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bulletin describes the updated model for the study, gives_ results of

pilot. testing of the: cognxtxve instruments used, reports on the

sampling and. methodoiogxcal Issues assocxated wzth the two proposed

further timetable :amendments to allow for a fu11 p11ot study of the

longitudinal versxon. (IN)
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1. . Introduction -
1. . -Introduction

' The Mathematics. Study Bulletin Series of thé International Associa- -
‘tion “for the Evaluation of Education Achievement. (IEA) is intended to
. 'serve a number of purposes: S S : o
‘1. - To consolidate the decisiors of the International Mathematics
_~ Committee. . . . o G
2.’ To provide a historical. record of the development of the pro-
' ) jecte ©~ . . e L
" 3. To provide information and. guidelinés ' for National Centers

and 'National Mathematics Committee members..
.- Although the bulletins. are written primarily for- use within the
- framework of |EA. countries. and committees, they may at times be found

‘useful “for general informational .parposes. _ .

-+ . Three previous Mathematics Study bulletins have already, been puib=
lished. 'Bulletin, No: 1 (October 1976), described the background'and "

~.evolution’'of the Second IEA -Mathematics Study, ‘the issues to be ad-
dressed, and the procedures proposed . to - address those issues, .and -

outlined a tentative timetable for the Study. -~ .
- Bulletin No.. 2 (September 1977), reported on- developments con-

- cerning ' the Study, including. funding and ‘organizational details, dis- :
. cussed activities of. the International :Mathematics Committee, provided
an -internatjonal. grid summarizing. initial responses from countries about"

their mathematics curricula, and presented an updated timetable for the
PrbjECt. _' . o l. o . : - 4 RN 4 o N ' . I

~ Bullétin No. 3 (December -1978), elaborated upon the. design for

-the Study, provided a detailed timetable, .and summarized sampling and
/instrument specifications: The document also contained sufficient - infor-
mation ‘for National Centers_ to prepare. proposals and proceed with other

‘arrangements preparatory to participation in the Study:.

‘results. of ‘pilot testing ‘of the cognitive instruments, reports’on the -
sampling and methodological issues associated with the two proposed
versions (cross-sectional’. and, longitudinal). of ' the study and' . gives . -

This_bulletin describes the ‘updated model for- the Study, gives

further timetable amendments to aliow ‘for a' full: pilot study. of. the lon-
gitudinal. version. - The results of the- attitude trials together with the

recommended items for the attitude 'scales for. the cross-sectional study
-are included 'in a separate: publication, "Results of -the ‘Attitude Trials"
(December 1979): .- B C



7 7 Actnvntles durmg 1979
21 Methodology Semlnars S R .

: The - Second Internatlonal Mathematlcs Study raises many methodo—
,-"'-.Ioglcal issues, predominant among them -being .the matter of student
- growth ' in ‘achievement. during the school year. How should growth be :
Zmeasured" . What analyses shall be employed to "account_ for growth?

What are the lmplicatlons of this interest in growth for sampling and for'

the structure of the mstruments, partlcularly the cognitive test"'

As a reSponse to this: |mportant problem dlstmgr.ushed methodolo—.;

~'gists from various countries including Japan, Sweden, Australia, New

Zealand, Canada and the Unlted States were anIted to prepare papers__

“to address the Qrowth issues. v

w

P Hénce, Ltffwasﬁdecnded to conyéné two somewhat paraIIel sessions: one
at- Michigan-State University, ‘USA,.and another at the Australian Coun-
cil for .Educational ‘Research, under the dlrectlon of John R Schwxlle.

and John P. Keeves, respectlvely

'Mlcmganjiate Semmar-- February 1-2, 1979

K. . Travers, Uhlve‘rsit'y.'of“_iill'n'ojis

© . - . -

: '0verv1ew of Descrlptlve Analyses for the Study ‘
: E KuFr Umversxty of Kentucky

Relatmg Classroom Process Varlables to Measures of Student Achleve— '

ment . and Learnlng m the Second 1EA Mathematlcs Study. : ,
' Graham Nuthall Umversnty of Canterbury-

loglc of relatlonshlps that exist between sngnlflcant classroom prpcess'-'

varlables~and the -analytical procedures which are- avallable and : advo—r

. cated a procedure based on student performance on individual items;

He argued that the appropriate- form . ofrsummary aggrégation of data is

-across students, and not across itéms; using the item scores as'records -

:-'of what is known, or not known, rather than as measures of a varlable._:

The 'paper was presented by - Professor Klfer in Professor Nuthall'
absence;" - : : R

:Explanatory potential of teacher toplc questlonnalres : TR
. Curtis ' McKhight, - University of illinois
McKnight analysed the. tOplC specuflc questlonnalres with a vnew to.

' ldentlfylng variables possessung explanatory power

» Rlchard M: Wolf, Teachers College

SO ".Columbia - Uniyérsity’ L

Wolf .discussed the’ .problem: of needing a large number of ltems to

sample - the proposed. International Grid while having only a limited

_,'téstiné time avallable in’ schools. -He examined alteriative solutions and
T TR

i ) o



advocated multlple matrlx sampllng as a viable squtlon, outlmmg the.
advantages and dlsadvantages of the method o

Structural Equatlons and multlvarlate Ieast sduares, f|tt|ng dlfferent

- ‘methods to different ‘questions ' - .
- ' W. Schmldt Mnchlgan State Umversnty

Schmldt contrasted multivariate least squares techniques, including.

. repeated measures models,"and structural equations models based on

maximum likelihood procedures. An_explanation of the two methods and

.examples of research questlons posed m.the study for whnch thel

the problem: given a “data set mcludmg a varlety .of student <back~
. ground, aff'ectnve and cogmtlve measures, as well as teacher and school

measures at two .points in time (iie.;  beginning and end. of school
'year), how can the data be analysed to shed . |lght on the process- of

cognltlve growth ?

Mathematlcs achlevement in Ionguudmal models uslng rldge regresslon

-estlmatlon procedures T
. oW, BuIcocR and w. F Lee Memornal

Umverslty, Newf’oundland and W S. ’LuR

and two stage least . squares procedures are e>’<’a'm'ined Slmple rldge
regressxon is examined-as a possible solutlon but it -is. found that the-
~ minimum mean square error is not a proper crlternon. However the
variance normalization: crlterlon is found to correct all ‘the limitations of

simple” rldge regression with -the. former critierion. When. snmple rldge
- regression using the variance -normalization criterion is used in conjunc-

- tion with two stage least,.squares, new insights into the reclprocal,
structure ‘of the cogmtlve, affective ‘1nd conative outcomes of schoolmg- '

are gained: B
-Several 1mpllcat|ons of these fmdmgs - both substantlve and.

'methodologlcal - for . the Second IEA Mathematics Study were dlscussed .

~The IEA l:ongltudmal analysns from a mthllevel perspectlve
.dlsentangllng between cIass and w1th|n—class relatlonshlps '

Los Angeles and Robert L Lmn
- University of lllinois -

The authors dlscussed how .ne multllevel character of the ‘daté

~ Study and described how a multllevel perspectlve in. the specnflcatlon of
substantive questions and in the'analysis. strategnes employed can poten-
tially - clarify the .ways in which instructional® practices affect student
-performance; = They -outlined the way in which a multilevel analysis of -
the Study data “might’ proceed and presented both the general questlons

possnble analytlcal framework



Discussants for the symposium were:
Annagret Harnischfeger (CEMREL) ' .
-David Berliner __ (University of Arizona)

‘Andrew. Porter (Michigan State University) -

" Australian Council for Education Research Seminar:
‘February 19-20, 1979 - :

"7 Ihe 4eminar referred to many of the papaers delivered at the

Michigan State meeting and received presentations by, the following:

Rosier, Malcolm. "Planned analyses for the. Sécond IEA Mathematics
_ Study-Cross-sectional Study in Australia.” February 1979.

"Report .of the IEA Second ‘International Mathematics Study Data Analy-
© . sis Seminar." Melbourne, ACER; February 1979. ~
"'Keeves, " J.P.. and ‘R. Lewis. "Teachers,: classrooms - and student out-
~ . comes., - - , R L ,
Rosier, M. "Hypotheses for the Australian National .Study of Mathe-
matics Achievement." T | T o
Capltalizing upon the visits to Australia of Neville' Postlethwaite;

" Roy Phillipps, Robert Garden; . lan Livingstone, and Roslyn Slemint,
extensive work was done on the sampling’ manual. and -administrative
manuals for the reduced (cross-sectional) study. "An impressive amount
'"of .work was done on._those documents during -a short period of time,

" and drafts were sent for national comment in March—AijFii; 1979.;

The International Mathematics Committee benéfitted greatly from the

' proceedings of both ‘seminars, and is very appreciative of the progress

made on the manuals, as well.
2.2’ IEA General Assembly, Paris, September 17-21, 1979 |

This important meeting provided a second opportunity for the IMC

A i@jjri’téfr’éé’t,_ directly’ with representatives from each country planning to
take part in the Study (the first opportunity was. at the Tokyo Assem-

* bly in January 1978). Activities during the week-long meeting inciuded:
2.2.1  Review of the cross-sectional and longitudinal aspects of the
2:2.2 - Consideration of planning for the - Curriculum Symposium,
, “January 1980. R R
" 2:2.3 Consultation with Dr. Keeves. of the International; Sampling

* Committee on a country-by-country basis.: "

" Individual’ problems concerning _sampling were ‘discussed and recom-

. mendations for proceeding were offered. The IMC: acknowledges .with -
gratitude the tremendous commitment of time and energy. offered by Dr.

Keeves to this important task:

2.2.8 °  Critique of all draft final instruments_and ‘manuais

" Ohe important outcome of this activity: was the formation of a
subcommittee consisting of representatives of - the National Mathematics

_Committees from France, Luxembourg, the Netherlands and' French and

' Flemish' Belgium, for the purpose of recommending the inclusion in the



cogmtlve tests for both Populatlons of addltlonal items. The items, in -

the |_ cateéory (important in some countries) would serve to more

accbrﬁely reflect significant diversity and emphases in.the curriculum;.

particula™ly with respect to geometry: As a result;. it was agreed by

the IMC _to increment the rotated forms by two items per_form with |-
items.. Thus, 8-items were added at Populatlon ‘A and 16 ltems wer

added at Populatlon B

2.2.5 EIectlon of chanrman of Mathematlcs ‘Project’ Council - :
. . Mr. Roy W. Phnllnpps was elected’ unammously to'a second term as
chalrman of the Council. - S :

"i.i Meetmgs of the Interha*nonal Mathematlcs Commlttee

.3. i Mlchlgan State Meeting: 7Januar)L27_EebJ:uaqg31_191&

N |

western _United St.._tes and - featured such unplanned events as the

"alrletmg“'of Roy Phillipps and A.l. Wemzwelg from a small airfieid in

Chicago during a.record blizzard by one of the Universnty of Illinois"

private airplanes. _All in all, the meeting was productive; and owes 'its

.*success largely to the attention paid by Jack, Schwille to every detail.

The. IMC expresses ‘its sincere thanks. to him and to Michigan State

Umverslty for hosting this meeting.- Those attendmg E. Kifer;  S..

Hilding; R. Garden; J. Wilson; K. Travers; R: Phillipps: Invnted

guests included F. van der BIlij, Unjversity of Utrecht, the Nether-,

lands; J: Schmlle, and occasional visits from other scholars in the

_Michigan. State University commumty Gerar'd Pollock was unable to

- attend: due to illness.

q

v Major accompllshments of the meetmg mcluded .

2:3:1:1 " Preparation of final forms. of the cognitive instruments for the

“reduced ~(cross-sectional) study. These: were sent out for
national comment in March 1979.

' 'Preparation_.of" draft background questlonnalres for' school
teacher and student for the réduced study.

N
.
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. the reduced- study.
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Review of plans for the i:urrlculum analyS|s mcludmg the
. - Bielefeld symposium on the curriculum. .
2.3.1.5. Development of strategies foﬁr coordinating thgvarloqs aspects _

- of the study (reduced or. .cross-sectional component full or

longitudinal component with respect to. both Populations):

These details are elaborated upon -in section. 3 ‘below. : Here,

it is stated briefly that it appeared realistic to proceed W|th

Population .B; reduced 'study, on the schedule:as:announced

. in Bulletin 2, :That .is, data- coIIectlon could proceed as early

as’ May. 1980, The anticipated work on the manuals- helped to -

-,glve _confidence in ‘that pro;ectlon. However, Population A
was more problematic; Major’ issues :relating to the cognitive

This ‘meeting took place during the depths of winter in: the mjd;"

. ‘Review ' of recommended final forms of the attitude scales for.

1

-mstrument and the classroom process questlonnalres were yet °

E R
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to be resolved: Funding for instrument deveiopment con-.
tinued to be a. severe problem, - The IME agreed that in view

of these anticipated difficulties; countries should,  where

possible, delay data collection until 1981. For those few

- countries ‘which must proceed with data collection for the

reduced study, Population A, in 1980, the Committee would
‘strive to prowde inteer mstruments and manuals by the end

.. . of 1979 - . -
2:3.1:7% Cons:deratlon of Jnethodologlcal lssues ralsed at the " Mlchlgan
o State Umversxty Sympos:um. SRR E

v The Commlttee met for half a day follownng the sympos:um to

review the deliberations of thé symposium and outline the next steps to

_ attempt to resolve. thé many issues raised. Many of the subsequent .
- sections of this Bulletin reflect the decisions made at thls meetlng.
2.3.2 Budapest Meetlng September 24-28, 1979 . o | o |
- - This ‘meeting. was . hosted by the. Orszagos Pedagoglal Intezet,
M:klosvar: _ Sandor, ‘Director. Local arrangements were by Zoltan

Bathory, the |EA’ Councll Member for Hungary. The IMC is grateful to
both gentlemen, and - to Dr Julia Sz'endrai,f Dr. Judith Kadar-Fulop,
and the many other ‘individuals -at the research institute who did ‘so
much to make the meeting productlve and enjoyable Outcomes of this-

meetmg lncluded

2.3.2.1 Flnallzmg of the mstruments (cross—sectlonal study) R
T Version i1 of the draft final forms (dated July 1979) ofﬁthe,

'Population- A cognitive test was adopted for use in:the cross- -

- sectional study, wth _the addition of the supplementary; items

" as noted ‘under 2.2, 4. . For the. Populatlon B test, it was _

_ : |tems assxgned to forms randomly with stratification on"content
- and behavior. The version of the Population B test described
coin Buhetln -3 (page 29) is_now avallable as an international

- option for the Longitudinal Study. '

The final form of the. attitude scales was recommended in a.

- paper by E. Kifer of the IMC and was published separately in
December 1979, A short scale on. computers and mathematics.

‘has been added.
The que’stlonnalres for schooI teacher and student were .

Canada, contrlbuted much to thls work Their assistance |s
.greatly appreciated. - S '

o

2.3.2.2 . -Edltlng of the manuals B

:  Considerable re—workmg of the manuals was requlred in the

light .of. developments since the work sesslons in Australla in

" February -of 1979, Much'. of this work at the Budapest meet-

"ing was done by Jack™ Schwille of Michigan State University

- and 'Richard Wolfe, Ontario Institute for Studies in Education.
" Neville ‘- Postlethwaite, Chalrman of " IEA, was a[so able to

attend: the meeting, for several days, and assist in the task.

To all of these gentlemen,. the IMC is- great!y lndebted for

,the1r ded:cated and sklllful efforts. L



2.4 Update: .La’ti'ri American 'a"cti’vitié's'

The '-aracas meumg, held in May 1578, and reported in Builetln K

3, page 3, documented the existence of a broad basis of interest in. the

Study on the part._of mathematics educators in Latln Amerlca. A follow-

was. held subsequent to the Fifth InterAmerlcan Conference on Mathe—
matics Education, held in Brazil * in. February '1979. _Limited ‘travel

..monies for this meetlng were .made available by the Organization' of
American States through the office of Dr. Raul Allard; Director of .Edu-

cation. - -

“Under. grant “from the Organlzatlon of Amerlcan States, Mr. Peter
Staples, a graduate research- assistant in mathematics education at the

Unlversity of Illinois, was ‘epabled to -spend one month in Brazil -assist-
ing with preparatory work for the :Study. Mr. Staples also,vnsn,ted,_the

Dominican_Republic, where Dr. Eduardo Luna is actively involved in
pilot testing the classroom process mstruments. o :

Chlle, ‘with Iong experlence in IEA, is well organzed for partncxpa-

tion in the.Study.  Other countries, notably Brazil, Costa Rica and the

Dominican :Republic, have made considerable progress toward :participa-

tion. Presently, mechanisms are being e@'?!‘?ﬂ,,@! promoting communi-

cation wnthin katin America and provndlng technical consulting services

:as needed, - However, external fundlng is Inkely to be needed for reallz-
_ mg these mechanlsms.

N i Y z
~ N -

2.5 Internatlonal Fundlng 7

Mamtenance of the Office of the Internatlonal Coordinator is pro-

.port for meetings of the International Mathematics ‘Committee and for the
\zofflce of “the Chairman of. the International Mathematics Committee con-
. tinues to be provided by the National Institute of Educatlon, U.S.A.

During 1978-1979,- a large. portlon of the tosts of developing the class=
room - processes instruments for Population A were borne by an.NIE
. grant~ to the U.S. Natlonal Mathematics Commlttee. :

‘The Federal Republlc of Germany has provided a grant to Dr.

vided by the Department of Education; - Wellington, New Zealand:. Sup-

" Hans Steiner, Institute of Mathematlcal Didactics, Bielefeld , for the
Currlculum SympOSlum scheduled for January 7-11, 1980 A

The Ford Foundatlon provxded a small grant to enable ‘the publlca-

~_tion of a brochure describing the Second Mathematics Study in general

“terms. _ This grant also allowed the International Coordinator to attend

a meetlng of the IEA Standing Committee and.to visit national centers in

_Hong Kong, Federal Republnc of Germany, Spain Ireland and the

to be met: (1) support for training of the national research coordi-

Two major ‘needs - essential for the completion of the Study,have yet

" nators, (2) support for international data processmg in New- Zealand

and the United States. . Dr.' Neville Postlethwalte is seeking fundlng for

these aspects o" the Study

'

S Y
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3.° Prajected activities for 1980

3.1 Curriculum Symposium, January 7-11, 1980 e

_ This symposium, an essential component of the curriculum.analysis

component of the Study, will be hosted by ‘the Institute of Mathematical

Didactics,. University of Bielefeld, Federal Republic of Germany: Dr.
Hans Steiner is coordinator of the symposium and in charge of "local

arrangements. Planning. for the meeting has been done by the Cur-
‘riculum Analysis Group.* ' Details are given under Section' 6; below;

3.2 Research Coordinators Meetings - &

3.2.1. Cross-sectional study, January 1980 : o
It was hoped._that @ training:session for countries participating in
the . cross-sectional study could be held 'in January, 1980; the week
. following the curriculum symposium._ Dr. Steiner kindly agreéd.to make
the. local arrangements .at .the Institute of: Mathematical _Didactics,
Bielefeld. However, at the time of writing, it was not known whether

funding would be availab

je to make this meeting. possible.

3.2.2 _ Longitudinal Study, December 1980 .~ - .. . .
. _An Invitation has. been extended to IEA by the Institute National
de Recherche Pedagogique, Paris, for such a session. The Interna-
tional Mathematics Committee is most appreciative of this continued
expression of interest and ‘support on: the part’of M. Jaguenod, Direc-

tor, ‘and M. Daniel Robin: . It i3 expected. that the support will provide =

per diem -expenses for invited  participants. It will ‘be necessary for

. individual countries to provide their own travel costs to this meeting. -

3:3 IEA General* Assembly, Finland, August 4-8, 1980

This meeting, which provides the opportunity for IEA members to

_deliberate upon general concerris of the Association, also serves as an
extremely important mechanism for providing interaction between mem-

bers of_the National Mathematics ‘Committees and the International Mathe-
matics Committee. - o ) : - '

- A key item on the_agenda of the ‘Council meeting will be a consider-
_ ation of results of pilot testing of the classroom process instruments .in
“these countries: France,: Japan, Scotland; Thailand; United States,

*The Curriculum Analysis Group, based at the University of lllinois,
Urbana, consists of James Hirstein; Horacio Porta and lan Westbury, of.
the University of ‘lllinois at Urbana-Champaign. augmented at different
times by Alan Purves of ‘the University of lllinois ‘at Urbana-Champaign;

~A.l. Weinzweig of the University _of lllinois -at :Chicago Circle; Hans- -
Georg Steiner_of the University of Bielefeld, FRG; Uif Lundgren of the = -.

Stockholm Institute for Education, Sweden; Ed. Jacobsen, Paris, France;

and Roy W. Phillipps; Department of Education, New Zealand. = Kenneth

- Travers serves, as liaison between the Curriculum Analysis Group and

~

- the Iriternational Mathematics .Committee.

12 .
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together with India arid the Dominican Republic through iﬁaii’}iaﬁéi’f'

arrangements with. the latter two countries:

3.4 Eourth lnternatlonal Congress on Mathematics Educatlon Berkeley,
Callforma, USA, August 10-16,;° 1986

This important, . lnternational ,meetmg is. held quadrennially. #As-
pects of the Second Study will be dealt with on the program:. _One
session is planned on the Curriculum Analysis and another is scheduled
to report on results of pilot studies of_ the classroom process instru-
ments in the seven countrles rerrred to in 3.3. -

3.5 Other forthcommg mternatlonal meetings of special iiitér?.'ét to
mathematlcs educators. . B '

The First International Congress on the Teaching of Statistics,
August 1982 ~ the Sixth. Inter-American Conference on Mathematits
_Education, Latin America, 1983; the Fifth International Congress on
Mathematics Education, 1984, in Australia. '

3.6 Meetmgs of the international Mathematics Committee ;

1t is expected that the Gommlttee will meet at least twice in 1980,

although funding may not permit more than one meeting in addition to

those made possible by other Study activities, such as the. ‘Curriculum

'Symposnum in West Germany in :lariuary 1980 and the IEA: Assembly in
leand in August 1980. . -

A main consideration of the IMC in 1980’ will be the developmental

work requxred in preparation for the'longltudmal study for which data
collection 'is scheduled to begin in 1981; 3 :
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4. . Purposes a’r'id"b’e’ri’eﬁt’s of the study |

The Second lnternatlonal Mathematics Study is. an mvestngatmn of

the teachmg and learning of mathematics in schools. . The Study has

three main components: a curriculum: analysis, which is an examination

of. the curricular contexts in which teaching and.learning take place; a

study gfiglassroom processes,- intended to provnde information on what
takes place in the classroom as mathematics .is. taught; and_an analysis

of student outcomes (cognitive and affectlvej in the light of the nature
‘of the curriculum and instructional practice. Two populations are

ta rgeted for study

' Populatlon A: All students in the grade enrolling the 'aaaéi
number of Students which "have attained the ~age. of 13.0-
13,11 by the middle of the school year'. .

‘ Populatlon B All students who are in the normally accepted

terminal grade of the secondary educational system and who

are studymg mathematics as a substantial -part (approxxmately

five hours’ per week) of thelr academlc program..

Instruction, even in one squeEt 7such as mathematlcs, is both

complex and of crucial 1mportance. Such ‘a system.is a highly complex

network of many components and relationships. The system is dedi-

cated to, the lmplementatlon and actdalization of the country's educa-

tnonal mtentlons in the subject matter ‘area: If the subjeet matter is

- mtentlons. . ‘

Thus the nature of the system, its structure, ef?ciency and

power, become pressing issues.’ The conceptualization of the issues .
‘involved will depend upon the_ position from which one perceives the

system: For the teacher .or school official the issues include the.ade-
quacy .of resources provided; the feasibility. of tasks assigned, the
- nature .of the environment made possible, and the concrete .criteria of
the achievement and growth of children-and-the-quality of educational -
events: For the researcher the issues are the basis for (and partially
the motivation for) 'the scientific task of authenticating a validmodel of

such a system, exploring the cause and effect relationships of the model .

" and the effect-of-variation—in—key—components-of it;-and, finally, deter-

mining the :structural properties. and dynamics of the class of models'

. exemplified by the given instructional delivery system. For the cur-.

riculum specialist and for national .(or international) educational-decision

""" makers there are policy questlons such as the adequacy of outputs of

the ‘system In.terms of national goals, the maximization of the efficacy

of the system, and the isolation of parameters that eniance control_ and

use of the system.

Orie element common to all of these tasks and issues is "the instruc-.

. tional dellvery system that is the focus of each. Involved in each' of -

those tasks is the portrayal (model) of that system and its: components,

reiatioﬁshiﬁs and dynamics in at least a reasonable facsimile of their .
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overall complexity: The level of ‘descriptive detail needed in the. por-

trait is established by policy needs, by the authenticity neéded for.a

valid ob]ect of research, and. by practlcal needs. The extent to which

the ‘portrayal is sufficiently complex to have exjglanator% power throug h"
“the relations and dynamics captured is an index o e utility of the
model in deciding the’ policy and research issues ralsed by the mstruc— :

_ tlonal dellvery system.

The Second 1EA Mathematlcs Study was - concelved in. the arena -of

such issues: ~ It seeks to assist participating countries in ‘their own
mathematics " instructional - delivery systems, whether from a perspective

of policy, research or practice;, and it also seeks to provide resources

that will help those concerned with policy or research to moré broadly
explore issues mvolvmg comparlsons of alternatlve systemsf :

.and Faced a similar .task of portraymg mathematics mstructlonal dellvery
systems for a group of countries’ primarily for policy purposes. That
study chose to focus its-descriptive portrait on a careful picture of the
system's outputs of student achievement and to focus its explanatory '

-efforts on key background and mstructlonal variables.

e WThe Second IEA Mathematlcs Study, building on the work of that_
~-prior study, seeks to enhance the usefulness of results both lnterna-"
. tionally: and to each of the participating- countries in terms - of their own

national .concerns.: It seeks.tv -enhance’ the usefulness of results for

those who approach instructional delivery systems from a . policy per-

spectlve as well as for those with concerns for research and practice.

It is desirable and useful to provxde a clear and . detailed portralt ,

of the outputs of the various. national systems, i. e., the. actual achieve-
ment- and attitudes of students:: However, it is also lmportant to

greatly enhance the portrait:of mathematlcs instructional dellvery sys-

~tems, to move beyond the factors identified by the First Study. To-: -

ward this end; the Second Study conceives of an mstructlonal dellvery
system as mvolvmg three key elements; as follows L .

1. The System Specnallsts who form natlonal educational _inten-

tions into a curriculum "“(embodied variously), trailirlioer;sonnel

and _distribute resources for implementing. this intended -cur-
rlculum, and provide mechanlsms for momtorlng and gu:dmg

- that |mpIementatlon :

3.  The Instructional Agents,f the t’e’ajchers who provide the
© - instruction that implements the iritehded curriculum in the
schools and classrooms. : ' ‘

3. m, theestudents who receive the

tional agents by which ‘the |mpulsef travels through the de- -

livery system from originators to recipients.

au
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three levels of focus for the Second Study: = the educational system
'-(generatlng the Intended Currlc;:u.ljém) schools, classrooms and teachers
(generating the Implemented Currnqulum) and students (embodylng the
.. Attained Currlculum) These three Ievels of focus lead to the three
- key components of the Second Study‘descrub -

ThlS conceptuallzatlon of intructional déiivéfy 'systé;m's leads to

This multi-level conceptuallzatlon offers the. advaf'ta"” —of\prov

detailed portraits of .two aspects of instructional de we’ry ystems (the
Intended and Implemented Curriculums) not por{t/a ed in such, tail be-
ting .

fore. It also offers the advantage of détt

questions. about dynamics and relations between inputs. (the Intended
Curriculum) and outputs (the Attained Curriculum) into two sets of

- related questions using the Implemented Curriculum as a critical inter-

© vening variable. That is, policy and research questions of interest may

" be explored by conslderlng first the impact of the Intended §urj3t;ulum

on the Implemented Curriculum and then the impact of the Iimplemented

Curriculum on the Attained. Curriculum: Thus, -it seems probable that .

" both the descrintive and. explanatory aspects of the portrayal of mathe-
-matics lnstructlonal dehvery systems wnll be enhanced by the multl—level

The lnvestlgatlon will include: ‘ ' ‘ o

g, 'l An analysls of the mathematlcs curriculum in order to determine
the nature of the curriculum today to specify - ‘the changes which have
taken place in the curriculum in the past twenty years; and to identify
those factors which have contributed to its current character.

'Beneﬂts of the Currlculum Analysns

. of cbnSlderable actxvnty in currlculum development What have been the_

results of this enormous investment of time;” talent and financial re-

sources? For example, has the curriculum become much more hetero-

geneous, signifying more responsiveness to national goals and rneeds?

