Section 6
The Importance of Societal Context

To invert Vince Lombardi: context isn’'t the only thing, itsverything. As
the six chapters in this section show, it is sometimes the tte the best way to
look inward is to begin by looking outward. Just as fish ard saibe unaware
of the water in which they swim, those embedded in a cultusatext may be
unaware of just how much of what they do is socially and caltyidetermined,
and not simply “the way it is” or “the way it must be.”

In Chapter 17, Michéle Artigue takes readers on a tour of amattics assess-
ments in France. As she does, it becomes clear that somdaspassessment
are universal and that some are very particular to localioistances. The broad
goals of mathematics assessment discussed by Artigue i@aléepto those dis-
cussed elsewhere in this volume. Assessments should, stes,weflect our
deeply held mathematical values; they should help tea¢hdasow what their
students are understanding, in order to enhance diagnusi®mediation; they
should provide the government with a general picture of thentry based on
representative samples of pupils. Note that differentssssents in the U.S.
serve these functions. For example, the National Assedsofididucational
Progress (NAEP) provides some “benchmarking” of Ameridalent perfor-
mance. However, NAEP provides no direct feedback to teachestudents.
Numerous high-stakes tests at the state level —in some,caisegery grade
from second grade on—are highly consequential for studauttdiave no di-
agnostic value. (No other nation tests students as much ahasvlittle useful
feedback as the U.S. Itis the case that local assessmehtastlwse discussed
in Chapters 10, 12, and 14 do provide diagnostic informa#ibthe student,
classroom, and district levels. However, they are not used larger scale.)

Artigue also discusses the fact that, in France, assessmsen before the
end of high school are explicitly conceptualized as a meisharfor systemic
change and for teacher professional development. The tropsach “levers for
change” in a coherently organized system —in France thedtinof Education
essentially determines curricula nationwide —is veryeatidht than the impact
in a distributed assessment system such as in the UnitezsStatere each of the
fifty states has its own assessment standards and the sat®®00 relatively
independent school districts can set about meeting tha’ststandards with a
fair degree of latitude.
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In Chapter 18, Mark Wilson and Claus Carstensen take us &hitves of sci-
ence learning and of assessment design more generallythiebring us back
to mathematics. Originally the Berkeley Evaluation andesssnent Research
Assessment system was designed to provide diagnostic acdmal informa-
tion about students’ understanding of science concepts system is grounded
in the “assessment triangle” put forth by the National Rede&ouncil (2001)
in Knowing What Students Knownd in four building blocks for constructing
an assessment system: (1) examining the growth of knowlegdgetime (a
“developmental perspective”), (2) seeking a close matdivdsen instruction
and assessment, (3) generating high-quality evidendghwields information
that is useful to teachers and students, and can feed bacinsttuction. (In
Chapter 10, we have seen examples of how (3) and (4) mighenapvilson
and Carstensen describe the recent application of thensyistanathematics
assessments.

Chapters 19 and 20 explore issues of mathematics assesssaehing, and
learning for students whose first language is not Englishmage the extreme
case related to Lily Wong Fillmore’s argument in Chapter A8w well would
you do on a mathematics assessment administered in Svaatdliwhat would
your responses reveal about your understandings of matlesmailso to the
point, how long would it take you to get up to speed if you weeinp taught
mathematics in Swahili? To varying degrees, this is thawliha being faced by
the myriad students in U.S. schools for whom English is noayeomfortable
language. In Chapter 20, Judit Moschkovich addresses selad themes.
If a student’'s mathematical understandings are assessadadreign tongue,
that student’'s competencies may not be revealed. Thatespéson being
assessed may well know some things, but he or she may be upnadtpress
them in the language used for the assessment. Note thasinabeé, providing
remediation on content related to the assessment is pisetigewrong thing
to do! In addition, Moschkovich makes a convincing case thagnosis and
remediation on the basis of vocabulary is far too narrow. &keusses the
linguistic resources that students bring to their matheaakéncounters, and
the ways that we can recognize and capitalize on them.

The final two chapters in this volume, by Elizabeth Talepa@wod Elizabeth
Stage, focus on external, systemic realities — on the watgblitical contexts
shape assessment and its impact. In Chapter 21, Talepao#as some of the
history of assessment and its impact in New York City ovepthst few decades.
Unsurprisingly, people who get mixed messages about wigapiscted of them
get confused —and the confusion breeds problems. Taleplmasibes such
conflicts in New York in the 1980s, where statewide assestsrfenused on
minimal competency while city-wide assessments focuseth@percentage of
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students who performed above average on a norm-referemtieh+wide test.
Chaos resulted. Later on, when testing in the system got emisistent, the
situation improved. (There are lessons to be learned hiee) the plethora of
testing requirements catalyzed by the No Child Left Behirad.AIn Chapter
22, Stage reviews some of the history of California’s stedewnathematics as-
sessments. Stage describes the origins of the Califorrdasdsent Program, a
low-stakes testing regime that provided teachers and $digigcts with useful
information about what students were learning in theirsrasms and schools.
Political pressures raised the stakes, and with higheestakme greater statis-
tical constraints and more narrowly defined items. These@ameconsequential
changes: as the title of Stage’s chapter suggests, the fteahteachers see as
exemplifying the test have a significant impact in shapingtthey teach. This
is not always a good thing.

When it comes to assessment, then, we are living the anciese:cthese are
indeed interesting times. There is much to learn if we heeddhsons of the
chapters in this section.
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Chapter 17
Assessment in France

MICHELE ARTIGUE

Introduction

This chapter provides an overview of the methods currergdun France
to assess students’ mathematics learning, of the changasing in this area,
and the rationale for them. As in any country, the methodsseéssment used
in France are part of the country’s general educationalicltin order to un-
derstand them, it is helpful to know about the charactesstif this culture.
| briefly describe these cultural characteristics, befaseussing the methods
of assessment. These include both internal assessmerdsbglaieachers in
classrooms and external assessménits.this chapter, | will focus on the ex-
ternal assessments, in particular, on two different kirfdseessment: theac-
calauréat which is the national examination at the end of high schawod| the
national diagnostic assessment at the beginning of middiea? Then, after
briefly discussing current research on alternative modesséssment relying
on technology, | end this chapter with some general commami@gssessment
issues.

Some Characteristics of the French Educational System

Students in France begin secondary education at age ebdtemnwo to three
years of kindergarténand five years of elementary school. Secondary education

1 As in any country, the situation is in flux; by the time this wwle appears, some things will have
changed. Readers who speak French can find current infamratihe Web sites listed below.

