TeLEMARKS &8 FORSKING

NOTODDEN

Reidar Mosvold (ed.)
FROM THE TIMSS 1999 VIDEO
STUDY OF MATHEMATICS IN SEVEN
COUNTRIES

Report 04/2004
Telemark Educational Research



Prosjektnavn:  Strategisk instituttprogram i matematikkdidaktikk

Rapportnummer: 04/2004

ISBN:  82-7463-118-8

Oppdragsgiver: Norges forskningsrad

Kontaktperson:  Stipendiat Reidar Mosvold

Dato: 24.09.04

Prosjektleder: Forsker Gard Brekke

Medarbeidere:  Stipendiat Reidar Mosvold

Prosjektansvarlig: Direktgr Odd E. Johansen

TELEMARKSFORSKING-NOTODDEN

Senter for pedagogisk forsking og utviklingsarbeid
Leererskoleveien 35, 3679 Notodden

Telefon: 3502 66 99  Faks: 3502 66 98
E-post: tih@hit.no Web: www.tfn.no

Tiltaksnr.: 966 009 012

Telemarksforsking-Notodden




CONTENTS

1. THETIMSS1999 VIDEO STUDY.HELPING TEACHERSTO

BECOME REFLECTIVE PRACTITIONERS........cccciiiieeeseeeeeeeeie e 7
1.1 EQUATIONS AND INEQUALITIES. THE PROBLEM SITUATION.....c.ccvnivnnenee. 8
1.2  FROM THE GENETIC VIEWPOINT OUR REFLECTIONS WERE..........ccvvvernn.. 9
1.3 QUR THEORETICAL BACKGROUND THE GENETIC VIEWPOINT................ 10

1.3.1 Early versions: Bacon, Comenius and Lindner...................... 10

1.3.2 Benchara Branford.............cooouiiiiiins e 11

1.3.3 Felix Klein and the Genetic Principle.......ccccceeiiiiiiiiiiiieeveiinns 12
1.4 THE SCRIPTS e iutttiiieeeeaiitieetaeeesesnttteeeee e e s nneeessassaeeeeeeesansnbeeeaeeesannnens 13
15 THE NEW VIDEO STUDY. GOALS AND RESULTS IN BRIEF.......cccuvuunaaaennns 14
1.6 (LOSING THE TEACHING GAPR.....ccttieeiiiiiiiieeaaaasnttneeeeessansseenasssnssnees 15
1.7 LESSON STUDIES...cctuuiiietiaaettaeeeeieeeeei e e eesi e e eesma s e eesn e e eeaa e e eenaeaeeenns 16
1.8  REFLECTIVE PRACTITIONERS ....tttttieetiiiiiiieeeeaasnntseeeeesssnssnnnaassssnneees 17
19 READINGS ...ttt r e eees 18

2. TEACHERSWATCHING VIDEOS OF MATHEMATICS LESSONS
AND REFLECTING ON THEIR OWN PRACTICE: THE ANALYTICAL

PERSPECTIVE ...ttt sttt sttt sne e snneeen 20
2.1 INTRODUCTION ANDAIM OF THE STUDY ...ceeviiriiiieeeeainniieeeaessannnnneneaaaans 20
2.2  TEACHERSLEARNING FROMVIDEO: AN HISTORICAL PERSPECTIVE...... 20
2.3 DEVELOPMENT OFTIMSS: STUDIES AND COURSE .....cccvvviiiaaeeeeiiiieenne 21
2.4 TEACHERSREFLECTING ONTHEIR OWN TEACHING.......ccvvvveeeeeiiiiieeennn. 23

24.1 = U1 o PO 24

2.4.2 e L[ = PP PPPPPPPPPPPR 26

2.4.3 LIVt a e e e e e e 7.2
2.5 FNAL REMARKS.....cttiiiiieiiiitiiiieee s ssiiiieeee e e s ssneeesssseseaeeesasntaneeeeeaanns 28
2.6 LTERATURE ... cctt ettt ettt ettt e et e e e e e e e e et e e e e ea e e ean e e eann e eaees 29

3. REAL-LIFE CONNECTIONSIN THE TIMSS 1999 VIDEO STUDY 31
3.1 REAL LIFE CONNECTIONS ... ctettutetetiaeeetiaeeet e eeeseeeesaessenesnaeeennaeees 31
3.2 VWHAT THEORY SAYS..iiiieiiiiiiiiieeesaaintieeeeaessansstseeesessannneseessnssssseesasanns 32
3.3 THE TIMSS VIDEO STUDIES. ...ccittuiieeieiiiia e e e eeeiia e e e eeeeeseeaeeeeeeeeennns 32
3.4 CHOICE OF MATERIAL...ccuttttiteeeesisiiieeeeeesssnnsteeeesesssnnnnneesessssseeseessanns 34
3.5 DEFINING THE CONCEPTS .. titiiiiiitia ettt e e eeti e e ees e e eenaesseeesnaeeennnaeees 35
3.6 THE LESSONS....ttiiiieeeiiiiiiitteeeasiitteeeeeesasnsieeeaassbseeeeeesssssaneeeaeeeanneees 37

3.6.1  The DULICh I@SSONS.......uuuiiiiiiiiiiiiiiii e eeeeeee e 37

Telemarksforsking-Notodden 3



3.6.2 The Japanese I8SSONS.......uuuuuiiiiiiie e 39

3.6.3  The Hong KoNg I€SSONS.........covvviiiiiiiiiemerien e e e e 42
3.7 SIMMARIZING et eeeeeetie e e e ettt e e ettt e e e e e eeemmmsa e e e e e eesba e e e e e enrnan e eeas 44
3.8 FINAL DISCUSSION. .. .uttiiieeesiiuitieeteaesasntieeeeeessasseeeessssssseeeeessansssneeeeens 45
3.9 REFERENCES. ... ctutitetie ettt e et ettt a e e e e e e e e e e e e e een e e eenn e eees 46

4. HISTORY OF MATHEMATICSIN THE TIMSS 1999 VIDEO STUDY
48

4.1  THENORWEGIAN CONTEXT. ... uuttetreeesisntrnreeeeeaasnreneeeeesssssnneesssnssseeees 48
4.2 IMEETHOD. ..ttt ettt ettt ettt e et et e et e e e e e e e era e e e enneeeens 48
4.3 QUANTITY cettiiieeeiiitteitee e e e estiteeeee e e s ansbeeesasasaeeeaeeassnsbaeeeeeessannnneeeaeeans 49
A4 ANALYSIS ittt e e e ean e 49
4.5  ON THE THEOREM OFPYTHAGORAS ....cuuvtiiieeeeeisiirieneeeeennneneeeeessnnnns 49
4.6 DFFERENT KINDS OF MATHEMATICAL KNOWLEDGE.........ocevvuniareiieenn. 50
4.6.1 FaCES - e 50
4.6.2  SKIllS/ICONCEPLS ...ceeeeeeeeeeeeeee e 51
TG T I = | (=Y 0| [PPSR 51
4.6.4  ALHIUAES.....ccoiiiiiiiiee e ettt 51
4.6.5 (@1 01T £ TSSURRPPPP 52
4.6.6 Preliminary CONCIUSIONS..........ccoviiiiiiiiieecemccee e e e e e e 52
4.7 IS THE HISTORY MENTIONED ONLY IN ISOLATED INSTANCES................. 53
4.8  BRRORS.....uttiiiiieeiiittitett e e e e sttt e e e e s s e e e aas st beeeeee e s e sbaneeeaeeeanbareeeaeaans 53
4.9 TEACHER WORDS VSSTUDENT WORDS.......cctuuiiiiieienieeeenneeeenneeeennns 3.5
.10 CONCLUSION . .citiuttttieteeeeeittteeeeeesssstteeeeeeessnnnneesasssnnneeeaeesannssseeeeeesans 54
411 REFERENCES.....itituieiitiae e et e ettt e e et e e e e mee e e e e e e e ea e e e ean e e e et e eeennns 54

Telemarksforsking-Notodden 4



SUMMARY

The TIMSS 1999 Video Study of Mathematics in Segantries was a large in-
ternational study where more than 600 classroomsifseven countries were
video-taped. The study had a focus on teachingtioes; and the aim was to im-
prove teaching and learning. This report puts mioi@is on a few perspectives of
this study, from a Norwegian view.

The use of history in mathematics is new in theadgran curriculum, L97, and
Smestad's article has a focus on how history id byeeachers in other coun-
tries. Bekken and Mosvold focus on how historylmansed in the mathematics
classroom in another and more indirect way. Thegspnt these ideas in an ex-
ample from the TIMSS 1999 Video Study and discusgdachers can become
more reflective practitioners. Another issue thas lheen emphasised in L97 is
the connection with everyday life, and Mosvold pnés examples on how this has
been done in two countries where few real-life @mtions were made and one
connection where the teachers made many conneatibmseal or everyday life.
The article of Cestari, Santagata and Hood discsiségeo studies on another
level, and they focus on how teachers can use yitteeflect on their own teach-
ing.

There is now a development towards a new curricutuMorway, and in this
process it should be of vital importance to refleatthe practices of teachers in
other countries. A study of teaching in other caestcan reveal one's own prac-

tice in a new and more powerful way, and one cano discover new approaches
and get new ideas.
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PREFACE

In the Spring term of 2003 the writers of theseckas were situated in Los Ange-
les, CA., for various periods of time. The studiessented here were conducted
while the authors were in residence at LessonLabteéSMionica, as members of
the TIMSS 1999 Video Study of Mathematics in seseuntries (TIMSS stands
for the Third International Mathematics and ScieStady). Thanks are due to
James W. Stigler and Ronald Gallimore for openimegdoors to the LessonLab
and letting us participate in this unique studye Tour articles are all based vid-
eos from the TIMSS 1999 Video Study, but they hédifferent perspectives.

Bekken & Mosvold adopt a genetic approach to thehag of mathematics in
their article. The genetic approach is not a nezaidt builds on the theories of
didactical thinkers of the past like Bacon, ComsenBranford and Klein, and it
represents a way of using history in an indirecy wareflections on the teaching
of mathematics. Bekken and Mosvold present thesssitaking an example from
the TIMSS 1999 Video Study as a starting point, disduss how teachers could
become reflective practitioners by having accessdata base of such videos.

The article of Cestari, Santagata and Hood focasdsw teachers are encour-
aged to reflect on their own teaching practice /lnhtching videos of mathemat-
ics lessons. Three teachers are presented inttble ais having participated in a
course called: TIMSS Video Studies: ExploratiolAtgebra Teaching. Videos
from the public release collection of the TIMSS 998deo Study were studied
in-depth. In the final phase of this course, whias developed by Hiebert and
Stigler, the teachers were asked to reflect on thisvwcourse could influence their
own teaching. Cestari, Santagata and Hood focuisdtiile on these reflections,
and they discuss how videos can be used to anah@enhance teaching.

The connections with history of mathematics andhweiteryday life situations are
emphasized in the current Norwegian curriculunsfdrools. Mosvold discusses
how teachers in Japan, Hong Kong and the Netheslarake real-life connec-
tions in their teaching. Japan and Hong Kong haddtvest percentage of real-
life connections of the seven countries in the TBVI®99 Video Study, but the
pupils from these countries were also among thiedsigachieving. The Nether-
lands had the by far highest percentage of reaklinnections. Mosvold presents
several examples on how teachers in these thregr@simake connections with
real life situations in their mathematics teaching.

The fourth article, by Smestad, focuses on how eotions with history of
mathematics were represented in the TIMSS 19990/&tady. His study looks at
the more direct ways of using history in the matagos classroom found in the
videos. He discusses the amount of referencestorfias well as how history
was implied and the attitudes of teachers.

The first two articles focus on how teachers caztobee more reflective practitio-
ners, one from a genetic perspective and the @ttver an analytic perspective.
The last two articles focus on the connections Wwigitory and with real life,
which are considered new in Norwegian curriculd.afficles implicate how
video studies can be used to make teachers be@laetive practitioners in
these areas. These articles are preliminary vessithto be published elsewhere
independently.
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1. The TIMSS 1999 Video Study. Helping teachers
to become reflective practitioners

Reflections on a Japanese 8th grade |esson:
Equations and inequalities - a genetic approach?

Otto B. Bekken, Mathematical Sciences at UCLA
Reidar Mosvold, Telemark Educational Research, Ndden

Abstract

The goal of this talk is to give some reflectiomsaoproblem situation, originally
put in an ANNEX, from a Japanese 8th grade lesscnded in the TIMSS 1999
Video Study. After viewing some excerpts from tesdon we present the follow-
ing questions for teachers’ development from thesba Lab course Explorations
of Algebra Teaching: - Why did the teacher in fesson have the students pref
sent their strategies in the order that he did’havére the advantages of having
students share their alternative solutions? - Woultlbe a more effective ap-
proach to algebra just to present the final equnatend inequalities statements? -
and to forget the lower level attempts made byesstudents?

As theoretical basis we present some reasoningntd¢heé use of videos for pro-
fessional development work for teachers, and wievethe roots of our genetic
viewpoint.

Both authors were supported by Telemark EducatiBesakarch, for which we are
most grateful.

We acknowledge the kind assistance with this papar Angel Chui, Ronald
Gallimore, Rossella Santagata, and James Stiglezsson Lab Inc, Santa Moni-
ca, California.

Telemarksforsking-Notodden 7



1.1 Equations and inequalities: The problem situation

The TIMSS 1999 video study included 28 public regelessons, 4 from each of
the 7 participating countries. The Japanese pudlease lesson no. 3 forms the
basis for our reflections here. The teacher preshet following problem situation
to his class:

It has been one month since Ichiro’s mother enténechospital. He has de-
cided to give a prayer with his small brother dbaal temple every morning
so that she will be well soon. There are 18 tengans in Ichiro’s wallet
and just 22 five yen coins in his smaller brothevalet.

They have decided every time to take one coin &arh of them and put in
the offertory box and continue the prayer up ueitiher wallet becomes
empty. One day after they were done with their @rayhen they looked into
each other’s wallet the smaller brother’s amountrafney was larger than
Ichiro’s. The problem now is:

How many days has it been since they started thgmy?

Now we should watch some part of the video (00420.04.57 & 00.18.31-
00.31.39).

A set of four CDs including 28 public release less@eos from 7 countries can
be ordered fronmttp://www.lessonlab.corat LessonLab, Inc., 3330 Ocean Park
Blvd., Santa Monica, CA 90405, USA

We can see the flow of the lesson in a one pagsdne&raph of the Lesson Lab
course. See the attached pdf-file on page 15.