_Or, in ‘spite of (or, as the results of) the activity and effortﬁs/”dqes
school " mathematics appear across countrles as essentially 2 monolithic

structure"

] Detalled information about the curr|culum can also be Gf lmportance
in viewing the flndlngs of the other twoe phases of the study the

comes. "Currlculum " as Grlff‘ths and Howson have noted (London
Cambridge Umverslty Press; 1974; page 156) involves not only state-
‘ments_ about goals and content; but includes either explicit or implicit
notions of pedagogical method and of evaluation. Hence, a knowledge
of the cirriculum of ‘a country 'should help shed light. upon - teaching
methods utilized: to |mplement the content of the curri¢ulum and should:
also be of assistance in understanding student outcomes as measured by

the. international tests and attntude scaIes.
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The curriculum_analysis,’ therefore, serves two purposes Wthh in

some ‘senses are lndependent of each other. It provides much needed
information about .the - curriculum -in’ each country within the context of

knowledge ' about the curriculum’ across - some two dozen countries. - The .
curriculum analysis also serves to help understand and interpret the

data to be collected- at the cIassroom Ievel (both teacher and pupil).

ﬁ.i’ An lnvestlgatlon of cIassroom proc es (Populatlon A)

A serles of umque detalled questlonnalres has been devnsed for-~

the purpose of obtamlng information. on what. teachers ®o as’ they teach

. selected topics in the Populatlon A’ curriculum; These toplcs have ‘been -

chosen on the basis of. an international . consensus on what is lmportant-v

‘_ SUbjECt matter for that Populatlon

Benefits of the classroom process study

Very little detailed" lnformatnon is. avallable on' what instructional -

stratégies are eiﬁployed by téachej‘s as they go about teaching: Yet,

education is most commonly practlced todayl. it is essential that we.
have more information about what students encounter as they study in.

the mathematncs classroom. B

This lnformatlon is also needed as the’ pre-servnce and in-service .

" needs of teachers in a country are assessed. * What aspects of teaching
 practice seem to be most common? What 'are the desirable. aspects of

- this practice, judged on the basis of current professional wisdom about:
: pedagogy" What aspects of lnstructlonal practlce need to be lmproved"-_

instead, do they tend to have an approach which “is applied to allv

ﬂles" of teachlng behavnor whlch can’ characterlze a- country'f

~topics, and to students of all ,ablllty levels?. Are there "national pro-

An. attempt,  will’ also - be made to relate mstructlonal practlfceftg

student learning: What categories of lnstructlonal practice are related -

to student achievement, where this achlevement is a measure of growth';

‘on:a particular. topic ln ‘that teacher S classroom during the’ school year’

“ 4.3 An analy51s of student outcomes

~ Achievement and attltUdé lnstruments have been devxsed to reflect-l

emphases and concerns in. mathematics education for:. An international

item pool of several hundred ‘items for each population has been devel- -
oped. .Drafts of the: instruments were proposed. by the ‘International

_Mathematlcs Comm|ttee and reactions invited from the National  Mathe-

.matlcs Commlttee |n each partncxpatlng country. The cognltlve lnstru-'

matical content and- behavnoral process dimensions of achlevement based
on.an international grid for. each population (see Tablies 12.1 and 12.2).

" The attitude instruments will measure. these aspects of mathemat:cs-' '

related affect - mathematics in school mathematlcs and self mathematlcs

as a process; mathematlcs and socnety, and a scale devxsed ‘to measure .

student attitude toward computers

Fa—



g ééhéﬁ’t*s of the student ’outcarﬁé.’c’b'iiipbhérit'

o ThlS aspect of the Study will'_enable _the level of mathematical .
‘achlevement to 'be assessed. in the_ light of curricular emphases and
'lnstructlonal practice. What is the level of computatlonal skills in" each
;country" Toé what extent are students abIe to solve niathematical prob-- -
" lems? What are the attitudes of students about. studying mathematics,

and about its _role in society? - How do comparable ability groups (say,

‘the top 5% of the students) compare in - problem solvmg skllls across
_,'countrles" . . U

[

n pIann|ng for thls Study, the IMC has emphasnzed the lmpor'tarice- :

of utilizing information from the. research instruments at the item level.

.'Two reports, by Pedker and by Postlethwalte, illustrate the sort of

analyses Whlch are expected to be useful.

Peaker LLnteu:;at;onaLRemesLof_Educanon Volume XV 1969/”pages-_

'222&228) examined the. findings of the First ‘Mathematics Study from the

perspective of gleaning those results. of greatest interest to. classroom

‘teachers. of ‘mathematics. His analyses of item level .information are,

. particularly rich in implications for_instruction. For example; he exam-

ines countfy peérformance on: an . integratlon item for Population 3a (ap-

proximately our Populatlon B), {Test '9; Item 4) and concludes that the -
,_vstrlklng differences in performance on thls item (.04 in the Netherlands

.68 in Englandj cannot be ascribed. to the retentivity. of the system

‘(whlch is ‘5% _for both eountrlesl but” should " rather, be _attributed. .to

~ differences . in- curriculum and instruction. = An analysns of perf'ormance B
“at' the ‘subscore level produces similar conclusions. ~While two countries -
“may ‘have - total scores which are nearly ldentlcal thé contributions to
‘this. score come -from different sources. - Again; in Population' 3a, Bel--

gium ‘and England had total .scores of 65 and 66 respectively. . But,

' observes - Peaker;. "Belgium is :strong . on new mathematics, algebra,

analysis. ‘and sets.. England is §trong on geometry, analytlcal geometry

?and partlcularly on: caIcqus " (page 225) , i

Postlethwalte ["Item scores as Fedback to currlculum planners A
simple case from® the Swedish Comprehensive School and a more general~

.model." - Scandinavian - Journal . of . Educational . Research (15:3, pp.

123-136)] has suggested that item. level analyses in conjunctlofnfvylithg an

' examination of the textbooks.and syllabi may yield important information

* for helplng explaln varlatzon |n achlevement at the educatlonal system .
-~ level.. -

Ralph W, Tyler,,ln a recent paper ‘entitled "American Educatlon ln_' '

‘the . perspectlve of education in ‘other nations", reviewed the state of

" education  in the U.S. on the basis of the previous. IEA studies: Many

of: his conclusions may be of interest to those in all countries who are

tions." He goes on to conclude, "For the top five or ten percent of

'young people in.all these nations; the two main factors are opportunity
. to learn the subject and the empha5|s given the subject by those-adults
‘who are respected by these young people. -For - the majority of . the

.
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concerned with the education of their-youth: He viewed the IEA. data.
from the:; pomt of view of "ldentlf‘ylng factors that explain the variance
Hin educatlonal ‘achievement both- within and among ~industrialized ' na-



;'chlldren the factors ldentlfled are the opportumty to IEarn the subject
the education of ‘the parents, the publnc attntude toward the subject and .

the. tlme devoted to learnlng it."

.. ».iAn examlnatlon “of changes in mathematlcs educatlon slnce the early
' . 1960s. _ :

' The past two decades have been marked by conslderable lnterest

and actnvnty in -the curriculum; partlcularly in- mathematics and. the

 sciencés. In-many countries; the 1960s especially were characterlzed as -

- a perlod of curricular reform ~and even, revolution. Two events approx--.

imately twenty .years ago now serve as 1mportant benchmarks in mathe—

- matics education, ' In 1958, the  Organization for European "Economic

Cooperation conducted ‘a survey of mathematics: education .in ‘member

" countries which culminated in the Royaumont Seminar and the report,

'New_Thinking in_School Mathematics (OEEC, 1961). This survey pro=
vided information on. practices and trends in "school- mathematics- and:

- rather detailed information on the mathematical, content of the curricu-

“lum.. The second -event, the First IEA Study of Mathematics, 1964,

- provided empirical data’ on characteristics of schools,,teachers and
- students as well- as achievement and. attitude data for students in twelve
. countries. . Of those twelve; eleven .are ‘currently .planning. for partici- °
. .pation in the Second Study." - ~ . . . o " '
With' information from these . two surveys supplemented by mforma-. :
tion currently bemg requested of the some twenty-four countries: Wthh :
.have expressed interest in -the Second Study, it will- be possible to
chronicle many of the changes Wthh have occurred in mathematlcs

' ed ucatlon

Typlcal questlons which could be addressed by an examnnatlon of

changes in mathematics ‘education include: What lasting changes in the

- curriculum’. have' ' taken : place" What factors have  influenced these

B changes? - How' does.curricular, change take place ‘in” different countries?

. With respect to student outcomes, questions relatlng to current concern

for "declining standards" can be- addressed. In what aspects of mathe-

matics achievement” have there been .declines and in what aspects have

there been gains over the past twenty years"' What evidence is there.

of the impact of. technology, in particular’ computers and calculators, on.

'classroom practice and student achievement and ‘ attitudes? Are there

‘strlklngly dlfferent patterns of student gains’ (losses) across countries?

General questlons relatlng to student achlevement as suggested by
Tyler LE cit) will be responded ‘to.in the study "Wide publicity needs
to be given to the negative effects of the. erosion ‘of “the out-of-school .
learning environment. The average child “ now has fewer ‘hours with :
parents,. and fewer "hours in youth—servmg institutions than in the
‘past. The average child from 10 to .14 years .of age: spends 1,500 hours
‘per year watching television and- only 1,100 hours per year:.in school.
Hence, rebuilding 'the. eroded out—of—school learning.. envnr‘onment s
Ilkely to bring greater results than any other slngle strategy
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" 5 Model for the Study L .

Eigure 1 |IIustrates a conceptuallzatlon of the Study. TEFEé Tevels
are objects of mvestngatlon,oone corrésponding to each of the three"

components of the study. ' The .curriculum analysis focuses :upon. the :

- educational system as an- entity and is intended to portray the context-

"in which mathematics education takes place (school orgamzatlon selec- ..~

tivity and educatlonal goals - for example) as well as “to review the

status of mathematics education in ‘that system. The mvestlgatlon of

instructional practice focuses upon the classroom level: /Here is deter-

mined both the extent to which the “intended curriculum," as “formul=-

-ated at the. system level,. is actually: implemented in ‘the classroom,; and

-the variety of instructional methods employed as  the . implementation

takes place. The: third focus is upon student attainment of currlcular

‘and instructional goals. What'is the nature. and extent of - mathematlcal .
achievement and attltudes of the students in the: two’ target pOpulatanS'

" of the Sti:xdy? )
An Ex*pa*aaéa Madel ‘of ‘the Stuy B

~ Each of the components of ‘the - Study may be v:ewed in more detail

wnth the aid of the.expanded _ model . (originally proposed by McKnight), B

as shown in Figure 2. :The.figure is useful in hlghlightmg certain of.”:

~ the lnterrelatlonshlps Wthh are to be examlned o B
. . : L 4 : . - L
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6. iéom"’p’onent i'- Currlculum Analys:s (The Intended Currlculum]

: The currlculum analysxs is to be conducted in order to provnde a
backdrOp for  viewing and interpreting the fmdlngs of the classroom
processes “and student outcomes, components of the Study. Thke cur=
riculum analys:s will undertake two probes into the state of mathematics
curricula in _the ‘participating countrles and organizational contexts

surroundmg these <curricula. . These 'two probes, dlscussed below, are
referred to as a Contexts. Survey and a Status Survey

6;,1, Ihef contexts Survey

1t is the goal of thlS component of the currlculum analysxs to pro-

vide a framework' within ‘which the findings of the status study can be
viewed: Some of the data on the contexts for school mathematics is -
already available .in such investigations as the Royaumont Study and the

‘First '|IEA Mathematics Study. These data will be updated where pos-~

sxble, and fresh dzta will also be sought Explicit probes will be made

in the followmg areas:

1 6.1.1.  Societal contexts forﬂsﬁchgolﬁxngfyvlth :particular reference
o to the occupational structure and national demography.
6:1.2.  Institutional contexts of ‘school mathematics:
7 '6:1:2:1  Articulation between secoridary school’ and the
- - subsequent careers of students:

6.1.2.2. enrollment;, tracking -and school orgamzatlon'
and overall currlculum wnth e lmpllcatlons for
o matlcs. ]
$6.1.3, The currlculum development system., i .
“Its character and form and. its participants at the formal-
level, and its. artlculatlon with a curriculum research and
o development system, -if any, . ¥
6.1.4. The character and form of - the contnol:systems and
' coordination surroundmg ‘mathematics, i.e.,
6 j 4.1. examingtion and grading systems ‘
.4.2. inspection systems
o4

3 text and' materlals development systems

-li-‘-l

Partlcular attention wnll be glven to the jur‘lSdlCthl’ial settmgs of

"these systems and their artlculat.on with the formai structures of school

. organlzatlon*

6:1:5 Thé legal and certlﬁcatlon structure of the human re-.

7 source system: supply and demand of teachers
A questlonnalre has been devised by the Currlculum Analysis °

‘Group in order to formulate. a description of the societal and organiza-
" tional contexts of mathematics .educatiori, with a focus on occupational -
- structure and national  demography, art|culat|on between secondary/

school - and subsequent careers of students, school organization, cur-

riculum development Systems, control and' coordinating systems (exami-

nations, mspectorates etc. ) ,and the legal and credentlallng structures
" of the system. . . :

3




3

6.2 The Status Survey

In 1959, . the Grganlzatlcn for European Economlc Cooperatlon'

"(OEEC) held’ a seminar in Royaumont, France, for the purpose of re-

viewing the curfrﬁeﬁnt status of the school mathematics curriculum for the
21 member countries "of OZEC and to consider the “production. of a
sound mathematics - programme m ~harmony with modern thlnk:ng in

mathematlcs_. n .~ OEEC, 1961

_ The eurrlculum Analys:s Group has prepared a questlonna:re based
on -the Royaumont survey mstrument but madified. |n order to ‘take

?currjculum and  new toplcs, such ‘as computer or information science
which are candidates for "leg:tlmacy", to varying degrees, in the cur-
rlculums of the lEA countrles. . -

There is. s:gmﬁcant overlap between countries participating in the

OEEC Royaumont Study Ewhere poss:ble a plcture of the curriculum as
it was in 1960 will be collected from those IEA ‘countries which were not
members of the OEEC at the time of ‘the survey. The countries ‘partici-
pating.' in the Royaumont Study. were: Austria, Belgium, Canada,

.Denmark, France, Germany, Greece, Ireland, ltaly, Luxembourg, The

Netheriands Norway, Sweden, SW|tzerland .Turkey, United, Kingdom,

United -States, Yugoslavia:) The expectation is that these two census-

‘like surveys. w:ll provide, for a significant number of countries, useful

- &£ - — LA ap— — - =T e —— = T —

and important data on both stability and change in the mathematics

“currlculaum the: participating countries: There- have. been major

changes..in "the structures of. many school systems since 1960 and it will
-be of consnderable lmportance to attempt to assess the s:gnlflcance of

6:3 Natlonal Case Studles

In 1977 an adv:sory committee of UNESCO sponsored by the
lnternatlonal Commission on Mathematlcs lnstructlon (ICMI1); .issued a
call ito various countries for reports on changes in mathematics edu-
cation ,which have occured since the late 1950s. .The call included the
following outline, publlshed in Educational Studies in Mathematics, to be
used as a gwde to the authors of the national reports as they des-

ribed the: varlous developments m their countr:es*

c
/' Changes in:
L subject matter

attitude toward mathematics

Félatloﬁs ‘between: mathematnés and other subjects,

e

Ghange as a process S N
-The leadlng |deas‘——- T
how did they develop in the course of the years?

.24
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how did they manlfest themselves irj iéléhé pro;ects
. proposals? L
‘how were they actually realuzed’ Lo

generaleddcatmnal, socual rultural developments,

lncreasmg mathematical Ilteracy’ .
'increasing mathematical excellence' +

adult education;
applicab|l|ty of mathematlcs.
The desugners - :
o commnssnon§, commlttees, currlculum developersf textbook

_ writers, test designers.
The performers -

.* . "The main forces ~- I

’

,,The tools -

, h ua'S-,“.v @
CoL Cooperatlon and resistance -- . - ‘ ;
C by administrations; teachers parents publlc. )

Lessons learned |n the past to the benef‘t of the future.‘_

€hanges on, dlfferent leVéls : '
) schbol teacher tralnlng and retrammg, and guudance in their
lnter—relatedness. : .

©

\Reactions to- change:

in other areas; R -

- by higher learmng,

D rents LY

\by ‘parents;

Reports'were received from the fbllowmg c0untr|e; (authors of ‘the

reports are_given in parentheses) and published in E ies

in Mathematlcs,'Volume 9, Numbers 2 and 3. Countries planning to

participate . in the Second IEA Mathematlcs Study are marked by *

'-Australla* (A Blakers) : ngieir:a* (R. O Ohuche}
.;"Bangladesh (SM. Sharfuddin) - -, Poland .(A. Ehrenféucht)

France* (A. Rewuz). S|errafj..,e9ne (A. Williams) .

Great Britain* (A.G. Howson) © Sri._Lanka® (A.J. Gunawardena)
L ‘Hungary* (Marla Halmos &, -Sudan (M. EI Sawi}.

Thailand* (0. Purakam)

‘United States* (J.T. Fey)

' Iréﬁ (Badiollah Rostami) - = West Indies (B.J. Wllson)

El
Q.-
o
lg—
\_‘
2z
=
')
'U
c
i}
u

s . The Netherlands* {H, Freudenthal)

- Subseggently, reports from an addltlonal half dozen countrles were -
received and are. scheduled to be' publlshed by Ur\ESCO in Summer
1979. ‘ . N _,._,..-

These reports will be exammed by a ‘committee- of . three ‘personis -

(Frederik van der Blij, the ‘Netherlands; Sven Hlldmg, SWeden, and

A.l. Weinzweig, the United States) which will prepare a summary. paper

synthesizih§ what- is reported by the countries. Professor van der Blij

- . . ; o i .
.. , ““‘; . . - N ) P ~ D H
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'is serving as chairman of this committee. Robért Garden also assisted

- greatly in the work of the committee: =
~ :6.4 Case Studies in Teaching Mathematics - - .

" “The_ final component of the curriculum analysis will deal with thrée
mathematical - topics and how “these topics are artictlated' in the curricu-

Jum and classroom. For illustrative purposes, -three countries will be

asked to prepare national case studies on the ‘teaching of one ‘of the

- three topics: geometry, introductory algebra; -and* probability and
statistics. -~ - -~ - A : . S

o

6.5 Publications of the Curriculum Analysis

The following publicatjons, scheduled to ‘appear in mid-1980, are
expected to emerge from the symposium, and hence be the first reports

of the findings of the Second ‘International Mathematics Study.

6
6

1.  Report of the proceedings of the Symposium ..
2 National reports on the status of mathematics education

aon
ol o
.l

Implications of -the. curriculum analysis for interpreting

(=,
.
()]
[}
W

)

.comes phases of the Study

®|

.the findings of the -classroom’ process and student out-



7. Component 1 Classroom Processes (The lmplemented Currlculum]

Previous IEA studles have sought to provide detailed portrants of

student achievement that represented the curricula :of participating

countries as- attained. by the students' in the targeted populations.

. These detailed ' portraits of national student .achievement, set in an

international context of portraits of student attainment in other coun-

tries,  had a variety of policy implications for the participating coun-

tries: The potential policy implications were enhanced by studies of a
number of broad background varlables concernlng the students _involved

tems of partncnpatlng countrles.

7:1: Descrlptlon and Explanatlon

The goal of the Classroom Processes component of the Study lS to

provide detailed descriptions of national curricula as implémented in_ ‘the .
schools and classrooms of the |IEA countries. The practical complexntles

of - school and classroom life lead to. a transformatlon of any intended
curriculum (such .as those portrayed in the Curriculum Analysis com--
ponent of the Study) It is possible to judge something of the extent

. and nature of this transformation by examining those .processes and
activities characterlstlc of instruction in the targeted. c‘iassroomsﬁ,ﬁaﬁnq
by examining the methods and practices commonly used By the teachers -

providing mstructlon to the target classes.

7.1.1 ' Detalled Descriptions of Practlce.‘ Provndlng a portrait of

‘classrooms involves, at the most fundamental level, a detailed descrnp—

‘tion of typical practice in the classrooms in whlch instruction is de-

livered to the target population: Such description is prior to any study

" of relationships among aspects of that classroom practice:. However, -

even descriptive studies at this level should begin to provide some

‘information relevant* to the "why's" of student outcomes. - Without the

-..information_provided—by--such—studies—much—is—missing-of-the-context—in--

" which student outcomes must be explained. .

©7:1.2 Relatlonal Descrlptlonsa " To enhance the explanatory potential
(and pollcy lmphcatlons) of the classroom processes descriptions, it is_
necessary —togo__beyond 'f‘—drscrete—‘ct*ssroom‘“
practice elements o a portrayal of the relatlonshlps between_ these
elements. An _important aspect -of . the data analyses/made posslble by -
. the Classroom Processes component-of the Second Study is the examina-
tion of key interrelationships between the classroom practice elements
captured by the instruments used. What should emerge is a description
both of discrete elements of classroom practices and of interrelationships
in_classroom practices that make more global characterxzatlons of those

practlces posslble

7.1.3. 7Exp|ana|.0’r‘y Analyses. The _curriculum as implemented in
actual schools and -classrooms is not. only important as context for

lnterpretwstudent outcomes and seeklng reasons for them but is also

_impcrtant as. a source of potential explanatory variables: Classroomv
effects and teacher ‘practices - are essential intervening variables in

descrlbmg any natlonal mstrucuonal dellvery system In most cases, 1t
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is not reallstlc nar should it be partlcularly effective to use d|stant
background variables and variables related to the official ‘'or intended’
-curriculum’ of a country in order to explain the pattern: of student
achievement and_attitude outcomes. The inténded curriculum and ‘the
national system" for_ directing the |mplementat|on of that curriculum must

first have an . impact: on the schools and classrooms which are the site of

‘instructional delivery. :-In return, . this delivered mstructlon has an

impact ‘on actual student achlevements and attitudes. Thus, -classroom
effects and teacher practice must beca central link in any detailed

.'explanatory ‘chain seeking to - characterlze a national’ mstructlonal de—
Ilvery system.

'~ This status as source of intervening varlables means that the data

from the Classroom Processes component will enter into two other impor-

tant . kinds of - analyses. First, classroom and teacher practlces char-

‘acterizing . the implemented curriculum - may be: related. to the.intended

curriculum and the -national- system for guiding implementation (both

portrayed in the Curriculum Analysis component of the Study) to assess

the extent and nature of transformatlon of the intended curriculum and

to assess how such transformatlon is related to various klnds and .

aspects of . nat|onal systems for gu:dlng lmplementatlon.

' Furthermore, aspects of the lmplemented currlculum may be related
to the pattern .of student achievements and attitudes. The design of
the Study seeks to make such an analysls poss:ble both within several
specific mathematical topics and across those topics. It seeks also to
analyze several different levels of classroom ‘practice 7var|ables ranging
from. the wvery specific to the more general. This enhances the likeli-
hood that this type of analysis, at some level of: specificity, may_ reveal
important relationships. that might otherwise be hidden. by some more
global  ‘variable- {such _as  "opportunity . to learn") in a less detailed
analysis. There is thus the potential” for discovery of patterns - of

_instructional practice that have demonstrated effectiveness in terms o?
"student achlevement and attltude outcomes.

b ,
tudy will .potentially be able to provide a portrait of “that aspect of

uctlonal deliver_y tbat_lncludes the following descrlptlons and analy- -

T .
HED

) Descrlptlons of dlscrete classroom practlce elements

it). Descriptions of relations between classroom practice elements

[{including. more global classroom practice characterizations)

iii) ~ Analyses of relationships between intended and implemented

curricula. (and effect of various practlces in; gu:dlng imple-

' 'mentation) -

iv) . Analyses of relationships between instructional - practice as-

.pects of the implemented curriculum and' the pattern of stu-"

dent -achievement and attitude outcomes

r?-i—veategorres“—of‘ tl‘re “imp1emente'o‘ €urrictanm

B Sectlon 5 of this Bulletln offered a model for th|s Study. and _Fi-
gure 5.2,°is an expanded version of that model. The central "block" of .

s . R . . .
e . e

4, . Summary. The Classroom Processes component of thejecongl,_
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that f'gure represents an analysns of . the lmplemented Currlculum in
terms of four major categories, and seeks to put these four categories
into_a network of categorles characternznng the other components, of the

Study.

7.2.1.  Teacher Methods and Prictices, Central to the implemented
curriculum, to instruction as actually delivered in the classroom, is the
category labeled "teacher knowledge: methods and- 'p"ré'ctl'cés." Indi=
vidual teachers often act, when ‘faced with snm{lar instructional situa-
tions, in stereotyplcal ways that. constltute a pattern or set of patterns
~ characteristic of their, - teaching practice. .In some cases for a_ teacher,

these patterns are a reflection of ‘consciously: held "and dellberately
executed methods. In" other cases, these patterns have evolved out of -
‘the teacher's experience and past practice. The result is, for any -

given mathematical  topic and instructional s:tuatlon, an array or reper- .

toire of characteristic approaches to instruction in the various aspects

of this topic.” These, practice patterns are quite compjex"bfutf,fln many

cases, . are relatively stable and available to the teacher for considera-

. tion ‘(at least if probed by very specific questlons in- Wthh demands for

lnferences and demands on memory are mlmmlzed)

A model has been constructed and is .being refined Wthh relates

.some of the major aspects of such teacher. methods and practlces and

which also mtegrates them with the other _aspects of “the implemented
curriculum. A series of quest;:onnanres for teachers has also been

developed which probe (by means of very specific low- lnference, low—
memory questlons) cFitical aspects of these kinds-of practices in several
topic areas. _These' questlonnalres,.along with the model, should. pro-
- vide both useful descrlptlons of dlscrete practice elements (as dnscussed

to more. global characterlzatlons of teacher practlce (gulded by the'
model). -
7.2.2. . Other Aspects;, ‘While “teacher methods  and practlces", are
.. the. central component .of the model of the implemented curriculum they
.aré . not the only component - There: are several categories that impact -
on teacher methods' and practices, both. to constrain and influence the
-selectlon~of~methods*and‘“also—to affect the execution -or performance of
.a given typical .method or practice. One such. major category is that of
"school “and classroom resources." The array of resources available in-
the school or a classroom within the school constralns the lnstructlonal
" choices of the teacher provldlng instruction in that settlng ~ Resources .

act as both props and cues in instruction. Certain lnstructlonal activi- -
ties can be carried out only if certain resources are available .as props

 to be used in the activities. Further, the -actual physical presence of

certaln resources may serve to cue or mfluence a teachers decnsnon to B

use certaln actlvntles. -

A second major category .is that of "teacher beliefs. and attltudes."

This category lncludes ‘a variety .of factors internal to the. teacher that

"'sponses to "them" (ln terms of methods selected and executed). These -

'f'actors include such thlngs .as teacher behefs or schemas . of typlcal'

.
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also-. include . the teacher's internal representation of the- mathematical
'subject matter; and basic attitudes .toward mathematics, towards teach-

ing, and towards specific classes and students.” Teacher values relat-

'ing to various kinds of activities, student responses, are also included.

While this category is an incredibly complex one, certain aspects with
demonstrated -connections . to’ practical instructional outcomes have been

selected for probing through the. questionnaires.

Two other major categories that directly affect the implemented

curriculum_and; in particular,. teacher method and practices, are actual
elements of. the intended  curriculum. . This includes; first, the textbook

or textbooks chosen and- available -to the teacher,, This is one of the

dominant influences. (if not the dominant influence) on teacher choice of

instructional activities . and strategies.  Secondly, there are various

embodiments of curriculum_goals and influences such as national or
school syllabi, external examinations, etc.; which affect the activities
and strategies chosen not so much in the sense of by what they make
possible (as a textbook does)’ but in the sense of by what they make
desirable (which _a textbook ‘also does). Selected aspects related to

‘both of these categories are also probed by the questionnaires.

‘Finally, there are the actual activities of the classroom: The

previous set of four categories affects and constrains the selection and
.execution of teacher methods and practices, and the methods and prac-
. tices so selected are realized in a set of instructional activities in (or

_related to) the classroom which constitutes the actual instruction for the
target class. ' ‘ i .