2Updated statistics from thBaccalauréatcan be found on the Web site of the French Ministry of
Education: http://www.education.gouv.fr/stateval/. eT#iagnostic assessments discussed in this paper are
accessible on the Web site http://cisad.adc.educatievelr.

3In France, the term equivalent to kindergarteraternelle also designates preschool. Available to chil-
dren aged from two to five, it is not compulsory — yet almost%06f children aged three to five attend it. It
is regulated by the French Department of Education.
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General Technological Vocational
Literature (L) Economics (ES) Sciences (S)
k k
4 N
Mathematics . . . Mathematics Physical Sciences Biology

Figure 1. Differentiation in high school. Top row: grade 10 (streams).
Middle row: grade 11 (orientations). Bottom row: grade 12 (specialties).

is comprised of two parts: first, a four-year program calietiége (which |
will call “middle school”), and then thé&cée(which | will call “high school”)
beginning at grade 10. Compulsory education ends at ageesixtand thus
includes the first year of high school. Prior to high schdwé, ¢urriculum is the
same for all students.In high school, there are three main streams: the general
and the technological streams which are three-year pragramna the vocational
which includes two successive two-year programs. At presgproximately
half of the high school population is in a technological ocational stream.
Each stream is further differentiated. For the generaastrior instance, differ-
entiation occurs at grade 11. Then students can choose dretivese different
orientations: Literature (L), Economic Sciences (ES) acieéi&es (S); at grade
12 (the last year of high school), they have also to chooseeialjty. In S for
instance, this can be mathematics, physical sciencesplagli (see Figure 1).
The different high school programs all end with a nationareination: the
Baccalauréai{mentioned above) which allows students to enter postrakny
education. However, some post-secondary programs subb 8GE (specific
classes preparing students for national competitionsHernost prestigious
higher institutions such as tHecole Polytechniquand theEcoles Normales
Supérieuresas well as for many engineering and business schools)t sktc
students on the basis of their academic results in high $chefiore knowing
their results for thdBaccalauréat

France has a national curriculum. Until 2005, the 21-memhb#&onal council
for curriculum (CNP) designed the general curricular orgation and prepared
specific guidelines for each discipline; group of expertated the syllabuses
for each discipline. These syllabuses were then submitiedgproval to the
CNP and to various other authorities. As of 2005, the CNP wpkaced by the
9-member Haut Conseil de I'Education (HCE), which has |lesgent-specific
expertise.

The mathematics curriculum is integrated in the sense Hagiters on algebra
and geometry alternate in textbooks. Synthetic geomeithypstupies a rather

4Specific instititutions exist for students with disabéii
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important place and, in it, transformations play an esaértle. Due to history,
and to the introduction of the metric system during the FnéRevolution, in the
curriculum for elementary school and even in the first yedmniddle school,
numbers with finite decimal representations play a more mapt role than
rational numbers in general, and fraction representaimasot really used in
elementary school. Mathematics occupies about 5.5 hounsgek in elemen-
tary school and about 3.5 in middle school. Time allotmeniegan high school
according to the different streams and orientations. Taldbows the respec-
tive timetables for the general stream in high school. Nb#& thathematics
is optional for the last year in L (this is the only class whiris optional in
secondary schools).

Grade and Timetable Workload
Orientation C M Al TD O S (range)

10 3hr 1hr 1hr 4-5 hrs
11L 1hr 1hr 3hr 2-5 hrs
11 ES 2.5 hr 05hr 2hr 3-5hrs
11S 4 hr 1hr 5hrs
12 L 3hr 0-3 hrs
12 ES 4 hr 2 hr 4-6 hrs
12’ S 4.5 hr 1hr 2hr 5.5-75hrs

Table 1. Current mathematics allotment for the general stream. C means
“Cours”; M, “Modules”; TD, “Travaux dirigés”; O, “Option”; S, “Special-
ité" and Al, “Aide individualisée.” “Cours’ denotes whole-class activities,
“Modules” and "“Travaux dirigés,” half-class activities, “Option,” optional
courses, “Specialité,” the compulsory speciality courses, “Aide individual-
isée,” remedial activities organized for groups of at most eight students.

In high school, the syllabus also varies according to th&emifit streams
intended to serve the diversity of students’ interests aetls! For instance,
the L syllabus for grade 11, callddformatique et Mathématiquefycuses on
mathematics used in a visible way in society: tables of nus)hgercentages,
some statistical parameters, and graphical represemgatieencourages the sys-
tematic use of spreadsheets. The ES syllabus includes natigiss than the
others and an option for the speciality in grade 12 includaplytheory, which

5The official descriptions are accessible on the Web site of Ministry of Education
(www.education.gouv.fr) in French. For overviews in Espli the reader can consult [Artigue 2003] or
the description of the French system prepared by the CFENEhwis the French subcommission of the
International Commission on Mathematical Instructiom, If@ME-10, which is accessible on the Web site of
the CFEM, http://www.cfem.asso.fr/syseden.html.
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does not appear in the other syllabuses. In the S syllabaslaalplays a larger
role and the mathematics speciality includes number theotgpic that does
not occur in others.

As mentioned above, mathematics learning in France is sedés different
ways, both inside and outside the classroom. High schoch&a are in charge
of formative and summative assessments for their courdesrdsults of these
assessments serve to decide if the students will have tatreparses or not,
and to decide which high school programs they will take. Belythat, there
are external modes of assessment. These include someotratiiéxamina-
tions such as thBrevet des Collégeat the end of middle school, thertificat
d’Aptitude Professionnelland theBrevet d’Enseignement Professionaékhe
end of the first two-year program in vocational high schoaig] of course the
Baccalauréat About fifteen years ago, diagnostic tests taken at the hegin
of the academic year were introduced for some students.idrckiapter, 1 will
focus on the external assessments, beginning with theitnaali examinations.

Traditional Examinations: The Case of theBaccalauréat

The first examination students take is tBeevet des CollégesThis is an
examination taken at the end of middle school that combingtsew tests in
French, Mathematics, Geography, and History, and the teestilthe internal
evaluation of the students in grades 8 and 9. This exammagioot compulsory
and results do not affect students’ choice of high schooyfamms. In 2003, it
was taken by about 700,000 students and the overall sucatssvas 78.3%
(82% for girls and 75% for boys).

The most important examination is tlaccalauréat This is a national
examination at the end of high school, and it is necessana$s i to enter
post-secondary education. About 69% of the population ntend the last
year of high school (75.4% for girls and 63% for boys) and tidieBaccalau-
réat In 2002, the 628,875 candidates for tBaccalauréatwere distributed
as follows: generaBaccalauréat52.2%, technologicaBaccalauréat29.3%,
vocationalBaccalauréatl 8.5%.

Overall pass rates for the different streams in 2003 arengivdable 2.

