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Thiz research report investigates the psychbiégical-dinensionﬁ in
‘the Jlearning and teaching of probability theory. It begins by.
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_the learning and teaching of probability theory, and develops e

. haoretlcal porition using the Theory of Activity. Thxa theory L

_ placea education within the broad soczal context and recogniaes the
' central;ty of affect1ve aspects nf cognltxon. '

The wmethod of'.research' is  conceptua1, using the theory to
‘understand  the problens outlined; 1 and to develop further
understanding of what constitutes good teaching in this
discipline. - Thus, elaboratxng ‘on the theory using Vygotsky's

 notions of scientific and intuitive comcepts, together with the

 differances between eaxpert and mnovice, - the"report aégues “for

teachers and students adopting a metacognitive attitude toward the
learning and "teaching of probability tﬁeory,-where netaaognitiqn
itself"is ‘geen as the reconstruction of not dnly cognitive skills
themselves, but also of self-regulatory 'abilities. The report
concludee that the meaning the students uake uf probability theory
- and their confidence in their own ability to learn it, need to be
seen 83 units of analysia for concerns regarding the teaching and
learning of probability theory.
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This research - - was in:tiated thlc 1 was tesching sathenatlcs and .
._statistxcs ccurses to first year students in 'servxce-courses' at'
the University of the . Witwatersrand I was concerned that nany
students seemed  io feel unable to even begln learning gome of the.
‘sections reguired, that of probability theory in particular. I had
already - undertaken studles in psychnlcgy as 1 was. hecOllng.
:incfeaszngiy _convinced - that . the psycholcgical aapects of
pathesatics . instruction were central. The purpose of the study was
,_tb- develcp knowledge " and understandlng of cognition and :
" metecognition in learning and teaching in order to contribute '

N pos1tlvely to relationshaps in tertiary stochastics teachzng.' It

iz mimed at the reader who is interested in the sppl1cat10ns ofi
theories of cognitive development and.instructlon tc the teach:ng
and. 1enrn1ng of nethenatics—related disclpllnes.
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1 CHAPTER ONE: ' INTBODUCTION

"Probability is an obvious and simple -subject. It is a
baffling and complex subaect. It ie a-aubject we know a great

_ ‘deal | about, and a subject we know mnothing “about.
”--‘Kindergartnefs tan study prohability, and'philosophgrs-do TR
Such contrad1ct10ns are the stuff of probability." '
Kerl:nger, 1964, p.94

1.1 Conceptualiszing of the'Problem

. This réaearcﬁ: has 'been undéftaken in an  attempt to understand
' problemz that became evident to me while teachxng probability and
statlstlcs dourses to *service-course’ ‘atudents, - students vhose
choice of subjects necessitated some knowledge of probability =ad

 statistics, but for ‘whom - this was not the major intérest; These

 ptudents were drawn from the fields of, inter aliu, economics,
. gaychology  and medicine,  Many of these studepts found the .
stochastic - courses difficult, especially the probability theory

cokponent, : o

The existence of prbhlens:'ih the learning and teaching of
Probability Theory that contritute to the difficulty experienced by
students and teachers is well known. Dicks {1989, p.15) makes the
;claim- that in South African universities ‘only - "a #ery'snall.
- percentage of participahtS' (rarelj higher than 10%) really master
the subject [and] [tlhe majority {as high as 90X} are minimally
competent. - The problem in teaching and learning probab111ty and
Btatlstzcs'is both real and,acknowledged. '

1.2 -Method of_Procedure
- "o educate and teach 'huﬁan beings it is necessary to know

their psychology. Conversely, a psychological knpwladge'of
people ... is most successful in the process of education and
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: 11nstruct10n. * The unbroken unity between psychology and”thé_
: educatlanal proceas 13 reflected especiallr in this p01nt. '
' ' - Brushl inskii', 1987, p.78

" phis - research attempts to provide a theoréfical_explaﬁaticn forfﬁhe?_ii'f '

‘4ifficulty = service-course students - experience with Probability
Theory by explaining the pragesses_involvéd in the learning of éfl:
scientific- subject. In addition it attenpts to orient teachers to '
thair responsibllltles arising from the theo*yg ‘In order to do
this r w111 conalder the paychologxcal subaect (person) as prxmnry

) Wh11e By express purpose is 4o addreas an existxng problem for

_leaaners and teachers of- probability in the aerv:ce-*ype course,
. the theory has a far wider epplication. 1% has relevance for the'__
5 learning  and 'téabhing ‘of Probability' Theory! in general and
pertaing broadly to the learning and . teaching of. mathenat1ca-
relsted dzsciplines.

The nethod of. procedure Wlll be conceptual, using emplrical data
.drawn from wmy teachlng and resesrch experience at the University of

'}the Hltwatersrand as supportive or illustrative only. As.th1a-.-

research is ‘not intended to be quantitative, I will use terms like
‘many’ and *often’ as 1ndlcat1ve of typea of problens. rather than
ag - indicators .,uf the1r pervasiveneaa. Structurally, toplcs'
- introduced may be reintroduqed-ahd further developed.
1.3. Specific Problems Encountered with Students
Many  types of 'broblens. exist for =students in the area fof_
Probability Theory, some more perplexing than others. Studénts
often revealed that they felt that Probability Theory held no

seaning and that they felt that they were incapable of aolvlng '
' problams requiring the quantlfication of uncertainty.
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"The problem that particularly' concerned  me was the'inahility of

_soue students to search for that which was. subaectlvely unknown—_ 

especially. in problem solving. ‘Many . could not even begin to
attempt to salve problems; even though they had seémingly been
prov1ded ‘with the -necegsary knowledge. - They felt that they conld
. more oAsily cope with 3ect;ons of the wp:k.whefe there wera ‘rules'
ane could apply to solve the problem. ' o :

 "There iz & tendency for students to a1 into "a ‘number
'crunchihg’ mode, . plugging quantities -into a cpﬁputational
formula or  procedures withoﬁt forming an internal
_representation of the problem ... They may be able to memorlze '
the formulas and the steps to follow im famlliar, well-defined
._probiems but only seldom appear to get much sensé of what the
-'rationale is or how concepts can be applied in new situatlons.
' Garfield and Ahlgren, 1988, p.46

Struggling' studenta often reported that, they perceived Probability
‘Theory &8s a collectxon of facts that must be uaed te solve the
: problems set in ‘tutorials and exam1nat1ons. I observed that this
drive to use these “facts’ could override knowledge the students .
actually had and which they could have'essily ‘aocessed before they
" were ' exposed : to new 1nfornation. Instead of gainlng a new level of
perspective on everyday probab:iity understand1ng, +he students
_were losing their intuitive notions and failing to employ
- principles, like counting, where they may have been appropriate.
" They would concentrate on the . surface features of a problem and
~seemed unable ta discard irrelevant information in categorizing =
~ .problem or - in translating values into a model. Either episcdic or
. algorithmic thinking seemed to dominate, oot allowing éhé broad
-access to cognitive stores mneeded for solving gome probabxlity
problems., Non—algorithmlc ‘wpproaches 'were beyond the reacn of
their cqnf1dence and feellngs. of helplessness were pervasive.
Given that the conditions. of & problem can never be exhaustively
taught, :and .given'_that'thovght is néceséarily'independentzin'thaﬁ'
~ there 'is always some new aspect (Brushlinskii, 1987, p.78),
teachers  are failing 3if they do not elicit a- cnaative, productive
process . in the teaching and learning situstion, and if they ‘cannot
assist students to be ;ndependent in the use of the structures that
statistical theory prov1des. '
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I not:oed that students aometzmes fziled to underatand what they'
were do1ng from “the vantage point ‘of comparison with what others'--
were _dolng. In one ‘tutorial group, one student had tackled a
| problen  from first prinolples,_ while the others had used Bayes -
Theoreo; Although they were in effect ‘do:ng the game thing?, the
group could not see tho similarity of the. two approaches because
the one approach bhad & name and the other did not. Somehow, the
‘rale’ and its name confounded the students’® understanding. Their
knowledge remained jnert {Whitehead, 1929), knowledge that one can
express but not wuse,. Thus on ~the one hand the rulea hindered
students in their use of previously acquired knowledge and, on the
other hand, they relied on rules as they lacked eonfidenoe and a
way of approaching probabillty knowledge.

A serious probler was the fsilure of sone students to detect
'_fundamental inconsiatenolos it their work. Given that probability
' values range between 0 and 1, it is a watter of concern when
teftiary studomto provide an answer greater than 1. Brown (1978,-

- p.108) refers to these types of errors made by tertiary students as

"symbol-shock symptoms", but they can slso be seen as-further
-evidence of "inert Imowledge” (Whitehead, Ihid)}. A student may
well know that probability values range beiween O und 1, but will _
nevertheless return =an - answer greater than 1 if that is what they
‘caleulate. Thus there fs & level at which students can comprehend,
yet fail to be able to use, relevant knowiedge. Muay of these
problems energ1ng from my -own experience 13 caazh1ng probability
‘Were mnot vaigue to my own, or an even ‘broader’ ‘South Afrlcan,
context. For example, Brown (1980), referring to universities in
the United States of Americas, states: "College students are by no

"~ means free of checlung failure as "any teacher of elementary -

statistice will attest" (1980, p.475) and; M[Nlegative
probabilities or variasces are readily accepted as solutions if the
student belle?es the formula was followed oorrectly!" {Brown, 1973,
"p.105). - )

There iz =also evidence of a discrepancy between students’

understanding of certain everyday notiono and corresponding formal
feruulations in probabilistic terms. For example, a student will
be'.oble to explain that if .tno-events:are.indepéndent then'the_
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| dutcome of the ons'will not affecﬁ the.pﬁﬁbébility.of.the_outcone
of the other. wa?vex,.'whep it comes to formal definitions of
independence, that if events A and B are independent, -

" then P(Ap B)=P{A)P{B)}, any'intﬁitivé.aense;of meaning diaabpeara._ _

' In an attempt to understand why the students are experiencing
problems of the types mentioned above, one can look to their
general sense of the meaningfulness or of the meaninglessness of
‘the subject matter. 1f the latter holds, then there would be
little scope for reality testing or error detection, particularly
if students do not.see thg problems within the ‘context of 4 Bystei,
hence . . isolating 6ondepts and ' being content 'to prcfide"some
. numerical answer ‘regardless of the relationshlps wlthin the system
that structure Probubillty Theory. |

- Queations ar131ng from these types of problem that I needed to'
address were: - , : : ' '
2 why the students have no sense of the meanlng of prohabillty-
 theory, and _ : . :
* why they feel they have no control, or .
¥ why in fact they have no control over thelr ab:lxty to cope
with problem solving in probahllity.

1.4 The Difficult Nature of the Study of Prohability

' "Phe sxperiemce of psychologists,.edudators, and statisticians
~ alike is that a large proportion of students, even in college,
do not understand nany of the basic atatlstlcal ‘concepts they
have studled L : _ '
Garfield and Ahlgren, 1988, p.44

Probability in particular seems to pose the greatest difficulties.
These difficulties are partly problems with mathemstics, nnnelyf_
difficulty w;th rational = nuwber concepts and proportlonal-
reasoning, difficulty in tr&nalating verbal problems; &nd in-
general, the involvement ‘of  complex skills and conceﬁts. In:'
addition to these, there 1s-the problem created by the nature of .
' probablllstic knowledge 1taelf, _ especlally in the ae9n1ngly'”7
K contradlctory concept of probahility as "lawa of chance®. :
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_ Kitchemer (1983) refers to three levels of cognitive processing,
.thoae of - cogn1t1on, netacognitlon and epistemic cognition The :

first level, that of cognition, involves reading, prohlem solving,

computing, and so0 on. The second level, metacognition, involves
.tha 'lonitoriﬂg, comprehension ‘or control of one’s progress on the
cognitive level. The third level, epistemic cogoit;on, involves an
understanding of - the limits of knowledge, as well as knowledge of
the significance, usefulness - and limitations of the skills
jnvolved. In the domain of Probability Theory,ethis'rEquiree-an
understanding of - the nature of the wneertainty of knowing, and how -
~ Prohahility Theory attempts to_tranecend.those li—ite. Epistemic
cognition is cognition about "ill-structured” problems (ibid.,
p.222); problems which have no possibility of a single defined
eneﬂer, these latter being called puzzles, So, =although the '
'fnndamental nature of probablllty probleas ere 111-Btructured, the
' way one has to deal with ther are mot. ~ Probability Theory
rep:eeents an imposition of puzzles upon an ill-structured
situation in an attempt to "demarcate the anorhhous:state somewhere
between the imagined  extremes of totel ignorance and. perfect’
knowledge" (Konold,- 1988, psz}- B o |

. Too frequently, cognltlon 1tse1f becomes the sole focus of the
* attention of the stndents, which undermines the very purpose of
that focue,_ that of efficient cognitive functioning. I will &Tgue
that _in- order to create the conditions for effioieht problen'

eolving, the other two levels mneed to be included 2s part of a
' l'o_learn1ng~teach1ng orlentation at a late aecondary or tert;ary ’

- level.
1.5 Specific Problems Encountered with Teachers

' The .problens that I have observed the students experience have been
' delineeted. My assumption (which will be developed below) is that
leernlng “and teaching are inextricably linked. My research wounld :
be 1ncomplete if 1 did not also look at probleme teachers
experlence.

 The'.teaching.of Erobability Theory is'problehatio. .Hnoh of'oy ﬁork'
st the uriversity involved teaching on a team, hence I was able to:
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ohserve"othér_ teachers &L work; either direqtly,'or by helping 8
student after another member of steff had helped the student.

- An _aépéct of teaching probability that came to my attention was
that some tutors (and here } include student tutors, tutors and

31ectur¢:s)s were insecure in hnndling_problems inzprabability, What

I ofien observed was that when a student asked for assistence, the
tators would assist the student using methods that they themselves

'.would have uséd, 1rrespectzve of what the students had already

_attenpted, often ignoring these attenmpts (though.not necesgarily
‘consciously). -~ Thus the students’ knowledge and how this related to

'reachlng a solutlon were’ ignored in favour of nerely c1051ng the _
problens by prov1ding a nethod of soiving it and getting an answer.
1 noticed that in assisting students wlth problena, teachers_often.

failed to go'- " beyond the problem to other cognitive, metacognitive
or 'épiétémia- lé?eis. 'Studeﬁta'nai be left with the correct answer
to a'-pfoblen_hut:no_senseﬂthat'they would ever be able to do it on
their own. They may be left with no neW'ways to look at problens

and’ no way of . Bensing nEaning of the problem or angwer. Many '_
tenchers and =mtudents seemed to become more lnvolved with 30171ng o

" the problem ‘at hand than in 1ncreasxng understand1ng..- 

“Tehchers frequently: expect. students_-to ‘be able .t? identify or:
extract from problems the essential principles, without direct
teaching on how to"Searqb' for generaligations.  Some of the

:'teachlng orientatnoua I have observed classify as what Gel’perin
_(1969, p.251) refers to as the. ‘trial and error’ type, Information

mey be presented systematically in lectures and textbooks but there.

is no imput e&s o how examples presented vary the inessential
aspects. while  maintaining the essence. The learner is left to
fornulate what is to be attained and under what condiﬁions. The
atudent may obtain the correct procedure, but it may be unstable 1n
the face of altered conditions and in trausfer to new tasks.

Myers (1982) has '1denti£ied three dimensions by winch to
investigate - texts of elementary prbbability"  external
_connectedness, or the degree to which a text explicitly relites the

concepts tc  the presuned real-world knowledge of the students;

internal conmnectedness, or the degree to which_relatlons_among_the.

concepts and {ormulae - are explicitly developed; and explanation,
the degree to which a rationale or ‘intuitive justification is
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pi-oﬁde:i for & particuler formula .(p.379). Hansen, McConn and -
Myers (1985, p.d?2) state: - “Althongh all our. suhaects ' were

~ movices, those in the explamatory text aond;t:on differed from the.

others in thelr proceaa;ng of - story probleus in ways that are _
' -Jsin11ar to the ways in whlch experts dxffer fron,novlces . B
What I will argee is that teaching meeds to become more

':aelf-conscious ‘ in 1tself, that we teach the riles and the _.'

1nterconnections a8 recommended by the ‘high-explanatory texts of
Myers (1982), and that we also _teach ways of approaching new

knowledge, = with ' consciousness of all these aspects, Clearly it is _ 

important to - copsider the interplay betweer formal and intuitive
-aPDroaches to teéching. | - - . eve

 Hh11e teachers glve considerable thought to whnt to teach, 1

contest that they do not  give equivalent thought to how to deal -

. with the structures of probabilistic thinking in a wey from which
_ both the teachers and the students can henefit. - It may be argued
‘that by modelling the probabilistic thinking of the teachers, the-

“students are . given adequate ‘exposure to means of approaching

problens and to the management of learning probability. " But mahy__
students do not learn from dlrect exposnre in a ‘trial and error'
. qr1entat10n, especially if they-are from educatxonally different or
underprepared backgroumds to the one in which they are expected to

operate, or 1n éubject areas invoIV1ng uufamil1ar thihk1ng Skills.
Thus attention needs to be giVen to speclal forxs of comnunication
and the -way that we help to structure cur students’ thinking, As
- teachors we have a responeibility to conslder the orientation to a
mental act <that we elicit in our teaching.  This report will argue -
for a metacognitive approach to teaching and learning Probability .
‘Theory. " 1f teachers could understand the difficulties experienced

by the students in learning probability, more specifically in

relation = to the teaching thereof, it could prevent summary
.dismissal of the problems or the pathologiéing of the students.

page 8



-2 CHAPTER THO: SOCID-HISTORIGAL NATURE OF- STDCHASTIC

KHONLEDGE - SGIENTIFIC AND IHTUITIVE CONGEPTS

- 2.1 The mic Nature of. Probability‘ -rheofy' _;

-Probahillty and atatistical knnwledge is. knowledge that has béen

.'developed by connunities of pract:tloners and academics over many
years in order fo quantlfy uncerta:nty. It is systenatic in nnture_
~ (albeit not nacessarily gystematic in its development). This |
system is historically constituted ~and socially transmitted and
_ transformed._'- It is a sign and language system that, as part of a

culinral =systes, has fundamentally altered p~op1e 8 perceptlons of
how to deal Hlth uncertalnty.

There are varibus _ interpretationh of the very concept of

brébability:~; the classical or théoretical,_.the'freqﬂentiatﬁpr

. empirical, and the subjectivist {Komold, 1988). Thus the very .
concept of probability itself is contested. According to Komold
(1988; p.9), thé term probability exists "in 2 web of discourse and =

related concepts”, = To teach prohab111ty ag a product iz to limit

it to a phenomenon ' that is frozen in time, #hereas.the'natﬁre_of
the ' discipline is ome of a developing body of knowledge, negbtjﬁted_

by . intersubjective agreement by bodies of statisticians who have

been given the . authority to. accept or regect theory. Statistical

practxce ig undertaken a8 Joint. act111ty.

2.2 pz_-oha_,bili_tyiwheory as Séientif'ic KnowI'edge__ |

_“In recéiving ingtruction in & systemn of'knowlédge,'the child
learns of things that are not before his eyes, th1nga that; far

eed the lipits  of his actual and even potent1a1 1nned1ate
exper1ence -

Vygotsky, 1987, p.180
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r_Acoordlng to ‘Vygotsky - (1987) scientific eoneepte are thoae whleh |
- are de11berate1y and eyetenatzeelly taught, begxnnxng with verbal -
ddefinitlone as part of & sysiem, while epontaneons conicepts are’
| acquired. along life 8 HAY. Se:entlf,c concepts begin with a
generalization, while spontaneous concepts begin with the empirical
or experiential, an instantiation rather than a generalization,
- Scientific concepts are mediated by other concepts and people and
arednot in-direeﬁ_relation_to ohjecte in the everyday:world.'

Probability Theory is geen as a scientific discipline (Eee for
exanple the South African Statxstlcal Assoclatlon Journal, March
1990, p.30), and can be clasaxf;ed as & ecient1fic conceptual
. gyatem aocording to Vygoitsky's distinction between scientific and
_ spontaneoua or - everyday concepts (er intultlee coneepte uslng "
‘Piaget's (1575) nomenclature)

_ in essence, T Whew argue that as probah;lxty is & scient1flo
" gubject, it aust be taught self-coneclously in -ite
-interreletionsh1ps. . As & _ sclemtific eystem.- it is not
*discoverable’ by the ‘student But must heneonseiouely.learned,
traditionally ' in “an 'inetitutionald.situation. .- Thus by this very

eonsciouenese and deliberateness, it has a metacognitive aspect.