7.3 *Description of the Instruments

7:3:1  Instruments Involved. [nstruments or elements of instruments
related to the Classroom Processes component of the Study include. the
followjing 4 ‘ - .
‘1) ' Teacher Background Questionnaire: . ) o
This seeks information on sex, age, years of experience, etc.:
2) Teacher Attitude Scales o o o

Certain of the attitude scales [described elsewhere] . will be

~ takén by teachers as well as students. ‘ -
3) Teacher Opportunity-to-Learn Items . o

. . This construct was devised for use in the First. IEA Mathe-

matics Study as an index of the extent to which the. intended

. curriculum was implemented by the teacher in the classroom:

‘The. méasure has subsequently been refined and is currently -

being piloted “for. use as one .aspect of the Classroom Process
component

onent of the Second Study. 1t is planned that: both
teachers and: students will be asked questions concerning the
“extent to. which opportunity has_been provided in class to.

learn. the various topics reflected in the items from the cog-

nitive tests. :

4)  €lassroom Process General Questionnaire . ,
Certain ‘aspects_of teacher and instructional practice are typi-

cally quite uniform across specific subject matter topics.

general questionnaire will be used, ‘seeking . information on
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these more general practlce elements (e g ; grouplng prac-

tices; uses of. instructional materials). Items from th|s ques-
tionnaire serve: three purposes:. =
1) .They lead to variables powerful in the|r own. rlght
(2) They provide. a. ‘context for. mterpreting more toplc-
.. -specific’ information; and
(3) They make contact  with variables  used .in other'
! ;. ... studies of general teachlng behavior so. that results:
L ‘of . this study may. ‘be...related 'to other studles.

55 ' .'Slx Top:c-Spec:f’c Classroom ‘Process Questlonnalres o
~ Certain - other -aspects of . teacher and instructional practice

may or may not generalize across topics, but ‘even Cif- they -
‘do, may - still' be best. assessed through low inference ' and

memory demanding-questions about specific aspects of mstruc--

tion related to specific topics.. - =
A topic-specmc questlonnalre about mstructlonal practlce has-

important - or: very |mportant on a consensus basis acrossk

countrles. Thus at least some of these mstri:xments should

~ | vpartlc:patlng country. It |ntended that’ each 1nstrument

will be completed soon after the majorlty of the year s mstruc-r‘

| . tion m the relevant toplc.

(1) Ratlo, Proportlon and_ Percent
(2) . Common and Dec:mal Fractlons_'_ :
{3) Geometry .

- (4) Measurement. '
(5) Formulas and Equatlons

(6); lntegers

This array of instrumentation should be sufficient to generate a detalled "
portrait of the intended- currlculum as |mplemented by the’ teachers in—
volved in the Study : o , )

7.3.2 Content of the lnstruments." The. six tOpIC-SpECIfIC ‘question-
naires, which constitute the main data-gathering instrumeénts of the

~Classroom Processes component  of the Study, are deslgned to. sample

mformatmn from a. rlch conceptual domaln (descrlbed in Sectlon 7. 2)

naires mlght seem, ~at first, qunte dauntlng. Actually, however, all of

. the items can be grouped lnto 13 item types by content and the items of

‘any. given type (1) follow, for the most part, the same item format with

only minor; variations; and (2) cluster together in terms of’ the variables .
they represent and ‘the- hngher-order varlables to which they contrlbute.

© 1) Teaching Methods (8. types)
2) . Topic Profile (3 types).
.3}~ Teacher. Opinions {1 type)-

_ 4) Spééif‘c Area Questions {1 type}

. Two of the- categorles are quite simply described. Flrst, at the end of
~"each questlonnalre is -embedded an "opinionnaire" that solicits a variety

of teacher oplnlons on aspects of the mstructlon related to the toplc

31

" The 13 ltem types fall- mto the follow:ng four maJor categor:es
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"lnvolved Much of - thlS mformatlon is purely descrlptlve but_some is

used .in characterlzmg teacher beliefs and’ values: Second; the "specl-,

"fi¢ area questions" constitute ‘a’ small set of ‘items (7 in all) -which ‘seek

purely descrlptlve information related to instruction in 6ne or the other

of .the six topics, but which has no counterpart |n the other tOpICS :

(e g, kind of geometry used) : L .

The "tOpIC proﬂle" category mvolves three item_ types standardlzed
.across' the six topics to provide a quick; global profile of 'instruction.in

that' topic: The three - item types: deal with ). allocated time, (2) -

sub-topics covered and (3): program emphases.

The most complex, and certalnly the most mterestlng, category of
item types is that of "teaching'methods" which involves 8 item types.

This cateégory- has five major. sub-categories. First, one sub-category:.

relates to content dealing with "concepts and relatlonships.'l ‘In. this
sub-category aré two item types, one dealing. with kind of representa—
tion used in the _concept-oriented. .instruction and another .concerning

the kind of teaching technlques used in introducing and deallng W|th“. :

such conceptual representatlons. '

A second rnajor sub-category concerns "formulas, procedures and

'proposltlons." "It also involves two item. types, with one'sampling the

procedures taught and a: second the technlques used ‘in teachlng those
.procedures. i , -

A thlrd sub-categoryf deals w:th mathematlcal appllcatlons._ Agalnf

two item ‘types ‘are lnvolved .one to sample the applications used and

another to’ sample the sources. from ‘which’ these appllcatlons are: drawn. ‘

A fourth sub-category mvolves only one item type wh:ch samples

the . reasons for use and non-use of certain concept representations;

procedures, applications and. technlques from the above sub-categorles._

The fifth and final sub-category also |nvolves one item | type Wthh

-llzed :

ThlS scheme of proflllng tOplCS and looklng at teachmg methods N
terms of. three_ kinds - -of : content {concepts, procedures and applica=:

tions); - all of which can be realized through use of only about a dozen

item ' types; seems quite. snmple. It is, in-fact, .this conceptual simpli= -

city..of design which allows the generation of a reasonable but small

number - of higher-order variables to characterize the rich variety that

can be  sampled by the many spec:fic items-- of the few ltem types.

7.4:1 - Levels of Classroom Process Variables

. The <classroom process- guestionnaire will yield a wide varlety of
variables' at several levels. At least five levels of variables, can be
identified as follows: . L o s N :

i‘ .

7.4, .Cla’ room Process Varlables An Overv:ew ;.‘ L v ;



1) -~ |tem Ievel

' 2) basic. item-type varlables (most item varlables may be . aggre—'

gated with corresponding. variables for other .items of the

same item type to' yield a varnable characteristic of some

- aspect of that item type) . -
3) . homogeneous higher~order varlables (furthgr aggregatﬁeﬁsﬁusmg

'conceptually-—based clusterlngs of ‘similar |tem'types and .
variables) . - ST .

'ii)" heteFogeneous hlgher-order varlables (further : aggregates

-'usmg model based clusterlngs of more heterogeneous item:

‘ . ‘modeling of teacher methods and practlces)
"~ 5) statlstlcally-determmed higher-order: varlables {aggregates of
- variables based on ' statistical- clustering technlques rather..

-' than any a Erlor conceptual approach)

.. ltem varnables |nvo|ve no cIusterlng and hence no |nfre,nCé in’
.their - definition: " -Basic item-type' variables ' involve. mlnlmal inference
reflecting only ‘the lowest level of clustering, i.e.; - ‘that of identifying -
item types .and ‘obvious: content similarities.” .These..two .Stages yield a -
(large number of - varnables since there are a Iar;ge number of items and',
since this fow level of . clustering. ylelds over ‘50 basic item. type vari-
‘ables (not considering the fact that most yield indices for.one or more
of the specific topics.as well" as ‘an’ overall acrogs-topnc scoré and :also-
not considering ‘that, in many. cases, a number of different weighting
. schemes are avallable in- aggregating by using frequency andlor empha—-
'sns informatlon gathered by the mstruments) K :

, The hext stages requ:re .some. decisions., . Two major  approaches
‘-are available in seeking further, higher inference clustering. : One

"approach - snmply uses statistical techniques. (e.g:, factor analysis) to

identify, weight and aggregate variable clusters, ' Conceptual interpre-

tation of aggiegates created in this way takes place largely after clus-

tering. A second ‘approach is to use a P_Nﬁasgmq conceptual scheme to-
wor a

identify clusters before any empirical nd to base -aggregation on.
such "already conceptually. ‘meaningful clusters: - A conservative versi n

of this conceptual clustering involves still"” relatlvely low mference

clusters of variables- involving - similar content. 'This is what“was re-

ferred to- above.as. (relatlvely) homogeneous h|gher'-order variables: A

more venturesome approach |s to_use a _more elaborate conceptual scheme-. :

wuth the profile becomlng a new hlgher-order varlable) to generate what:',
were called: above (relatlvely more) heterogeneous hlgher-order vari-' .
ables. : . ‘ ° -
) In the - present sntuatlon of reIatlvely I|m|ted mformatlon it does o
not seem reasonable to choose the statlstlcal Mrather than ‘the conceptual ’
approach . to hlgher-order clusterlng or to choose the more conservative
rather than, the ‘more venturesome in: concgptual clustering.  Thus, the
earlier list. reflects the fact that all three strategnes of generating” use- |
ful hlgher-order variablies ‘will be followed at least through . the stage of .
large scale pllotnng . It is hoped that.a convergence between statistic-
-aliy‘g‘en’e‘rated and - conceptually generated clusters will emerge durlng
analy5|s of such- data : : : : .
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It is; of course, not possnble to descrlbe at thls time clusters that-

may be -statistically -generated later. - Work on model building and the.

...more venturesome approach to conceptual. clustering-is ongoing at pres-

ent but is somewhat, tentatlve. It is appropriate, however, to go into
more detail on the .more conservative conceptual approach of generatlng

homogeneous hlgher-order varlables. -

7:4:2 Homogeneous thher-order Varlables

,,,,,,,,,,,,

specific ‘classroom process mstruments reyeal a number of clusters

based on narrowly conceived,. low inference snmllarltles which "are suit-. - -

able for. generating the next. hlgher level,of aggregated variables; i.e.;
those which were earlier called. "homogeneous hngher-—order varlables.",

Three clusters of this type- are dlscussed here.

Representatlon Type. ‘A major issue in educatlon for some tlme

B i(espeaally since’ elucidated by Bruner} has been that ‘of which : type of

representation of subject matter is appropriate and d:fférentlally helpful _
in_which type of. instructional situation. Bruner used a .typology ln-._-

. volving three major_types of content representatlon', the concrete, the -

iconic, and the abstract. Thns typology has been .extensively dlscussed'r“

in  the llterature related to mathematncs education and to cognltlve"_ }
'growth : : : , ,

L4

A typology of . mstructuonal sltuatlons to be related to thns typcilogy.-

of representation type is more difficult to identify” from the literature.:

However, a broad typology is-embedded in the Study's classroom pro-=

. cess instruments.  Instructional situations may be classified into three"

categories: .concept-orlented instruction, rule- or procedure—-orlented_

_mstruétlon, -and appllcations-orlented mstructlon*

et

A crossmg of these two typologles ynelds nine sub-categorles of'

variables,” one for each representation, instructional. situation ‘pair.

The present - jnstruments yleld indices for each. of ‘these ‘nine sub- .

. categories “overall; i e., across (or pooling) the. six ‘topic-specific in-

struments, and m most cases most of the SlX mdnvndual toplcs yleld

tatlon typé and |ts mteractlon with lnstruc:tlonal situatioh type both

- within spetific topics and. across topics.” The possibility of relating
. these variables" to student achievement: scores wnthln specific: topics and

across ' topics:’ suggests ‘a -rich potentlal for explorlng the echt of re-

. presentatlon type on student achnevement

lt should be noted that the” crosslng or representatlon and lnstruc—‘ '

_tlonal situation types to . .produce nine sub-categories that form.a net- -
work of variables does not exhaust either the varlables ‘or indices that . .

can be related to -that crossing and that network. Somethmg like "row

sums" and "column sums" aggregates can be formed to get overall‘_

indices. for a. -given representatlon “type across instructiohal types, etc. .
In  addition, the network of- related indices also makes possible the .
development of variables related to profiles based on. some 'set of .sub-.

. categories , from the nine. The portrait that can be used to: study the -

effects of representatlon types is thus rlch indeed..
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_ DlVel"Sltx. The 1ssue addressed above wasgthﬁaﬁtiof the effect of
specific. types or. blends of . subject matter representatlon in various in-
structional situations. A related, but separable, ‘issue is that of the

efféct of dwersxty in instruction. Is it better, for: example, to pick:

" one central _representation of the subject matter for large portlons of

‘the instruction’ or'.is' it Dbétter to .expose the student to a variety of .
reprOSentatlons Ce. g.,;. in teachlng “fractions,. representing fractjons
through 'sets of concrete objects, through dlagrams of shaded regions,

‘through numerical ratios, ‘etc.)? Does the value .of . such, diversity

-depend on the. type of 'instructional situation (e. g., dlverslty may be

“ facilitating in concept’ development but mhlbltlng in. learning. compu-

tational techniques where selecting one algorithm for extensive drill may
- be. the best approach)? - The question of diversity (or as Dienes called

it "mathematlcal varlety") is clearly both an- mterestnng questlon and

' ,one of practlcal |mportance. '

lndlces of dlversxty for varlous aspects of mstructlon essentlally :

are based on measuring how many out of a set'of alternatives. related to

~that instr-uctional aspect were’ typically used by a teacher in tedching

the target class. . In. some cases (e.g., representation® of subject matter

;‘;as discussed earlner) a typology exists which partitions or classifies the

.members of that set of alternatives info a sét of categories or. types.

_.In" that case, dlverSlty indices could either be: ‘based on the number .of

- :'_ XEes utllized or on the actual number of aliemaiwes utlllzed

L To the extent that d|ver5|ty in instruction is facllltatlve or lnhlbl-
~tive, the simple, a a-typological index should be most powerful If,
however, the typology captures some aspect of the ‘instruction relevant
. to the effect of diversity; ‘the typologlcally based index may be more

'powerful For -example;. instruction which uses. three representations of

a concept _passing from concrete to abstract to' iconic -may relate much |

' more slgmﬂcantly to''achievement than does instruction that: slmply uses
‘three" rather ‘than” one subject matter representatlon but all of the same

;type -€.g., abstract
"It is not possnble a Er‘lUr‘ to speclfy whether the typologlcal or. the

a-typological indices will be most powerful- in any of the aspects .of
..instruction which yield diversity indices and whxch ‘also have available .

~ " some . potentially relevant - typology. The approach "here i to generate

- . two séparate types - of -diversity index in each situation: (1) var|etx .
'.which is always a .typologically based mdex and (2) focus ~which is -

e always a snmple a-typologlcal index. -

" The present analysls of - varlables has, led to seven “lowest-level.

,ivarlety indices,. three related to representatlons .used (in each of the

three lnstructlonal situation types), and four to:- other aspects of instruc-

tion such as . number of different factors indicated as utilized in making :

.- "specified- lnstructlon choices (i.e., diversity in method selection or

‘choiceé approach): There are, . of- course, seven lowest-level focus .in-' -

' dices’ corresponding. to. these seven varlety lnd|ces but tﬁherefare also Il

"three other focus indices that have been |dent|fled insituations - for

) “'shich  no rélevant ‘typology ‘'seems avanlable, brlnglng the total to ten- -
_ ,lowest-level focus |ndlces . : .
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- These_ indices have been called "lowest level" above because it is -

‘again possible- to aggregate clusters of them into higher-level indices,

although; in. this case, sucii_ a cluster would involve more heterogene-
ity and would have to be either statistic--or model-based. An exaniple

'of such a cluster would be combining focus indices for such things as’

diversity in facgtors considered in instructional decisions, .in subject- .
matter sub-topics covered, in program emphases, etc., to get an overall
diversity index related.to the whole of a teacher's approach to instruc-

tion in_a given topic. Actual specification of such clusters must wait.
either for data or further model development. For.now it .is enough to . .
say that the array of seventeen types of diversity . indices (many avail-

able for specific topics as well as across topics) offers the possibility
for a rich' portrait of the place of diversity in instruction and. the

opportunity to explore some .quite .detailed hypotheses - about diversity

‘effects.

mathématics education specifically, has.been. that of irdividualization or
the- adaptation of instructional approach to adequately respond ‘to indi-

"-vidual differences in the students taught.. Issues relating to individual-

ization - have included various aspects of tailoring instruction; grouping
practices, ‘assigning different tasks to various ability groups. While in-
formation about attitudes and practices related to the first two: of the
preceding” aspects is sought through a number of items on the general

‘teacher ‘classfoom process questionnaire, the last area, i.e., task dif-: -

ferentiation, is explored in more detail on the six topic-specific ques-
tionnaires;: ' S - IV

'As was stated earlier, the items of the six topic-specific instru-
ments seek specific; detailed pieces of information that make possible a -
"descriptive mosaic" covering a .variety of aspects related to .a variety

of specific -instriuctional situations and instructional decision-making:.
Much of this mosaic relates to the subject matter (concepts, procedures,

applications), representations, techniques and instructional strategies .
typically used in presenting various topics: Almost all of these aspects .

of instruction are potentjal candidates for differentiation decisions 'in.

order to respond-to below average students, above average students or
both, - S o , S -- .

" In_a large proportion of the items providing the information just
described, additional information is  sought:about differentiation related

to the thrust of each item, including the.group (above average, below .
average, or both) towards which differentiation is directed and often’

_some measure of the frequency of, or emphasis on; some particular dif= -

ference:

This .aspect of items makes possible  differentiation indices for a

large number of items, and it also” makes possible more aggregated dif-

ferentiation indices related to various aspects of instruction (e.g., type: . .

of representation used, subject-matter ' sub-topics included; etc.) both ..

for specific topics and across_ topics. -Thése indices are available in two |
forms: -: (1) differentiation indices, which-use simple, unweighted. aggre-
. gations of presence or absence of differentiation, and (2) intensity in-

dices;” which are weighted aggregates-of simple differentiation’ indica=- -
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‘related to .representation type for conceptual lnstructlo

~tion and might be ‘used : for welghtlng the aggregate in

—— 747,,7/ -

Currently, in addltlon to item Ievel anﬁd\sub—category mdlces,.

) there are seven hlgher-—order dnfferentlatlon indices. and six intensity

indices Eavallable across -topics and: for many specific toplcs} related to

- most of the same aspects<of instruction &s were the diverstiy indices.

This makes possible a deta?Te portrait of .teacher differentiation prac- -

‘tices to -be related to . the . rmation gathered . (through the- general

questlonnalre) about the'other aspects: of lndlwduallzatlonﬁanfdﬁto be

: related..to. ‘student achievement. and attitude. This also makes possible, .
as was -discussed briefly _ earlier, the combination 'of dlfferentlatlon

: 1nformat|on with dlverslty mformatlon and other types to provide more-
global - characterizations of a teacher's practice through - model-based,
. heterogeneous aggregatlons of varlables The characterlzatlonsrigf

- teacher practice that would emerge

varying topics, relatmg to various’ aspects of instruction; would seem

potentally to be both descrlptxvely and explanatorxly rich.

7.4.3 R An' Example

' Perhaps additional lnS|ght can be provndeo through ||Iustrat|ons of

-how . some ‘typical items will be used. Shown on the next pages are
‘'some’ items from the Common and Decnmal ractlons Questlonnanre. The

fate of these items :in terms of the variables just described will be ex=

Essentlally these 1tems mvolve one central"'ltem securlng key mfor—

mation. The central item examines teacher .use\of an -array of eleven

‘mation surrounded by a cluster of other items Seeking additional infor=

"interpretations" (representatlons) of fractions: \This-array or set.of

alternatives can be ciasslﬂed accordirig to representation type (e. dg., a

this item is not well balanced in terms of representation type, the

balance, is much better when this item-is aggregated With others of the

same itém ‘type ‘from the same questionnaire. (There are’currently two

;. is _abstract; c is iconic, '1_ is concrete) Although set' of alternatlves in

~ other such items.) The central item -will then conftripute to indices

for the frac—
he addltlonal

- tions topic (and through it to -acress-topic indices): T dition:

information sought on frequency and/or emphasis enhances\ the descrip-

lces toward
greater power. = . . o N -

) Slnce the central 1tem secures lnformatnon relatlve to a ‘set of al-
ternatives: on some - instructional aspect {concept representatrons) it
also ‘will make a contribution to.various dnversntx indices. Since\a typo-
Iogy (of representations) is available, the item may' contribuite ‘both _to

variet variety indices and focus mdlces Speclﬂcally, it -would aggregate with

other items of the Same type . ‘and topic to provide an index foc the

'CV-F (Concept Variety, Fractions) and CF-F (Concept ‘Focus, l:'rac—

tions) - variables .and, through them, would contribute .to other hngher—
order: varlables. ’ R . :

The cluster of . reIated ltems seeks mformatlon about how’ thls in- -

‘stance. of coricept representation is- varled by the target class teacher to .

enhance the achievement of above average and/or below average stu\-
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Aruitoxt provided by Eic:

COMMON FRACTIONS -

mterpretahon.

°

1. Vanous mterpretahons of frachons are depicted on the left below. Fot each mterpreta-
tion (a-k), place a check in the box by the response that best describes your use of that

. a. Fractions as quotients:

" 2 means "3 divided by 47

" b.: Fractional parts of a collection:

L fruse.

occasionally

iuse

ldo

not use

occasionally

c. Fracﬁoxi ag ééié (L

d; Fractions as ratios: IS

e.. Fructions as segments:

f. Fractions as operators:

3 means :.me.ns |

4 4 \ (XX
1de L ftuse ' Dfrue  Tfuyde T Jrue ° Ldruwe L
| notuse .. | occasionally . | frequently =} notuse __ | occasionally frequently

S T — ; i
a ' T Y . . 1 opeu!or [
Tdo U Jtuse - LJtuse  I—§ fde [ Jluse - E—]Tuse  L—
notiise ’ ;i;iii;;;iaiiinu l&aaiiiiiﬂw riot ase : Jggaﬂgnally, -] frequently
- g. Fractions ;;i repeated addition c 'h. Fractions as decimals:,
"of the unit: * - : ' Cs X
RN T P R s
TETrery =18

Ido  LE—Jluse. L-Jlue . L[ _J Ido [ J1use L Jruse [
not. use .. | occasionally heén’iénﬁy not use - occasionally | frequently

i f;i-aféiions as pomts on the number-line: .

" i. Fractions as measurements:

iln L L' P |+_¢dn | S 3 i
N N ;‘FI A B this container holds -3 { \
Loy o [ T
N =1 0 -;"I - 2 . -
. : . . : I or

Tdo [ JTuse [ _JTuse [ *
not use . occasionally | frequently
k.. Fractions as number paifs:
et o q - o 3 . :

' or v

: ;. three fourths as (3.4), S Y

' S C S ’ thmiﬁékxi Im a;-_,‘://:?\\
Ido “[_| Tuse L] Iule | Ido VE:VF.I use L_: Tuse T
not use . qile | not usa occasionally | frequently




_dents. .This additional information thus makes possible a contribution to

a differentiation index, RD-F (Concept Representation Differentiation,

Fractions),. for. the topic .and through it a contribution to the across-

topics version of the index and to other; higher-order variables. Since

frequency and/or emphasis information is also available, this ad ditional

-information.makes possible contrlbutlons to Et;e&_shi (welghted dlfferen~

tiatlon) lndlces as Well

on_ the reasons for _use and non-use of the interpretations involved:

Utilization of this information relies on a facet model for the item type

dealing with reasons for use/non-use. ~ One version of that model is
presented in the next pages. It uses four major categories of reasons
with various sub-categories for each. Within each category two ver-
sions of reasons are available; posntlvely stated reasons  for use and
negatively stated counterpart. reasons for non-use: The sample state-
~ ments of each category and version are exactly the choices for items of

this - type throughout the _various questlonnalres (there are currently
-,eleven other such |tems) :

The partlcular items from the example can thus be scored in terms

of the categories (or even ‘sub-categories should that level of analysis
prove fruitful) of the model. This makes possible a contribution to a

profile of the factors entering into instructional choices for this teach-

er.. The model, in fact, provides a typology for this aspect of instruc-

tion' and makes it possible for these items to contribute to _diversity
indices (both a varlety index, COV', and a focus 'index, COF) for thlS

_aspect and, through them; to other, hlgher—order indices.

A The fate of this ésesaaié is’ typlcal. First, the central item and

ciuster of related items provide item level variables and add to a first-

order descriptive portrait of elements of instructional practice: Second,

they make contributions to a numbei of different aggreggateilndlcesﬁ(stlll
of the more homogeneous type of cluster): Third, the. -aggregate. in-

dices that emerge can be further aggregated both .across topics ang[gr

to- still hicher-order. statistical- or model- based' clusters. ' Next, these
indices at - ~varying levels- of aggregation can' contribute to’ studymg
relationships” within the portrait of instructional practice (i.e.,.within
the . Classroom Processes component) and, finally, they may . contribute
to analyses relatlng the three components of the study by connecting
these sort of indices to. topic=specific achievement subscores, to influ-
ences identified in the Curriculum Analysis te.g., Does natlonal policy
affect- dlfferentatlon7 Do national syllabi and examinations affect ‘diver- .
slty"), etc. This comblnatlon of - simple; specmc items -with contrlbu-v
tions -to a complex network of portraying variables would seem to be one

of the major strengths of the classroom processes component of this
Study. . o




. REASONS ﬁﬁﬁ-.’u’_éé .~ . REASONS FOR NON-USE. -
1. Student: Cognitivs . =~ . 1. Student: Cognitive
1.1 Meaning = - o ‘1.1 Meaning.
(1) Allows student to associate {1} Not an approprlate .
- meaning to symbols - . . . _  interpretation; :
(2) Provides a meamngf alcon- . - - *(2) . Not appropriate
~ text for = - . , for the formula
(3) .§97nqetel'rl{grjpretatlons C . studled ,
¢ are meamngful. oL . R
1.2 Understanding -~ 1.2 Hﬁ,aéf’s:téﬁ;a-,hg S
Knowing“more than one '~ (1) Learning rules
method aids understandmg.__ : \ does not aid
' . understanding.
(2) Premature learning
of rules interferes : s.
with understanding.
1.3 Structure e ' R | L
(1) Allows student to dlstln- - . . ; R
guish - from’ L s ‘ S ¢
© - (2) Allows student to see _ o _
: similarities; of ' to : E . N
(3) * ATlows. studeht~tb relate " .. ‘
to. .
(1) Allows student t'o use
, prev:ously acquired . ,
xknowledge to Iearn S .
2. Student: A?féaivé .. 2. Student: Affective
(1) Interggt:ﬁnﬁg (and/or appeaf— () Thbugh students would
' ing) to.students. a dislike it, ..
(2) Easiest for students to- (2) Might confuse students.
- . .understand. . = .
. (3) Easier for students to. = <
have definite rulés. T,
3 Subject Matter  ~ . ' . 3. Subject Matter _ . .
3.1 Effectlveness ‘ ' T '3 1 Effectwenesisﬂﬁ,ﬁ L
‘ (1) Felt it would be effectlve. : Co=(1) s |neffegt|vg.:e°‘\—‘
{2) Most effective technique. ~ (2) '},15,20,0 time con-
- {3) ° Powerfu! technique . for. - . suming*
mental arlthmetnc e - *{or did. they mean Eo
: - 2 'teach _ratheR than to. .
s ~use; if, so, then 4.4)
T ggter
‘ L T e R e s e




s 3:2. Justification. :
(1) Mathematic justlf‘catlons
o are important.
. (2)--Provides -mathematical .
. justifications for the

'steps of - s

3. 3 Appllcatlons

: (1) Appllcatlon sLtudenfcs I|kely

(2)" ‘Numerous mterpretatlons ' C

 facilitate applications. . R

(3) Students need practice g

- in deScribing natural .
.phenomena through . s~

°

' 'mathematlc symbols. -

. schcaiifeacher System. . 4. School/Teacher System
I, 1 Textbook C S e 4:1 Textbook
S (1) It's n thgftﬁextbbok - (M Epftfgrggbafsflgeg or
' (2) .It's emphasized or recom-. -7 recommended in
mended in the textbook. . the textbook.
4:2: Syllabus LT . % ;2 'Syllabus <
' (1) It s requ:red in th|s school :
' §:3 Teacher - . . . 4:3 Teacher |
- . o B {1) Not famlhar with

- o ' ___the interpretation.
' (2) Did not think of .

L using it.,
4oy Sy’stéiﬁ ‘Demands o ll 3 System Demands
. B : ' Eli. No time to present
all =

(i) Required Back-
: ground studentS'
did not have.

4
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'8, Component 111: StUdent.ﬁ{JUtcom’es (The Attalned Currnculum)-{ﬂ

'As has already been stated and illustrated, the Study probes the

. 'curi-rculu”r'ﬁ at three levels. - The curriculum analysxs seeks. to _portray
the curriculum as mtended by the. educational system; the . classroom

. process- component portrays the ways in which’ ‘the curriculum.is imple-
mented by -the teacher in" thé classroom. - The third component, " the

subject. of this section, explores the nature and extent of curricular
goals as they are demonstrated by student__attamment ~Oor_ achlevement-—
.'.measures. . ‘ :

Two broad classes of measures are utlhzed cogmtlve and affec-

e __ _ < _MIAVAEM I g it el S i, pilhdaihln T T=_

tive:. ' Proposals analyzmg the data at the item and subscore levels are.