The students’ presentations can be viewed asdaliimne of three categories:
1) a count down procedure, either using hands-denmahor by creating a table:

Day number: 1 2 3 4 .11 12 13 14 15 16 17 18
Ichiro’s money: 170160150140 ... 70 60 80 30 20 10 O
Brother's money: 105100 95 90 ... 55 8B 40 35 30 25 20

2) a recipe for calculation (a la in the AljabrAfKhwarizmi 825 ):

Take the total difference 180-110 which is equalGand divide with the
difference 10 — 5 in daily contribution, whichbisThis is 70 : 5 which makes
it 14 days before they have equal amounts, so detays the brother has
more money.

3) using a symbolic representation ( a la in thadgzinita of Bhaskara 1150):

Let x denote the number of days, and let Ichiro'@ant of money be vyl
and let the brother's amount be yB . Then weshibe linear relations

yl = 180 - 10x and yB = 1105x

They have equal amounts when 180 —10x = 1890 ;i.e. when x = 14
and the brother has more when 180 — 10x < 1B8 - i.e. when x > 14

Telemarksforsking-Notodden 8



To solve the equations/inequalities with the synti@presentation in 3) the
students actually apply the methods of 1) or 2).

Later in their lives the students probably alsd hdlve access to one more ap-
proach:

4) A visual geometric representation (a la in theometrie of Descartes 1637):

In a rectangular coordinate system we may repreentinear relations
between x and yl, and between x and yB adgomtwo lines. From
the graphs we may read out the solutions for wherine for Ichiro is
below the line for his brother as being when x4> 1

200

150 e

100 *L*t_._

oy
™~
50 t"":t:‘:*

Lesson Lab’s professional development course: Eaptms of Algebra Teach-
ing, includes this Japanese lesson in their matétexe the following questions
are posed for the participating teachers:

1) Why did the teacher in this lesson have theesitglpresent their strategies in
the order that he did? - How might the order assiglents’ learning?

2) What are the advantages of having students sheirealternative solutions?

3) Wouldn't it be a more effective approach to algejust to present the final
equations and inequalities statements?

4) - and to forget the lower level attempts magedme students ?

1.2 From the genetic viewpoint our reflections were:

The task of the educator is to make the child’stgpass again where its forefa-
thers have gone, moving rapidly through certairgetabut suppressing none of
them. In this regard, the history of science measbbr guide. (Henri Poincare
1889)

In his book on arithmetic and algebra of 1150 tididn mathematician Bhaskara
presented many problems of this type, and he sahad both arithmetically and
symbolically using “ya” for our “x” and “ka” for ar “y”. He also has the follow-
ing philosophical didactical commentary:

Telemarksforsking-Notodden 9



The clever and intelligent can possibly solve ti@sblems only using arithmeti-
cal reasoning, but the grand operation is to intnod symbols for the unknowns
and just follow general methods

The Scottish mathematician Colin Maclaurin in 1'dé8nes algebra as:

Algebra is a general method of calculation withtaer signs and symbols, which
have been conceived and found useful exactly éptinpose of solving certain
types of problems.

The origin, however without any symbolization, linghe concept Aljabr of the

Baghdad scholar Al - Khwarizmi of the 800s , witlrleer roots in the writings of

the Indian astronomer Brahmagupta from the 600s)aybe even in ancient Chi-
na.

1.3 Our theoretical background: The genetic viewpoint

The task of the educator is to make the child’atgpass again where its forefa-
thers have gone, moving rapidly through certairgstabut suppressing none of
them. In this regard, the history of science niiesbur guide. (Henri Poincare
1889)

Genesis ideas have always played a role in edudtibeory. In reality we are
today talking about a web of genesis principlestdrical, psychological, natural,
logical, cognitive, social, cultural, contextuatusted ... development of mathe-
matical ideas, methods and concepts.

Schubring (1978) traces the theory almost five wees back in time. The histori-
cal genetic method aims to lead pupils from basicomplex knowledge, in much
the same manner as mankind has progressed instioeyhof mathematics. The
aim of the psychological genetic method is to lgbifs rediscover, or reinvent,
mathematics by using their own aptitude.

1.3.1 Early versions: Bacon, Comenius and Lindner

Francis Bacon (1561-1626) introduced the naturdahoteof teaching. Comenius
and Ratke based their work on Bacon'’s studiesj@ntly these three are re-
garded as predecessors of genetic principles. Béeegloped a theory or a
method for discovering new knowledge, which is mefe to as the inductive
method. He called it a natural method, as it hadvéiry nature of things as its
origin (op.cit.17ff)

The method goes from the specific to the general.might argue that this is ex-
actly the manner in which children learn. Firstytlteme across specific cases of
various phenomena, later they appreciate the existef general concepts, which
the specific cases form part of. The very idea thette is a connection between
the way children acquire knowledge and the way Kadge has come about, is
fundamental. Bacon felt that the teacher’s taskishbe to lead his pupils on to
the roads of science, in the same way as he himadlarrived there (Bacon,
1994, p. 125).

When Bacon’s method is to be applied in teachingryglay problems, the so-
called specific cases, should be the starting pomly later should mathematics
be made abstract. Symbolic expressions shouldentitébstart; the symbolization
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should be worked out along the way. The cogngivigject, as Bacon called it,
had to be in activity in relation to the cognitielject. Hence the pupils had to be
active in order to acquire knowledge; which is autiht well known in the view
of learning as found in the theories of construstivand reinvention, cf. van
Amerom 2002.

Johan Komensky (1592-1670) is commonly known as €oas. He was a
Czech philosopher, educationist and poet, anddglywiacknowledged as one of
the founders of general educational science thrdigmajor work Didactica
Magna completed in 1657. The basis of his educaliscience was that all hu-
mans are co-creative beings. Von Raumer establishas three-volume work
Geschichte der Padagogik that Comenius considesiedrBs studies to be the
framework for his own work, a view also shared lch&ring (von Raumer vol.
II, 1843, p. 63 and Schubring, 1978, p. 19).

Friedrich Wilhelm Lindner (1779-1851) only publigh&vo shorter works on his
method: de methodo historico-genetico in utroqueege institutionis abhibenda
cum altiori tum inferiori (published 1808 in Leijggiand de finibus et praesidiis
artis paedagogicae secundum principia doctrinast@mae (published 1826). He
was led to his methods by Bacon’s Organon. Lindtrengly criticized the
schools’ time tables as too tied to a cycle ofslaeak-class. According to him,
the genetic method required stamina, and too fretoeleanges of subject would
only breed distraction (op.cit. p. 59).

1.3.2 Benchara Branford

In 1908 when Branford published his A study of Matfatical Education, he rep-
resented something new in the English speakingi®ultHis book points out the
relation between the development of mathematialé sk the individual and the
development of mathematics historically.

Branford had behind him years of experience aaehtr, and he had his own
understanding of the teacher’s role. It shoulddogtiiucture the teaching accord-
ing to the lines suggested by the development oikedge in mankind. Hence, a
teacher should be aware of the history (Branfo®@41 p. 244).

Branford provides numerous examples from his less@éfe should start with the

ideas that pupils take with them from their evemyliees into schools. We should
treat our pupils as brave young pioneers, and #ssiertions should be met with

respect and the mild criticism that is due discex®nf such concepts (op.cit. p.

11).

According to Branford children are born with sevenantal ideas. These ideas
can be hard to discern at first. Children have temdeas about several mathe-
matical concepts, but they are not, and will ndeseperfect as long as their mean-
ings are contextual. Towards the end of his studynt®rd discusses the relation-
ship between teaching principles and practice {pgp.c345):

All principles, | take it, represents but partiad@ects of reality. Nothing, perhaps,
is more fatal to progress and to success in teagthan the attitude of the doctri-
nary belief in the universal validity of any absttagrinciple or system of princi-
ples, and consequent insistent adherence to itantjge. Principles thus viewed
and applied are life-killing mechanisms.

Telemarksforsking-Notodden 11



1.3.3 Felix Klein and the Genetic Principle

Felix Klein (1849-1925) developed mathematics sequence of common sense,
with constant references to history. Towards thee@rhis career Klein was
mostly occupied with educational issues. In hiskbBementary Mathematics —
from an Advanced Standpoint, originally publishedierman in the early 1900s,
Klein starts by presenting how to teach pupilsbars, the very basis of all
arithmetic. Speaking on this, he says (Klein, 191%):

The manner of instruction as it is carried on iisthield can perhaps best be de-
scribed by the words intuitive and genetic, ilee entire structure is gradually
erected on the basis of familiar, concrete thingsnarked contrast to the logical
and systematic method.

It is a common argument that mathematics can aodldibe taught deductively;
by starting with certain facts and by manner ofdqgoceeding from there. On
this, Klein (1945, p. 15) comments:

In fact, mathematics has grown like a tree, whiobginot start at its tiniest root-
lets and grow merely upward, but rather sendsatsts deeper and deeper at the
same time and rate that its branches and leavespareading upwards ...
mathematics began its development from a certaim gorresponding to normal
human understanding, and has progressed, fromgbiaitt, according to the de-
mands of science itself and of the then prevailiegrests, in the one direction
toward new knowledge, and in the other throughstiiely of fundamental princi-
ples.

The understanding of foundational principles isstantly changing, according to
Klein, and there is no end, and hence no initetdtistg point that could provide an
absolute fundament.

Instruction should guide it slowly to higher thingsd finally to abstract formu-
lations; and in doing this it should follow the samoad along which the human
race has striven from its naive original state tgher forms of knowledge (Klein,
1945, p. 268).

Klein states that it is necessary often to regdaatdrinciple because it is very
common to start the teaching with the most geremmatepts. Furthermore he
says:

An essential obstacle to the spreading of suchtaraband truly scientific
method of instruction is the lack of historicablkviedge, which so often makes
itself felt.

Towards the end of his book Klein sums up his view,cit. p. 236:

If you lack orientation, if you are not well infoeth concerning the intuitive ele-
ments of mathematics as well as the vital relatigite neighbouring fields, if,
above all, you do not know the historical developingour footing will be very
insecure.

By his organization of the student solutions thead&se teacher is following the
historical and the psychological genesis and deveént, and several ideas quo-
ted above. The lesson follows the path descrilyeBoeplitz as the indirect ge-
netic method, cf. Mosvold (2003) p. 92. To be dbl&llow such an approach a
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teacher must know the history of mathematical idaasvell as being able to re-
flect on the cognitive development of these youergst

From the recent book about the “Math Wars in thé &igitled California
Dreamingwe sense that the recent mathematics educati@telbhs involved:
- the “skills” people

- the “concepts” people

- the “real life applications” people

with quite different views on goals and issues.

Learning mathematics is a process of practice ammonization. The Teaching
Gap of Stigler & Hiebert (1999) gives a recent digsion of this script of teach-
ing that emphasizes terms and procedures — tHs dlkitension of mathematics —
and that often excludes exploration of mathematdzds related to those skills.
Stigler and Hiebert’'s analysis documents clearly ltfws script is enacted in US
mathematics classrooms, when compared to the ischigsions in other countries
(Wilson 2003, p. 149 & p.7).

1.4 The scripts

Based on data from earlier video studies Santag&tigler (2000) argue that
mathematics teaching is a cultural activity, vagymore across cultures than
within. Teaching practices are determined by debpld beliefs that are not eas-
ily targeted by teacher education programs. Theydcthen identify the following
practices:

The Japanese script:

1) reviewing previous lesson through lecture, disgan or student presentation
2) presenting the problem for the day

3) individual student generation of solutions tadscussed with classmates

4) students presenting/discussing solution metbodsackboard with summary
5) highlighting/summarizing main points by teackdécture

The US script:

1) reviewing previous material (homework or warmagpivities)

2) demonstration of problem solution for the dayhvatudent guidance
3) individual or group seatwork practicing

4) assigning homework & correcting seatwork

The Italian script:

1) reviewing previous material (student on blackbdeahomework/lessons)
2) presenting the topic of the day — concepts, lprab, procedures

3) students applications/practice on the blackboard

4) assigning homework

Italian students, like Japanese students, are dskegibalize what they are writ-
ing on the blackboard and are subjected to teadtpgestions and comments. In
Japan, students are asked to share their solw#roned at during seatwork by

writing and explaining on the blackboard, whereahaly, students are asked to
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do their work and explanations directly on the bloaith no previous independent
seatwork.

1.5 The new video study. Goals and results in brief

(from COMET 2003 & report of NCES 2003)
Why study teaching in other countries? - and whiytdising videos?
Because it:

reveals one’s own practices more clearly

discovers new alternatives

stimulates discussions about choices of teachnagesfies
deepens educators’ understanding of teaching
enables the study of complex processes

enables coding from multiple perspectives

stores data in a form that allows repeated analysis
facilitates communication of results

The goals of the 1999 study were to describe tegabii 8th grade mathematics,
to compare practices across countries, and to bdilarary of public-release vid-
eos that can be used to promote cross-nationanasand discussions on teach-
ing of mathematics. Analyzing 638 lessons fronountries, some brief compari-
sons that are made are:

In the Netherlands students were more likely taenter problems including
real-life connections.

Lessons in Japan included more problems makingemdimms to concepts and
facts.

Lessons in Hong Kong included a larger percentdgeablems targeted at
using formulas/procedures.

Lessons in Australia and the US were least likelgrhphasize mathematical
connections or relationships

Review of previously taught lessons played a larglerin the US and in
Czechia.

Calculators were used in more lessons in the Neites.

Computers were used in only a few lessons acrbssuttries.

The estimated median time spent in mathematicak woryear varies from

116 hrs. in Japan, 107 hrs. in the US, to 84ihithe Netherlands. Japanese les-
sons differed from all the other countries on 15%) of the analyses done for the
NCES 2003 report, while the Netherlands differedl8r{9%) of the analysis.
Japanese teachers frequently posed problems thatnee for their students and
then asked them to develop solutions on their dMter allowing time to work

on the problem, they engaged the students in piageand discussing alternative
solution methods, and then summarized the matheatigtmost important points
of the lesson.

About 2/3 of the lesson time were devoted to indepat problems, an average of
three problems pr. lesson, and on the averageidsies on each problem, see
NCES 2003, fig.3.4, 3.5 & 3.6. On introduction @wmcontent see fig.3.8.

The definition of proof included rather informalrdenstrations giving some form
of mathematical reasoning. This aspect was evibeatsubstantial degree only in
Japan. Here 26% of the problems included proofs3@a4 of the lessons con-
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tained at least one proof. Japanese lessons cedtaiare problems that were
mathematically related, more that were thematia&lgted, and fewer repetitions,
and the problems also had a higher procedural eatplthan in the other coun-
tries, see fig.4.1 & 4.6 in the NCES report.