In the same year, in the general stream, pass rates for theedif orientations
were: 82.2% in L, 79.4% in ES, and 80.1% in S. Girls represeAfe6% of the
newbacheliersin S, 65.7% in ES, and 83.6% in L. Pass rates increased sharply
over the past twenty years (in 1980, only 34% of an age-caitehded the last
year of high school) but they have now stabilized.

The duration and the content of the mathematics part of tae@ation is
different in the different streams and orientations, ahé weight of mathe-
matics in the global mean which decides of the attributiotheBaccalauréat
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Stream Girls Boys Total

General 82.3% 77.5% 80.3%
Technological 79.8% 73.8% 76.8%
Vocational 78.6% 75.2% 76.6%
Total 81.0% 75.8% 78.6%

Table 2. 2003 pass rate for the Baccalauréat.

Table 3 gives the corresponding statistics for the genaeds. As can be seen,
even in the S orientation, the weight of mathematics is ohtyua 20%.

Traditionally, the mathematics test consists of two ex&siand one problem
with several parts, the whole covering important parts efayilabus. Exercises
may involve different topics: number theory (in S with mattatics speciality),
complex numbers, two- and three-dimensional geometrpghitity and statis-
tics, sequences, graph theory (in ES with mathematics aigki One of the
exercises is different for those having choosen the mathesrgpeciality in ES
or S. The problem itself generally deals with functions aaltwus, and in ES
it is often motivated by an economics context.

In order to give the reader a precise idea of what such a tegttrbe, | have
translated the 2003 test given to the students with oriemt& who specialized
in mathematic$ (see Appendix 1). This test follows the traditional struetu
but was considered very difficult by students and teachersth® one hand,
it was the first test aligned with the new high school curgeaf and on the
other hand while globally obeying the traditional test stiue, it did not respect
some traditional standards. Thus, it is a good illustratbrvhat is standard
in such a test and what is not. The examination was the sodinoassionate

Written test duration in hours  Coefficient

L 1.5 (taken at grade 11) 2 out of 38
L 3 (if option taken in grade 12) 4 out of 34
ES 3 5 out of 37 (+2 if speciality)
S 4 7 out of 38 (+2 if speciality)

Table 3. Weight of mathematics in the G stream

6The test, referred to as thmetropolitantest, is given in continental France. The tests given in the
overseas territories and in foreign centers did not gee¢hat same discussions.

7The new high school curriculum was introduced in grade 100022001, and thus reached grade 12
in 2002—2003.
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discussions all over the country and in the media. IndeedMimister of Ed-
ucation himself had to make a statement on national TV. Thmitance given
to the Baccalauréatin French culture, the fact that the scientific orientatisn i
still considered the elite orientation certainly conttiml to the strength of the
reactions.

Analyzing the metropolitan test for the S orientation in 20@. The first exer-
cise has a traditional form. Complex numbers are used fosipgaeometrical
properties: showing that a given triangle is a right isossetiangle and that
given points lie on the same line. A geometrical transforomais involved. In
this case, it is a rotation (it could have been a similaritydl atudents have to
express it as a complex transformation. Students have taliffseent repre-
sentations for complex numbers (cartesian and expongatidl to express the
image of a set of complex numbers (a circle, in this case) utigetransfor-
mation. Such an exercise cannot be solved without a reakokiabwledge of
complex numbers and connections between complex numbegeametry, but
these are standard expectations. Moreover, studentsrafalbaguided by a lot
of subquestions, can check their answers by reasoning ooraagecal figure,
and the computations are not technically very complex. Ehaéso standard.
Exercise 2 is specific to the mathematics specialijmd connects three-
dimensional geometry and number theory. The latter is nivasitional because
three-dimensional geometry is not frequently examinedhanBaccalauréat
Many teachers do not feel comfortable with it or do not likeaitd when they
lack time, they often skip this part of the course in high sthé&tudents are
thus less prepared to solve problems in three-dimensi@ahgtry. Moreover
the test questions cannot be considered routine. This ecedly the case for
Question 2 whose form is not common and whose difficulty cdade been
easily limited by saying that the planes are parallel to doate planes instead
of parallel to a coordinate axis. The last part including bemtheory is not
completely new in spirit because number theory has somstieen linked
to a geometrical context in suddaccalauréatexercises, but generally it has
been related to two- rather than three-dimensional gegm#tthat is new is
the expected reasoning based on computations using corgsiévhich have
just entered the curriculum), the autonomy given to the esttsd in selecting
a solution method for solving Question 3 (which is nonroelfjrand the fact
that solving of Question 4 involves an infinite descent pssaar reasoning by

8The second exercise for the students who had not chosen themmatics speciality dealt also with
three-dimensional geometry. Students were asked to stifidyemt properties of a tetrahedron OABCD
whose faces OAB, OAC, and OBC were right triangles (with trigigle at O), and verifying that OA = OB
= OC. This exercise, which used knowledge of three-dimeradigeometry taught two years before in grade
10, was more criticized than the speciality exercise.
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contradiction and minimality. These are not familiar foraigeasoning for the
students and the question format does not guide them.

What was in fact most criticized on this test was not Exer2ijsaven if it was
considered rather difficult, but the problem. At first lookist problem could
be considered standard —it deals with calculus, has a lorigpau text, and
students are guided by a lot of questions and hints. Nevedhgit is far from
standard. First of all, it reflects some new aspects of thectlum, especially
the emphasis on relationships between different scierdificiplines and on
modeling activities. The problem tests students’ knowéedftcalculus as usual,
but by asking them to use this knowledge in the analysis datiatson in biology.
Two competing models are given for representing the iner@as population
of bacteria, and students after studying these two modelsasked to judge
their adequacy to represent some empirical data. This leyf isould have
been enough to make this problem unfamiliar because stigemild not find
anything similar in theAnnales du Baccalaurédtaditionally used to prepare
for the examination. This unfamiliarity, neverthelessswat the only cause of
the violent reaction the problem generated. What was slyargicized was
the way the problem was set up and made more complicated lytthduction
from the beginning of many parameters (in the French secgrmariculum,
the use of parameters is very limited and students are ndttosearrying out
symbolic computations with many parameters). Moreoverpitoblem did not
follow the usual tradition that the beginning of each pasdtigightforward and
that the difficulty increases progressively. For instarf@agstion la in Part
B asked the students to make a change of unknown in a diffategjuation.
This is a complex task which requires having an elaboratedetualization
of the idea of function. For many students this was undouptibe first time
they encountered such a task (the study of differential @opgis only a small
part of the syllabus, and students only have to know how teesebry simple
linear differential equations with constant coefficientQuestion 2d was also
criticized, this time because it did not make sense in thisbn, and seemed to
have been introduced only to check that students couldceraiain and integral,
and were able to calculate the antiderivative of the fumcgio

Teachers and students are used to the fact that items Betbealauréatare
long, occupying several pages, and that they cover a wideopéne syllabus.
They are also used to items where the autonomy of the stuslesthier limited.
The problems posed are not generally easy to solve but mdmgueations and
intermediate answers help the students, enabling themntince even if they
have not succeeded at solving a particular question. Tha @60 items for the
orientation S, while it did have many of these charactesstivas much more
cognitively demanding. This, together with the existeniciae new syllabus for
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the test, deeply destabilized teachers and students. Xdmspe raises unavoid-
able questions about what is really assessed or can be esalssed through
this kind of examination, and about the distinction betwedat is routine and

what is nonroutine — a distinction which is necessarily fuand dependent on
institutions and educational cultures.