' glven in Sectlon 14;

be soijéht in the areas o? generai background information (sex, age,. .

breadwinner occupation; .etc:); and classroom process (lnciudlng oppor-_
tunity to learn and uses of hand calculators)

The followmg aspects of student. outcomes are of particular -interest
in the Study: benchmark comparisons; growth during . the academlc,
year, linkage w:th classroom process- sex differences. .

8:1 Benchmark Compa risons.

: " In many IEA countrles a ma]or concern. IS a comparlson of the
status of ‘mathematics education now with that of .fifteen years ago; the
date of the first survey. Although :many changes have taken place in
mathematICs educatlon in the past decade. and a. half there are llttle.?

;;.;frnm an lnternatlonal perspectxve. - R N

Cogmtlve Measures.. “"Anchor items it that is, ltems used in the.
“first “survey,- will be selected for- the purpose. of . comparing 7student-
achievement then and now... Criteria for selecting items from the first -

“survey will include represéntatlon ofﬁVifcells or current grid, and

satisfactory psychometrlc propertles. Items will. be sought that can be
' classuf’ed ‘as follows: .

Populatlon A Arlthmetlc
_Algebra:
Geometry.
Measurement
. Probablllty/Statlstlcs

‘Low Level ' _High I:evel---

Population B: - Number

. - Algebra
Ceometry
Analysis
Statistics’

Appendix C provides further information on the anchor items. °




Affective Meastires: The change of focus for-- the affectlve re-
‘sponses has lmrﬂlcatlons for. how the new Study will. dovetail - with the
old one. A .narrowing of focus implies the need to generate new - scales’
rather than simply re-administer the .old ones: Still; it is desirable to
have items common .to both surveys to prov:de a basis for ‘comparisons

between what exists now and - what was  found fifteen years ago.‘ Al-

though the old scales have a different focus; there are items in..those

scales that can be utilized..in the new survey. ' A goal in the construc-

tion of affective scales is to include those items that have functioned

well in the past but to supplenient them with items and scales that more
. closely f't the. goals of ‘the new survey. .
\

8 2 Growth Durmg Academlc Year ) BT

: A, growth measure for classes during the academlc year is planned
mternatlonally for Popllation A and as an international opt||on for Popu-l
lation B. The primary justification for a growth measure resides in the
" concern of the Study for the classroom. _In order to focus upon the
- classroom, what happens there and what students learn, it is essential -
that data which references the curriculum as attained by the student"

entering the class be available when end of year measures are obtained.

Hence, a pre-test achievement and attitude measure at the classroom
level wxll be sought. Some have proposed using such measures as an

index ' of 'school. "effects": emphasis on educatlon qualifications of

teachmg staff; lmpact of supplementary resources, -etc. The prlmary

intent,” however, is to use pre-test measures on’ classrooms as a covari-

ate in lsolatmg Iearnmgs WhICh have occurred in the classroom durmg

the school year. . L .
8.3 Sex Differences (as related to- issue of between siudenLanaWsesl

, "Women and -(or m) mathematics" is.a. ‘topic receiving consnderable
attention .in - sevéral - countries _at this time, according . to preliminary

_information— received by the Curriculum Analysxs Group - While this
toplc lS only lllustratlve it s “important. that- some between—student

classroom Ievel




9. Versions of the Study

-As work on the- Study has proceeded, certain modlflcatlons in the

Study have emerged. Feedback from national committees has pointéd to

the need for further work on the selection of items foriitheﬁ’gognltlve

puaionctiven g S g s

test, and probably for a moré complex structure of the instrument for . .

‘the “longitudinal study (see Section 12). The demands which the pro-

posed study will likely: make upon national .centers and schools, in terms .

_of admmlstratlve detalls, in terms of teacher time for respondlng to: the

classroom . process -questionnaries throughout the school year; and in

terms of maintaining close contacts between schools and national centers
least one country, and preferably several "should . be conducted to
demonstrate the manageablhty of what ls proposed (2} every country

full ‘scale dry run of all instruments_ and data collectlon _procedures,

This should take place in 1980-1981; Finally,; problems in funding have
contlnued o |mpose further delays on-the time schedule.

The lnternatlonal Mathematics. Commlttee therefore agreed at its
January 1979 meetlng [see ‘Section 2.3.2) to view .the Study as havmg
two versions, Jor elements. One is. a: reduced or cross-sectional study,
which _makes fewer demands uponlthe countries in. terms of data collec-

tion, testing time- (testing. ‘takes place ‘only once during the school year)
and - costs [admmlstrative, prmtmg, ‘etc.). This verslon of the study

L

consists, essentially, of Components 1 (the curriculum analyfsﬁns)ﬁand 1

. (the student outcomes survey) and eliminates the investigation of in--

structlonal practlces (the classroom -processes component) for opula-

For Population B the version of the Study remains for a'lill countries

as -announced in Bulletin 3. The |mpllcat|ons of these plans - for time- .

tabling can be summarized as follows.

: i; POpulatlon A (cross—sect:onal] proceed on tlmetable ‘announced
~ in Bulletin 3 and reproduced in Section 15 of, this Bulletin:
ii. Population A (longitudinal): ‘conduct -full scale dry run durung
' 1980-1981 and collect|on data one year later than |nd|cated in

the. tlmetable. . o
- iii. Population B: Since a longltudlnal study i a. national optlon
only. countries doing the cross-sectional . study. will - proceed

on the schedule indicated in the timatable. Countries inter- . -

ested. in the longitudinal study may wish to get in touch with
the U.,S. Natlonal ‘Coordinating Center, Umverslty of lllinois,

Urbana [attentlon{; Kenneth Travers) for .copies of the class-

room process’ lnstruments being developed for the calculus
and other topics at that level) Recommended dates for

longltudlnal study, populatlon B, are 1980-1981.,

§’i ngulatlon A ﬂosssectfonaL Verslon

Some couiitriés have indicated that they w:sh to take part in only a

cross-sectional study at the Population A level. At least two of these

aauﬁiaéé have lindicated that they must collect data in the first half of

44
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1980 ‘The' lnternatlonal Mathematlcs .Committee therefore made efforts to
have mstruments ready for these countrles by December 1979.

Cognitive Tests,A, Knowledge of Mathematics:

i

2 For .each populatlon, final mstruments were dev:sed to- address the
needs of the cross—sectlonal study. .

This test conS|sts of a core form and four rotated forms (A B, €,

D). The core ‘test ‘is- devised to provide a relatively. comprehens:ye

. measure of mathemat|cs achlevement with the ‘balance of |tems from the

stratification to the rotated forms. The number of items in the 5 forms
reflects the welghtlngs of the V and | cells .in" the grid-and mcludes

3, page 29} lt consisted of 8. forms of 15 items each The seven forms _
were. constructed by random’ asslgnment of items from _the international
pool .. with stratification. on content and behavior. The eighth form
conslsted entlrely of |tems on the calculus. S o -

) Those seven forms.were constructed usmg the lnternatlonal grld as
a blueprint, and for some countries, provide an adequate reflection of

curricular emphas:s.f For other countrles, however, those seven. forms
do not: provide' sufﬁclent emphas:s on the calculus. Therefore, for :

“those. countrles all elght forms ‘were to be used

Two concerns . caused the lMC to propose new structure forfte’st

r.Féi ‘the use of a.test form defined by content (as opposed. to random .

ass:gnment) introduces methodological problems. ~ For -example, the

samplingﬁeﬁrrors of the' estimates of item difficulty on a form where there:
is no random asslgnment will have- ‘inflated - item ‘intercorrelations.

Thus; a substantial amount of imprecision, and perhaps bias, would be

_introduced” mto the estlmates ‘of item and subscore parameters.

" An- addutlonal concern had to. do w:th admlnlstratlve practlcalltiés.
" The calculus form is; of course; qu:te different from the other form.and
could cause. confuslon or concern .in..the classroom: It is also llkely
that the wcalculus form would taRe longer to .answer than the  other

forms.

~ The: Populatlon ‘B test has therefore been restructured by the IMC.

and presented to the -countries for: consideration. " This restructured
version is ‘proposed for use by all countries participating. in the cross-
__sectional ,_stu,d.y. Those-,countrles_wh|ch,_as a— natlonakoptlon _engage_in__
the longitudinal study, will have -available  either the versioh of the
Population B -cognitive test presented in Bulletin 3 or. some ‘other struc- -
ture which responds /to the|r interests and needs. Fof example,-a core
test Wthh yields subscores .on such topics as trlgonometry, systems of




equatlons and elementary functlons may be approprlate.i The IMC will .

assist in the exchange  of  information between countries. concermng
plans for the Populatnon B longltudmal study* S

The new mternatlonal versnon of . the test consnsts of elght forms of -

17’ items "each. Each form ‘is a stratified - (bywcontent and behavior) .
random. sample of the item pool which was devised on-: the bas|s of the
mternatlonal grid.- ;): . 3 4 .

Attltude Scales

Four scales in thelr recommended ﬂnal form are as follows. o
Mathematics in School " - . o SR

Mathematics. and Socnety

Mathematlcs as a’ Process

Mathematics and Myself

Compute rs and Mathematlcs

ltems, are avanlable in the lMC document Report of the AttLtude_'D:lals

December 1979

s ST

During 1979, ‘National Centers had two opportunltles o comment -on the

school, teacher and ‘student ° questlonnalres for the cross-sectnonal
version. These lnstruments were: finalized in September 1979.‘

Opportumty-to—learn ratlngs

It is planned to gather these ratlngs from the students and“thelr teach- '
ers.. - , , o

Sa’m’Elln’g

A sampling manual for the cross—sectnonal vers|on has been sent to each

country - including- a timetable for the negotlatlons Wwith the sampling '

referee.‘ This timetable. recommends a one-year lead. time ‘before data-

collection ‘to allow for drawing the samples, secur|ng permxsslon from

schools, and makmg ‘other arrangements.

Admxmstcaﬂmmanuais

Drafts of thesé manuals ‘were sent to Natlonal Centers in early 1979*
Fmallzmg took . place durmg the September 1979 meetlngs. . ‘ ‘

0

ﬁaia_El:OCESSlng

A

Desplte the contmumg lack of funding, contmgency plans have been

‘drawn ‘up by the International Coordinator. Dr. Lasry Nelson, Univer-

sity_ of Otago,‘New Zealand;—has—been-—contracted.: to_provnde_gwdance

for- the data’ management. One of the Research Officer positions; within
‘the Coordinating Unit has been redeslgnated to allow for the appoint- ..

ment of an experienced programmer. Budgetary provnslon has been
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IW|th the Bepartment .of Educatlon for the mstallatnon of a. visual dlsplay'

unit and ‘hard copy terminal in ‘the. Department of Education. Difficul-

ties are being experienced: in flndmg a source of fundihg to purchase

o Oslrls IV. as an editing and file building package. Once this is solved,

work “will begin on establishing the necessary routines with dummy data
which .are already prepared Efforts will. be made to coordlnate the

9 2 Longltudmal Vers:on

Developmental work on the varlous |nstruments will proceed i
1980. .
a). Background questlonnalres (School Teachér Student) and attltude

. scales- ,
. The questlonnalres as produced for the cross-sectlonal study w:ll'

b)) Classroom process questionnaires .

These will bé pilot tested in about six countries w:th an attempt to .
sample- diverse, instructional practice. As a result, considerable
"internationalizing" of the: instruments in order to account for dif-
* ferences .in instruction should emerge. ' '
c');ﬁ ‘Cognitive - lnstruments o o '

, Suggestions for ‘further development ‘are’ outllne in Section. 12;
The IMC will strive. te produce Instrumentatlon in tlme for dry. run
begmnmg in September 1980.- . ,

3 by

For countries Wthh of necesslty, must proceed with data ,collec--

tion for Population A durmg 1980; interim forms of the 'instruments

. (reduced study) will be" available . by December. 31, 1979. It is expected

> Bapdieiunthunl? L4 R Tt T - - - - .- -_f£ "~ - - - T ¥y¥-"_ -7

that the ‘overlap, in terms of items, between these instruments and. the *

. final "struments. will be maximal;’ That is. at least 90% of the ltems wnll
be common to both sets of mstruments. ) .

.....
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: 16 Research Hypotheses

10 1 l:e\LeLL Educatlonal System ;

- The data from . both the Contexts and Status Survey= of the Cur-
riculum Analysis W|ll make ‘possible the examination in a- descrlptlve.

sense of relatlonshlps |llustrated by such research hypotheses* as’:

i.', lt is expected that the exlstence of natlonal examlnatlons is...

. accompllshed by mlnlmal varxatlon in currlcular patterns and character-
lstlcs., ‘ . .

Ll o L . S

2. It is expected that currlcular change takes. place more readlly
where such change is supported,- and to a c0ns|derable extent dlrected
by external exammatlons. :

3. lt is expected *hat more: varlatlon in currlcula eXIStS where

there is. ‘number of discrete examining bodies with different foci and

constltuencles -as_ contrasted with. jurisdictions ‘in which there is one

' examlmng authorlty or no system—based exammmg authorlty. o

-‘10 2 Relattonshtps_beLWeen_texLel_l_and_telefvf Bet ¥ ll

S 1. . ltmls expected that the more overt and exphc:t ‘the control in
the . educatloniaflﬁisystem .as- indicated by the presence of.a. national cur-
riculam, a centralized inspectorate and.a 'system of external. ‘examina-

tions. andior grading systems, the less variation will -be: found between

teacher oplnlons on curricular issues,. “justification for-and use of .in-

-structional 'strategies "and -both within and. between classroom use’ of
lnstructlonal strategles and resources; : .

"2';: It IS expected that more limited resources in Wterms of insti—

;tutions and facxlltles for; say, teacher education, will " lead to more

common soc:allzatlon of teachers " hence less vdriation in teacher‘ attl—

tudes oplnlons, expectatlons and mstructlonal behavnors. X

o One aspect of the linkage. between the currlculum at the system or
national level and:-the classroom Is that of teacher’ coverage or. "oppor-

-tunity-to-learn". 'One:view of such -a measure is to regar;dfltﬁafs"an'

=¥ P e

index of. the curricular valldlty of the international tests (the greater

the extent to ‘which - the subject matter ‘has actua!ly been “taught in a

country's” classrooms; the more appropriate ‘is. that test as a-measure .of '

student- achievement in that country:and as a corollary, the: ‘moére ‘mean-—: .

ingful- are cross-national comparisons: on '’ that test). As. in-past |EA-

-studies, ‘we would -expect ' that - teacher. coverage will be"a “relatively - :

‘powerful . varnable in terms of accountlng f'or varlance in - student a-
C hlevement* L o Do

There is another dlrectuon in which . lnterpretatlon of the tea'cher

éo'\/erage index' could .move.. .One could speak of congruence. ‘between

the -intended and- lmplemented curriculum -as gsome sort of measure of

teache competence or echtlveness, and c ”té’m’p’laté ‘s'o"m'é sort ’o’-
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‘Such’ ‘an- interpretation - is. fraught with -pitfalls, however: A fun-

damental problem is that teaching is not a mechanistic.process whose
success depends tpon the degree to “which-desired information. can be

. delivered, ‘or . "laid. on" students. The essential’ dynamics. of a class-
. room, . the sensitive interaction between teacher and student, the judi- ..

 cious’ selection of appropriate subject matter and instructional approach
for a given day are among .the factors which are-to be taken into.ac-
count 'in. an..educational . 'system. Teacher -coverage ' is an important

measure, “but .is. only one of .a vast .complex_of critical variables which
enter-into the mix: for effective teaching and ‘learning, : ‘

-

10.3 Hyptheses Linking System and Student Outcomes

This_ class of comparisons investigates. possible. relationships be-

- tween' characteristics of .the curriculum and. accompanying student out-
comes. : o . R o o '
: Attitudinal Dimensions - . .

. +"There is considerable overlap between the attitude scales of the-
first and second mathematics study. This should.permit useful bench-
mark  comparisons for countries ‘Which -participated in -the. first study.
'In -particular; -countries. in which student attitudes were manifestly ..

. negative in_the first study may wish to identify possible shifts on these

one's view of the nature of mathematics may also be examined in the
light of curricular emphasis in the various.countries. ' One might hy=
pothesize, for example, that curricular. emphases in Alpha and Gamma, -
combined ‘with the above.projected profiles of classroom :process in those
‘countries,” would” be accompanied by Mathematics -as & Process outcomes
such as suggested below. - : N NG .
Mathématics as a Process = =~ .

-

. This scale is intended to obtain a measure of the stus
- dent's perceptions about the nature .of mathematics; It is\ -
-7 .hypothesized to reflect differences "in' curriculums and in '
- classroom. processes. For example, emphases on mathematics as

a creative enterprise, and classroom approaches that encour-

age open-ended 'investigations on the part .of students, are

. expected to impart a view of -mathematics that is dynamic and

creative. ; . | Lo e e
.- High .- r i
Mathematics .
__as a : . — R
Process .' - . - - e e T
Clow - ' \ R

ALPHA ° \ BETA . - GAMMA -

S RN W e
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a

.. Cognitive Dimensions * - . - IR P

"edly, the student outcome measures, and- particularly the cognitive

The mbst popularized -aspects of this sort-of study are, undoubt=

aspects. . In view of the considerable- curricular 'activity over the past:
20 years, -one should expect attention 'to_ focus upon comparisons be=
tween student achievement "then and now." The results of the National -

Longitudinal Study of Mathematical - Abilities, ‘which examined student
outcomes over a fiveryear period beginning in 1962 for curriculums’
based or -"conventional"® and "modern" 'mathematics textbooks, suggest

the .sort of findings one might expect - for' the United States, and,
assuming reasonably comparable definitions ‘of "eonventional” and

"modern'; and . accompanying implementation in the classrooms - (bold
assumptions, to be sure!) one might :expect that countries. which. have

undergone extensive "modernizing" of the curriculum will exhibit _stu=
‘dent outcome measures which have .increased on ' the upper levels. of.
cognitive behavior- while at the same time 'some loss of ground on_the
lower levéls might be anticipated. On: the other. hand, countries which -
have experienced less "modernizing" of the curriculum might expect less
shifting across behavioral levels and {again; other factors being equal, ..
which .they never are). more congruence of student outcomes between

the first and second studies;

" The figures on the following. page present ‘mean achievement scores
for students in "modern” (Textbook T.) and "traditional": (Textbook -
T.) textbook groups, transformed to stafdardized scores having a mean

of 50 and standard deviation of 10.' The -circles in each . figure .repre-

" sent textbook groups. Therefore; ‘the. figures present profiles illustrat= .

ing the ‘relative position_of the. Vé’r‘jbus_grgg’p’sf'gp;}Zﬁgcgihfifti\fe scales
used in the survey._ _In Figure 3 the darkened dot represents a
"modern" text, the SMSG program. _Notice the relative position of these’
groups- on the lower cognitive level as tv the higher levels: In ‘the .~

second figure (Figure &) the darkened dot represents a ‘conventional.
text: The relative position of this group is in many respects. a striking
contrast to that of the modern text. = : ' ‘
{The following two figures are from E;G. Begle and J.W. Wilson, "Evalu-. -
‘ation. of mathematics = programs," .-Mathematics' Education Sixty-ninth
Yearbook of the National Society  for the Study of Education, 1970, -

_pages 396 and 398, respectively.) .- : ? : S o
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ltem Level lnformatlon\

.o . R . ', )

As has already been stated in thlS bulletln ISectlon 4,3), and
wo 7 elsewhere ‘(see, for example; Bulletin 3; pages 36- =37), the International

Mathematics’ Committee wishes_to focus upon simple description of out- * -

comes -at the subscore or item level in an attempt to present findings

" which are . most. easily", understood and* communicated. There iis also the -

- mtentnon,.,however to - preserVe the data in a format which enables

‘analyses based upon. a varlety of models.

¥ 5

One of the potentlally most ‘valuable sources of mformatlon out of

3 U sl

7 the, first mathematlcs study, whnch still remains to be Fully,m;neggnd is
,udy,fis thef:tem data

hardest and in which

it was easnest. A sample from the Populatlon "1 (our Populatlon A)

results ls provnded

'
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‘tive ease of ‘the scale readlng task? Is the applled nature of mathe-

. matics. mich more evident in the curriculum of those countrles ‘than in
" Belgium and France? Item 7; on the other hand -hds its own intriguing

: characterlstlcs Does " success:_on this item reflect understanding of
volume in any deep sense or the ability to use formulas? And again,

what in the curriculum might account for the dlfferences7

. Certalnly, mstructlonal effects must be taken mto account as well.

The kinds of experiences in.which children are. engaged as .

~-takes—place— -would-surely—bereflected iR~ N performance on items

" these.. Children who-have actually stacked .blocks and: counted.

learned the concept of volume could be expected, generally, to
successful at solving problems like ‘the one posed in Item 7.

Jlearning.
such as
as they
be more
“But, on

the other hand,; prior experience 'in applying mathematical formulas

mlght over-rule and account for the success of say,'_ the Belglans.

_ Analysas Group for the att:tude scales.

The following hypotheses have been proposed by the Currlculum

3

Concernlng relatlonsh:ps within measures;}

1. Strong positive correlations are expected between

.as’ Mathematics |n School (ease liking) and Mathematlcs and

) Self;
b.. Mathematics, in.School (lmportance] and Mathematlcs .and

. Society; - .~ . L S
c. . Mathematics in School (Ilke) ‘and Mathematics and Self~ .

d. Mathematics as a Process and Gomputers and Mathematlcs

. Mathematics and Self.
"Concerning within céuntry relatlonshlps

2. The strongeést correlate of- growth. in ach|evement will.

be

/.

"d. Characteristic natlonal profiles on the attitude score W|ll T

‘be found. - \

b '_Th’eg;e proflres w:ll help prov:de a context for natlonal

c. Congruence between- tea\cher and student pmﬂles for the

common measuras. (Mathematlcs in School and Mathematucs

‘as"a ‘Process) wil be found within countrles.
‘ fConcernmg within- class relatlonshlps

a.” .Characteristic profiles of classroom attltudes wnll

"identified, and be \found to vary accordmg to:
(1) type of -school\ -

(2) type of progragm
(3) teacher charac

used in tlass, attitudes) - _ o~
(Ej type of currlcul m ‘ S
: dént relatlonshlps (note:
. items are common/to all "st udents).
.. Individual patterns of attitude will vary according to
a; achleverhent ) .
- b. ' sex . '
c.” ~socio~economlc level and parental education
d. expected ‘educatjon :
.e. _‘expected. occupatlon
f. birth order and famlly size’

\ .

N

be

ristics (age, sex,; tramlng, methods’

attitude
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The rationale for these' hypotheses Comes from a sense that group
attitudes "will result ‘from curriculum and instruction but that individual -

variation from the group will. result from individual characteristics.
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1. , Sampling Issues

_The iéeﬁﬁﬁii:@ﬁéétszéfzztﬁezinténnational_:_:séﬁiéigihgj—..;deé;iig'ri:arja:

the sampling manuals. Persons requiring, information on procedures to

- be followed in drawing samples of their own countries, or on other

~aspects of sampling shouid refer to those documents. ,,Tﬁe,méﬁuﬁé' for
the cross-sectional ,version of the study was prepared by the Interna-

tional - Sampling _Committee and .circulated to all . countries for .initial
commentary in March 1979. .The final version was- circulated in_June
1979. The International Mathematics Committee is indebted to the Sam-

pling Committee for ‘the work represented by the sampling . manual.

The present section summarizes certain of the main features of the

sampling design as enunciated in documents from the Australian Couricil
of Educational Research (notably, M. J. Rosier, K. N. Ross and J. P.
Keeves, "The Sampling Design," 1978 in Sections 11.1-11.9). Comments
on the design, particularly as they relate to the full _ (longitudinal)

study, are drawn from a paper by R. Wolfe (1979). Sections 11.8-

11:13: It is intended that the issues raised here help highlight the
FéFiiEtila[ problems’ of sampling which attend the aims and design of the
ongitudinal study. ' :

11.1 Purposes of the Study  ° .

. The purposes of the Study are outlined in-Section 4 above. As

indicated there, data to address _these purposes will be obtained

through questionnaires and' written documents “at the ‘national ‘or’ system
level, from teachers and coordinators of mathematics within schools and.

through tests, attitudes 'scales and questionnaires from  students.
11.2 Procedures : . A

The statistics-used to summarize the data collected by the Study

will, in the main, be proportions responded to in a specified way to
items in tests, attitudes scales or questionnaires, or will be mean values

...of_responses .on-a-subtest-or: scale. A’rié‘lyisii;si_ of the classroom process
data ‘will involve some explanatory—model, such_as_regression-for—use—in——
~the main report of- the Study in seeking to account for the effects of

~curriculums and instruction on learning. The techpical wvolume will
exhibit a- variety .of* models used to explain the classroom process and -
student output data. : .

.There will be an emphasis on the descriptive and comparative as-
pects of the data collected in the preparation of profiles for cognitive
test items; attitude scale items, student and . teacher views and ‘class-
room and school practices. It is intended to present these findings as .
simply as possible so that the .reporting will be meaningful to an audi- -
ence of mathematics educators, curriculum co-ordinators and teachers.:
However, there will also beé an emphasis on the explanation of change in

student' performance over a school year. This will require the develop- .
ment "of . statistical models. to 'account for change, as well as the develop-

ment- of appropriate analytical procedures for the examination of the
models: o SR




=

To the extent that this study seeks to make comparisons with res-

_pect to performance in mathematics within a country between 1964 and.

1980 or comparisons—between-different countriés_in 1980 it will be neces=_-—
sarv to maintain comparability in definition of target papulations and in

‘measures of student performance both between countries and between

occasions., . - S C

‘These many constraints on the design of the study and the sampl-

ing plan, in particular, will. be difficult to satisfy. Consequently, it

" ‘will be necessary to allow each of the participating countries some .

latitude to select options provided in the design of the study and

incorporated in the sampling plans to answer the specific research.

questions of greatest relevance to them and to conduct the study within
the financial provision available to them. Some of the options available :

are outlined in subsequent sections.
11:3 Sample ‘Sizes

 Previous IEA research has_ indicated very convincingly that in_any
multivariate_analyses- serious difficultles are encountered if the number
of schools in a between-schcal analysis falls below a level of about 70

schools. Furthermoré IEA experience suggests that consistent and
meaningful - findings are only obtained when about 100 to 200 cases are

used in any analysis in which more than a_ very limited number. of
predictor variables. are introduced into a regression equation: This

experience is in - agreement with the- advice given by Kerlinger and

Pehazer (1973, p. 46). Moreover, experience indicates that to have.
less than 15 students from.any school or' classroom vyields unstable’
results and to include more than 30 students from any school or class-

room provides redundant information. - Thus an intact class group of 25
—to—30-—students;—with—the_loss of cases betw en the pre-tes ing_—an
_postrtesting not exceeding 10 students_to yield a final ‘group 'size of 15

to 20 students, -would appear a sound basis on which to collect data.. .

" Nevertheless, it is important to recognize that different National
 Centers have different. levels of financial support available to them. #As
i:a;consequenee:#;—wéa{d:bﬁmpestant:to:malnﬁmJégﬂéufmﬂéX@lliim
in_the design of samples; so that no centre would, be prevented from .~
participation on . the grounds—that--financial--support-would-not.-be-avail-—
~ able for testing a large enough body of students for full analyses to be
- carried out. Where only a sample of limited size can be ‘tested, certain
types .of analyses of the data may not be possible but other important
results can clearly be obtained. Yet it would also be important to- cau-

tion National Centres :.that in. the design.of a sample, the use of too,
large a sample involves not only unnecessary expense but collects data

that. are; in the main, redundant. The sample sizes discussed in this

ing out an ef-

. ‘section are those.seen to be the optimal sizes for carry

_ ficient and unrestricted investigation. Table 11.1 records what'is seen
. to be the optimal range within which .any sampling of schools, class--

rooms and students should take place together with a recommended -
sample size. o ; Do o ’
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Recommended Sample Sizes

Table 11;1
— I:oWgr; Lower - . e Upper Recommended
- Bound* Bound* Recommended Bound : _‘Total .
= . (R) _(F) »
Schools 70 70 - 100 150 100
Classrooms ' _ : : ) , R S
within schools 1 2 2 3 200
Students
within schools < - : . o
Pre-test - 20 . - 20 25 30 5,000
~ Post-test 15 20 20 25 4,000
Total students - | e B
in analysis  1;050 2,030 4,000 11,250 | . c
Total class- | ’ B
rooms in ana- , o
lysis - . . 70 140 - : 200 . 1150
. ;LoWér é_’o"un’d, (R): o For ’re'dij’céd stUdgi Does not provide for dlS-

- entanghng school and ‘classroom effects.