Based on these video studies some people prematangld conclude:

high mathematics we are adopting
achievement only if teaching practices
is possible likgpda

while a more reasonable conclusion could be ifrastchecessarily only if. Even
this is debatable: To what extent is it really plolesto adopt teaching practices
from another culture into our classrooms?

1.6 Closing the teaching gap

(from Hiebert, Gallimore & Stigler 2002 and Gallirec% Stigler 2003)
Standards set the course, and assessments progiderichmarks, but it is the
teaching that must be improved to push us alomgffagf success. Many believe
improved teaching and learning will follow fromsttural reforms. Reforms,
however, have limited effect unless intended chamge implemented in the
classrooms, and that implementation depends onspidad and robust profes-
sional development.

Anthropology teaches us that classroom changdsdhamd only in the margins of
cultural practices. One of the major barriers esmnlrrow range of instructional
practices teachers have observed as studentggeotering the profession.
Classroom change will require a rich, broad, aralased professional knowl-
edge base that includes alternative practicesgdsas an environment that both
encourages and supports continual improvementchteg and learning prac-
tices.

John Dewey noted that one of the saddest thingst aalucation is that
...the successes of excellent teachers telmel born and die with them

His laboratory school planted the seeds of a sebaséd, teacher-engaged system
of building professional knowledge. Dewey was ssocceeded by Judd and
Thorndike, whose views rather shaped educatioredndational research. The
tendency to look for quick solutions has made etioica graveyard of good

ideas condemned by the pressure for fast resultgcdtional research has too

little influence on improving classroom teachingld@arning. Teachers rarely
draw from a shared knowledge base to improve firactice. They do not rou-
tinely locate cases in research archives to hemtimterpret students’ concep-
tions and learning trajectories.

Learning can be facilitated by seeing ideas ande&ots in a variety of contexts
and styles. Lesson Lab proposes digital librarigk {#sson videos coded in ways
which makes it possible to retrieve a variety @ties and approaches, created
with the intent of public examination, with the §odmaking it shareable among
teachers, open for discussion, verification, arfidta¢éion or modification. Other
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professions have created ways to share knowledgegh case literature. Teach-
ing, unfortunately, has yet to develop a profesdi@nowledge system.

Knowledge for teaching is most useful when it jgresented through theories
with examples. Theories ensure that the knowledgs above ad-hoc technique.
Examples keep the theories grounded in practi¢teeelmajor barriers that im-
pede bringing quality professional developmentcaes are:

1) Lack of a knowledge base to support teacheniegr

2) Lack of tradition among teachers for analyzing &earning from practice
3) Lack of time for collaborative work

4) The tendency to look for quick solutions

There are programs that use video studies to gaehers the opportunity to learn
from Best Practice®y studying examples of effective teaching. Ledsaln’'s
approach, however, is to include a variety of exXasy@and also to reflect upon
problematic classroom situations as well as exasnpil@nore effective practices.
Their professional development modlelarning from Practicdelieves that the
improvement of analysis, planning and reflectiofditbe greatest potential for
improving teaching practices. Cultural routined tinaderlie teaching can here
more easily be brought to awareness, evaluatedstzmed through interna-
tional comparisons. Analysis, planning and refattshould not be based on ad-
hoc skills, but rather on disciplined applicatidreducational theories.

The Japanese lesson studies turn practitioner leumelinto professional knowl-

edge. Groups of teachers meet regularly to colethaly plan, implement, evalu-
ate, and revise lessons. Changes are based oficspemdlems evidenced by stu-
dents as the lesson progresses, and often reseaachesolicited to serve as con-
sultants

1.7 Lesson studies

(mostly from Fernandez & al 2003)

Subject knowledge in the case of mathematics @y arproblem in Japan, even
for those teachers qualifying to teach in elemgmnsahool, because of the impor-
tance placed on mathematics in schooling. Thuh&Faducation can concentrate
more on teaching methods and professional developisgues. In the Japanese
system, a whole class approach is common and iesa\high level of pupil par-
ticipation and interaction. A high level of teaclpeofessionalism is expected.
Discussion of learning points for both teachers pungils is encouraged; learning
difficulties are identified and discussed. Considbée attention is given to the
construction of lesson plans (Jaworski & Gelle@)2, p.838).

The Japanese “Lesson study” has a history in el&aneand middle schools with
origins in the early 1900s. Strong claims have beade about the potential of
lesson studies, as a form of professional developmenhich teachers collabora-
tively plan and examine actual lessons. To ben@iyever, from such a study
teachers need to be able to appijical lensesto their examination of lessons.

Fernandez et al (2003) reviews a collaborativerefintroduce lesson studies in
the US. The Japanese teachers brought to thivoodiion a number of critical
perspectives, and a constant concern with howdoesee and connect children’s
learning experiences. In fact they conveyed theomanmce of thinking about stu-

Telemarksforsking-Notodden 16



dents’ entire learning experience even before began planning the lessons.
They were preparing themselves throtiglcurriculum developerkenswith an
eye towards skillfully orchestrating children’s ieg both across and within the
lessons.

If there is knowledge that is very useful for sajvihese problems, perhaps you need
to spend more time early in this lesson talkibgwt such knowledge

Thus, this teacher conveyed that it is importaredamine what prior experiences
make students choose a strategy, and what thisstieathe design of a lesson.
This teacher’s rationale for his proposed order ekearly focused on considering
how to develop a strong understanding of the cane¢pontent targeted in this
lesson.

| always look to see the solution method the migjafi students use. | believe this
method is what they have learned from their mathieshaducation up to that point

This Japanese teacher was trying to use the lésdmrild a principle about teach-
ing that could be generally applied to his classrpand which he felt other
teachers should consider. The US teachers rareyed to any broader princi-
ples or theories.

Another perspective the Japanese teachers convegetb examine all aspects of
a lesson through the eyes of their students. Thgghasized the importance of
teachers adoptinthpe student lenby attempting to anticipate students’ behavior
and determine how to use this knowledge to buildestits’ understanding. To
anticipate solutions to mathematical problems aqudiaén how these solutions
would be used to deepen students’ understandimgnie an important part of the
lesson study.

Implementing lesson studies in other countriescamnot overlook the substantial
challenges that must be overcome to make thisipeggtirposeful and powerful.
There is currently a call for teachers to be mefkective in their practices. These
reflections will require development of criticahkees.

1.8 Reflective practitioners

(mostly from Hatton & Smith 1995)

Lerman (1994) defines reflection as “ developing $kills of sharpening attention
to what is going on in the classroom, noticing eewbrding significant events and
‘working’ on them in order to learn as much as gassabout children’s learning
and the role of the teacher”

The termgeflection/critical reflection have increasingly appeared in descriptions
of approaches to teacher education in recent decéslehon (1983) talks about
reflection-on-actiorandreflection-in-action Most kinds of reflection involve
looking back upon action with a view to evaluate éffectiveness after an at-
tempt at implementation.

Schon’sreflection-in-actioninvolves simultaneous reflecting and doing, imipdyi
that the professional has reached a stage of cemgeetvhere s/he is able to think
consciously about what is taking place and modityoas instantaneously. The
reflection-on-actiorand reflection-in-actionnvolve a professional practice base
upon knowledge. Such tacit knowledge is derivedifthe construction and re-
construction of experiences.
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Four broad strategies that are claimed to proneatehers’ reflection are:

- Ethnographic studies of students, teachers,rdasss, and schools
- Microteaching and other supervised practicum ggpees

- Structured curriculum tasks

- Action research

Barriers that hinder the achievement of reflecpvactices are.

1) Reflection is not generally associated with workasga teacher. Teaching is
often seen to be about action, while reflectsygerceived as a more aca-
demic pursuit.

2) To foster effective reflection, time and opportynig needed for development.
The identification of a suitable knowledge baserfran historical point of
view of some major perspectives which have guiggat@aches to teaching
and learning of mathematics is missing.

3) Feelings of vulnerability which follows from expagi one’s perceptions and
beliefs to others support a case for collaboraweroaches within which
teachers can work together as critical friends.

4) A critically reflective approach demands an ideglofiteacher education not
only involving models of best practices, but alscognizing conflicts be-
tween institutional ideals.

In spite of all the barriers listed as 1) — 4) asda) — d) above, and in spite of all
attention and care that has to be given to cultuealiers mentioned in connection
with the efforts to introduce lesson studies inlti& our answer to the main ques-
tion above is: This approach is worth trying oubur Scandinavian setting by
starting to develop a video base of mathematicsob@m practices, and collabo-
rative groups of teachers locally doing lessonstygde professional development
work partly based on this video base with univgrsitcollege groups of re-
searchers as consultants.
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2. Teachers Watching Videos of Mathematics Les-
sons and Reflecting on their own Practice: The
Analytical Perspectivel

Maria Luiza Cestari , Agder University College, ktiansand, Norway
Rossella Santagata, LessonLab, Santa Monica, CAAUS
Gail Hood , LessonLab, Santa Monica, CA USA

2.1 Introduction and Aim of the Study

Recent developments of digital technologies hasi¢dancreased use of videos
for teacher education. Videos are considered byyrteachers and researchers as
an effective tool for linking theoretical issuesctassroom practices. Despite this
growing interest, there is little empirical resé¢mom the effects of the use of vid-
eos on the improvement of teacher knowledge anctipes, and on the improve-
ment of students’ learning.

In this paper, we will describe a pilot study iniethU.S. teachers completed an
evaluative reflection task after having participhite a video- and Internet-based
algebra course. In this course teachers watchecaayzed a series of lessons
from the countries videotaped as part of the Thitdrnational Mathematics and
Science Study (TIMSS 1999; Hiebert et al., 200B)e aim is to describe the
kind of reasoning about teaching practices thae#posure to video material, as
well as the engagement in analysis tasks, may.elicithe following sections we
will describe the historical development of the og&ideos for teacher learning
and the TIMSS studies and Algebra Course. We hdhtproceed to the analysis
of teachers’ responses to a final reflection tagkays teacher integrate the dis-
cussion of mathematical content and teaching sfiegevill be the focus of our
analysis. In the concluding section we will sumizeour findings and present
three different perspectives teachers may take \abked to reflect on practice.

2.2 Teachers Learning from Video: An Historical Perspective

The use of videos for the professional developroétgachers has its roots in the
1960’s. Particularly influential at that time wie work of Bandura and Walters
in the psychological field of social learning. their book “Social Learning and
Personality Development” (1963), the authors intitl two fundamental me-
chanisms in social learning: modeling and imitatidhis theoretical model was
incorporated in teacher training programs at Stahiniversity in what became a
very popular approach, labeled “microteaching” éall 1966; Allen & Ryan,
1969). Beginning teachers were required as pdteaf teacher education pro-
gram to take a three-step course. During thissmtirey observed (in most cases,
on video) a model teaching episode in which a $igeskill was demonstrated.
They then tried out the new technique and receigedback on their perform-
ance.

! We would like to acknowledge Otto B. Bekken, Ran@kllimore, and Jennifer Jacobs for their
comments on a previous draft of this paper.
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Numerous studies were carried out through the rBitD’E on various aspects of
microteaching and on its effects on teacher adiuisof new techniques (e.g.,
Acheson & Zigler, 1971; Allen & Clark, 1967; Limbaer, 1971; Ward, 1970).
Overall, these studies supported the use of miachiag in teacher professional
development. Microteaching was found to facilitdie acquisition of specific
instructional techniques and required less tima thare traditional training for-
mats. In addition, ample evidence was found fergbsitive effects of micro-
teaching on students’ attitudes and learning (f@véew of these studies see Tur-
ney et al., 1973).

Although the popularity of the microteaching apmiodecreased as teacher de-
velopment started to focus more on subject matietenit and complex behaviors
(mirroring the transition from “behaviorism” to “gaitivism” in psychological
research), the basic idea of microteaching—learhiyngbserving effective prac-
tices—has remained popular through the 1980’s &9@'% and it is still used
today. For example, drawing on Carver & Schei€r@381) control-theory ap-
proach to human behavior, Gallimore, Dalton, & Th@r986) found that when
teachers were presented with video models of nastipes, given time to apply
them into their classrooms, and then given feedbhely appropriated the new
standards of behavior and matched them to theirlmtravior through self-
regulatory activity driven by the desire to britgir behavior into conformity.
This approach was found to be most effective wherdiscrepancy between the
new standard and the individuals’ current levgb@fformance was moderate.

More recently, educational researchers have prapaselternative approach to
the use of video for teacher professional developniehis approach is centered
on the idea that teaching is cyclical (Hiebertle@02; Ball & Cohen, 1999).
Teachers plan, teach, and reflect on practiceconéinuing cycle. All teachers
engage in these processes to some degree.

According to this approach, the reflection phade$igreat potential for teacher
learning because it is more deliberate and leiguheln is implementation, and it
allows for cultural routines that underlie teachiodge more easily brought to
awareness, evaluated, and changed. Furthermaregdie reflection phase
teachers can isolate problems and evaluate alteesat his process directly in-
fluences their planning and, consequently, theicheng (Schon, 1983).

Developing analysis of practice can allow teachersore skillfully “see” the
subject matter in lessons, discriminate ways #matlers comprehend subject
matter, identify problematic features, assess studsponses, detect, diagnose,
and develop instructional responses to studentsretc (Berthoff, 1987; Burna-
ford, Fischer, & Hobson, 1996; Cochran-Smith & keyt1993; 1999). If teachers
learn robust ways of analyzing practice they wadtbme more knowledgeable in
how to integrate content and teaching stratediey, will thus increase their pe-
dagogical content knowledge (Shulman, 1986). fArogect described here is
based on this second approach. In the followintj@®we summarize the
TIMSS Video Studies results and we introduce tidS3% Algebra Course.

2.3 Development of TIMSS: Studies and Course

The Third International Mathematics and SciencalB{iIMSS), a comprehen-
sive international study of schools from 41 nation80 languages at three differ-
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ent levels (fourth, eighth, and twelfth) to compachievement in mathematics
and science, was conducted in 1994-95. The studydad not only testing of the
students at each level, but also involved analggstudents, teachers, schools,
curricula, instruction, and policy in order to unstand the educational context in
which teaching and learning took place. TIMSS atetuded an extensive video-
tape survey of eighth-grade mathematics lessotieitnited States, Japan and
Germany: the TIMSS 1995 Video Study (Stigler etl@R9). This was the first
attempt to collect videotaped observations of ctams instruction from nation-
ally representative samples of schools and classes.