Current debates and changes.The Baccalauréatappears today to be a very
burdensome and costly system of evaluation with both pesdind negative
effects. Its national and external character is generalyn s positive, together
with the fact that the desire to pass the exam motivates stside work. But
its existence makes the academic year one month shortendsebigh school
teachers have to administer the tests, correct the testsrganize oral examina-
tions for those whose score lies between 8 and 10. Becauke t#dt’s national
character, a minor local incident may have profound effebtereover, math-
ematics teaching in grade 12 is, in many places, too stroogénted toward
preparation for the test, and the types of knowledge thatkinid of test cannot
assess tend to be neglected. Nevertheless, changi@ptttalauréatappears
very difficult. TheBaccalauréats like a monument, a myth, which is part of
the culture. Each time the possibility of change is mentibmapassioned reac-
tions come from all over. Commissions have been creatderélift possibilities
have been discussed (and some locally tested): replacingrésent structure
by four or five exercises in order to avoid the constraintsiltigy from a long
problem, giving more autonomy to the students with shogetstand favoring
more reflective work, combining written tests with othernfisr of assessment
... but, no substantial changes have occurred.

The events of 2003 did have some consequences. The Minfdaguzation
decided to prepare secondary education for some unaveiddlainges. The
General Inspectorate, an institutional body of genergiéntors that is respon-
sible for theBaccalauréat was asked to prepare exercises aligned with the
new curriculum, which were more diverse in both form and eottand better
aligned with the role played by technology in mathematiogcation today. A
first set was put on-line in December 260énhd has been discussed in regional
meetings with inspectors and in teacher training sessidranslations of two
of its exercises appear in Appendix 2.

As of 2004 theBaccalauréatassessments have been effectively structured
around four to five exercises. In addition, in 2005, new itémshich students
are asked to prove results that are from the syllabus weredinted. These
items, known as ROC (Restitution Organisée de Connaiss#danes, have been

9See www.education.gouv.fr
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controversial. Examples can be downloaded from the Miniateb site, http://
eduscol.education.fr/D0056/accessujets.htm.

(In 2005, the Minister of Education tried to introduce somlestantial changes
in theBaccalauréatfor example, assessing some disciplines through thetsesul
of internal assessment as is the case forBtevet des Collegedut he had to
give up these plans because of strong student oppositiode®ts argued that
the Baccalauréatvould lose its national character and that the diplomas evoul
be given different value depending on which high schooldestits came from.)

Further, a change in assessment methods resulted frontitbéLintion of the
TPE (supervised project work). This new didactic orgamizatvas introduced
in grade 11 in 2000-2001 and extended to grade 12 the foltpyaar. Working
in small groups over one semester, students work on a detgmbduct, starting
from varied resources, on a subject chosen by them fromeflirgttional topics.
The TPE must involve at least two disciplines, including oeguired for the
students’ high school program. The students’ project i€stiped by teachers
from the disciplines concerned. Two hours per week are vedeior the TPE
in the students’ timetable.

This new didactic organization has several aims:

providing students with the opportunity to develop a mistglinary ap-

proach to questions which are not just school questions;

helping them to mobilize their academic knowledge in sucbraext;

broadening their intellectual curiosity;

developing their autonomy;

helping them to acquire methods and the competencies esbjfiar working

in groups;

 developing the abilities necessary for an effective seaekection, and crit-
ical analysis of documentary resources;

e and, finally, establishing more open relationships betweanhers and stu-

dents.

This work and the scientific competencies it allows studémtsuild cannot be
assessed by the standard examination. In fact, its evatuetkes into account
the production of the group of students as well as their @mittnd oral presenta-
tions. As of 2005, the TPE only exists in grade 11. Studemsbaose to have
their TPE evaluation taken into account as part of tBaiccalauréatevaluation.
As this chapter goes to press, new forms of assessment f@abealauréat,
which are more experimental and require intensive use bhtdogy, are being
explored.

As explained above, even if among the different methods séssmnent,
external examinations are considered most importante ther other ways to
assess students’ mathematical knowledge. In the nexbsegtiite different
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assessment methods are discussed: the diagnostic testswdrie introduced
about fifteen years ago.

Diagnostic Assessment: The Case of the Grade 6 Test

Diagnostic tests at the beginning of the academic year wéraduced at the
start of middle school and high school about fifteen years &go years, they
were compulsory in grade 3 and grade 6; in 2002, they weraégtbto grade
7. They concern both French and Mathematics.

The diagnostic assessment, carried out by the DEP (Direcfi&valuation
and the Future) at the Ministry of Education, has two maircfioms:

« providing the Ministry with a general picture of the counbgsed on rep-
resentative samples of pupils. The pupils’ scores, andlyarrording to
different socio-demographic variables such as age, séinadity, parents’
profession, are published every year and are also acoessidine?;

 providing teachers with a tool allowing them to better idignand answer
the mathematical needs of the different categories of thaiils.

But the educational institutions would like it to be also:

» a way for accompanying curricular changes and influenciaghers’ prac-
tices;

 a tool to help the regional academic institutions appreciatal needs for
teacher training and to develop appropriate training o

In the following, | will focus on the diagnostic assessmedministered when
students enter secondary school in grade 6. The assessemstchange every
year but keep the same structure and form. The assessmenbileetion of
short exercises (in 2002, 39 exercises out of 77 questiomgngnmultiple-
choice and constructed-response items (some appear imdp. Thus they
are more similar in format to U.S. tests than are the tragtid-rench exami-
nations. Items are designed according to a matrix of gewerapetencies and
mathematical domains. Table 4 gives the test structure esadts for 2002.

Note that the standard deviation is rather high. The top segnt of the
students have a success rate of 91.9% while the bottom teergesnly reach
28%. There are also important differences in scores betw@ddle schools
when classified by social characteristics: the mean scotteeafiddle schools
located in ZEP (priority area for education) is only 52%. \Wsoanote that girls
outperform boys in French, but not in Mathematics (66.3%wg163%).

