expectation

Continual modelling and expectation of criticalatiarse by the teacher seems
to create an environment in which learners engageitical discourse amongst one
another, as well as internally with themselves. Eav, this is a long-term process. |
approached every lesson throughout the study wighatttitude. This includes a
continual challenging of learners to examine stat@sagainst intellectual standards
(Paul & Elder, 2006a) such as clarity, accuracggcsion, relevance, depth, breadth,
logic, significance and fairness. This expectatsitiustrated in the extract in which
learners derived the Law of Reflection (p.191)xpected learners to be clear and
precise. For example, | expected Siphesihle tafglais statement “It is
perpendicular” by asking him “What is perpendicutawhat?” | expected learners to
evaluate what they were saying in terms of itsifigance to the problem at hand. For
example, | asked what the significance of the nbfima was in generalising what
happens during reflection. | expected learnerotwitler the relevance of

information. For example when Mike said that thenmal line was the line the first
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simulation’s incident ray had shone along, | painteit that this was not relevant to a

general rule of reflection, since | need not haaeted my demonstration in this way.

Evidence which suggests that this expectation aodetting does eventually
get emulated by the learners includes numerousdigans of learners challenging
one another in a similar fashion, using questiath @s “Why?”, “How do you
know?”, “How can you test that?” and “So?”. Exangpie the extract above are
Thabani’s question to Jan, “Whatii8” and Stewart’ question to Jan, “What does ‘on
both sides’ mean?” Additionally, learners made cants such as the following
concerning this matter:

Tim: These holidays my family and friends theyrtetd to push me away
because every time | talk | try to...

[Laughter and agreement}

Tim: Then | tell the person to be clearer, andthineg is | know actually
what the person’s saying, but | want the persdretolearer.

[Laughter]

Tim: And they ended up telling me | must write atdinary and become a
teacher.

Kim: It's become a habit. Especially in Biologymeone says something

and you say, “clarity!”
(Interview: 03/11/06)

Definitions of critical thinking generally includeetacognitive aspects, such
as self correction (Lipman, 1991). Consequentlg, @hidence that at least some
learners seemed to apply this critical discourg@ea own internal dialogues is
particularly interesting. This was seen in the gahself-dialogue style a number of
them took towards writing summaries of their untarding of the work. Evidence of

learners taking this strategy includes statememi$enauring interviews, such as this

one:
Silindile: Even in my notes | realised questiors aifective.
Agnes: It structures your answer.
Silindile: Because sometimes if you just have tiena paragraph it's
overwhelming, but if you ask yourself questions itiuch better.
Me: And what gave you that idea?
Agnes: The slide shows.

(Interview: 01/03/07)

An example of this question-answer style taken lyyrof the learners in
voluntary notes they wrote for themselves and gavee to check, is given in

Appendix B, and reproduced below.



195

When | kick the ball | apply a force on it whichdempression force and it pushes me

back, also applying the force | applied. So why'tbgo flying as it does? Because

of my mass or weight compared to its mass it's ingticompared to me. But this ball

has got kinetic energy, is that's why when | kicktimakes a noise and when it lands

on the ground it makes a sound. I'm applying adao a ball therefore I'm doing

work on the ball then KE from me is transferredhe ball.

The law says when an object moves further awayoitee of attraction between the

two decreases. In other words the gravitationaldds inversely proportional to the

square distance between the particles. Likewigbeitwo particles have a less square

distance between them; if they are very close ¢b ether then the force of attraction

will increase.

What | think: Let’s look at this, when a persotindhe deepest part of the ocean it's

hard for him to come to the water’s surface:

Reasons are: (True or false?)

- He can’t come to the surface cos of the water'ggliteon top of him. But why
don’'t we normally feel the water’s weight when we @ the water?

- There's less distance between me and the earthtsecdherefore the force of
attraction is higher.

(Sihle: Voluntary notes given to the teacher fanozent: 08/02/07)

Further, a few journal and interview remarks wenend to refer to self-
corrective metacognition. An example is given below

While doing homework | suddenly realised | was agknyself “Why?” “So?” — that,
I think, got me thinking more critically. Spent bzdly my whole evening thinking
about the egg issue. (Kim: LJ: 24/02/07)

For some periods of time during the study | hai lef the elements of
thought, intellectual standards (Paul, 1993), gatior causation and research
evaluation (Epstein, 2002) as posters on the Wwaibuld frequently refer to these
during teaching and task performance. | found tkahaable teaching aids for myself
(e.g. RJ 16/05/07). The learners, however, reppeted in an interview on 18/08/07,
that they did not spontaneously refer to them m@shthe other hand, the learners
did comment that my continual reference to thedger@ was instrumental in
developing a general habit of critical thinkingtire class (Interview 03/11/06). This
suggests that using and enforcing criteria thrauglelling and expectation is

necessary for them to be internalised. Simply digpg them is insufficient.
Increasing learner-learner accountability

Learners reported that being expected to displdiyidual work to a fellow
learner for further discussion motivated them tarfwee critical, productive and

produce higher quality work (Interview: 12/05/08his seemed to be particularly
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effective when this involved learners showing theirk to learners of the opposite
gender (Interview: 03/11/06). This is a form of passessment, and the effectiveness
observed is consistent with Hiler & Paul’'s (2008w that learners are more likely to

be self-critical if they know that their work wible examined by peers.
Allowing for lag phases.

The observation of an initial lag period in whidfié productive activity
seemed to be happening, followed by an intensegeifilearner activity, was a
general characteristic of discussions relateddati@al thinking task (e.g. RJ:
09/05/06). This initial lag phase can lead to teecpption that the task has failed to
elicit the desired response, and so should be alp@al e.g. by the teacher supplying
the answer or simplifying the task (Blumenfielcheét 1987). As a teacher, | am aware
of the anxiety which arises when learners cannleegaroblems soon after they have
been posed. Provision of the solution, rather thaiing for a response, can remove
this anxiety. However, this practise seems likelgmcourage development of the
kinds of attitudes Hobden (2000) found in Southigsn learners, taught in traditional
style classrooms. These learners displayed no sém@seeed to struggle or deal with
longer problems. Instead, they had a general peocethat it should be possible to
solve problems quickly. This suggests that theyhinigpt have been expected to
undergo long-term struggle with a task. Howevesgggms reasonable to expect that
tasks requiring critical thought should requirecad deal of time and mental effort
before visible progress is made in the solutions Thsupported by the view that
during higher order thinking “the total path is tnasible’ (mentally speaking) from
any single vantage point” (Resnick, 1987, p. 3).

The discussion above suggests that allowing faggekriod is necessary for
the success of a critical thinking task. This meaitBholding direction for a while
despite learners’ apparent lack of self-directibims is consistent with the general
finding that learner engagement in each of thécatithinking tasks used in this study
began with a lag phase, as well as with occasiewvidence of what learners were
doing in this time, e.g. “I was thinking: Is aca@ton increasing or is it constant? —

and that’'s how we eventually got started” (Kim:tiew: 12/05/07). In this study |



made allowance for lag periods, i.e. | did not cggpto the learners’ apparent

inactivity by giving the answer, simplifying thestg or immediately providing

guidance. This appears to have been beneficiadstified to by the success reported

on throughout this dissertation. This view alsaesponds with research which

stresses the value of wait-times to promotion iced thinking (Tobin, 1987).

Management of lag periods, though, is tricky. Wiiiley need to be allowed

for, as shown above, there is also the very ressipdity that doing so may encourage

passivity due to a lack of self-direction and mation. In such cases, inactivity on the

part of the teacher in the name of allowing for pegiods can waste limited time. An

example where the potential for this time wastag#ustrated follows.

Learners were instructed to evaluate various seéesfor logic, first individually

and then in groups. Ten minutes after the insiondtiad been given, the boys had still
not organised themselves into discussion grouph,amumber of them sitting
passively, and one reading a book. | had to figuebt drag them into groups and get
them started. Twenty minutes later their discussiaa very animated, but
unfortunately | had to bring it to an end, sincelvag run out of time. (RJ: 24/04/06)

A further difficulty in managing lag periods is tiesue of how long they

should be provided for before the teacher doesigeayuidance. As discussed

previously, expecting learners to undergo long-tetggles with little direction is

incompatible with the time-frame of the curriculultnis also unlikely to result in

sound conceptual development (Driver, 1983). Aggiby the following reference to

findings by Eylon and Reif, 1984 and Dufresne gtl892, guidance is vital for

efficient time usage, and so lag phases must bedeaitdsome point and provision of

guidance begun.

These examples demonstrate the importance of dafépractice and of having a
“coach” who provides feedback for ways of optimgimerformance. If students had
simply been given problems to solve on their ownifetructional practice used in all
the sciences), it is highly unlikely that they wibhlave spent time efficiently.
Students might get stuck for minutes, or even hanrattempting a solution to a
problem and either give up or waste lots of tinBragsford et al., 2000, pp. 174-
175).

Therefore, the teacher is in the difficult positmimeeding to ensure that time

is used effectively while also not removing the &station that learners do undergo

critical discourse and develop an attitude of bgirepared to participate in a long-

term struggle. | suggest that allowing for lag @%ais a strategy which contribution of
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achievement of critical discourse. This must beediora manner which displays an
expectation that learners undergo critical thinkimgt which is monitored with
sensitivity to issues of effective time usage drelrieed for appropriate guidance.
This sensitivity should guide decisions on whenghgses should be ended, at which

point the teacher may engage other strategies,asuttiose discussed below.
Co-inquiry

In the discussion about silk stopping a bulletegivn pp.175 to 176, |
underwent inquiry together with the learners fort pathe discussion. | had not
considered the role of friction in the bullet’'s d&ration, and so Thandiwe’s
suggestion that friction helped slow the bullet dawade me think about whether this
seemed reasonable or not. | initially thought thegt was not significant unless there
was a component of the bullet’s motion parallghi® surface. | told the learners this,
with motivation, i.e. pointing out that friction ynacted in response to a force parallel
to a surface. Thandiwe rebutted this by pointingtbat the indentation caused by the
bullet resulted in sections of the jersey beingantact with and parallel to the force
exerted by the bullet. This discussion illustrdieth my role as a co-inquirer and the
effectiveness of this on promoting learner rebuttahsidered a characteristic of
critical thinking (Erduran et al., 2004).

Prompting

Besides undergoing inquiry with the learners duthmgbullet-silk discussion,
| also directed learners’ thinking towards the taslolution by using prompting
guestions. Examples include asking Thandiwe whybtliet loses momentum, asking
Lauren what the fact that the silk is getting tegrand tighter causes. These inputs
seem to have helped propel the discussion towhedsdientifically sound conclusion.
This view that active teacher participation in teardiscussions is vital to the
discussions leading to the development of correateptions is consistent with
research done in a South African class room by éwidz et al. (2001).

The prompting strategies | found to be effectiveinecting critical discourse

can be divided into two categories on the bastbaf purpose: those which initiate
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discussion and those which encourage critical egfie. Initiating questions include
asking learners the meanings of terms, requirenwéraad information relevant to,
the question, and related concepts and principleBective questions include asking
learners the meaning of, or calling for greaterigjan, their statements, calling for
the relevance of statements to the problem, and@#&arners how they could test

whether their statements are correct.

Asking initiating questiondn the following extract | transformed learner
inactivity into what later became an active anddpiciive discussion, through use of
initiating questions. | asked learners the meanirgterm relevant to the problem,
namely acceleration. | also asked learners whatetipgirements of the problem were
(“Where are you trying to head?”), although | dmt follow through on this here,
limiting the usefulness of this question. | expddearners to state information given
in the problem (“What do you know?”), which wasegfiive in propelling the
discussion forward. Concepts related to the probfertude displacement and
velocity. | did not question the learners on thiesthis extract. On reflecting on the
lesson after transcription of the audio recordifigacher Journal: 09/05/06), | realised
that this omission was a mistake since the learfined explanation indicated
misconceptions related to a poor distinction betwiéese concepts.

[ went to Seth, Tim, Sihle and Sakhile’s groupeYhvere sitting quietly, apparently
doing nothing. | asked them what they were doirgeyTdid not answer. | asked them
if they were sitting waiting for the answer to fallt of heaven on them. They said
yes. | said that does not happen: they have telséar the answer.]

Tim: Where can you look for it?

Me: Well, start by thinking what acceleration mga

Seth: Change in velocity per time.

Me: So what does an acceleration of 6m/s/s mean?

Seth: It means every second (long pause) evepnsddt changes 6m/s.

[Pause]

Me: Fine.

[Pause]

Sakhile: Why is Miss looking like this?

Me: Because I'm waiting for you to realize thatluielp you with
something.

Sakhile: Oh.

[There was a pause and then they made some reataolis not knowing how this

would help.]

Me: Where are you trying to head?

[There was laughter and remarks suggesting thepatideally know.]

Me: What do you know?

Tim: It moves at 6m/s/s.
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Me: It MOVES at 6m/s/s?

Seth: The velocity changes at 6m/s/s

Me: And what was the velocity at the start?

Seth: Zero. After 1 second.....

[Pause.]

Sakhile: Miss, you can come back later, we’llaryour own.

(Audio Transcript: 09/05/06)

Asking reflective questionshe discussion on reflection of light off a plane
mirror, given on pp. 191 to 192, illustrates hoadeer prompting made learners more
reflective. Asking Ntombifuthi what she meant iryisg “the incident ray is the
reflecting barrier” is an example of challengingrgers on what they mean by their
statements. In this particular example, this cingedid not seem to progress the
discussion helpfully, but hopefully did contributeenhancing learner self-reflection.
This challenge, as were all the others too, wasdska respectful manner in an
attempt to preserve the dignity of the learnersoa to abuse her openness. Asking
Siphesihle to improve the clarity of his stateméihis perpendicular” by asking him
“What is perpendicular to what?” did propel theadission forward. It led Siphesihle
to indicate what he meant, which led another lgamgolunteer that the line was
“perpendicular to the reflecting barrier”. | thealled for an evaluation of the
significance of this line, i.e. the normal, to eflion. This is an example of
guestioning the relevance of a learner’s statenwettte problem. This led Thabani,
Mike and Jan to give suggestions. | questioned Mdikeggestion for relevance, and
Thabani questioned Jan’s suggestion for clarityt. dhdy did my reflective questions
propel the discussion to a scientifically fruithdnclusion, but they also seem to have
been instrumental in getting learners to model mgstjoning in questions directed to

their peers.

Other examples of calling for an evaluation of tbkevance of statements to
the problem include the following. In the discussan electrostatics (p. 99), |
guestioned learners on the relevance of condugtiwitletermining whether a material
would pick up pieces of paper after being rubbedatr In the discussion on why a
silk handkerchief can stop a bullet (p. 175), Isfiemed learners on the relevance of
the silk’s elasticity to it being more likely toogt a bullet than a less elastic material
would. Additionally, the electrostatics discuss{pn99) illustrates use of questioning

to make learners think of how their statementsddel tested. For example, | asked
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learners how they could test whether heat condiicinas the significant variable in
determining whether a material would pick up pieaiegaper after being rubbed or

not.

In this section | have shown that creation of avirenment in which learners
and teacher accept and provide intellectual chgdleis vital for the success of a
critical thinking task. Such an environment is insistent with an authoritarian view
of teaching and learning. According to this, teashtext books and scientists are seen
as undisputable sources of knowledge (Watts & Bgnl984). Not only is the kind
of ideology contrary to the physical science nadlarurriculum’s aim of portraying
the contested nature of science (PS LO3AS1), bsiailso incompatible with the
implementation of critical thinking tasks, giveretbentrality of critical discourse in
critical thought (Dirks, 1998). | have also dis@isarious strategies emerging from
this study as being effective in promoting sucteamironment. These are: modelling
and expectation, increasing learner-learner acedility, allowing for lag phases,
undergoing co-inquiry, and prompting. These wemégomed with an awareness of
the intellectual traits characteristic of critithbught, such as intellectual courage,
humility and perseverance (Paul & Elder, 2006d}l waith an intension of developing
a disposition to think critically (Bailin, 2002hus hoping to model and inculcate a
belief system conducive to critical thinking, irateers.