As Japan was the only country in the TIMSS 1995%4i&tudy with a relatively
high TIMSS eighth-grade mathematics score, a plessitintended and unwar-
ranted inference was that it would be necessangéalapanese style teaching
methods to produce high levels of mathematics aehient (Stigler el al, 2003).
When TIMSS was conducted again in 1998-99, an edgmarideo study, the
TIMSS 1999 Video Study2, was designed to investigiaits issue. Seven coun-
tries - Australia, Czech Republic, Hong Kong SAR€8al Administrative Re-
gion), Japan, Netherlands, Switzerland, and théedr$tates - participated in the
study that included both mathematics and scierssotes. The TIMSS 1999
Video Study report (Hiebert et al., 2003) was re¢ehin 2003 along with a collec-
tion of 28 public release lessons, four from edcthe seven countries (see
www.lessonlab.com).

TheTIMSS Video Studies: Exploration of Algebra Teagltiourse is based
around the study’s findings and resources. Whisfitidings are extensive and
complex, some of the conclusions that can be daemuite simple and signifi-
cant: no single method of teaching mathematicsdsired for students to achieve
well; and there is much to be learned by examiaingriety of teaching methods
and searching for ways to engage students in sen@thematical work. Using
these as its foundation, the course aims to emabtecipants to identify teaching
strategies that sustain or inhibit students’ engeege in serious mathematical
work; reflect on their own practice; and, learn atihe TIMSS 1999 Video Stu-
dy. The Course was developed by Hiebert and Stidiezctors of the TIMSS
Video Studies, and colleagues. Eight lessons flarptblic release collection are
included.

The course has five components:

* Introduction covers course goals, software navigation and arnvew of
TIMSS 1995 and 1999.

» Initial Explorations includesGetting Your Feet Weictivities, which ex-
plore, first as an individual reflection followed k discussion in a public
virtual forum, the opening segments of lessons fAarstralia, the Czech
Republic, Hong Kong and the Netherlands.

2 TIMSS 1999 Video Study was funded by the Natidbanhter for Education Statistics (NCES),
the U.S. Department of Education’s Fund for thermmpment of Education, and the National
Science Foundation (NSF). It was conducted undeatispices of the International Association
for the Evaluation of Educational Achievement (IEBased in Amsterdam. For more information:
http://www.lessonlab.com
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e TIMSS 1999 Video Study Up Closmmponent gives details of the meth-
odology of the video study along with details ofr@of the major find-
ings that are pertinent to this course. As the ephof ‘Making Connec-
tions’ problems (mathematically challenging prob&ns a major focus of
the course, two examples are included to illustinate often, these are in-
troduced but then not sustained within mathematassrooms.

e Case 1: Japan, Case 2: Hong Kong SAR, and Casev@tZerlandare in-
depth studies that provide the opportunity foripgrénts to explore, re-
flect, and analyze mathematics problems and agsddiessons. Each fol-
lows a similar format and provides the opportumatyindividual work and
public discussions.

* Reflectionstasks have participants reflect on what they heamt and
how it has, or could, influence their own teaching.

The course is designed to guide and encourageipariis to explore and think
deeply before accessing expert comment, providiagynopportunities for them
to construct their own knowledge. In the first tagkhe last course component,
for example, participants reflect on how a missathing opportunity could be
changed to maintain the original intent of a chajiag problem. In the second
task, they take what they see in the video casgspply it to their own teaching.

The Course can be delivered totally online, or aombination of face-to-face
and online sessions. The online version can bétéded by a leader who has an
editable group homepage and moderates the disaussion using Email facili-
ties. The online version can also be taken witlaoytfacilitation.

Four pilots were conducted during the design plo&siee course. These covered
the range of four delivery options — the first watlly face-to-face with optional
online exploration between sessions; the secondatadto-face sessions to start
and finish, with online work between; the third watally online and non-
facilitated; and the fourth was totally online wiftcilitation.

Evaluations of each pilot resulted in changes ¢octburse. For example, during
the first pilot, at the meeting following the Japg@aase Study, several participants
talked of lessons they had tried using the strategmployed by the Japanese
teacher — one teacher had even videotaped hisileBse teachers had not been
prompted to do this but had been stimulated by whet had seen. They were
surprised at the response from their students. résiglted in the inclusion of a
new task in the Reflections section with particigareing asked to reflect on their
own teaching and to share experiences. In theviollg section, we analyze re-
sponses to this Reflection task for three of tlaeliers who participated in pilot 4.

2.4 Teachers Reflecting on Their Own Teaching

Fourteen teachers from different schools in the Dopleted pilot 4. After an
extensive reading of all contributions, we havesteld 3 cases, whose reflections
were described in a particular detailed way tcstiate the kind of elaboration the
course materials had elicited in relation to tfeekers’ own practices. We fo-
cused on two aspects: (1) the ideas they selett tihe videos, and (2) the ways
they construcpedagogical content knowledgeoving from what they see in the
videotaped lessons to reflections on their owntmes. The analysis we provide
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is not exhaustive and does not represent all plessiterpretations of these reflec-
tions; its main goal is to capture the process @&ning making teachers engage
in when asked to connect what they have learned the course to their prac-
tices. In this way, we can characterize this warla@ase study from where data
cannot be generalized. According to Shulman (1886 act of teaching requires
the mastering of content knowledge, pedagogicaikedge and the integration
of these two kinds of knowledge.

TheReflecting on your teachirtgsk includes three questions:

1. How can | change my lessons to increase studemisthematical thinking?
After reflecting on what you have learned frerploring the lessons in this
Course, what changes could you try in youssziaom to increase student
Mathematical thinking?
Include the strategies you would use to maintfaé level of complexity of problems
you pose.

2. Applying the changes.
How, exactly, will you go about making the cbas you describe above?
Think of a lesson you have coming up — how woudu apply these changes?

3. Implementing the changes.
If you have the opportunity, try the changea gescribe in question 2 in your class

room. Describe what happened. Was it as yoeazd?

This Reflection task provides an opportunity tolgnateachers’ attempts to
make this integration. We now proceed at presentiageflections of the three
teachers we have selected.

2.4.1 Karin

Karin graduated from college with a minor in Matregios. Her professional ex-
perience includes 28 years of teaching at the raiddhool level, and 2 years in
high school. She now teaches 9th- and 10th-grapbed and geometry. Follow-
ing is her response to the first question:

1. I think I need to create more problems to pbse will lend themselves to a variety of
entries. Using more manipulatives for big ideasowImore time for student presenta-
tions. Take more time-don't rush through...I guesm® looking at more time for deeper
understanding utilizing interesting problems. Gimere thoughtful attention to how ideas
are developed rather than throwing them togetteecognize the craft and use it!

The reflective mode of this answer is revealedhgyway in which Karin initially
reacts to the question: she begins with “I thinkT.lie series of procedures enu-
merated shows attention to and understanding aidhé&e of mathematical
knowledge construction that students need to nthkencreasing diversity in
problem formulations in order to open more postied for solutions; the passage
from the concrete to the abstract; the importaricifficient time for reflection;
and, the emphasis on the development of the thynincess. Karin’s concern
with various aspects of the learning process shmwsttunement to the students’
needs.
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Her answer to the second question is:

2. 1 am looking at inequalities and thinking "whytry to duplicate with the problem
given?" See what happens? Teach the lesson andheee it leads... | know | don't have
the chalkboard with the magnets - what can | de@ Been thinking of this a long while,
wishing. Now is the time to move forward and doetbing... a felt board or magnet
board... Perhaps use overhead money, nickels andsdi. Hmm - I've moved away from
some things, and need to remind myself of the rgtio

This second question is approached in a pragmaityc iarin considers the use
of concrete materials. However, the reflective menherges again, linked this
time, to the way a real-life problem posed in tapahese lesson3 is formulated
and treated. Conjectures, as well as clear praposifor improvement in her
classroom, are formulated. Following is Karin’spense to the third question:

3. Yes, | tried the changes. | know | am trying s@ifthe things | saw on the video, to
deepen understanding of what's going on. | triedgithe inequality lesson and was
amazed at how much the kids became engaged -otlyaraally caught their attention
from the start. When | allowed them to work thebpem, they wanted verification if they
were right - | wouldn't give it - just encouragdeein to explain why they thought they
had an answer. | actually saw the first two methawld the equality one. The first was
done by a student who is extremely low performivigen | finally got her up, the other
kids were surprised at her response and gave ler gitention. When we shifted to
practice - she actually wanted to try... It wasisting because this happened all day
with various classes. The unexpected was the ienwnt of low end and the opportunity
to allow them to shine in front of their peers.

These comments are directly linked to ways a prola inequalities can be
worked on in the classroom. In this particltdtory - problemntroduced in the
Japanese lesson, there is a strong emotional canpdhe illness of the mother
and the religious practices children use in orddrandle their own anxieties. Ka-
rin underlines how “the story really caught théief students’] attention from the
start”. She also shares her discourse strategnesher attempt to move from a
widely used strategy in classroom discourse, irctvtéachers respond to stu-
dents’ answer with an evaluation (the initiatiospense-feedback pattern; Me-
han, 1979, Cazden, 1988, Cestari, 1997)— to a marguementative one, in which
students’ are asked to explain their answers (Lamp@90). Here is a moment in
which cognition touches instruction, i.e., the impace to open possibilities for
multi-representations and to allow multiple solatimethods to the same problem.

Finally, Karin concludes her response by reportivd a low performing student
in her class was able to solve the problem. Hes®hj touches instruction: ac-
cording to Bekken & Mosvold (2003, in this volumi) the Japanese lesson Ka-
rin refers to, the students deploy a variety oisoh methods, which reflect the
order in which these methods emerged in the disemf mathematics. The Ja-
panese teacher, in the videotaped lesson, is@béedgnize the increasing level
of sophistication of the students’ solutions, aesbects their historical order
when calling students to present them at the blaaid What catches our atten-
tion here is the fact that accepting different g/pésolution methods allows even
low performing students to find their ways to sdllie problem. It seems that
taking into account the historical progressionha discipline in the lessons may
facilitate the inclusion of low performing studeni$ie last comment by the tea-

% Case 1: Japan
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cher is eloquent in this sense: “The unexpectedth@svolvement of low end
and the opportunity to allow them to shine in frohtheir peers.”

Karin’s analysis of the videotaped lessons haglgisimulated a process of re-
flection on her teaching practices. Although sas many years of teaching ex-
perience, the videotaped lessons, and the acconmgacyurse materials (expert
commentary and tasks) provided examples of valyataletice to be experi-
mented in her classroom. Her response revealgiayar attention to the stu-
dents’ learning process. In her last comment, Kdiscusses the inclusion of all
students, facilitated by working with different gbbns to the same problem. Be-
ing sensitive to individual differences in the clasom is a difficult task for most
teachers. The introduction of historical perspagimay be seen as a way to help
teachers integrate knowledge of specific mathematiaching strategies and of
students’ understanding of the subject matter.

2.4.2 Patricia

Our second participant, Patricia majored in Mathigsean college. She then re-
ceived a graduate degree in Econometrics. Shedwastbaching 7 years in mid-
dle school and 3 years in high school and hasemrittathematics’ textbooks.
Following is her answer to the first question:

1. I think that the main thing is to make sure siitd are actively engaged in the learning
process. If they are just sitting and listeningfe teacher impart information they are

not learning, they are listening. Lessons needetddsigned to help students discover the
concepts and ideas that the teacher is trying foeirn By setting up a progression of
work starting from familiar ideas and leading stateto new concepts the teacher helps
them learn the new ideas.

In this comment two main issues are introduced: Adwessity of engaging stu-
dents in active participation during classroomaiiéis, and the planning of les-
sons to attain this specific aim. Patricia refemt the effects of her actions on
the students’ learning process. She also discuiissadea of going from the sim-
ple to the complex, from the familiar to the coostron of new concepts. These
are the main ideas that Patricia has selected tinensourse materials. Her re-
sponse to the second question reads as follows:

2. Mainly, | think that you can take almost anystasand make it more student centered
by reversing the order you intend to do thingsTiraditionally, we show them the new
idea, do an example and then have them do it. Bistead with the students doing a
problem. Make sure it is a problem they can solvat ¢east attempt with the skills they
already have. Use this problem to lead them inéortew ideas you are trying to present
and finally formalize at the end.

Here Patricia describes in concrete terms how stsduay be actively engaged in
learning activities. She contrasts a lesson irciwkine teacher shows step by step
to the students how a problem must be solved, fzaml has students practice on
similar problems, to a lesson in which a problemadsed at the beginning for
students to solve, and the teacher formalizesrheedure at the end. This com-
ment mirrors the differences described by Stiglddi&bert (1999) between the
U.S. and the Japanese scripts for mathematicsiteadh the following response
Patricia reflects on the implementation of the geanin her classroom:
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3. Yes, | have tried the changes. | am fortunateatee been involved in many studies and
courses involving math reform in the US. | havednnany of these strategies previously
and find them to be very successful. My methotisaching have changed dramatically
as a result.

Patricia recognizes the suggestions given in th@SB course as reflecting US
mathematics teaching reform. Patricia is cleactvaly engaged in applying
reformed teaching in her classroom. Participatmthe course helped her to rein-
force beliefs she already holds and has provideaviie additional illustrations

of practices that she finds effective.

2.4.3 Liv

The third participant, Liv, has a college degreenasthematics and a graduate
degree is in Education. She has taught forl4 yadrgh school, grades 8 to12.
Following is her response to the first question:

1. In general, | believe that | need to work ondihganization and focus of my lessons.
Too often | get side - tracked or lack a focus na main concept. | think | try to cram
too much into one class period and perhaps "go thighflow" a little too much.

I'm frustrated in my school by the attendance peotd and the need to always be helping
kids catch up on missed work and by the seemirngigtant interruptions that | deal with
every class period. The videos we saw seem teteflmuch calmer more focused ses-
sion than my typical class seems to be. So..tegiss... hmmmm

1. State the focus topic of each class.
2. Summarize and reflect on what was covered atiideof class.
3. Stay on track and not allow myself to be sidstea from the topic at hand.

Liv’s main concern is with keeping the lesson faalisn one specific topic. She
recognizes this as something she needs to workaslze describes her plan in
detail: she will state the topic of the lessomatbeginning, she will summarize
what was covered at the end, and she will try tm$oon the chosen. It is interest-
ing to observe how Liv is able to elaborate on waieg has learned from the
course to make it meaningful for her own practice.