The test is administered during three ordinary 50-minuissrioom sessions
during the second and third weeks of the academic year. Elslthools receive

105ee www.education.gouv.fr/Evace26
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number mean median standard

Domains of items deviation
Numeration and humber notation 17 65.2 70.6 21.8
Operations 18 69.9 722 21.5
Numerical problems 6 65.2 66.7 29.6
Geometrical tasks 20 61.6 65 21.8
Data processing 16 63.3 68.7 23.3
Total score 65 67.5 19.6
Competencies

Seek information, interpret, reformulate 8 61.7 62.5 24.9
Analyze a situation, organize a process 29 64.3 655 22
Produce an answer, justify it 10 57.7 60 24.9
Apply a technique 7 78 85.7 19.8
Directly use a piece of knowledge 23 66.1 69.6 22.1

Table 4. Mathematics test structure and 2002 scores.

from the Ministry of Education as many booklets with the eliéint exercises
as they have pupils, and specific booklets for the teachens. |atter explain
the general structure of the test, test administration itiond (for instance,
the amount of time given to pupils for solving specific exgesi or groups of
exercises in order to increase uniformity in testing caodg), the aim of each
exercise and the competencies it is intended to test, howaie® ¢he answers,
and what kind of help can be provided to the pupils who fail.

The teachers supervise the administration of the test,terdenter their stu-
dents’ answers into a document using specific software. dbherdents are then
sent to the DEP which selects representative samples addga® an overall
statistical analysis. By using the software, teachers caess the results of
their pupils. They can also use it to obtain different stigs and to identify
groups of students according to characteristics of theiwans. Middle schools
are also asked to meet with the pupils’ parents in order tegureto them the
results of the evaluation.

The test does not attempt to cover the whole elementarybsidlaTeachers
are invited to use the on-line database for previous tedtadacomplementary
items if they want to have a more accurate vision of the sthtéhair class
when beginning particular chapters. Moreover, having @wwiormative rather
than summative assessment, the test designers include daskciated with
competencies that students are not expected to have fuliyeneal by the end
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Figure 2. lllustration of task asking for reflection of a triangle.

of elementary school. This is, for instance, the case fortdkk illustrated in
Figure 2 which asks for the construction of the reflection tiangle.

In elementary school, students become familiar with tasésinvolve draw-
ing reflections of figures reflected across a horizontal oticadraxis on rect-
angular grids. For this, perception is very helpful. In cast, the task on the
diagnostic test uses a grid of points that form a trianguédwork and the axis
of reflection is neither horizontal nor vertical (see FigRyeDrawing the image
requires more than perception, students have to use thematital properties
of reflection in an analytical way. Didactic research shdwat tifferent kinds
of errors can be expected in such a context, for instancetunaix between
reflection and translation. Some of these are given in thehtga’ booklets
in order to enable teachers become aware of them. Such taskhuas con-
tribute to showing the teachers the new competencies whigt be gained in
grade 6 with respect to reflection. The same can be said fks tagolving the
invariance of area under decomposition and recompositioim ahe exercise
shown in Figure 3; and also for tasks asking for justificatiabout the nature
of quadrilaterals or for tasks involving decimals (see Apfig 3).

There is no doubt that this diagnostic assessment offermaafiassessment
which is very different from that described for tfBaccalauréat The tools
that were developed for it in the last fifteen years, the cutié data and their
statistical analysis are clearly useful for understandind adapting instruction
to pupils’ mathematical knowledge upon entering middleosthAs mentioned
above, information from diagnostic tests can also help sméwe transition
between the cultures of elementary and secondary schopbibting out some
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mjté d'dire

= T

Figure 3. Expressing areas of figures with respect to a given unit of area.

necessary evolutions in the institutional relationshipnathematics, and by
making middle school teachers sensitive to the fact thatynmaathematical
notions introduced at elementary school are still undestantion. At a more
global level, the results of the diagnostic test display twhaidden by a score
given by a single number: 65% which can be considered aduegdtacause the
scope of the test is not limited to notions that must be fulpstared at the end
of elementary school. The test results also display diffees between perfor-
mance in different areas and competencies (see Table 4mbat importantly,
differences between the top ten and the bottom ten percestidénts, between
middle schools in low-income areas and others. Even at thiehiag of middle
school, strong educational inequalities exist in Franak raost be addressed.
The information | collected when preparing this chaptetried with the feeling
that the diagnostic test is not used as well as it could be,thadwe could
benefit more from the investment made in its developments thé case that
teacher training sessions have been regularly organizédheth elementary
teachers and secondary teachers in order to use the refstliesdiagnostic test
to promote reflection on the transition from elementary tmseary school; and,
to help secondary teachers reconsider classroom managanteremediation.
Nonetheless, these sessions do not seem to have seridlisinoed teachers’
practices.

Understanding the precise effects of the different metladdssessment on
the learning and teaching of mathematics, overcoming thidiions of most
current assessment tools, and using the information theyus in order to im-
prove mathematics teaching and learning is not easy. Ilystgguires research.
In the next section, | describe briefly a research projedt Itlhan involved in,
whose aim is to develop diagnostic and remedial tools in aipelomain —
algebra— by relying on the new possibilities offered by teabgy.
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Looking Towards the Future: The LINGOT Project

The LINGOT project is a multidisciplinary effort involvingesearchers in
mathematics education, artificial intelligence, and ctigmiergonomy.! Its
origin was a multidimensional model for considering comnepet in elemen-
tary algebra developed by Grugeon in her doctoral thesiasg€on 1995]. To
this multidimensional model was attached a set of 20 taskshnddlowed the
exploration of the students’ algebraic competence acogrtti the various di-
mensions of the model. One ambition of this model and of tse@ated set of
tasks is to allow the identification of lines of coherencetidents’ algebraic
behavior, which are then used in order to design appropdidectic strategies.
The empirical part of the doctoral thesis showed how pradeithis model was
in identifying such lines of coherence and helping studerite had difficulty
with algebra.

But the diagnosis was burdensome and rather sophistic&tetiaboration
with researchers in artificial intelligence offered newgperctives. Building a
computer version of the set of tasks, automatically codésgonses to multiple-
choice tasks, and designing ways to help teachers code mthgonses could
certainly lighten the diagnostic process. This was the gdéahe PEPITE
project.