Lower.éound‘tﬁj : . For full study. Enables soiatlon ‘of “school and
' ) © classroom effects., _ S ‘

ln the desxgn of a sample a Natlonal Center faced with llmlted re~
sources should ‘consider carefully which aspects” of the analyses it
~ wished to forego and thus whether it wished to maintain an’ adequate
* number . of .schools’ for an effective, between schools analysis, - an ade—;_

quate . number of classrooms ‘for a-between classrooms analysis or an

-——adethate*numbe’r’“df"st“u‘dents‘for “asound estimation of -national statis-

tics.  If a National Center were not .concerned with distinguishing

:--between —the effects due to—schools and" those die to classrooms “within
schools ‘it would restrict 'its sample to. only .one classroom per _school
If, however, a National Center sought to study fully the effects of
classroom and teacher curricular differen~as within schools;. it should
lncrease the  number of classrooms selectw thh:n a school to -two or

beneficial for  making . _niational estlmates would not be meanmgful in a

- study of classroom and school practices. If a country had 'a substantial

number of small rural - schools with less than 25 students per. class_or

with less than two classes in the target populatlon, -a separate ‘stratum

of such schools _could. be formed. ' This would enable such schools to be o

included in the calculatlon of national estimates and in the analysxs of

change in perfor‘mance over a school year.

NS [
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it is increasingly common to find schools and classrooms organized

-~ on an open plan with fifty or more students_in_the classroom group. In

such a. situation it would clearly be redundant .to collect information on

student performance for more than 25 or 30 of these students, and some

sampling of students within classrooms would be desirable.

" student achievement and teaching practice. In addition, a

11:4 A Sampling Plan

" in the development of a sampling plan each 'National. Center would:

obtain a list of all schools within the reglons in which the study was
being conducted. Thus. in the United States it might be considered de-

_sirable .to select certain school districts or certain States for involve-

. ment in. the investigation, while -in Australia it might be considered im-

portant to include all- States and Territories, but to draw separate
samples from within each State. The listing of schools would be stra-
tified by appropriate school stratifying variables (e.g., school type);
which from previous. research studies were known to be related to
ion, an-estimate of -

" the number of students within the target population should; if possible;

be obtained for each school, together with an estimate of the_ average.
size of class so that the number of class groups within ‘each school

" could be estimated. _In the first stage of sampling schools would be

randomly selected with a probability proportional to size, estimated in

' . terms of either the number of students in the target population within

the school or the number of class groups within the school. (Strati-

fication' of schools by size wiil usually be essential.) In the second

, two or three class groups would be randomly

stage of sampling, one, two or three c
selected from within each chosen school for participation in the study,

again with a probability proportional to size. In those classes within

schools where there was an adequate degree of uniformity in class size,

it would be unnecessary to sample students from within classrooms,

provided between 25 to 30 students were present within each ciass. if,

however, classrooms contained substantially more than 25 to 30 students -

It would be more efficient to sample students from within classrooms;

Since three, and in certain cases four, stages of sampling are en-

visaged in this plan the design is necessarily a complex one and any

sccurate estimation of sampling error cannot be undertaken by. formula |

" but only by an examination of the data collected in the study. Two

procedures -are available for the calculation of sampling”errors, riamely -
ibalanced repeated replications' and-‘Jacknifing.' Where ‘it is necessary

for a large number of strata to.be formed it would ‘be important that at
least two schools were drawn -from each stratum so that balanced re-

peated replication procedures could. be used. Where relatively few
strata .were included in the sampling frame it would be important to
have at least five schools .drazwn from each stratum -so that jacknifing.
procedures could be used most efficiently. o -

_ Altérnative ‘procedures are available for obtaining a sample. of

jonal to size. The procedures depend on _the avail-
able information associated with the number of students and the number
of classrooms within each school; The selection of an appropriate pro- .

cedure should ,be made according to the nature of the information most

. schools . and. .classrooms within ..schools where selection is- made with a
‘probability proportional_to size.

Y
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readllg available: - Further -details of alternatlve procedures are glven in

the Sampling Manudal (IEA [MATHS- NZ]]A]MQ) . however, _im-

portant: that random selections are made at each stage of samplmg

11 5 Unlts of Analys:s

The data which are to-be. gather_ed for the study may be analysed
at different levels of aggregatlon.‘ Table 11,2 ‘describes the level of
' aggregation for four possible’ sources of data (students teachers,
classrooms,, schools} when - applied teo- four possxble units of ‘analysis :
(students classrooms, schools countries), .

Table 11.2.° . . o

Source of data .. Unitof Analysls

' Students - Classrooms “Schools: ~ Countries .
Student data ' Samé Aggregate . Aggregits  Aggregate
Teacher data S bi’sa’_’g”g”rég’été  Same é‘f\ﬁtdj'- .; . Aggregite  ‘Aggregate’
Classroom data - | Bi,saggr'egate ‘ '-§arﬁe o .-.Ag'g’regate s Aggregate
Schooi data Dlsaggregcted; -Lﬁbisa:gg’rega’te .. §a'me o . Aggregate .

= The development of descrlptlve proflles could be undertaken by us-

ing- students as -the 'unit of analysis for student data, and classrooms as

the unit of analysls for classroom data and teacher data, In sample de-

the descrlﬁtlve profiles: for school data could be undertaken by using
schools as the umt of analysls. ' ' N - ,

"

performance will - focus on the classroom and-the school as the unit of

‘analysis. In some schools the _teaching of a’ class group is shared. by_

two or more .teachers either within an. open pIan or. team teachlng sltua—
tion or merely to maintain a 'balanced: workload' for each teacher. In

- such CIrcumstances it will be _necessary to combine the information com-

posite ‘of those teachers providing. a learning experience for the class—
-room group. The:- ba.ns of welghtlng should be the tlme spent wnth the

‘classroom group.

ii 6 . Estimates of Error

When uslng data from d:fferent sources,‘namelyﬁfstudents teach-

ers, classrooms_and schools different lévels of error are present for the

different statlstlcs likely ‘to: be employed in this investigation.  In estl-i

mating, prlor to the collectlon of data, the errors which are involved in

‘the presentatlon of .the results of- th|s study it is _necessary to, make

guesses of the' probable values of the des|§n effects to be found
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statistics: proportlons, ‘means, and- regressnon coefﬂcxents. ln mal&mg

within_schools. of 0.1, for students within classrooms of 0.2, and aver-

age sizes .of school. and classroom groups of 40 and 20- students respec—

- tively. These assumed values are consistent with estimates for these-

—¥hese—es t1ma tes-~we—have4assumed7n4ntra._class correlation for students

statistics made in -earlier IEA: studies, ‘although considerable variation .

. has been found between countries according to the nature of the school

and currlculums exxstlng within those countrles.

'Tab!e 11.3 Est:matesmLStandarcLMﬂﬁenent Statlstlcs Usmg g

Statistic B L Source of Data R
P Sttidénts Crlisisrooms SchooIs ﬁountri’es .
P'roportioﬁs 70,02 0,08 .05 , ' -
o s~ . ~ . . = -
Means B ) _ 0.0 SST. 0 085C - 0 ‘tOsS |
" Regress:on Coeff'- O : SRR
‘cients : ‘6.04. - 0.08 0,10 )
Recommended Number ' 4000 . - 200 - 100 1

Slmpiq Equwalent . RN R .
Sample , ‘ 800 - 140 ~ 100 .
ST SG" and SS are the standard devuatlons for students Classrooms

v'and schools respectlvely.

. " Since the testmg program will mvolve the admmlstratlon of a core.
‘test with four rotated tests belng admlnlstered to sub- sampleswoffthe-

_“reductlonvm the . number : of studentc taking certain items wnll only "

" increase. margmallv the standard errors for proportlons and “‘mean—values™:
‘recorded: in Table .3- for data collected from: students, prowded all four

: rotated tests are. admlnlstered in each classroom.

It shomd be noted that much published research has usefully em- |

.'.ployed regression_ coefficients” which have magnitudes much less than

0.16. . Consequeritly;” it would seem that the use of only 100 schools, or

a slmple equivalent - sample of oniy 140 classrooms would run the l“lSk of

‘failing to detect as sxgnlficant some potentlally interesting. school.and".

.classroom varlables.-, “For a full examination of schdol-and classroom ef-

-fects it ‘would clearly be desirable to approach as near as financial re-
sourceés would allow, the upper bound of sample slzes recommended m

Table 11.1.
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11 7 tevel of Response . ‘
During the IEA Snx Subject Survey,-' W'ﬁicﬁrwas Ilmlted t,‘?,,!ihe

collection of datamn&po|ntmm«t1me—-—-the~sampl1ng~losses in tbeieggecuj
tion of .the: sample design were such ‘that-in. 10 out of 20 countries the .

response rate was less than 80 percent of the students in the designed
sample and in seven of thesé ten countries the response rate was less

than 60 percent of the students in the des:gned sample;: “Therefore, it

-is ;important ‘to recognize that in this study weare attempting an ex—.
_tremely ambltlous data. gathermg operation by collecting data. at two -
points -in time, - from, in. general; two or more classrooms in a school

. with a substantxal demand on the teachers: during_the school. year .in_the
compIetlon of questlonnalres. Whlle the samplmg plan may be carefully‘?

~ tion hlgh ‘the lmportant evidence, for the study is bemg collected at the
- final  stages and during the: school year. It will be necessary for
efforts “to be made’ to reduce the. administrative load -on Schools and

‘teachers. in. order to maintain as hlgh a level of response as possible so-
that sound analyses -of the data can be carried out and useful generall- '

zatlons made : LT,

Gommentary on the Samplnng Plan

3

11~8 Facmtatlng Natlonal Analysns
It is Ilkely that" the Second Mathematlcs Study will effectlvely pre—

.empt the energy and resources . for high-quality international surveys in

‘mathematics for a long  time, certainly a decade or more. It is even -

more 1mportant to keep in mmd that for many countries, partncnpatlon in

the” Second Mathematics Study  will absorb the local energy and re-
Sources for extensive national - surveys in mathematics for an equally
long time. :: It can be argued that, ultlmately, ‘'most of the users and -

-users. of the study wi1l be for. national analysls mterpretatlon and,
planmng. : o

: For na.tionai' interests theref'ore, the sarm:le desngns must be ar-
ranged to ‘facilitate wuthm—country analysis. - This may be more impor-

tant than p_r;ovnslon__of_.natwnal--summames-—or———lnternatlonal-compamson. :

.”WWElrst 'natlonal centres need to be dlrected encouraged ‘and
* ‘assisted’ 'in' determining. substantlvely relevant major stratnfucatlon for
their. studies. Certainly in all countries there are important regions,

. types of- communities, types of  schools;” or Subpopulations ‘of students
. or teachers for" which.’ natlonally important educational - policy qguestions . .
. .need to be answered A process at t"1e natlonal level of discussion and -
In .one aauﬁiF’y’ tﬁese may be reglonal while in. another they may be.

. accordnng to” school stream.
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11,9 Disproportionate Sampling: A National Concern

" While sampling * proportional to size (pps) yields probability=samples—

at the national level, this mathod. may be disadvantageous to some coun-

tries. . One cannot assume that sub populations of critical national in= .
terest (such as -minority ethnic’ groups -or experimental * technical
~schools) are present in equal proportions. - L= :

In.all practical cases, national averages will be sufficiently ac-

. curate fors international or longitudinal comparisons no 'matter what.
scheme Is used within country. ~But Iif proportional sampling is used,
. small but critical groups of schools, teachers; “and students will likely

" not be represented sufficiently in a sample to allew separate analysis,

and that could' diminish national interest in analysis.’ -
.~ The prospect of disproportionate sampling could:-‘mean reduced na- o
tional accuracy, but if sufficient accuracy is obtained -within €ach major
stratum, - it -will be obtained overall as well. “There will be cost, per-
haps, _in. incréased -sample sizes; and the payoff will be in improvements
just ‘in :national analyses. --~All national and international analyses' will

require weighting, since samples will not be self-adjusting.  This eans’
that the central data processing and analysis and.the’ subsequent na="
tional work will have to program in weights. This dqgsﬁ@qtisgefmfgq_be'/’,
an overwhelming problem and, in_fact, the necessity of using weighting”

. means that other sampling methodologies; such as some kinds of class-
-room_ sampling;  which would also require. weighting, A need noyge;
~avoided. | . D LT S
* 11.10 Practical Error Analysis L S -//-
.. -, Thé . analysis: methodologies proposed for the Second .Mathematics
Survey are ‘more: sophisticated and complicated than: in. earlier studies.'
Also, it is planned that a_ y ‘of complex analyses will ‘bé carried’
out .and . reported from data. It should be hoped thatthe complexity
_and—variety_considered: necessary for realistic international analysis will. .
. be made avalilable for national analysis as well: — S

! : ying classi . rocedures to such .
. a variety. of fancy analytic results in 'such a large number. of. national....

and international circumstances. tinder conditions of very complex, sampl- -

e L P L S I S
 "The notion of applying classical error analysis pr

'ing is obviously impractical. What'is needed is a _general methodology -
for error analysis which: can be applied immediately .and consistently to
all analytic results for the surveys: - _ . .. . S ' S

_ 'The national- sample designs should.be arranged ‘with propér ba-
lancing and replications- to allow interpenetrating subsamples So- that
jackknife. or balanced-replicate sampling - formulas can be_ universally
_applied to “statistical results.: Perhaps. the .US-NAEP rule should be
‘adopted: no statistic should go out without. having ‘an:honest estimate:

~of its accuracy.  The advantage, -of course, of subsampling-comparison .
procedures js . that reasonable estimates of - standard. errors .can. be
derived by simply. repeating analyses ‘on subsamples: : Incremental.
“computer costs (relative to set-up costs) are minor. . - SR o
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There is .a need for explicit dlrectlylon and guidelines to national

‘centres _ to ensure replication arrangements. when- national _sampling
.- proposals are reviewed. It will also he| important to encourage good

-.._replicatlon arrangements when national sa pllng proposals are revnewed

-

\ li 1. Sc hool Size and Sampling Classrooms

N The Cross—Sectnonal—'Study to some’ extent and the l:ongnﬁtﬁuﬁcgnal
\Study fundamentally are concerned with what happens in _the mathemat--
' fcs: classroom .and how that affects achievement. This means ‘that. the

.- sampling of classrooms and the linkage "of students and teaéhers are
crltlcal aspects. of the design. -

lt is. 1mpossnble to deal realnstncally wnth sampllng classrooms (and

therefore students or schools) without ‘taking into account . the fact that
in_many (most?) school .systems, students are asslgned to classrooms
egpllqtlz according' to - their mathematics achievements and interests and
accordl;g 'to the instruction they aré to- receive. A sampling- plan .
which dges not take into account the streaming of students by . ablllty or '

the ° diffi rentiation by classroom of content. of instruction is going to

suffer te rnblv in’ terms of accuracy and potentlal for analysis, 1

oL The |,sue Jsfcfonrjected ‘to" an' issue of samplnng accordmg to school-
. size; 'Small schools are likely to have different numbers and kinds of

classroom a&\'arangements. Perhaps this " suggests - that stratification by

. .size' is desirable for substantive reasons; .In any case, stratification by .
" size “will be\ necessary ‘for the techmcal reason of making’ ratlonal '

careful selections: of classrooms.

interest, of course): Within size- -strata, there seems to

1t |s delgrable that schools ’r'rst be - .stratified by ‘size (of the-».-

populatnon of ) 1ied
'be no reasonable alternative to careful and planned selection of class-

" rooins ‘according to the kinds of classrooms . which dppear. For the

oy Longitudinal .| St dy certainly and for any part of the Cross-Sectional .
" Study - which .preésumes to relate instruction to. achlevement classrooms
rather than students must-be sampled. - But if there are, say, two low

-and’ two hngh streams in a school; the sample must include one of each -

—-Rmd~——~lr——-tnere~ vere—t . ffe—higjh———the—saﬁtplé—would—stlll
\reqwre at least on of each" kind.. :

- \_' This obvxously\ comollcates matters. . The samphng and administra-'
_,tlo'n plans will. have to contemplate further information’ collection; more

- extensnve decnsnon P ocesses, and perhaps some . m—fle'd sampllng. The h

: school\ welghtmg \D o
,I_'H 12 Selectmg the L ngntudmal Part of the Sample

\ '
-One ‘major varlable in. the study is. “growth in mathemat.cs" over

the year: \.Analysis o j this’ obviously . requires‘ representative samples

and- asseéssments of accuracy. The hypothe5|s that relational studies of

— T . Z

‘ \}arlablés can be.carried out on judgment samples is certainly restricted.
to very good judgments or: very special ,relatlonshnps. Preferably ; -

o probabillty samples wnll be employed however.
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dom samplmg. _Careful, . substantive stratlficatlon probably wnth dlS‘r

proportionate samplmg rates, should be encouraged If general sampl-

ing.is" not feasible, there are a number of alternatives without eliminat-
ing the randomization. ' First, the scope of the survey could be re-

stricted, for example, by taking-a random sample within a convenient

region or set of regions. Second, only schools of certain types, such

as public schools, might be’ chosen.ﬂ If rion-random samples become

. absolutely necessary-—that is, after attempts at drawing random samples

fail--then it will be essentlal that the best non-random procedures be

employed. For example, an. ekphcxt quota system mlght ‘be used 'after .

- fine-grain stratification. In this case, the national centrés are going. to -

need more guldance and assxstance in defmmg the samplmg. o

11: 13 Samplmo of Teachers '  SRR -

The sampling plan ggl[s' for 'a national probability sample of

«classes: However, this does not -automatically yleld a concurrent. sample
of teachers associated with these classes which is random.. . In par-
‘ticular; the sample will be biased.in the favor.of those teachers whose

eachmg assxgnment includes classes 'in the target population. It is
important -to keep in mind: therefore, .that the data associated With ,the

':"sampled classes is a probabxllti} ?séiﬁble of the instructiona! environment . .

in- which the national probablllty samplé of students is embedded. It .
might be found, for example, that 30 .percent of the teaching of addi-
tion of fractlons at Populatlon A involved the use of number line. In-
national proflles of ‘teachers (a3~ opposed to teaching) were desired
{What percent of teachers. at the Population A level use the number line
in teaching addition -of fractions?) weighting, would. need to be em-
ployed. The school quest!onnalres wxll provnde the needed. mfor'matlon
for the weighting. . . e oo
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12. - Structure of the cogmtlve tests

The Cognltlve tests are subject to_ many demands and_constramts._

For both populatlons the demands include

12. Cross-natlonal currlcular valldlty
Meamngf’ul comparisons_across countries require measures gvhjch

have validity in the countries mvolved - The . effort made here is the

' familiar one of - devising a test which as far as. possible, equaally’
‘"fair" or "unfair" to all countries, thh thelr individual- programs and

educational goal"s., See Peaker (1969 pages 229-237) for a technical:
discussion of this lssue thh speclflc reference te First Study. -

- The followmg procedures were f'ollowed in developmg cogn|t|ve in-
struments which “meet theé curricular_ validity criterion: _ (These com—»
ments. are drawn from a ‘memo prepared by Robert Garden.)

-+ 12, i.i The Internat:onal Grld
In responding to Workmg Paper |, Nationai Centers mdxcated the'

relative importance in the mathematics currlculum of - their countries of

each topic and  behavior on . comprehensive lists for each: population.

From. these responses- International Grids were. constructed in .which the

elements common to most countrles' currlcula were : included. . These

grids, later modified in response to further replies. to Working: Paper I,
formed the" basns for blueprints for drawing up test forms. (See_ Tables
12,1 and 12:2;) It should be noted ithat the grids reflect® the import=

ance with which 'National Centers regarded toplcs and behaviors for the
Populatlon A and B level: students whather’ they taught at those or at
earller levels of schoollng. ' _

Trlal items  were drawn from: 7 S
(i) items used in the First IEA Mathematxcs Survey ~ 77 < -
fii). items sent by countries proposing to take part in the study

-(iii) items constructed from tests, item banks and examma*lons‘

. ‘Sent by countries - — “ |
(iv) items constructed for tl’*ose cells in the grid f'or which. ltems.

‘were . not- available from. other SOUMCES: - ~ = oo o

In assemblmg the pools of 1tems -the major factors taken |nto ac—

count were; :
(i) the need to sample the lnternatlonal Grld adequately w:th

- items as free as possible from cultural bias ([e. g:; currency)
S the need to mclude suff‘cxent "anchor" ltems from the Flrst,

o where thlS seemed appropriate A
(iii) the need to include. items on partlcular fields of interest of.

e ’ the lnternatlonal Mathematlcs Com'mttee.‘ »

For example the Commlttee saw .it as-essential that items lnc[udmg

.- calculations with money be. included for Population A, even though this

would cause some translations problems in one. or two countries. ltems

approprlate for hand calculators were also mcluded

«|65'
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The cla55|f’cat|on of - |tems by behawor is regarded only as: sug-

gésilve of levels of cognitive complexity. . Some .items will have a dif-

"

_fer:ent_claSSIficatmn_from_countr_y__to country dependmg on_factors such' .
as prior instruction. - :
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TABLE '1231

lmportance-Eor:_lnstrument Construction——

- Population A Eonstru
‘ Of Content Toplcs And Behavuoral Gategorles

_Behavioral - Categorles

's "olmportant for some countries.

consxdered lmportant enough to warrant trlal |tems bemg fo

67

‘Computation
Comprehension
_ — Application
‘ "‘Content Topics Analysis
000 Arithmetic T :
' 001 Natural numbers and whole numbers; . v vV VvV |
002 Common fractions . . . ;.. . : . . . . . V. v I
003 Decimal fractions: ;: ; . .: . .. ... A% \Y, v I
004 Ratio, proportion; béi‘centage P . \" v l o
005 Number theory . [ [ [ R L B -
006 Powers and exponents, . : . . . ! 1 - -
007 Other numeration systems ; T - - = -
008 Square roots ; . . R o 1 - -
. 009 Dimensional analysis. . ; . IS . T - - .
100 Algebra e
. 101 Integers .‘...;;;;A;;;.**-v;;;; v Vv I
102 Rationals .. . . ... .% . : N ] ! I
.- 103 Integer exponénts e e a e s s e .- =
. 104 Formulas and algebraic expressnons s o 15 1 | I
© 105 Polynom@lg and rational expressions; . ; . 1 | - ek
. 106 Equations and inequations flinear onlyi P 2R R I-
107 Relations and functions . . . : . . . : ;.- ! ! ! =S
108 Systems of linear equatnons P . - - - -
109 " Finite systems. . ;, R soe s - - - -
110 Finite sets C e e e e i o ! ! | =
- 111 Flowcharts and prOQrammmg. . N - - - -
112 Real numbers P e v e . . - - - -
200 Geometr‘y o ‘ o )
" 201 Classific catLo&QLptage-fxgures; N U l—‘“’V" "““l"““”"ﬂlf"f‘
202 Properties of plane figures T | v | !s
203 Congruence of plane figures. C e e e | 1. I L
204 ;Similarity of plane . flgures. S ! [ R 1S
205. Geometric constructions . . . < . R e T T
206 Pythagorean trlangles N T | A L.
207 Coordinates . . . - .. . 1% [ 1
208 Slmple deductlons .’;.'. <. i e K ,lg | | [
The f‘ollowmg rating scale has been used: V.= very important; | = |mportant’

A dash (- ) mdncates that the toplc was not



' ST *
v - ¢ _TABLE 12.1.(Continued) . - .
,\- ;’E’7’|77’7’;777 i ’Giil 77‘*737;3 __'—
‘Computation - (P
- ‘ Comprehension
: . - Application i
. . . Content: Topics . K Analysis
200 - Geometry (Cont'd ) s ' : : ,
209 Infg[njaflf;rvansformggipns in geometry - = | ‘1 | - ¥
210 Relationships between:lines and planes m ' T
sgace...'.,......;f:;;;,..w = - - -
211 Solids {symmetry properties) . < . . & . . I e
212 Spatial visualization and representation =- . S N L
213 Orlentatlon (spatlalj.’. Ps e se e we o w = S 5 =
214 Decomposition of figures. : : « : s+ » o= = = =
215. Transfermatlonal geometry . . . . . . .. . e R lg
300° Probability and Statistics - . S _
301 DBata collection_ ¢ & . ¢ 7% i eve o o & o & I l : ,l -
302 Organization of data. v . + « « o7 =« o & o [ R T
303 Representation of data_ : ": e e . . 0 . . I [ IRt
304 Interpretation of data’ (mean, median, mode) I (A S
305 COmbINAtOFiCS o« « v v v o o o 0 s 0 s o &b - == -
306 Outcomes, sample spaces and events. . . . . = < - .
307 Counting of sets, (P(A B), P(A B), - s '
. independent events . .- . . ¢ s 4 e ece - - - -
308 Mutually exclusive events . « « + + « « & 3 - = L= =
309, ‘Complementar‘y events. N - - =
400 Measurement - PR i ) ) o
: 301 Standard units of measure. . + s+ s+ 4 o s v \'4 v - .
nUZ»EStImatIO'n..,........‘S;;;.2/;‘ - R
.~ h03 Approximation. . . Joce oo v ee s 0| i | =
404 Determination. of. measures: rarreas voluﬁé§, ,
" ate = :*_ S — Vv V | |
5 )
88
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3The following rating scale has been used: V = very i |mportant 1= lmportant

ls = important for sohie countiies. A dash (=) mclu:atee that the topic was not "

'conStdered lmportant enotigh' to warrant’ trlal ltems bemg found or construeted

TABLE 12.2 .
PopulatnonfB; lmportance For lnstrumeat Constructlon
‘ 'Of Content Topics and Behavxoral Categorles . :
N 77777777777a
;- ‘Behavioral Categacm&
' Computatlon '
Comprehension .
_ Lo . S ‘ . Application -
Céi‘itéi‘it Topics | - - ' T i . '‘Analysis
1 Sets, relatlons and functions - B ‘
1.1 Set notition . DO S S S A e = -
1.2 Set operations (e 9:s umon mclusi’o’n) _— l = =
- 1.3 Relations . . o ¢ <+ oL L I s = ==
1.4 Functions . . T f i i VoV v I
1.5 lhfii‘ii'té"’sé'ts cardmahty ‘and cardmal alge- - ..
) bra {ratlonals and reals) . . . ... . . . - - = - .
2 - Nuriber systr-*ms 5 L )
2.1 Comnwon laws for number systems v s [ |
2.2 Natural numbers . . : iv.o: : s : ;o5 : I I N |
2.3 Derzimals T | I I l )
2.4 Real nUMBErS v . « v v & 26 o 5 's s s s B A DU R
2.5 Complex NUMBLErS .« + + « o 2 ¢ & s 5 & + & Vv R I
3 Algebra i , , o
3.1  Polynomials (over S I T VoV vV 1
3.2 Quotients of polynomials. . . : : . . & ; . | I T R *
3.3 loots and radicals .. . . . ... . .0 . . \" v -
2.4 Equations and" inequalities . . . '. e e v v v I
3.5  System of equatlons and mequé és . et Voo v v o
~3.6 Matrices._ .7 T S T T
327 Gréﬁﬁs, Flﬁ&% and f:e!d., et et vea s :s_ S S S ’
g Geometryb : ' - e
4.1 Elclidean (syntnctic) geometry. . . .. . . | | - =
4.2 Affine and projectivé geometry in the plane - - = -
4.3 /Amalytn\.. {coordinate] geometry it the plane ) ! v 1.
4.4 'Three~dimensional coor‘dmate gcnmqtry. . . L= = - =
§.5 Vector methods "¢ '. .5 . ¢ . .. . L. .. N T 1
4.6 Trignometry . . ... . ..o 00 . vV Vv v ]

Thts section is currently belng modlf’ed to taRe mto ac:t:ount curr‘nEular empha-

ses in some European countries;
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TABLE 12.2. [.C_Bﬁfiﬁ:fc'iea)’ ' : _—____,..._ S
-Behavioral Categones o

Computatlon s N

" Comprehens:on

L . _ . . Application
_ - Content Topics ¥ o . -Analysis .