In her answer to question 2, Liv describes howistpemented her plan:

2. Tomorrow's lesson is on plotting data and malkiregictions from the graph. We will
be letting a birthday candle burn down a bit whiles on a scale and record the weight
of the candle as it decreases over time. | willttrgtress that we are making the graph of
this relationship specifically so that we can us®ifind the answer to the question "how
long will it take for the candle to go out?" or "fvdong will a candle like this burn?" In
the past, | think | got caught up in the procedused lost sight of the real purpose,
namely, using the graph to draw a line of besarfid using that line to make a prediction.
I will try to stress that the purpose of the lessoto see how such a mathematical model
can be useful and resist the urge to develop thaten of the line of best fit, since |
think the students | have are not quite readytiak yet. | use a curriculum that is well
designed and need to trust a bit more in its sapkesequence. Additionally, watching
the videos, especially the Swiss lesson, makekinkethat | moved through the introduc-
tion to variables too quickly. | will go back aneMisit that concept at a later date and
use the algebra tiles that we already use moretliketeacher did in the Swiss lesson. At
least that might be a good way to help students thigtir confusion over the difference
between 2x and x squared. | will revisit the lessthiat | now think | didn't focus on suffi-
ciently or clearly enough.
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This answer displays two concerns. Liv reflectstenfact that it is important for
students to understand the purpose of the propaedty before they move to
the mastering of the procedures. In the backgrdiesdan analysis of the Swiss
lesson: this analysis stimulates a comparison ethlessons and the formulation
of more efficient teaching strategies for the idtrotion of the line of best fit's
equation. Liv's second concern is with the teaclahthe concept of variable.
Here again she reflects on the necessity to givdests more time to fully under-
stand mathematical concepts.

3. Yes, | tried the changes. | tried to focus irttmmain concept of the lesson, which was
to use a graph to make a prediction. | also triedrtake the lesson more organized and
more cohesive. As | said in my previous resportsink if there is one thing that | would
like to emulate in the lessons we watched it wbelthe organization and clear focus of
the lessons. | think that it helped to think abibigise things today as | tried to present
gathering and graphing data to make a linear model.

I made a couple of management changes to thisresswell in order to increase my
focus. In the past | have had several differenugsogather their own data. Just in terms
of logistics, this makes things more fragmentestelad, this time | had the entire class
gather one set of data. | also did not allow thaskio struggle as much with the scaling
concepts and conversion steps that are requirgadbthe data effectively. My thought
was that | needed to hone in on the one main idelan@t let the other concepts or strug-
gles (even if they were mathematical conceptswieadre covering) intrude on the main
idea. So | helped with the little steps more, aretitto keep guiding the students to the
main end goal.

| will see tomorrow when the graphs are completed the assignment is turned in, if
more of my students were able to make sense pfabess. However, even as we did the
experiment, my sense is that the process wasdesssing for most students. In general,
focusing on the main objective made everything bib amoother.

Liv describes in detail what happened in her clzmsr. From the analysis of the
videos and the reflections on what could be changedas moved to implement
the changes and now analyzes her own teachinguskamron one main learning
goal and making all students collect the samefsgdta facilitated her task. The
concern with the students’ process of meaning ngpisimlso apparent from her
answer. In order to teach is necessary to understéime students are learning.
This attention to students’ understanding is a &mental prerequisite to the ac-
quisition of pedagogical content knowledge.

2.5 Final Remarks

Two aspects emerged from the analysis of these teeehers’ responses to the
reflection task: 1. Reflections focused on a wiglege of topics concerning eve-
ryday teaching practices; 2. Mathematical contier@iching strategies and stu-
dents’ learning - essential elements of pedagogimaient knowledge - were in-
tegrated in the teachers’ elaborations.

Teachers seemed to take three different perspesaiitien reflecting on their own
practices. Their reflections are sometimes baseadtmalesson analysesTeach-
ers describe and reflect on teaching as it oceutisair classrooms, as well as on
ways their students approached specific mathenh&diskes.

Other times, they conduitter-lesson analyseshey compare activities they pro-
posed and implemented in their classrooms with &t observed in the video-
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taped lessons. Watching teachers in other courtealng with topics also in-
cluded in the U.S. curriculum has stimulated a @ssaf comparison. Certain
commonly used activities are now questioned by&gta and Stigler (2000).

A third perspective sees teachers stepping baclassuiming aanalytical posi-
tion, similar to that of researchers analyzing teacpiragtices. Teachers here
distance themselves from their everyday didactctlities and look at teaching
phenomena from different angles. This perspectigates the potential for ac-
quiring ways to monitor and evaluate one’s ownhe&ag, stimulating alternative
teaching activities. It also opens up for teaclkand learning in socially different
contexts including multicultural classrooms (selWednteractional Model where
intra and inter- class dimensions are included).

In conclusion, videos have been used widely inteaeducation since the first
Microteaching clinic in the late sixties. What lthstinguished different ap-
proaches is the relationship between the subjettl@object, between the
teacher and the video. The approach proposedsiexiploratory work reflects an
attempt to develop analytical tools for teachetsictv they can apply for the im-
provement of their own practices. Many questi@main open. Among others,
we need to investigate effective ways to guideleest analyses, we need to bet-
ter understand the needs of teachers with diffdeseis of experience and
knowledge, and ultimately, we need to study theat$f of teachers’ analytical
abilities on the improvement of their teaching piaes and of their students’
learning.
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3. Real-life Connections in the TIMSS 1999 Video
Study

Reidar Mosvold, Telemark Educational Research, Nay¥

Several curriculum reforms over the world have rpooated ideas of connecting
mathematics with real or everyday life. In thisdet we take a closer look at how
teachers actually implement these ideas. We digbessetical ideas of connect-
ing mathematics and real life with practical expedes of teaching, exemplified
with a sample of lessons from the TIMSS 1999 Vi8é&ady. This study showed
that Dutch classrooms contained far more realeltienections than the others,
and that high-achieving countries like Japan andg+t¢ong had few real-life
connections. In this article we look closer intahihie teachers of these three
countries actually implied the ideas of real-litenoections, and we discuss the
findings in comparison with theoretical ideas frtma tradition of Realistic
Mathematics Education and others.

3.1 Real life connections

The idea of connecting school mathematics withyalaey life, daily life or real
life is widespread. Research has addressed the i§haories in general peda-
gogy as well as in mathematics education seemgppastithe idea of connecting
the mathematics in school with something the pupitswv and are familiar with
in order to enhance learning. Curricula and fram&s/around the world, for in-
stance the most recent Norwegian curriculum — @dli&7 — try to implement
these ideas to some variable extent. Even if taméhis emphasized in frame-
works as well as research, many teachers havegomnstimplementing these
ideas.

Mathematics in everyday life has become one ofriman areas in mathematics
in L97, and it has thereby been given much emphasis

The work with mathematics in the compulsory schoimitended to arouse interest and
convey insight, and to be useful and satisfyinglltpupils, in their study of the disci-
pline, their works with other subjects, and lifegieneral

The syllabus seeks to create close links betwdmobmathematics and mathematics in
the outside world. Day-to-day experiences, play exgeriments help to build up its con-
cepts and terminology (RMERC, 1999, p. 165).

The area of mathematics in everyday life is somewtiferent from the other

areas of mathematics, and it has a different airthat it is supposed to establish
the subject in a social and cultural context. Hlso more oriented towards users
(RMERC, 1999, p. 168). Since this issue is stromghphasized in the Norwegian

Y This study was conducted in May 2003 while the authas in residence at UCLA and at Les-
sonLab as a member of the TIMSS 1999 Video Studyiathematics. Thanks are due to Jim
Stigler and Ron Gallimore for opening the doorkessonLab to make this article possible, and to
Angel Chui and Rossella Santagata for assistink alitpractical issues. When the phrase “we” is
used in this article, it includes Otto B. Bekkemwthom | am immensely grateful, not only for his
insight in connection with this article, but with my work.
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framework, it is interesting for us to see howittea of connecting mathematics
with real or everyday life is carried out in otle@untries. Studies of teaching
practices in different countries can reveal on&s @ractices more clearly. One
can discover new alternatives, it can stimulateudision about choices within
each country and it can deepen educators’ undelistaof teaching (Hiebert et
al., 2003, pp. 3-4). With that in mind, this arigJoes into some classroom situa-
tions from the TIMSS 1999 Video Study where refd-fiituations were imple-
mented or used in different ways.

3.2 What theory says

Before we study the videos, we will take a briefd@t what theory says about the
issue of real-life connections, or connecting stimathematics with everyday

life. This will give a brief reference to the thetical basis of our study. To begin
with, it would be reasonable to ask why one shagkel real-life connections, or
why one should connect with everyday life.

By closely observing student activities, experient#erests, and daily endeavors, one
may be able to capture situations whose everydaymeses them potentially powerful
departure points for establishing bridges to acamemathematics. Such bridging be-
tween the everyday and the academic may then tofgigegrating the genuine, mean-
ingful, and engaging origin of the problem (childie experiences) with guidance for
developing and using mathematical tools (possitiyiac at the beginning) to help stu-
dents make deeper sense of the problems [...]. Titigdsralso provide ways to return to
the everyday situations with more powerful knowdedgout handling and approaching
them (Arcavi, 2002, p. 16).

The issue of motivation often comes up in this uéston, and although others
have emphasized different aspects, we let Arcawdsds stand as a reasonable
answer to the question of why. Another questiom theeasonable to ask is how
this connection could be or should be carried out.

The Dutch tradition of Realistic Mathematics Edimai{RME), which originates
in the thoughts of Hans Freudenthal, provides oisavar to this. In RME, an im-
portant idea is that the pupils should be activa@plved in the reconstruction or
re-invention of the mathematical ideas. Contexbfgms, as they are often called,
would normally serve as a qualitative introductiorcertain mathematical con-
cepts. The pupils are guided by the teacher thrauygiocess of reinvention, and
in this process organization and mathematizatienmaportant activities. These
ideas are strongly connected with ideas of consteam and activity theory (see
Freudenthal, 1991; Gravemeijer, 1994; Gravemenedr@oorman, 1999; Jawor-
ski, 1995; van Amerom, 2002).

3.3 The TIMSS video studies

In The Learning GagStevenson & Stigler, 1992), the results of th&Sistudy
are discussed. A major idea is to study teachatgeaching practices in different
countries in order to improve teaching. In 1995thaplarge international study
was conducted. The TIMSS student assessment wasaciog the students’
knowledge and skills in mathematics and sciencedommtry. This study was fol-
lowed by a video study, which was the first stuglyi$e video technology to in-
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vestigate and compare classroom teaching on aryowitte basis (Hiebert et al.,
2003, p. 9).

As a supplement to the next TIMSS, the TIMSS 1@®®ther video study was
conducted, now in a much larger scale than befidiis. study recorded more than
600 lessons from 8th grade classrooms in 7 cosntiestralia, Czech Republic,
Hong Kong SAR, Japan, Netherlands, Switzerlandmted States. The Japa-
nese videos were collected in the 1995 study aachaéyzed. All videos were
transcribed, the transcriptions translated intoliEhgcoded and analyzed. In this
article, we have chosen to use the transcriptsegsdppear in the data collection
from Lesson Lab, and not make any adjustments mecions of grammatical or
other kind. In 1995 as well as in 1999, Japan aodg-Kong were among the
highest achieving countries in the student assasspagt of TIMSS. When we
call them high achieving in the following, thisviat we mean. In this article
though, we will focus almost exclusively on the B8 1999 Video Study.

When it came to how the mathematical problems wegsented and worked on,
the coding team explored several aspects, inclugtlirepert et al., 2003, pp. 83-
84):

* The context in which problems were presented antvaed: Whether the
problems were connected with real-life situatiomsether representations
were used to present the information, whether glaysnaterials were used,
and whether the problems were applications (irebezlded in verbal or
graphic situations.

« Specific features of how problems were worked omidg the lesson:
Whether a solution to the problem was stated plybhehether alternative so-
lution methods were presented, whether students lthaice in the solution
method they used, and whether teachers summaheacthportant points after
problems were solved.

* The kind of mathematical processes that were useddlve problemswhat
kinds of process were made visible for studentsduhe lesson and what
kinds were used by students when working on th&ir.o

The issue of real-life situations is addressedftlike (Hiebert et al., 2003, p. 84):

The appropriate relationship of mathematics to fdalhas been discussed for a long
time (Davis and Hersh, 1981; Stanic and KilpatritR88). Some psychologists and
mathematics educators have argued that emphadizengonnections between mathe-
matics and real-life situations can distract stutdeinom the important ideas and rela-
tionships within mathematics (Brownell, 1935; Prawi991). Others have claimed some
significant benefits of presenting mathematicalgpemsin the context of real-life situa-
tions, including that such problems connect bettith students’ intuitions about mathe-
matics, they areiseful for showing the relevance of mathematicd,thay are more in-
teresting for students (Burkhardt, 1981; Lesh aathbn, 1992; Streefland, 1991).

When comparing average percentage of problemsigigtrgrade mathematics
lesson that were set up with the use of real-lienections, there were some in-
teresting differences. In Netherlands, 42 percéttielessons were set up using
real-life connections, whereas only 40 percentgisiathematical language and
symbols only. This was the most special resulb@gtudy, where the other six
countries differed between 9 and 27 percent réakbnnections. It is also inter-
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esting to see that in Japan only 9 percent ofabgdns, and in Hong Kong only
15 percent had real-life connections.

In all the countries, if teachers made real-lifenoections, they did so at the initial pres-
entation of the problem rather than only while swivthe problem. A small percentage of
eighth-grade mathematics lessons were taught lmhera who introduced a real-life
connection to help solve the problem if such a ection had not been made while pre-
senting the problem (Hiebert et al., 2003, p. 85).

A larger percentage of applications were discovardte Japanese classrooms
(74%), than in Netherlands (51%) and Hong Kong (XOPlkese applications
might or might not be presented in real-life sefsiffHiebert et al., 2003, p. 91).

Another interesting point is connected with the meatatical processes. In Japa-
nese classrooms 54% of the problems were classifiddhving to do with making
connections. In Hong Kong this was only the casE3i#h, and 24% in Nether-
lands (Hiebert et al., 2003, p. 99, figure 5.8)ngi&ong had a high percentage of
“using procedures”, i.e. involving problem that wggically solved by applying a
procedure or a set of procedures. In Japan thighveasase in only 41% of the
problems, and in Netherlands 57% (Hiebert et 8032 pp. 98-99).

Viewing the statistics only, one might assume thatuse of real-life connections
will not have any positive effect learning. Thisais example showing how diffi-
cult it is to draw conclusions based on quantigatesults alone. We will now go
into some actual lessons from this study, in otdeshed more light on the issue.