5.4. TASK ADJUSTMENT FOR INDIVIDUAL LEARNERS’ NEED S

Assertion 4: Various strategies can improve attalmléty of a critical thinking task

by a wider range of learner abilities than possibléthout these strategies.

5.4.1. Group discussion

Assertion 4.1: If the majority of the class is t@linvolved, group discussion is vital
for a critical thinking task’s success. Managemesitrategies affect the

effectiveness of this.



202

Advantages

Group work was found to increase task attainabldytywveaker learners.
However, its effect was not limited to this. It wiasind to enhance the performance of
all learners through the synergy that a combinatidknowledge and insight from a
number of learners, each having a partial undedstgnresults in. The necessity for
dialogue, during group work, was also found to gbnte to creation of an
environment conducive to critical discourse, asdie=sady been discussed. The
following response, together with 261 similar conmtse testifies to the value of
group discussions in the success by all learneascoitical thinking task:

I just don’t know how to express myself. | thinkuas the best science lesson I've
ever had. Group work works for me. At the beginrimgasn’t sure when we
discussed, but as everyone had an input, | figauedhe answer. | enjoyed it because
we were open to one another and shared ideas leweght you might have been
wrong, we helped one another and at the end aldfiewe all gained!!! (Cole: LJ:
25/01/07)

Group discussion seems to have improved task abigity. Examples which
suggest this include Musa’s comment that Joharptaeation helped him to
understand (p. 123), as well as the observatidnthieadiscussion between Johan,
Arthur, Wiseman, Petrus and me led Petrus to mi@tersents which suggested that
he had come to understand the concept of averdgetyeand its value in finding
displacements undergone (p.127). Other indicatibatsgroup discussion improves
attainability include a comparison of the 2006 2007 grade 10 waves’ modules.
Much class discussion was allowed for in the firghlementation, namely lifours,
and very little, 2,5 hours, in the second. The firee the task was implemented, it
was more attainable for weaker learners than itthvasecond time around (Figure
4.12, p. 146), when four of the 16 learners acldevadow 22%. One of these learners,
on being interviewed, remarked:

Sometimes | couldn’t understand actually while yere busy talking... and
sometimes | was too afraid sometimes to ask questidich seem sometimes very
stupid questions — | was afraid of other people sédnpit's a stupid question....

... While reading alone with no-one explaining ggsnwhich are written in the book,
it's hard to... (Hlonipha: Interview: 11/05/07)

This learners’ statement shows the limitation oécli instruction (“sometimes
| couldn’t understand actually while you were btaiing”), as well as individual
work (“reading alone with no-one explaining thingg's hard to...”). This suggests
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the need for collaboration during sense-makingdepto ensure attainability.
However, this clearly needs to be managed in awagh encourages learners to feel
safe in exposing their weaknesses (“I was too @fsametimes to ask questions which

seem sometimes very stupid questions™). These genant issues are discussed

later.

One of the reasons for group work’s potential sesae that it enables learners
to bring different ideas and individual partial enstandings together (Gunter et al.,
2007). Comments made by learners to this effettdecthe one made by Cole, on
25/01/07 (p. 202), and the one made by Kim, below:

With the Ferrari and Cheetah we started off nowking how to do it, but then each
one said what they thought might help, and thearsthdded, and so we eventually
helped one another to see how to do it. That gveank was quite good. It also
depends on who is in your group. If you've got somesconfusing in your group,
then eventually you just sit back and give up. Lskenetimes you say something and
the person believes it but doesn’t believe it it thay and then throws you
overboard. But the group | worked in really helpgdm: Interview: 12/05/06)

Management

Group compositionAs Kim mentions above, group composition is a ialuc
aspect of the effectiveness of group discussiorebd/Nemer, & Chilzhik, 1997).
However, the effect of group composition is complleruldsworth & Mathews,
2000). Grouping learners according to mixed abHigg the advantage of stronger
learners helping weaker learners (Webb et al., 199¥s was found to be beneficial
for both parties. Learners commented that theyeghby listening to the explanation
of another learner. Examples include Musa’s comroébeing helped to understand
by Johan (p. 123), Jabu’s remark that “if we getlst they would go to Kim for help
(p. 185), and Tim’s comment that he would go todsaifor help (p. 186). Further,
comments, such as the one below, suggested thigattmer doing the explaining also
benefited from this. The comment is given by argjriearner. During the group
discussion she was referring to here, it had se¢met that she was personally
gaining nothing from helping weaker learners. | wiesrly wrong in this impression,
as suggested by her comment:

What also helped was having to explain it over avet. You get to know what words
to use. Because usually you've got it in your hémd you don’t know how to express
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it, but then slowly by listening to other explaoais you get it clear. (Antoinette:
Interview: 19/10/06)

On the other hand, this can sometimes be time-ooinguand frustrating for
learners who have already mastered a section,rarfteld back from progressing by

being required to explain to their peers. For exemp

I enjoy thinking problems out, and the best wagxjlaining things, though my
mouth did become dry explaining the same things amd over just in a different
way. | would like discussing the problems with pleopho understand as much as |
do. | would enjoy that much more. (Sofia: LJ: 2907)

Further, weaker learners might feel intimidated mvpat together with
stronger learners, particularly when outnumberethbyn. This is suggested by
Silindile’s comment, below:

If I'm put with Sonja, Kim and Lauren | feel verynall and | just have to listen to
them because they just understand. (Silindilerwges: 18/08/06)

As has already been discussed, jig-sawing the grooposition (Gunter et
al., 2007), i.e. splitting and recombining grougthwdifferent compositions part way
through a discussion, seems to reduce the probieised above. It seems to increase
the likelihood that a profitable combination offeers in a group will exist for each
learner for at least some of the time. It also aidss-pollination of ideas and so
increases the likelihood that the various fragmeéntederstandings of the whole will
be shared amongst the learners in a way that coesplee whole. This is testified to
by Lauren’s comment on p.151 and by J-P in the centrbelow:

I think it was also with mixing of the group. Besau remember in one case there
was a certain point that was overlooked. And inglaip we were thinking about it
and wondering why can’t we get to it, and then wéched, and they brought in that
point, and all of a sudden we realised that we’'ssed a step. (Phil: Interview:
19/10/06)

Group sizeGroup size is also important in determining sus@dggroup
interactions (Houldsworth & Mathews, 2000). Fastyall group sizes of
approximately 4 learners per group, were genetegd in the study. This appeared to
create the necessary climate to encourage patimipaf all members, as suggested
by Bongiwe’s comment, below, while still having cient membership to ensure
that the combined knowledge of the members woulslufigcient to allow for

satisfactory progress in the task.
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Bongiwe: In a big group you don'’t get enough timeay what you know about
it, or if you've got a problem, you can’t expressasily, because
you're like the other one is talking, and you dagét time, then you
just forget about the question you wanted to askvetmat the other
one asked, and then you eventually get mixed upowtitiooking into
your real problem.

Me: So the groups mustn’t be too big. About hoang?

Phil: | think 3-4

(Interview:19/10/06)

Teacher activityActive participation of the teacher in learnergwavork was
found to be a vital ingredient of an effective taa& well as being consistent with
literature (Ankiewicz et al., 2001). In this stutlys was done through questioning,
probing, and information supply, as was discusseliee. In a questionnaire response
to the item “What was helpful in this task”, conel@ after a group discussion during
grade 10 electricity in 2006, 12 comments were nigdihe 23 learners referring to
the importance of the teacher participating acyivelgroup discussions. These
included the following:

When ma’am was with us she made us think twice gdeewe thought we’'d come up
with the best solution.

It was not easy, | struggled on it and | could@pe without a teacher.

The discussion had a great effect and | understawén better when Miss Stott adds
something to what we had said or she corrects wghaiht we as a group had said.
(Questionnaire Responses: 01/02/07)

Comments such as these are abundant in the daa. €amples include:
“Having Miss around really helped me a lot becals=kept asking questions until |
understood” (Phindile: LJ: 25/01/07), and “appré&smibthe way you taught us and then
walked around and checked on us” (Cole: LJ: 13/D2/0

The above discussion suggests that group workasegeattainability by
weaker learners and is therefore vital if a crittbanking task is to be successful for a
wide range of learners. This is consistent witteotlesearch done in the area (Webb
et al., 1997). It can be explained by the scaff@dihich stronger learners offer,
enabling weaker learners to progress into their ZBfansford et al., 2000).
Additionally, it has other positive effects apphbato all learners, not only the
weakest. As previously discussed, it is, howewerg{consuming, and therefore
cannot be used on a very large scale within théegbof the SA PS curriculum.
When used moderately in conjunction with scaffaidiools, however, both the



206

advantages of group discussions as well as an pipgi® usage of time can be
achieved. For it to be used to optimum advantagmidiscussions need to be
managed appropriately. This includes attentiorssoes of group composition and
size, where it seems that small groups, whichigregwed, i.e. the composition of
which is changed through the course of the disoussire generally the most

favourable. Active teacher participation in grougcdssions is vital to their success.
5.4.2. _Scaffolding

Assertion 4.2: Scaffolding tools are required tocirease the attainability of tasks to

more learners.

It was found that scaffolding tools supporting eygaent with the subsuming
problem were vital for ensuring task attainabibtyacademically weaker learners.
Samples of scaffolding tools found to be effectwe given in Appendixes J and K.
The value of these, when answered individuallypfeéd by group discussion, for
promoting critical thinking, has already been dssad (pp. 142). Their value for
enabling a wide variety of individual learners tadergo an effective critical thinking
learning experience, as well as findings concertiiiegy composition to ensure this,

are discussed here.
Value

A comparison of the second and third implementatioitheTsunamimodule
underlines the value of scaffolding tools. Thipasticularly so for weaker learners
and those with poorly developed time managemeiis skly 2008 grade 10 physical
science class was weaker than my 2007 grade 1€ &aspite this, all 16 learners in
2008 managed this task, whereas four out of tHedr@ers in the 2007 group had
failed it. The strategy differed between the ygamnarily in that five interim reports
were introduced as scaffolding tools in 2008, drebé served as homework and
group discussion foci. In contrast, in 2007 thes@ heen absent, with only a loosely
structured mind-map provided as a guide to inforomatollection during the teaching

period.
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A closer look at the statistics of performance,146), shows that the
performance of the top learners in 2007 differ&telfrom that in 2008. In both years
seven out of the total of 16 learners scored Atsthnee learners scored B’s.
However, a look at the weaker learners’ performamavs that the gains between the
two years were made on the lower end of the spactim 2007 four of the 16 learners
scored 22% or lower. In contrast, only two of ti#®& learners scored below 60%,
with all of these above 40%. Interviews with ea€the four learners who had failed
this task in 2007 revealed the need for a timefapstrategy. They also said they
needed a resource they could refer to when produbimfinal presentation. For
example, Hlonipha remarked that he did not knowre/he find the answers, and that:

sometimes we feel like lazy and we postpone thamgsthen suddenly when it's close
to the deadline, then... (Hlonipha: Interview: BIY)

The scaffolding worksheets provided both of thespiirements. They paced
the learners’ engagement with the problem, sineg bad to be submitted on certain
dates for formative assessment by peers duringogitmeussions, and by the teacher.
They served as an opportunity to amass informagtavant to the target presentation,
and thus served as an easy reference resource dsrproduction. These benefits
were not confined to helping academically weakarrers, as testified to by
statements such as the following, from a 2008 gifdearner who scored only A
symbols for every assessment throughout the year.

| needed a little help with the reasoning out @f pihoblems, but once | understood it
was easy. The interim reports were a great helthat them the final task would
have been difficult. They helped me to underst&edaroblem. Without them | did
not really know what to do. (Victoria: LJ: 27/02)08

The value of the scaffolding tools can be undesiaderms of Black’s work
on the value of formative assessment (Atkin & B|&B03), as well as seeing them as
aids which reduce cognitive load within the limitgahce of working memory (Niaz
& Logie, 1993). Their particular value for increagiattainability for weaker learners
can be explained by the view that for such learneosking memory limitation is
more pronounced than for stronger learners, anéfitre the aid offered by the tool is

more necessary.
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Composition

During the study, | found that scaffolding tool®ald include closed basic
knowledge questions, such as definitions, unitsiys, and equations, as well as
open conceptual and application guiding questidhs.importance of inclusion of
closed basic knowledge questions in scaffoldindstaad preparatory exercises is
seen by comments made by learners to this effeespponse to the 2006 grade 10
mechanics module, where all questions asked wgheehorder questions. An

example is given below:

When you start to kick a ball, someone has to tgach So we can't do a difficult
task. When you haven't been kicking the ball fargo(Jabulani: Interview: 12/05/06)

Thandiwe: Wouldn't it be possible that the taskgdhsome parts that can
involve someone who is low down, and other pards ithvolves the
clever ones?

Me: Not all difficult?

Thandiwe: Not all difficult; otherwise we’re notaying; we're not all the same,
and maybe I'm trying to get something, and thero&d sudden you
have to have this question and you've got to stanggling, and its
all over the board, and then you just sit and saathe teacher.

(Interview: 12/05/06)

The need for inclusion of basic knowledge questisrt®nsistent with an
understanding of the limiting effect of cognitiveab on learning (Niaz & Logie,
1993). Summarisation, and, hopefully, to an extenttinisation, of the basic
information, which answering such questions aimecaieving, should free up space
within working memory to enable the learner to degh the deeper aspects of the
task. Even if such an activity fails to routiniée tbasic knowledge for the learner, it at
least provides an easy reference source whichlsarsarve as an aid to cognitive
load reduction. The importance of including botbgadural and conceptual questions
in scaffolding tools, which has been discussedezars understood in terms of the

curriculum valuing both of these forms of knowled@®E, 2003b).
Monitoring

| found that it was necessary for the teacher tbriveabout expecting quality
work, since this is not produced inherently by teass. It was found to be usual for
learners’ written responses to be scant, with hoonkewften not being done (e.g.
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RJ:13/02/06, 20/03/07, 15/05/08). Until learnersdmee self-regulated, they need this
kind of extrinsic motivation monitoring their woduality (Slavin, 2000), and without
this are not likely to undergo extended interndlaal discourse and develop the
necessary knowledge and skill base to be abledergo critical discourse with their
peers. Hence, monitoring the quality of learneesponses to the intermediate

scaffolding tools is crucial to the success ofiacal thinking task.

Evidence to support this is given in the 2008 gratienechanics task (p. 139).
Here, the learners performed poorly in the seabicthe final task corresponding to an
interim report which | had not checked, relativarose sections | had checked.
Besides the monitoring of interim reports, it wangrally found that many learners
did not do homework of any nature faithfully unl@ssnitored directly, even in grade
12 (RJ: 15/05/08). The importance of enforcingtthme-schedule of the scaffolding
tools is suggested by the poor performance of ébtine 2007 grade 10 learners in
their summative assessment task on waves, dueotdipge management. In contrast,
enforcing the completion of interim reports witlampredetermined time-schedule, in
2008, was associated with attainability by all teas. These findings are understood
in terms of the need for extrinsic regulation ulgdrners are able to self-direct their

own learning (Slavin, 2000).

Despite the general observation that learners oeetihual monitoring to
ensure production of quality work, a number of tesis were found to be highly
intrinsically motivated to work beyond minimum reéguments, especially in relation
to the long rich problem tasks used. Evidencet include five learners from each
of grade 10 and 11 submitting extra tasks for bdaughe mechanics section in 2007,
and learners frequently submitting voluntary ndtesme to check (see, for example,
Sihle’s thoughts on p. 195). Such learners seemeespond better to support than
monitoring (LJs: 13/03/07). These learners includeth academically weak and
strong learners. This suggests that it is too sstplto assign the strategies suggested
in this section to being needed for improvemerthefperformance of academically
weak learners. In some cases, it is rather thenhedivated learners or those with

poorer time-management skills, for whom these esgia are crucial for task success.
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However, | suggest that these strategies improwatiecess of the instructional

strategy for all learners when applied with semstito individual needs.