The LINGOT project currently under development is a thirdg[Delozanne
et al. 2003]. One aim is to transform the diagnostic tool juteet by PEPITE
into a flexible one which can be adapted by the teachers forghdicular aims
without losing the automated diagnosis. Another aim is tluce the number of
tasks necessary for diagnosis by relying on a dynamic deignsing Bayesian
models. As requested by the teachers who piloted PEPITEJN@OT project
intends to link the diagnosis to didactic strategies by eissing to it potential
learning trajectories. A final aim is to understand how teasttan appropriate
such tools —which are at variance with their usual diageastethods —and
transform these into professional instruments. Of counste project all these
dimensions mutually intertwine. We are far from the end ad fhroject, and
the difficulties we encounter often seem barely surmouaidtit at the same
time, | have the feeling that it helps us to better understaedcognitive and
institutional complexity of assessment issues.

Concluding Comments and Questions

In this chapter, | have briefly presented some of the methedd in France
to assess students’ mathematical knowledge, focusingtemek examinations,

11 For a description of the PEPITE and LINGOT projects see figpite.univ-lemans.fr/. There is a link
to a program description for English speakers.
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but balancing the contribution between two very differgmtets of assessment:
(1) the traditional examination whose paradigmatic exangiheBaccalauréat
and (2) the diagnostic test whose paradigmatic exampleeiddst taken by
pupils on entering middle school. Of course, these two tyffessessment do
not have the same function. TBaccalauréats a summative evaluation, and
the grade 6 test is a diagnostic evaluation which is situatgdin a formative
perspective. Due to its summative character and its itistital importance —
it is a condition for entrance into post-secondary eduoadind gives students
the right to enter a university — th@accalauréatstrongly influences teaching
in the last year of high school. The grade 6 test does not haiaikar influence
on teaching in grade 5, the last year of elementary scho@sé& kwo tests raise
common issues which are general issues relevant for anydbamssessment. |
will mainly focus on two of these general issues:

* How can one make assessment reflect fundamental characseasmath-
ematical knowledge such as the following: the diversitytsffacets on the
one hand, the fact that it is to a large extent contextualkrenviedge on the
other?

* How can one make assessment reflect the values we want tmittamsath-
ematics education?

Students’ mathematical knowledge is not easy to understadds inherently
multidimensional. Researchers have built different medelorder to describe
this multidimensionality; for example, the model creatgdiipatrick was men-
tioned several times during the MSRI conference [NRC 20@&dme dimen-
sions seena priori easier to understand than others: for instance, investgat
technical competencies seems easier than investigatittgematical attitude or
creativity. But even technical competencies are not so Eadgtermine. Small
variations in the labelling of the tasks, or in their didaatariables can generate
large differences in students’ responses. The boundaweleetwhat is routine
and what is not is fuzzy and depends on each student’s erperidecause
knowledge emerges from mathematical practices. Moreavelmportant part
of this knowledge remains tightly attached to the precisged of these prac-
tices. What takes the status of what we call in Fresatoir (knowledge) in
order to differentiate it frontonnaissancéacquaintance), and is thus partially
decontextualized is only a small part of what we know [Breags1997]. What
can be discovered through an assessment instrument isttbnglg dependent
on the nature of the instrument, and on the way this instransesituated with
respect to the mathematical practices of the student wrestdls test. What
a test reveals is also very partial, a small part of what miighéxamined. The
characterization of stuent competencies is created byndteument. Another
instrument that appears very similar might give very déferresults.
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The theoretical model of Grugeon mentioned previously fwag main di-
mensions: formation and treatment of algebraic objectsy@sions between
the language of algebraic representation and other semegisters (see, e.g.,
[Artigue 1999; Duval 1996)), the tool dimension of algebaad the nature of
the argumentation used in algebra. To each dimension wtxehat several
subdimensions and for each of these, different criteriaortier to determine
coherences in the algebraic functioning of the studentsag decided to test
each criterion at least five times in different contexts.sTasulted in an complex
interrelated set of tasks: an approximately two-hour test mecessary just to
get a workable account of the students’ relationship widmantary algebra!
This is the reason why we turn today towards technology, thighexpectation
that, thanks to the potential it offers, we could design aaafyic test where the
tasks given to the students would be, after a first explanatictheir cognitive
state, carefully chosen in order to test and improve promedi models of their
understanding of algebra, up to a reasonably stable lewvslo#e who attended
the workshop certainly remembers Deborah Ball's one andf&bar interview
of the grade 6 boy (see Chapter 15), and can easily imagineltigoult it would
be gain comparable insight into this boy’s understandindradtions using a
written test, and how very different the images of his un@erding might be if
he were given different written tests. Despite the lengtlthefinterview, Ball
mainly approached the object rather than the tool dimeraifnactions, making
the image we got rather partial.

Up to now, in this conclusion, | have focused on the diffi@dtwe have
approaching students’ mathematical knowledge due to treegiiy of its forms,
due to its dependence on particular practices and confékts.certainly must
make us modest when approaching assessment issues. Dshalgs the im-
portance of research. Thanks to educational research ebralgnd fractions —
not to mention other domains —we have at our disposal waygpooach the
complex structure of students’ mathematical knowledgeaiiqular areas, for
drawing inferences from what we observe, and for synthegittie partial re-
sults we obtain in a productive way.

Nevertheless, despite the limitations of the enterprise tlave been indi-
cated, assessment is necessary to the life of educatiosi@nsy, to the point
that any form of knowledge which is not assessed or cannosfesaed lacks
legitimacy. Approaching assessment within this perspecthanges the general
frame. From a cognitive frame we pass to an anthropological considering
the role assessment plays in a human organization and gpiesfiits ecology.
We come thus to the second question: how to make assessiiectttiee values
we want to transmit through mathematics education? At thikstmp, no one
could escape the feeling that, in many U.S. states, thedtafkes tests that have
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been introduced do not reflect these values. Their negdfete were stressed
by many speakers: as a result of testing the teaching ersterywas reduced
to test preparation, and whatever the quality of these,tdstsreduction had
dramatic effects, For example, innovative experimentdccoa longer survive
because they followed a completely different approach.h@mther hand, those
involved in the design of the tests showed the complexityhefwork that is
being carried out, expressing themselves in terms of wglidéliability, mea-
surement, and scientific rigor. It was quite interestingydd understand these
discussions from the viewpoint of another culture with dedént experience
of assessment. In regard to the values that mathematicatgaiuintended to
transmit, there is no distance at all: the discourse wasuheiat discourse of
democratic and developed countries who have to face imtiogrand increas-
ing social inequalities.