3.4 Choice of material

We watched more than 30 videos from the collectowrabout 10% of the data
material from these three countries. We only chadeos with at least one real-
life connection, as coded by the coding team asded.ab, since our incentive
was more to study teaching practices of teachatsaittually did make real-life
connections, rather than studying to what exteathers did or did not connect
with real life in general. Of these 30 videos, mese about 20 videos which con-
tained a large amount of real-life connectionsditect transcripts from. Finally, 9
of these were chosen for further analysis heréhdrast two stages of the selec-
tion process, we did not only regard the numbeeaklife connections, but we
also chose lessons where different methods of itegeimd classroom organiza-
tion were used. When lessons with equal or sinciteatent and/or structure were
found, only one was selected for further analyais.ended up with three Dutch
lessons, three Japanese lessons and three lessonddng Kong. The reason for
focusing on these three countries was that theg aextremes when real-life
connections were concerned. Netherlands had tihestiggercentage of real-life
connections among the participants of the Videatwhile Japan and Hong
Kong had the lowest percentages of real-life cotioes. An important question
that we wish to answer is: How do the teachersadlgtaonnect their mathematics
teaching with real life?
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3.5 Defining the concepts

Before discussing real-life connections it woulddpgropriate to discuss what
lies within the concept of “real life”. In researchmathematics education we
come across a variety of concepts like everyday dlaily life, real life, real

world, realistic as well as contextual, situated ather concepts that are directly
or indirectly related (cf. Boaler, 1997; Brennedaioschkovich, 2002; Lave and
Wenger, 1991; Wistedt, 1992). A proper questionhhize: “What do you mean
with real life?”

According to the Norwegian curriculum, real-lifentections are connections
between the mathematics taught in school and ttedeuworld. The conception
of the outside world is not trivial. The everydé lof the pupils is often limited,
and if one would focus only on issues containetthéeveryday life of pupils,
mathematics would become limited. Then, thereds #le aspect of different
pupils having different experiences of the outsideld. We therefore do not wish
to limit real or everyday life to the pupils’ comteon of the outside world. If
adopting a view of real life as everything that tige encountered in the outside
world, this would imply that the real-life connemts in school mathematics in
many cases are not part of the pupils’ everyday #hd therefore do not auto-
matically provide more meaning to them. A goalgohool mathematics should
not only be to reflect the pupils’ everyday lifeitlalso to prepare them for their
future vocational life and life in society. Haviimgroduced this goal, real-life
connections could provide meaning although notddirectly meaningful to the
pupils, in that they are connected with the eveyyda of the pupils. We do not
thereby wish to suggest that making real-life catioas is the proper or ‘best’
way of teaching mathematics. In some instancesctaonnections with real life
can make it harder for the pupils to understané@bse of culturally related issues
or other (cf. Bransford et al., 2000, p. 72). Buaicurriculum where the connec-
tions with real or everyday life are emphasizdde the Norwegian curriculum for
years 1-10, connections with the pupils’ preseuitfaiture everyday life would
often be included, as well as with vocational llfig in society, games, etc. When
a real-life connection, i.e. some kind of referetwessues in the outside world, is
made, we will discuss if this is authentic or riedke real-life connections often
seem to serve more as a wrapping of a mathemétmeaity rather than authentic
real-life connections.

This article is based on the TIMSS 1999 Video Stsdywe will therefore have a
closer look at the definitions of concepts madthis study. All the lessons of the
Video Study were coded, and the coding team matigtiaction between real life
connections/applications, and whether they weregets a problem or not. The
coding team chose not to make a distinction betweahlife connections and
real-life applications, although these are twoediéht issues. Two categories were
defined: real-life connections or applications inlgems, and real-life connec-
tions in non-problem situations. The definitiontlo¢ real life connec-
tion/application — non-problem (RLNP) was presetiiesi this:

The teacher and/or the students explicitly conoeetpply mathematical content to real
life/the real world/experiences beyond the classroBor example, connecting the con-
tent to books, games, science fiction, etc. Thig @an occur only during Non-Problem
(NP) segments
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As we can see here, they compare real life towedd or experiences beyond the
classroom. This is a quite vague description, winek clarified somewhat with
examples on how these connections could be madaeirlanalysis of lessons, we
marked a sequence RLNP whenever it made a refetemssues in the outside
world, and where this reference was not conneciddaproblem the pupils wor-
ked on.

The by far most frequent occurring of the two wiaspsy called real life connec-
tions, and appeared in actual problems in classtelWas made a distinction be-
tween situations where the real life connectioreajped in the problem statement
or set-up, or if the real life connection was broiugp during the discussion or
work with the problems. The definition of thesedgrof real life connections,
called RLC, was:

Code whether the problem is connected to a sitnatioeal life. Real life situations are
those that students might encounter outside afnidhematics classroom. These might
be actual situations that students could experia@rdenagine experiencing in their daily
life, or game situations in which students mightéhparticipated

Real life is then whatever situation a student rnégitounter outside of the
mathematics classroom, actual situations or imapsieations that the students
might experience. A situation was coded RLC whenaueference was made to
the outside world, directly or indirectly, in a pfem the pupils worked with or
discussed.

We have adopted this distinction between RLC antliREs it helps us answer-
ing two initial questions: are there any conneditmreal life? Are these connec-
tions related to a problem or not? When a sequsnoaded as a real-life connec-
tion, whether in a non-problem sequence or notagecontexts will be pre-
sented. In our analysis, we will discuss some e$¢hcontexts, to see if they are
pseudo-contexts or not.

We have extended this coding scheme, includinditsietwo categories in what
will be called level 1. Level 2 will go further imthe kind of connections, if they
are textbook tasks, pupil initiatives, etc. Thedhand final level of analysis will
focus on how these connections are carried ouhethods of work. A coding
scheme could then look like this:

Level 1: Leve 3:

- RLC (Real life connections in problgmGW (Group work)
situations) - IW (Individual work)
- TAWC (Teacher addresses whole class)
- P (Projects)
- R/GR (Reinvention/guided reinvention)
- OA (Other activities)

- RLNP (Real life connections in non-
problem situations)

Level 2:
- TT (Textbook tasks)
- OT (Open tasks)

- TELX (Teacher’s everyday life exan
ples)
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- P1 (Pupils’ initiatives)

- OS (Other sources, like books, games,
science fiction, etc.)

This coding scheme provided the base for our selecf episodes below, and
they also present a basic idea behind our analarMing these foundations laid,
we will go into the actual lessons and see how thene conducted.

3.6 Thelessons
3.6.1 The Dutch lessons

The Dutch lessons had a very high percentage blifieeaonnections in the

TIMSS 1999 Video Study, much more than any of teioparticipating coun-
tries. The lessons would often include a large nemalb problems connected with
real life. We looked at some of these lessons. Rtanvideos, a pattern seemed to
emerge. In most of the lessons we looked at, thehtr reviewed problems from
the textbook together with the class. It seematitas pupils had already worked
on the problems before, and the pupils were askedtmpns related to the answers
of the problems. When working on problems, theyniyaivorked individually,

but they might also be seated in groups. What lstugovas that the teachers were
very focused on the textbook, and the problems fitwertextbook seemed to be
almost exclusively collected from real life setnd/lost of the real life connec-
tions could be coded RLC, TT, TAWC, i.e. real ltd@nnections in problems,
textbook tasks presented by the teacher addrefgnghole class. This was the
case in most of the lessons we viewed.

An example of this can be found in the lesson M-01-, where the teacher goes
through problems like this in the entire lesson:

Teacher: Now another possibility with percentagésive an item in the store. At present
it costs three hundred ninety-eight guilders. Negek, that same item will cost only
three hundred twenty guilders. With what percentaagethat item been reduced in price,
Grietje?

Student: Um, seventy-eight guilders was subtracted.

T: Seventy-eight guilders was subtracted, yes.

S: Eight, uhm divide it by the old amount times bandred.

T: So — yes. By which — by which number?

S: Three hundred and ninety-eight and then tinmeshaundred.

T: By three hundred and ninety-eight and then simee hundred. And that

gives you the solution.

As we can see, the teacher reads the problem frerhdok, and asks a pupil to
give the solution. The pupils have maybe alreadynbeorking on the problems.
Some of the problems are larger and more comptexaming figures and tables.
In this lesson, many of the contexts seem to beateld from statistical material,
like in a problem on the wine imports to Netherlainad 1985, introducing picture
diagram, bar diagram and line diagram. Other prabléocus on temperatures,
amounts of umbrellas sold on a rainy celebration daffee consumption in Hol-
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land etc. The contexts of these textbook tasks havauthentic appearance, and
the numbers and figures presented seem realistic.

One of the other lessons we viewed, M-NL-031, wésrént when methods of
work were concerned. In this lesson they workegrmiability. The teacher di-
vided the class into different groups. One of theugs should flip coins and write
down the results, another group should roll diog et another group should look
outside the window and write down how many menwadhen that passed. The
groups worked five minutes on each task, and thevechto the next station. The
pupils should use these data and calculate thecel{#ime fraction and the per-
centage). The real-life connections in this lessere different from the previous
in that they didn’t work with textbook tasks onbyt with other sources, sources
which provided a set of data that the studentsegaththemselves. They also
worked in groups, and during their work they endeted several real-life appli-
cations and connections in non-problem settings.

The final Dutch lesson that was selected for thisla (M-NL-050) focused on
exponential growth, mainly on a problem concerrirgggrowth of duckweed:

T: Uhm... A piece of five centimeters by five cestens of duckweed in the pond,
it's really annoying duckweed. It doubles. But ¢ieener of the pond doesn’t have
the time to clean it. He takes...

S: Sick?

T: No, he takes three months of vacation. Nowgtlestion is... the pond, with an
area of four and a half square meters. Will it lnenpletely covered in three
months or not?

S: Yes.
S: @)
T: Shh. This is the spot that has duckweed atntiisient. It doubles each week, no,

and the pond is in total four and a half squareengtand the time that he’s gone
on vacation is three months. So the question navihéther the pond has grown
over or not.

The pupils were then asked to use their calculagdtser the pupils have worked
with it for a while, the teacher asked them whatthave come up with:

Who says it’'s full after three months?
No idea why, but it’s full.

Uhm, who doesn’t?

()

And, uhm, who says “l don’t know”?
Ha ha.

Uhm, so there are six. | have six unknown, m® for not full, and, uhm, so there
are twenty-five for full. Uhm, Paul, how did your@®up with full? What did you
try, what did you do?

= 0 40 30 A

S: | don’t know.

Then, the teacher tried to figure out how the mupdve thought and what they
had calculated. They eventually came up with a tdanfior calculating the
growth during the twelve weeks. At the end of tleelfth week, they found out it
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was two to the twelfth. Then they had to convettasg meters into square centi-
meters. After a discussion on this, the teachemsedhit all up:

T: Uhm, so you must make sure that, in the endaye comparing. So, or the an
swer that you came up with... that'll be twenty-flveusand times four, so that is
somewhere close to hundred thousand, and so it'sThis is something that will
be explainedn Biology. In economics, well, then you will ge following: that
the doubling of bacteria, then you get somethikeg this ( ).

The context presented in this lesson is also atihiemd duckweed could be en-
countered as problematic in real life. Now, manpilsuare raised in cities, and
they might never have experienced duckweed askdgonoin ponds. In real life,
the issue would also be to clean the pond ratlar tlhalculating on the growth. In
that manner, it would seem as a wrapping of mathiealdheories and considera-
tions.

From the statistical analysis of the Video Studywell as from reading about
Realistic Mathematics Education from the Freuddntisitute, we get the im-
pression that real-life connections are importariDutch schools. This impression
has been supported from our sample of videos. TME Radition strongly sup-
ports the idea of guided reinvention and therebingegral amount of student
activity should be included in the work on reakldonnected problems or realistic
problems as they are often called in this traditiims was not so evident in the
sample we have seen, and here it seemed to beteaateer talk in connection
with a review of textbook problems than a procdsguided reinvention of
mathematical concepts. In many of the Dutch lessanbkave seen, the teaching
was rather traditional — with real-life connectegtbook problems.

3.6.2 The Japanese lessons

What was most striking about the Japanese lessassheir structure. They were
well structured, and as we learned already fildra Learning Gapmathematics
lessons in Japan would often follow exactly the sgattern in corresponding
lessons all over the country. We saw examplesisf#ith different schools and
different teachers where the lessons were alma@sitlgxhe same. A Japanese
lesson would often focus on one problem only, &mslwould often be a rich
problem and a “making connections” - problem.

An example of such a lesson is M-JP-022. In tlesde, the teacher starts off
with a short introduction to the concept “centegrdvity”. Here he gives a com-
ment that in sports, like baseball or soccer, gesftgravity is important. This
comment was marked as RLNP-situation in the Videm\s Then, he shows how
to find the center of gravity in a book, balancantextbook on a pencil. All along
he discusses with the pupils, letting them thirddlibut where the center of grav-
ity is, leading them into ever more precise matherabformulations.

Next he challenges them to find the center of gyawia triangle, and this be-
comes the main focus for the entire lesson. Huesobject is simply to find the
center of gravity by balancing a paper triangleagrencil. Then, as the teacher
states, it is time to look at this more mathemdtica

T: Okay this time open your notebooks. Uh leysdirawing one triangle.

(pupils are drawing in their notebooks)
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T: Okay. If it were a cardboard you can actuatyl saying it's generally around
here where it is using a pencils and such. Oka&wit'itten in your notebooks. It's
written on the blackboard. You can’t exactly cugrthout right? You can’t ex-
actly cut them out. And without cutting them ouk want you to look for like just
now where the balancing pointis, ... that's toddgtture. Using this cardboard
from just now ... in many ways. | will give you jose hint. It'll be difficult to
say at once here, so on what kind of a line dokst... On what kind of a line
does the point lie? Please think about that.

So, first they find the center of gravity by tesgtion a cardboard, then the next
challenge is to find this center (mathematicallythaut cutting out the triangles.
The pupils get time to think and discuss, and tilay around with pencil and
triangle. Then the teacher forms groups of six, thredoupils discuss further in
groups. The teacher walks around and commentseowdbk. He asks them to
draw lines or points on the cardboard and try ittotsee if it balances. Some pu-
pils discover that their solutions are wrong. Té&cher interrupts the work by
presenting to the class one false solution thatpal fried:

T: Okay. It's okay. Just for a second, sorry Shara. Shinohara just tried with the
bisectors of angles right? The bisectors of anglewl ... when you try it like this

S: ()

T: Unfortunately it doesn’t balance. Um ... at thiedotor of the angle please look

up front for a second those of you facing the b&kup one girls, look ... look
for a second. Let's see ... if you go like this athilsector of an angle, Shino-

hara.
S: Yes?
T: Look over here. If you are asked whether iabhaks?
S: Um
T: Uh huh. This side ended up little ... heavy fighended up heavy. That's why

even if you go like this it doesn’t balance. Soateas are the same ... unless the
areas are the same ... it's no good, is it?