The discussion above suggests that use and enfent@fscaffolding tools
can enhance a critical thinking task’s attainapiiidr weaker or less motivated
learners, or those whose time-management skillkeasewell developed, while also
benefiting learners who do not fall into any ofsaeategories. The discussion has
also pointed out that attention should be paidh¢ocomposition and management of

such scaffolding tools.

5.5. CONCLUSION

In this chapter a number of assertions have beele imaanswer to the study’s
research questions. These have been supportedHeostudy’s data. | assert that the
following are influential in determining the effecness of an instructional strategy
aimed at promoting critical thinking: certain tagsign characteristics, the
sequencing of task engagement relative to direttuantion, and hence the kind of
reasoning it requires, teaching strategies whielteran appropriate learning and
teaching environment, and strategies for providargask attainability by a wide
range of learners. Task design characteristicsiwduie particularly influential in
determining success are the task’s ability to qapearners’ interest, the task
complexity, and a focus on conceptual explanationas found that both inductive
and deductive teaching strategies can promotealrifinking, but that inductive
strategies should be used with caution, particpiarthe context of the confines of a
content-rich curriculum. A variety of strategiessadeen proposed for the creation of
an environment conducive to critical thinking prdion. These encourage safety and
openness to engage in struggle while also promeitngggement in critical discourse.
Two strategies, namely use of group and pair dgouns, and use of scaffolding tools,
have been proposed to expand applicability of uasiton to a wider range of learner
abilities.

These assertions are grounded in the data, arabasalered to be valuable in

aiding the improvement of practice (Zuber-Sker@@01). It is hoped that readers
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have been able to abstract elements relevant itddlcalised conditions so that the
impact of this study will extend beyond the confireg my classroom (Stake, 1994). |
end this dissertation by giving a summary of thuelgt and suggest its implications for

research and practice, in the final chapter, wkatlows.
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CHAPTER 6
SUMMARY AND IMPLICATIONS
FOR RESEARCH AND PRACTICE

This was an action research study aimed at impgowip teaching practice by
improving the promotion of critical thinking amondsarners while learning physical
science within the South African national curriauluJnlike some positivistic
approaches to research, in which variables areated from without, a study such
as this is situated within actual practise with pligpose of understanding, from
within, the complexity of a real situation (in MdffN& Whitehead, 2006, p. 17).
While the purpose of my study was primarily the rimgment of the localised case
under study, a number of authorities in educatesearch suggest that the telling of
stories by practitioner-researchers is potentidlé/most effective way of improving
practise, as readers are able to abstract froradt®unts aspects relevant to their
localised setting (e.g.Atkin & Black, 2003; Hollisgorth et al., 1997; Mc Niff &
Whitehead, 2006; Zuber-Skerritt, 2001). It was mtgmtion that this would happen in

my case.

Taking a pragmatic approach to research (Cress2@i3) and guided by my
realist leanings (Krauss, 2005), qualitative da#s wathered by participant
observation aimed at sensing the complexities@tttuation under study (Merriam,
1988). The accumulated data corpus spans thres gedris composed of audio- and
video- recorded lessons and interviews, my persigldlnotes, learner
guestionnaires, learner journal entries and muaimér written material emanating
from their working with the tasks | designed. Datdlection, analysis and
interpretation were done in a reflective, inductieygclic manner (Taber, 2000),
guided by research questions with a focus on thakacteristics, the most effective
teaching sequence, the role of the learning enment, and meeting the needs of
different learners, so as to effectively promotéaal thinking.

A detailed description has been given, in Chapter Fof my journey of

action and reflection during the three years, @bésreaders to understand my
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viewpoints and to form naturalistic generalisatiohgheir own (Henning, 2004;
Merriam, 1988; Stake, 1994). This was followed by analysis, interpretation and
construction of assertions concerning the promatioeritical thinking. This analysis
and interpretation was done keeping in mind thesttamts of working within the
South African physical science national curriculang guided by both the theoretical
framework, and the research questions. A summattyeoknowledge claims | am
making arising from this study is given below, émlled by more detailed exposition
of two models generated to make these claims nemesaible. | then comment on

limitations of this study and its implications warther research and practice.

6.1. SUMMARY OF KNOWLEDGE CLAIMS

Having completed this study | am convinced th& gossible to promote
critical thinking while meeting the physical scien®S) outcomes in the South
African (SA) national curriculum, although the inge syllabus pressure makes this

very challenging. Additionally, | have made thddaling assertions:

Assertion 1: The design characteristics dealing wita task’s ability to capture a
learner’s interest, its complexity, and its focus o conceptual explanation

all play an essential role in promoting critical thnking.

Assertion 1.1: Intriguing tasks that capture leeshiaterest are more likely to

promote critical thinking.

Assertion 1.2: Tasks that have a degree of contylexid require a longer

time to solve are more likely to promote critidailnking.

Assertion 1.3: Subsuming tasks which have a prirff@ys on conceptual

explanation are most effective in promoting crititanking.

Assertion 2: Under certain conditions both inductive and deductive approaches

to developing understanding can promote critical tinking.
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Assertion 2.1: The use of group work at the begigrstages of instruction to
generating new conceptual understanding, befoeetdinstruction,
should be used with caution.

Assertion 2.2: Deductive application, followingelit teaching, is effective in

promoting sense-making using critical thinking.

Assertion 3: Critical thinking is encouraged by anenvironment in which struggle
is accepted as normal, and participants are free taccept intellectual

challenge.

Assertion 3.1: An environment in which struggleacsepted as normal and
beneficial is vital for a critical thinking task&iccess. This can be

encouraged by various strategies.

Assertion 3.2: An environment in which learners &aather are free to give
and accept intellectual challenge is vital for igical thinking task’s

success. This can be encouraged by various seateqi

Assertion 4: Various strategies can improve attainkility of a critical thinking
task by a wider range of learner abilities than paosible without these

strategies.

Assertion 4.1: If the majority of the class is ®ibvolved, group discussion is
vital for a critical thinking task’s success. Mapatent strategies affect

the effectiveness of this.

Assertion 4.2: Scaffolding tools are required tor@ase the attainability of

tasks to more learners.

These assertions are condensed into two modeigldenerated. The first is a
system of task classification, and the second aetnafdnstruction. | have termed the
task classification system tlitPAG Quadrantand the instructional modélhe
Ladder ApproachThe CPAG quadrant locates tasks along each oakes: a
concept-procedure axis and an application-generatigs. This yields four categories

of tasks with regard to the traits mentioned irsthaxes. These categories are concept
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application, procedure application, concept geiarand procedure generation.
Emerging from this study, | make claims about eafdihese categories of tasks. The
Ladder Approach is an instructional model which Wasd to be effective when
evaluated against criteria of being compatible \ihign curriculum, characterised by
learners displaying critical thinking traits andrigeactively engaged and interested
while engaging with a task which is attainable véffort. In the Ladder Approach an
interesting problem is posed at the start of asechfter the introduction of this
problem, direct instruction and learner engagematht the problem run parallel to
one another, linked by scaffolding tools which engaged in individually and
collaboratively. Each of the CPAG Quadrant and Taeéder Approach is discussed
in greater detail, below. These discussions waltity} the intended meanings of terms

used above.

6.2 THE CPAG QUADRANT

The CPAG Quadrant provides a communication tooéter to the kinds of
tasks often used in physical science teachingydears in Figure 6.1, where | have
used it to link claims emerging from this studywéach of its four task categories.
CPAG stands for Concept/Procedure, Application/@sian. This system evolved
through a number of intermediate stages as a refsultlividual and collaborative
reflection during the final reflection cycle of $hstudy. The degree of conceptual
versus procedural focus of a task is indicatecherytaxis and the degree of
application versus generation required by learr@rghe x-axis. A conceptual focus
is one that stresses concepts, i.e. generalisdtimnsded by consistent rules of
inclusion and exclusion (Bruner, 1971). Such a tasldld probably be language-rich
(Paul & Elder, 2001). A procedural task focusesartinisable procedures such as
eguation manipulation and graph-drawing (HobdeB620Such a task is usually
language-poor. Application, which involves deduatimvolves the learner applying
previously learnt generic knowledge to a speciéisec Inference, which involves
induction, requires the learner to extend spesiiigplied information to arrive at
generic knowledge (Epstein, 2002).
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The termconcept applications used to refer to a task in which learners use
language to apply previously learnt generic knogéetb a new case. One in which
learners use previously learnt procedures witmewa case is termedprocedure
applicationtask. A task in which learners use language tatergeneric concepts
from supplied information is termedcancept generatiotask, and one in which

learners use supplied information to derive a piaoe, gprocedure generatiotask.

Concept Concegts Concept
application generation

Potentially effective at promoting Potentially effective at promoting critical
critical thinking within a content-rich thinking, but very slow and messy, and
curriculum. unlikely to develop sound concepts, except
Effectiveness highly dependent on when teacher-directed.

context, support and assessment. Do not use extensively in tasks.

Do use extensively during teaching.

Procedure Procedure
application generation

_ Application
~ (Deduction)

v

Must be stressed in physical science Potentially effective at promoting critical
teaching. thinking.

Learners find these difficult, at least However, except if very simple, with
initially. idealised data, and / or much guidance,
However, does little to promote critical generally unattainable.

thinking. Do not use extensively in tasks.

Do use during teaching.

Procedures

v

Figure 6.1: The CPAG Quadrant: A task classificaggstem.

Prior teaching and learning experiences affectdbation of the task along the
x axis of the classification system. Some tasksatmn along the y axis can be altered
by a change in expectation or by learners’ intagti@n of the question. For example,

consider the task:
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A cheetah accelerates at 6MmBetermine how far and how fast it will be 4 sed®n
after starting to accelerate from rest.

If the equations of motion have already been taughatners will probably use
them even if not directly instructed to do so. Tikighen a procedure application task.
If the equations of motion have not been tauglioaigh the concepts have, the
learners may apply their conceptual knowledge $oudis the issue qualitatively,
making it a concept application task. They migkbakpresent the information in a
graph or numerical pattern and from this solvepitablem. This might be a procedure
application task if they had previously masterezluke of graphs in answering such
tasks. Alternatively, it might be a concept apglmatask if the learners use a
qualitative understanding of the graph to solveptablem. If they would, from their
graph or pattern, generate a formula for calcujptither cases, this would involve
procedure generation. If the question would leadélarners to formulate a general
conceptual rule, stated in language, concept geaenaould have been induced.
From the above discussion it is clear that thissifecation can be used to describe the
process the task designer or assigner intendslteénthrough use of the task, or the

realised outcome undergone by the learners in nsgpio the task.

The research described in this dissertation hamketb the view that while an
inductive strategy is potentially effective at praimg critical thinking, it is very slow
and messy and unlikely to lead learners to devalspund conceptual understanding.
| formed the impression that while an inductivastgy could be used under the
teacher’s direction during teaching, and on a sewlle in learner tasks, it should be
avoided for long-term tasks. The research alsariedo the view that both conceptual
and procedural foci are needed in the teachindhp$ipal science, and that these
should be integrated. While procedure applicateenss unlikely to develop critical
thinking when performed in a manner divorced franaept application (Paul &
Elder, 2006c), it must be stressed in physicaln®@deaching to ensure curriculum
compatibility. Learners tend to find such questidiificult, particularly initially.

These claims have been summarised on Figure 6.1.
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6.3. THE LADDER APPROACH

The Ladder Approach emerged from this researcim asséructional model
which can be effective in promoting critical thingiwhile also complying with the
curriculum requirements. | found the metaphor Gfdder useful in describing this
teaching model. In this metaphor the parallel-ragrsides of the ladder can be seen
to represent the two main components of this madaich run parallel to one
another. These are direct teaching and engagem#ém subsuming problem task.
Although the focus of classroom instruction shifetween the two during the course
of the learning sequence, the influence of eachefe components should be present
throughout this time. This means, for example, év&in during periods of the
teaching sequence where direct instruction oceutisd classroom, learners should at
some time be reflecting on the subsuming probleamiattempt to make sense of
both it and the information being taught by theckesa. This reflection may be
prompted by the teacher during the direct instamgtor engaged in by learners
outside the classroom as a result of the inhergatast of the problem. To more
formally induce this reflection between instructieamd task, scaffolding tools are

provided.

The rungs of a ladder, which hold the two sidestiogr, can be likened to the
scaffolding tools used to tie direct teaching arebfem engagement together.
Consequently, I have termed this instructional rhdte Ladder Approach. This
instructional model supports learners as they cliowards the parallel goals of
improvement of critical thought and attainment ofnpetence in knowledge and
skills. For this reason it is effective in promgfiaritical thinking while also operating
within a content-rich curriculum, such as the SAda&iculum. | now systematically
summarise the model's implementation, in the fofra bist, after which | will
expound on this more fully. The Ladder Approachlustrated in Figure 6.2 (p. 220).
Note that the list, and explanation, given belaw,the sake of simplicity, focus on
the aspect achieving emphasis at each stage setheence. However, the discussion,
above, concerning the parallel, rather than segalemitension of the approach,

should be born in mind.
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Initial problem engagementhe teacher poses the problem, the learnerdybrief

brainstorm the problem. (This aims to develop legr@anticipation.)

Direct instruction the teacher teaches a part of the work relevanthé

subsuming problem. This is done in line with thericulum statement. It is

done in an interactive way, frequently posing goest which encourage

sense-making by the learners, particularly witrerefice to the subsuming
problem. (This aims at developing procedural knolgkeand an understanding
of the relevant fundamental knowledge, as well msoeraging reflection of

this in terms of the problem.)

Scaffolding worksheet engagement

a) Learners answer a scaffolding worksheet indiviguail writing. This is
designed to induce sense-making of the informategently taught, in
terms of application to the subsuming problem. t{€&i thinking during
guided self-reflection is aimed for here.)

b) Learners discuss their answers to the scaffoldirggksheet in small
groups, the composition of which is occasionallyated. They modify
their written answers based on this discussioniti¢@r thinking through
critical discourse is aimed for here.)

c) The teacher checks learners’ written responses ht® dcaffolding
worksheets, and gives feedback, including corracéiod guidance where
necessary. (In this way the scaffolding workshedts as a formative
assessment tool.)

Steps 2 and 3 are repeated as many times as issaegdo cover all the

relevant work stipulated by the curriculum and em@olearners to produce

an answer to the subsuming problem.

Problem task solutian

a) Learners answer the subsuming problem in roughyigheally in writing,
guided by a scaffolding worksheet. (This requirearters to use their
conceptual understanding and procedural knowledgeewv and creative
ways to solve the subsuming problem, and in soglogguires critical
thought.)
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b) Learners present their solution, verbally, guidedtleir rough written
work, to their peers in pair or small group diseoiss. Learners critique
one another. Learners modify their final answeretdasn this discussion,
producing their final submission. (Critical thingirthrough discourse is
aimed at here.)

c) The teacher assesses the learners’ final writsgporese summatively.

Figure 6.2: The Ladder Approach.

lllustration by J Greyling
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6.3.1. Designing the learning material

Design of the learning material is a crucial steg€he Ladder Approach.
Examples of some of the learning material | degigioe this study are given in
Appendixes J and K. During this process the cortebe taught is identified. A
context which will be interesting and novel to tearners, in which the required
content can appropriately be embedded, is chodes.ig consistent with an
understanding that interesting, novel contextarelucive to engaging high levels of
learner intrinsic motivation (Alvarez et al., 200derson & Roth, 1989; Brown et
al., 1989). It is also consistent with the underdiag that motivation positively
affects any learning experience (Cotton, 2001; 8ofedd, 1985) through the
increased time and quality of engagement it calaasher, motivation expands
working memory capacity, thus reducing this limdatto learning (Niaz & Logie,
1993). These considerations are expected to bieylarty important for a task
demanding critical thinking, given the high cogvatidemand inherent to higher order
thinking (Resnick, 1987).