While W1th everydav learning, unconﬂoious acquisition’ of knowledge

is followed by gradual increases in active conscions control,

' Probability Theory has to be transmitted ag & system of knowledge
to the novice as part of cmltural transm1sezon. _ :

Konold {1988) arguee that understanding how students think about
probebility before and dnring instruction is important. This
. research attempts to explain why. o

* 2.3 The Relationship between Present and New Knoeledge

In cognitive activity, the individual actively interprets
information in  the llght of his or her present knowledge. Pregent
knowledge thus both limits and makee 90331b1e new knowledge, while
at the Bane time new information and proeeeeee can develop present -
knowledge. If present and new knowledge thus both eonstrain and
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éﬁable 'developnent,- an. assuiptibn'un&erljing educational practice
ig that one's exper1ence3 in and out of an institution of learning
affect the way one makes sense of new experxences and 1nfornation,
Noss (1988) reiterstes Mellin-Olsen’s claim that the "key task
‘confronting mathematics education is to ‘bridge the gap’ betwern
forms of knowledge which people possess, and those which are
invariably offered at school ..." (Noss; 1988, p.404).

Students do not begin a study of probability with no intuitive
. sense of what 'probahilit? means.. Rather; the student has some g
- pr riori sense of probability whlch I have referred to as 1ntu1t1ve _

concepts, - whethey learned spontaneously or formally some time

preV1ously, These 1ntu1t1ve concept:ous can be elther correct or -
incorrect 'End sarve &a cognxtive structures into which new
1nfornat10n can be ass1milated. '

_ 2.4 Miaeonceptions Begarding Probability Theory

Khhneman;'-Slp#ic-;and Tversky ~ (1982) have investigated ineorrect-
‘intuitive concepts, or misconceptions, in brobebility.' These
miecdnceﬁtionS" are frequently coherent and stable and are
meaningful to the thinkers. within their current structures of
knowledge. : Knnold (1988, drawing from Kahneman and Tversky, 1973)
has developed a model of non-formal reasoning under uncertainty in
an attempt to explain student thinking; even where that is in
contradiction to the formal discipline. It is an attempt to

- undergtand the conceptuel bases on which erroneous probab;liatlc
1nterpretat10ns arg made.

‘A commonly held misconception is that probability values are meant
to provide evidence for the outcome of & single or ‘the mext’
trial, = Other common erronecus intuitive concepta in Probability
Theory ~ include the ‘representativeness heuristic’ (degree - of
similarity Dbetween sample and . .parent population) and the
faweilability beuristic’ (relative ease of bringing to mind}. For
example, when _considering the outcome of six spins of an unbiased
coim, and. if heads is designated H and tails T, the outcome HHTHHT -
looks - more - likely - than HHHHHH, as it appears to be more
representative, while formally they are equiprobable ontcomes. It.
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is not aaay to oonrlnce the novice where the formal and 1n£orna1
are contrad;ctory, 1f worklng prilar1ly with the infornal..'

'There are gaps 'EetWeen belief and knowledge, in knowing about -
probability yet not ’believing’ in it, due fo misunderstanding its
systemat1c'- leaning.. . Knowledge and - belief cam be seen ‘88
'1neeparable ‘until one finds students who can understand the theory'
of say the gambler g fallacy’ and yet will still insist om hetting'
- on red in. roulette i? the last few spins landed on black. - There is_"
a helief that the outcomes are not 1ndependent.

Accord:ng to Hevareoh (1983) these lzsconcept;ons can be gy - ply _
ingrained in the atudent’s knowledge base and the student may
' posaess subaectxve feelings of understanding. Researchers {e.g.'
_Shaughnesay, 1882; Mevarech, 1983) have acknowledged that simply

. _more exposure to the correct rules or. the laws of probability may

" not be sufiicient to overcome migconceptions. .Kahnenan and Tversky
" {in Shaughnessy, 1982, p.788) corroborate this when they showed
that students with substantial ‘background - in probability end_
'statlatics shared misconceptlons with the BOYEe naive.

2.5 :Gorfect Intuitive_conceptions

However, much intuitive = probability knowledge acqu1red
spontaneously is correct. Piaget and Inhelder (1975) divided the
development of intuitive probabilistic knowledge into stages; from
the inabilxty to  understand randomness, through to understanding
- the law of large numbers, Fong, Krantz and Nisbett (1986) speak of
correct abstract intuitive concepte as "statistical heuristics"
(Nisbett,:e19ﬂ3, p.225), an example of which ie'an intuitive version .
‘of the law of large ‘numbers. Fong et_al, {1986) trj to expiaiﬁ
intuitive heuristic approaches as being some universal generaliged
abstract rules that correspond with statistical rules. While these
authors use the results of Kahneman and Tversky’s (1972) research
as an example of failure to use generalized oognitivefstructures,
the research rather 1euppofts the notion that students are using
theee, and that they posaess and use the necessary computational
- and procedural skills, but that their errorecus reasoning holds
‘because  they _esainilate' new - knowledge .into.:_ineppropriate
structures. - - ' - S
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“Whether the intuitive versions are correct or incorrect, what is
important is how ' these affect the learning of probability, the
"students’ ability to molve probability problems, and their sense of
the meaning of probability and its riles. In otiter words, if the
intuitive approsches can converge with the formsl they will mike
sense to the students and if the lesrning of the formal can lead to
_ greater problen~solv1ng abzlity and correctness ip an everyday

" context, then the disjuncturs between the ac;entiflc and intuitive

.“'closes.at.h hlgher level of generalxzatlon,

If we wish to sensitizé our students to intuitive heuristics so as
to provide them with the option of determining their usefulness or
'6fﬁéfw19e,_ we have to recognize the necessity of operating at a
higher - level of-'genafnliti; Metacognitive amaﬁenesé of the
poésibilities of rejecting _preconceptions must be present if
-students are to-gain_bdntpol of their learning of prohability. '

' 2;6 Importance - of ‘Linking Intuitive and Sclentific Goncepts for
Probab;llty

. Many  teachers agopize over whether to start with abstract or
- empirical probability concepts (Steinbring and von Hartem, 1982,
pi278). - Garfield and Ahlgren (1988) attribute the distaste
‘students 'hgve towgrd'?robnbility Theory to the students having been-:'
exposed to the study in a highly abstract and forsal way. However,
while some students do noct even understand the goals of assigning"
- probability values, a return to the empirical or the coaching of
new . knowledge in students’ everyday knowledge {adequate or
iuadequate_!or ?rronéous)'would_be worthlese. Thus in this report I
contest the necessity @f_ working from both the empirical and the
foruwal, claiming that tha abstract and formal ways are important
for conscioug, controlled understandlng of the dlaclpllne, for
enhancing and developipg correct intuitive underatandlng, and for
‘the development of the abstract. concepts themgelves, while the
intuitive - are important for a sense of meaning. Both formal and
1ntu1tive must . be underatood wlthin & knowledge of the epistemic
nature of probabzlzty knowledse. ‘Kelly (1986) argues that when
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 teacking concepts like ‘independence’ and ‘mutuslly exclusive’, it
ia 1nportant to provide not only the. scientific bot the intuitive
as well, saying that "we =seldom help stndents ‘to bridge the gap
 between fuszy distinctions apparent in nature and the very rigid .
. distinctions made in mathematics” /p.3). My thesis claims and
explaing - the nece331ty of 'the “intuitive and - BClentifld
co~developing, o that the scientific helpa to change any 1noorrect_
intuitive notiona and the 1ntu1tive helps to provxde neaning for
the scientifiu. Regardlng independence, this argument would claln

that there s in fact some objective notion of udependence within
the pract;ce of Prnbab11ity Theory whlch gets emhodlnent from .
' everyday notions and from theoretical formulations- rather than
:-rena1n;ug in separate discourses. So with the gambler’s fallacy,
ideally: the ' scientific notion of independert events will protect
the ganmbler from_wiah:ul thinking in the game of'roﬁlette; provided_
' one agsumes the 'randomhess of 'sDins. © We need to link the
;.enpiridalg the intuitive,. and ‘the formal in explanatlon, apd in
' add1t1on show the forual to be linked to itself in a consistent
_ gysten.  Some teachera of probahllity are certninly trying to do _
" this. - Walton and Walton (1987), for example, link student -

experimentaﬁion with computer simulation and mathematical methods. -
' Comperison of the three sets of results (actual triale, computer .
- simlation, and . -mathematical adlutioh) "proﬁidea.a surprising and
| motivating reinforcement for Btudenta «+» The eiegance . of the
mathematical  solutions  is  contrasted with the awesome -
nuiber-crunching ability  of the ‘computer and the "doirg is
" believing" experience of the actual trials® {ibid., p.3). Provided
all this is seen - within " the context of the goals of Probability
- Theory, the students may understand the conventions and in addition
understand. that they are more than just conventions.

2.7 A Psydhological_Explanatioh

-1 bave mentioned the important role of-thg teécher,'hinted at the
' importance of =metacognition and introduced the notion of goalé; _
‘Many teachers aud researchers in probability and statiétics.or-in
even in mathematics in- general recognise thé'need to take these
aress - into account; - they attribute student failure to =molve
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 problens, given  the apparently _ necessary knowledge, “to
‘non-cognitive and metacognitive factors 1nhib1t1ng the use of that B
knowiedge (Garofalo and Lester, 1987). However, these teachers and

- researchers. fail to provide a comprehensive explanation of why this

should be “the 'eaae. Studies regarding affect in the literature
have comnonly involved the correlatlon of attltude and performance

but without a theoretleal reason for the 1nportance of goala and

motives and how they w1ll llnk with conponente of problen solving,
like confidence: As Garofalo and Lester (1987, p.3) claim, "it is
safe to . sgy that the overwhelming majority of problem—solving
- researchers have been content to restrict their in?estigations'
' exclusively to cognitive aspects dflperformancet" So that, "...
.deapite enthusiastic developuent  of new instructional mater1als,

little seems to be known shout how to ieach aprebability and.

statistica effectively" (Garfield and Ahlgren, 1988, p.45). It is
claimed that s "major reason for the limited Buccess of remediation
‘is that reaearch svs ~BB TOL attended to undprlylnF paychologlcal_
~mechanigns” (ibid., 9.55).

Narede' (199?, p.15)' asks: "What are the psychological proceases. _
that will enable students to use ideas, that they in fact have but

camot or do not use?" He clains that this is the guestion which

motivates the'-study of netaeognitien,in mathematics and science!

but he does not answer the guestion in any way that elucidates the
processes  involved =~ in nmeeding to invoke the notion of
aetacegnitiOn.  Again what is wissing is a comprehensive':

. paﬁchelogieal explanation':for why the psychologieal 'aspects of

learning nust be con81dered ‘a8 central to understandxng the
-teaching and learnlng of Probabillty‘Theory.

' Separating student and euhject 'matter, process and product,
1earn1ng _and development gseemed to contribute to the problels in
learning or teaching thus delineated. I hypothesized that both
students and teachers were less secure when aearehlng for what was

subjectively unknown for the student, and that the student as a
psychological subject was being valued at less than the sub;ect
matter. Hellln-OISen (1887) is critical of the 'liberal theories’
of ‘process’ and chlld-centred" education. Yet cne cannot deny

_ the 1mportance of placlng the learner and the procesa of learning
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centrally when using the Theory of Activity, which Mellin-Olsen
uses. explicitly.  What we are aiming for is a change in the
students’ thinkzng whlle gtill . acknowledging that this cannot be
‘without content, - that "“{tlhe mecessary content of thought is the

anslys1s, gynthesis and generalization of . 3onething, vei the
| conditlons and requ1renents of a problem to be salved, etc. -
(Brushlinskii, 1987, p.70). There_ls probahilistlc.knawledge to be
acquired that must serve the students in their other subjects and.

in their future careers, but in order for this knbwledge to be of
‘nge to them it should be meaningful in a.smmoective Way as well as
_he1ng fornally correct..

I will provide an in-depth théoretical Jjustification from a

paychological perspective for teaching both- the student and the

subject matter. I too will use the Theory of Activity and the work

of theorists who work wlthln its framework. I will argue ‘that

e i R R

educational activity needs . ‘o be t:eated in a wnified way, witha . .
focus on teachers and_studenfﬁ'as psychological subjects. . I wiil -
_argue that within educational activity, students and teachers bouu
meed to regain a sense of control and that this”can'ba-achieved via

metacognition on two le?els,_'thht of the teachers’ management of
educational activity and that of students awaremess of their own
thinking processes. B

My first step in the vesearch was to understand the'prqblens.in
‘theoretical terms; for this I returned to Vygotsky’s'notions of

scientific ‘and intuitive concepts which aralembédded_in the'Theory -

‘of Activity. -Vygdtgky’a theory provides a model which considers
" both the internal mechanisms of cognition, as well as the external
mediation of an historically rooted discipline. Hence I first
explicate some pertinent aspects of the Theory of Activity and then

progress through a discussion of wediation, internalization and the

tZone of DProximal D9velopment’; relating these to the learning and
teaching of probability., These w ,1 bs developed s0 as to
incorporate the 'concept of netacognition into the framework of
Activity Theory, . taking due account of affect whlch will broadly
'incorpnrate motives and goals, confidence and control.
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'3 CAPTER THREE: THE THEORY OF ACTIVITY

.A study of culture and cogn:tion must 1ncorporate the study of
) hoth systems of - aoclal relationq and of .imterpal
- (cogn1tlve) activity". ' S v :
S | - Cole, 1985, p.159 =

3.1 Introduction

I shall use Activity Theory both implicitly and explicitly in order
ito explain th2 problens sr131ng in the teach1ng and learnlug of '
'Pwﬁbabzlzty Theury. 1 will draw exten51ve1y from the work of
_ Vygotskyz - This chapter will deal expllcitly w1th sore of the
fundamental tenets of the theory. '

The -Theory of Activity,is'itself fraught with controversy® and to
enter into the debates su:roundipg centra1 issues is clearly beyond
the scope of this research report. However the controversies do -
not detract from ‘the 'usefulhesé of the notion for my work, and
there is sufficient common ground to proceed. This'intrdduction
:-wlll serve to outline those aspects of the Theory of Activity -
considered 1uportant to the atudye ‘Many of these will be developed
further in this research report. : ' -

3;2 Activify Theory Explaining Consciousness

. The title of this_résearch report indicatea.that the relationship
between culture and cognition is considered important. There are
two major 1nterilatations of the Theory of Activ:ty, cne broad and
one narrow in nature. .

The broad conception of Activity Theory will firat be invoked;'lt.'
provides an. explanation' of the relationship between'culture and
cognition by regarding mind and activity as a unlty, and by |
theorlzlng how social relationg contribute ~to the way in which
mental activities are. organized. Culture is used broadly to mean
social relations. X  These 5001a1 relutions provide the external
impetus for the constructxon of an 1nterna1 plane of consclouaness.'
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Vygotsky  suggéatad the uée of the cbncept ‘activity’ as a mesns of
overcoming ~ tautological explanstions of consciousness by
consciousneas,' and of overcoming explanatlona of behaviour by
behaviour. = Activity' prov1des a different level of analysis, by
providing a ‘material means of ‘accessing’ consc1ousness. Mental

. acte are formed by and reflected in actiV1ty.

.-Thns activity can bé seen as E'unit of'analysis which bridges the .
historically different approaches of sociology and psychology to
the study of cognitiOn; In asaence; Activitﬁ Theory.&llows-us'ﬁﬁ
~ see the social and the in&ividugi _aa-'a'unity'aﬁd-cognitiun as
processeés. within this unity. o ' o '

For Vygotsky, who operated within this tradition where mind is -
inseparably ‘linked - to culture, higher mental functions are related
to particular sotial ‘knowledge, while lower mental functions are
_bi61031¢a11y driven, It. is into thé'category of highe:_mental '
functions .that we place the kind of thinking involved in
-Probabllity Theory, that:'isg functions which are'_cultufali in
- origin. ' ' - S

' Gonacloulness 13 formed in success;ve actlvit1ea but is not an

aggregate of these, Rather, it is a systen in 1tse1f, with

" &tructures which are inseparable from systems of human relations,

and  which contain within and- between them the possibility for

" developuent. Thia iz imporiant for later'&sguiptions about ‘thy

" developwent of concepta and the nature and developnent of cognitlve
structures, : ' :

3.3 Mediation

Accovding to Vygotsky, consciousneés is not determined directiy by
. objects and actions but by thé mediation of social beings in
relation to these. The concept of rediation is central to a theory
which posits the continuity of the soclal and the individual. 1
is prlmarlly with respect to mediation that Vygotsky differs fron
- Piaget. For Plaget; direct interaction with obJects, paterial or
mental, leads to devélopment, while  for Vygdtsky, direct
' interaction ' - o |
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meeds to be givén;sacial ﬁeaﬁing by gedistion; In an extenhioq of .

e s

_this, consciousness or higher mental functions can be medisted by

mental reffectidn__bf the objective world usi..g psychological tools

. or aemiotic'aysteﬁa;_fOr example probabiiitx itself, which uses the
eymbolic 4nd limguistic aspects of the subject matter, which in
turn are socislly developed in order to impose structure on -

uncertainty.

There are various interpretations of the notion of mediation.

There 'is the sense of mediation prbviding the necessary framework

by which to interpret stimuli and ect on the enviromment, that is

the semse in which wediation is used by Feverstein (1979, 1880).

Or, in mediation, =some sign or concept is given”aocial neaning by
- another who is in command of meture functioning in that ares, as

would be the case ﬁith a teacher bf probability creating for the

:';learner a new sense of 31gn1flcance regarding subject matter, over =

- whichk the learner must  gain voluntary control. Conaclcnaness of
" the importance of gaining this voluntary comtrol and the means for

: doing so is to be part of the’concgpt'of metacbgnitioh which I.willz'

develop, arguing that metacognition is consciousness of control,

The subjects of'-aativitj are neither purely passive receivers nor

creators.. Knowledge is neithgr:determined by the external world'

acting on innate or learned propefties of the mind, nmor is it

acquired by conscious reflection only, but rather by a dialectic of

the ¢two in activity.  Any external act is mediated by intermal .

' proqesaes, which are. ‘reflected in’ external activity (Léont ev,
1979). - 1t is in the Theory of Activity that act1ons and schemata
are the outer ' and inner perspeutlves of en act1v1ty {Cole, 1985,
p.159) ' -

| 8.4 Activity ss the Fulerua

Activity itaelf cak be seen as the medlabor, the n1ddle link- whzch '

'medxatea obJectlve and subaectzve reality.
- _object<--->activity<~+->subject

. where hoth object and subject are seen. historlcally and culturally.

Objects are transformed into subjective form and activity is .

. converted ‘- into objective results or products (Leont’ev, 1979,
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p.46). "The cdncépf of:=dbtivity_ thus was perceived a&s ap

" actualization of culture in individuel behaviour, embﬁdied in the

 symbolic function of ... speech mystems” (Kozulin, 1986, p.267). On.

the other hand- "[t]he'concrétisation'Qf aetivity,... appesrs as a
- pasychological mechanism that creates new symbols and word senses

that may eventually be incorporated into- the - stock of culture
(Rosulin, gbid., p.269). Probsbility Theory in the individuel is an -
sctualization of years of accumulated development that nevertheless'

containa withzn it the poss1b111ty of further deveIOpnent.

. The potential of the Thgofy_ﬁf-Actiyiiy'as an analytic tool comes

about through the fundamental nature of action. People act, and in
80 'doing' alter the objective environment and the subjective self, =

while the acts themselves are constrained by internalization of the

-eﬁvironﬁent;'“ In a sense, them, activities or tasks are the focal

-p01nt or fulcrum of the dialectic between the person, in the full

subaectlve senge and the énv:ronment, in the full social sense, in -

rec1proca1 transformatlon. _ Mental - functioning develops and

" becomes nanlfest in the process of act1v1ty.- This has a bearing:

on learning in that activity-based theories of learning include a -

stud? of ‘"'the internal link’' of the Iearning prbcess, not as an
' aggregate of indiv;dual ‘mental . functiona. but as the [1earner 8]
active engagement as -a subject and a personallty .;.'(Dawydov and
Markova, 1983; p.b4}. o

8.5 Motives aud'soala

In the narrower ,éense, the term ‘activity’ can be understood in
terms of its structures, as outlined by Lgoﬁt’ev_(lg?s}, Leunt’ev,

whose work on activity is reg@rded'&s'seminal,'claimed that theie
were different levels of analysis of activity: those of motives . -

(will to action) in conjunction with activity, = goals
(“anticipgbopy réflection" (Lomov, 1982, p.72} ) in conjunction
with zction, and operations in conjunction with constraintst.