_ 4 Geometry (Cont'd:) | -

4,7 Finite geometries = & i s s i 5. 4 0 oee

4.8 Elements of topolog"y P e e e v e e eTe et o= - - -

5 An lys:s , T S
5.1 Elementary f“unct:ons e e e e e e VYV V. v..7
5.2 - Properties of functions .« « « ¢ « %« « « v Y \4 1
5.3 Limits and CONtinUity . . « s « « o o o o & - Lo 11 =
5.4 Differentiation." .,.'?‘. e e e e e e e B2 VAR D
5.5 - Applications of the derivative . P v. Vv Vv I
5.6 Intégration . . . . ¢ . v 0 .0 e v:. VvV ¥V 1
5.7 Techniques of integration . .. << < ..+ .V V. 1L 1
5.8 Applications of integration. . . . .. i .. VvV V¥ [
5.9 Differential equations . . . ¢ e .. 0. R T L
5.1 Sequences ahd series of funét:ons ¢ e e =3 S s s

=677 . Erpbablllty and statlstlcs : : S
6.1. Probability « « « « ¢ ¢ ¢ s o 5.6 o s s s .V vV 1 -
6.2 Statistics . . .. 0 ..o s e s s s I I FRE R
6.3 Distributions . . . ¢ ¢ 5 s 0 08 s s s e 1 1 e -
6.4 Statistical inference . < & v .« . 0 . . . R L
6.5 Bivariate- StatIStICS I T R A :s-, - -

7 Finite mathematics . , ) ] L

74 Comblnatal:iag. N UL SR I R 1 I
8  Computer-science : i i+ v e ww o000 l§ -1 -
9 LOgIC o s 4 o v o o s s e s o s s e e 4 00 s - - - -
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12 1 3 Item Trlals - ' :
e “From the ‘assembled” pools,. 10 collectlons of 50 items each at Popu— S

‘lation A level and 13 collections of 20 items each at Population B ‘level :

were field tested in several countries: -In one’ country a further 2

~ collections of. 40 items at Population A Ievel _were field tested. The
Committee examined the item statistics and comments by Natxonal Centeérs

resulting from. this field. testing, paying particular attention to mathe-
matical . appropriateness, psychometrit: propertles and cultural bias;
Careful mterpretatlon Was necessary as comparatlvely few countries had
taken part ‘in the triafs \awf some had adminjstered the items before the

end of the. school yesr' wr with students at ‘higher grade levei than

Popg[aglon A. 'Inevitably, some measure of compromise was undertaken
in  meeting the needs of wigely dlffrsng curricutums and: mstructidﬁél
practlces. . . ‘ :

Further' ltems were constructed for cells in the Internatlonal Grlds '

'to supplement the pools and replace deleted items. The International

Grids were modified slightly as a result of additional repligs received

from countries in.response to Working Paper I. The next round of trial .
- testing included 12 collections of 40 .items ‘each ‘at .Population A level and:
15 collections of 20 items each at Populatlon B level. The IMC ‘has.

selectei those items which appear to be. mcst approprlate for the pur—
poses of the study : _ T . :

At the IEA Generai Assembly in Parns September 15]9 petmon -
to the IMC was submitted to the. IMC in behalf of several countries,

including French and Flemish’ Belglum France and- Luxembolrg concern-:

ing ‘the lack of items which accurately reflected: the distinctive nature: of
their curricula. The shortfall,. it was noted; .was ‘particularly in.

_geometry. _As. the result of several ‘meetings with various members of .. :

the natlonal ‘committees, and further field: testmg in 'some countries; it
was. agreed to further modlfy the mternatlonal grld and to mcrement

the mternc.tlonal tests.

Ropulatmn A : o ’ o 'i_
‘Mcdification of Grid: S
Add .to geometry, Section 200,7 ;he category 215 Transformatlonal

Geometry. These are to be I cells at behavmral Ievels I.- 111,

‘items to be Added to Test U o
Eight items were produced 2 for each of _the four. rotated f’q’rf'r'n'é., as—-

f'ollows- ‘ i
oL Behavioral = .- - Vf\lrjjrrn?per't._ N
Content . kevel . of ltems .
103 _ _— I | :
205.3 i o -
207 - " 2
. 215 e : 1 o
215 1 o2
S2150 Al IR R
, | Total — 8

<3
[T
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Population B
Modification of Grid . : -
Categories will have to be added or present categories slightly rede-

fined, especially in Section U, Geometry, to take -account.of the’special .

‘characteristics of the curriculum in the countries requesting this modi-
fication.’ ‘ : - e

‘Items_to be Added to Test

Sixteen items were i:ii‘édijt—:éd; two for each of the elght rotated forms.

Since..the grid is not yet revised to take the new subject matter into

account, a -precise tabulation is not available. The items are primarily

in geometry. _ TS

e

12.1.4 - Anchor Items - . :
An. objective of the Second Study of interest to many of the coun-

tries which participated in the First Study is_that' of examining differ-

ences - in ~ student. -outcomes since 1964, the date of the First Study.
Evidence of such differences will be gained-through 'the use’ of anchor
items, that is, items used in both the First and Second Study.

_ For the cognitive instruments, the .achor items raised special
problem areas. - The selection of items from the First Mathemziics Study

pool was difficult due to ambiguity -in how ‘the First Study item mea-

sured the stated. objectives. It was also important to select items which..

would ' help address issues in mathematics . education such as ~what

Chéi‘igééCii‘i“’(:O"'r‘!j_putatiOI‘lal ability have occurred since the: First Study.

, it.was regarded as desirable to preserve the original wording and

format .of the items. as they appeared in-the First Study. ' However, it
was also recognized that preserving the item as it appeared in_the First
Study does not guarantee meaningful comparison. What ‘is desired in
measuring changes in student performances over a span of. years is a
measure of the same behaviors at the two . points of time. However,

schools- and .curriculums change. The instructional content changes:
Hehce, the IMC strove to take into account changes In usage, conven-

tion; terminology; and other factors, in attempts to prowide measures of
the same construct. - : : -

. -

The result.of these efforts is three categories of anchor items.

One category is that of items which have remained identical from the

first study. The second category is-a set of items which have. changed .

in terms .of -format, e.g.,. open-ended to multiple choice. - The third
category is a "middle group" of items which have undergone only minor
changes_in wording, and in the judgment of: the IMC,; sample for all

-practical-purposes_the._same..co nstructs_in_the two studies.

A summary of the anchor items appearing in the cognitive tests for
the cross-sectional study is given in Appendix c. ' '

12.2 Responsiveness to growth during academic year (Population A)

" The longitudinal aspect of the Study requires as a dependent mea-

sure growth in those aspects of mathematics being examined .in- the -

classroom process questionnaires. This is indeed a stringent require-
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ment f'or it goes beyond the valldlty issue to narrowmg the currlcular
emphasls ‘to a common period of time cross-nationally (that is, between
the admlmstratlon of .the pretest and posttest ) . . :

The lnltlal attempt of - the Internatlonal Mathematics Committee -to

. produce. such . .a meastre was the proposed _common . core of items to
sa2~7e as_the growth measures. (5 scales of 8 items each) ' "The results
of the: plIot testlng for ‘Population A are summarized in TabIes 12.3 (4

nages) and 12.% (5 pages). The median difficulty "of the items is, for

most countries, ,Wlthl'n.a'c:Ceptable ranges for the.end of the year.

Japan and Hong Kong are notable exceptlons in that the ltems are very o
€easy. for those countrles.‘- o . . ,

are taught in th: school year (lmportant lnformatlon for the classroom

process quastion "mlre] and the appropriateness of the items to the tar-

get populations. . Table 12.5: (3 pages) sum’marlzes thls, information.
Clearly, adjustments in the core tests are needed 'so ;that theyf better fit

_the curriculums of the countries: Much of the remamder of this sectxon

is addressed to thxs |ssue.

Two other analyses weré done .on the pllot data to help shed light

-ai:sagrj the current structure of the Population A test.. Table 12.6 shows
scatterplots of between " country correlations for various topics. . New

Zealand is chosen as the vertlcal -scale since rmore.:of the items 'were

pilot - tested there than in other countries: :Table 12:7 'illustrates the

. reiationship between' the core and rotated form subtests by country
-med|an dlff'culty. : , ,

: Table 12.8 deplcts the between school danrences on. the core 1tems
for the United State and Canada. With the exception. of a few items
that were ~triea. two dlfFrent tlmes wnth two dlfFrent samples (ln Japan

dents. - The between school variation found in the - U:S.. and Canada
‘may_ not . be representatlve of what -will be found in the majority of
countries. If not, then .this table may be. disregarded. .But if so, this
table may. contaln lmportant information for those who are structurlng

the cogmtlve mstruments. '

é -The maJornty of. the dlscusslon of targeting. the dlff‘culty of the

cognitive test has had. as a’ context the problem. of between country -

differences. . Concerns have been . expressed that the cognitive items

may be too easy. for one or two of 'the couhtries and too difficult for a

few .of ‘the others. Seldom has the notion of looking at within country
dlfferences —entered-__these_discussions:

.-entered__th But,—if—there—are—substantial-—
within country . differences at the school or classroom level ‘an .overall '

'adjustmént may not be ‘the most efficient. Since ‘the focus of the study
is_on ‘the classroom, an aim-should be to eliminate ‘ceiling and floor

effects at those Ievels. It may be necessary, therefore, to get esti-

mates of within country. differences at; at least; the chooi level; so
that a cognitive ‘instrument can- be structured that is varied enough to

- be appllcable to most of the cIassrooms -within a country. .
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____u_f_«_While,_the response_ofhthe _national- commlttees.tckour proposed ltems

was all in all encouraging, it is clear .obtaining sufficient variation in .,

the, _measures to yield interesting analysis will require .scales which are
more responsive to.-the individual curriculums. What follows is- a de-

scription of suggested structural changes for the cognitive. test and

procedures for allowing ‘countries to construct the best poss:ble cogm- :

‘tive test for their purposes.
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TABLE 12.3 = Coptinved S

Can/USA . 56 . 33 .
France - . '. =~ 39 .. 38 .
Hong Kong =~ 87.. - 91 96" : . Lo
Hungary " "' . L L
Ireland "~ . 58 . o [ '
Japan - . : - 86 82
Netherlands - = . ° = 63. 67.
."'N.-Zealand &9 50. 35 "38 59
- Scotland ° S 69 T By
. 'Bweden

Median =~

: 1?”§UREW WT:

. (F1) 83,.73° 33 L6 87 .76."LO ‘89 “+ 30 . 55 60 - t L6
. (Fr) . 73°27 k9. . T1 16 - - .13 38. 22 23
Can/usa = . 85 B 82 27 T, 28.
‘France -~~~ B § T
Hong Kong' - ' - 80 b2 . 038 51 w0 - Tk 66
Hungary - -~ kg . ... .. 15 52 L e e
Ireland .. -~ . S .. m36. .. 257 25 .
Japan , . 96 *° T2 . ..93 79 _ 96 719 .68 . . 9315
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-N. Zealand " 84 66 . 23 38 - .21 28 56 - .- 52 27 50 - 31 .35
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TABLE 12.3 -'Contlnued _m_-“; j;, — :_ﬁ ' : e
- REMAINING TPEMS oN ROTATED FORMS
. TOPIC | P o
WHOLE NUMBERS _ ; e
| ST N T 6 .7 8 9 -10
Belgium (F1) 32 . =~ = 91 \ .75 92 6k
Belgium (Fr) .. 86 5. 82 . 86,
‘Can/USA " 29 82 92 86\ T2 58" L1
- France e “\\ 76 . 56
Hong Kong" 8 9T 95 9.
Hungary  '.32 ... \; 62 .
Ireland .8y 60 13 - 60
Japen . .76 93 93 _ 8k 81 :
_Netherlands 90 ~ 79 - 66 e
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" Table 12.5 {Cont'd.)

CORE  ROTATED FORMS.

- § of items Med - Range =~ #ofitems - Med Range

Belgium Flemish 6 o i-80 3 72 62-90
Belgium Fi@nch 5 3 651 2. 78 67-90 -

Canada/U.S. o 63 4072 a2 Y 3356

. Hong- Kong

Hungary

" lreland -

New Zealand s W 3967 a9, 35-59

Scotland - e 2T e 60-69

Total Poscible 8 ' S5
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CTable 125 S
SUMMARY OF QUALITATIVE JUOGMENT OF COUNTRIES -
et (Population A)

. Core Tust

1.. . Fractions

Appropriateness’ -

Belgium (F!) - 50 50
Japan -
uso 0
' Canada o 0. 100

o
|t
(=)
(=]
OIS
NN [ e
.
S Io =il

#ustralia ° 38 *62
Spain "~ ) - 75 25
Chile - 88 12,

L

oo
NS b b |

. .
. OIO’LCDI

X=1:72. SD=:35

.- Belgium (FI) . a 50 -- 50 o S ]
_Japan___ .. . 00 -— 0. - ... 1
gs” - 169. 0 _ - 2
Canada o -- 100 o ' : : 2

Australia = - 12 88% 0
Spain 100 == 0
Chile = == <100 0 " . -
. - ST " X=1.54  SD=.59

Belgium (FI} == 1060 -0 . - - . .2
Jepan , -- .75 25 _ . 1
us ‘ ==, 100 0 : 1
Canada . . -- 88 12 1

_Australia == *oy 0 - o2
. Chile . =— 12 88 Z;

_X=1:63  SD=.%0

v

TFor key, see bottom iext page:
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 Table 12.5 (Cont'd.)  _
4.- Geometry ~ . . S R o 1
: . ° " When Taught . : Appropriateness
(% of ltems) 3 N .
P . T .S N

Belgium (FI) - = 0o . 0
Japan 12 38 50 . ' 1.0
us -— 88* *88 12 ' B .6
- Canada ‘ == . 25. (75 4
Australia 12 ez 25 1.5
*Spain ’ - 37 62 0 .6
Chile == 62 37 - o106
- ' ' X=:81 SD=:58
5. - Measurement ..
' Belgium (FI) | 100 == .12
Japan 87 113 1.3°
us . - -- 100 2.0 -
Canada 13 87 2.0 -
Australia . i3 87 1.7
Spain : 100 - . 1.6
Chile : 25 75 - . . 2.0
... X=1.,5". SD=.68
Grand Mean = 1.3 S
e Grand Standard Devuatmn =.67,
Key
‘When taught '
P Prior to this yearv (that is; taught at a Iower level than

8th grade but not snecmcally taught

) e in 8th grade).
T. Taught this year - (that is, either introduced in 8t"

‘grade’ for ‘the first time or reviewed
: . S retaught in 8th grade).
Subsequent years {that is, .not taught up to or includ-
: . ing 8th grade but not taught in ‘9th:
o - . _or higher gradesj. _
N Not in curriculum i(nct in currlcu!um at any grade Ievel]

W

1

Appropriatencss
0  inappropri:te
1 acceptable

2 hlghly 3pP r'opr'late _

Ne 1 if thé- tem tasts..knovﬂédge or sk;;is tatight G 3o oo G th=
taval of the target population and s likaly i b s
difficult or easy at the end n" tive rear Fan it o 3._a‘.v:.:..-.. i
b pproorlate .
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Table 12.5 (Cont'.d)
SUMMARY BY COUNTRY OF THI*SE SUBTESTS
THAT FIT A COUNTRY' Ci'RRICULUM

s

, TepPte .-
Colntry » Yvactions  Percent, Ratio Algebra Geometry Measurement.
' Proportion T

el -y

Belgium Flemish (2) X =R X - == =

Japan (1) I
u.s. (5). - X X
Canada (4) X
Australia (5)

. Spain (2) '
“chile (3)
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TABLE 12:8; BETWEEN SCFIOOL VARIATION {ltem Proportlons 3 Subtests}

CANADA]USA
N = 15 Schools SN = f’:fli Students
FRACTIONS = - MEASUREMENT | « .
o S | Between School ' S Between School
Item Item Statistics - Statistics Item Item Statistics _ Statisties .~
X _SD- Lo -Hi -SD ETA® X SO Lo _Hi _SD ETA®
1. .54 b9 34 1:0 .25 1T ¢ Is Th b3 54 1.0 16 (11
3. .18 s ;31 1.0 .2 .12 2; 450 (b U N19 9 .20 .10
3. .69 .6 .15 1.0 .24 .21 3: .18 39 - .02 b i1k (10
R T - T .31 1.0 .18 .10 b .62 :48 w22 .93 25 .23
Co g 38 e I8l ngias 22 12 - 11 34 .69 Lk
 Totals L:3 1.0 . 1.5 6.8 1.4 .3k L |
: - GEOMETRY
'PERCENT, RATIO, PROPORTION " Between School
' : - Ttem Item Statistics Statistics .
: : . Between School - : . , 3
Ttem «ltem Statistics _ Statistics. . X 8 o Hi SD EmA
S Cam 1. .70 ;hé 46 1.0 .18 il
‘ X 5> Lo Hi 8D pra? 2. b1 .49 3k .89 .22 .12
1. .34 U7 0o .10 .29 .21 3. .25 .b3 .16 5 .16 .ol
2. .60 .49 .31 1.0 .21 .11 b .17 .38 0 8 . .21 .12 -
R 3 % f B metalsls 9 1.0 3.0 b9 .1b
fotals 1.3 1.0 . .83 3.6 .8 .2h " ‘
T el ALGEGRA
7 Betyggn Schoo]
Item ftem St&‘bIStICS Statistics
_X. 8D Lo _Hi_ _SD_ ETA®’
1. .hil: . hg I .07 16 ?5 ;i?
2. .57 g e) .23 .9 .18 05
3. .70 . 46 .38 1.0 .23 .15
L. .49 .50 .08-1.0 .26 .17
5. .61 ._.ho .08 1.0 _.26 .19
Totals 2.7 1.3 1.2 L9 (8T .32
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12.3 Proposed structure of the Cognitive Test ,,'(P'ob'uiéiibﬁ As
Longitudinal) -

_ Table 12.9 shows the present structure of the Populatlon A test. .
This structure differs from what is given. in Bulletin 3 (pages 28-29) in

that the present design calls from stratified random assxgnment of items

across the rotation forms where the strata are subject matter classifi-

cations from Table 12.1: The anticipated requirements for testing time

for the present structure are as reported in Bulletin 3, page 34.

A proposed rev:sed structure is glven in Table 12, 10. .fh’é new
féatures are: :

(i) The requxred common core for all countrles has been reduced

from 8 'items per scale to 4 items. This set of items, the In-

ternational Core, is comprised of those which are taught_‘t'o;

the target class during the school year tand therefore, pre-

sumably, hold- promlse of reflectmg growth).

(ii) The remaining‘l items in the core are. chosen by the: coun-
tries to best reflect their curriculum or to otherwise respond

to national interests; specuflcally as they relate to classroom
: process. This set of -items is the National Core. -
(iii) The present rotated forms (4 with 32 items each) may be
augmented by the countries from the mternatlonal pool of

.. . items. .
{iv) In order to prov:de a comprehenswe growth measure, all

items should be administered in the pretest and posttest.

Topics - Core Test  Rotated Forms = =
‘ # of items. : # of items.

~ Fractions 8 Rotated Form1 - 32
Percent 8 . Form 2 - o032
Algebra 3 ‘Form 3 32
Georetry T Form 4 . 32

: Measurement 8 |

| subtotals  ®0 - 1

Table 129 |  TOTAL ITEMS = is8

Sequence of Testing: Core - Pre and Post; Rotated Forms - Post
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Proposed"

Topics  International Floatlng . Rotated Forms
Core_ _ or . - -
. National Core )

Fractions I varled on - . - #of forms and

Percent . 4 - content and length of forms

Algebra 4 difficulty depends on coun-

Geometry it depending on try's choice of

Measurement L country choices ‘"sampling" plan
Table 12.10 Subtotals 20 _ 20 120 or more

Sequence of Testing: International Core and other items given both Pre
and Post. ' ' T :

‘12 ll Demands of student time vs. optlons for anaIySIs

From the pomt of view of the researcher it is desirable to have

“as many students. as- possible respond to as many items as possible. If

all students repond to all items; items are said to ,be completely crossed

with students. The completely crossed’ design permits maximal flexibil-

‘ity for analyses: ~ between students, between classes, between schools.

. However, this option would require an estimated 4 hours for an _inter-
national pool of 160 items: For the vast maJorlty of countrles, thls is

undoubtedly an unrealistic expectatnon.

administration tlme), the preferred test deslgn is that of matrix sampl--
ing; one version of which is' rotated f'ormst This is the desxgn pro-

requured except as a national ‘'option (2‘ for many countrles testmg‘
titie appears to be more difficult to oktain at the advanced grade
levels. The analyses which such a desngn permits are those at the

classroom level.

Under the rotating form scheme, each item in the pool is taken by
a random sample of students. For-example, if there are four rotated
forms, each item is taken by % of any sampled class.s

The proposed structur‘e for Populatlon A is* an attempt to acknow-

ledge the many: constraints upon the’ instrument as well as the demands _

of the ob]ectlves of the Study.

The remalnder of this sectlon presents a proposed procedure for

designing the cognitive test for the longitudinal study, Population A, _in

the light of comments from the various countries and the emplrncal in-

formation on the items which has been received to date:

The proposals in summary are as follows:
1. The main cognitive test forms should be constructed as stra-

7 tnﬂed random samples of 1tems from the whole pool:

103



90 . 5\'

2. . The number of forms taken by a student--that is, the density
" of item sampling--should be a national option.

3. There should be a national core of items taken by all students

" in a given country, but this core will differ over countries.

4. There should be an international core taken by all students in
all countries. ' ‘ '

5. The pre-test instrumentation for the longitudinal study should
be a complete copy of the post-test instrumentation, with all

items being used both times: -
These proposals and the ﬁdi’séti’ssi’d’ri points which follow ‘them are
aimed ‘primarily at the design of the longitudinal, Population-A part of
the study, although they. are perhaps applicable to the other parts as

well. In a number of places, one is led to the conclusion that really
good design would require preliminary estimates -of difficulty levels of
items and of difficulty differences over. a school year. ~ ldeally, the

overall study plan should leave time to obtain such data, analyze them,

and feed the results into a final design. The plan also places con=
siderable responsibilities. on National Centers in terms of coding, ad-
ministration; reporting of data and so forth. - °

: ~ PROPOSALS

Proposal 1. Stratified random instruments

It is clear that in most countries; it will not be practical to have
all sampled students respond to all the éognitive items. ~Some kind of
matrix sampling is required. - It has been suggested that in .certain .

parts of the Study the test forms be defined along _content lines, that

.is, there would be a form for ratio, one ‘for geometry, etc. However,

for a number of reasons, stratified random assignment should be used.
The major substantive categories of the item pool would define the
strata: Where possible, turther blocking would be made, on estimated or

‘spproximate item difficulty: - Each test form would then contain a strati-

fied random sanple of the pool: That is, the forms would be made up

by stratified - randomization:

One immediate effect is that the sampling errors of the estimates of

item difficulty within a content area become less correlated. The deter-
mination - of the -distribution of subtest scores is potentially much more

accurate: _ _ _ -

 Stratified- random instrumentation is essential for relational studies
No core test can have sufficient content variability to be a realistic

measure_ of achievement. The subsamples of students taking different
content-based forms are difficult to combine in-a single analysis, and

analysis. [Even classroom means might be too -inaccurate; because the

sample of students would be so small in a éiééﬁ‘ééﬁi;

. the sample size for any one form would likely be too small for relational

" But stratified random instruments obtain a little information .about
each content category from each student in a classroom, while getting
the same amount of item data per classroom. Total and subpool means

can be calculated for each student and they will be comparable over

. - 104
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forms. Consecjuently, integratlve analyses can be carried out in which

all student data are used simultaneously and the dependent variable
(cognitive achievement in the whole pool or a stratum of the pool)
includes form differences just as measurement error., . Technical ac-

curacy can be improved in such relational analyses by cross-calibrating

the different forms. A simple method is to use form as a controlling
variable in the analyses. |In any case, the quality of the information

with stratified random instrumentation is higher and so we should feel

obliged to accept any computational complications.

Proposal 2. Flexible arran‘gements

~ The . practicalities of administration vary across countries. in
some, the success of the study will depend greatly on keeping the

response burden on individuals to a minimum. In others, there would

be no problem ins having every student answer every cognitive item, ln

fact, thls might be preferred

. Because of this varnatlon ~the study. desngn should allow flexibility

in the instrumentation arrangements perhaps by defining three levels
Qf matrlx sampllng—-lnght . medlum and complete response (no sampllng)

stratified random forms, the medium by two (or more?)} forms,; and the
complete ‘by each student's taking all forms. Attention in the ~admini-

forms, and the data _processign. would have to antncnpate varying
amounts -of data. No difficult preblems can be seen. . X

»

The sampllng referrees will, hOWever have to watch out for re-
duction in. effective sample sizes when each student is providing more
information.- They :should not allow the number of schools, for example,

to be much reduced. .

Proposal 3. ,National cores

The statistical accuracy of the analytic results, ‘both the national
and subnational summary item and subtest statistics and °the. relational
c0eff‘c|ents can be lmproved by incorporating a core set of Items which

is: glven to all students in addmon to the stratlf'ed random forms.

This is proposed partly as a techmcal device. Under. the item

sampling plan, any particular item will be given to a sarnplefpfﬁstudenﬁts

spread over many classrooms. [t will not be possible to restratify.the

~students in each classroom, so the sample within classroom for an item

will be simple random: But if there is a core test given to all students

in the "classroom, then the item statistics can be derived  from regres-

sion formulas and ratio estimates which will have much more accuracy

than conventional estimates: The core can also be used to cross-

calibrate the test and subtest scales of the stratified random forms; and

this: will improve the quality of the poollng of the forms in relational
analysis. .

The determination of this core SHould be made ,partly on technical

grounds: one wants a test which will correlate highly "With' most con-

105"

Q



92 B

tent areas, which discriminates well between students, and which does -

not have floor/ceiling problems. it is unlikely that a single core will
have appropriate technical quality in all countries; especially with res-
pect to difficulty level. Consequently, a separate core of items should
be adopted by each country. When the cores are used for statistical
adjustment. of responses to the main item _pool; the_ lack of international
correspondence will not matter. A stratified set of items would be set >
 aside for core use, and in: each country, the local core would be se-
lected on the basis of estimated Item difficulty. content coverage; - etc.

* Preliminary item statistics will help in choosing the cores:

Arother reason for including national cores is to allow each coun=z

. try- to obtain extensive data, especially pre/post data, in areas of

content which are of more interest locally and which may not be covered

in sufficient detail ir. the item pool and théTinternational core.
Proposal 4. International core - ' '

The original concept of s ¢ore test was to provide a way to do in-

ternational comparisons: If some countries are at the ceiling and others
at the floor of a_ core; then the comparisons are limited and the core.

will be useless for national analyses in the countries at the extremes.’
Nevertheless, a small international core is. desirable. It would

provide a quick way to check the statistics on the complete data, it

would allow some quick initial analysis, and it would be a way -to” have

some results which do®not require too much explanation. The interna-
tional core_should ke considered: as. a separate issue from' the floating,

national core.

Proposal 5. Pre-test/post-test schemes.

In the longitudinal study, it is strongly advised that the cognitive

instrumentation for ‘the pre-test be a complete copy of the post-test in-

strumentation. That is, the same items should be used...

Onie reason is to be able to describe cognitive growth in_detail,

that is, for each item and subtest. A principal ‘goal’ of :the study is to

find out How many items, which ltems, and what kind of items a student

learns over the school year. A core test .if defined internationally

" “would be inappropriate for.each nation separately.

A second purpose of the pre-test is to provide a control measure

for assessing the effects of classroom processes:. But in this case, the
test had better measure student knowled je ' relative to what is taught

during the year: Again, an internationa core wili.be ‘insufficient for
this purpose. , ° - 1

GENERAL DISCUSSION POINTS

_A. _ltem and subtest analysis = - | :

The primary analytic outputs of the Study will be estimates of the

difficulties of the cognitive items (each of the items) and estimates of

v

° 10
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the distributions of subtests from the item pool. The estimates are
required at the national level for purposes of international comparisons.
_For.  within-nation analyses, it will be necessary to provide breakdowns
‘of item difficulty and subtest performance according te educztional or
demographlc stratifications of local' interest. |In the Iongltudmal analy-
sis for Population_ A, the item statistics and_ subtest summaries need to
be calculated at,the,,begmnmg and end of the school year, presumably
with equivalent detail (see Proposal 5), to evaluate growth.

While these item and subtest analyses may seem elementary, a
great deal of statistical and computational labour will be devoted to
them. Regression estimates based on core tests can greatly improve the
quality of the results, and jackknife estimates of standard-errors will
probably be necessary. It would be valuable to ensure that each
. subtest had built-in replication. The design considerations for sampling
items and students should take into account the likely within-country

breakdowns ‘as well as whole-country StatlStICS

A major intent of the longitudinal study is to relate .student back-

ground and classroom process with cognitive achievement. nevitably,
the cross-sectional studies will also attempt relational analyses:. At the

least, there will be item and subtest- breakdowns by type of student

(e.g., sex) and type of school or classroom (e:.g., track).

It is important to keep in mmd that the analytic goal of relational
analysns is to estlmate 1elat|onal parameters 'such as the regression

cognitive measure for .the individual or' the classroom should be defined
in terms of the whole pool of items or of some complete subpool. The
analysis has to work from the mcomplete response data, based .on joint
jtem and student sampling, to estimate the relationships among the -
theoretical .variables. While this certainly will involve calculating aver= :
ages and partial scores, the accuracy and Significance of those inter-
mediate calculations are orily critical in how they affect the final re-
sults. For example, one is not fundamentally interested in the cog-

nitive test score mean for a classroom, one wants instead to know the
regression of true mean on classroom characteristics. If .the items and

classroom achievement to opportt]mty to learn. Theoretu.ally, the

students are too sparsely sampled there will be technical difficulties in

estimating - the regression. [f the item pool is si.lbstantlvely restricted--

for example, by taking a limited core--then the regression analysis is
inherently doomed.