A suitable problem task is decided on. By refertimg problem | mean a task
for which learners do not already know the soluyteomd which cannot be solved by
simply looking up the solution in an available smi(Hobden, 2006). The problem
should be interesting and novel. It should intritgerners, therefore exciting both
their affective and cognitive faculties. Where ayprate, this problem should be a
concept explanation task with procedure applicagi@ments integrated into it. Its
content should be central to the curriculum conteqtired to be taught. This task
should preferably take a substantial amount of taneomplete, although it is may be
advisable that sometimes within the duration obarse, the problem require less
time. In this study | found that tasks requiringdeterm engagement tended to
promote critical thinking to a greater extent tishworter tasks for those learners who
found such a task attainable. However, they weeenatble for fewer learners than
shorter tasks were. Also, long tasks were foungbte considerably more work
pressure than shorter tasks. Therefore, a mixeofWlo seems to combine the merits
of each across the entire learning experience.i$husnsistent with literature which

suggests that either long (Fraker, 1995; Sparaf808) or short (Chamberlain et al.,
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2004) tasks can be effective in promoting crititéthking and that while longer and
more complex tasks tend to be more interestingamers, the effort they require
tends to reduce their popularity (Blumenfield ef £987).

At this stage, the planning of the teaching occQrgestions such as; what
prior learning do learners bring to this; what cgpts are they required to understand
in order to deal with the subsuming problem, wiratpdures and skills do they need
to interact fully with the subsuming task. The taag sequence must then take these
into consideration. A possible solution to the peatoshould also be thought through,
and key aspects of understanding identified ariaedrto the content to be learnt.
From this, the problem task is broken into parsheof which will be engaged with at
an appropriate point in the teaching sequence,®stgpby a scaffolding tool. These
scaffolding tools, such as interim reports andlfprasentation templates, are then
drawn up. A time schedule in which the sectionkadaught, and the times for
performance of each scaffolding tool are indicatedpmpiled. An example of such a
schedule is given in Table 4.1 (p. 121). The sddiffig tools should include ways of
reinforcing the basic knowledge pertinent to trektas well as promoting critical
thinking while learners apply their learning to fv@blem task. For example, the
learners could be asked to give definitions, symbahits and equations for each of
the concepts relevant to the task, in order tdoete basic knowledge and reduce
cognitive load when thinking critically (Niaz & Lagy 1993). To prompt critical
thinking, they could be required to list and justiélevant criteria to aid decision
making, and evaluate each of a number of optioagageach criterion, with
motivation, or they could be asked to explain osygeat of the final problem task.
These traits are illustrated in the scaffoldinggapven in Appendixes J and K. The
scaffolding tools serve as opportunities for forn@aassessment (Atkin & Black,
2003), and the structure they provide increaseskbékhood that critical thinking and
beneficial time-management will occur (Ankiewiczagt 2001).

When designing the task and accompanying scaffglttials, it is important to
consider both the need for learners to developetoal understanding of the main
conceptual ideas associated with the topic, asasgatiroficiency with numerical

computations associated with the topic. Therefoneay be desirable to include
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aspects of each of these in the task requirementsdrners. The scaffolding will also
need to be designed in such a way that neithdreskt two prevents the other from
occurring. For example, in a task with a high nuoaifocus e.g. involving the
eguations of motion, learners may be encouragetidose the easier procedural route
of equation manipulation, precluding any need faraeptual thinking about the issue.
On the other hand, in a task with a high concegti@als, learners might not develop
the proficiency to be able to solve numerical peofd, and so might not be well
prepared for examinations which stress such questithis marriage of conceptual
and procedural foci to improve problem solving dalis in physical science learners
is consistent with findings by Dufresne et al. (2pfhat getting learners to engage
conceptually with a problem situation, followed day algorithmic solution to the

problem, is effective in developing problem-solvicapability and flexibility.

Teaching notes, such as PowerPoint slides or paytes, should also be
drawn up at this stage, in accordance with thehiegcsequence decided.
Considerations should be made of points at whiggagement with the problem task
can be inserted. Examples of such PowerPoint sticeegiven in Appendix L. Other
homework activities necessary to empower learreensdet the curriculum objectives,
such as standard text book type exercises, shtadda identified and slotted into the
appropriate places within the time schedule. Ttienéion to planning detail was
found to be a necessary component of this appribagkaccepted that this is
inconsistent with research which suggests thatgréiane and content flexibility can
be more conducive to learning (Atkin & Black, 2008podley, 2000) but is necessary
to fit the necessary curriculum-specified work itite available time. However, some

degree of scheduling flexibility needs to be allovier.

6.3.2. Introducing the task to learners

An interesting introduction to the problem situatie valuable in capturing the
attention of the learners. Learners could thenskedto identify what they already
know about the subsuming problem, and what thdéynsted to know in order to solve
this. This could be done individually, in writinfpllowed by group and then class

discussions, with written lists being updated ahestage. The learners should also be
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given an overview of the instructional model toused. A booklet containing the
learning schedule, printouts of the problem taskigsscaffolding tools, and possibly
also PowerPoint handouts and / or other notes @@dtises, could be given to the
learners and briefly gone through as an overvieth@imodule. This orientation and
reconnoitre of the learning and problem area isist@nt with the finding by
Dufresne et al. that such preparation enhancesftbetiveness of learning (1992).
The provision of handouts to support learning vwasil to be important to support

effective learning.
6.3.3. _Teaching

Teaching should be done bearing in mind that legroccurs through
understanding construction as learners use newamdknowledge in a sense-
making process (Cobern, 1995; Wheatley, 19953. thérefore necessary to elicit
prior understanding and try to design situationshsas appropriate questions or
demonstrations, that will challenge incorrect cqmns. Hopefully this should create
dissonance in the learner’s mind, which should eraxge the learner to modify their
misconception in a process of conceptual change/¢ble & Lemberger, 2001). It is
also necessary to teach for understanding, ratlerjtst for rote recall.
Understanding increases the likelihood that learmelt be able to transfer their
knowledge to new contexts (Bruner, 1971; Lavoi&5tVillis, 1993). This can be
done by making a need for the new knowledge cisawell as emphasising links
between new and existing knowledge and within & knowledge (Perkins &
Salomon, 1989). Learning with understanding reguearners to be aware of
alternative perceptions, and to apply critical kimig as they make judgements about
these. A pedagogy which expects learners to masetiudgements, and supports and
guides them to do this in both a logically and albgisound manner, is understood to
aid knowledge construction while also promotingicai thinking (Dirks, 1998). This
is contrasted with an authoritarian, traditionadl@gogy, where knowledge is seen to
be transferred from teacher to learner and is @edepithout question and
examination. This requires careful design of themes and sequence in which
concepts are introduced, as well as considerafiapgropriate interactive

opportunities. Examples | found useful include agkguestions requiring individual
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decision-making, possibly indicated by a show afdsaor a short written response, or
requiring short pair, group or whole-class disamssi All these promote minds-on

involvement by learners.

While implementing the planned teaching sequendg also important for the
teacher to be sensitive to the needs of the leariiéis might indicate difficulties the
teacher had not anticipated, which may mean tleatethcher needs to make
adjustments to the planned strategy. This flextihialthough potentially important for
effective learning (Atkin & Black, 2003; MoodleypQ0), needs, however, to be
managed with the curriculum objectives and the s@édhe whole class in mind in
order to remain compatible with the curriculuminié schedule. Frequent reference to
and promptings concerning, the subsuming problemldhoe made during the
teaching so that some form of engagement withabsisming task occurs throughout
the teaching period, rather than only at episodicnents. This serves to contextualise
the learning and so make it more meaningful (Bretval., 1989). It was also found to
enhance interest and depth of engagement duriegtdistruction.

6.3.4. _Scaffolding

Although some form of engagement with the subsumnofplem should be
encouraged throughout engagement with the sectimoik subsumed by the
problem, at certain times focus is particularlyftgl to it. This should occur at
appropriate points in the teaching sequence, andldlmvolve the learners being
required to link and apply their learning to thelgem task, guided by a relevant
scaffolding tool. These should provide supportléarning ranging from the basic
development and construction of concepts to thmtieation, using critical thinking,
to the subsuming problem. Examples of such scaffgltbols are given in
Appendixes J and K. This might involve the learre@rswering the questions in an
interim report individually in writing, possibly fdhomework. Group discussion is an
effective means of developing critical thinkinguged correctly (Resnick, 1987;
Sparapani, 1998), but has the potential not taritiead where criteria of
accountability are not present (Elder, 1997), ahéne structure is not provided to the

discussion (Adam, 1999). The previously individyahswered interim report can
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serve as a spring-board for a group discussiowjgling these necessary criteria and

structure.

Jig-sawing of groups i.e. splitting the compositadreach group and re-
forming the groups with different compositions fbe next discussion session, helps
to share expertise (Gunter et al., 2007) and rethecékelihood of extended periods
of unproductive social combinations. The teachestrplay an active role in group
discussions, moving between the groups and progyptimallenging, guiding and
keeping in touch with the learners (Ankiewicz et 2001; Elder, 1997). For example,
the teacher may challenge the learners to be mergsp and logical, direct them to
think in other directions, provide necessary infation where gaps become clear, and
listen to learners to develop an increase of thederstanding. At all times the focus
during this stage is promoting critical thinkingngsthe basic concepts and

procedures recently developed.

It is also important that the teacher monitorsl&agners’ answers to the
scaffolding tools (Atkin & Black, 2003). This inaes ensuring that homework is
done, challenging errors, or re-explaining sectiamsl providing probing questions to
help direct learners to become more critical (EId887). If possible, this should be
done by the teacher collecting and responding ¢b &sarner’s written answers.
However, time considerations may not allow thisslich a case, the teacher should at
least check each learner’s work for completion, @spond verbally to errors or
answer weaknesses which become clear through ol gliscussions and quick

perusal of the written work.

Assigning academically more successful learnersasie of explaining to
weaker learners during class discussion time, edsneecome clear, can also help
improve learners’ performance without adding ept@ssure on the teacher (Webb et
al., 1997). The scaffolding tools should colleciwvempower the learners to be able to
answer the final presentation of the solution ®mghbsuming problem, i.e. the target,
successfully. This could also be guided by a stdifig tool, such as a template. It is
important, though, that the scaffolding tools do prmvide so much support as to

prevent critical thought by the learners.
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One of the advantages of scaffolding worksheetsatsthey direct learners’
attention to the task requirements, therefore neduthe likelihood that learners will
waste time on superficial details, rather spentimg on the required thinking
(Blumenfield et al., 1987). This also helps to @ases the limitation posed by the
limiting capacity of working memory (Niaz & Logi@993). Group interaction and
teacher prompting can also serve to scaffold legrrand can therefore have this
effect too (Baron, 1987).

6.3.5. Resources and Assessment

The scaffolding tools, group discussions and teastanitoring revolving
around these tools, are crucial to the successofieal thinking task. Scaffolding
worksheets serve as excellent forms of formatigessment (Atkin & Black, 2003).
They are effective in guiding learners towards hgub give thoroughly substantiated
answers relative to sound criteria, rather tharetgeveakly supported subjective
opinion. Additionally, they serve as a resourcetlar final submission, which is
assessed summatively. It is also vital that thenkra have access to resources
concerning the content knowledge applicable tadkk This might include a text
book, PowerPoint handouts and / or other Photestaimd / or handwritten notes.
These are particularly useful as reference sowtegreg the learners’ completion of
the scaffolding tools. Learners reported that cagipbased resources are also very
helpful. These may include video-recordings of heag for those learners who might
have missed something in class, interactive so&wareinforce or further advance

learning, and collaborative opportunities.

An assessment tool which credits correct factuakmation, as well as sound
reasoning and motivation is required. Examplegtehapts at creation of such tools
are given in Appendixes J and K. For both the exasgiven, however, repeatable
marking was found difficult due to the subjectivaure of the criteria. Inclusion of
greater detail might have helped with this, althotlys could have meant that giving
the rubric to the learners beforehand would haveated the purposes of the
assessment. Not showing the learners the rubrardétedind, though, has the

disadvantage of not providing learners with guidaas to what they will be assessed
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on. Scaffolding can solve some of these problemsgiuiding the learners towards the

task requirements.
6.3.6. _Summary

In this discussion | have described and providggbstt for an instructional
model | have calledhe Ladder Approach. This involves direct teaching and
engagement in a subsuming problem task, with ddtfig tools linking these two
together. This model was developed after goinguiiinca number of action research
cycles during the three-year duration of this studgund it to be effective in
promoting critical thinking and inducing interestibactive engagement during an
effortful, but attainable, learning process comgatvith the South African national
physical science curriculum. I believe that thisd@locould be implemented in a
similar form by other teachers, and that similaszca&ss could be expected. | see this
model as a valuable contribution to both reseanchpaactise, particularly in,
although not confined to, the South African contéktis is because it provides a
much needed contribution to how the curriculum $théwe implemented in practise.

6.4. LIMITATIONS

The teaching and learning situation | researchedigsepresentative of all
South African FET physical science classes. In ngamges it is a unique situation.
However, in some senses it does represent a largbar of typical learners because
it involved learners of both genders who come feomide variety of socio-economic,
educational and cultural backgrounds. However scéizes were relatively small (16
to 23), which is not typical of our schools. In &uaoh |, as the teacher, was prepared
and able to spend extensive periods of time devgdapaterials aimed at promoting
critical thinking, which would often not be the easith other teachers. Nevertheless,
| believe that my study does give insight into pily effective ways to promote
critical thinking in physical science within the @b African national curriculum. It is
hoped that readers can abstract those aspects pathative given in these pages
which are relevant to their local situation, ancteastruct an understanding which

would work for them.
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In this way, it is hoped that this study will beefid in informing practise. The
likelihood of this is increased by the fact that #uggestions made from this study
have emerged from an action-research process withinomplexities of real practice.
This increases the likelihood that practitionerd wew the findings as applicable to
their situations (Mc Niff et al., 2003; Mc Niff & Witehead, 2006; Zuber-Skerritt,
2001). On the other hand, the strategy | put fodvwhres require considerable effort,
time and skill from the teacher. It reveals the amti@nce of the teacher as a co-
inquirer in the struggle involved in sense-makihgequires the teacher to monitor
work in contexts where quality is unlikely to beguced without considerable effort,
time and guidance. It also suggests the importahtdee teacher modelling and
encouraging critical thinking on a daily basis. ther, it suggests use of rich open-
ended problems, and a number of scaffolding workdshevhich can be time-
consuming and difficult to set up and assess. puablems also require the teacher to
have a very thorough conceptual understanding &bleeto guide learners through
their sense-making struggle, as well as to be tabheake appropriate decisions when
marking the open-ended scaffolding worksheet amal 8ubmissions. These findings
correspond to Cohen’s (1988) remark that hard vamukrisk on the part of the
teacher is required by the more complex, interadiacher-learner relationship
associated with a constructivist teaching-learrsiognario, relative to a traditional
view of transmission and absorption. These aspeas) to reduce the likelihood that
the instructional strategy emerging from this studly be employed widely by many
practitioners. Research shows that many of ouheraare not qualified and do not
have the skills mentioned (Adam, 1999; Ankiewicalet2001; Jina & Brodie, 2008;
Msimanga & Lelliot, 2008).

As mentioned by Blumenfield et al. (1987), teachersl to simplify tasks in
order to reduce insecurity and confrontation. Tascdptions given in this work show
that The Ladder Approach, emerging from this stulhgs often lead to feelings of
insecurity, and should, at least for some modutes|ve a long-term, struggle-filled
process. Should teachers modify this strategynraaner that removes the need for
this struggle, in order to make implementation @ashe strategy is unlikely to be
effective in promoting critical thinking (Resnick987). This simplification process is

viewed as the main reason for the failure of thecpss-oriented instructional
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strategies developed by scientists and implemanttdtae US after World War |l
(Atkin & Black, 2003). It has also been shown byuBoAfrican researchers to be a
reason for a mismatch between curriculum idealsaamaghl practise in the South
African Outcomes Based Curriculum (Stoffels, 20@8)5b).

On the other hand, there does seem to be a witsgyon the part of South
African teachers to undergo change. A lack of gfash how to do this in practise,
without compromising learning quality, seems tdheelimiting factor in actually
effecting this change (Jina & Brodie, 2008; Staff@l005a, 2005b). This is consistent
with my experience arrived at through informal matgion with teachers. This
increases the likelihood that some teachers waulokace a method, such as The

Ladder Approach, which has shown promise and isrgted in real practise.