The active subject in interacting with the environment is not

‘without motives and gddls, at least as subjectively experiénced in N

affect.  Together these goals and motives play a determining role

in * development, .o:ganising gantal processes in  activily, for

example,
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the léiei of 'cﬁndentration;'selectivity of percebtidnglhnd 8o on.
External conditiona constrain the notlvea, goala, and operations of
activity in that the objecta, neana__and conditions are usually
glven. ' - - '

3,5' Implicatinﬂsﬁbf'the Theory of Activity

I will begin w;th a broad’ outl1ne of Bone of the 1nportant
1nplma.1:J.ons of the theory. '

' Firatly;- iﬁ-that conaciousness is developed in the process of human
| ‘relationships and in the unity of gubject and object, all sspects
of intellectua) development and learning areluzf be seen in
"iﬁterrelationahiv. ' S

 Activity, by desling with that which is spec1f1ca11y eman, that :
is, self-cnnsciousness and .intention, presupposes purposiveness andl__
the importance of the cultural meaningfulsess of objects of social

_experience.” = In particalar, there is continuity between the
cognitive and the affectiv. components of & mental tot which are
regarded as ontologically inseparable.._' "4 coguaized object,

reflected in the mlnd, touches to some extent ﬁpon_bhe needs,
 motives, and interests of the individual, evuking jn him & specific
emotional-volitional affective relation (aspiration, feeling).

is  only to that extent that he knows himself." Brushlinskii (1987,
pp.68-69) thus argues for the organic unity between the cognitive
snd affective aspects of mental phenomena and that it is this that
wust define "the mnew Lnterpretat1an of the ‘unit’... in psychology“

‘_Mo’ p.ﬁg) 4
37 Affeot and Meaning

. Vygotsky nade the relatzonship between cognitlon, affect and
" weaning expliclt by referring to

".,.thé _exiatence' of a dynamic system of ueaning in which thé
- affective and the intellectual umite ... that every idea
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contains & transmuted affective attitude toward  the bit of
reality to which it refers.”
L . Vﬁgotsky, 1986, p.10

I will develop the idea of affect as self-knowledge through the
" notion of ‘metacognitive: experience .

.. Some _recognitioﬁ ef the importance of _the interrelationship of
affect, belief and culture has been addressed in the literature ov

mathematics educatioi, for "example -Lester and Garofalo (198?).'..

These authors however dv not adequately deal with the essential
" dialectical relationship involved, as they assume a static view of
_socio-cultural ~conditions.  According to their model (1987,
 p.11-12), affect and belief cannot influence the socio-cultural but
can influence knowledge and control, whereas the Theory of Act1V1ty'
would place nll these in dynamic’ 1nterre1at10nsh1p.

3,8 Communication and Meaning

For learning to  take" place it is mecessary to "create eonditions:e'
that will eéndble activity to acquire persona] meaning" (Davydov and
‘Markova, 1933, p.57) In order to generalize over uncertainty, by
imposing structure on irregularity, probabillty concepte have been
developed which can be communlcated via language and signs.

‘The notion of Joint activity ie.important, fof it is within the
entive system of socisl interrelatedness that activity takes its
meaning,  "Thus it is not just objects and tasks that guide an
individual's acts. ~ The individual *fits’ his act to the acts of
others,  Thie raises the dynamic level of activity" (Lomov, 1982,
p.84). The learning of the concepis of probability needs to take
place in co-operative communication between student and teacher in
joint activity, whether this be direct cemmunication with other

people or 1ndirect communlcatxon through booka, tapes, and so on.

"[J)oint {as well as individual)- activity ﬁresupposes ;iaﬁning,
which is realized ‘in the process of communication" (Lomov, 1982,
p-84), Communication, as it were, pervadee.Joint_activity,'playing
an organizing role, Thus communication organizes and reflects
organikatidn in joint'e&ueational activity. It is in'comhunication.
_ethht meaning can be negotiated using the sign.eonventieﬁs and
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'generelizetioﬁe _of_ the aystem of probabilistic khdwledge as tools,
%9 Educational Activity

in many activities the'obdect of_activity is that some product; be
it material or ideal, is transformed by the execution of the
aetiiity. . Assimilation during the course of activity is a
' by—product. In edueat1onal actlvity. however, the expllcxt goal is

2 change in the studente themselves rather than a change in the |
_-obaecte of etudent act1v1ty. Students of probabzllty in service-
~courses do need to know the theory and be able to solve problems
1ndependently, but  the problems they are set are problems wivh
pre-egxisting solutions, gset and solved by many generatione of_'
teachers and students before them. - Hence in the learning and
teaching of Probabilxty Theory, 1t_ is net: the solﬁtion of_the
‘problem that ie: so important as what the process of eolving the
problem does for students’ .cognitive development or how it reflects
their knowledge and abilities. The students thus become both the
gyhjﬁgh' and ‘the object - of probabiiity sotivity while the gsubject

natter becomes both obgggt and means for acqulrlng new knowledge_'
and methods of action. The development of the subject is by means

of the transformation of the obaect,_which beoomee a peychologlcal
taol. - The transformatzon of the obJeot then is a secondary goal 1n.
the educational setting. The product of probabllxstle activity
" becomes - important whore it enables educators to understand the
-psychologlcal processes involved in the atudents' reaching such a
p:oduct; Clearly this perspective would be dlfferent for practlelng _
statisticians outside the educational context.. ' -

8.10 Aim of Educational Activity

SerV1ce—couree etudente are taught Probabzllty Theory a8 an ad;unct
to their other courses. Hemce it is not intended that they operate
as practislgg -statisticians in the ‘real vorld’, although some may
- develop that interest.  Goals vary from intentions that students
develop basic statistical knowledge and skills in order fo be at
least partlelly ‘literate’ = and ‘numerate’ where it concerns
‘research in their area of study or practice in the future work~
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place} . through .. the fostering of the acquzsitlon of ba31oe
;deflnltions -and theorems, ‘the development of skills and the ability

to  trace . relationships, to including rimg of fyreilitating the -
 students’ ability. to . be able to solve—new probleus independently.
I contend that a1ms muet include a consideration of the subjeotxve
. .gense  of lenning of Probability Theory for etudents, as well as a

conslderatxon of . their knowletge of their own ability to ecqn1re7"

: prohabillty _ knowledge5 ~ Education cannot be reduced to the
itransfe“ral of knowledge8 or the-acqu1eit10n.of skllle, but must
:1nclude the development of the mental structures of the learner,
oognitive,' metacognltlve end eplstenlo, coupled Hlth &n awareness

| of the importance of affect. '

_ Hhere 1earn1ng is to he del1berete and the content of the knouledge
to be learned oontalns genern11zat1ons, mental . development of
',probahxllatzc thinking is no longer a hy*produot of activity but
| its central goal., Educational actavlty can be seen as ¥a mystem of
organieatlon and methods for conveying to the individual socially
- formed experience ... " (Davydov and Markova, 1983, .59}, .

_"The.irevefsel in the relatlve prlorlty of ... koowing how and

_ knowing°_that; h1ngea on the ab111ty to transnlt culture, as a

. system of 'rules,j;ndependently of its material embodiment. It

requires of the ‘novice that he First learn not by experienoe,'
imitation end ‘reinforcement from others who have done likewise

" vv. but #ather that he learn in advance tl_le abstract principles

-~ by which - he can generate artefacts-of his own, in the light of

a critlcal evaluation of the efforts of his predeoessors. This

is . the difference between the passive absorpt1on and active
sequisition of knowledge ... It is also, and most

fundamentally, the difference between learning by example and

learning by teaching.” . o o

' ‘Ingold, 1986, p.356
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3. 11 Usefulness of Actxvlty Theory for Explaaning
Probablllty Prohlegs -

Thus if it is wished to understand the learning of probability it -

is useful to invoke the level of anﬁljsis of activity'which'
addresses not only the practical actions of statist 1cal behaviour
. but- algo the -meaning of the activity for the subjects. In other

. Words, _use of the Theory of Activity will allow for a psychological

study of the lesrnlng and teaching of Probability Theory. It
" denies the sepsrability 'of'Tactivity,'notive,_action, goual, mesng
-.and. .operation in the context of the inseparability of subject and
object, society and the individual, and process. and product,

‘We want individual change but that can cemefabout only through
: ~social relations with those who are wmore -cospetent' in the
discipline, and with the students’ active involvement with the -
sﬁhject matter. Thus +to. ignore a psychological approach to
teaching, = concentrating .only on the subject mdtter, is to distort

educational activity. Misconceptions or a smense of néaninglessnees '

and helplessness will abound if students do not know the how and
'why of .theoreticgl probah;llty approaches. They will then rely f
on algorithmic approaches and will not be able to cope uith
novei? problens, a8 ev1denced in the classnoom sltuetlon.

As “educationists. we need to understand how the development of
concepts ‘takes -place within educational activity in order to
facilitate it. In order to understand how to achieve this, we need
“to 'understand the_.transfbrmations of activity into its subjective
formulation in the ﬁsychdlegicale gubject. Hhat becomes clear is.
that it is mpecessary to look at the relationships that exist
between learner and teacher and to decide how theﬁe-caﬁ aid our
understanding of the communication process. This in turn needs to
be seen within the\Bro&der context of the relationship between the
social and the individual, which is not oppesitiehal. If We accept
that Probability Thedry is a sgymbolic tool that is culturally
created and culturally trénsnitted; we need to understand how the
learning of Prebebility ‘Theory can fundamentally alter the nature
of thinking about uncertainty, = The teacher and student need to
"ascertain ‘and create conditions that will ‘enable activity to
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acquire personal neanlng, to - become the source of the person g
self-development" (Dawydov and Markova, 1983, p.57)

To evaluate— .the' 'efféctivenegg'- of  educationmal activity in
.qua11tat1ve terms - requires . looklng at not -only ‘the - stndents

"actions with the to~be-learned material but also his nethods of
control, evaluation, and - self-regulation when dealing with the
materials" (Davydov  and Markova, 1983, p.52,  63). In order to
achieve this the student ﬁeeda‘to becowe the subject of his or her

" own &ctivity and. assume  "an act1ve orientation to the real world .

around him, toward hlmself and othar people" (1b1d., p.57} Hence,
the cans1derat1on of the notion of metacogn1t10n becomes important.

'For,_humaﬁ .acfion to  have the properties'df Adtivitv;.the subjedt 
- must accept the goals toward which his or her actions are directed.
Many of the goals of service-course students are prepared goals,

not of their own making. It may require considerable self-control

to accept them. This is agaip where the notion of metacognition
demands investigation, for it is important that students arc able
to realize the limitations . and constraints under whlch they are
IWOrklng aa a prerequiszte for dealing with thEm. o

1t is the taék of aﬂpsycholcgidal analysi$ to élucidaté how reality '

is 'subjectively reflected  in the 'procesé of activity and what -
underlies mental regulation of that activity (Lomov, 1982, p.81).
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4 CHAPTER FOUR' .RARNING AND DEVELOPMENT
4.1 The'Aseuhed Distiﬁctien Between heerning_and Developnent-.

In order to-eﬂdeess-the probiem of the development of probabiligtic
cencepts, it is important to- discuss what is meant by leernlng and
' development and to investigate the relat10neh1p between them. . To
~ address the problems associated with the concepts of learning and.
development ig beyond the scope of this report and my dealing with
the  issue must therefore be superficial. Even within the work of a
single constructivist theorist,' learning and development can be
uged iz different . weys;'. .My assunption is that learning is the
assimilation of new information into existing cogmitive etfucfurea'
or the anqulsltion of new actions during this process, while
developmeut is sgeen &8 more than learning, involving changes in
cognitive stpucturee characterized by "qualitative changes in the
level. and form of the abilities ..." (Davydov and Markova, 1983
P89, If we wmeke =a distinction betﬁeen--the mastery of:"
knowledge; skills - and specific abilities, and the "mastery of
- methods and universal forms of mental activity" (Davydov and
 Markova, 1983, p.68), the latter will refer to development. In
this way development is more general than learnlng, the former
relating to the structures themselves and the latter to ways of
-organxzing and utlllzing those atructures.

' Development . to Vygotsky was & dynamic process, -uneven, with
reversals and progressions. it war seen as the progfeesiﬁe
emergence _qf_: conscious awareness of - concépts and _thought
operations" {Vygotsky, 1987, p.185), where censciousnese itself is
constructed by social awareness.

4.2 Internal or External Generators of Change
In _consideration of what it is that generates cognitive
developument, Piaget looks at internal genersators, that is, internal

"to the orpanisnm, _whlle ngoteky 1ooks-at external generators of
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- cognitive change. - Craig__(lgaﬁ)' synthééizea_these abpfoaches by
;-claining that even if change ig externally génerated; it is the
* individual ﬁho needs to reconstruct the cognitive structures and
processeﬁ internally. Thus cognitive develdpment can be both
externally and internally generated.-" While I acknowledge that
" maturation iz a neceasary prerequisite for coping wzth an
mcreasmg complexlty of cognltio:l, nathenatlcal statistics is
clearly soclal in origln and hence 1t is the soclally transnltted
 aspects of dxwelopment that concern us. As educationiste we are
'lbokihg at external generztors that will elicit the approprzate
.intefnal changes 1n individual knowledge development‘;

We are thus seeking ways of ellciting internal changes by external'
"means. Hence learning must lead developnent, The 1nternal1zing of
'social forms of knowledge and the mastery of specific knowledge

'skills  and  gbilities must generate qualitative internal
- transformation allowing for a _broader.;underétanding of the

. cognitive, metabognitivé and epistemic nature of probability.
 Althongh Vygotsky (1987, p.206) does mot cite his research sources
"in this work, Hhe makes the clsim that “[r]esearch has shown that
1nstruct10n always moves ahead of developnent"

4.3 Scientific and Intuitive Concepts and their Relationship -
to Learning and Development o
"! shall call a culture unselfconscious if its form-making is
learned informally, through imitation - and cﬁrfection. And T
shall call a culture self-conscious if . its furm—nsk1ng is
taught &cademlcally, according to ‘explicit vules. "o '
' : Alexander. in Ingeld, 7 °. p.317

Vygotsky's theory can be used to advocate the déVelﬂpmgntal lead
that systematic = teaching can play. Vygotsky provides ihe amalogy
of learning a second language in order to explain how scientific
and spontaneous concepts are connected. The concepts differ both
in their developmental paths and in hew they function, yet there is
a mutual dependency. A segond language by defixzition requires the.
existence of a first which was learred unselfconsciously.
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| 'Analogouslj,' thi _1éarﬁing of scientific'.doncépfs.de§Ends.on'the_

level of everyday concepts in that a "conceptual fabric" (1987,

'p.180) is presupposed. In the same way as the learning of & new

language can enhance one's consciousness and knowledge of one's
first language, so the learning of the scientific can raise
consciougdeéa about previously ~ existing everyday_ knowledgg,

pfa?iding for greatsr cohtrel and voluntary use in more generalized _
| ways.f '_Thuﬁ " teaching scientific concepts can prepare the way for .
~ the fdevelppmental path of the spontaneous by providing structures’
for their upward. development, while the spontanecus can provide
embodipent for the scientific. In a sense then consciousness moves
‘downward from the =cientific while meaning moves upward from the

everyday.

Having already  travelled the long path of deveIOpnent frouw

below ‘to above, everyday concepta have blazed the trail for the

continued downward grqwth of the sgscientific concepts, they
_ have ureated the strﬁctures required for the emergence of the
lower .or more. elementary characferiatics' of the scientific
concept. In the same way, hawing covered a certain portion of

the path frou ahove to below, sc;entif:c concepts have blased

the #rail for the development of everyday concepts. They have

'prepared the gtructural formations for the mastery of the

higher character;stics of the everyday concept. '
Vygotsky, 1987, p.219

'~ Many mathematics educatoré adyOCaté _loving from Spontaneoﬁs '

- concepts towards  the scientific (e.g. ' Fenema, personal

communication, 1989), starting with probsbility notions the

students already have and moving toward the scientific. Reference
to known classes of phenonena held by the student are said to

provide the student with a sense of the neaningfulness of the new

.knowledge. This creates problems if students have misconceptions,
for then the correct scientific concepts have to eradicate these
spontaneously acquired . concepts which are meaningful to the
atudents, - If the scientific and everyday concepts co—develdp,

:moti?ation fof regtructnring'_can oceur :when cognitive confliots
appear between presently held comcepte, and scientific concepts
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Beingi. introduced. © For Vygotéky, : spontaneous thought and
non-spontaneous thonght wsuld have antagon1stic _;ﬂ similar

T TR e = ek Sermttk e - Caanl”

features. Vygotsky believes that del:berate instructlon should
intraduce ‘scientific concepts or general;zations that are not.
1n1t1ally connected to personal meaning, but which rather by thelr-

systen. - From thxs co—deyelopmen; of _hoth _the scientific and
everyﬂav concepts, ‘true’ concepts are formed by the merging of
consc1ousness and personal meaulng

- Deliberate lea.rning—-—-—-mientific'-ooncepts_é——'—-—_ -
o . - T  |—true concepts
Spontanecus learning——everyday/intuitive concepts— '

_EbﬂE3;lL;Em1szﬁhum@gLJQLImmaﬁanmaﬁi

Believing  Vygotsky's scientific ‘and eieﬁydny doﬁcepta'”to_.ba
ﬁutually'_developiﬁg does not devalue everyday conceptsgizlt is not

o abstract nature generate conscicusness of their weaning within a

"so much a displacement, = nor a broadening or enriching, but &

-reconstruction. Everyday concepté may still have a function in
.everyday llfe but for an academic disc1pline the students need to
develop ‘true’ concepts that will be both meaningful to the subject
and over wh1ch the subject has conscious- control.. '

Thia researrh argues that meaﬁing and consciousness must both be

. primary qunsiderations for teachers as they asmist students in the

_3construc?10n and reconstrnction of Probablllty Theory.
4.4 _Developmeﬁt Of_Probability Knowledge

-Dévelopmeht of probability knowledge then takes place fhrOugh the

_asslmllat1on of soc:ally evolved or h1stor1ca11y formed methods of

dealing with the world of uncertaanty. It is more than the simple

accumulation of probahillstic tfacts' but rather the active

o engagement of the 1ndividua1 in reproduc1ng and tranaforning or, in
fact, reconstructlng thes: in ‘aubjectlve’ form. '
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' 4.5 The Nature of Understanding Prebability Theory

It ig necessary to coﬁgidér'. what - is "ﬁeant_ by the term
‘understanding’ with respect to Probability Theory, us there is no

precise dafivitidn of understanding nor any “specification of the

processes - such :nn__understanding -might affect" {(Myers, 1982,
p.379), The  term ‘understanding’ is often used intuitively and
hence I need to élaborata cn ité_employuént in Probability Theory.

. Understanding in probability at the service-course level is
commonly assessed by two broad categories of problem: ‘formula’
- problems and ‘story’ problems. The former presents certain values
and donditiona' and the students effectively substitute vglues.:'In
‘examining knowledge of 1ndependent events, what' follows is an
exewplar. If P(A)=0.6, P(B)=0.4 sl A and B are independent events
" then P(A N B) =? The story type, on the other, hand requires the
student to categor;ke the problem appropriately first.

- Clearly the: ideﬁl measure of understanding would be the ability of
the ,atudents to come to correct problem solutions by the moat
eleganf ‘methods. I do not want to become involved in a discussion
of assessment at this stage, but it does affect how students

_perceive their own understanding of probability and how teachers
perceive the understanding of theif students, If it is #ssumed _
that understanding may be partial, at what point do teachers .
consider studenta’ wunderstanding to be adequate, or at'what-pbint

are students to be satisfied with their own uhderatanding?‘ Must
the student be able to organize the subject nﬁtter go that accurate
predictions or answers can be made, via accurate manipulations and
trnhsformations.- of the material? According to Myers {1s82)
understanding should aid categorization and translation of
probleas; buﬁ should the novice in'a service-course be expected to
be able to present complete problem solutions? To be able to do
this as well as know that they are correct, places cognitive
demands on the novice ‘that may lead to the helplesanesa that I
often witnessed in studemts. '

As with reading_ & novel, understanding needs = to be more ‘than
uhde:standing the statements nade by 1nd1vidua1 sentences,
requiring an understanding of the meaning of the text produced by
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'their interrelstionship and significance. It is all very well to
be able to -do prohlelseinvolvingIFand"or*‘er’ in'th91text 88 key
‘words, - but if the students do not fully understand the notions of
1nterseetion and union they will not be able to do problems when

these terms arm. 1np11ad by conjunction rather than explle1t. The

 gtudents need to understand more than just the definitions and

theorems - in isolation if they are to chow understanding of the
subject: ~ an understanding that “will lanzfeat in ‘the ability to -
franafbrn,- relate, ‘extend and elaborate vgon givena, or at least
idegreea of such. Thus- understanding mist include a consideration
of a subjective sense of _ggniﬂa Bishop (1985) speaks of the
personal nature o. the meaning of a new nathenatical ddea, one that__
must make ennnectlons Hith present knowledge. ' -

4,6 The Development of Concepts in General

" The idea of the deﬁelopment of concepts'.is :iﬁportant fer - ;.
understanding difficelties experieneed'by the students and teachers -

of probability. - A concept is wnot just a "collection of sssociative
connections learned with the aid of senory” (Vygotsky, 1987,

' p.169); & concept. - is rather an act of generalization, a .

reconstruction in the individual. As generalizations, concepts are
 related within a system, with higher-order concepts mediated by
- lower-order comcepts; which develop - by means of interconnections
and jinterdependencies. If a teacher attempts to teach a concept in
its final form, the word but not the concept may be learned which
then limits .the ability to apply the concept.  The group of
students descoribed in Chapter 1 who were all wnrking'with Bayes
theorem failed to'eee'that they were utilizing the same concept as
the _atudent'eworking from first principles, as they were blinded*by
an empty label. They exemplify the failure of the development of
the concept of conditional probability. Students who do not have a
comsand of a concept feel helpless-in even attempting the solution
of problems that are new to them:. On the contrary, those stndents'*
who have mastered the functions by achieV1ng consciousness of then
in  their interrelationshipa, have voluntarv control as the "reverse
side" of the "conscious awareness" (Vygotsky, 1987, p.187), or have
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8t least conscious . control to a_certain.ektgnt._'Dévelqplent is
then geen ag the change of internal relationshipq among functions.