Conversely, the educational culture with regard to assessm rather dif-
ferent. In France, as described above, a national exteraahieation at the
end of high school is part of the culture. This examinatios,| &ave tried
to show, has to be aligned with the curriculum and also toaesp certain
level of mathematical performance. Making these changeisasy. Many
guestions can be considered as routine questions. This, iserse a problem,
because one of the goals of this examination is to check tmatsasks have
really become routine and that students have mastereddheidggies they have
been taught for solving them. What has been more closelytisized is the
balance between routine and nonroutine tasks. | may be wwpahd) do not
have the feeling that the scientific rigor of the assessneeatgore question.
What seems to be important is to have — a utopia — all the stadezated the
same way thanks to the same national scale. That is, egsitgs$sare para-
mount. And, for the government, what is important is to manthe current
pass rates on the examination. Nevertheless, the quedtithhe influence of
theBaccalauréabn teaching practices is also recognized as an importarg.iss
Even on an examination with constructed-response queastidrere students are
asked to justify their answers, teaching practices exeglgsoriented towards
its preparation limit the kind of tasks given to students] above all, tend to
reduce the diversity of students’ modes of expression. kamele, standard
sentences are learned for justifying a given property. Tias negative effects
on the image of mathematics that students develop and doaslpahem make
sense of mathematical practices — but for teachers andragitles formulaic
approach acts as an institutional norm. Some recent chdangbes calculus
syllabus have been introduced explicitly in order to avoigatvhave become
template questions but there is no doubt that schools witkdyiadapt to these
changes.
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Limiting the unavoidable negative effects from assessna@t enhancing
potential positive effects is not easy for educationaleyst Doing so requires
a better understanding of the effects of assessment an@ ofidkchanisms that
produce them, and it requires adequate systems of requdaiiounded in those
understandings. Further research is necessary in ordefaotan political deci-
sions.

Appendix 1: Baccalauréat Test for Orientation S with Mathematics
Speciality Given in Continental France in 2003

Exercise 1(4 points)
In the complex plane with an orthonormal coordinate systeith(unit length
2 cm), consider the points A, B and C whose respective affixasea = 2,
b=1—i,andc=1+1.
1. (1 point)
a. Place the points A, B and C on a figure.
b. Compute(c —a)/(b — a). Deduce from this computation that ABC is a
right isosceles triangle.
2. (1 point)
a. r is the rotation with center A such thaB) = C. Determine the angle of
r and compute the affi¥ of point D =r(C).
b. LetI" be the circle with diameter BC.
Determine and construct the image of I" underr.
3. (2 points)
Let M be a point ofl" with affix z, distinct from C, and let Mwith affix z’
be its image under.
a. Show that there exists a real numBdselonging to[0, = /2) U (r/2, 27)
such that = 1 + e??,
b. Express’ as a function of).
c. Show that{'—c)/(z—c) is areal number. Deduce from this that the points
C, M, and M are on the same line.

d. Place on the figure the point M with affix 1e4*7/3 and construct its image
M’ underr.

Exercise 2(speciality exercise, 5 points)
Questions 3 and 4 are independent of Questions 1 and 2, ¢ke¢fite equation
I' given in Question 1c occurs in Question 4.

12 A point in the complex plane with cartesian coordinatesb) is said to have affix + bi.
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1. (1.5 points)
The space is equipped with an orthonormal system of codetina

a. Show that the planes P and Q whose respective equations are
x+\f3y—22:0 and 2x—z=0

are not parallel.

b. Give a parametric representation for the line the intersection of the
planes P and Q.

c. Consider the cone of revolutidn whose axis is the-axis and has the line

A as a generator.
Prove that the equation @t is y2 + z%2 = 7x2 .

2. (1 point)
Two intersections of” with planes, each plane parallel to a coordinate axis,

are represented below.
In each case, determine a possible equation of the planecametully

justify your answer.

3. (1.5 points)
a. Show that the equatior? = 3 (mod 7), whose unknown is an integer,
does not have solutions.
b. Prove the following property:
For every integew: and b, if 7 divides a?> + b2, then 7 dividesz and 7
dividesb.

4. (1 point)

a. Leta, b andc be integers different from 0. Prove the following property:
if point A with coordinatesd, b, ¢) is on the cond™, theng, b, andc are
multiples of 7.

b. Deduce from it that the only point df whose coordinates are integers is
the summit of this cone.
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Problem (11 points)

Let Ny be the number of bacteria introduced in a growth medium & tiga 0
(Ny Is a positive real number in millions of bacteria).

This problem aims to study two growth models for this baelguopulation:

A first model for a short period following the introductiontbie bacteria into
the growth medium (Part A).

A second model which can be used over a longer period (Part B).

Part A (2 points). In the time following the introduction of the Ibaia into the
growth medium, assume that the rate of increase of the liméguroportional
to the number of bacteria.

In this first model, denote by (z) the number of bacteria at timgexpressed
in millions of bacteria). The functiorf is thus a solution of the differential equa-
tion y’ = ay (wherea is a positive real number depending on the experimental
conditions).

1. Solve this differential equation with the initial coridit f(0) = Ny.
2. T is the time of doubling of the population. Prove that, évery positive

number::
f(t) = Ng20/2T)

Part B (3 + 4 points). The medium being limited (in volume, in nuwet ele-
ments...), the number of bacteria cannot indefinitely iasegn an exponential
way. The previous model cannot thus be applied over a lorigghein order to
take these observations into account, the increase in {hglgdmn of bacteria
is represented as follows.

Letg(¢) be the number of bacteria at timéexpressed in millions of bacteria),
g is a strictly increasing function which admits a derivatime [0, co), and
satisfies on this interval the relationship:

(E) g't)=ag)[1—g(t)/M]

where M is a positive constant which depends on the experimentalittons
anda is the real number given in Part A.

1.a. Prove that if is a strictly positive function satisfying (E) then the fdion
1/g is a solution of the differential equation’lE y’ +ay =a/M.
b. Solve (E).
c. Prove that iz is a strictly positive solution of (f 1/4 satisfies (E).
2. In the following, it is assumed that, for every positivalraumberz, we

haveg(r) = M/(1 + Ce™?"), whereC is a constant, strictly larger than 1,
dependent on the experimental conditions.
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a. Find the limit ofg atoco and prove that, for every nonnegative real number,
the two inequalitie® < g(¢) < M hold.

b. Study the variations ¢f (it is possible to use the relation (E)).
Prove that there exists a unique real numfgesuch thatg (¢9) = M/2.

c. Prove thag” = a(1—-2g/M)g’. Study the sign of”. Deduce from this
that the rate of increase of the number of bacteria is deiogadter the
time ¢y defined above. Expregs as a function of: andC.

d. Knowing that the number of bacteria at times g(¢), calculate the mean
of the number of bacteria between time 0 and tig)eas a function of\/
andC.