””””””i E”l i”ﬁ -

. The decisions about instrument arrangement should be technically
based and given as_much hard analysis as are the. decisions about
student sampling. What can we say or guess about the inter-country ~
or- inter-content variability in Item difficulty? = Optimization of the
instrument arrangements involves consideration of data costs, student
time, and administrative costs relative to analytic accuracy. '
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' to facilitate pooling of response data over forms or item samples.

Several notions of accuracy are relevant here: (1) the complete-
ness of the sampling of the item pool or subpool; (2] the accuracy.of

that sampling, and whether the accuracy can be estimated and adjusted
for; (2) the accuracy of the student and school samples for items and

test forms; and (4) the éfficiency of the statistical analysis.

D. Methodological principles

The problem of instrument -arrangement is connected to the problem

of student sampling, and a general principle is to spread the content as

wide as possible. That is, each item or subtest should be administered
to as broad as possible a sample of students. The matrix sampling is a
great help; - ' ’

A corollary is that the instrument arrafigements should be designed
Rela-

tional studies_ should have as much content variability as -possible in- .
cluded in their dependent measures, and this means, in particular; that

analysis based Just on core tests will be deficient (see Proposal 1).
12.5 Administration of the Cognitive Test

The IMC also proposes options for test administration: Which

options a country chooses will depend, of course; on ‘the amount of

testing time availale and.the number of items that are to be admin-
istered.

Minimuim Expectation: . At both pre- and post-test times a country

administers the International Core (20 items) and the rotated forms (120
, a) With heavy sampling--all students take all items that would
mean each student would take 140 items or about' 3 hours of testing
time. - . L

b) With light sampling--students take the International Core plus

one rotated form--each student would take 50 items at both pre- and
post-test time: ’ '

Example of one option: At both pre-: and post-test times a country

chooses - to. administer the Intérnational Core plus a National Core plus”
the rotated forms plus additional items. . .. .
a) With heavy sampling this could mean that students would take .

up to 250 items at both the pre- and post-test sessons.

_ b) _ With light sampling a student could taken the International
Core - (20), the national core (2), a rotated form (50) and effectively
take 80 items at both pre- and post-test times. (This assumes four

rotated forms of 50 items each, 20 of which are chosen specifically by
the .country.) : .
12.6 Procedural Steps to Insure the Quality of the Cognitive Instru-
" ments ' . X
To be able to provide a valid item pool upon which countries can

make valid choices it is necessary to gather additional evidence about
the suitability of the cognitive items. What is needed is both universal
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qushtitstiVé ihfd'rrﬁatibh'{nteih a.ffieuitiés We;t@a@s 77777 tj 7f amount of

In order to get this mformatlon from countrles the IMC proposes
the’ followmg set of procedures

For each partncnpatlng country S
1.  Selected items in the International Item Pool should bé re-

~ -administered to two groups from students: those in the grade that con-
tain the target population plus the approprlate grade. Since these data

must be collected prior to January 1, 1980, this implies that ]
a. Northern Hemlsphere countries should test students in

the target grade and the next higher grade;
b. Southern Hemisphere countries should .test the target

grade and the grade level lmmedlately prior to the target grade.

It is suggested that a minimum of 100 students at each grade level

‘be administered each item; that the sample be a judgment sample that is

representative of the populatlon, and that there be documentation of the

types of class and schoo! in which the testmg took place. The empir-
ical results of this trial wal provide the following information:

. item difficulties for all items in the pool -
an empirical estimate 6f the growth potential of theﬁrlftem

a means to estimate the between class and between school
variability in item responses

WIN =t

~ In addition to this quantltatlve mformatlon the IMC would like qual-v ,
itative information about each itéem at the teacher level: This includes
when the item is taught, to. what proportion of the target population,

' and subjective judgments of the potential growth,

~ The IMC will organize the quantitative and qualltatlve information
and provide it to countries as a basis upon which to "tailor" the cogm-
tive mstrument in line with the suggestions contained above. ,

The IMC recogmzes the increased burden that countries are being

asked to assume. . We believe, however, the need to be responsive to

national concerns and the complexntz of developing a sound cognitive

test that will produce valid international results dictate an increased

- knowledge of the propertles of items in the International Pool. We ap- .

preciate your cooperation in the past and look forward to your com-
ments on this proposal. . ‘

—
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13. international Reporting

- As stated in Bulletin ‘No: 3 the international reporting of results
. will be through a series of volumes. One volume will focus 'on a Cur--
riculum Analysis; one a comprehensive but not overly technical report

of all the major findings of the study; one a technical volume that

shows how a variety of statistical models of a highly technical nature
can be used to analyze the data and; finally; a series of communications

. that highlights the most pertinent findings of - the study, written in
_popular language and addressed to lay audience. :
~ The schedule of completion for the internationa! reporting follows,
roughly, the timetable for the longitudinal study. That is to say, data
are to be collected by mid-1982, analyzed by mid-1983 reports are to be
completed by mid-1984. : ?

ferent ways: Each requires analysis and presentation of data, but at
different levels of technical and statistical sophistication. These re-

Each of these reports will utilize.the results of the study in dif-

quirements combined with the complexity of the design that is envis-
aged, make, as in previous studies, the calculation of statistics and

dissemination of results a formidable task. Not only is it necessary to
know how to calculate the appropriate statistics but also results must be

provided quickly and efficiently to those who are responsible for re-
bditihg ‘the results. ’ : . ' '

In addition to providing results to authors of various volumes,

plus complete data tapes to authors of the technical volume, present

plans call for the dissemination of procedures and- software to facilitate
. 'within country analyses. The latter places additional importance.on

proper> data -analysis_and appropriate statistical procedures: - Although
it will be complex technically to produce some of the desired results, it
is essential .that simple procedures and adequate software be provided
so that countries can produce both analyses comparable to those done

internationally and ones that are uniquely appropriate to them.

-y
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14, Statistics and data analysis s

' Tables 14.1 through 14,7 outline an initial attempt to delineate the

variables in . the study and to indicate the kinds of statistics that will
be computed Just as other tables tend to make the complex appear
simple; so" too for these. Given the design of the study some .of these
statistics are extremely difficult to compute. There are issues of the

rotated forms, sampling decisions, welghtmg,flevels of analysis, esti-

mating standard errors,.approprlate regression equations, and many

others, embedded in the problems of what sta®stics should be computed
~and how they should be computed

Below are some guidelines that have been dlscussed in relatlon to

data analysis and the -calculation of approprlate quantitative results.

This list is not all inclusive and some guidelines have benefitted from

more discussion than others: A thorough discussion of these issues

and responses fkom the countrles to the Internatlonal Mathematlcs Com—

varlablllty are to be computed It should go without saymg that such

measures will be chosen that best reflect the type of varlable belng
analyzed and the kind of mformatlon to be generated.

14.2. Item Analysxs 7 .
Though not specuflcally stated in the Tables, both the cognitive

tests and the attitude scales will be analyzed for their psychometric
properties.  Such analyses include item discrimination parameters,

. factor analysxs (of various sorts), latent trait analysis and other appro-
- priate statistical descriptors and methods. " ,

14.3. Levels of An”a’iysis

The full study is based on a sampling plan that mcludes students -

’Wlthin classrooms, classrooms within schools and schools within coun-

tries.. Although the questlon one asks should always precede the statis-

tics fhat are computed, it is important to. keep in mind the different

[évels of analyses that are possible: Of particular importance in this

‘'regard, are the distributions of variables within classes. Present plans

call for the calculation of a number of descrlptors of these within class-
room distributions;

1li;ii; Standard errors. ) ' B

It has been suggestéd that as a general princlple no statistic be
disseminated without an honest standard error attached to it. This

implies the ]ackkmfmg of ~all estimators in order to get appropriate .

standard errors.
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4.5, Wéigh{ihg

It is unlikely that samples will be self-weighting. This implies the

necessity .of using weighting schemes in the calculation of statistics.
Such -is especially the case where countries might choose to over sample
a particular stratum in order to_address an important question. On the .
other hand there are some analyses where weighting might. not be

important (e.g., between country analyses). In. general the. guideline

is ' to weight appropriately where necessary and to present both -

weighted and unweighted results where they will provide more ‘insightful

interpretation of results:
14.6. Corrected Scores’

Given that there are many corrections for guessing and none

available given the design that will provide an appropriate correction,
in- general the results should be produced without corrections. for gues-
sing. Those countries or individuals who wish.to correct would be free

to use the correction they deem most appropriate.

14.7. Standard Scores

" When presenting profiles of various scores and results it may be
desirable to express scores in standard units: It is suggested that
those standard units be chosen so_as to eliminate negative and non-

~ integral_ scores. . For example, a within country metric might have a
fiean of 50 and standard, deviation of 10; a between country metric

might have a mean of 100 and standard deviation of 15.

What follows are tables that begin to delineate what kinds of Statis-
tics will be computed for the variables that are to be in the study. As
the study becomes more refined; the _variables may change and how

they will be handled statistically could change also.

" One assumption upon which the tables are based is that countries

will use rotated forms to gather -information about students' cognitive

achievements., A second is that the sampling plan_will be based on
samples of classrooms within school; thereby making ‘the level of analy-

sis issue extremely important. As a consequence, many satistics must

be computed for students within classrooms, classrooms within schools,

and schools.

Aithough, given the design of the study, some of these statistics

will be difflcult technically to compute, the general goal is to produce

' estimates that are relative, common and straightforward:



 STATISTICS AND DATA ANALYSIS
14.1. SCHOOL QUESTIONNAIRES (POPULATIONS A AND B)

Measures of

VARIABLE | D STATISTICS

Frequency Central

Distribution Tendency  Variation -

1; Community Served

2. Enroliment ‘
3. Enroliment: Sampled Population

~ 45 Enrollment: Sampled Populatlon
'~ Mathematics :

%
X

X XX
.

. Number of Mathematlcs .

Teachers
7. Mathematics Prefes red

‘teaching subject (teachers)
: Number of school days/year
. Number of periods/day

8
9
C. Length of periods
1
2

xlx:XI
XXX

1. Calculators: Encouraged
. Staff meetings: teachers

. __ _ mathematics

. 13. Staff meetings: activities’
14, Calculators: Pollcy,

. Four functions '

15. Calculators- _Policy,

__ Programmable-

19‘;'Group|ng Policy

17. Gender: Policy

XX XX XXX X XX XXX

XXX X

Level

W iw. .

Wi,

W LW W W WS L

Wi 1w

Legend: : » : |
Central Tendency: p = proportion, X = mean. o

Variation: SE = standard error, SD = standard devxatlopwss = both;

Level: 1 = student, 2 = classroom, 3 = school, 4 = all levels,
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14,2, TEACHER QUESTIONNAIRES (POPUI:ATIONS A AND B;

VARIABLE o s - . STATISTICS
o ' : ' Measures of
. Frequency © Central ] - )
DxéiF:Bdi:Bﬁ § Tendency Variation Level
1. Gender X . o 2,3
" 2. Age . X - X . X 2,3
3. Teaching Experlence - o .
~ Total X X X 2,3
4. Teaching Experlence - . _— o
. __Mathematics to Pop. X X X, © 2,3
5. Preparation - Mathematics X < X 2,3
6. Preparation - Pedagog} : L o
] Mathematics X - X X 2,3
7. Preparation - Pedagogy - . B o
General X X - X 2,3
8. Teachmg Hbi;ii'sIWeek . o -
. Total - - X X X 2,3
9. Teachmg H'o"u”rleeek B - T
_ Mathematics _ X X X 2,3
10, Additional Duties. : X '
11. Teaching Schedule - . . - )
a) Pop. A or B -’classes; hours . X - X . X 2,3
b) Lower .- classes; hours X X X 2,3
) Higher - classes; hours . X X X 2.3
~ 12, Target Class: Subjects Taught X '
13. Target Class: Number. of Teachers X o L
14. Target Class: Number of Students "X X "X 2,3
15. Target Class: Periods : S S B
¢ Instruction/Week X X X 2,3
16. ‘Target Class: Length of Perlod X X X 2,3
17. Target Class: Hours . o
. _Instruction/Year X X X 2,3
18, Target Class: Compared to : ‘
~ others in School X . . 2,3
19. Target Class: Ability Range X 2.3
20. Target Class:- Initial Mastery X 2,3
21.. Target. Class: Subject Matter X P —2.,3
22; Target Class: Compared to o .
. : Country population..  _ _ X 2,3
© 23. Target Class: Activities Teacher B ‘
~ - a) Last Week X 2,3
, b) Typical Week = = ..~ X 2,3 .
_2h; Target Class: Activities Student N '
a) Last Week . X 2,3.
b) Typical Week S
25, Target Class: Students
_- . Respond to Questions -~ X 2,3
'26. Target Class: Varying ' B
Assignments X 2,3




TEACHER QUESTIONNAIRES (CONTINUED)

27. Target Class: Flours
T Homewark Assigned
a) Last Week
. b) Typical Week :
28. Target Class: vaiculators -
 Access. ,
29, Target Class: Cal'culatb’i'é -
" Use. .
30. Target Class; TOplCS Covered
. a) Number of weeks o
. b) Spiral o
31.°Target Class: Materials )
432. Target Class: Textbook .

|
-—

X‘_‘ AKX

N
XX X X

XXXX X

1T_ﬁi§ question yields at least two variables; frequency of use with"what type of calculator

2This question also yields at least two variables; how used with what type of calculator

«

Possible Composites:

A.; Allocated Time: -Total-Var 15.x Var 16 (Var 17 prov:des a check)

. Allocated Time: Total lpstructlonal - Var 15 x Var 16 x ((Var 23b +
Var 23c)/Var 23a + . . .+ Var 23f)

w

C. Allocated Time: Instructional - ‘Common_ Fractions Var 15 x Var 16 x
_ ((Var 23b + Var 23 c)/!a5723a + . ...+ Var 23f) x (Var 30a) )
D. . Allocated Time: iﬁéfﬁ:ictlonal - Decimal Fractions (as above except
" substitute Var 30b for Var 30a)

. E.  Allocated Time: Instructional - Ratio and Proportion (as above except)
F. - Allocated Time: Instructional - Percentage (as above)

- G. Allocated Time: ' Instructional - Measurement (as above)
H. Allocated Time: Instructional - Geometry (as above)

. L. Allocated Time: " Instructional - Formulae & Equations (as above)

J. Allocated Time: Instructlonal - Directed Numbersf(as above) '
K. Student Time - Var 28a + Var 24b + Var. 24c + Var 24d
L. Materials: Varlety - Var31a + .. . +. Var 31

M. Materials: lndlwduallzed = Var 31c + Var 31fg+ Var 31g-

: "F‘6§§i5]e Clustering: VafiabieS'

. Target Class: One teacher - Var 11 combined with Var 12 and Var 13
‘Target Class: Ablllty - Var 18 combinéd with Var 19, Var 20, Var 21 and
Var 22 .-

Teachers: Mathematlcgffr;eparatlon Var 5/(Var 6 + Var 7)
Teacher: Individualization: Var 24d/(Var 24a + Var 24b + Var 214c) com-

' bmed with Var 25 and Var 26 , , P

oo W
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14 3. STUBENT QUESTIONNAIRES (POPULATIONS A AND B)

EEEREREREE )

=

VARIABLE - o v o . STA"’ISTICS
‘ : S T o Measures of -
Frequency - S Central R
Distribution - Tendency Var;atlon - Level
1. Gender - : B
2. Age T ' ‘ X - - X X
3. Father's 0ccupat|on (Scaled) X X X
4. Mother's Occupation (Scaled) X X X
5. Father's Education (Scaled) X X X
6. Mother's Education (Scaled) X X X
7. Language Spoken in Home "X ~ B
8. Planned Further Education . X X X
9. Hours Homework - Mathematics :
a) Last Week X X X y
"b) Typical Week ‘ X X X [
10: Hours Homework - All Subjects X X X [
11. Hours Outside Tutoring - : .
Mathematics .
a) Last Week X X X
~* b) Typical Week ‘ ; X X X
12. Parents Help with : . : ]
~_ Mathematics: Frequency X X X q
.13. Computational Aids: 1 3 1 -
[ What Used. - X S X y
14, Computatlonal Alds 2 2 )
How Used X X X y
15. Home Support for Mathematlcs : B ’
(18 |tem§) ; X X X . .4

Th|s question ylelds at least two varlables, not only what computatlonal aids are used

but also where they are used. - , .

2This questlon also ylelds at least two varlables how computational aids are used and
which ones for what purposeS* : _

Possible’ Composutes

, A. Student Background - Var 1 + Var 2 + Var 3 + Var 4 (Welghts for compos:te

may be chosen in a number of ways). A
Exposure to Mathematics Outside of School - Var 9 + Var 1 IComp05|te to be

formed of either the "a's" or "b's")
Environmental Support for Mathematics - Var 12 + Var 15 -.IScaIe ‘to be formed;

potentlally there are 114 items)

. .Computational Aids: Access - (Var 13a +v. . o« + Var 13e)

Computational Alds Use = (Var 14a + . . .+ Var 14 e) , <

Mo O W
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' _iii.ii. COGNITIVE TESTS (POPULATION A;

o

-~

"“VARIABLE , o STATISTICS
o B ~ Frequency _Central.. ] L
Dnstrnbutnon ‘ Tendency Variation Level
For Pre and Posttest or Posttest only
1. Item responses 7(about 160) X p - SE 1,
2. Subtest: Fractions X : X SS b
3. Subtest: Percent, Ratio, D
"~ Proportion X X SS 4
4; Subtest: Algebra X X SS 4
5. Subtest: Geometry X - X SS 4
6. Subtest: Measurement X X 5SS y
7. Other Content Subtests as Speci- ,
i fied {e:g., whoie numbers) X X sSS 4
8. .Subtest: Computation X X SS 1}
9. Subtest: Comprehension " X X SS u
0. Subtest: Higher Level: Behaviors X X SS 4
1. Other behavioral level subsets . . .
' (é.g.; minimal competence) X X SS 4
Growth Scores ,
1. ltem,':%spons@,s (Raw Gains) X I SE 1,
2. Subtest: Fractions (Raw Gains) X - X SS [
3. Subtest: Percent, Ratio, o - o -
Proportion - X X SS 4
4. Subtest: Algebra X X SS B
5. Subtest: Geometry: X X SS 4
" 6: Subtest: Measurement X X- SS 4
.7+ Subtest: Other content X X SS Ty
8. Subtest: Computation - X X 53 4
~9; Subtest: Comprehension X X SS 4
10 Subtest Other behavioral X . X SS. 4

ol
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"'666N|TIVE TESTS (POPULATION A) CONTINUSD S
VAﬁiAéLE , . Frequency . Central e
‘ Dlstrlbutlon Tendency " Variation . Level

Prof‘les w:thln and between country
- (pre and posttests or posttests only)

1. ltem reponses p . SS 1,2
2. Content Subtests X . SS 1,2
3. Behavioral Subtests X SS 1,2
4, Items aggregated according to issue o
. (e g., role of applications) - «X SS 1,2
Profiles within and between country :
(growth) S . ' ‘ §
1. Item responses (Raw Gains) p SE 1,2
2 Content subtests X ‘ SS . 1,2
3. Behavioral subtests o ] X SS 1.2
li; Other subtests K ' X SS. 1,2
" Anchor Items
1. 5lf%rences at item levei X ' p ' SE N 1
‘2. leférence> at subtest level X - X : SS ‘ 1
3. Profiles within and betwaen " o e
__ countries X X : SS - 1
4, Growth between pre and - , o o
postfests on. anchors % X X SS 4
Varlance Components Ana,lyfsflg (Random 7
‘Effects’ Analys:s of Variance) <Y
1. Items by Students : . To estimate components of variance due to
2; Subtests by Students ‘ . - students, classrooms, schools and interactions.

Includmg Fractlons, Ratio,

~ proportion and percent; Algebra,

Geometry, Measurement and otner

content areas. Also _possibility of




COGNITIVE TESTS POPULATION E

The statistics to be computed are similar to those for Population A

a)

by

There will beé no growth scores
The topic subscores will include: .
1} Arithmetic/number Systems

2) Algebra/polynominals: equatlons and inequations

3) Geometry/trigonometry _
4) AnalySIs/functlons dlfférentuatlon mtegratlons

,,,,,,

Item responses wnll~be tabulated
Within and between’ country profiles will be generated

Analysis based on anchor items will be conducted -

L A
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14§.5. ATTITUDE MEASURES (BOTH POPULATIONS AND TEACHERS)

VARIABLE | | _Frequency = Central o L
, o . Distribution Tendency Variation Level -

1. Mathematics in School
a) Item responses . == -
b) Subscale: Like (alpha}" s
c) - ‘Subscale: Important -
d)} Subscale: Difficult
e) ' Whole Scale .
f}  Subscale: Growth

SS
SS
SS
SS
SS,

1, o

PN TS A

CORIXOEIR A
K XK XX,

2. Mathematics as a Process
a) Item responses. ‘ o _
'b)  Full Scale < - X . s . 4

4
b

3. Mathematics and Utility
a) Iltem responses '
b). Full Scale (alpha)

%X
%
w\

w\

g

4. Mathematics and Myself
a), Item responses _ *

b)" Whole Scale (alpha)

RxX
b

SS

5. Mathematics Anxiety _ o : o
* a) Item responses T X - 1,2
b) Whole Scale (alpha) X : X - SS ‘ g,

6. Calculators and Computers R
a) Item Responses X -
b) - Whole Scale (alpha) X T S Ss 4

7. Within and Between Country Profiles )

~a)  All attitude scales o _ - i
- and subscales - X : _ X SS 1,3
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14,6, CLASSROOM PROCESSES AND OPPORTUNITY TO LEARN (POPULATION A)
o ] . . b
‘VARIABLE S ~ STATISTICS

_Frequency Central )

; _ Distribution =~ Tendency  Variation Level
1. Opportunity -to Learn

a) Teacher's responses
1) ltem responses | 4 -2
2) Subscore: Fractions SS 2

3) Subscore: Ratio,
' - proportion, percent
. 4) Subscore: Algebra

- SS
SS

SS
SS

5) Subscore: Geometry
6) Subscore:; Measurement

XX XX XX
KX XX X
NN N.‘

b) Student's responses
1) Item responses
2) Subscore: All above

b | |
NN

SS

XX
>

c¢) Within and Between B B B )
Country Profiles X X . . 8S. 4

2. Classroom Processes (variables
' in the process of .being refined)

a) Item responses (e.3., ’
number of interpretations) - X . - X
Fractions R
Ratio, Proportion; Percent
“Algebra : :
Geometry o ' :
Measurement ' - f ' e

w
(V2]
N

b)- Composites (e:g:, degree .

of individualization, _ ' o

teaching strategy) X X SS e
Fractions , _ ' - . _
Ratio, Proportion; Percent
Algebra
Geometry
Measurement -

c) Within and Between . o i
Country Profiles - X X °SS 4




14,7. BIVARIATE STATISTICS

"Grand" correlatlon matrlx )

.a]

b)

c);

At student,. class, and school levels
Among all ’c'o”rit_irii.ious variables

Including: _

1) Subtests of the Cognitive Examination

2) Attitude Scales
3) Teacher General characteristics (Including comp051tes]

4) Home background variables (Including composites)

- 5) Home environmental variables  (Including composites)

6) Topic specific teaching practices (Including composites)

7) Topic specific Opportunity to Learn
8) School variables _

Other appropriate "relational analyses"

a)

. b)

c)

a)

b)

At student, class and school levels .

Among categorical and continuous varlables

CalcUl§tion of Ystatistics" such as
1) Eta

"2) Omega” .

3] Gontlrigency Table coefficients

At the toplc level
1) Students Pooled Wlthln Classrooms ]
Topic . Specific = Posttest regressed on J'gplc specific
pretest, Background - variables, Opportunity to l:earn
. Student level instructional variables
2) Between ciassroom analysis ..
Aggregated Posttest r'egressed on (Predlcated posttest

scores from pooled within classroom regression, classroom
varlables school .variables) :

Techmcal recommendatlons

1) 'Use dummy variable for rotated form
2) Use unstandardized coeffic:ents

3) Jackkmfe to get standard errors

4) Should be properly weighted (depends on sampllng plan,

point of view about weighting)

5) Should make assumptlon checks (Homogeneity of cormi-

posite regression (from 1); robustness of regressmn)

122
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15. TIMETABLE OF KEY DATES

The ’r‘ollowmg tlmetable is reproduced for convenience from Bulletm
3 and applies to Population B. For Population A, (longitudinal)
countrles should add one year to_ the key dates for samplmg plans,

To ensure mclusnon of results in the international report (see

Section 13), countries are urged at, this time to plan to have completed

data collection by mid- 1982,

123
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TIMETABLE FOR §EC0ND IEA MATHEMATICS STUDY
Start - Complete
Curriculum Analysis " : .

Preliminary analysis October 1976 " January 1977 .
National responses to ) ) o
international grid : ‘ January 1977 August 1978
IMC Meeting - August 1978 September 1978

- - January 1979 - February 1979
- September 1979 September 1979
JFebruary 1980 March 1980 -
Piéﬁﬁiﬁé of Curriculum o .
Analysis Model . May 1978 August 1978 -
Preparations for Curriculum o
Analysis Symposium-Committee
to write up national statements -
from Working Papers | and VI, i I
’téi'tb’b”dk’sf éia’ﬁiii‘iétiéh’sf etec: September 1978 - December 1978
National Centers to ldentlfy kéy o . o o :
national mathematics experts September 1978 January 1979
Curriculum Analysis Symposium - August 1979
International Report: data
analysis, editing of Symposium o L . o
pi“b‘t:éédii‘igg and papers - September 1979 January 1980

Publication of Volume I, . o
Currlculum Analy5|s Report January 1980 July 1980

Cognitive Test Construction - - — - e
idehiify i’rii’e’rhéiibh’a’i Tési Grid September' i§ﬁ
Na!:lfqnfaflfresponses to Inter- S L
national Grid " _ " September 1977 July,15, 1978
~ Field Trnal of item collections © May 1978 . . January 1979 -
IMC arid National Centers write e s
- new items to fill gaps in grid May 1978 . August 1978
Review trial data and extra items . May 1978 __August-1978_ .
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chanc;e for 7Nat|on7al Centers to
~contribute items for trial

Response to IMC re'p"o”rt

Additional ‘field trials as necessary

'Review of f‘eld trial data and
synthesis of item pool by New

Zealand Coordinating Unit

Final draft of cogmtlve

mstruments by IMC

by National Centers
Preparatlon of' manuals :

Bry Run all mstruments

" Final instruments-

Printing and distribution of
instruments

~ Administration of pretest:

 Southern Hemisphere
Northern Hemlsphere :

Start

September 1978

September- 1978

October 1978

' January 1979.

February 1979

March 1979

September 1978

April 1979

- October 1979

Feburary 1980

September 1980 '

Admmlstratlon of - posttest
Southern Hemisphere

N Northern Hemlsphere

v

::7i777"77” E"'ﬁ******* l" . -

Inltlal development of combmed

opportunity-to-learn and class- -

room processes instrument -

New Zealand pilot trial of grthﬁ
scores and éléssrbbiﬁ- instrument

October‘ 1980

Aprll 1981

June 1977

March 1978

Consultatlons_g 1_instrument————

Draft of mstrument

’f’Man 191 Fovmm———

‘Complete

September 1978
December 1978

December 1978
January 1979
February 1979

March 1979

February 1979

July 1979

October 1979

December 19 79

Aprll 1980

‘October 1980 .

April 1987
July 1981

August 1978
December 1978
August 1978
August 1978




Liiﬁitéd national. trials -

Data analysxs of trials plus
New Zealand data

International trial as part
‘of Dry Run

Finalize instrument

Translation, refereeing, and .

prmtlng

_‘lntefgat[qnai Mathematics -

Commlttee meetlngs

Manuals

Admlmstratlon of classroom :

mstrument ,
- Southern Hemlsphere
Northern Hemisphere

) Atrtiii'u’ de Scales

Ratlonale and’ |de7r1t7|f|7gat|on and

development of affectwes scales
* piiot trial affective scales in' USA
‘International trials of affective

scales- ' :
Data analysxs of trnals

IME report on ﬂeld trlals

_ comments

'“-_Addltlonai ﬂeld trials hf
. necessary)

F|nal draf't of affectlve ‘scales .
Translatlon

“Dry Run.