6.5. IMPLICATIONS

Since the FET national curriculum was only introeldiinto schools in 2006,
no research had yet been done into its implementaty the time of commencement
of this study. While critical thinking had beendied to an extent in the South
African context, only one study could be found feging on physical science
education (Mashike, 2000), and this applied todlldecurriculum. Much of the South
African work done concerning critical thinking, tgthat point, had been to do with
nursing (e.g. El-Kantar, 2002; Kaddoura, 2002; Madb998; Mogale, 2000), with
some work having been done on improvement of instm at school level for
subjects such as Technology, Geography, BiologyEglish (e.g. Adam, 1999;
Ankiewicz et al., 2001; du Preez, 1998; Swanep#99), and some having surveyed
various groups’ perceptions of, or abilities to &g in, critical thinking (e.g. Bester
& Pienaar, 2002; Kaminsky, 2004; Lombard & Gros&604; van den Berg, 2000).

The results of these studies have already beensdied. They show low levels
of critical thinking and limited understandingswatat critical thinking is and how to
promote it, despite the great deal of emphasisplan critical thinking in the
national curriculum (DoE, 2003a). | concluded frdns that there was a need for

understanding how to promote critical thinking amsinSouth African learners.
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However, an extensive study of the literature atdtart of the study had not revealed
much practical advice on how to achieve this swsfodlg, and none on doing this
within the context of the newly implemented Southnidan national curriculum. Also,
no empirically tested exemplars to guide teachedscarrriculum writers into the
setting of critical thinking tasks could be fourdhis study is a move towards filling
this gap in the literature in a practical way. @tBeuth African-based research
activities currently operating in the area of catithinking promotion appear to be
focussing mainly on the use of argument to prorodgteal thinking. This is being
done in teacher-training (Scholtz, et. al., 20@@pngst primary school learners
(Msimanga & Lelliot, 2008), high school learnersdBnd, et al, 2007), and at tertiary
level (Lubben et al, 2008). Findings from thesel&s provide cautious optimism and
practical advice concerning the promotion of caitithinking, as do I, based on the

research | have described.

Practical guidance of this sort is needed in hgl8outh African teachers
implement the South African national curriculunitifs not to fail. One of the findings
of this study was that implementation of the curen is difficult. This corresponds
to the view, given by Jansen, an outspoken opparfeédbuth Africa’s transition to

OBE, that OBE places great demands on teachers.

I made the original argument that OBE would fagd@ on two interrelated insights:
my practical experiences as a teacher in impowedisichool environments and my
graduate training as a curriculum theorist and amaivist. Combining theory and
practice, | argued that even if one agreed thathighly sophisticated curriculum was
philosophically and politically agreeable (whiclwias not), the sheer demands it
would place on teachers struggling to teach lalagses were simply unattainable.
(Jansen, 2008, p. 26)

While The Ladder Approach is more demanding andhistipated than
traditional teaching, this is viewed as an inesbépeaonsequence of a desire to
promote critical thinking and, consequently, efieetiearning. If, therefore, the
curricular ideal of promoting critical thinking ie be retained, the structure provided
by this model could be helpful in empowering teashe promote critical thinking

despite the demands this places on them.

| proposeThe Ladder Approach as an instructional model whenh be seen

as a subset of problem-centred inquiry. | see distinct from the current models
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which fall into this category. For example, whilerieets certain criteria of problem
based learning (PBL) it does not meet others. Bt Ladder Approach and PBL
aim at promoting critical thinking through engageteith a problem question.
However, whereas in PBL the information neededH® engagement with the
problem question would be accessed by learneesgelly autonomous investigation
(Thomas, 2000), in The Ladder Approach, this infation is supplied by the teacher
during direct instruction. Further, although PBLti#erion of using authentic real-life
problems was strived for in this study, this cidarwas found to be needlessly
restrictive. Many of the problems used in this gtady. Tsunami would be referred to
assimulated rather than authentic (Thomas, 2000) Other problerould probably be
referred to aacademiqThomas, 2000), such as explaining why an eggkrea
concrete but not on grass. These particular prableere used, rather than truly
authentic problems because | was unable to firgklbrdesign any of the latter.
Nevertheless, | believe that | have shown, in shisly, that the contexts used were
effective in promoting critical thinking and intstan the problem task. On the other

hand, more authentic problems may have done tlaggteater extent.

| believe that through this proposal of a new imsion model, this study
contributes to an understanding of beneficial pedsgThis is particularly so in the
context of promotion of critical thinking within ¢hSouth African physical science
curriculum, but not limited to this. | believe thithis model has similarities to the
analysis offered by Cronjé’s (2007) in which ipioposed that so called instructivist,

or traditional, and constructivist, pedagogies loanntegrated with effectiveness.

Further, this study contributes to research metloggon two ways. First, |
suggest that the framework given in Table 3.3 ().i8 valuable for determining the
effectiveness of an instructional strategy whicbnpotes critical thinking while being
compatible with a content-rich curriculum. | foutids to be both feasible to use and
appropriate. Second, in this study | have groupectycles of action and research
undergone, which | termed section cycles, into thegtles, each of which revealed a
particular principle. Although this was not obsehwe literature on the reporting of
action research, | suggest that this is a usetllfts researchers using action
research. A large number of action-research cymtearred. Their chronological
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sequencing was largely beyond the researcher’saipnith cycles which lend
themselves to advancing knowledge about a partitiiéane not necessarily occurring
contiguously, and with some cycles occurring siamgusly as a result of more than
one grade being involved in the research. Manyissuare very clean with clearly
defined cycles. In the case of a more messy sthdyis one strategy to help

reflection and interpretation.

This study has a number of implications for furthmestigation. Research on
implementation of The Ladder Approach in other ptaisscience classrooms in
South Africa, in other countries, and for the teaghof disciplines other than physical
science, would enhance an understanding of itscgtylity to contexts other than my
classroom. It would also be interesting to investgnvhether attempts at promoting
critical thinking, such as this one, have valuedmel/the discipline in which they are
implemented, and beyond the time-frame of the imgletation. This could be done
by studying learners exposed to an instructionalehsuch as used in this study in
other contexts and once no longer exposed to teevention. Almost all the learners
who participated in this study showed improvemard test of scientific reasoning
over the intervention period. Also, their scoresamparison with those tested and
reported by Hobden (2008), were higher, on avertqge most practicing teachers’,
and considerably higher than grade 10 learners &mariety of South African
schools. It will be interesting to see how thesgrers’ grade 12 examination
performances compare with learners from other dshaad whether there is any
correlation between these examination results laosktgiven by the critical thinking
test.

6.6. CONCLUSION

In this chapter | have summarised the knowledgensld have made in this
study, with a focus on the assertions made in @ndpve in answer to the study’s
research questions. | have also expounded on tvaelsi\generated for the purpose of
making these assertions accessible. These are FA& Quadrant and The Ladder
Approach. The CPAG Quadrant is proposed as a taskification system, and in so
doing be used to help predict the likelihood ahisktpromoting critical thinking when



234

used in various contexts. The Ladder Approach imstnuctional model emerging
from this research. | have also mentioned limitaiof this study and outlined some
implications of this work. Action research intertdanform practise through an in-
depth study of localised situations, presentedrimaaner sufficiently rich for readers
to form naturalistic generalisations which are aafile to their particular contexts.
Consistent with this, it is hoped that this studif have some impact on practice,
particularly in the teaching of physical scienc&wuth African schools.

The central thesis | make is that it is possiblprumote critical thinking
within the constraints of a content-rich curriculufme specific instructional model |
found effective in doing this, called The LadderpApach, stresses the value of both
direct instruction and collaborative interactiorttwinteresting subsuming problem
tasks. It also highlights the importance of scafifog during learning, and shows how
this can bind the parallel-running traditional amhstructivist aspects of this strategy

together in a manner that enhances attainabilitg farge range of learners.

| entered this study with enthusiasm, optimistit thwould be able to ride the
wave of curricular change with my learners, andardoing help transform them into
being more critical thinkers at the same time apimg an excitement and wonder
for learning physical science. While this enthusiad optimism have survived this
study, these feelings are now tempered with a giead of respect for the effort
required to promote critical thinking, especialliilg operating within the confines of
a content-rich curriculum. The rewards | reapediftbis study, though, more than
compensated for the dedication and struggle it deled These rewards lay in the
satisfaction of watching learners change into mefiective people, and the
exhilaration of seeing learners being passionabetad subject traditionally thought to

be dry and boring.

Following the progress of a girl | have referrecatoAgnes, through the course
of the study, illustrates this. She was new tosttt®ol at the start of the study, scored
low on the initial test of scientific reasoningdrainistered and did poorly in early
science assessments. She commented that she fguedching very different to

what she was used to: “I was used to just writiotgs from the board in Science... it
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was much easier, much on the surface” (Interviel@8/86). During the second year
she remarked, “Before | wasn'’t really interestedcrence, but now I'm so interested,
and even just in normal life | just mention someghio do with science” (Interview,
01/03/07). By the end of the three-year intervanperiod she had more than doubled
her reasoning test score and scored a B for pHysience. She also remarked on the
habit of thinking critically rubbing off on her, drher even transferring this skill and
disposition to new contexts:

An interesting thing | found out, when | was studyfor maths, | began to ask
myself, “why” questions when applying formulae ditve were taught in science.
This curiosity helped my understanding and it wasariun than just the usual
practise | used to do. (Agnes: LJ: 25/03/07)

The inherent resistance of learners to exert the@senentally often tired me
during the course of this study, tempting me t@tidile easier road of traditional
instruction and to lower the expectation | had thaiuld promote learners to become
more critical. Cases such as Agnes’ encouragedmadh these periods and
motivated me to continue my own journey of learnim@ critical manner. This
journey has developed in me a belief about learamdycritical thinking and its
promotion which | hope | have also managed to isgpEn my learners. This is
characterised by two main thoughts, referred tmesehat, by Petrus, below. These
are that both engaging, and seeking to promotegemgent, in critical thought involve
struggle, but that these processes cause meaniagfalng which lasts:

I love Miss Stott’s lessons because she doesn’spmon-feed us but allows us to
think for ourselves. She gets us to explain thiogsther people so that we can see for
ourselves if we understand or not. We are alsavakbto struggle through a question
ourselves so that when we understand we rememb@rdfolem for a long time and
this helps us a lot in the future because we reneethie problem and the solution
better. (Petrus: LJ: 10/02/07)
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Appendix A: Example of a completed questionnaire

QUESTIONNAIRE
Name: Date. Iy | 08 lot

Task: Tsunami

1. What was your attitude to the task at the START?

Tick as many blocks as are appropriate, and add comments if necessary

very interested [}~ slightly interested [_] neither interested nor bored [_] bored []

looked forward to the task Ig/neithcr looked forward to, nor dreaded the task [ dreaded the task [ |
thought it would be challenging, but possible for me to do N

thought it would be too difficult for me to manage [[]  thought it would be easy [ ]

T enioy worbimg with patu + Custe of  notwt , pwhat 15 uciu&'“\ CP'Mq
A b(piﬂ’\t{ od \,Ci chttvvt (woes)For Gome fubee rtasin J havt D,QCE p‘hjtn\
alsor that o Brytiuney i utmet is Ohallen LJ.NJ bub I can do vt Tg F bad eS¢
2. What is your attitude to the task now at the END?

Tick as many blocks gs are appropriate, and add comments if necessary
very interesting Ef slightly interesting [] neither interesting nor boring [_] boring [ ]
I learnt & lot through it 4~ I learnt a little through it [_] 1 learnt nothing through it []
it was too difficult [] it was difficult, but not too difficult [{}' it was neither difficult nor easy[ ]
it was too easy [
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3. What did you do that was helpful towards answering the task?
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4, What was different between this task and others you have done before?

T s pery much  peal and tom be use n oreak ) lo save peepled
bues m;;,{i ol (F ot bre fa Hunt  ©Etyomed nvf Soadt MJYH
g '(L’LOIAE;}}’\_!\J

in fas 5.)“»( G ;'\Y‘&Oh“{a[ pmpgum

5, Was there anything difficult or puzzling about this task? If so, what?
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6. How would you have made this task different if you were the teacher, and why?
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Appendix B: Example of voluntary learner reflecsonith teacher response

A force is o push or a mull mecsuced W.tl"\ @ =P m
L balance n f\ieuotons;‘__A ‘]Corce i o veckor mé H’)Eﬂ houre
‘magﬂi‘rude ancl clirection,
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WWhat 1€ its maore then Jruuo bcrdt&s tnterachi ng like one
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it tre forces ave eqyal force then the ool will be qf
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Appendix C: Sections which made up this study
Section Strategy Strengths Weaknesses Reflection
1. Short argument-focussed Enjoyment, active | Teacher dependent| Perhaps if teacher
Electricity Gr tasks, some inducing, engagement. slow; withdraws somewhat,
10, 2006 some applying content | Critical thinking Learners developed learners would be
knowledge learning. evident, but strongly a fear and dislike forced to be self-
Much group discussion | dependent on for argument, directed?
with strong teacher teacher prompting. | thinking they Perhaps content-
guidance. Argument always have to be | inducing tasks
taught directly. Direct complicated. demanding critical
whole-class instruction off thinking could reduce
content interspersed time usage by ‘killing
between tasks. two birds with one
stone'?
Perhaps expecting
learners to do more of
the work for homework
could speed up the
process? Go to 2
2. Short argument- or logic—+ Learners enjoyed | Most learners did | Answer to all questions
Mechanics Gr | focused tasks designed to logic puzzles. not learn content above: no.
10, 2006 induce content Active engagement| knowledge Clearly not a good idea
knowledge, and done and critical thinking | effectively. Much to replace direct
partly for homework, evident (but mostly | guessing in instruction with
followed by group not fruitful in homework where activity-based strategy,
discussion in class, with | developing content | data-argument at least for this section.
strong teacher guidance.| understanding) matching required. | Go to 5.
Little direct whole-class Dislike for
teaching of content. Logig mechanics and
taught directly. argument.
Slow. Teacher input
repetitive between
groups. Frustrating.
3. Tsunami: A ‘real-life’ Tsunami and optics] Tsunami and optics] Tsunami task needs
Waves interesting decision- learners highly slow greater structure to
Gr 10, 2006 making open-ended, engaged and Tsunami: reduce insecurity. Due
complex task was interested in and out complexity and to time pressure, only
presented at the start of | of class. Evidence | open-endedness tsunami task will be
the section. Group of critical thinking. | caused insecurity | used for this section in
discussions were Effortful but for teacher and the future. Perhaps
interspersed between attainable. learners. some group discussion
direct content teaching. Cell phone research: can be cut down on to
Voluntary drafts were learners were get through the work in
encouraged and shared overwhelmed, many time? Go to 10 and 20
between learners. didn’'t manage it,
Optics: Criteria for few enjoyed it.
causation taught directly
and applied in group
discussion criterion-
judgement task.
Cell phone research:
Criteria for good research
taught directly and
applied in group and
individual criterion-
judgement task.
4. Direct instruction aimed | Pace high. Less Although learners | A long target task
Chemistry Gr | at developing concepts | messy, noisy and | were active during | involving learner
10, 2007 incrementally and tiring than other class time, few discussion needs to be
engaging learners strategies. thought deeply answered incrementally
interactively. about the material | interspersed between
out of school hours.| the direct instruction, as
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had been the case in
section 3. Go to section
7.