4.7 The.Detelopment*bf”Scientific Goncepts :

If sqientific conﬁépts _themselves - develop, ‘transmissioh” fron
teacher to student is clearly not the mechpnism of learning.
Markmen (1981) cites research which indicates that the more facts

_one has on a topic the more they interfere with each other, making
- access to them difficult. Hemce, paradoxically, the learner becomes

less proficient unless the facts are . :l.n'l‘.egra:l‘.ed into coherent'
| units, using organ1zat10nal ak1lls. ‘This must be ‘seen in a
dialectice]l relationship with the freeing of cognitive_capacity
allowing - for inferential processing, or ‘additional control. It
geems that the service-course students are not perceiving the -
systen which constitutes probability, and I hypothesize that this
is due to & failure. by the teachers to organize and mediate the
systen and its relations to the students in a self-comscious
‘manner, = The students are “thus  unshle to wuse the concepts
:del1berate1y {not being able to get going), unable to apprehend
1nconsxstencies (by 1solat1ng concepts from their relations and
thus becoming satisfied with a numerical answer albeit meanlngleas.
in ‘the systen), and are unable to make sense of the laws._

4.8 Strengths and Henknesses of Everyday and De11herate Routes
to Learnlng

The weaknesa of everydny ¢concepts 13 that they do not lend
thenmselves easily to abstraction and consequently freedom in their
use, while their strength lies in emplrlcal understand1ng. On the
bther_ hand, the weakness of scientific concepts is that they can'
appear--aa' eupty verbalisms, as our-students s0 grequently irdicate
to us. The strength of the scientific is that they can be used in
general situations. ~ But it appears that for the struggling
ser#ice-course students  the strengths are shsent while the
weaknesgses are evidenx, that 15, the meaninglessness of thea general
- in terms of a paucity of interconnections with personal exper1ence,

- facts whxch have not baen 1ncorporated into a syatem of conacious
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_ iuterre;gtionShips. and knowledge which cannot easily be applied in
 concrete situations. Vygotsky (1987, p.191) days:

_ '”Scientific concepts ‘have a unique relatlonship to the ohject.
. Thig relnt1onship is med1ated through ~other concepts or the
_'generallsatlon and mastery of concepts emerges for the first

| time. " Aud once & new structure of generalizatlon or
- nbstraction-'has arisen in one sphere of thought, it can -.like _
any structure - be transferred ‘without training to &Il
3 remaining domains of concepts and thought. Yhus, corscious
_amareness entera through the gate opened up by the acient1£ic'
concept’

4.9 The Nocessity of the Co-develonment of Evervﬂﬂy and
' Sclent1f1c Concepta

__Gonscioua_'instruction'_of concepts cang.profide_'the gource and
impetus for the development of concepts.- By beiﬁg introduced to
formal relationships between_-concepfa, the gtundent “rethinku
relationships between things ...[which] results in a radical
reorganization of the thinking'that provides for the reflectica of
reality and the very processes of human activity" (Luria. 19986,
ps 4, in Craig, 1985, p.&O)

Students do have sgome intuitive sense of probability (see sectiom
1.8 above) and they csn deal with some of. the scientific .conceptg
at ‘a ‘rule’ level, but the twe do not’ merge to provide a sense of
the neaningfulness of the hody of knowledge. As a consequence the
students lose confidence in their ability to cope thh the expected
_ stendard of performance. The problema that [ have listed jndicate

a contznaing disjuncture betwenn tlte linew of developsent of

spontanecus and . scientific  concepts, coutributing o . the
perpetuation of the weak aspects of the concepts, rather than the
development. of the two ir a way that allows for the increase in _
their strengths.  According to the Theory of Activity tha two are

necessarilyo united in a single =system. If these concepts are
taught with such a unity in mind, teaching can assist in raiging
- stedent  thinking = to  continually  higher levels  of
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generalisation.'_ -Understsnding-_and_ knoﬁledgs in probability can
become belief, On the other hand, if the students are allowed to
‘retain these two types of concepts in parallel, they will continue

- to feel helpless in the light of the percelved neaninglessness and -

uselessnsss of Probability Theory to them. 1 will argue that what .
is required is a level of self—conscxousness that hsa to be part of
deliberate 1nstruction. 

| 4.10 The Relntidnship.betweén feachingland Learning -

' f This then requ1res an,analysis of ths relationship'between teaching'
- and learning, - -

‘"The educational process has its own sequence, logic and
B complex 'organization vss- It would be a tremendous error to
' apsume :fhat' there is & complete correspondence between the
external process and < the internal structure of the
'dsvelopmentsl proceszes that 1t brings to life.' '
Vygotsky, 1987, p.206

Conventionally, ~ teaching is the activity .of ‘the teacher and
learning the activity of the student. However,'invoking the_Theory
of Activity inhibits the polarisation of the teacher and learmer in -
'-educational--abtiiity. Both have to be actively engaged in the
students’ mastering of the socially evolved forms of desling with
uncertainty, that is, with sell-consciousness leading to oontnol
and a subjective senge of mesningfulness. '

1 hsve often ‘heard 'teschsrs of statistics say that the students
just do not have what ie needsd.to.undertske the work: If teachers
accept Vygotsky’s research evidence as indicative that Iesrning can
lead development, attitudes to teaching must sigﬁificnntly altsr- _
and we as teachers must assume responsihility for the development '
of our students in order that they may undertake the work we expect: _
of ihEm- Thla is becomlng an urgent issue to consxder in South
'Afr1ca, especially  fur serv1ce—course students where some
' statlstxcal literacy is needed in order for them to contr;bute to
the commun1ty'1n other ways
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4,11 Experts and Novices

' ’I'hej teacher is an expert and the student a novicé as far as -
knowledge of the body of Prbbability Theory is concerneda

"Experts, by definit1on, know wore than movices. They h§Ve_

accunulated wore speclflc facts in a given donaln than povices,

who may . ha.ve _more vague, general, and perhaps erroneous

. beliefs.  What also comes with expertise, ... is a greater

 systematization of knowledge. - Experts detect nore pattersns,
see more relations between discrete events, and know more

principles that umite diverse facts than do novices." .

Harkman, 1981, p.76

The novice has to concentrate on aspects thit the expert Las

routinized, thus has greater processing constraints, and canmot

generste - as many expectations as the expert. Novices, regurdless

df'_ageJ "exhibit simil&r pﬁtterna of behaviour ... demonstrat[ing]

~ the .crucial role of exper1ence and expertlse in cognitive .

_ monitoring” (Brown and ' DeLoache, 1978, in Baker and Brown, 1984, -

' 9.258). - As such there is what Flavell (188la, p.57) refers to as a -

- "phencmenological chasa" between the states of the minds of those

who know and those who are to hecome knowledgeable. '

4, 12 Situation Definition and the Estab11shment of
Intersuhgectivlty

. According to _Wertsch__{1984}. a situation'definition.is an active

 creation or representation of the coatext by ﬁarticipants, The

reality of many a;learning-téaching situation in PrbhgbilitQ'Theory
in this country involves =& mismatch of the way teachers and
students perceive the learning context and th9~kndwledge debiving .
therefrom. - An extreme example of this comes from one of the
studenta in . the Acsdemic Support Programme for Quantitative
Techniques (formerly, Hathemat ‘es apd Statlstlcs) who refers to the
probablllty courze as "bretal” (see_Appendzx 1}, The teacher has a
_ sense of the system of Probabiliﬁr Theory while the students may
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only see a series of disintegrated _statenéntS«_ If development

cannot be conceptualized. in gquantitative terms, bnt.invulves a

- shift in understanding - regarding the objects and the actioms by
‘which ome operates on those objects (Wertsch, 1984), then
communication between teacher and student is required that will
enablé' an understanding of the way the novices are constructing the
activity in order to establlsh some grounds for negotiatlon toward
: intersubjectlvlty._- Wertsch defines intersubjectivity as the state

"of . sharing the sane situation defin1t1on and knowing that you ghare

the  same sxtuatlon def1n1tion (ibid. , p.12),. ‘that is an

' 1nterpsychologlcal situation definition’. Im order for teaching -

‘and . learning to. take place, 1ntersub;ectivity 1s needed. Wertsch
refers to the mechanism which makes_negbt1ated intersubjectivity
" possible as =emiotic med;at:on, which relies on the use of signs
amd language. ' '

 Given that different ‘situation definitions exist for students and
‘tesshers, how then is one to 'écqqnpliéh sﬁqh a situation
redef aition in order that the intersubjective condition of shared
situation  definitions can prevail? This again “becomes the
-responsibility Of} the feéchers who may have -to tenporariiy suspend -
their own intrapsycholdgical :Eituation definition, and their more
'sophisticated views of _probability, in ‘order to enter into a
comnunzcat1ve fremework with the students, that is understand1ng
 the way the students are conceptualizing the work at hand. A
temporary change on the part of the teachér_night result in a
permanent change of situation definition for the'student, resulting
in a qualltatlvely different ability to understand the activity.
This does not necessarily 'mean entering at the students’ actual
level of development as a P1aget1an model -would suggest. Rather it.

refers %o an understanding of how the students perceive the .

situation than to teaching at the level of their present state of
knowledge. ngptsky argues against teaching from the present state
of knowledge alone and speaks of raising the students’ level of
- understanding by teaching ‘beyond their present knowledge, in fact

by inducing consciousness through 'scieatific concepté-'for_true_.'-

.'conceptual development, Vygotsky’s semse of the downward path from
- *he scientific with the embodiment by everyday concepts implies a
leading of students from above, rather than an hierarchtcal ascent
from. beloh ina tsxonom1c gsense.
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'Froh__the;

dialectic
leads %o
knowledge

communicative ' action ~of negotiating comson - ground, &
3betw§en“:taskf'and - participants comes into being which
‘individnal cognitive and gocial change, and to students’
of Prdbahilitﬁ Theory, aﬁ well 28 taachers' underatanding
- of the meaning of Probahillty Theory - for the students, and the

- adjustnent of their teaching ‘to this. It ‘becomes important to

consider the process of how to ‘transuit probabilistic knnwledge
expert ‘teacher to the novice student that will enable tha:
student  to develop adequate control of the knowledge 8¢ as to be

from  the

'able to accegs it for problem solvzng.
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5 CHAPTER FIVE: INTERNALIZATION

5.1 1ntroduction'g

- Ve need to consider how culture affécts cognxtion in ordar to
deternine how social knowledge is learned, and correspondlngly how
 thi= can be bezt taught‘.

_ In this chapter 1 shﬁli discuss the concept of intermaligation,
e process which - epit0m1zes the 1nseparability of culture and
'ragn1t1on. Internalizatlon wi'i be addressed in close relation to

 the notion of the *Zone of Proxlmal Development’

5.2 Social Origins of Consciousness
Vygotsky's "law of cultural development® states:

"gny function in the child’s cultural developwent appears
twice, or on two planes. First it appears on the social plane,
‘and then on the psychological plane. First it appears between
people as an interpsychological-category;'hnd then within‘thg :
child as'fan'intrapaycﬁological category.. This is equaily true
with regerd to voluntary attention, logical memory, the
formation of concepts, and the*deveiophent-of'volition. “We may
" consider this position as.a lam in the full sense of the word,
~ but it goes without saying that internalization transforms the
~ process itself and changes ita structures and functions.
Social relations or relatione among péople geneticall# underlie
all higher fnnctlons and the1r relatlonahlps. ' |
| . Vygotsky, 1981, p.1sq

Vygotsky (in. Hértsch; 1985, 'p.IGB)_ argued “that..“[a}ny higker
function pecessarily gdoes through an external stage in its
developaent begayse it is init1ally a social function. (enphasls'.
added) .
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The dsvglopnent_ 6£~~consbiousn§$s ‘itself then - starts with the

external (social) which is constructed through self-reflection, by
way of 'otﬁer*réfléction; However, consciousness must not he seen .

ag an 1nterna1 reprint of relatians in society, but is rather
'forned in the traulfornut1on of these relatxons in 1ntarna115ation.

For Vygotsky (in Hertach, 1979, p.2), then, social res11ty in the '
broad sense plaas & primary role in tic development and nature of"

intérnal higher mental functiona. The means for influencing or

.. being aware of ourselves were originally weans of influencing or
' being avare of others, or othera® geans of influencing or being
_aware of us. If we substitute the ‘teébhing'bf”Probability Theory o

. for tinfluence’ and ‘netacognltzon for ‘being aware of ourselves’,

o we naed to understand the impact of & ha- theoretical p051t1on of the

soclal orzg1n5 of higher mental functions on educational practice,

and  in partlcular, how others’ means of influence become -

'_1nternalized to become our own in an educational setting. We need
to recognise that self-reflection itself has its origins in the way
one reflects on otherz and how one internmalizes others’ reflections

on. oneéelf,' We must-thus_nake the claii.that netacdgnitidn hes its .
Origin in social relationships, and that metacognition ih”the :

academic sense has its origins in the teacher-learner relationship.
'5.3"ﬁe1ationshipé aé Central

~ Whereas Western psychology tenmded to focus on the individual,
‘Vygotsky contended that the study of rel stionships is cemtral, that
an undarstanding of the social relations as the context of
individual devalopnent is essential to _ understandlng the
individual. - Hence this research report will cowsgider socxal
' relationshlps in the 1earning and teach1ng s;tuation. N

5;4 Internaliﬁation as the Process.which Transforns fhe.Social
- to the Peychological, - ' '

'_Intérnalization- is the tramsition from internaychoiaﬁical khoﬂledge___
to intrapsychplogical, *truly mentsl’ functioning, where patterns

of activity that had been conducted externally come to be executed
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"internéllyi- .:$his 18 the. reason for the assertion in the'ﬁitlé of
this report of the 1mportance of congidering culture, and its-ﬁ
 mediation in conmun1cat10ng for rogn1t1on.

 The choce of ?ygqtsky’s theory for understanding the development
- of probabilityICanepté'becongs:cleafer when the social or cultursl
' nature of the concepts themselves"is noted. Part of the social
processes - to which Vygotsky reZers are representational systeﬂa_of' 
a symbolic 'n#ture, and language.  Thus in the construction and |
reconstruction - of  probsbility dctivity by the subject,
prohabilistic conaciouaneas 13 1tself produced by leans o£ cultural
: -medxation._ ' ' ' '

" B. E The Origins of Self—Regulatxon in the. Dellberate Leatn1ng
- Situation :

The _oi.-ig'ins ‘of melf-regulation then lie in the expert-novice
-interastion, where there is differential expertise and consequently

differential control of the learning process. Imitially the expert

provides the 'otheréregulation’_hecessgry'fqr the novice atudent to -

perforn . the required task. By taking over the communicative and -

regulatlve functions of the expert; that is, all the procedures ln
the 'language-game of Probab@llty Theory {cf. ﬁittgensteln,
1972), - the novice de?eIOps self-regulatory abilitias. "There is a

gradual shift of control from expert to novice. "That is, she/he

has not simply mastered the abillty to carry out one side of the . -

: commun;cative interaction by regponding to the directives of
others, ‘She/he has taken over the rules and're3ponaibilitiéa of
both pgrticipants e« The definitions of situation and the
~patterns  of . activity which. formerly allowed -the [novlce] to
-'partxcipate in the prohlem—solving effort on the 1nterpsychn!nglcal
plane - now allow - hlm/her to carry out the task on the
-:intrhpSychological plane® (Wertsch, 1979, p.18), - In order to

highlight the difficulties for the teacher in establishing commcn Vf”l 
ground between expart and nov1ce, I shall elaborate on the procesgf.,,:__
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of 1nternalisation drawing - frou Wertsch (ihld ) whn theor1ses that_
there are. four stages in the process.

5;6 'Ths_Proeess of Internalisation

Mellnn—ﬂlaen (1937) asserts that the basxc position for mathematics .
educators “is to 1ntroduce pup11s ‘to mathematical knowledge by
connecting - it with thelr existing Culturally embedded knowledge and
activities" (cited in Noss, 1988, p.404) This can be inte:preted_
in different ways. It cen mean that teachL:s_hustifind msthensties__
in the knowledge students alfeaﬂy possess, or it can mean the
_ lntroductlon ol eonventional nathemat1es without los;ng sight of
" the current knowledge, skills and interests ef the students. ¥While
Mellin-Olsen refers to cnlturally emhedded knowledge as practieal '
knowledge the students already have, I will reinterpret the
. statement using the broader concept of culturally enhedded
' knowledge as internalized mental acts,

_The first level of transitiah rrop other- to self-regulation
~ reguires that the teacher provide the ReAns by whlch the learner
_can develop .a task definition that will allow for - student
- participation jin the 1earn1ng gituation. According to Wartech

(1979, p.12) "[aln understanding of the commumicative context =

provides the necessary foundation for any transfer of strateglc
responsibility from adult &o child.” SerVLce-course astudents, as
novices, ha#e limited perspectives on the task, and their frequent
need for step-wise direction and expllclt help 1s &I : 1ndlcat10n to
_ teachers that an assessment of their situation def1n1t10n is
requzredc It is a task of the teacher to 1nvestigate the social
and psycholbgieel realities of the students where these pertain to
‘the learning of probahility, especially for students who have
adapted to am inadeqﬁstely hediated]mathemstics, for example, thdse_
whose school teachers were themselves were trying toelearn as they
taught.

An  ieportent aspect of communication at this stage is related to
the learner’s interpretation of the teacher’s directives. It may be
that in familiar tasks, the teccher’s intention and the'student’S'_
' interpretatieh correspond, but it is moke likely that theré will be
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"-incongruitles between these in novel or complex tasks 1nvolv1ng
' Probabllxty Theory. ' '

- The seccnd level - in. the transition from othar-reguiatzon to_.
self—regulat1on L i8 character;zed by a degree of successful
.narticipation by the student _who accepts some cffthe procedural

-ﬁeapdnsibilitiea._' However, _thé ‘student’s understanding of the
‘task situation would not be in complete agreement with that of the

teacher.® Although the students’ understanding of the task

- gituation will allow for interﬁsyéhoiogical functioning, they do
not  see all th@ 1nplications in the statements made by the
teachers. ' . o

' The thifd level is that in which the definition of the task la

'aufficiéntly mutual for participation by the student, and is
characterized by the fact that the student can function sdeguately -
'in what. Hertsch (_h;ﬁ } refers to as the ‘other—regulation' game.

' Applled to students atudying probability, this is the level where
the students can work 1ndependentlg provided they have ‘recipes’,
or algorithms, that is, the student gemerates the solution but the
.gteps - are .still provided. by .the -tescher. . They are apparently -
independent.- but are still ‘other-regulated’. However they are
now also taking a share of the strategic reapons;bllity._-

This is the point at which nany students i,sem to coase develdping,
not moving on to_the fourth stage, where the student "take[s] over

. complete respahsibility' for the problem-solving effort" (Hebtsch,--

1979, p.17), where the process shlfta from the interpsychological
to - the 1ntrapsycholog1ca1, and where the shift  from
other—régulatxon to self-regulation is complete&.. As a consequenoé
of the last stage of the formation of & mental act, different
aspects . of activ:ty merge, that of the operation_ltaelf, that of
thought concerning. the operative, —and metacognition, tne last
incorporating consciousness and control, o

It is ay contention that one ‘reson that the fourth stage is not
always reached by students with respect to Probability Theory im
that ‘students are not aufficxently expoaed to an art1cu1at1on by -
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the tsachers of the way that they, the teachers. npproach problens
in the conacaous netacognxtive aange. Students mzy believe that-
_ experts hona in on the correct aolutzon 1mmediate1y, and while in
' fact thls pay be irue in many 1nstannes for experts, it was mot
; a1Wnys the case when the teachers were novicea. o : o

Internalization. then is thé gaining of cantfol-over the external
_8ign _fdrms. It inﬂwrporateﬂ the tramxition of regulations. ‘rules
of the game' and responsibility from the interpsychologxcal to

intrapsychologlcal wh:ch eventually becone the internal property L
~ of the student.