¥

refereeing ‘of problems

Start
August 1978

April 1979

~ July 1979

October 1979

April 1978

February 1980
September 1980

Janua ry 1977

June 1977

March ié?é' '
June 1978

September 1978 h

October 1978

October 1978

February 1979

‘April 1979
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~ Complete
December 1978 -

February 1979

© July 1979

October 1979

January 1980 -

~ August 1978
‘February. 1979

October 1979

~ October 1979

“January 1981
.July 1981

June 1977

October 1977

June 1978
August 1978 |

 September 1978

. October 1978

Décember 1978 ‘
Eebruary 1979
March 1979

July 1979



. Admihiétrétioh;of pretest

'AnaIySIS of fmal data

‘Completlon of manuals -

Translation and refereeing

113

Start
Final instruments
Eomp@ﬁohtﬁ manuals

PrJntmg and dlstrlbutlon of

mstruments 6'ct'o'bér i?ﬁé

February 1980

Southern Hemisphere
September 1980

Northern Hemisphere
Administration of posttest

Southern Hemisphere

Northern Hemlsphere ‘

October 1980
April 1981

“Studentleachenﬁandﬁ‘iclmal&uesnomames

Draft. questlonnalre items for

student teacher, and school

questionnaires January 1977
M __
Draft questionnaires

Internationai Trial in conjunction
with- trial of addltlonal cognitive :

_items _ . September 1978

January 1979

'IMC settle final draft |
mstruments

IMC report data to natlonal

centers February 1979

November 1979

Admimstratlon of questlonnarres
Southern Hemisphere
.Northern Hemisphere

L]

 Sampling

| Blscussxon of sampling specuflca-

.

“tions and consultation January 1977

127

February 1979

February i980
September 1980

May 1978

Complete
October 1979

) October 1979

A

December 1979

April 1980
October 1980

~ January 1981

July 1981

July 1978
August 1978

<

~ December 1978

February 1979

February 1979

March 1979

October: 1579

© October 1979

December 1979

January 1981

July 1981




Internatlonal Samplmg Committee |

prepare draft paper for IMC
Flnal samphng de5lgn settled 7
Sampling manual prepared

Manuaiépbroved iME",

_ Natnonal Centers draw samples and

consult International Sampllng
.Committee

International Sampling Committee |
report to IMC

Natonal Centers contact schools

and replace refusals
Southern Hemisphere

Nor'thern Hemisphere

Da ta col lection .

Southern Hem;sphere |

Northern Hemlsphere o

' Pata_Col lection Modes -

Gonsultatlons with Natlonal

Centers on potential methods
~of data coIIectlon :

Report to IMC by Dr. J. Schwxlle

- IMC suggestlons tofNatlonaI

Centers and return of Natlonal
Center comment :

: Methods of data coIIectnon .

settled

necessary) and dispatch to
countries '

Pretest_
Pos ttes t

EPruntlng of answer forms. (lf

‘Completlon of manuals

Pretest

118

Start

May 1978

August 1978

September 1978

| February 1979 -

Februar Y 1980

' September 1980

January 1977
July 1978

- September—1978

v
+

Jangpary 1979

' Posttest
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plete

August 1978

"'Séb’té’mbé‘r 1978

February 1979

February 1979

October 1979

| October 1979

December 1979

July 1980

January 1981
July 1981

Aligust 1978

December_1978.

‘December 1978

March 1979
August 1979
June 1980

. October 1979
N "Octoberﬂ979“‘“‘" =



Data Processing and. Analysis
Preliminary Planning:

Outline of instruments with
approximate number of items

Outline of cadébbbkg (dummy)

Prellmmary consuderatlon of file
building

Detailed Planning:

Settle coding of final instruments

3

' Standardize punching and coding . .

forms for Dry Run
Settle analyses requxred by IMC

Settle file buxldmg and welghtmg
procedures C

Update of Codebooks

International trial of countrles

capacity to produce files and
undertake standard analyses .

(run as part of the Dry Run)
Write programs. for basic item

analyses,; univariates;  correla-

tlons~~school—reports—' and for

L |

-

Start

December 1978

July 1978
July 1978
February 1979

Februgry 1979
October 1978

Februa ry 1979

FéBFﬁéFV 1979

-, February 1979

spec:al multivariate analyses

Analyses f'or IMC. and countries
requiring assistance

Construction of data bank

February 1979

April 1980

December 1981

129

" Completion

February 1979

February 1979 A
February 1979

October 1979

March 1979

- Februa Fy 1979

July 1979

July 1979

 July 1979

March 1980

December. 1981

December. 1982
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. APPENDIX A

v

DISTRIBUTION OF COGNITIVE ITEMS -

POPULATION A
176 ITEMS

CONTENT

BEHAVIOUR LEVELS

it v

000 ARITAMETIC

20 Items 19 Items

15 Items 60 Items

2 ltems

001 Whole Numbers

~

AN
A2

. AJu*

AlS*

Al6*: A8 . 8
AlT* o

002 Commion
- Fractions

Core/i*

Core/2

AlS
Al10
Al11
Di2

Core/3

Core/t
Al12*

-AI13

. bl

D/3

Als .

D/5 N
D/ 16
D/6 ' :

. 003 Decimal

Fractions

Core/6

B4
Ci9

. €10

TR

Corel7

Core/8 -
B/5 -
ci12% 16

gou Ratio,
" Proportion,
. Percent

K

Core/9

Core/10
cn -
(oF )

Core/11

Core/12
Core/13
c/3

4

Core/14
Core/15

' Core/16 ‘ 13

Ciu
C/5

005° Number Theory

s Y b 7 ey e

B/7

_BI6*
B

/8

' 006 P. vers

C/13*
FAL
C/15




ey
g
(Y-}

CONTENT

‘BEHAVIOUR LEVELS

n 1 v

100 ALGEBRA 24 Items

Item

15 ltems & items 1 48 ltems

D77
D/8
D/3
D/10

101 Integers

D112 o

102 Rationals B/13

,,‘ S

s1 2

103 Integer  ° .

B/l
Exponents :

104 Formulas Core/17

: - A5
Al16.
Al17*
D/15*
D/17
D718

Core/19

Core/20%
A/20
Al22 SN
b723 19
D/24 -
D/25*

A/19
A/21

D/20 -
‘D/21.
D/22*

" 105 Polynomials |
-Expressions D/16

Core/18*

. Alig

- D/19

__106_Equations_and__ COLQEZL_ __B/LH

~B15-

. "Inequations ~ Coref22*-
B/10
B/11
B712
B/13%
C/16

Core/23___Corp/2ﬂ

c/i8 - 14

107 Relations c/2i

N

C/20
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CONTENT

BEHAVIOUR LEVELS -

1" %

200 GEOMETRY 8 Items

10 Items

16 Items 2 ltems

201 Classification

A/25

202 Properties

[

‘Core/27

. D726

Core/32*
AJ31*

AJ26*
AJ27*
D/28
D/29

¢

203 Congruence Core/25

Core/29
D/30 -

.204 Similarity .

Core/28

Core/31
Al28* .

' 305 Geome:tric Constructions

Core/26

1206 Pythagorean
A D/31

e

207 Coordinates Al28

S3
sS4

209 Transformation = C/22
(Informal) '

c/23

212 Spatial . -
Visualization * .

D732

215 Transforma- |

S6
. S7

134
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*

- . CONTENT BEHAVIOUR LEVELS - TOTAL

I it om v

300 PROBABILITY 2 ltems 2 Items 4 ltems 1 ltem 9 ltems
pIABILITY tem

v

STATISTICS
I

302 Organization ~ _  B/22 o i

! E

306 Probability B/18 0 ‘ : ]

400 MEASUREMENT 7 ltems 7 ltems - 8 ltems 1 Item 23 Items

401 Units C/26 C/25 , Core/33. BER

402 Estimation = BJ25 - B/28  Core/3s | i
. : . - C/30 -

. . B Vﬂr . - . -
403 Approximation -Core/34* L 2
- : ' B/29 - :

- o

. . . - .
- 404 Determining - Core/36 Core/39 Core/38 C/32 14
Measures : Core/37 " B726 Core/l0 .
B727 B730 L
, , C/27 B/31 .
S — . Cl8 . Bjax o
o €731 o ' 7\
L

*Anchor . Items

Item references are given by Form and number .
e.g., A/3 is item number 3 in Rotated Form A. :

"S" items are supplementary, added to_reflect I_ topics

o e 185
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DISTRIBUTION OF COGNITIVE ITEMS

- POPULATION B -
136 |tems [120 |tems plus. 16 supplementar‘y |tems)

: CONTENT » . BEHA_VlOUR LEVELS - TOTAL
] Il mn v
' 1 SETS, RELATIONS 2 Items : 3 Items 1 Item 1 item 7 ltems
AND FUNCTIONS - e
1.1 Set Notation 171
1.2 Set Operations 3/1* _
1.4 Functions U1 6/1 11 201
o 5/1 - s
2 NUMBER SYSTEMS 4 Items U4 ltems 5 Items 3 Items 16- Items
2.1 Common Laws 172 5]3* 173 o
2.2 Natural 673 3/3 57%%
Numbers -~ T
2:3 Decimals = 3/2 o 4/3 774
2:4 Real : . 472 6/2*
‘Numbers - o o
2.5 Complex . 512 713 2/3 3/4
Numbers . T2 - D -
3. ALGEBRA 9 Items = 6 Items 7 Items 3 ltems 25 Items
‘3.1 Polynomials . 674 175 SR 177
' 715% - 2/4 TS
576
3.2 Quotjtzritsz of 3/6
: ~ Polynomials 5/5 . :
” 3.3 Roots and - u/y 716 517
: ~ Radicals . 675 s 67/6% -
3.4 Equations and 3/5* 475 S 717* 2/6
- Inequations . 8/7* , 1/6* }
3.5 Systems of = 2/2 377 . 3/8 - 4/6
" Equations and T IR 174
~ Ilnequations’ ) o
i 3.6 Matrices: B . 275 R v

[y
Qo
O




o
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" CONTENT . ' BEHAVIOUR LEVELS . TOTAL

¥ S | T 1Y

4 GEOMETRY - 5 Items 4 Items:- 5 Items #4-ltems——t8-ltems—— "

-

\

4:1 Euclidean 719 B .

4.3 Analytic .- 6/8 1/8% n/8* 279

S 5/9 1710

4,5 Vector Methods /7% 718 3/10 7/10

4.6 Trigonometry 319 . 6/9 . .. 278* 6710
D ' - 5/8%; 19 S
. (Supplementary items) . 81 - Si4° . (14 Ttems)

5 ANALYSIS ‘15 ltems 13 Items 12 Items -4 Items 44 liems.

5.1 Elementary - SR TARA 6712 .  4/11*
‘ Functions: 2/10 - 5/11 - 3]13*
_ - 3/ 4/9*  2/11*
I - ‘ - 4/10 2/12 _
542 Properties of : 3712 1712 7]12
__ Functions _ . .b5J10* S
5.3 Limits and’ 6/11* ~ ~7]11* 875
~_ Continuity . o 8/3*_
5.4 Differentiation 8/1 =« 5/12*  8/13

5:5 Applications of . 2/13 B ER 1
- the Derivative 4712 8/14

5.6 Integration . 8/2 8/9 7/13
' S : _ 818 8/11 8/u*
5.7 Techniques of 1714% ‘ 5/13*%
' Integration , : ' ‘ o
5:8 Applications of 2714 - 4/13 3/14 8715 .
Integration - AL LA .

6 PROBABILITY AND 4 ltems 2 Items 2 Hems '8 Items

STAT!STICS

6.1 Probability. - 2/15* - &/14
SR 3/15*
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CONTENT - BEHAVIOUR LEVELS = TOTAL

K o w

... -B:2-Statistics By E . 815
| s5/m |

" 6:3 Distributions 5115

-— |
S~
be o |
w

7 FINITE MATHEMATICS .- * 1 ltem 1item . 4 Items

7.1  Combinatorics S15 615 7/15.
- . S16

(7]
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Appendix B
S:LRUQTURE OF -POPULATION-A COGNITIVE TEST .
(Longxtudmal) -

.= . CORE TEST

’ 750 items
~ Content " Behaviar Levels " Total
1 n . L2
- Common‘and B/6* K/B Li22 | 8
» Decimal - © H/5 G/s . L/2a o EE
Fractions ~  A/30 A/6 -
Ratio, Propor-  L/3 . /23  H/g .- g
tion and Percent - .L/6 178 E/8: ‘ .
- P /2 B T
. Formulas,  €/14 G/12 j/jie*  Dj2s 8
o s D/25* - . L[4 ‘
Expressions, A/17 | :
El:iijéfibh$ : . Fl17%
Geometry L/27 . Jl271 H/24 1/26* 8
- K/20 - K/28  BJ32 ‘
o L~ Cl27
Measurement B C/36
R . 139% E/39 o
Krso - | . 8
"K/35 K/36 Kf27 . S
B SN J/40.
vfrrTéiéjé‘ a3 1n . 14 2 o

*anchor item ' ‘ S
ltems ldentlfled by numbers used in most r'ecent set of trial instru-.
ments. (1978) ‘ o

This Appendix has not been updated to show the supplementary items:

L
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"POPULATION A COGNITIVE INSTRUMENTS

Content " . Test Forms

,,,,,,, g A _Form B Form C Form D
N items . N items N items N items N items

Whole’ Numbers - o 8 _
Common Fractions ~ 8 6 . 6
Decimal Fractions | o - -~ 5 o

LR RO

U)‘\
-y

Number Theory . o . 4
Power/Exponents : | . ‘ - .
Square Roots . o ‘ o
Integers, Rat., Exp. Lo -

Formulas . o 8 ,
Expressions ‘ 8 : . o
Equations o . . . 6 -

Plarie Figures - : 8 10 , L 7
Tijé'rigform’a"tibh ’ , :

Probability/Stat. -~ s
Measurement o 8. g . '

' Supplementary ltems 0 2 2 -2 2

Totals . - KO . 34 . 3 3 3T
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ROTATED FORM A
32 items 4
Content ' . Behavior Levels Total
| o oo m v
Whole Numbers E/2. F/2* C/a* C/10 8
- ) DIl N2 In* B :
172*
- Common Fractions D/t G/u* K731 , 6
Coe : ) A PL ) K713 :
) i3 |
Formulas, Expressnons Kl32 - cl17 = 8
: o H716 J/15 B/19
B/15* 'L/16
B 1716 _
'Geoinetry - . 1731 1/23 Bj28% F[33%* . 10
R G128 - . ij2m% - ' .
. G/23%
G/24
D/34.
7 Al31
Totals - 12 .7 12 32

*anc. r ltem 7 S
Items identified by numbers used in most recent set of trial .
mstruments (1978). o ’

]l
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AROTATED FORM B
32 ltems
*§§yt§ﬁf . - Eéﬁévﬁﬁ-Lévés - .+ Total
- | v
Decimal Fractions =~ B/7 = 1/7- GI6 S 5
" B - G2 o e ;o
. ' q,7* . ‘ . o
Number Theory A/ Bj2* b2 &
L g . . | N
‘Algebra Equatlonsl /B/13  E/22 6
Inequ. oo, o~ HI18 FI19
S - G/1s.
T E/21*
Relations : B
Probability/Stat. . ' H/33%* A/36  F/36* B/34% 9
: H/35 G/33 F[39 =
' G734
. G135
Measurement  ° A3 . -8
| 'E/37 B/31. - |
L/9 B/39  JI39
' ‘ : 1737 .
| ) B/L0* ) ;
Totals - 12 0. - 8 .2 . 32

: *anchor item : - : : :
Items IdentlflEd by numbers used in most recent set of tr|a| mstruments

(1978)

A
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ROTATED FORM C
32 items

‘Content - 4 Behavior Lavels . . Total

T

Ratio, Proportlon . K710, B/8. - G/9 .
Percent o _bns = E’9

Decimal Fractions = KJ/1_ . G/&6 J711%
o L - FI§ . K/2 - . .
By FI7*

' Powers/Exponents - C/15%

Algebra Equations - =~ K/7 1717

- Inequ. : o Cl19

Relatlons ' 1/28 K726
. Added* .

Trans: Geo. . 4732 C/25 EI35
_ : ~ o B/24

Measurement : - Fi37 K/11  L/7  K/40
o K/39  F/38 e
o L7126 |

Totals ‘ 14 _ 1M 6 1

' *anchor item

Items .identified by numbers used in most rpcnnt set of trial

ihstruments (1978)

-~
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'ROTATED FORM D -

NV

 Totals

. F
32 items .
éé'rjc’e:rit” Behavior Levels. T6i§i;
B I O T L 2
' Common Fractions AJ3  A/4  DIT 6
’ , . Lwn L/8
- ’ B/S_ -
iﬁfé§é?’siRat|onal o o :
Integers H/14  D/18 H/13 8
. : 1712 :
E/13
FE Al
'Rationals_ H/15
Integer Exp. K/t -
Algebra Formulas Added* D/27
B L/15 A/15- E/18 11
_ 0 G/15  -A/14* L1733
Expressions D/22 F/15 Added*
Equations B : -
' Geometry 3131 AJ21 Ej24 7
IR L/36 © KJ19  G/30 - :
] H/40
13 9 10 . .0 32

*anchor item

. Items identified by numbers used in most recenta set of trlal mstruments

(197&)

—tT
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Appendlx B (contmued%

L I o / .
SnRUCTURE OF THE COGNITIVE TESTS::PO’ B
- -{Longitudinal) , '
MARCH 1979 . p
~ TEST FORM 1 - TEST 5 =0RM 2
B I T T RO L Vl!/ e v
Sets and  1/3 o . 15/8
Functions - R B
Number .~ 6/1 -  1/4 . 1272 10/10
- Systems e
. Algebra _10/1. 8/8 5/7@ 14713 {0/3 2/6 3/4
- Geometry 2/7€ 11711 10718 1475 &J15@ 1474
Analysis  8/is@ 2718 . 2110 © 12/12
. o ‘ L ‘ _-12/14@
Calculus - 11/14. . 5/19
- 1/14@ o 10/18
Probability, .  11/20 - Co1es
Statistics & . : . L
Finite Math. -
Item ’C‘our.if .5, n 4 2 5 72;7;_-'5

Items marked: @ are anchor items from the First Study:
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Test Form 3. Test Form 4
i oo v LN v
Seis’a’.rjdf 2/2@ 3N
Functions S
'Numt;g[ 6/2 713 10/9 673 274
Systems ‘ : e _ .
- Algebra . New @ 97  8/9 . 616 177 1074
R IV E .
' Geometry 11710 12/9 4/13e 1/12e
Analysis - 1017  8/1- nlls@, " '5/5€ 7/15@
Do L - 2/13 -
Calculus 9/20 111 2715
" probability, = 5/9@ 1471 2
Statistics &
Finite Math.
ltem Count 6 3 5 i° 5 'S5 k1
ltems marRed @ are anchor ltems from the ljrstf‘.jtﬁqdy.
Test Form 3 includes one anchor item recently added to the pool, with-
out prior pllotmg in the Second Study. (Form C Item 18, Husen p: 329)
7
Tl _ _JAS




Test Form 5 Test Form 6

Lo m v o " v

Sets and 1371 o ' 273
Functions = : |

" Number 8/t 9/3@ 6/4@ .
Systems . =~ ‘ T ) -

‘Aigebra  11/7 &3 311 - 1175 37108

Geometry 8713e 5710 . 12/7 313 613
. Analysis : 2/5@ s 5/16@ 10/5
L , 13719 _

Calculus 5/17° 6/15@ 12716

Probability, - 12/11 13/20 -~ " 3/19
Statistics & - : 1
Finite' Math, -

Item Cotint 5 5 4 1 6 6 2 1

ltems marked @ are anchor items from the First Study. -

-M'
™
N {




Test Form 7

[

Test Form'8 (Calculus)

mooow [T v

Sets and
Functions

1078 .

Number
Syét’em’_s’,

13/2

1472 e e

- Algebra-

8/5¢

9/4

. 4/5@ . R

Geometry

6710

6/12 -

13/9

 Analysis

" Probability;
" Statistics €

15/9

113

13711 212 4119€ 51118 7/18
: 3117 - 1516 °

Calculus

1710

18719 15/4  14/15 15/13
15/5° 2/7  15/3 15/2
.. 18717

Finite Math.

ro

item Count

5

b

' 3 4 . s 3

ltems marked @ are anchor items from the First Study
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- Appendix C

ANCHOR ITEMS

Whole Numbers

Al3 2 Al3
All . F/2 Al17
Als5 /2 B/5
AlG ©c/s B/2
- A7 : 1/1 CA[2
.B/6 B/2 A/23

Nil
Nil.
Nil
Nil
Nil -

Nil

Fractions

CPCl/1 BI6 BJ1
Al12 G/s ATy

Nil

~Nil

Decimals

cPCi/s A0 CI2
B/3 GI7 B/3
c/it YR BRI
C/12 Ji Cl7

Diagram
___above

i

- Division

__above
Nil
Nil

Powers

c/13 - €/15 Al6

Nil

Formulas and
Expressions

)

€PCl/18 D/ 25 B/11
CPCl/20 . 4716 - BJ/23

Alt7 BIis B/14
D/15 e
D/22 Al14 B/9

D/25 = ' YARE

Nil
llcentrsllr o
added to_

responses

“Nil

Nil
"and ¢t
added to

Equations and
Inequations

CPCI/22 FI17 A1l
- BJ13 E/21 o Al12

Nil .
Mis' equiva-
~lent to"

Nl
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Final. 7. jvjogf L
Draft _ Recent ' First N
TOPIC . Item No: - Trial No." Study Changes

Diagram

Geometry CPCl1/32 . 1726 ~ AJl10
- AJ26 B/28 c/20 Line symbols
Al27 SRR V01 S B/13 Nil
Al28 Earlier Trial c/é Units
A731 F/33 cl/22 - Diagram
' - above

B/17 - FI36 B/8 Nil
B/24 B/34 Al5 . Graph above -

Statistics. ~ BI16 337 B/ Nil

Messurement  CPCI/34 /3 C/8  Scale above

Total 32 items

o |
Qay
D




Appendix € (Eontinued)
T ST T TTANCHOR ITEMS T

POPULATION B

Final -  Most B
o Draft . Recent First . ’
TOPIC Item No. Trial No. Study Changes

1 Sets, Relations

and Functions o P

1.2 Set Operations ~  3/1 2/2 C/19  X,Y,X P,Q.,R
2 Number Systems ] S

2.1 Common Laws 5/3 . 9/3 - 6/7  Nil
2.2 Natural 5/4 . 6/4 6/2 Nil
Numbers - o L o
2.4 Real Numbers 6/2  8/3  6/4  Nil
2.5 Complex 772 715 5/15 Nil
. _ _ Numbeérs - '
"3 Algebra o : .
. 3.1 Polynomials - . 775. 8/5 712 N
3.3 Roots and 6/6 - 3710 8/2 C "and" ‘or"
_ . Radicals o L , :
3.4 Equations and 1/6 - 517 . 6/11. Nil
Inequations 777~ 4j5 6/16 Nii
. 3/5 = C/18  Nil '
4 Geometry . ) . _
4.3 Apalytic - 1/8 2717 971 Nil
- Geometry 4/8. 11712 977 _  Nil '
4.5 Vector Method 4/7 4/13 9/13  RNotation __
4.6 Trigonometry ~5/8 _  8/13__ - 5/9 Figure above
__2/8 ©4/15 8/4 Nil -
5 Analysis o L o
5.1 Elementary . 1/11 8/14 6/9 Nil L
Functions =~ 479 575 5711 "Range" deleted
3113 4716 5/19 Graph above 4 '
‘4711 7715 §/16  Nil o
5.2 Properties of 5/10 2/5 5/6 Nil -
_ .. Functions . o .
5.3 Limits and. . 6711 5/16 6/15 . Nil
Continuity - 8/3 4/19 9/15 Nil
Differentiation ' 5/12 5/17 9/3 Nil
Integration . . 874 - 5/11 9/9  : Notation o
Techniques of 1714 1/14 9/5 . Nil -
 Integration ~ 5/13 . /15 o 9/4  Nil S
5.8 Applications of 8/10 2/17 - 9/10 . Graph above
_ _ _Integration . o - :
6 Probability and Statistics |
6.1 Probability 2/15 171 8/3 Nii

v Ut
~NOY

TOTAL 30 Items
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. Final Form, Population A Test (Cross—Sectional)

CORE . FORM

)

¥ —
' Code - : ' Code™

e

1 o1k 102 II 53 21 | ° 033 303 1T
8 027 206 I 31 22 018 106 1v
3 006 003 “IIT sk . 23 G10 o6 I

L 0l2 101 I 65 2L 037 © kol T III
5 - 030 ‘209 I by 25 016 - lok 111

m  No. . Comt. ' Beh. Diff: . - Ttem | No. _ Cont. — Beh. ~ Diff.

6 025 - 203" IIT 39 . 26 008 - . 00k IT1
T 032 302 II - 50 27 035 304 I
8 .l oko koh - III 3% 28 021 201 S II
9 o022 202 I o100 ¢ 29 |. 029 207 11T
0 015 10k I 57 30 036 bor I

J11 . 039 hok I 6l 31 002 001 v
- 12 . 017 106. I 63 .32 023 202 Iv
13 031 212 111 6L 33 - 00 004 1
1k ook - 002" 11 76 34 011 008 II

15 03h 303 IIT 66 -35 00T 003 it

16- |- o020 110 o III 2o | 36 o2k -~ - 203 11T
17 003 002 I 68 37 - 038 o2 II

8 005 003 I 52 38 028 207 I
19 026 204 IIT1 . 69%* 39 - 019 ©1e7 . II
20 001 001 I 85 Lo 013 Iol IIT

i o B e A g e e R P T T T S e L S

=1 e
Diff.:

% First Survey

Zes -
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Final Form; Population A Test (Cross—Sectional) = Continued

FORM A : ' L omi B

Code . A T ' Code
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Final Porm, Population A Test (Cross-Sectional) - Continued
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, FINALA FORM
POPULATION B TEST (CROSS=-SECTIONAL)

156




" Populetion B - Final Rorms - Cross-sectionl

RRAL o PRID B TF I

Code.  Code. : tode . [odE

P w s it | B Gt Bh MO | g Gt B D | Mo Gt Beh DiE

@ SLID 6 | W all B | Mt B |6 wmhroogr

0% 33 IL 6 | o6 31II: Sy | o 25T B | o LHm T
099 K1 I @ | 3 L5I = | U5 58

103 5.6 I 57 [ 02 5411 63 | 057 S5 I 3% | U3 ST I -
05 5.7 II . 6 055 5111 U oTh b2 1T 3. | 0ol Lhomrooe

A ETD PO

WL - | % 531 % | IER IS R EST TR N S,
S0 551 @ | L6 s6m om0 oe2Im ko0 kgmoo
2 D&% opoe bk ook 331 66 |l b I -

k3

5.8

W oesn oy Lo ksm B | bom'= | W 3m @
oo 521 % | o

b B | o T B |k simo oo

SND O —3 O
<D
A2l
O
O
no

1

AP 1 k2 IDos- ool LI 86 |13 I - 0 61 I 3B/
20m 3L r T ks 61T T | 0. 36 I obs | 065 32l Th
131 0 231 R B %I - | 0% SII b6 092 251 8
W) o005 35I| o663t o9 | ok 1.l R 1 030 611 55
51 0 Lbmoo5 0 551 - | 16 Sk T3 012 51 III 53
o w55 w2 9 55w 5

No% | o3 2l 5511 b | W sEm %
CBT ey b3mmrom3o | omo s3mr W

6| W b
b IL T2 | o 331

0|

Cmtent | 1 100 I | 1 mIm W | 1 .0 N | I 0 W

[EE N T SR O Wy
- Lad
[a%]
o
RO MDD, b=
—
~
RO .
'—J

[ X
—
—r

nok | kE1 .

g XIC[I\I:E&:I&V '
®6ET: - :




3111

I
I

tional, page 2.

FORM 6

FORL 7

ot

FORY 8

. Code .
- Jo.

ok 3,

101

0T 2
| 0uk

010

I

SIS
I 75

R R I

III"; hT

08 33
083 43
. iUS 'H:
018 2.5

Cont. Beh, Diff. _

i
I
I
I

o, ~—Géﬁt;:£§hz::ﬁiifh:::

¢ Code o o
;;NQL:::Cﬁﬁi;;Béﬁ;n,ﬁiff;}ﬁ_f,wm.;

&

66

5.
b2

mo -
o3

Sy

32T 8
O I -

1%

02k
053

068

060

I =
v n

molp
I ko,

g

5 11
5 10

II

2 I
51

19

61

5.

y

16
&l Il 5

Lo
Aol

N

6

- 09k
09T
0bl
11

051

N6

meos

oI 3
I

o_ iii

6

o8
o

o

S 6
2 I %
Ik
RV
4

assT *

o

107

57 4

&

511

LI 8

25 IV Ig
53

2|

I

i

o omom

PO BD. 2 -

— 0 e s »

'.—-I