4

12}

5 Direct systematic teaching Quicker. Less While stronger Direct instruction which
Mechanics Gr | followed by application messy and learners engaged | systematically developg
11, 2006 questions done partly at | frustrating. Learners deeply with and models use of
home, and reported back| reported enjoyment, concepts, weaker | concepts and algorithm
on and advanced, through clarity, yet depth of | learners picked up | should form the
group discussion. thought phrases from backbone of the
stronger learners strategy. However, isn't
and used these there a way to engage
without learners in deeper
understanding thinking throughout the
(perhaps this is process? Go to 7 and 8.
unavoidable?).
6. Direct instruction Learners reported | As with 5. As with 5.
Mechanics Gr feeling more secure
10, 2006, re-
teach
7. Motion: Long ‘real-life’ Active engagement| Long task (motion):| For those learners for
Mechanics Gr | interesting explanation- | and interest, Much writing. whom long task was
10, 2007 type, complex tasks were struggle and Difficult. Attainable | attainability, it was,
presented at the start of | eventual only after weeks of | generally, more
the section. Interim attainability for struggle, so possibly effective than the short
reports, answered most. Evidence of | discouraging as a | tasks. However, short
individually for critical thinking. first introduction to | tasks were less taxing
homework, followed by FET PS? and more attainable by
group discussion in class more learners.
and controlled by the
teacher, were interspersed
between direct content
teaching.
Energy: Similar to above,
but short task with no
interim report — only
group discussion.
Teaching strategy similar
to section 3, except that
interim reports and their
discussion interspersed
the teaching.
8. Momentum: similar As above. Long task: much | This strategy seems to
Mechanics Gr | strategy to section 6, writing. Not be the model pattern
11, 2007 motion. effective in except that some plan
Gravity: similar strategy developing needs to be made to
to section 6, energy. competence in improve performance in
numerical numerical calculations.
calculations. Goto 11 and 18.
9. As in section 6 and 7, As above, except | Technical While making a video ig
Waves except that the target task that learners difficulties detracted| fun, unless the technica
Gr 11, 2007 involved the making of a | reported to only from the content problems experienced
video and each group learning the section| learning. can be overcome, this i
dealt with only one aspeat assigned to them not an effective medium
of the task. well. for learning content.
10. As section 4, except only| Effective (struggle, | Learners with poor | An interim report
Waves Tsunami task was done. | interest — although | time-management | system is needed, mus
Gr 10, 2007 Less class time was less so than section| skills did very be enforced by the

devoted to group
discussion. Learners wer
given a loosely structured
mind-map to complete to
help guide their final
answer.

3 — critical thinking,
e attainability) for
those learners with
good time
management skills.

poorly. Learners
complained of not
having necessary
resources. The
mind-map didn’t
seem adequate for

the majority of

teacher, and discussed
during class-time in
groups, to help learners
manage the task,
remove insecurity
which leads to

unattainability, and plan




256

learners.

their time effectively.
The interim reports
serve as resources for
the final presentation,
and help learners use
their learning and class
discussion as resources.

11. Electrostatics: medium- | Seemed to have thg Much homework. Is it reasonable to give

Electricity length data-handing task, strengths of sections Time pressure did | so much homework?

Gr 11, 2007 Circuits (design task as | 6 and 7, with not allow for going | What effect does this
target task): As sections 6 reduction in through common have on attitude?
and 7 motion except weakness of poor | problems to the Learners did not
numerically focused numerical numerical questiong complain to me,
exercises for homework | competence. in class time — although | heard that th
every day. Learners mark which lead to some| gr 10s were afraid of
these at home from learners not being | going to gr 11 due to
provided memos. helped effectively. | work pressure.

12. As in section 1

Electricity

Gr 10, 2007

13. No long task (one was Strong learners Weaker learners Encouraging

Matter and presented- requiring came up with said they ‘switched | questioning needs to be

materials and | learners to refer to excellent questions | off’ during peers’ done primarily in

chemical elements of thought, but | and seemed able to| questions. groups, not in a whole

change Gr 10,
2007

due to time pressure and
evident difficulty, it was
dropped). Teacher-
dominated strategy, with
focus on elements of
thought and questioning.

identify the
elements of thought

Frustrating for
teacher since
weaker learners
seemed not to be
able to grasp and
identify the
elements of thought

class settings (go to 14

14.

Matter and
materials and
chemical
change Gr 11,
2007

Critical thinking focus:
questioning. Solar panel
explanation: Learners
required to figure out ho
a solar panel works by
asking questions which
would propel the thought
process to a fruitful
outcome. Group dialogue
teacher prompting, and
mind-maps in various
stages of completion,
given out at various stage
in the process, were used
to guide the process. A
similar process was used
in explaining working of a
capacitor microphone: G
11 2006 and 2007, with
similar results

After an initial lag
phase in some
cases, the learners
were very active,

engaged, interested|.

High levels of
enjoyment.
Evidence of critical
thinking. Evidence
of transferability of
this style of thinking
to aid self-direction

sin other contexts.

An effective short-task
strategy. Also an
effective strategy to
infuse into all teaching
and expectations.

15.
Chemical
systems

Gr 11, 2007

Acid rain decision-
making task: learners

Learners active,
produced high

required to list criteria and quality work,

evaluate suggestions
against these; Fossil fuel
argument task: learners
required to draw up an
argument ‘map’ (using
template provided) to
guide structuring of final

answer.

reported liking the
direction offered by
the structure.

An effective way of
guiding decision-
making (used in section
19) and argument
structure.

11%]
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16. Learners prepared a Learners were Technical | think this failed
Chemical PhotoStory presentation | excited about the difficulties largely due to the lack
systems on a topic they self- idea of making a dominated the of scaffolding (as well
Gr 10, 2007 researched. No structure| little movie. process. Poor as technical problems).
and guidance was given. quality work It seems that leaving
produced on the learners to do a researd
whole. project unguided is not
effective.
17. As section 7 As section 7 As section 7
Mechanics Gr
10, 2008
18. As section 8, except that Unfortunately the It seems that the teache
Mechanics numerical application was$ interim report has to check interim
Gr 11, 2008 added to the explanation dealing with reports. One can't trust
type task (learners numerical questiong learners to do their
required to invent and was not checked on| work faithfully.
manipulate data to by the teacher.
illustrate the concepts Many learners
they explained) seemed to ignore
this section of the
target task.
19. A strongly numerical Not messy or Learners scored an| How does one get
Mechanics strategy was taken, with | effortful or average of 40% on a learners to apply
Gr 12, 2008 examples worked out frustrating (except | numerically focused conceptual
from the front by the the test results), test. Only one understanding to a
teacher, and much from the teacher’s | learner drew numerical question?
numerical homework perspective. pictures to How does one get
assigned. accompany problem learners to do well in
solution in the test, | numerical questions?
possibly suggesting
that conceptual
understanding was
not applied.
20. As section 4, except Task effective in all This section, relative to
Waves compulsory interim areas. section 10, provided
Gr 10, 2008 reports, monitored by the confirmation of the

teacher, were
incorporated intersperseg
between teaching,

answered individually for
homework, then discusse

o

in groups.

importance of
scaffolding to task
success.

=



Appendix D: Example of an NVivo Query: Gr 10 Meclem2007

B:Baklech .. =7

C:BaaMech.. 7
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Appendix E: Validity checks

The lists and brief descriptions given here, ad agthe sources to which

these are hyperlinked, document the main evenidioh | subjected my work to the

scrutiny of peers and superiors, reflected on ideasrging from the data, together

with these people, and modified my work in respaoshis process.

Validation Group

1.

2.

01/01/07:Validation group and critical friend summamgas e-mailed to MP,
HP, HL, DN, IV, PB.

28/02/07; Meeting in DSS Computer classroom

Present: MP, HP, HL, DN

| gave my research questions, criteria for evahgpgiffectiveness, synopsis of
findings so far, evaluated against the criteriagfealuating effectiveness. (See
PowerPoint presentatipn

This was followed by critique, given by the valiat group. | audio-recorded
this and wrote gummarising report

02/03/07: le-mailedmy reflections arising from the 28/02/07 validatigroup
meeting, and reported on data collection which oeclsince the validation
group meeting, and interpreted in the light of ¢hiéque given at this meeting.

. 12/03/07: le-mailedreflections to the validation group. | receivedeamailed

response from HP, and a verbal response from DN.

13/05/07: sent the e-mail | wrote to Clive Longhe validation group.
15/05/07: MP replied, suggesting | analyse exersgtarguidance on the
issues raised. | did this later in the year (24TL/

31/10/07: e-mailed my paper on numerical vs cona@péarning to MP,
asking whether | had represented his position ctyrén it. He replied that |
had.

26/11/07: made screen-capture video of the presentation | gakeatsney
College and distributed to validation group for comment.

13/04/08: Distributed owerPoint summary of my research and reflections
thus far, as well asscreen-capture videshich | narrated, to validation
group, withrequest for feedbackn the video | demonstrated how | use NVivo
for coding, going into specific, randomly choseataj and motivating the
coding used.

| received e-mails from HP and JP on 14/04/08, twhiesponded to on the
same day, and again from on JP on 29/04/08. Ttex latade me realise that |
needed to produce a more comprehensive presentai@utlined below.
11/05/08:Distributed a CDcontaining a comprehensive outline of my
research, to validation group members, and in#gedback. Received verbal
feedback from IV as well as from JP.

10.17/06/08: Sent ag-mail andattachmentgiving two models of question

classification, together with claims arising outnoy data. These were
products of analysis of the data, followed by adésion with HP, resulting in
the document given here.
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11.11/11/08: Held a 2 hour meeting with Drs B, V andvRere | subjected my

work to their scrutiny against criteria from Heikkin et al. (2007), Lincoln &
Guba (1985), Feldman (2007), Morse (2002) and Wii2@02). E-mailed
report on their feedback. They signed forms agethat they were satisfied
that work was valid.

Critical Friends

Note: The reports given below represent the exigelach over an hour long)

discussion periods | underwent with my criticaéfrds. Numerous other shorter, less
formal, discussions were conducted. Note, alsa,tki®atwo critical friends are also
part of the larger validation group.

1.

04/02/07: HL raised some questicsise’'d developed from the written
(01/01/07) and verbal summaries | had given hamwnerous occasions in the
past.

09/03/07 In car to Pmb, | briefed HP on recent thoughtemyimg from
research. This discussion helped crystallise myghts, which | then put into
an e-mail to the whole validation group and my suiger on 02/03/07.
06/05/07 3-hour discussion with HL about the failureTdunamifor weaker
learners. Emerging from this, | designed a remeaxfigirogram, and
scaffolding tools for the next implementationT&unami

12/05/07 A discussion with HP on the way to, at, and aftelEB grade 12
moderation meeting crystallised my thoughts on gonbies in the assessment
standards, and difficulties in striking an apprafgibalance between
algorithmic and conceptual foci, which | then wratut in an e-mail to Clive
Long, and sent on 13/05/07. Continued discussiothigrissue with H and MP
around lunch, 13/05/07.

16/06/08 Grappled with HP over two representations | hawhe up with,
emerging from my data, on how to classify taskgetber with claims made
on effectiveness of each in promoting critical kg in various situations.
Discussion led to alterations in my models.

11/10/08, 12/10/08Speaking to HL and HP, | mentioned some specific
examples of how incorrect rough ideas about whtat slaowed was shown not
to be entirely correct on closer scrutiny of théagaausing me to modify some
claims | was making in the dissertation.

14/10/08 | shared some findings I'd made during quali@tomparisons of
performance and class time-usage across the teegs for the Tsunami task,
with HP and MPas we drove back from a meeting @tdPmaritzburg. We
discussed the value of scaffolding which this daiggested.

29/10/08: In a discussion with HL, | summarised¢baclusions | had
reached. She asked me questions about this, whictwered, but which
made me realise that | needed to expand my literaview into some areas
which | had not covered yet. She lent me a numbbooks and articles from
the BEd (Hons) course she is busy with, for thigppse.
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Other occasions when my work was subject to extsanatiny:

1.

03/02/06: Gave gerbal presentatioto supplement my written proposal to
evaluation committee at UKZN. | received a writteport of suggestion from
the committee, and incorporated these suggestiomyiresearch design.

. 13/05/07, 17/05/07: E-mail to Clive Long (IEB Ploali Science subject

specialist):13/05/07. To which he responded: 17/05/07
18/06/07-22/06/07: SAARMSTE research school. Preseaposter display of
my researchand received feedback from Dr Mitch O'Tool andRater
Hewston Reflections on this recorded3/06/07.

15/08/07:Sent paper reporting on a section of this studgceming the
inductive and deductive use of group work in theckeng of Physical Science
to SAARMSTE. Unfortunately this was somehow misplcand so not
published. However, | submitted it for review a¢ 8008 SAARMSTE
research school (see below).

03/07/08:Modified the synthesis and question classificatiwodell had
discussed with Hanna and sent to the validationmgrm response to further
reflection. Gave this to Dr John Mergendollar, whak an Oracle training
session in Pretoria. He gave me verbal feedback.

06/11/07: Sent papémrote for SAARMSTE, concerning algorithmic praei
and conceptual explanatioio Clive Long.

26/11/07:Presented research findinggncerning algorithmic practice and
conceptual explanation, to the IEB Durban Physsmaénce user group
meeting held at Kearsney College.

17/01/08: Presented a paper on a section of theareh Balancing numerical
practise and conceptual explanation in a crowdedccium) at the
SAARMSTE conference in Lesotho.

23/06/08-27/06/08: Presented a poster and verbakptation at the
SAARMSTE research school at Roodevallei near FeetBeceivedeedback
from peers and superioralso submitted @aper concerning inductive and
deductive use of group work for revieReceivedeedback from Estelle

Geiger

10.13/11/08: Displayed my research at the UKZN PoStanpetition
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Appendix F: Sample of minutes: validation group

28/02/07
Validation Group Meeting 1

Present: MP, HP, HL, DN, A Stott

Absent: IV, PB
1. | gave a PowerPoint presentation summarising ngares up to this point
2. Discussion summary (not transcribed word for word):

MP: A lot of your research focuses on the teadBet, the levels on which the
children are cognitively: wouldn’t that also afféhe approach?

Me: that is one of my research questions, andat gesent what | least know the
answer to

MP: Language ability. There are different ways ainenunication. Some people find
it difficult to communicate with language, whilehets may be better stimulated to
think critically with pictures.Your data is very mhubased on your teaching — and
very subjective to you. It could be that anothecteer may use this approach of
yours, and not receive the same results, sinced the success also depends on the
teacher’s skills.

Me: That is a limitation inherent to this methodpfoThis kind of study is not done
for the purpose, primarily, of generalisation thestcases.

DN: Your subquestions are focussed away from tlild,cdnd you're not considering
the affective factors — like the emotional stagéhefchild. Children at that age are
going through stages of development which woulg Vikely affect learning of

critical thinking.

Me: The sub-question about classroom environmemnahaaffective dimension. | can
obviously not look at all the factors that wouldeat the learning of critical thinking—

| have to focus.

DN: | think that mood would greatly affect whethearners are prepared to think
critically.

HP: | had the same thought when you showed theecalmiut the child who said she
doesn't like thinking at home. You commented thait tmaybe showed that there was
something wrong with the task. Maybe it wasn't thek that was the problem.

Me: In that respect, | do bear that in mind. Whamalyse my data and consider how
much weight to put on a certain statement, | do Heapossibility of moods in mind.

| used those two statements simply because they thveronly negative ones | could
find.

DN: Maybe the quote that said that the child seetoathderstand your task, but then
didn’'t manage when they got to the textbook agtiuiay be a pointer to the fact that
children learn in such different ways. Some acqglainguage and have no idea of the
rules, whereas others need to learn the rulesiniisar to whether you must focus on
the component or the complexity. | think you haveater for both. Maybe a task
needs to have components from a concept pointef,\and a component from an
angle of learning the rules — or one task needt® tivom one angle and another from
another.

Me: | have been trying to take both approachespbutously you have to make time
sacrifices.
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DN: Maybe you should compare which children feataran open-ended approach,
and which find a more theoretical approach useful.

MP: What control are you using as a comparison?

Me: This type of methodology does not control fraithout. It is action research, not
an experiment. In it | try to understand from withif | were working in a positivist
paradigm, controlling from without, my results wdude more generalisable to other
situations, although it may be less close to tharaatruth of this situation. People are
so complex that the idea of control is less apple#o social science studies than to
studies of the natural sciences.