5.7 Abbreviation while "Keeping in Mind"

Gal'perin (1969} speaks of tgbbreviation' as being the automatizing
of cognitive provesses. = It is an important concept for this
research because it .contributes ‘to  the difference in situation’
definition -hetween._teacher and student. The more familiar one. is
. with an operstion, thé . more one knows the results in advance and
csn  omit consclous processes, while obtaining and using the

regults, 'Difficulties arise for the teacher and student if -

abbreviation occurs in an uncontrqllad way, If teachers have
Jearned probability in an - abbreviated form thenselves._or by
experience have abbreviated, they may be unable or reluctant to
acknowledge and explain the procedural steps involved in learning
and problea aolving; They way have difficuity in recognizing what
"aapect of. the problem - aolvlng proueas or princ1p1e is 1nh1b1ting.-'

the students developmsnt. -

Egocentrxc thinl1ng in particular can be a problen for teachera of
nathpnatics and related disciplines because, in general, they have
developgd far .heyond ‘the level at which they are teaching., "The .
. better you knov something, the more risk there is of behaving
egocentrically - in relation to your knowledge. Thus the greater the
gap between teachur . and learner - the harder teaching becomes,. in‘
_th1a respect at least" (Donaldson, 1971, p-19).
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'If abbreviation occurs spontaneously without understanding of the
'underlying principle, then'in each new situstion the student has to
' gueés B, iethod; or 'solution, or tasks have to be executed
ﬁechénically; Given that the student will tend to rely on the more
stable cues, the danger arises that the verbal formula becomes
fixated ' prematurely, and verbal form dominates coutent with the
concomitant risk of ‘empty verbalisms. = One often hears such
utterances from students, as evidenced in the problem cited
regarding Bayes Theorem, where ‘without the name attached to the

" method, the ‘students could not recognize what they were doing.. On

- the other hand, congcious control of the process of internalization
| allows fbr "the control of the formation of the abbreviated

' réality; According to Gal’perln {1969) "unly conscious mastery.
of the abbrevlat1on. process can guarantee extenaive trangfer and
the development of new action «»+ Only conscious development of
 sbbreviation guarantees understanding of the connections between
operations ... This connection not only pefmita ‘the pupil to
recover the full content of & menta) act when he needs to, but also
: enables the student Lo keep. the ‘abbreviated contents "1n nind"._
_during the execution of ‘the action” (p.256). Hence there is a
“difference between actiona that operate only: aocordlng to a foruula.
and actiops that operate wiuh a formula while ‘keeping in mind' the
~opigins and commections of @ formula, making the operation
‘meaningful. As Gal'perin (ibid.) safn,. even though it is not
‘certain what it meaps to keep something in mind, there is no doubt
that it exista. Thus even though  the students do not need to
- actively use any previous explanatidn; the.fact'that it co~exists
‘in the mind’ and mey sgain be accessed, ' can enable then to
perceive meaning. | ' ' o

Thus, in the development of s nentﬁl act; from external apeeéh of
others, or other-control, through ex :rnal speech to oneself and
thereafter internal speech, most of the intérmediate operations afé-
lost from consciousness, but can become evident when the automatic
flow of thought stops due to processing difficulties. Inner speech
is characterized hy the automatic flow of abbreviated forms and
becones the "psychological interface betweén culturaliy fixated
sywbolic systems ... and the individual *language’ (Kozulin, 1986,
9,269) Inner speech incorﬁoratea_ both - the internaliéation of
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'external or ‘social forms and the Iingu1stic forn hy which thoughts
_ are comnunlcated outwards. o

' Hemce in épe&kingf'of different situation definitiona’foruteacher
and student we see how this theoretical position can elucidate the
difficuities_ *inherent 'in: the  teaching-learning aituation,__
irfeapecﬁive - of different lived practices of students and
‘teachers. - ‘The only means we have to access the waw we learn to .
think probabilist;cally is from studying the formation of the )
mental zundtion;' by studying the process genetically, uot by
introspection of its final form. : :

5,8 The Zone oflPrbximai Development -

' Intérnalizhtion is & process embedded within a context of joinﬁ
activity . between teachér-*aﬁd ‘learner. I will use Vygotsky's

concept of the ‘Zome of . Proxinal Development’ as the context in

 which internalization occurs, a context im which the present levels

. and potentlal future levels of student thinklng 1nteract in the j'.

'.development of knowledge..

Vygotaky defines the ‘Zone of Proximal Development’ a8 "... the -
-+ difference between the child’s actual level of development and the

‘level of ‘performence that he achieves in collaboration with the
adult", The actual level is thus determinmed by independent problem
solving, while the level of potential development is determined inm
extension with the help of the more-p&pahle'(1987, p.208).

Wertsch (1984) argues that this definition of the Zome of Proxihal
Development is problenatlc without clarification of what is weant
when e speak of the help of the more capable. Clearly helng told
what to - do is at 4 different level of adult guidance than being
given h1nha as to how to proceed.

Vygotsky’a Zone of Prox1mal Development 1nc1udes the changes thatf
take place in cognition in an individual whish are induced by an -
 outside source who is in a particular relationship to that
individuai, nanely that of someone more~conpe£ent in that ephere of
sacial knowledge, The teacher becomes the mediatcr and link
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_between the sociocultural knowledge of = Probability Theory and
individual cognitive development. By mediating this knowledge at an
' approyfiate'_level' in terms of - what ‘the learner needs to know,
rather than in ‘terms purely of what the iearner already knows, the
Zone of Proximal Development is created, That is, instruction .
crestes the Zone of Proxinal ‘Development by the creation of an
interpsychological process by means of which intrapsychological
developrent will be gemerated.  While the level of  actual.
.deveiopment may be measured, the level of'pdteﬁtialxdévelopﬁent
‘will depend on the 'interbsychologieal gituation entered imto; in
other words, it depends on the nature of teachéf assistance.

' ﬁygotak! (1987, p.211) also refers to the Zone of Proximal

' -_'Developmént a¢ that “which.-determines the domains of transition
accessible to the [learner)...[It] is a defining feature of the -

'relatibnship between instruction and development" It is the Zone
of Proximal Devalopment that  looks at the process of. developnent in -
: whlch the teacher’s orientation is to future levels of dGVBlopment

_rather. than to past or present levels. It is thus clearly in the
_reiationéhip_'_'hetWeén teacher and learner that one can
- conceptualise the zone  of next development?, that toward which
the learner ﬁill move in terms of competence; from observation, to
participation - and independence by the intérnalization of the
interactive activities, and of the 'interragafiﬁe and regulatory
role of the teacher as model. The teacher imposes a structure on
the world of mathematical st1muli for the learner through this
. social’: relatlonshxp and prO71deﬂ 8 focus for the developaent. of

meaning. '

-~ In- conclus1on, then, the Zone of Proximal Development is deternmined
" by both the student’s present state of development and the farn of
ingtruction, that is, it entails both the student and the social
relationships within in which the student learns.
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5 9 . Inp11cations of the Notlon of zone of Proximal Development
- for the Teach1ng of Probability Theory

The first implication of the ﬁotion ‘of the Zome of Proximal
Deyslopment for teaching is that one needs to understand what the
learner 15 presently capable of achlevlng, both independently and .
with a331stancem The former can be assesaed uging traditional
-methods,' but the latter is largely unaddressed in evaluhtiOn_
"mechanisms found in the present educatlonal systens, especlally a8

it concerns the relationahip between teacher nnd.learner. C

The aecond - implication conéérna' ﬂeveicpnént. : -vygotskx was
particularly concerned with how development can proceeda This is

ip sharp contrast to the paychology or education that seeks to be

able to measure what already is. It places responsibility on the
teachers to orient their work to thexatﬁdents’ development rather
~ than’ their presént atate_bf knpwledgé;_ It Bpeaks strongly'against
 'académic arrogance. If one is tﬁking responaibility for
anticiphting the next level of development of the students and .
: organ151ng ways of achiev1ng this, then ag teachers we cennot take
the attitude that students must ‘aink or syim'. In fact, if one
teaches to present levels of abilitles, then one is not
_tacilitaﬁihg. sental development as one could by organizing learning
to create the pathway for new development. . Just as the

scientific  concepts must be introduced in nrder to raise the level

of generality of the intuitive and to allow for comscious control
of  the everyda;' -concepts#, and " the _iﬁtnitive concepts need
pecognition' for -théir- role in the  provision of meaning for_the:
scientific, mo must teaching be arranged to develop new levels of
mental ability while not loming sight of what abilities  the
students . have currently.  Vygotsky clearly asserts that ilearning

precedes development, and good instruction must creaté the Zone of
~ Proximal Development, slbeit cOnstrained by present knowledge.

5 10 Social Interaction as the Hotlve Force for the Development -
of Conceptual Thxnklng

Since' the' development “of concepts involves the co-development of
__everyday_ notions and those 'a¢cially dévelpped and culturai’y
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‘trangmitted concepts, the sclentif:.c, ‘mediation within 'socia;l-.'
'1nteraet10n iz the iotive force for the developnemt of conceptual -
thinking _1n probability. ‘Social history and 1nd1yidua1 developaent
are linked through instruction. Teachers then'hive'te ebnaider_hoﬁ
to structure iﬁterﬁs#chologicnl fwnctioning in the context of joint
‘educations)  activity in order to facilitate intrapsychological
~ functioning. | - | ' ' '

The Zone of Proximal Development can 'he'-eeeh as the interface

between actusl = development of bpontaneous concepts and the - .
~development of scientific coneepte. Beieﬁtific-eoncepta form "a -

concepts” (Vygotsky, 1987, p.169) toward true concepta, inrolvlng
- comnsciousness, control and. mean:ng. - Some mathematics educatorS'
heve addressed the significance of this relat1onship, for exauple,
' Garfield and Ahlgvem (1988, p. 54) who say: "It is likely that the
‘real issue w111 be how to. optlnlze the 1nterplay of experience and
- rules”. '

 While .ihstrdetion_ must take accounf of the present capabilities of
“the learner, this does not limit the teacher to teaching from ‘the
- known to the unlmown’. It pernmits the teacher to introduce

"_-coneepts and processes beyond the level at which students are

iudependently operating and- by the process of shnwlng them how to-
respond to the new wmaterial, imstruction can prepare the way for
the developnent of new coneepts and procesdes. In this way
. students are conatructzng knowledge and developing coupetence in
the relationshxp with the more competent. Effective.znstruction
must anticipate development. |

It becomes apparent that scientific concepts lead to the

' development of contrel by consciouanees, at » 'hlghef level of
mental functioning than the concepts which submit to that control.
It is to this higher level of functionlng_thnt I apply the term
‘netacognition’, : '

Some matheaatics educat1on reaearchers have used a Vygotskian
spproach. . Manning (1984), for exanple, speaks of the importance of -
inner apeech, draW1ng on the process of . developnent of higher
mental functlone via internalization of dialogue. Hannlng believes
that ~ teaching children to speak to themselves will enhance |
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cognitivo growth, - _ Inpllcitly she aays that ch11dren will coze to_
intefnalize outer controls, Explicitly, however, she focnaes on -
teaching the atudenta to- articulate inner apeech’ I argue thut-

we should be- look;ng at an articulation of the outer controls. in_ﬁffi‘"'

: order to enable atudeots and teachers to- develop 1ntersuhject1vity,- o

for 1t ia communicetlon -that is the point of contact between the.
teacher and the etudent, and -between actual and pcte%tlal levels of
developnent. S ! :

Acknowledging the provalenoe of llecono~)t10ns leads us to conclude -

- how nrtlculatlons of processes in connunlcation ‘and joint activ;ty _ﬁf.

become important. " The teacher % learmer move to & greater
undoratanding of probability and the prowess of teaching and
learnlng prohsblllty respectively, by leana of evaluatlng their
current . beliefs agalnst their own other bellefs,_ other peoples
'_bellefs (1nclud1ng the exyerta), and empirlcal observations.
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6 CHAPTER SIX: <METACOGNITION

".io [Tlhe ability to wonitor one’ 8 conpreheﬁaion'is necessary
for academic éxcellence ... Without such knowledge about
- comprehension, conprehension itself will suffer”." '
Markman, 1981, p.al (enphasis llne)

“Perhaps the most telling fedtnfe of clinidal interviews

analyzed from the perspective of metacognltive proceases is the

abgence of those procasses in failed problem solutJOns '
' Narode, 1987, p.2119

”Anyone who has ever taught & group of college students must
know that . thelr netacognitive gkills in a varlety of donalns
could stand considerable enhanclngl“

' Baker and Brown, 1984, p.380

6.1 Introduction

Metacognition is the rubric under which ﬁﬁny question§ related to
thinking are  discussed, in particular guestions concerning whether

one ¢an help others to improve their:thinking'skilis by encouraging
reflegtion wpon those skills in relaticn to cognitive goals. As
. educationists, our frequently expressed goal is to teach so that
our “students  become  independent thinkers and capable
~ problem-solvers, How then does netacognition aasist in the'
.reallzatlnn of this goal?

6.2 The Notion oflcéntfallPrbceasofs o
Before emberking on any discussion of metacognition I must aﬂd:eas-
the mnotion of generalized cognivive functions. Walkerdine (1988),

drawing from Foucault, speaks in terms of separate discourses jn
learning. She argues: ' o
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.“thnt nathenat1cs (and.cognxtion more generally) is produced in
practices ... [whlch} argues -against a model of & single
pathﬁay" of - .cognitive developnent, ‘s central 1nforlatlpn
-processor, and for the possibility of specific ‘skills’ being.

" learnt, produced and - sccomplished within the practices
themselves". KRy I N
' Halkerdine, 1990, p.248

' Thir pos:txon challenges the notlon of central executivea or
- processors, salthough Wa'kerdine does address the gquestion of

._trnnsfeb' in terms of overlapping relations of signification {1988),
allowing - for tﬁe:genefalizationB of'sole skills, beking-with_the.
development of probabilistic skills within the activity of learning

" Probability Theory, I assume that there is some central knowledge -

bagse that consists of skills and processes that are transferuble

o across ‘discourses’, and I place ﬁetacognitiOn into this categofy.

" Thus, while I accept that Probabxllty Theory is h1storic&11y_.
developed @s & ‘discourse’ different from, say, mathewatics, I

_ neverthéless - assume that - there are trans—historical.fstructures -
 within the broader academic domsin. I am 'n'ot assuning that these
structures. pre-exiat learning within the field but:rather.tbatzu.
aspects of thought learned in one field.may be usefully used in
other fields and as such can become ‘central’. -

- Given the difficulties that arise for - students  in making
~ comnmections between alternative formulations of concepts within. -
' Prohability Theory, for example the concept of independence to
which I have been referring, one could argue that transfer of
learning does not take place and that the formal and the intuitive
remain separate discourses. Howevar, I have chogsen to - read these
rather in terms of the disjuncture hetWeen sc1ent1£ic end everyday
knowledge (Vygotsky, 1987), aud will argue that uetapognitlve
avareness of this disjuncture can asgist in cloﬁing the idiscourse '
gap by development to qualitatlvely higher cognitive levela,
toward ‘true concepts .

In addition, I assume some intrinsic and constructive level of
- mental operation, ainde if learning is purely axperientiallyﬂhaaed; o
novel (even in the sense of ‘new to the student’);solutiona to
probleas would not be p0551b1e. ' ' S
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6.8 Bi-level Psychological Organization

" ‘Pascusl-Leome, by his rrheory of Constructive Operators (1979, and
in  Jukes, . 1987), hypothegizes a = bi-level psycholog;cal

organisation, ‘with learned and intrinsic operators, Pascual-Lecne

. argues for imtrimsic operators st the mets-level acting on learned

‘content. Activxty Theory argues for the necesslty of the

interrelatednesa ‘of .. constructas and _operations, hence I assume a

- dialectical relationship between the learned and intrinsic at both

-the cognitive and netacognitive . levels, in  keeping _with -

'construct1viat notions, Thus there are aspects of metaconstructs
that are 1earned which operate to organlze cognitive stiuctures and

_to enable the subject to BOvVe beyond ex18t1ng social knowledge.
Placing these notions wzthln the Theory of Act1v1ty would iwply a
_ didalectical relationship. hetween the mechanisns of learning by

'intérnalizatien end intrinsic generative mechanisms, thus combining
the learning of social (extrinsic) forms of knowledge with

creativity.  We thus hare levels of mental operation which are not

situation-specific . and which ar: versat11e. ‘with-  creative
~ possibilities. o : :

- In summary, I &sw assuning that there are different levels of
- cognitive structures with both cognltlve skills learned w1thin
activitzes and centralised gkilis, these latter be1ng learned and
intrinsic.  Theme centralized skills are potentially trarsferable

across discourses and operate on other levels of skills. Such a
proeess—etructural nodel is ' necessary to explain the choices made
by the subject between the various possibilities that ‘would accord.

with the subject’s intentions and goal orientation. It enables us

eto nove cloger towards explaining the unique. wiys in which

' connectlons between nental structures nust he made for cognitlve
development to occur. ' '

6.4 Affect

According to Pascual-Leone (1979) the ‘activation weight’  0£

schemes can be boosted, energlslng the meta-level schenea that are

-contextually free. = Affect and belief can be seen as part of the
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"'superordinate structures wh1ch form the control exeuutlves.- It

- could be argued that affect and belief nay exist at the cognltxve
level, end ‘that -the Jlevela ‘of thought are.nct_d;stinct. However,

. ‘one cannot ignore the importance of affect and belief when looking
‘at cognitive development, and it is this aspect of metacognition
‘upte © which I shall focus, in perticulaf, ‘those of consciousness and -
coiitrol . as pertaining to confidence in the learn1ng and teaching of
probability. Hence f turn to a discussion of metacognition and
“draw ﬂcon the discussion aspects of letacognition. that are
.esgential for independent probler solving in probabllity, in

particular, & belief on the pert of the students that they can. -

~ manage probabzlity at the level expected in a service course, end 8
_comuitment from the teachers that they can help the studernts.

6.5 .Hjetorical Viawfof Hetucoguiticn

' Hetacogn1t1on is a ters often used without adequate delimitation
(Flevell,_ 1981a) and "bas beem used to refer to a varlety of
epistemic processes" (Flavell, 18813, p.37). _Flavell (ibid., p.37)
 defines . 'netecogniticn Broadiy"ae "knowledge cr'ccgnition that takes

.as its object or regulates. any - aepect of any cognitive endeavour s o

in other words cognition about cognition
'It encompa.sses

"kncwledge ' concerning ome’s own cognitive processes and
prcducts or anything related to then +es Mevacognition refers,
among other things, to the active nonltorlng and consequent
regulqtiqn ‘and. - orchestration of these processes in relation to
the cognitive  uvbjects on which they bear, usually im the

_ service of some. concrete goal or obaect;ve.__ . |
Flavell, 1976, p.232

Brown’s (1980) understandihg, too, ie that~"[n]etecognition refers
to the deliberate comacious contrvl of one’s own cognitive actions
cer " (p.453).  According to these theorists, . metacognition
includes the three aspects of knowledge about cognition, monitoring

"of cognitive processes and regulaticn-cg these processes, by which

page 54



I understand them to mean aelf*reguldtion. Hoﬁeter, within thé

theoretical position I have assumed this self-regulation must

: 1nitially have aspects of other-regulatlon. I will argue that

within the Zone of Froximal Development. other-regulatxon of
 cognition  is . internalized to become self-regulation via

self-reflection, Even “though there -may be Lnteraction with.

.1ntr1ns1c levels of control, what concerns us as teachers is that '
-which can he socially dgveloped. _

- The caubept ~ ‘metacognition’ thus can unite aspectc of the
hiatorical*y different notions of ‘cbnsbioggnéss‘ (in the sense of
‘thlnklag about thinking')1f and ‘executive control’, deriving |
theoretlcally from developmental psychology and 1nformnt1en_
-proceaslng, respectively. It is enbedded within a franewbrk that
is oriented to processual, goal orlentad and task related act1v1ty.