The pupils continue trying out their theories oa tardboards. From time to time,
the teacher interrupts by showing some of the pugdlutions on the blackboard.
The pupils get plenty of time to think and try tnout, and the teacher mainly
uses the pupils’ ideas and answers in a reconstruet the theory. Eventually
they reach a proof, and the teacher sums it alh @psentence. In the end he re-
views the essence of the lesson again.

Such an approach can be seen in many lessonsupiie get lots of time to work
with one problem at a time, and very often, theilsupinvent the theory. Some-
times the pupils would also present their solutiand methods on the black-
boards, and the class would discuss which methpdefier. Quite often the
mathematical content of a lesson would be purelthemaatical, as this lesson
was, except for the tiny comment on center of dyawi sports. We do not know
if this lesson was the introduction to the top@mee cannot claim that the pupils
were really discovering or reinventing the methadd theories connected with
centre of gravity. The pupils seemed to be entlstisiabout the activity though,
and they get the opportunity to see the link betwtbeory and practice, and also
to discuss their choices of methods and solutiBaen though much of the teach-
ing is arranged as the teacher discussing withvtiwe class, the pupils are ac-
tive.
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In M-JP-035, the approach is a bit different. Thes working on congruence and
similarity, and the teacher has given the puph®m@mework assignment:

Okay. Ah...then up to now ... up to the previossdie we were learning about
congruent geometric figures, ... but today we’ll gtadmething different. As |
was saying in the last class ... | said we’ll thitdoat geometric figures with the
same shape but different sizes, and | was askingoybring such objects to the
class if you find any at home.

Not all the pupils brought things, but some brouayigle rulers, some protractors
and erasers, and one brought origami paper. Tlobeeaas also brought some
things, and she uses this to introduce the topic:

T:

4w

4 0 40

240 40

Okay. Then, next I'm going to talk ... all right#hat similarity means is that the
figure whose size is expanded or reduced is sirtoldne original figure. Then,
well a few minutes ago | introduced the objects lyave brought to the class. I,
too, have brought something. What | have brought isome of you may have
this bottle at home. Do you know what this is? Yaso, do you know?

()
What? You don’t know what kind of bottle tisi® Taka-kun do you know?

A liquor bottle.

A liquor bottle. A ha ha ... that's right. It'svahisky bottle. Whisky ... a whisky is
a liquor which ... we all like. Cause we even cdliisuki (we like).

A ha ha.

A ha ha. Did you get it? Then, ... about thesiskytbottles ... look at these. They
have the same shape don'’t they. They do, but hHeesdt sizes. Well, | have
borrowed more bottles from a bottle collector. This

A ha ha.
This.
A ha ha.

See ... then | wondered if there were more diffesizes so | went to a liquor
store yesterday. And, they did have one which amntane point five liter of ...
one point five liter of whisky, but it was too exgige so | didn’t buy it. As you
can see that these whisky bottles ... have the daape s.. but they come in
various sizes. All of these bottles are called Isinfigures.

The teacher starts with connecting to real lifetigh the examples of things the
pupils have brought, and then goes on to presen¢ $bings she has brought her-
self, kind of teacher’s everyday life examples. 8ag also brought a couple of
squid airplanes, with different sizes. And shelbrasight a toy dog. She shows
how to draw this dog in a larger scale, using rulid@ads. Then, she goes into
more specific mathematics, asking the pupils tevdygaometrical figures like
quadrilaterals and triangles in larger scaleshatend of the lesson, she leads the
pupils into finding out that the angles are equahiese expanded figures, and that
they are therefore similar. She also introducegabsl for similarity.

In the last lesson M-JP-034 from Japan that weddokto, they also work with

similarity. This teacher gives lots of examplesiireeal life, and he asks the pu-
pils to give examples also. Some of the examplesoh®es with are the desks in
the classroom, negatives of a film, fluorescertttlgnd different sizes of batter-
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ies. All along, there is a dialogue with the cldsseems as if real-life connections
are merely used in the introduction of a new topic.

As we could see very clearly in some of the Japatessons, the teacher would
start off with one or a couple of real life exangoénd gradually move towards
the mathematical concepts. The aim would ofterohese the real-life situations
more like motivational examples, not really to sobeal life problems.

3.6.3 The Hong Kong lessons

Like the Japanese lessons, the Hong Kong lesssosahtained a low percent-
age of real life connections, according to the TBME99 Video Study (Hiebert et
al. 2003, p. 85). We will look into some of thedess that did contain such con-
nections, and see how the teachers carried this out

The first example is from M-HK-019, where the teachives an example intro-
ducing a new chapter:

T: Okay, you will find there are two supermarkethe last supermarket in Hong
Kong, okay? Okay, one is Park N Shop and the ashétellcome, okay? | think
all of you should know. You know these two supéketsy okay? And then — now,
and you should know that in these few month, ok&y®@two supermarket, okay,
want to attract more customer. Do you agree? Theegfthey reduce the price of
th- of the- of the- uh, uh, of the products. OkApd they want to attract more
customers. Do you agree? Okay, and then- now, lileege is a person called
Peter, okay? He come into this two supermarkett@ndant to buy a Coca Cola,
okay? And then now, yes, | give you the pricestwo shop. The different price
of the two shop. For Park N Shop, okay? For thegaf Cola, okay? Okay? It
show the price- the price is what? One point niokads per- uh, for one can,
okay? For one can. One point nine dollars for oaa.cAnd for the Wellcome
shop. For the Wellcome, okay? It showed for theepoif the Cola, okay? Uh,
twelve dollars, okay, for six can.

Having given this example, the pupils are askedt\whae is the cheapest. And
they use this to introduce the concept of rate.tAeioexample is a man that walks
four kilometers in two hours. This lesson involggste a lot of teacher talk, and
not so much time for pupil activities as did thpal@ese lessons. There are several
other real life examples in this lesson, all ofntheoncerning ratio between two
quantities. Most of the time the teacher expladis,sometimes the pupils are
drawn into the discussion. To a large extent,lggson is like a lecture.

The next lesson we will look at is M-HK-020, andnrany ways, this is like some
of the Japanese lessons. For the entire lessgnwibrd within one problem set-
ting, with many different examples, with the aimapiproaching a mathematical
theory concerning equations with two unknowns. aeher very much wants
the pupils to discover this for themselves, angthets off giving an example:

Okay. Ask you a question. Birds... have how rteys?
Four.

Two.

How many?

Two.

24 0 40 »n A

Two. Birds have two legs.
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T:
S:
T:

(...)

Legs. Okay. Birds have two legs, how about it&bb
Four.

Four

Then he asks the pupils: if there are two birdsy hwany legs in total? Then he
asks if there are one bird and one rabbit, how nhegy, and then two birds and
two rabbits. Then it evolves:

T:

4w

S:
T:

4 0 40

Something harder. How about this? One bird goe- two rabbits?
Ten.

How many legs?

Ten legs.

Ten legs. Okay. It's coming. What if | donit t®@u how many birds or rabbits,
but tell you that...

How many legs.

There are a total of twenty-eight legs- twesight legs. Well, there aren’t
enough hints. | need to tell you also there are hwamy...

Heads.

Heads. How about that? Nine heads.

The pupils solve this and other similar examplemaitheir own methods (nor-
mally some kind of trial and error). When the exésmet too difficult, the need
of a stronger method of equations arrives. Thelpuipinvent the setting up of the
equations, using X for birds and Y for rabbits. Teacher gives them time to
struggle with these equations, and he doesn'theth the solution or answer at
once. The only problem, whether planned or ndhas he doesn’t reach the point
of it all, because the lesson ends. He makes tlemiog remark in the end:

T:

Okay. Next time, we'll continue to talk abouitavmethods we can use to find it -
find X and Y. Okay. Is there a systematic methadsy§¥tematically found two
formulae. Is there a systemic way to find X anié&kt time, we’ll talk about it.
But everyone is very sharp, flipping through yoaok asking “Sir, is this the
method, sir, is this the method”. You should bétidhe book has many meth-
ods.

We here get an example that shows us that suclodeetif work might be quite
time-consuming, and the planning of the lessoretaitlis important.

In the last example from the Hong Kong lessons, KH}80, we see a class work-
ing on proportions. The young teacher gives quitd af examples and connec-
tions to real life, some in a problem setting, imatst not. He starts off with an
open question:

T:
S:
T:

| have discovered one thing...
A dinosaur’s footprint.

In ancient times — yes, a dinosaur’s footprives, it really is this one — this one. |
want to give you a question now. The footprinhis size. | want to ask you to
guess how tall the dinosaur is. | help you — thly titing | can help you is meas-
uring the length of this.
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He then leads them into a discussion on how togyaeknosaur’s size, by know-
ing the length of its footprint only. He then asiav this would be if it were a
human footprint, and he shows how this is connettigutoportions.

The teacher has also brought a couple of mapshamgks two students to find
the scale. They then discuss distances on the orapared to distances in reality,
etc. All the time, the pupils get some tasks, thitggcalculate and figure out. He
then hands out some brochures of housing projactsthe pupils are asked to
figure out some things about the map containedemt After working for a whi-
le with two-dimensional expansions, he introdue@se Russian dolls, and there-
by presents them with the concept of three-dimeragiexpansion. So, for the
entire lesson, the pupil activities are connectél some real world items like
maps, dolls or dinosaur footprints. They are batlcRnd RLNP, but they are
exclusively the everyday life examples of the temchnd they are presented by
the teacher addressing the whole class.

3.7 Summarizing

We have now presented nine lessons from the TIMES Yideo Study, and we
have brought to your attention some episodes amdsploom these lessons. Our
initial question was how these teachers actualiyneot mathematics with real
life.

As we said above, there was a pattern in the Delagsrooms that the teacher
would spend much time reviewing textbook problefiiee first Dutch lesson, M-
NL-021, is a typical example of this. AlImost aletreal-life connections were
RLC-TT-TAWG, i.e. real-life connections in problesituations, where the prob-
lems were textbook tasks and the teacher was aildigethe whole class. The one
exception was when the teacher made a remark gongesne of the problems.

The idea of guided reinvention, which is emphasinetie Dutch tradition of
Realistic Mathematics Education (RME), was not istole in the lessons we saw,
neither was the idea of mathematization. One ofdsgons, M-NL-031, con-
tained a more extensive activity where the pupisk&d in groups, but although
being based on a more open task, it didn't seerepesent the ideas mentioned
above. In the last lesson we focused on from theelbelassrooms, M-NL-050,
the main focus was on a real-life connected problEme problem was concern-
ing growth of duckweed, and it seemed to be a tokltask presented by the
teacher addressing the whole class. This problesdsgaussed and worked on
for the main part of the lesson, and here we ceellelements of reinvention.

In the total collection of Japanese videos thereewet so many real-life connec-
tions, but in the lessons we have looked at thehtra would often use a structure
similar to the approach in RME, like in the fireskon we refer to. Here, the tea-
cher made the problem realistic to the pupils thhohis introduction, and the
pupils were then guided through a process of raitiee of the theory. In the
next, we saw examples where quite a lot of conaoestwere made to real life,
some of them being by things the pupils had broughdther pupil initiatives,
and some where real-life connections made by @ehtr presenting her every-
day life examples. The teacher would normally assltbe whole class. In con-
clusion, some Japanese classes involved a methadrkfstrongly related to the
ideas of RME, and although this seemed to be exteptthe teachers would
sometimes make explicit real-life connections igithessons.
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In Hong Kong, the main emphasis seemed to be aregtoes, but the teachers
would in some cases give quite a lot of real-ldamections in their classes. Some
of the RLC-problems seemed like teacher’s everyidagxamples, and some
were textbook problems. The main method of work thas the teacher lectured
or discussed with the class, but on some occasiengupils would also work
individually with problems. The RLNP-situations wanainly comments and
references to the problems discussed. On one ocgdke teacher included a
pupil and his daily life in a problem, making ipeoblem of finding out the walk-
ing speed of this pupil when going to school. Teeosid Hong Kong lesson, M-
HK-020, was interesting. For the entire lesson theyked on one problem or
within one context only. The problem they workedveas concerning rabbits and
birds, and the number of their heads and leghigniésson the pupils were
guided through a process of reinvention of eardgehbia, but unfortunately the
lesson ended before they had reached any conctudoiway, we could dis-
cover clear links to the ideas of RME in this cldeghe last lesson, M-HK-080,
the teacher gave many examples from his everyégyalind he had also brought
some physical objects like maps and figures to nitakere real to the pupils.
The teacher was addressing the whole class ircas$i®n-style, and on some
occasions pupils were picked out to do some a@svih front of the class.

3.8 Final discussion

Based on our previous knowledge about the roleMERwe expected that the
Dutch classrooms would contain activities whereppils were mathematizing
and reinventing mathematical theories through saalor real-life connected
problems. In the lessons we have seen, they werdgowith real-life connected
problems, but often in a traditional way. Somehaf kessons from Japan and
Hong Kong had adopted the ideas of reinventionmathematizing to a larger
extent than what was visible in the Dutch videdihcagh they did not contain so
many coded real-life connections. In the Japaressohs the pupils’ ideas and
solution methods were taken into account, and tip#owould often take an ac-
tive part in the discussion of which methods to. U$e pupils in these classrooms
seemed much more involved and active than whatowklsee in the Dutch vid-
eos.

Many mathematics teachers, at least in Norwaydependent on the textbooks.
The Dutch textbooks seemed to focus a lot on rEatbnnected problems, so we
would assume that Dutch classrooms — through ttibdeks — would involve
many real-life connections in problems. An impottabservation was that most
of the Dutch classrooms did not seem to applydkas of Realistic Mathematics
Education. Both the Hong Kong teachers and espetied Japanese teachers
were to a larger extent using other sources thebdeks in their lessons. One
difference was perhaps that the Hong Kong teadesmsied to be more concerned
about teaching the procedures, while Japaneseersasbemed more concerned
about organizing activities where the pupils caliktover these procedures for
themselves (Hiebert et al., 2003, p. 116).