MP: | think that you can generalise that when thelya rich task like this, it engages
them, and that is what any teacher tries to dainktthat is a valid result that has
come out that one can generalise. It could bentfwaie than one child who says that
the textbook exercises tire them, in contrast. Ttrepositive, and concrete result that
has come out. Whether that is still the most efffectcience teaching is still a
different question, because in science there’s afldiscipline that must go into the
learning — that’s not necessarily what a child gsjdoing. Obviously if they’re not
interested in all they're not going to do it at, &llit there is also another side of it —
and | don’t know if that fits in with critical thking, or if its just effective science
teaching — its maybe a different question. Bec#lusee are also certain skills they
need — that they can answer certain questions.i$loaie of the outcomes one would
expect them to reach, but maybe that’s a littleaidy from your question.

Me: This year | have done more of a mix, compaoeldgt year, between critical
thinking tasks and exercise work. | do do quitetalblling — but obviously it can’t be
as much as if | were just to drill.

MP: Because once learners have the basic skidsfres their minds to be able to
cope with other work. It would be interesting te sehether those with basic skills are
able to cope with critical thinking tasks.

HP: There’s a lack of basic skills of basic openasi (e.g. algebra) in the Gr 10 class,
and this could be because of OBE.

DN: In the transition period towards OBE, teacheese grappling with issues about
discovery etc, and that group of learners lost $bimg in the process as teachers
swung too far from traditional methods.

Children learn in different ways.

Children place different value on different motingtsources, and you aren’t
stressing this enough.

Me: What you say links to the issue of transferghiOne would think that having a
good conceptual understanding would make one dbinveUmerical questions too,
but this isn’t automatically so. Skills are transtale only to an extent.

HL: are you going to expect them to transfer theiderstanding to a new situation in
the exam?

Me: yes

HP: and that raises another issue: that of timstcaimts

HL: If we all start giving them tasks which keegth busy until 1 o’clock, they’re not
going to be able to do it.

HP: but that was voluntary: they were working fonbs marks

Me: What | found as a spin-off from the researcthesvalue of communication
between learners and teachers.



Appendix G: Final validation group validity cheairin

Techniques to ensure validity and reliability inadjtative research

Lincoln & Guba (1985):

(0]

Credibility

Prolonged engagement, persistent observationgtrlation of sources,

methods and investigators

(0]

* OO0OO

Peer debriefing

Negative case analysis (disconfirming evidence)

Referential adequacy (well developed data corpus)

Member checks (in-process and terminal)

Transferability: thick description (enough infor@aders can use)
Dependability: audit trail

Confirmability: audit trall

Winter (2002) Heikkinen et al. (2007):

* OO0OO

Critical reflection(‘to reduce mechanisms which hide the truth’):
Reflexivity (self-questioning).

examine relationship with objects of research.

guestion presumptions of knowledge and reality.

make materials and methods transparent.

Dialectic (‘collaborative process that reflects a pluratifyperspectives’).

Feldman (2007):
State explicitly how and why daveas collected and what counts as data.

State explicitly how narrativesere constructed from data.
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Seek other way® represent the same data, use this to critige&swiews.

Situate claims in theorgnd subject this to critique.

Morse (2002):

Methodological coherengenethod matches research questions).
Sampling appropriate and sufficient.

Collection and analysis concurrent

Thinking theoretically

Theory development

Investigator responsivenessmain open, sensitive, willing to relinquish
poorly supported ideas




265

| -& ﬂ‘ﬂu W (title and name}
qualifications: g/‘z, [('0--0; .ﬂd’vu 69/4.) /f&(} M/ﬁ ; A{ﬂ
position: JQ‘JL MG"“ institution: /6_04'»' 05%?& z}) WO‘\/

have participated as a validation group member / critical friend for Angela Stott’s PhD study,

“promoting Critical Thinking in School Physical Science” over the past two years, as outlined in the
relevant Appendix of the dissertation of this study. Aithough time constraints made an in-depth
scrutiny of all aspects of this study impossible, what | have seen strongly suggests to me that the
study can be taken as valid and reliable. This statement is made based on evaluation of sections of
the study in terms of the criteria for validity and reliability, or trustworthiness, of qualitative
research. These were taken from Heikkinen et al. {2007), Lincoln & Guba {1985}, Feldman (2007),
Morse {2002) and Winter (2002), as outlined on the attached summary, “Technigues to ensure

validity and reliability in qualitative research”.
Additional remarks:

beceller? ool ;A ,Z%m,»?k om0l WM

%w} SCeatei, ot /ﬁ"ofwvt}/(« Aeoeoneh,

1

L Bt Mo Koo~ smffsoccd wetl etome
WMMMMM

Signed: %’/&QL

Date: ﬁzoog _#//'— //
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Appendix H: Learner and parent consent letter amnch f

INFORMED CONSENT INFORMATION DOCUMENT: LEARNERS AND PARENTS

A STUDY OF CHARACTERISTICS OF PHYSICAL SCIENCE TASK S THAT PROMOTE
THE USE OF CRITICAL THINKING WITHIN THE FET PHASE O F THE SOUTH AFRICAN
NATIONAL CURRICULUM

The researcher, Miss Angela Stott, under the supervision of Professor Paul Hobden of UKZN,
requests permission to collect data from you / your child.

The research aims at exploring the relationship between task characteristics and their
success in promoting critical thinking. Critical thinking, sometimes also called higher order
thinking, is a very important skill since it empowers a person to solve problems, learn
effectively and make sound judgement. Critical thinking is central to South Africa’s new
curriculum. Therefore participation in this study should be beneficial to you / your child at the
same time as increasing educators’ understanding of how to improve the teaching and
learning process.

The researcher will be teaching the 2006 to 2008 [SCHOOL'S NAME] grade 10 to 12 physical
science classes while performing the research. Since you / your child will be a [SCHOOL'S
NAME] grade 10/ 11/ 12 physical science learner during either of these years, you / your
child is a candidate for this research. Data will mainly be collected by audio and video
recording, throughout the year during the normal physical science classroom activities.
Written work will also be examined. Additionally, occasional interviews will be conducted with
selected learners out of school hours if and when convenient for the learner. The data will be
stored securely and treated with strict confidentiality: no unauthorized persons will be given
access to the recordings, and learners will be referred to by pseudonyms when the research
is reported. When appropriate, the data will be destroyed.

While your co-operation would be greatly appreciated, if you choose not to participate in this
research you will not be disadvantaged in any way. Learners who do not participate in the
research will be taught together with the rest of the class, but they will not be used as data
sources. Participation as a data source is voluntary, and you / your child may withdraw from
the study at any stage and for any reason.

Contact information:

Prof Paul Hobden, BSc MEd PhD Miss Angela Stott, BSc MEd
Science Education [SCHOOL'S NAME] School
School of Science, Maths and Technology Phone: 082-6888266

E-mail: stott@dss.kzn.school.za
Edgewood Campus
Phone: 031-2603447
Email: hobden@ukzn.ac.za
PBag X03
Ashwood 3605
South Africa
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DECLARATION: LEARNERS AND PARENTS

A STUDY OF CHARACTERISTICS OF PHYSICAL SCIENCE TASK S THAT PROMOTE
THE USE OF CRITICAL THINKING WITHIN THE FET PHASE O F THE SOUTH AFRICAN
NATIONAL CURRICULUM

e e e e e eeeen. 2o (fUll namMes Of learner ) and

e e e e e 2L (fUll namMes OF parent)
hereby confirm that we understand the contents of t his document and the nature of the

research project, and we consent to participating i n the research project.

We understand that we are at liberty to withdraw fr ~ om the project at any time, should

we so desire.

SIGNATURE OF LEARNER DATE

SIGNATURE OF PARENT DATE
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Appendix I: School governing body consent lettest form

INFORMED CONSENT INFORMATION DOCUMENT: [SCHOOL'’S NA ME] SCHOOL
GOVERNING BODY

A STUDY OF CHARACTERISTICS OF PHYSICAL SCIENCE TASK S THAT PROMOTE
THE USE OF CRITICAL THINKING WITHIN THE FET PHASE O F THE SOUTH AFRICAN
NATIONAL CURRICULUM

The researcher, Miss Angela Stott, under the supervision of Professor Paul Hobden of UKZN,
requests permission to collect data at [SCHOOL’'S NAME] School in 2006 and 2007.

The research aims at exploring the relationship between task characteristics and their
success in promoting critical thinking. Critical thinking, sometimes also called higher order
thinking, is a very important skill since it empowers a person to solve problems, learn
effectively and make sound judgement. Critical thinking is central to South Africa’s new
curriculum. Therefore participation in this study should be beneficial to the school at the same
time as increasing educators’ understanding of how to improve the teaching and learning
process.

The researcher will be teaching the 2006 to 2008 [SCHOOL'S NAME] grade 10 and 11
physical science classes while performing the research. Data will mainly be collected by
audio, and, possibly, video, recording, throughout the year during the normal physical science
classroom activities. Written work will also be examined. Additionally, occasional interviews
will be conducted with selected learners out of school hours if and when convenient for the
learner. The data will be stored securely and treated with strict confidentiality: no unauthorized
persons will be given access to the recordings, and learners will be referred to by
pseudonyms when the research is reported. When appropriate, the data will be destroyed.

The research will be explained to the relevant learners and parents, and their consent
requested. Should any choose not to participate in this research they will not be
disadvantaged in any way. Learners who do not participate in the research will be taught
together with the rest of the class, but they will not be used as data sources. Participation as a
data source is voluntary, and participants may withdraw from the study at any stage and for
any reason.

Contact information:

Prof Paul Hobden, BSc MEd PhD Miss Angela Stott, BSc MEd
Science Education [SCHOOL'’S NAME] School
School of Science, Maths and Technology Phone: 082-6888266

E-mail: astott@dss.kzn.school.za
Edgewood Campus
Phone: 031-2603447
Email: hobden@ukzn.ac.za
PBag X03
Ashwood 3605
South Africa
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DECLARATION: [SCHOOL'S NAME] SCHOOL GOVERNING BODY

A STUDY OF CHARACTERISTICS OF PHYSICAL SCIENCE TASKS THAT PROM OTE
THE USE OF CRITICAL THINKING WITHIN THE FET PHASE O F THE SOUTH AFRICAN
NATIONAL CURRICULUM

I, Dorothy Newlands, principal of [SCHOOL'S NAME] S  chool, on behalf of the
[SCHOOL'S NAME] School governing b ody, hereby confirm that we understand the
contents of this document and the nature of the res earch project, and we consent to
conduction of the research project in [SCHOOL'S NAM  E] School.

SIGNATURE OF PRINCIPAL (M DATE
14 December 2005
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Appendix J:Tsunamitask
1. Read the two letters below.
2. Complete the support worksheets.
3. Then write two reports:

a. From Wisecrac to the DCTHHMC presenting the crétéor
evaluating the options and arguing for a particplan of action by
referring to the positive aspects of this and negaispects of
alternatives in light of these criteria, while afsminting out
counterarguments to this proposal, and acknowledsfirengths of
other alternatives
b. From Popeye, explaining the meaning of each termtioreed
in the letter to him, how to measure each of thvasmbles, and what
significance each has to determining whether thesviga tsunami or
not.

4, Your teacher will assess you using a rubric.

30 May 200?
Dear Professor Wisecrak
A huge tsunami is expected to form within the Indian Ocean due to tectonic activity
which has been observed within the mid-oceanic ridge. This tsunami will threaten the
coast of South Africa. The following strategies have been proposed. Please evaluate each
and submit a report arguing for or against each method, with clear justification to
support your view.

1. Place a huge reflecting barrier between the mid-oceanic ridge and South
Africa.

2. Sink a massive 1 000 000 km® chunk of concrete next to South Africa's
shore line, making the water around our shore shallower.

3. Put billions of tons of ice into the sea around us, cooling the water's
temperature noticeably.

4. Place huge vibrators in the water, and use them to make waves of our own

as sooh as a fsunami strategyes.
Your country looks to you, honourable professor, o ward off the impending doom.
With thanks
President of DCTHHMC (Disaster, Crisis, Trauma and Horrible Happenings Management
Council)
3 June 200?

We have received alarming reports that a tsunami is heading for South
Africa RIGHT NOW, and that your little ship lies in its path. The tsunami (if
it is a tsunami) will pass the place where you are in 13 minutes 29 seconds’
time. Please take measurements of the waves’ amplitude, wave speed,
particle speed, frequency, period and wavelength, and from this form a
substantiated opinion of whether the waves are really part of a tsunami, or if
we have been given a false warning. It is vital that you give us correct
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information because we will act on whatever you advise us, and if that
needlessly costs us either money or lives you will be held responsible.

Interim Reports:
1 (variables)
2 (reflection)
3 (refraction)
4 (interference)
5 (preparation for final)

Preparatory worksheets:
Simulations and meanings of concepts
Movement between media
Interference



Tsunami Interim Report 1
Complete:
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Variable

Meaning

Symbol

Unit

How could Popeye Measure this?

Frequency

Period

Wavelength

Amplitude

Wave speed

Average
particle
speed
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Tsunami Interim Report 2
1. List at least 4 criteria that a method of protegt8A from a possible tsunami

must meet for it to be considered a good solution:

a)

b)

c)

d)

2. Reflection

Define reflection

Reflection viewed 1-dimensionally:
Give the difference between reflection off a freaihdary and a fixed boundary:

free:

fixed:

2 Which applies to water waves? (free / fixed)
Reflection viewed 2-dimensionally:

b. Define:

- incident wave:

- reflected wave:

- normal line:

- incident angle:

- reflected angle:
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C. Give the law of reflection and a diagram illustngtithis.

d. How are waves that strike a boundary normally ctéd?

What is the angle of incidence here?

What is the angle of reflection here?

Does the law of reflection apply?

e. What would happen if a large reflecting barrier @placed in the path of a

tsunami? Consider different scenarios (if then).

f. Evaluate the placement of a large reflecting bami¢he path of a tsunami in
the light of the criteria you named in 1.

Criterion | Key word | Evaluation of reflecting barrier in comparison t
of criterion | criterion

a

[®)



Tsunami Interim Report 3
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1. 1-dimensional view of effect of movement of wavesAeen media

Variable Effect on variable Significance to Significance to
of moving from | Popeye task: Wisecrac task:
less resistant to | To recognise a Effect of sinking a
more resistant tsunami, remember| concrete block /
medium(e.g. that: cooling a section of
deep to shallow / water
warm to cold)

Frequency

Period

Wave speed

Particle speec
(average)

Wavelength

Amplitude
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2. 2-dimensional view of effect of movement of wavesiren media

a. Define refraction

b. Give 2 conditions for refraction:

C. A rectangular block is sunk into some water, makhegywater above it

shallower than the water around it. Water wavekesthe boundary between the deep
and shallower area obliquely. Draw a labelled diagshowing this.
Label (2x each: 1 for each of the two refractingtwbaries): incident ray, angle of

incidence, Normal, refracted ray, angle of refi@cti

d. Explain why refraction occurs.
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e. Evaluate the placement of a large concrete blo¢ckerwater in the path of a

tsunami in the light of the criteria you namedriterim Report 2.

Criterion | Key word | Evaluation of using a large concrete block in the
of criterion | water in comparison to criterion
a
b
o
d
f. Evaluate the cooling of a section of water in taghpf a tsunami in the light

of the criteria you nhamed in Interim Report 2.

Criterion | Key word | Evaluation of cooling a section of water (using
of criterion | ice-blocks) in comparison to criterion

a
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Tsunami Interim Report 4

1. What happens during completely constructive interfee? Draw a diagram.
2. What happens during completely destructive interfee? Draw a diagram.
3. What would the consequence of placing large vilbgatothe water and

making them vibrate as a tsunami strategyes?
Consider different scenarios (if __ then )

Evaluate the placement of a vibrators in the wiatéine path of a tsunami in the light
of the criteria you named in Interim Report 2

Criterion | Key word | Evaluation of vibrators in comparison to criteri
of criterion

a

b

c




Popeye:

Tsunami Interim Report 5

Final answer plan

This is only an outline for the final answer, orhak of Prof Wisecrak and Popeye.

You need only givé&ey words here, although in the final answer you will usk $entences.
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Variable

Meaning

How measured

How useful to work out if tsunami or n

Dt

Frequency

Period

Wavelength

Amplitude

Wave speed

Particle

speed
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Wisecrac:

Mitigating | What effect will this have Evaluation in reference to criteria:

measure 1: 2: 3: 4.