6.6 uetagbgnitife'gxperience

FlaWell (1981b,  pe273) - defines metacognitive exuperiences as
cdnacious cognitive and/or affectzve exper1ences or states of
awareness - that accompany or . relate to & ... cognitive .
enterprise", - Hetacognitive experience then is the
tconsciousness’ - rather: than the 'ekécutive ‘control’ aspect of
cognition.  This conscious awareness is usually tfiggered by
feelings. Affect  thus can facilitate the development of
mgtacngnitive'. knowledge and coniribute to the monitoring and _'
‘guiding of .cogﬁitive' hctionsl by boosting or activating the
metacognitive superscheme. Metacognitive ekperiences can be
feelings or thoughts of ~understanding or not understanding, .ike
_surprise - when expectatidns are not fulfllled, ‘bringing to
consciousness the failure of the cognitive operation. Auto-atised._
processes, too, can invelve metacognitive experience by the
‘feeling’ of the process moving in the fight direction (Gal‘perin,
1969, p.264), thus providing a control. Metacognitive experience
unites the affective and intellectual, which is fundamental to a
theoiy of Activity with meaning as a unit of analysis {cf.
Vygotsky, 1986, p.10). If students’ perceived semnse of contiol and
actual- control aver their learning of probability is- in qnestion,
the relationship between affect and cognition needs to be
investigated Ffurther.  While metscognition contains the notion of -
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 comtrol, comtrol can be facilitated by metacognition, in a
.difalectical way. o '

6.7 Elaborntlon of the Relationshlp between Affect nnd Cogn1t10n
and its Link w1th Metacogn1ﬁ1on :

Thé 'work_ of Bkemp {1976) is useful for defeloping the félationship
between e7fect and intellect injmetacoghitive experience. Skemp
spesks of a director system which ﬁperates.bn thé'enviroﬁmént using
' sensors to gain. information from the environment. A comparator
compares the tcesent state Wlth the gcal state. He speaka of

pleasure bexng experlenced as one moves towards the goal state and

'unpleasure as - ome wmoves avway from the goal siate; of fear a2c one .
?us-ovea towary what he refers to as #n anti—goal state and relief ag
one moves away fron this anti-goal state, Second—level divector
 gystems operate on - this flrst—level director system, at a
" metacognitive level . . He speaks of confidence, frustration, .
- gecurity and anx;ety in termr of one's ability to perform the
goal-directed actions {p.13). '_Confidence is experienced in the
abllity o moie towards the goal state, frustratiun in the
inability to move toward the'goal-stgte, security. in the sbility to_ .
‘move away from the anti-goal state and- aniiety in the inability to

. move away from the anti—goal grate. Thus thare are the levels of

the change of ‘state and the knowledge of tiie ab111tv to chauge

-state, with the ‘emotions aas signposts, In the teaching and

learning situation there are &t least four director aystens, two
" for the student and two for the tescher., |

.Skeng.'(ibig.) clhihs that ‘conscicusness’ is the central issue of
psychology with increased consciousmess contributing %o the
increased adnpta!111ty of a director system (p.15). The dellberate '
' heightening of consciousness will hrlng about improved functioning
in new sitwations, as-léafning is seen as a change of state of the
director syster toward more accurate,' relihblé, etiicient,
extensive and complete ~ functioning. Too wmuch - anxiety or
frustration can lead to withdrawal of conscioussess from the source
of the emotibns, and repeated failures will dectroy ﬂbnfidenCe. My' 
_argument thug stresses the importance of students’ feellngs of
conf1dence regardlng thexr performance. '
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:Mgtﬁcognition  can lesd tq._foﬁr .types_-nf._situations 'rega:ding
knowledge: - Inowing that you. know, knowing that you do not know,
not knowing that you know, and mot knowing that you do mot know.
Clearly;. the. first' is the  uost desirable ' atate for acadenic
 competence; the second points to the necessity of cognitive action;
the third may lead ‘to lack of lack of confidence or inefficient
working; while the fourth is a breakdown on both the cognitive and
metacognitive - levels.. Subjective feelings of wunderstanding
" 'referred' to as mlsconceptlona -are failure on the.cogn1tlve and
 metacognitive level. This research investigates the metacognitive
experience of f:ilure to comprehend or use knowledge.: '

Relating back to the types.of problems I delineated in the fi;st
chapter, it is apparent that failing to be critical of &
- probability ﬁalﬁe greater than 1 is failure at a netacogn1t1ve

le?el' ag well as at a cognitive level. However, in my experience

few students of probablllty fall into the category of not knowing
- that they do not .know. - Rather they struggle to understand why
_ they do not know, and consequently feel helpless in remedying the
‘situation. Some of'm& students have reported a pervasive feeling
of helplessﬁess vegarding probability problems, reporting feeling .
" sa% they haye. no control over the resolution of problems, These
ntudents have no weans of dellmitlng the problen Areas. Instesd of
having clearly deligested and articulated problens, they have &
sense of intellectual blur._ They do not see themselves as capahle
of mnalysing what knowledge they have and where they are ignorant.

it is .prohable that only the Btudents who are already capable are S

able to ask questions as they monitor their progress and engage n
atrafeglc action. N _

6.8 Confidence and Metacagnition

Clearly . the abOVe_ analyéia.speaks for the iwmportance of providihg
some way for tie students to semse and have some control cover their
learning, esp ~iaily as affect, and I argue that confidence in
- particular, ¢« 1 - activate cerfain cognitive functions (cf.
Pacual-Leone; 1979). For example, Cavanaugh and Perlnutter.(lgﬁz,
p.19) cite high correlations between students’ verbally expressed
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\feelinss--éf- knowing’ &ld:ghort_résponse latencies on memory tasks;
‘the latter said to be indicative of confidence. The danger3fpr
studeniz of .a lack of confidence is that they may not only give up

trying to do probability problens but. may nge up trying to learn

_how to do then, too. -

 Insecurity in the learning situstion can be compensated for by

‘external sources of confidence, -including training of skills and
control of those skills by heightening consciousness of the nature

of the task and of the support; hence metacognition with mediation
in the Zone of Proximal Development. It is in activity and through
~ relations with others, in particular with pediators, that the .

subject comes to know himself or herself and thus hecomes the

object of self-imowledge (Brushlinskii, 1987, p.76). We have seen

that internal comtrol develops from the 1nternal1zat10n of external
control W:I.thin the Zone of Proxlml Develupment. Gonacmusness and
control are different aspecta of a umified Vygotskian concept of
consciousness which is broader = than nétacognition as defined by
 Flavell." However, both  contain the notion that avareness and

"i_nontrol are in the serv:ce of goals. With acnte consciousnesg (on

a theoretical 1evel) of the role of_affect,_not;ves and.goals in
the development of consciousness and comtrol, I state ‘that

confidence can be seen as the metacognitive experlence of 1nterna1__"

control.

6.4 The Kec9931ty of Metacognition in Deliberate Learnxng
Situations

Brown (1978} Justlfies the use of tha tera uetacogn1t10n in the
face of cr;tic:sm of a prollferation of ‘metas’, by claiming that
- the ‘meta’~level - reflects an important-_change' of enphasis,
providing an important focus for & discussion of effective
thinking, =~ She acknowledges that conscious control of ‘thinking is
not necessary for all forms of kmowing, but that it is necessary in

deliberate learning and prqblem-aolving situations. Thus for

'everxddy interaction with meaningful envircnments, Brown would

.concede incidental learning, but in the scientific context in which
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probability has heen classified, she would support the claim that
_.consciousness is essential, "the underlying force that the chserved
. routines refiect, are symptomatic of, and are epiphenomenal to"
(Brown, 1978,-pa?9). Thus she claims that skills-treiuingfalone is
inadequate. One. _needs. an orieatation toward self-awareness. and
;'eelf4regulation, 1nclud1ng awarenesg of the. epistellc nature of the
- task  in  order to gradually increase conacious control over that

- knowledge. “Students who receive only instruction in the skills

[cognitive] often fail "to use them intelligently and on their own
volition because they do mnot ‘appreciate the reasons why such
activitiee are useful, nor do they grasp where and when to use
themn" (Baker and Brown, 1984, p.381).

'-'Hetacpgnitive experience and goals ek_lntives interrelate to the
~ extent that "intention in action ... corresponds to our experience
of doing" (Ingold, 1986, pp.318-319). Thus, according to Ingold,

. the ‘subjective meaning’ of action lies in intentiomality.

This.'strengthens the argument for the imporsance of.metgcognition,
for what we are aiming-fof is the embodiment of‘acientific'cbneeﬁte
from everyday concepts . and the _st?aeturala;readinesa for the .
iearning of scientific' concepts based or the develoﬁment of

~everyday concepts. In effect, a shift sway from a purely cognitive '

oriehtatien, to one which includes a metacognitive and epistemic
' orientation, allows for both 'lateral’ and tvertical® transfer,'for
the ability to integrate -subskills with self-regulation. This
_ resulta in  an extensiOn of the posslbllities for broad eynthesis
and appl1cat10n of knowledse.

Baker and_Brown (1984) cite_reaearnh'Bupporting'ﬁoeitive effects on -
~ studying from this change of emphasis, claiming that it is not -
surprising  that 1nstruct1onal programmes that specifically train
- for  vertical and lateral transfer by attendlng to the students’
- awareness - of the . skill’s utility and their sbility to regulate
. itheir own activities are more successful than programmes that leave”
the problem of transfer entirely up to the learner. Hence the
notion of_ the . mediation of transfer of general skills at the
. cognitive, netacognitive and epistemic level moves into the
foreground 1n the Zone of Proxlmal Development.
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6. 10 Hetacognitxon and the Learn1ng and Teachlng of Probability S

f_ Theory in Particulnr __.

Schoenfeld (1984)' states that -metacognition is en essential
"conponent of cospetent mathenat:cal performance.- He claiué'ﬁhaﬁ :
students 'jdo._ not . develop many" natacognitive skille because

" mathematics = imstruction céﬁcentrates_ on the conputatlonnl and

procedural.

. 1t may be argued that in grohahility classes students are gettlng

feedback on the . problems they attempt and that there is tutorial
‘help, ' thus - there would surely be metacognitive experience leading =
to the_'dayelopnent. of metacognitive knowledge. . But comscious

- responses congequent upon cognitive fniluré, according to Flavell
(1881a), are not mnecessary, and the capacity to motice and

interpfet difficultigs-fuith:-comptehension‘=faries with -age ands
snalogously, expertise as ,“[m]etacOgniti#e' deficiencies are the

prob}eh of the novice, .regardless of age" (Brown, 1980, p.475).

~ Thus it .ca_nnot be asgumed that netacognllnon will develop
spontaneously. Gne cannot present probahllistlc 1nfornat10n.to the
studenta expecting them to cope with it in the mame way that they

would averyﬂny learning.

There' is.. evidence that Jetacogn1t1ve knowledge does develop'

1ndirectly with school experience as a “by-product of active

attempts to . understand” (Markman, 1981, p.75). However, Brown

© (1978) points out that studeats’ incompetence at mssessing their
' own abilities ~indicates that thiz wmethod of developing

- metacognitive kmowledge is not efficient, a situation which would

be exacerbated by the schooling “ many of our students have had.
Flavell (1981b} claims that metacognitive . experiences &re most
" likely to occur in situations where there is intentional and
~ conscious . thinking or - when expectations are not confirmed.
. Teachers need to concentrate ou facilitating its development.
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© 6.11 Self Regulstion in Institutionsl Settings

In Situations Where learning takes place in large, ﬁften
impersonal, . institutions, a8 is. traditiohally the case in'servicef
‘conrse probnb111ty~ tearhing, the dyadic notion nnderlylng the Zone
of Proximal Dévelopment becomes more of an xdeal than a
possibilitj. On the whole, the student is alome in his or her
learning and hence self-regulatlon becomes . v1ta1 Thus it is
" jmperative that 4{be student hasten to assime the ‘role of tutor as
. well as tutee - and henca the importance of teach;ng metacognitive

. gkills, allowing for the internallzat1on of the role of the teacher

'--bj the student. The students, althnugh novices in pnobab111ty,

nevertheless hayé some sense that the respons:blllty for Iearulng

s largely their own but that they need the support of the more

knowledgeahle. This 1lpliea that the teacher needs to be semsitive

' to the students’ needs _and :1eve1 .of participation and hence -

commmication bétween teacher and 'ﬁtudepﬁ needs to be open and
~ clear; with teachers’ responses being contingent npon the studentw’
level of caprbility. Again this implies mutual respomsibility.

. He ma& couqlude' that_ there is a double need for a netadognitive
orientation in the teaching and learning'of'prohability, for not
only is it the case that metacognition wmay not hare developed

_ adequately spontaneoualy, but it also has to become a conscious
' consideration for the teaching and learning of probability 1n
- particular, a scientific subject in an institutional setting.

6.12 Levels of Hétacogniti&n for Teacher and Léarner'

‘Beferring to Figure 2, there are metacognitive nspects frr both the
teacher and the Ilearmer. The teacher netacogﬁ;seh at two levels,
':at the level of thinking about his or her own thinking apd st the
level of thinking about the students’ thlnklng. In addlthn, the
teache; has to assist the students 1n thlnklng about thexr OWD
thinking during the process of coming to terms with knowledge of
_prohab;llty. This is the indirectness delineated by Skeup (1975),
where the teacher has only indirect access to the atudents’
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coﬁﬁitive processea,_aadfthat is via metacognitive precesses.
- ——own thinking

ﬁeﬁcher—e—rgflegts_oﬁQQ-——students'-thinking

- intersubjectivity
viu.connnnication_.

__—oun thinking 

- learner—reflects on———smbject natter

-éwteacheris'thihging

énd~_each"

It is ‘the regﬁlatory funrtron of tenchlng, the teachers

'respon51h111ty for and. aWareneaa of an organiving role, wh;ch is
.'reallzed in comnun1cat1on,- that _ constitutes part of thelr
“metacognitive role. What the student needs to reconstruct is the
3 1nterrogat1ve mode of the teacher. so that the consciousness and
control of the teaching process becomes the consciousness and
control of the learning process. o

This is not ﬁn easy task, for the-cdnhectidns'between external

- soecial 'interactinn ‘and _intrahSychologicall processes involved in |
_self-regulation become more distant the more expert ome hecomes in -

a particular task (Hertsch, 1979). Teachers’ abbreviation of the

language and akills-of'probability nake access to the Imowledge of
the developnent of their own 1ntrapsychologica1 functlonlng‘

difficult. A teacher may be glib in an explanation because he or

she =80 clearly understands it.. Mathematicians are famous for

coments like "It is intuitively obvious that ...". Flavell
(1981a, p.44) states that_[t}he egocentrism-based feeling that, if

it feels this clear to me, it must be clear to others probably
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cannot “be extinguisked, but it should mot be allowed to engender ..
egocentric -judéelentﬁ and @stions®. This iz-iﬂpbftﬁht;'especially3
at. present in South Africa. Responsible teachers simply do not
_ have the option of being arrogaut, claiming that as they managed to
. get” where they did, others must sink or swik. Good teaching
' requires . an understanding of _1§arﬁing and of what leads to
competence for both the teachers and their students,

Wertsch (1979) argues that the mechanisms by which one moves from
other-regulation to self—regulatiun lie in the mechanisms of
communication. The mnoviee first has to perform the task with
.'other-regulation and from there . attenpt to establzsh ‘consonance
_between the1r own actlon in the task and the task def1n1f10n and

‘'demands. ‘For the teacher this reqiires being aware that their Own ':~

deflnition of the situation cannot he assumed to correspond with

.. that of  the learners, - but that in the joint performance of the

task, understand1ng -on - ‘the part of . the téacher and learnar of the
r&qnirements ‘of the.s1tuat1on will start to converge, and that the
student will internalise the task requirements.

. Thus, for the learning end teaching of Probability Theory, two
levels of netacogniti?e analysis are requifad: self-awareness in
both 'teﬁcheri and student; and communication and auareﬂéaa_ as

'plgying an organising role for teachers. There need to be
-metacognitive educators, where the planning iz realized in the
commmication of the tasks. Metacognition for teachers includeﬁ
organizing educational activity to facilitate the controlled -
-légrping of conCept#. "By planning for 'instruction_ P
fundemental concepts we can insure that the student’s uhderstanding
is built up systematically. This provides a firmer foundation upon
which the student can acquire & grasp of Probahlllty Theory"

_(Kelly, 1986, p.9).

-Finalle metacognit1VE awareness of the relatlonshlps between the
‘empirical, theoretlcal, aubjectlve and interaubaectlve GOncepts of
probability can  assist students %o challenge their sense of the
meaninglessness of the tasks, Thus by incfeasinglﬁ being made, or

" page 63 -



becoliﬁg, nﬂare. of their'thinking.iﬁ"Prohabiiity ThEDrx,,studentS'
will develop their understanding of the essential .scientific
fntentions of Probability Theory as a tool for dialing with
uncertainty, snd thus develop an understanding of the ep:atem;c
neture of prohabzltty. : : -

8.13 CGﬁfidénce, Consciousness and Control

Confidence iz knowledge of the ability to be aware of and have
_control over cognition. By means of metacognition, and its
unifying effect on epistemic, metscognitive and cognitive
. ‘experience. knowledge and strategy, we cen begin to close the
disjuncture between . the scientific snd everyday notions of
protability, and in so doing begin to push out that sense of
meaninglese 8o often spoken about by the students. Communication
' between legrner and taacher, which results in contingeat control of
the learning"prﬁcesa geﬁned to students’ meeds and_definition of

" the situation, can -aliow for the development of a sgense of

confidence in the students which is dialectically related to the
metacognitive experience of being able to 'di probability’.

 6.14 Teaching Metacognition

How .ﬁheh doeg - one ‘teach’ ietacugnition? As ﬁith'critiquég and
- consciousnesa-raising  in '_geheral, developing awareness  of
introspection ‘and attention to metacognitive experiences is the
starting ‘point. These can then be interpreted in terms of meaning,
‘both in ‘the subjective and epistemic sense, and implication.

Var;ous regearchers have published articles on the teachlng of
metacognition relevant to Probabzllty Theory, for example, Callahan
(1987). -  However it is not my imtention to go into detail, Rather
my aim has been to explain ‘the importance of a metacognitive
 orientation in the learning and teaching of Probsbility Theory,
which would aim at assisting those students ‘who have mot
SpontaneOusly_developed metacognitive strategies.

Direqtf'queatidns regnrding_understanding need not be asked in order
for setacognitive _experiences to 0qcur'as (to use Bkemp’s model)
the thinking ' process - entails affective states which provide
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information regardlng cognltlve actlvlty. Muuacognitlve experlence _
that is attended to may assist the individual to make decisions
'regarding elther the making or monitoring of cognltlvp prograss and
car generate further .metacognltive experlences. But "[wlhat the__
~ learmer makes of a feeling of confasion and what he or ahe decides

.'-'to do about it ara guided to varylng degrees by the metacogn1t1ve

knowledge base" (Garner, 1987, p. 18). Here the teacher has the
. role of extendlng the netacognltxve knowledge base. g

© Schoenfeld (1985, in Kameenui and Griffin, 1989) suggests that
"ncﬂels of control decisions“ (p.580) witL & blow-by-blow account

" of metacegnltlve ‘processes,’ ekplicit"and 'articulated;'will help

students. This is in keeping with the theoretical nodel of
- internalization. . - Students can be encouraged to e
selfhgnesfidhing,':adop ing "the self—lnterrogatlon mode of the

.:'*expert" (B:own and DeLoache, -in Markman, 1981, p.75), Follow1ng

Vygotsky, we poslt that learnlng is first social and it is the
tescher who first - asks . the _queat1ons? but the students have to
1earh. to be both the IQuestione: and the guestioned, questioning '
assumpﬁioﬁs; locating important laws and generating questions about.
 them, prohinél; week areas; finding -applicable = areas . and
_ counternexaﬁpléa and so on. S8tudents heed to'understhnd that it is
rot from a one-sided respondlng to directlves {as so many of our
_students desire) that they will succeed, but rather from the
1nte:gg;;gg;jgn of both roles in the learning and teaching of
_probability, 'that is; the role of the student and that of the
‘other-regulation of teacher, in terms ‘of both rules and .
| ig_ngggihi;igigg, Initially, the teachers must take comtrol; but
.this control needs to be shlfted to the student as and when the
teachers perceive the students to be able to assume such control.
~Wood (1986) argues that the mark of a good teacher is that of
contingent control - of knowing when to assume and when to

relinquish control. Wertsch and Stone (1985} argue that ina

Vygotsk1an approach structural properties of interpsycholog1cal
functioning, such as its dlalegical, question-answer organization
are part. of the resulting internsl, 1ntrapaychologlcal plane of
functioning via the mastery of external sign forms. Both students.
and teachers need. to become aware of the soc1al orlgins of
1nternallzed nathematlcal knowledga.
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Lester and Garofalo (1987) ontline the Ietacognltlve role of the

_ teacher as - external lonitor, fac111tator and model. I helleve all -

these are well explained by the theory. "[AJ1l forms of external
negotiation... all externai-prods tq-reflection have the effect of
stimulating intérnal. negotiation, reflection, metacognition“
{Brimer, 1965, in Chipseu et al, p.605).

6.15 Metacognition in the_Claésroon

Even . though I have limited ‘my research to a theoretlcal
understanding of a teaching and learnlng problen, some practlcal_
applications enta11ed in the theory can be suggested. There are
nethnds that unlver81ty students can be -lcouraged to adopt to help
them  prevent. themselves making some of the mistakes I hawe
: ontlined. For example, conacinusly predicting a probability nay be
u worthwhile start so that the student can place tkz problen 1nto 3
- comnon aense’ or everyday fraaework, wh1ch nay &llow for greater-
éccessibility:'of. knowledge ‘gtores. In any event, to do so ‘will
" position the broblem epimfehicallyf' Predictions that are wfbng can
be used to provide infbrmatiqﬁ about one’s comprehension. When
‘expectationg ~are repeatedly confirmed, one can be more coﬁfidﬁnt of
- one’s understandlng. : Checklng for internal ch&szstency of answers
”w111 ‘eliminate the type of problem where negat1ve or probablllty"
' values greater than 1 occur.

This may be all very well for the student who reaches saue answer,
brt what can be done for the student who = after reallzlng an
incorrect probability cannot arrive at a correct value, or for the
student ‘who camnot get going at all? How can we hypothesxze that
'metacognltion will help? Students._can be  encouraged to make
judgements about appropriate methods and to tentatively “hold
inferences _ﬁhile assesaing their appropriﬁteneas.for the probless:
at hand. Markman (1981) -claims that the more deeply one attempts
to understand, the ‘more comprehen31on,prob1eas w#ill be "evealed and
cognitive strategies can be developed.- ' '

Although #t ocould be expected thet years of schooling would result
in abilities especially suited to academic learning, abilities that
are broadly applicable, we are nevertheless faced again with the
" notion of disjuncture. From my experience in trying to understand
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the methods of education with which many students aes familiar, I

conéluded that facts are taught, but are not adequetely taught in
their connectednesa with others, -por - in gsome sort of pivotal
relat1onship around an action or goal that will allow the students
to organise them. The more sbstract the concept, the less it will
have everyday meaning and thus ‘will derive laanlng 0n1y in its
interrelationship with other concepts in a aysten and in relation

%o goals. ' The students need to nnderatand what pr1n81plea

. organise. the nater1al. ‘It may be argued that Probability Theory _gf
‘presented systematically and this I cannot contest, but within this
orderad represEntation, its fundamental coherence ant its eplBtEBlc _
foundation somehow fails to be conveyed. It is here that the
necessity of mediation, that of the teacher providing selective
mechanisms for the students to use in making sense of the theory,
of profiding-.frameworks from which they can = structure their .
learning and develop cognitive structures appropriate to the theory.
of probability, is invoked. If the students had ‘meta’ knowledge
- of their knowledge stores and some idea of which were potentially
‘utilisable in the _@olution of a problem; it might'sate them from
-;fixating on a knowledge area, should that area fail to provide 1the
solutlon .