We started off by pointing at the Norwegian curhicn, which is strongly influ-
enced by the NCTM Standards as well as the Dugchtion of Realistic Mathe-
matics Education. As we have also mentioned, L%7ahstrong focus on the con-
nection of mathematics with everyday life, butoedn’t say all that much on how
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this is going to be carried out. Teachers are dééron their own, trying to figure
it out for themselves, and the curriculum leavewvitls an impression that real-
life connections are trivial. In this article wevigaseen how teachers in different
country carry out the connections with real lifehweir teaching of mathematics.
Often, the connections are artificial and serveragpings more than authentic
connections. These observations imply that realddnnections are not trivial,
and much more emphasis should be given to howareegarried out and pre-
sented in mathematics classrooms.
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4. History of mathematics in the TIMSS 1999 Video
Study

Bjgrn Smestad, Oslo University College, Norway g#eliminary report)

The TIMSS 1999 Video Study of 8th grade mathematfi@ssrooms included up
to 100 lessons from each of seven countries: Alissti@zech Republic, Hong
Kong SAR, Japan, Netherlands, Switzerland and dr8tates. The first results
from this study were published March 2003 in thgoré Teaching Mathematics in
Seven Countries by NCES (2003). The study was adrdwat LessonLab, Santa
Monica, California, directed by James Hiebert, Ror@allimore and James W.
Stigler. In this article we look at what is conregtto the history of mathematics
in these lessons.4

4.1 The Norwegian context

In 1997, history of mathematics was included inth#onal curriculum for 1st-
10th grade in Norway. A study of Norwegian textb®g8mestad 2002) showed
that the treatment of history of mathematics wabl@matic, and that textbook
writers struggled to include history of mathematica meaningful way. A small
classroom study (reported in Alseth et al (2008ygested that history of mathe-
matics does not play an important role in Norwegi@ssrooms either. In this
connection, it was interesting to look at the TIM&8eo Study material to see
how history of mathematics was treated in othentaes.

4.2 Method

All the 638 lessons have been transcribed and chydde team at LessonLab.
One of the code items used was “historical backgrudefined in the Math
Coding Manual (page 58) as

The teacher and/or the students connect mathenmabtaodent to its historical back-
ground (e.g. Pythagoras as the originator of a neatltical theorem).

We were given the opportunity to watch all the wislevhere this code item ap-
plied, and also transcripts of the relevant passdgar analysis afterwards has
been based on these transcripts. While the VidedyS$s designed to show dif-
ferences and similarities between countries, thienadis too small to say any-
thing about that when it comes to historical baokgid (as it is too infrequent to
give statistical significance). We will thereforfnain from discussing particular
countries, and instead we view the material assangple.

* Thanks are due to LessonLab, in particular AZjeli and Rossella Santagata, for their kind
assistance during the study of these videos. Iaislo to thank Otto B. Bekken, who made this
visit possible, who took part in the viewing andiysis of the videos, and who has commented on
drafts of this article. This study was conductedpril 2003 while we were in residence at UCLA
and LessonLab as a member of the TIMSS 1999 VidedySf Mathematics in Seven Countries.
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4.3 Quantity

The first question to ask is to what degree histdmnathematics was included in
the lessons. The analysis shows that history ofemaatics does not play a major
part in these lessons. Only about 3 % of the les§dh of 638 lessons) included
some reference to the history of mathematics af b parts devoted to history of
mathematics have a total duration of about 69 rem6tif we exclude the two
longest, the remaining 19 lessons only includea td about 18 minutes of “his-
torical background”.

There are nine instances where Pythagoras is disduthree with Thales, two
with the (ancient Egyptian) method of making righgles with a rope with 13
knots, two mention pyramids, and one instance wbaaoh of the following is
mentioned: Euler, Goldbach, Plato, Euclid, DessaN@nn, Henri Perigal, Leo-
nardo, James Garfield, Tower of Hanoi, beautifataegles, Egyptian multiplica-
tion, Canadian multiplication, and

4.4 Analysis

In the analysis below, we have also included sors@nces found in the videos
from U.S. classrooms collected for the TIMSS 199@e¢ Study (Old TIMSS).

4.5 On the theorem of Pythagoras

About half of the examples concern the theoremytiid&oras. It therefore seems
fitting to use these examples to show how histbtltames are used in the
mathematics lessons.

One example is extreme: it lasts for most of adegd3 and a half minute), and
thereby contributes almost two thirds of all thredidevoted to history of mathe-
matics in this material. This is a traditional e, with the teacher speaking most
of the time (and using Power Point), giving threstdrical proofs of Pythagoras’
theorem (attributed to Henri Perigal, Leonardo dacVand James Garfield). The
teacher also adds some more historical informattdahe end. It is impossible to
say whether this teacher often included historsnathematics in this way. How-
ever, the example does show that teachers fromtorhime give more compre-
hensive accounts than the other examples in thipleasuggest.6

On the other extreme there are four examples wirdgethe name of Pythagoras
is mentioned, for instance:

® There is one very lengthy example in this matevidere almost the entire lesson was used for
the history of the theorem of Pythagoras. Sinéginpossible to say with any accuracy how fre-
quent such lessons are, any estimate for the avéirag spent on history of mathematics in
mathematics lessons in general will also be inateuthat is, any confidence interval based on
this material will be quite large).

® The teachers were asked to teach as usual amdrjoouit the lesson they would have taught had
the video camera not been present. Most teachassdared their lesson to be typical of their
teaching, NCES (2003) p. 7 and p. 34. This pawictdacher’'s answers suggest that this lesson
was fairly typical of his teaching, but he was asked whether the amount of history of mathe-
matics included was typical.
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Remember what | told you, that the Pythagoreanrtmador the first time was created by
Pythagoras, but that it had been used a long tiefere that.

and

This relationship comes from a Greek mathematidiar). We call him Pythagoras. His
full name we have forgotten. It is called PythagdrBheorem.

In between these extremes, there are four exargpliegy some pieces of bio-
graphical information, and there are two more eXasigiving some information
on the mathematics of Pythagoras as well.7 Of bjalgjcal information, this is an
example:

Why is this called Pythagoras’ theorem? Since thvese a person whose last name is
Pythagoras, and he invented this. That personlie@¢#®ythagoras, and it was about 540
B. C.

In the two examples where the mathematics of Pyitesgis also mentioned, the
students are told that Pythagoras used nunfbeexplain why things happen in
nature”, “came up with some rules that stated that musreliated to mathemat-
ics”, and that héworked on magic numbers”

The examples not regarding Pythagoras follow alaimpattern: there is one long
sequence on Euler (about 12 minutes long), onel smalrrence where both
mathematics and biographical information is incllijdéree instances where only
the name and some biographical information is gieg four examples of only
the name of a mathematician being given.

What we see from this part of the analysis, is Wittt only few exceptions, what
is mentioned about the history of mathematics exdatal: giving only names
and some biographical information.

4.6 Different kinds of mathematical knowledge

To analyze the contents of the historical connestid use a division of knowl-
edge into five categories: facts, skills/concegtigtegies, attitudes, and others.
For instance, giving information on Pythagoras rhelp students remember the
name of the theorem — this name belongs to theensdtical facts. It may also
influence the students’ attitudes. On the othedhamrking on alternative algo-
rithms may increase the students’ understandingeaf own algorithm, and the-
reby increasing their mathematical skills.

4.6.1 Facts

We have already indicated how Pythagoras is traatdte lessons. There are
three lessons in which Thales is mentioned in mbelsame way (in connection
with the theorem of Thales), while Venn and Pla®raentioned in one instance
each (in connection with Venn diagrams and Platealitls, respectively). There
is also one example where the definition of Caaiesioordinates is introduced
with a story about Descartes in bed watching @fiyhe ceiling and thinking

"Because | have included the U.S. videos from "OMSS” in this analysis, the number of ex-
amples does not add up to nine, which is the numbexamples related to Pythagoras in TIMSS
1999 Video Study.
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about how to describe its movements. In all of éhélse historical information
may help students remember the names of mathemathjests. In addition, the
anecdote on Descartes may help students remengbdetimition.

Giving historical proofs of Pythagoras’ theorem,tba other hand, may help stu-
dents understand the content of the theorem (ahpistats name). This is the
only example in the material where historical psoaffe given.

4.6.2 Skills/concepts

History of mathematics may show students a mukitofdalgorithms, and thereby
making it possible to see their own algorithm ineav light. There is only one
example of this in the material, where the studamtsworking on what is often
called Egyptian multiplication: multiplication byiscessive doubling.

History of mathematics may also show the studeows different concepts have
developed (and even show the connection betweerepts). The anecdote on
Descartes and the fly may be put under this head@though the factual basis
for the anecdote is questionable.

4.6.3 Strategies

Strategies for solving mathematical problems atediszussed in connection with
history of mathematics.

4.6.4 Attitudes

It seems to be far easier to use history of mathiem& improve the students’
attitudes towards mathematics than it is to useiinprove their skills.8 The
TIMSS material also suggests this.

One way of influencing students’ attitudes towargghematics, is to explain the
role of mathematics in society. This can of cours@lone by focusing on the
situation today, but it can also be done with rfiee to the history of mathemat-
ics. There are only two examples of this, and tlegyard magic numbers and art.
The role of mathematics in the development of tetdgy, for instance, is not
touched.9

History of mathematics is also a treasure troverwheomes to showing that dif-
ficulties are a natural part of any developmensddssing the difficulties of intel-
ligent mathematicians may be a good alternatiie¢asing on the students’ dif-
ficulties (and the difficulties are often similait) this material there is only one

8 In Smestad (2002), Norwegian textbooks for eleamgrgchool are analyzed. The analysis
showed that a lot of what was written on historyr@thematics might influence the pupils’ atti-
tudes, and that history of mathematics seldom wad to give insight into the facts, skills, con-
cepts and strategies directly.

® NCES (2003) figure 5.1 shows that problems withl-fie connections are not uncommon, but
further analysis is needed to say if the probleimsrgare suited to improve students’ attitude
towards mathematics. Anyway, they are not connetcteide history of mathematics.
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example with any connection to this: a statemedtttitie value oft has been a
problem for mathematicians from ancient times.

Working on history of mathematics will almost autttinally make students
aware that mathematics is the result of the worgenferations — except if the his-
tory is presented in a way that makes studentgtieeimathematics has not
changed at all for the last two thousand yeardt Be development of Cartesian
coordinates or Euler’'s work on polyhedra, studenlisget a glimpse of mathe-
matics in development. Most of the examples inmntla¢erial work in this regard.

History of mathematics may also provide glimpsesifithe lives of mathemati-
cians, and thereby making the subject more intewgdf the students get an un-
derstanding of the motivation behind some work @thematics, that is even
better. There is at least one good example of gigihuman touch, when one
teacher tells about Euler and his blindness. Mbgteexamples, however, seem
to be collected pieces of biographical informatfplace and date of birth, date of
death and so on), which are probably not very ilhating for the students. Mo-
reover, the motivations of the mathematicians arendiscussed.

4.6.5 Others

Including history of mathematics in the mathematézsching may also give other
benefits. For instance, it may provide an oppotyufar writing essays and using
different kinds of source material. There is onhe@xample of this kind alluded
to in our material, where the students appareraiyetwritten a paper on one
mathematician each. History of mathematics may aiewide opportunities for
cross-curricular work, but there are no exampleahisfin the material. It may be
the case that teachers avoided this because tbe taged lessons were supposed
to be mathematics lessons. It is difficult to dr@my conclusion from this.

History of mathematics may also increase the résgesther cultures (also con-
temporary, foreign cultures). Egypt’s pyramids i@xentioned (but only in pass-
ing), Egyptian multiplication is also worked on. ©teacher says about the Py-
thagorean theorem that

Now, this was long ago which means that the mathwe’re doing today is still as im-
portant as it was five hundred years before thénbif Christ. So this shows you that this
kind of thing that we're doing has been aroundmgltime, and it still remains important.
It also shows you a bunch of smart people back tbenokay?

On the other hand, another teacher says, “the Balayls are accredited with the
fact of knowing what a right triangle is” — not yampressive. All in all, not
much is done which may increase the respect ofrdifit cultures.

4.6.6 Preliminary conclusions

Although | have noted a few exceptions, theressyalar pattern here as | have
found in other places earlier: the history of mathécs included, often consists
of not too useful pieces of biographical informatiavhile information more con-
nected to the mathematics as such often is ignored.
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4.7 Is the history mentioned only in isolated instances?

It is interesting to see whether the teachersrttettion the history of mathemat-
ics do so often or only in isolated instances. fesmmaterial in this study consists
of isolated lessons, it is difficult to say mucloabthis. However, in a few places
we get some hints.

If a teacher mentions history of mathematics amlgn isolated instance, you
would perhaps not expect to be able to recogniaeftbm the transcript. How-
ever, in one instance a teacher says, when taéibogt Euler;Which one is the
other mathematician we dealt with? Oh, practicdlig only one... Pythagoras.”
This suggests that history of mathematics may adtdxjuent in this teacher’s
lessons.

However, there are more examples of the opposite.t€acher mentions the
“mathematics report"where students were supposed to write about aemeti-
cian. Another mentions having talked about Sopleentain earlier, and talks of
“those silly mathematicians | always give yo@Wne teacher says that the class
had looked at some historical examples in theféagtweeks, and another reminds
the class what he told them in an earlier lesson.

In one instance we see that the class will be wagrkin (or at least reading about)
history of mathematics latéiWe have the historical comments in the textbook.
You will read them later on.”

My impression from this is that there are a fewckesis who include history of
mathematics as part of their teaching, but it seaismost teachers only make
historical connections “in passing”.

4.8 Errors

In Smestad (2002) | pointed out that there wereyngarors in the Norwegian
elementary school textbooks. | have looked forrerno the TIMSS material as
well, and found a few. However, the material is $omall to be able to give any
indication on what kind of errors are “typical”. @tefore | do not comment on
those errors in any detail here.

4.9 Teacher words vs. student words

A result | found interesting in the TIMSS 1999 Vad8tudy was that teachers
utter about ten times as many words as all theestisccombined during the “pub-
lic interaction” part of the lessons. In the maikrelated to history of mathemat-
ics, | have calculated a ratio of about 15 to Tk suggests that the history of
mathematics is often lectured, with little discosswith the students. This is also
the impression we get from reading the transcridtse part that the students play
is often only to read aloud from the textbook oatswer simple yes/no-questions
(to show that they have been listening).

191 had to exclude the lesson with most history atmematics from this calculation, as | did not
have a complete transcript of this.
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4.10 Conclusion

It seems that the history of mathematics does mastd¢ute an important part of
teaching in the 8th grade in these seven coun&ms.lessons include history of
mathematics, the history of mathematics is oftetuled (with the students listen-
ing) and the information included is often biogragahinformation of little con-
nection to the mathematics taught. The rich ideasgmted in the recent ICMI
study by Fauvel & van Maanen (2000) have not yathed these classrooms to
any large extent.
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