Reflecting

block

Refracting

block

Cooling

water

Vibrators

Other

suggestion




Summative Assessment: Tsunami

LO1AS4: communicate information and conclusionsweiarity and precision
LO2AS3: apply scientific knowledge in familiar, gihe contexts

LO3AS2: describe the interrelationship and impdaaience and technology on socio-economic and huteaelopment
LO3AS3: discuss the impact of scientific and tedbgial knowledge on sustainable local developneémésources and on the
immediate environment

28

1

Total marks: 35

Criterion Description of performance
7-8 5-6 3-4 2-0

Presents options Clear, thorough, Good in most areas Acceptable Poor
and criteria for | logical, concise
evaluation of
options clearly
Argues for one | Well-supported Good in most areas Acceptable Poor
option over answer to the initial
others, referring| decision question.
to criteria Provides a useful

discussion of issues

and insights that

arose during the

selection process.

Counterarguments

integrated into

argument in a logical

relevant, fair-minded

way.
Communicates | Uses scientific and | Most use of scientific | Some use of Most of
accurately, technological and technological scientific and the
clearly, terminology terminology is technological presental
systematically, | appropriately. Links | appropriate. Most terminology is tion is
logically, premises logically to | premises are linked appropriate. Some | incoher
precisely, one another and to a| logically to one another premises are linked | ent,
concisely and | conclusion, and and to a conclusion, | logically to one unsyste
cohesively presents these clearly,and these are presentecanother and to a matic,

systematically, clearly, systematically,| conclusion, and thes¢ and

concisely and concisely and are presented clearly, illogical

cohesively. cohesively to a large | systematically,

extent. concisely and
cohesively to a fair
extent.

Effort 2: Impressive 1: Pleasing 0: Pog
Checklist:

reflection correctly explained
refraction correctly explained
interference correctly explained
meaning and measurement of frequency are giveedatyr
meaning and measurement of period are given ctyrect
meaning and measurement of wave speed are giveectipr
meaning and measurement of particle speed are goreectly
meaning and measurement of wavelength are giveaathyr
meaning and measurement of amplitude are givereaciyr

I
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Appendix K: Grade 10 motion introduction and orekta

Motion

You will be assigned a number and a letter. Thebarmtells you which task you
must do and which group you will mainly work in. & tetter tells you which
jigsaw group you will give your presentation to.
Tasks
1. Must he pay?
2. Which car to be in?
3. What's in the plunge?
4. Can you top Tesla? (optional)
Assessment
Formative (not for marks)
K-W-L (Know Wonder Learn) chart

Interim reports
(if a learner is able to submit the final presdotabefore the deadline for an interim
report, he/she is exempt from the interim réport

Summative(for marks)
A presentation in which you answer the task’ssgion, using the
supplied template.
This will be marked with a rubric. (27 marks)
Enrichment and bonus marks
You could submit more than one presentation forreative assessment. If you do
this, the best one’s mark will be recorded, and®"%.4 the mark of each of the
other submissions will be added to this as bonnigss this would result in a
mark greater than 100%.
Time allocation:
Deadline for submission of presentation: 13 Felyruar

Class time
allocated

Introduction and initial K-W-L chart 1 hour

Basic concepts of motion: distance, displacemgeted, velocity, acceleration:
Teacher presentation and Car module activities.
Update K-W-L chart.

Interim report 1 (first answered individually fooimework) | 1 hour

Teacher presentation: graphical representation.
Update K-W-L chart.

Ferrari and cheetah task | 1 hour

Feedback on Ferrari and cheetah task
Update K-W-L chart.

Interim report 2 (first answered individually fooimework) | 1 hour

Teacher presentation: equations of motion.
Update K-W-L chart.

Interim report 3 (first answered individually footmework) 1 hour

Presentation 1 hour

Present presentation to jigsaw group 1 hour




Resources

o Written:

o Videos:
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Kinematics
Cars

Kinematics:

Position, Distance, Displacement (20'09”)
Speed, Velocity (32'26)

Acceleration (40'26")

Frames of reference (4'14”)

Graphical representation (38'04")
Equations of motion (53'14")

Working with graphs (39'02")

NoahkwNpE

Gravity and energy (37°'42")
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Task 1: Must he pay?

The problem

You are a Judge. You receive the following leti&u have to evaluate whether the
taxi driver should have to pay Miss Fortune’s billnot. Explain your judgement.

Dear Judge Sort-it-out

A distressed lady called Miss Fortune claims tleatfbot was run over by a taxi of
registration number GOO007. She wants the drivet fishncially responsible for her medical
bills. However, there are no witnesses to agrdeetcstory. The taxi driver says he managed
to stop in time to miss her even though she waslstg in the middle of a road, and all the
passengers in the taxi were sleeping at the timeueder, there was a camera, which takes
photographs at half-second intervals (i.e. 0,5snast of the long straight road where the
taxi was driving just before midnight. Also, thésean automatic speed-detector which
records information about the speeds of vehiclethatroad at half-second intervals.
Unfortunately, the range of both of these devises little short of the point where Miss
Fortune claims to have been hit. Please examinmfiination from these two devices, and
then give a supported evaluation of the likelihdwat the taxi did indeed hit the distressed
damsel.

Map:

0 300m ;D
Point where Miss Fortune stood Traffic light
Photograph numben  Position of taxi relative to | Taxi’s speed

traffic light

1 Om Oom/s

2 2m 8m/s

3 8m 16m/s
4 18m 24m/s
5 32m 32m/s
6 50m 40m/s
7 72m 48m/s
8 98m 56m/s
9 126m 56m/s
10 154m 56m/s
11 182m 56m/s
12 210m 56m/s
13 235,5m 46m/s
14 256m 36m/s
15 271,5m 26m/s




=
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Scaffolding:

K-W-L chart (to be used and submitted daily, if gibke)
Interim report 1.
* do individually (homework)
» then discuss with your task group (number grouf® kbur)
* improve individually (1/2 hour)
* submit to teacher
Interim report 2:
* do individually (homework)
» then discuss with your task group (number grouf® kbur)
* improve individually (1/2 hour)
* submit to teacher
Interim report 3:
* do individually (homework)
» then discuss with your task group (number grouf® kbur)
* improve individually (1/2 hour)
* submit to teacher
Presentation:
» doindividually (use the template)
» self assess yourself using the checklist and ryfanic teacher will use
* present to your jigsaw group (letter group); getteack
* improve individually
» submit to teacher by saving in ‘Grade 10’ ‘MechahiSubmissions’
folder, as yourname Pay presentatiodaymonth.doc’
Extension: choose the Car, Plunge, or Tesla tagkyark on it while you
wait for others to catch up.



K-W-L chart
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Know
(What do | already know that might be

relevant to this situation?)

Wonder
(What questions do | need answering to hel

me?)

Learn
p(What have | now learnt that might be relev

to this situation?)

ANt




Must he pay?: Interim report 1

A Work Individually

It is compulsory to fill in the grey areas.
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1. Complete:
Variable Symbol| Unit Meaning Relationship to other
variables
position
distance

displacement

a moment in time

duration of time
interval

average speed

average velocity

Instantaneous
velocity

initial velocity

final velocity

change in velocity

acceleration




2. Complete:
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Given

Related variable(s) How to get variable(sjrfrgiven
information

Photograph number

Position of taxi relative
to traffic light

instantaneous velocity
for a moment when a
particular photograph
was taken

Related variable(s)

How to get variable(s) fromegiinformation

Change in position (i.e.
displacement) of taxi
between photograph
numbers

average velocity for an
interval

acceleration

3. Describe the patterns you see in the data thgejwas given.

B Discuss your answers in your task group (numberrgup).
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Must he pay?: Interim report 2

A Work Individually

1. Draw up a table which will help you to plot gam-time and velocity-time
graphs for this motion.

(modify this one if you like) Photo | Position | Velocity

no. of taxi (m/s)

relative

to

traffic

light

(m)
1 0 0
2 2 8
3 8 16
4 18 24
5 32 32
6 50 40
7 72 48
8 98 56
9 126 56
10 154 56
11 182 56
12 210 56
13 2355 |46
14 256 36
15 2715 |26
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2. Draw the following graphs

a) A position-time graph for the taxi’s motion

b) A velocity-time graph for the taxi’s motion
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3. Describe each graph.
Divide the motion up into intervals and describelede.g. ‘during the first

seconds, the taxi ___’, shown by the graph being , during the next seconds,

b)

4. Explain how these graphs will help you answergioblem.

B Discuss your answers in your task group (numberrgup).
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Must he pay?: Interim report 3

A Work Individually

1. Draw a picture of the taxi’'s motion.
Divide the motion into stages.
Give relevant information about moments in timediinterval durations,
average and instantaneous velocities.

2. Focus only on the last motion interval.
List known variables.
Choose the appropriate equation to find out iftéxe could have stopped in
time.
Substitute and solve.
Check.



3. Must he pay?
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Steps in building up a good answer

Response

B

final answer:

Discuss your answers in your task group (numberrgup).
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Must he pay?: Final Presentation Template

A Work Individually

Modify the following template to present your sadut to the problem
“Must he pay”. You can either do this in PowerPportby hand on paper.

The problem

State the problem

Must he pay?

Your name

Gr 10
2008
Summary of strategy to solve Displacement-time graph of
problem taxi’s motion
* Briefly summarise what must be known in * Copv and paste the excel graph vou drew or
order to know 1f the taxi driver must pay hand in the graph vou drew by hand

« Explain how this can be found oui from ihe
avanlable daia
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Velocity-time graph of taxi’s
motion

+ Copy and paste the excel graph vou drew or
hand in the graph vou drew by hand

Graphs

+ Explain how the graphs can be used 1o give
an answer 10 the question.

= According to the graph. can the taxi stop in
time?

* What limitation is there in using the graph
1o decide if he should pay”

Calculation

+ Explain for which period of the motion the
calculation vou will use applies.

+ Explain the significance of the calculation.
(If the answer is _ then [know )

« Explain the limitation of the calculation.

Calculation

* State the given values

= Give the relevant equation of molion

= Substitute and solve

= According 1o the calculation. can the taxi
stop in time?

* What limitations are there to this
information”

Judge Sort-It-Out’s answer

Give the Judge's conclusion (Must he pay?).

Support the conclusion with claims and
backing

Present your work to peers who did:

- the same task as you

- different tasks to you.

Improve your work.

Hand it in to your teacher for formal assessment.




Summative Assessment: Pay / Car / Plunge task

Learning Outcomes
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Total marks: 27

LO1AS2: seek patterns and trends in the informatmliected and link it to existing scientific
knowledge to help draw conclusions
LO1AS3: apply given steps in a problem-solvingtems to solve standard exercises
LO1AS4: communicate information and conclusionswetarity and precision

LO2AS3: apply scientific knowledge in familiar, gdhe contexts

Teacher assessment Rubric

The
presentation:

completely

almost
completely

partially to an
acceptable, but
not pleasing,
level

unacceptably
not

is complete

1

is scientifically
accurate in its
written
explanations

Fx.1
t

2
1

is scientifically
accurate in its
graphical
representations
and calculations

Fx. |
1

=N

is clear and
precise (it isn’t
necessary to ask
‘what do you
mean?’)

is concise (isn’'t
unnecessarily
wordy)

is logical and

relevant (it isn’t
necessary to ask
‘'so?’)

shows
awareness of
assumptions an
is sensitive to

context

Teacher comment:
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Appendix L: Extracts from a PowerPoint presentatgmlO mechanics

How far

If both Cne-Way and Back-

and-Forth move as shown:

Compare how far they go:
Choose:

A both same

B: Ome-way Turther

C: Back-and-forth further

How far

It depends what you mean _‘“JEM

by how far.
1
I a way they go equally far. 4
In a way, back and forth ol
goes further, H 3
4
Explain & 5
Trend of slw

Distance and displacement

Distance is the length of the path travelled
Displacement Is the net change of position.

Both are measured in meters (ml, or its
derivatives (e.g. mm, cm, km},

The symbol for distance is 5, and for
displacerment 3, or s, or 3,

« Joyoe s1arts an the principal’s door, where her posetion is 0
» She walks seven meters to the right. Her position [s now

+ She fums around and walks fwe meters o the Bl Her

« The distance she has covered B 7m - 2im - Gm,
o Her displacement [§ «5m.

Distance and displacement

» Poditiong ta the right of the principal’s door are thken as
positive, @nd those to the A5 Mivgath.

Fi i A

pasilhan s mow - 5m,

t' P
T pTaTTa .: e
d — i o afm
i 1

Distance and displacement

Joyee walks 3m in the positive direction, turns
around, and walks 7m in the negative
direction. What is

a) the distance she has covered?

b} her displacemant?

Distance and displacement

Joyee walks along a straight line, staying on the
positive side of her starting point. The
distance she covers is 10m. Is it possible for
her displacement to be {Yes or Na)

rera’l

between zero and 10m?
10m?

maore than 10m?

oOme
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Distance and displacement

Displacemant (change in position} is calculated

as final (ending) position minus initial
[starting) position.

The starting position need not be zero.

Joyew walks atomg ane dimension for thres weconds.
AR STt of the 17 5 sk 1% b posiioe |
A e el o e 10 & ke ol s Prig

Ak b et of thar 1 o, whar 1 al
A whe el ol the 17 0 alee L dl oo B
e

0 v fle e e e

Her diplaceswiis during sach of the thoes secands ans

TR a o s (P00 i vhe amens] Jvn e pyniie iy
o e -2 das s mmved im | b peiee lEr i
™ - %) G whe mmrd Jmom b s b ban)

A car changes its position as follows:
W wlanin Ab g T i
& el laler v ad positsnn - 1iin
A eEmondl lwie o 15 a1 peiion
& wernmil laler o iy A peilion - Ve

G]\I’E [l‘li' l:al"s diaplacement "ﬂl' the:

Al T80 el
T sl et o]
i) Baill s
3 1™ )
i ; L]

Displacement in one dimension

Displacement in one dimension is the direction
1+ or -] and length of the line from start 1o
end of motion.

A positive sign (4 is often omitted.

Distance and displacement

Compare One-Way and
Back and Forth's:
Distance travelled

A pgual

B: back-and- forth mane?
Displacement undergone

A equial

B: back-and-for more?

Distance and displacement

Compare One=-Way and
Back and Forth's:
Distance travelled

A equal

B beick = aivid =gt inoied
Displacement undergone

A mopual

B back-and-forth more?




299

How fast?

One-way and Back-and-

How fast?

Orw=vaay and Back-amd = Tarth take
the rame thms far this mation.

farth take the same time [ [ .
for this mation, DPrppiichigy Yo whiic g S py b
i last, wo could say this & __‘
Compare how fast they £ £ NS 3
tra\.el_ = Rk - bl -Feedli Laaemi =
Choose: Ig -I Ewplain ‘; ;
A both same "
B Back-and-forth faste ) = & -
fromd of v With 1w foemulan Tor "how fast fromi of vias
Speed and velocity Speed and velocity
If they take the same time r If they take the same time 7
for their motions: for their motions:
Compare One-Way and Back Compare One-Way and Back
and Forth's: and Forth's:
Speed (distance time) Speed (distance time)
A pqual A gopual i
B back-and-Testh mare? B! back-and-ferth mare? :
Velocity (velocity) Velocity (velocity) Z
A poual U AL equal U
B bck- and-forth mare? Trant af clew B! back-and-forth maore? Trant o class

Speed and velocity

Speed is the rate at which distance is covered,

Valocity is the rate at which displacement is
undergone,

Both speed and velocity can be measured in
meters per second (m /s, e, ms ), orits
derivatives (e.g, km hj,

The symbal for speed is v, and for velocity v

or ¥or 'y,

Average speed and velocity

The average speed for a period of time Is
calculated as: "rnce ravied

tire passed

The average velacity for a period of time is
calculated as:; dsslasemeit wniugens

The symbol for average speed is v, and for
average velocity v or Forv.