In the example I gave in the first chapter reg#rding'Bayes theorem,
those studemts who were in fact ‘doing’ the ‘same thing’ but were
' avguing who was right, could have been  helped by the ‘meta’
knowledge that seemingly different: knowiedge  ereas” may say the
*same thing’. P[Ilt is the 'richness ~and structure of these
connections that would seem to ... ‘apell the difference between
inert and usable knowledge.“ (Bereater and Scardamalia, 1985, P
77). . .

Algor1thm1c learnlng can be ueeful to a po1nt but given a problem
_ solving area - like Probability Theory, what is needed is a
"concurrent understanding:of the reason why the skill must be used”
(Brown, 1978, pp. 136-137). "This 'keeping in mind’ referred to by
-Gal’perln (1969) allows not only  for cognitive control but in

partlcular allows for the subjectlve sense of meaning the students
need. '
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_Returning to  the ear11er problen of the students 1nab111ty to
relate to the formsl1zation of 1ndependence via P(AﬂB)-P{A)P(B),
the students nsy be 3331sted in their understanding of 1ndependence-
by linking the teaching thereof with conditional probabxlity (see
) Kelly and Zwiers,: 1986)  or by making explicit the d1st1nct10n
: s«tween 1ndependenﬁ and mutually exclusive events, even though this
.may ‘Beem tr1v1a1 “to the teacher. In this way more commections
between conceptluns are nade explicit, and studepts are more able
to—sense the mean1ng of 1ndependenee subgectively but accurately.

.'5.16 A Metacognifive Orientatioh and Relationships

A metacognitive orientation will ipresehf a challenge to existing
poﬁer:°f lations between'some teachers and students, for the teacher
who is ‘focusing on how he or she is tu facilltate the student in
' aequxring expertise may threaten his or her own pos1t10n. There is
a definite. sense of satlsfactlon amongst some teachers to be able
to declare a student weak? and absolve themselves of further
responsibility, . However, a  completely different power relation
‘exists if ome looks at -the student at a tertiary level
_ histprically,'_te 'attehpt_to understand the nature of the students’
cognitive . abilities and'how these may be developed.: My contention
is that for. students and teaehers, netaeognltlon will® Bhift the
power relations . 71) the advantage of the students’® learning, and if

this is- our goal, it is surely desirsble. if metacognitlve'_'

per1ences lead one to feel umcomfortable in thls regard perhsps 8
rewexamznatlon of one s goals as a teacher are necessary.

Mathematies an&' relsted'disciplines_hawe been used as 2 'sieve’ to
- mort out the cognitively weak from the strong, or so it is
. believed. Many students have developed a learned helple,sness by
repeated failure (Miller and Sel;gman, 1974), or have deveIOped
inert knowledge’. If'it is the case that_students are giving up
hecause the difficulty' of the tagk is outside their zone of next
developuent then this aspect clearly needs to be watched and -
recommendatlons made regarding currlculs.
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6.17"Thé'Liﬁits'of'the'uatiqn and Use df'uetacpgnitiop

8tudies concernxng letacogn1t1on reflect an 1mportant shift toward

viewing both student and teacher as reapons1b1e actlve agents in
the lzarning process. However, the geperal1ty of the approach-

cannot be ignored. ‘Such generality nakes thé"inportance of auch.ah
‘approach difficult to- refute in the learning and teachlng of

Probability Theory. (;n keeping w;th_a_Pbpperian (1959)_approach to .

theory). My contention is that a metacognitive orientation by

teacher and student can assist in prufiding the learner with at

.'least the . confidence to know that both teacher and student share
- the same ‘goals ~ that of the student becoylng adequately competent
in basic Probablllty Theory and the aolving of probability problems
- and to senge that he or she and the te&cher are not in Oppos1tion

o to one another.

Metacognitive knowiédge does not simply become awakened during
‘cognitive functioning, nor does the development of awareness of the

. metacognitive  simply lead o improved  cognitive functioning.f
Metacognitive ‘knowledge cannot be tarﬂnt without some underlying o
'cognltzve skills that will be managed snd developed by these -

metacognltive _gkills, - A dialectic relatzonahlp between the
cognitlve and metacognltive must necessarily. exist in the nght of
the theoretical position that has been developed, and this is in
keeping with the findings of research (see Butterf;eld and Belmont,

1974; Butterfleld, Whmbold and Belmoat, 1973, in Brows, 1978},
Thus teachers and learnera need to concentrate on the development .
of lmowlsdge, skills and. strategies at both the cognitive and L

metacognitive levels.  However, I have concentruted on the
development of the metncognitlve, as there has been less dlrect
_attentlon paid to this aspect in the literature on the lenrning and

teaching of Probablllty Thaory and because metacognltlon aerves a

unx?ylnn function for the three levels of th1nk1ng.

A gignificént_'difficﬁlty' with_ﬁ'hetacognitive position relates to

asasumptions regarding the nature of understandxng If

_undarstanding is nqt necessﬁrily all or nothing’, and degrees
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‘of  understanding exist - (Mark -, ~1981), Ionitoriﬁg' thls:
'conprehen51on _bécomes dlfficult and < £ course open to error. There

" im aometimes ~n “lack” of corresponderce between what students say

they -cnuld or ghould do aad what they_really dq. Baker and Brown

(1984) “claim that the direction of the lack of correspondence is

usually in the direction of knowing that some strategy ig important
but not uaing it. They make the traditional digtinction between
. procedural and strategic Lnowledge, knowing that as opposed to

 knowing how, the latter being considerably more difficult to
exanine and describe. ' '

. 6.18 The Necessity of Metacognition =

Thg'-'queation arises &s to whether netacognitioh is reall?.
necessary. This question can be 1nterpreted in different ways. In
the first: _:placei it can be seen as questioning whether
metacognition is - mecessary for effective thinking., Secondly, the
question can be seen as asking whether metacqgnitiﬁe strategies
need to be taught. Thirdly, it can be interpreted in relstion to

the importance of a metauogn1t1?e teachlng orient&tion. Lastly, it

can - be seen to ask whether metacognit1on is . imsential for cogn1t1ve :
" development.

‘The firet has already been snswered in the affirmative.
Comprehension - monitoring is essential but not necessarily con#cious
~at all times. The second interpretation too has been answered in
“the 'sffirmative by emphasising the dislectical nature of scientific
and spontaneous development, of deliberate and incidental learning,
and the internalizing of ‘originally social forms of knowledge by
individual  reconstruction. In response +o the third
interpretation, it nay well be that there are other useful and
. effective ‘approaches to _the teaching and learning of probahlllty,
but those are mnot the direct concern of a report on wetacognition
in the learning and teachlng_ of  probability. The last of the
interpretations of the question, that of whether metacognitive
appfoaches can  lesd _to structural or qualitative changes, is more
- difficult to answer for it raises the question of the role of

metacognition in the broad transfer 'of cognitive abilities, the -
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pogsihiiity_'or which has been nssumed.. An attempt to amswer this

empirically would require, at least, thorough knowledge of what is

required in both. teaching - metacogpition - and tests of transfer.
3 Téachers"wbuld need -to tmdertake task anslyses in order tc assess
what the- learning of probahlllty requires in total, a daunting and
_ d1ff1cu1t task, A full engagement Wlth this issue is heyond the |
scope of th11 reaearch report. '

6.19 'Metapognitibn and Control’

' The  metscognitive approaches outlined sbove, those of - giving
~ attention ‘to metacognitive experiences and eliciting self-awareness

are important not dmly_ for .Probabiiity Theory but also for
increasing -students’ sense of control over their leggging:.in

~ general, - It may be argued that this is merely a deception and that

~ the mse of metacognition is confounding the real lack of cbntrol '
the students have. It may be that we are merely facilitating the
illusjon of control, and that in fact - students’ and teachers’

thinking ‘processer are controlled by.broader social factars, and
. that it is twee to think that it can be otherwise while ‘recl’
i.power is nalntained elaewhere.

However, = if our assuuptiona'regamding.ﬂctivity Theory. are valid and
that society constrains but also ensbles, then by facilitating the
development of strategies in the students and teacﬁers that will
allow them to have, at"least,' some control over their learnlng

' processes, both groups may enabled to alter c:rcunatancea that are’

'_ﬁnacceptable. Clearly the roles of teacher and student in this
regard gre mutually depéndent.' - Facilitating metacognitive
- knowledge in the studeats must h: accompanied by metacognitive
‘development in the teacher. If the tescher attempts to trahscénd
the barriers created by not only the disjunctures evident in the
teaching and learnxng of probabillty ‘itgelf but in the broader
societal context, that is the disjunctures created by 1nsen51t1?1ty
to the position of others in the society, then in. fact’
metacogn1t1un ‘may assist in enabling both students and teachers and -
~ could result in important changes in teaching and learning.

4

page 71



' Clearly in terms of Probsbility Theory it would mean am emtire =
‘-reappraisal of tha role - of Probablllty Theory for servlce-caurse- 
students, and how that resppraisal would affect what the students-

learn  and teachers teach, and how and where this takes plece. In )

| - that probah111ty notions forn the basis of. 1nfurent1a1 statistics,

‘and that ~statistics is-a widely used and often abused tool in-
 society, I believe that good er:l.tica.l teaching of probabihty is
. very important. : : .
It is "doﬁbtful‘ whether the curriculum (used in the broad sense) can
remain umaltered if a . netacognitiva orientation 19 assumed that
- puts. teachers and students ‘on the game side’ of the nastery of
_ knowledge, particularly for . service-courses. As Bishop (1985)
states. "[r]ecognltlon of the social conatruction of phenomena, leads

" me to- propose -a. new or1entation for mathenatxcs educatlon. This
orientation views nathematics classroom teaching as controlling =

- the organisation and dynal1cs -of the\clﬁssroon for the purposes of
- eharing and developlng mathematical wmeaning” (p.26). He claims
_'thdt- this has . desireble features Ffor practice in the cIﬁss:obm
' 'including: emphadising the dynamic interactive nature of teaching;
: gstresgsing the learner as well as learning; recognizing- the .
_notidn 'of shared knowledge, - content and context; taking into
- account pup1ls exigting knowledge. abilities and feel:ngs' taking
- account of the cognitive and affective aspects of the developmental
- process and emphasizing the development of Mathematical meaming.
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o 7'cmp'rm s'mm. cor#c_msmﬁ

R | hawe argued that Probabillty Theory iz & nnique dlsclpline-

-'_attenpt1ng to  impose - certainty . upon .uncerta1nty, changlng
. ili=-structured prdblems' into puzzles. It is eséeﬁtial that'the B
epistenic nature of probability be ‘kept in nind’. dnrlng cognitive
aptlon with the content and procesges ‘involved in.probahllxty. _It
is wetacognition that can serve to unify the aspects of coganition,
metasognition;_and_epiatenic scgnition. '

Beg1nn1ng with problems encountered by students and teachars,
- deriving from my own experience in the learning and teaching of
Probabll;ty - Theory, 1 hypothesized that students were often
overwhelmed by feelings of helplessness. and meaninglessness in
tackling novel (in the sense of :heing new to them) probability
problems"and .hsd become heavily reliant on algorithmic approaches.
Some students were unablg to synthesize across knowledge bases by _
_abstractiona to a hlgher level of generalization, and unshle to

synthesize across different types of knowledge or across dxfferent_
‘componients of the system of probability knowledge. Thus they were
unable to  detect fundamental inconsistencies;, for example, the
- returning of probability values greater than 1 when they could
essily say that probability #alues-range between 0 and 1, and could
not - identify two seemingly different approsches as being
fundamentally the seme (see chapter 1), In additidﬁ, it becane
clear that giving students more knowledge when they were struggling a
with syatematizing their Imowledge served only to make them less
efficient in problem-solving than before.

The _mbst . perplexing ptoblem was that students gave upzurying to

learn probability as they were umsure of their ability to do 80,
Teachers 'also were insecure about their ability to help - the
stedents to become proficient probability”pfoblem soivers, while
others seemed not to cares In general there was a sense of lack of
control over the learning process in this field and a consequent
lack of confidence .on the ‘part of both students and teachers in
: thelr ability to change thls;_ An outcome of this was that students
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~and teachers nerely tried to get problens 'done » rather. than focus:
on thelr goals.- ' -

Placing tha learn1ng and teaching of Probabllity Theory w:thin the J
theoretical aaaumptions underlying fhe Theory of Activity assisted
~in explaining ‘why these problems occur. Firstly, Activity Theory

'fddusés our understanding on interntionality im activity. ﬁnalyzing:

the goals of 1earn1ng and tesching in Probability Theory raises the
generalization that teachers and students were both &ining at the
student gaining some probabilistic skills, and in addition,

fostering independent problem—ﬁolving sbilities in the students.

'Hence the - student becomes the sthect of educational actlvlty, and
the teacher becomes the link between the social knowledge of_
~ Probability Theory, existing in the broader culture, and . the
student’s internalization of that knowledge.' The.teacher is:at-the-
 interface of external kuowledge and its iuternalization by the
.gtudentt The relationship between the teacher and student thus
" becomes primary in educational activity; and the students and
-teachers need o perceive that they share the same goals.

In. the use of.Activity Théo:y, cugnitive-activity is ontologic&lly .
- inseparable -from affect - whick gives dctivation - weight “to
superschemes that control cognitive ‘process-structures. Hence it
is necessary that we give conszderat;on_to the affective aspects of
the learning and teaching process within - this educational,

relationship.  In particuler, this study has looked at -the
importance of confidence, the knowlédge of the ability to learn
probability. _ Metacognitive exper1ence ' was seen 88 ~ the

consciousness of this capability of learning probablllty.

The notion of shared situation definition was invoked, that the
expert and novice, by communication, must come to an
intersubjective position in order to overcome the phenomenologlcal

chase. hypothe51zed to exist between those who have knowledge of a
systen and its structures and processes and those who are in the

early stages of internallzatlon, that of active engagement with the'
subject, Med1at10n becomes the mot1ve force for development. -
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internalization - must - oecur'_nex;gmlyfin relation to actual content
matter but also in relatien.fo'theeintereegatory_funetions'of the
teacher. ‘ InternaliSatien -includes ~ the. -interhelizatien_ of
* responsibility, where the responsibility for student learning must
" be transferred to the student as part of - -student development. The
learner . has to - internalize fhe Innguagevgame ef probability,
-inclnding aelf—refleetlon and_eelferegulation. Both. these aspects
can be seen as part of metacognition, which unites consciousness
and control, consc1ousness ‘and control being complementary 51des of
' the same phenomenon. ' '

" The present and future interact in the learming and teaching

feletiqnehip,' creating the Zone of Proxlnel Development within

 which learning triggers development. With regard to Probability
- Theory, we haxe seen that an approach that begine with students”

_ preaent knowledg° may ‘be 1nappropriate because m1sconcept1on3 are
comaon. ”_-Wh; is required is rether that ecxentific concepte are

. tanght which do not necessar11y link with present knowledge. As f'

zl theee everyday "and secientific concepts thenselves develop, they
: allow for the reconetructlon of knonledge, facllltatlng the
_development of true concepts, those that hold peraonal meanlng for.
the students and are in addition objectively part of statistical
practices. . The development - required - is that of the mastery of

nethods of acquiring knowledge; metacognition regnlates this
process. . - | o R

' Metacognition, --if - deliberately taught, can be 'seen ag the -
‘scientific’ =aapect of the teaching and learn1ng of probability.
Intuitive learning will take place though imitation and corraction;
but, more powerfull#, learning with control and consciousness can
take place with a metaeognitife'orientetion where the knowledge,
monitoring and regulation of cognitive activities takes place.
Metacognition in this study has become the meta-level wherein the
teachers have to become conscious not 6n1& of their own thinking
processes, and those of the students’, but also how to organize
“teaching in order to fac1l1tata student development by means of

reflection on their own thinking processes as well as those of the
teachers: . '
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| "For'_ the ﬁéaeher, this will invelve .ahoﬁihg etudents bow - to
generalxze, to "exttect'_ essenceg : to-;'intercoﬁﬁect, to nnke '
relationshxps expliclﬁ, and 'se on. For example teachers can -ake-_
explicit the difference between uutually exclugive ‘events and

_1ndependant ‘events, even though this may seen trivial for them.'*
They have to .suspend egocentric Judgenents and actions. It

'requ;res that the teacher respond to the abllltlee of the students
in terms of the amount of responsibility they are sble to assume at

) their  existing Ievel of development, and in general, by mediation,

to prnvide the ‘motive force for student development, enconraging

~ students to reflect upon thelr own development as both,the subaect
) and’ ohJect of educational act1v1ty. ‘

-Metacogn1t1ve experlence can be used as a tool for the developmentf
of +this eanareness. where repeated fa1lure, and its consaquent
. anxiety or withdrawal of conscicusness, has been seen to lead to a
lack of confidence, a positive role for failure has been found in
‘this study, for these affeatlve exper1ences thenselves can be used
to monitor future progress.

' A metacognitive orientation, then, reflects am inportant change of
_ emphasis in teaching, unifying motives and goals with actions.
Teachers accept1ng the theoretical positions out11ned in this -
report must assume a develcpmental approach to teaching and.
leernlng rathsr than an approach vhich passlvely accepts students’
present abilltles. It places the respon31billty for student

learnlvg on buth teacher and = learner, but  that these

respongibilities change emphasia during Internallzatlon, with the
teachers inltially - providing more support to compensate for
1naecur1t1es, by providing external sources of'confidenee, on the
assumption that the students w111 all scquire what is expected of
them.

It requires that the goals of educational sctivity include.the
stodents’ sense of the  meaning of probability, as well as a
COnsideration of the . atudente knowledge of their ownt ability to

: _reflect on and acqu1re probability knowledge - both content and

) procesaes. -
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: Practical suggestmona regardlng methods 1nclude teachera extending -
students’ letacognit1VE ' knowledge ' basmes, :fbr \ example by .

'articulatlng that seenlngly different st&tements may be saying the
same thing. Teachers may nrtlculate their own thinklng as. objects
of thought to enahle students to -gee the processes involved 1n
reachlng 8 sultable method or model for a problen.. Teachers can

hlghllght aspects that are important, nedlstlng ‘a framework hy':'

wh1ch students can apprehend probability knowledge. If temchers
- can, by task analyses, deconstruct the processes involved in
abbreviation, they will allow students greater control over the

learnlng processes and facilitate transfer. -These are major tasks,

and & comprehens1ve descr:ptlon of them is clearly beynnii. he scope
of  a  report such -as th;a. - But if teachers and studen.s can get

closer to knowing their strengths and lxmitatlons, knowlng the1r'1_'

repertoire of strategies and where they are appronrlate, knowing
hcw to plan, 1mplement, monitor and regulate cognitive actlvxtles,

 within  a context of knowledge of the complexities of- prohabilistlc

~ knowledge, théy will be closer to effective teaching and learning
of Probability Theory, "which itself can become automatized. In a

| - gense they will be invoking an epistemic level in assessing the

possibility that ‘their goals can he reached and dev1sing methods of
mater1a11z1ng thesge, :

Theu'stiength of ny argument lies finally in.teachers"and-learners’
commitment to their goals, and their metacognitive knowledge that

- they, - the teschers, can help students learn, and that they, the

students, can. help themselves to use teachers as a resource in an
1nst1tut10na1 getting so that they eventually becoue their own
teachers. * The injunctlon emerges that one may not dismiss learning

difficulties in the students as limjtations of their capacity until_'.
- more “i¢ understood about learning and teaching and what the student

brings to the learning situation in terms of knowledge bases of &

specific discipline. Using the concepts of consciousness and

control is important in -order to take action towards improving
teaching and Iearnlng in a situation where present wethods are not
adequate..
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To conclude 1 quote Karode. (1987, p.26), who writes of a
ﬁ-netacognitive orientation: ' ' -

"Generall! ‘hoth. . the . student and the teacher learn from the

* interaction, and while content knon&edge nay elude - the

student’s long . term memory; hopefully the metacognitive
- orientation wili remein, ’ ' L S .

: Mbaningfulnesa and confidence nust becone units of analy31s of good _
teach DE. ' ' '
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This is esbeeialiy pertinent for tﬁe 1ﬂtroductieﬁ of
Probahzlxty Theory 1nto the hlgh acheel syllabi.

Some of ?ygotsky s central works on aot171ty are not yet -

available in Engiish.-

.-For exanple, Louov (1982, p.SB} oontesta the val;dlty of

epplying the:y. 2ory of Activity to individual psychological
processes rather than giving prlmacy to the fahrlc of soclal
relatlons. : _ . S

Rubenstexn (cf. Ebznlln, 1986, Leont’ev, 1979} contested that
the levels conld be split off from esch other, claiming that -
both goals and motives operate at the level of both action and

activity. However, Rubenstein concedes that their theories can

be seen to correspond. Leont’ev on the other hand, acoedes to.
the notlon of different leveis of goals.

‘Hean1ngful’ in the wey used by Craig (1985, p.91), in the :

'sense of conceptions of what probability ought to entail.

8eée section on the'defelopment'of:ooneeptsa

':_'Hovel’ is used here in the sense of ‘new for the student"'

Wertsch (19?9) worked Hlth mothers and children, but I have

argued that an amalogous situation obtaims between teacher and =

leurner or. expert and novice.

- Craig. (1985) corroborates this 1nterpretat10n.

Citing Schoenfeld and Lesh.

Vygotsky’a view of conaciousnesa is ot course oon91derab1y Rore

_ complex than this.



RRFERENCES

Baker, L. aud Brown, A.L. (1984) Metacognitive Skills and Reading,

in P.D.Pearson (ed.) andbogk of Reading ﬂggggggh ﬁp.353f394,_ﬂew

' Ybrk' Longman. . .

_Bereiterg C. and'ScardnmaIia,‘u; (1985) Cognitive Coping Strategies
and the Probiem of "Inert Knowledge , -in 8.F. 0h1pman, J W.Segal and
R.Glaser {eds.) Thinking _an j '

Open Questiona, Hillsdale, New-Jersey: Lawrence Eribaum Associates. .

Bishop; A. (1985) The Social Comstruction of Meaning-a significanﬁ_

 Development for Mathematics - Education? For the Learn1ng
Mg;hhggjlgg vol.5, no.l, ppi24-23.

Brown, A.L. and'DeLoache, uSa (1978) Skills, Plans, and

Belfmﬂegulﬁtion, ~in R.8. Sregler (ed.) hildren a Thlnklgg What

elogs? pp.3-35 Hxllsdale, New Jersey' Erlbaum.:ﬁ_

Brown, _A;L.'j(1978) fnowing _When; Where, and How to Remember: 4
Problem of Metacognition, in R.Glaser (ed.), Advances in

Instructional Psychology, vol.l, Hillsdale, New Jeraey. Lawrence .

Erlbaum Associates.

~ Brown, A.L. . (1980}" MetaCOgniti#e Development and Réading, in R.J

~ Spiro, B.Bruce, and W.F.Brewer (eds.) Theoretical Issues in Resding
- Comprehension, Hillsdale, New Jersey: Lawrence Erlbaum Associates.

Bruner, J. (1985) On Teaching Thinking: An Afterthought, in

S.F.Chipman, J.W.Segal and R.Glaser (eds.) Thinking and Learning -
_ ;l; o Yol.2: Research and Open Questions, Hillsdn;e, New Jersey.:

g Lawrence Erlbaum Assoclatea.

-



Brushlxnskli, AV, (1987} Activity, Actlon and Mind as Prncess,

.- §ov1gt ngghglpgx, vol. 25, no.4, pp. 9—31.'

| Callahan, L. G. (1987) Reaearbh' Report. Mbtacognition and Schéol
Mathematics, g1thge;1c Tegcheg, vol a4, no.9, PP 22-23._ '

cavanaugh; 7.0, and Perlmutter, M.-(1982) Metamemory: A Critical
.Examination, Child Develgpmgut, 701.53;.pp.11-28; '

_ ‘Cole; M. (1985) The Zone of Proximal Development. Where Culture and
o "Cognitlon Create Each Dther, in J.V. Wertsch (ed.) gyl_ygg1

.ﬂambrldge Univer31ty Press.

.Cralg, A. (1935) thers & hi; A
Doctoral Thesis, Un1ver31ty of Natal, Durban..

.'nawydov, V.V. and Hnrkova, AK. (1983) A Concept of Educstion-™
Activity for SChoolchlldren, Soviet Psychology, vol 21. no.2, pp.d
- 76, - S

D1cks, H. (1989) Berv1ce Course Teaching in Agrlculture,

- South Aﬁ;ican Statistical &ggociatlon Nggslgtger, June, p.15

Donaldson, u. (1978) hildrgg ) ﬂ ggg Glasgow' Fontana.

Feuérstein, _ R.- ;(1979} The amic.__Assesspe _Reta
The _ ntial Assessment Device, Theory,
gstggmeggs, and Egghnlgues, Baltlmore. University Park Press.

Perfo mers: .

Feuerstein, R.

- Press,

. Flavell, J.H. (1976) Metacognitive Aspects of Problem Solving, in
- L.B. Resuick (ed.), Ihe Nature of Intelligence, Hillsdale: Lawrence

Erlbaum Associates.

 Flavell, I.H. (1981a) Cognitive Honitoring, im W.P.Dickson {ed.),

Childrén’s Ogal_gggmggiggtion Skills, New York: Académic Press. -



RS

' "1n M.Cole and I. Maltzman (eds. ), A

m&aLVJm*ﬁﬁmVNmnmmgéwﬁiCQmﬁw meﬁm&u

E Something Else tnat may. Develop in the Area of Soclal Gognltzon, 1n  '

1. H.F].a.vell a.nd i A Ross {eda.),

Frontiers ggg Eggg; bie Futureg,. Ngw' Ybrk: Camhrldga Unxverslty _  ___ 

Press.

" Fong, e, ‘Krantz, D.H., and Nisbett, R.E. (1986) The Effects of

Statlstlcal Training on Thlnking ahout.Everyday Problems, ggggi;ixg
Egzgh__ggx, vol. 18, pp.253-292. o

Gal’perin, ? Ya. (1989} Stages in the Developnent of Mental Acts,

ng_qh__ngx New York: Basic ,Books.

Garfield,- J. snd Ahlgten, A. (1988) Difficulties in Learning Basic
Concepta in Probabllity and Statlstlcs. Inpllaatlons for Besearch,:'"
a.l . 1. . Lo A O

“;t1-;, vul 19, no«l,

' Lester{ F.K. and Garofalo, (1937) The Influence of Affect,
' . ' ition on 7P ok - Solving Behgyiou;; Some -
_I n;g§1ve Sgggglgﬁi Paper presented at the Annual Meetlng of

the Amerxcan Educatlonal Reaearch Asaociation, ED‘ZBI 758,

Garner, | n, - (1987) 'MEtacognitipn ' and Executive. Control, in
etacognitio nd__ Res _Compreh > Ngw. Je;9ey: Aﬁaax_

_Publishlng Corporation.

H&néen, " B.S., Mcéahﬁ,J., .and - Myera, J L. (1985) Rote versus
Conceptual Emphases in Teaching Elementary Probability, Journal for
Reagearch in Hﬂthgggxggg Education, vol.18, no.5; pp.364-374, '

Ingold, T. (1986} Eggl_pion and Sng;gi Life, UBA._.Canbridge_

University Press.

'-Jukea, T, J.. (1987) Héntal Capaclty and Execut1ve Strateglea Among
Zuln Spesklng Ch11drun, H.A.Dissertation, University of Natal,

Durban.



" Kahriemann, D., Slov1c, P.,and Tversky, A, (1982) Jﬂgg__ent ggder:.'
' mﬂMﬂMﬂ.ﬁyeﬁ, Cmbrldse- Cambridge
-'University Press. : _

Kahnemann, D.' and Tversky, A. (1972) 8ub3eat1ve Probabllity. A
Judgement of Representativeness, - Cognijti g cholo V¢1 3,
_ ppu430-454, ' o o _ .

- Kameenui, E.J, and @riffin, C.C. The Neational Crisis in-Verb;l
' Problem Solving in Mathematics: A Proposal for Examining the Rele
of Basal Mathematics Programs, The Elementary §ghgol Jougna 3 vul.'
890 mo-5, pp 575 593. .

Kell;r, I.¥. and szers,' F.w. (1986) mmgmg Disjoint _and
. Independent ity, Rev1sed version of psper

presented - at Second Internatlonal Gonference on Teachlng
- Statxstica, Vlctorla, Ganada._--- : : :

Kerllnger, #.N. (1964), g§1gng Be hgg;ggﬁl_ﬁggeggch (an' _

. ed. )4 London* Holty Rinehart and Winston.

Kitchener; K.S. (1983} Gognltlon, ‘Metacognition and Eplstemlc
Cognition, Human Develop ment, vol.26, pp.222~232!.

Konold,  ©. (1988) Understanding Students’  Beliefs about
- ..Probgbility, MasSachnsetts, E0303358, Scxent1f10 Reasonlng Research
Institute, _ ' L R _ -
 Komulin, A (1986) The - Concept of Activity in Soviet Psychology,- |
Ape 'c PB holoj 18 , Vol 41' 110.3, p]‘?. 264’—2740 . ’

‘Leont’ev, A.N. {1878). The Prohlen 02 Activity in Psychology, in 1.
V. Wertsch (ed.):
York ME Shnrpe.

Lomnv, B.F. (1982) The Problem of Activxty in Psychology, Sov1et
" Psychology, vol 21, pp-55-91.

Mann‘mg, B.H. {1984) A Self-Communicﬂtlon Strncture for Learnlng

' Hhthematzcs, School Scien e ggg Mathema* cg8, vol. 84{1}, pp. 43-b61.

Markman, E.M. (1981) Comprehension Monltor:ng, in ¥,P.Dixon (ed.)

: _h_ldren 8 Oral ggmggg1cation Sklllg .New York: Academic Press.
Mell:n»Olsen, 8. (1987) Ihe Egligics of Mathsmatics Eggcation,

Dordrecht' D. Reidel Publishing Company.

Miller, W.R. and Seligman, M.E,P. (1974) Depression and Learned
Helplesspess in Man, in J.M.Neale, G.C.Davison and K.P.i:ice (eds. )

Contex Iporary Readings in ggxghgngghg;ggx New Ybrk. Wiley and Sons.
Mevarech, 2.R.. (1983) A Deep Structure Model of Students®

Statistical Misconceptions, gﬂycatlgnﬂ; S;gdleg in Ma;hgggt;cs,

: ‘VO]. 14, pp.415“429-

Myers, J.L. (1982) The Role Qi Emn a1 ! i hing Blenentacy
Probshility, pp.378-105. Q‘“LLE-—-__HE -y



Myers, J.L., Hansen, - R.S,, Robscn, R.C. and McCann, J. (1983) The
- Role. of Explamation in Learning Elementary Probability Theory,

Jourpal of Edugg;igngl ngghologx,-?ol.?ﬁ, no.3, pp.374-381,
-Nﬁrode, R. (1987). Mgtgg ggit1on 1g ug;h and_Science Education,

~ Massachusetts, ED 291 558,

'Noss, R- (1938) Book Bevlews Eﬂgggtional §tngi es ;n Mathegat;cg, .
A.J.Bishop (ed.) vol 19, no.3, pp.403-411. .

. pascual-Leone, J. and Goodman D. {1979} Intelllgence and

Experience: . a Neo~P1agetian Approach, nstruct*ogal Science, vol.8,
pp.303-367. .
Piaget, J. and Inhelder, B. {19?5) The 0;1g;n of the lde g of thgc .

in Children, Londun. Routledge and Kegan Paul.
" Popper, K.B. (1959} The _ nglc of Sclgggiiig;_ﬂiégg!ggx, ereat

Britain: Anchor Press.

South African Statistical Associatipn Journal, March 1990, .

Schoenfeld, A.H, (1984) Beyond the - Purely Cognitive: Belief .
- Systems, Social Cognitions and Metacognitions as Driving Forces in
. Intellectual Performance, Qggg;g;gg_gg;gggg vol. 7, pp.329 353.__ a

Shanghnessy, JM. (1982) Misconceptions of Probablllty, Syetematic
and 0therw1ae, Teachkitug Probability and 8tatistics so as to

. Overcome Sowe Misconceptions, in D.R.Grey (ed.), Proceedings of the
" First Internati gggl Gonfegegce on Iggghi g Statlgtics, vﬁl.z,

pp . 784_801 .

Skemp, R.R, (1979) ntelliggnce, Leggnlng and ctlon' A Foundation :
for Theogx ggd E gg;igg in. Egggggign New York: Wiley._-- o

' Stelnbring. H. and von Harten, o (1982) Learning from Experience -
. Bayes Theorem: a Model for Stochastlc Learnlng Situations, iu D.R.
Gréy (ed.) tional Conf

Teaching Statxsg;gg vol'z. Pp. 278-290.

Vygotsky, L s. (1981), in J.V.Wertsch (ed ) Ihg Qggg ot of Actlt__x
in Soviet Psychology, Armonk, New York: M.E. Sharpe._ .

Vygotsky, L.  (1986) _lunnﬂﬁL__gad_*Lnnguasg.' (tr. = A,Kogulin)

Cambrldge, Massachusetts. MIT Press. : ' '

Vygoteky, L.8. (1987) The Collected Works of L.S. Vygotsky, R.W.

Weiber (ed.), vol.1, New York: Plenum Press. -

Walkerdine, V. (1988) he Masterx of Reason: Qggnit;ve Develggmg
d the Productic ity, London: Routledge.'“'

Walkerdine, V. {(1990) Subaectlvzty, Discourse and Practice in
Mathematics Education,  in roce 43 of First International
: nce o Politica : ti

f.ondop Departm#nt of Hathemat1cs, Btatistics, & Comput1ng
'Inst1tute of Educatlon, Univer51ty of London, pp.248 -265. '




-waiton, X b and Walton, 3. D. (1937) ”roba i

Reston, VA:

' Mathenat1cs Educatlon-Trust:

- Wertsch, J.v. . {1979) Fron Social Interactionﬂ to _Higher '
' Paychological = Processes. A Clarification and Application of
" Vygoteky’s Theory, Humapn Development, vol.22, pp.1-22,

Werts.ch, Ju. V.. (1984) 'i'ha Zone of Phoxllial Development: . Some
Conceptual Isgues, in B Rogoff and J.V.Wertsch (eds.) Children’s

Leart t ximal

for Child Development. San Francisco: Jossey~Bass,

Wertsch, J.V. a.nd Stone, C.A. (1985) The Goncept of Internalization
-in Vygotsky’s Account of the Genesia of ngher Mental Functmnu, in
J.V.  Wertsch (ed.) Cult : it .
Ee_gsp_gg_t_ves, Gambr:.dge. Cambridge Univers:.‘t‘,y Press.

Whitehead, AN, (1929) Ihg mg of ,Edgg_q; on, New York. .'dacmiIln.n. _
Wa.ti‘genstem, L. (19?2) Ehj,;osg‘p_h;gal ) 1megtiggtmns, '

q.B H Anscombe (tr.), Oxford' anil Blackﬁell. o

Development. No 23, New Dlrects.ons o

" Vood, D.:(1986) Aspects of Teaching and Learning, in M.Richards and

: P.nght (eds.) QLL&MLJQ_IQE Cambrldge. Polity Press.



SELECT BIBLIOGRAPHY -

Brown, A.L., Campione, J. and Day, J.D. (1881) Learning to Learn: On
Training Students to Learn fron Texts, Egucatlona gesegggh er, . vol.10,
nO 2; pp-l‘i-zlo : ’ o

Brown, G., Brown, 8., Cooney, T. and Smath, P, (1982) The Purmu1t of
'Hnthennt1cs Teachers Bellefs. In Hagner, 8. (ed ] nggggg;ggb_gg;_jg

' ' : Y ' ' ion, pp.203-215, Athens:
Universxty of Georgia, Departnent of Mathenat1cs Educatlan.

Bruner, J.S._(IB?Z)_th_E g;_'gyg;Jg;*gﬁggggigg ~N§w_Ybrk:_Allen & Unwin.

* Bruner, J.8. (1974) Bevund. :. Informstion Given New York: Allen & Unwin.
_ Bruni; J.V.}and Silveyman, H;J.‘(isaﬁj- Developing Concepts in Probahility
and Statisitcs -'nnd Much More, Arithnetic'Teacher, vol.33.-no.6, Pp. 34-37.

Cloete, R. (1984) Perwpectives on Stndent Learning: Has the Long Awa;ted
¥ aradigm-shift 0ccurred° Egzgnggiixgg_;g_ggggggipn, vol.8, no.2 (Dec.).

Cobb, P. (1986) Contexts, Goals, Beliefs, and Learning Mathematics, For the
g i z ematics, vol.a, no.2 (Junej, pp.2-9.

Cole, M. and Scribner. . (]974) Cultgre and Thgught' 8 gxghglog1ggl
Lntggdugt1on, New thxm Wiley. -~

DeGroot, M.H. (1986) A Coxversation wath Persi Diaconis, Statistical
Science, voi.l, no.3, pp.319-334. . i .

Dunlap, L.L. (1987) *First Grade Children’a Understandlng of Probdhlllty s
Paper presented at the Annual Meeting of the Eastern PSychologlcal
ABBOC&LIOH, Ar11ngton. VA, April.

Flschbeln, E, (1975) Ihe Intuitive Sources of Probab 1115519 Thinking in
h1;d ren, Dordrecht. D. Reidel Publlshxng Company. '

Ginsburg, H.P., Posner, J.X. and Russell, R.L. (1981) The Development of
Mental Addition as a Function of Schooling and Culture, ougggl og
Cross:gglggral Paychology, vol.12, pp.163-178.

Gray, M.J.(1987) Comprehension Monitoring: What the Teacher Should Know,

The Clearing House vol. 61 {September), no.1, pp. 38-41,
Green, D.B.; A Burvey of Probability Concepts in 3000 Pupils. Aged 11-16

Years, in D.R. Grey (ed,) ceedings o e First International nee

on Teaching gtatlstlgg, vol. 2, pp. 343-360,
Luria, A.R, (1976) Cognitive Development: Its Cultural and Sgc:g;

Foundationg, Cawbridge: Harvard Unlver81ty Press.

Meichenbaum, D. (1976) Toward a Cognitive Theory of Self Uontrol. In G.E.
Schwartz and D. Shapiro (eda ) MMQML@ vol. 1,



pp. 223—255 New York. Plenvm. _ i o
Hlller, R, (1984)‘ Reflectmns of mnd and Uul‘l:nre . Inauguml I.ecture,
Department: of- Paychology, University of Natal.

Hyers, J.L., Hamsen, R.S., Robson, R.C. and Hccann Tu (1983) The Role of
Explanation in I.earnmg Elementery Probability Theory, & of
E‘d“ lcna.]. hD].O ] Tol. ?5, nba 3’ ppu 374“'381 ) .' )

Saxe, a.B. (1982) Culture and the Developnent of Numerical Gogmtmn.
Stndles a.nong the Oksapmm in Papua. KNew G‘umea.. In C.J. Brainerd (ed.},
1 X * New York: Sprmger—?erlag.

Schwartz, G.E. and Shapiro, D, {eds) (1978) @ngg;ousness a_gg
§g1f—$gglat1on, Great Britain: Wiley. 2 vols. _ _

Silver, E.A. (1932) Knowledge Organization and Hathelatma.l Prohlem

Sulving. In F.K. Lester and J. Garofalo (eds.} Mathemati Problem
Solvi sglies 1n Research, pp.15 ?5_ Phlla.delph:l.a. Fra.nklm Instltute_
Press. . D _ .

Skewmp, B. 2. (1973) Rela.tmna.l a.nd Instruuental Understanding, bg!s.tics'“-

- m, vol,77, pp. zu—zﬁ.

L Stemer, H—G.. (1987) A Byatens &ppronch to Hathelatica ‘Education, _.Im )
o i i B i i VQ]. 18’ Ilo-l, ppl46_52. o .

Wertsch, 7.V. (1935a) ¥ £ Mind, lernry of

'Congresa Cataloging in Publlcatlon Data, “YSA.

Hertsch. 3.V, (ed ). (1986b) Culture._ i ' ¢ .1 ]
nggjm__ggnectweg. Cambridge: Ca.nbrldga Umversity Press.



- Student 1

'APPENDIX 1

o Qﬁoﬁés' ' j’;t*on'._

Techn1ques I,

Student 2:

atudents writing on the .‘course - Quantltatlve'
Un1vers1ty of the Hitwatersrand, 1989. ' :

' "_Rea.ding_ ﬁotes iB‘_' _like . an " escape fxfon y ﬁhe

Drhcticality and,brutal_chgracter of the course".

LI there is a 1a.ck of 1n1tiative onmypa.rt tu'.'
reinforce the theory that I have acquirEd from the:_

nates. «++The simplicity of the notes therefore lqre,f 
(sic) me -into indolendy and ultimately condenn me

(sic) misjudgement. To date it is unfortunate that I

. bave not yet found a diagnosis treatment to this

bredicaient- = eﬁslavenént; _ In  conclusion; my h
'apprpach to the course is a duplex one. I therefore"
spend more. Eimg_ not doing my work but"trying to

rationalise, iron-out ~and subdne this  (gross

'-diScrepaicy '(sic} between the_ notes and the

practicalities of ~the course - examples and'
appl;catlonsl perniC1ous 1ncons1stencles.
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