Part C (2 points)

1. The table below shows that the curve represenfipgsses through the points
with coordinateq0, 1) and (0.5, 2).
Deduce from that the values ofy, 7" anda.

2. Knowing thatg (0) = Ny and thatM = 100Ny, prove that for every positive
real number the following equality holds:

g(t) =100/(1 +99 x477).

3. Draw on the attached sheet [see graph below] the clirvepresenting,
the asymptote td” and the point off” with abscissay.

4. Under what conditions does the first model seem to you stamdiwith the
observations made?

¢ (inh) 0|05/ 1|15/ 2 | 3| 4| 5|6
Millions of bacteria| 1.0 | 2.0| 3.9| 7.9| 14.5| 37.9| 70.4| 90.1| 98
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Appendix 2: New Proposals For Assessment at the Baccalauréa

Exercise 6 The plane is equipped with an orthonormal system of cootéina
Let f be the function defined oR by

f(x)=e?*/2—-2.1e* + 1.1x + 1.6.

1. Graph the curve representirfgin the window—5 < x <4, —4 < y <4,
Reproduce the curve on your assessment sheet.
2. From this graphic representation, what do you conjecture

a. About the variation of the functioif (where f is positive or negative,
increases or decreases).

b. About the number of solutions of the equatigtx) = 0.
3. Now we want to study the functiofi.

a. Solve inR the inequalitye®* —2.1¢* + 1.1 > a.

b. Study the variation of'.

c. Deduce from that study the number of solutions of the égugf(x) = 0.
4. If you want to draw the curve of on the interva[—0.05, 0.15] and to visu-

alize the results of Question 3, what extreme valueg/foan be chosen for
the calculator window?

Exercise 7Consider a sequenée, } with u,, > 0, and the sequende,, } defined
by
Uy = un/(1+ uy).
Are the following propositions true or false? Justify yonswer in each case.

1. For everyn we have) <v, < 1.

2. If the sequenceiy,} is convergent, so is the sequencsg;}.
3. If the sequencey,} is increasing, so is the sequence,i.
4. If the sequencedy,} is convergent, so is the sequence,}.

Exercise 20 The different questions are independent. All the answevs ha
be carefully justified.

1. In each of the following cases, give a functignsatisfying the given prop-
erties. An expression fof must be given.

a. f is defined orR by f(x) = ae** + be* + ¢, the limit of f at oo is oo,
and the equatiorf'(x) = 0 has two solutions, 0 and In 2.

b. f is defined or0, o), f(2) = 4 and, for every positiv€' real numbers:
andy, we havef(xy) = f(x) + f(»).

13Here and below “positive” is used with its usual English nirgnso in this case: > 0 andy> 0.
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c. f is a polynomial function of degree at least 2 and the mearevaillyf' on
[—2,2]is0.

2. Letg be a function that is defined and differentiable with deieag’ that
is continuous orfi—1, 1]. The curve representing is drawn below.
Are the following assertions consistent with this graph?

a. f_ll g (x)dx=0
b. f_ll g(x)dx >—1

Exercise 30 Strange numbers!
Numbers such as 1, 11, 111, 1111, etc. are called rep-urtigsy dre written
only with the digit 1. They have a lot of properties which igtre mathemati-
cians. This exercise has the aim of revealing some of these.

For a positive integek, the rep-unit written withk 1's is denotedVy:

Ny=1, Ny=11,...

1. Give two prime numbers less than 10 that never appear idegb@mposition
in prime factors of a rep-unit. Justify your answer.

2. Give the decomposition in prime factors 8§, N4, Ns.

3. Letn be an integer strictly larger than 1. Suppose that the déerpaession
of n?2 ends in 1.
a. Prove that the decimal expressiomands in 1 or in 9.
b. Prove that there exists an integersuch that: can be written in the form

10m + 1 or10m —1.

c. Deduce from this that?> = 1 (mod 20).

4.a. Letk > 2. What is the remainder in the division &f, by 207?
b. Deduce from this that a rep-unit different from 1 cannotlsguare.
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Appendix 3: 2002 Grade 6 Diagnostic Test Exercises
with Allocated Time and Pass Rates

NUMBERS AND OPERATIONS
Exercise 1(2.5 min) Mental calculation

In box a, write the result of: 198 plus 10 84.1%
In box b, write the result of: 123 plus 2 tens 73.8%
In box ¢, write the result of: 37 divided by 10 56.0%
In box d, write the result of: 7 multiplied by 10,000 87.9%
In box e, write the result of; 405 minus 10 80.8%
Exercise 5(2 min) 86.5%

A bus started from the school at 8:30 a.m. and arrives at tre=om
at 9:15 a.m. How long did it take to travel?

Exercise 12(2 min) 72.4%

Order the following numbers from smallest to largest.

2 2.02 22.2 22.02 20.02 0.22

Exercise 13(2 min) 57.6%

Here are five numbers ordered from smallest to largest.
Write the number 3.1 in the correct place.

Exercise 18(3 min)

Calculate:

a) 58— (8+22)= 73.7%
b) 5x(9—-6)= 82.0%
c) (7+13)x3= 86.6%
d)15+-2+3) = 68.2%

Exercise 21(3 min)

Write the calculations in the boxes provided: [boxes orditte

a. 8.32+15.87 84.6% b. 15.672 + 352.21 79.2%
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PROBLEMS
Exercise 10(3 min) 48.0%

A school has two classes. In the school there are 26 girlshdriitst class,
there are 12 girls and 11 boys. In the second class, there/grals. How
many boys are there in the second class?

Exercise 31(4 min 30 sec)

A pack of mineral water is made of 6 bottles of 1.5 liters.
A shopkeeper arranges 25 such packs.

a. Circle the calculation that yields the number of bottiearsged. 81.4%

25+ 6 25%x6 1.5x6
25—6 25%x 1.5 6-—1.5

b. The shopkeeper made the calculatidf x 6) x 1.5.
The result of this calculation is 225.
What quantity did the shopkeeper want to know? 59.1%

Exercise 14(4 min)

The following graph represents the increase in the worldufaion since
1850 (in billions).

a. In what year did the world population reach 2 billion? 78.4
b. What was the world population in 20007 86.1%
c. How many years were necessary to go from 1 to 2 billion? 240.1
d. Approximately what was the world population in 19507 58.2

Population en milliards d'habitants

1850 1800 1950 2000

D'aprés «Histoire-Géographic 6w - Hachetie Education
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GEOMETRY
Exercise 24(4 min) 95.7%
Below, on the left, is a figure made of a square and a circle.

Somebody began to reproduce this figure. Two sides of thesaqua already
drawn. Complete the drawing.

Exercise 6(5 min)

Here are three figures.

Fill in the table.
Fie |G the anawer) | you found 1
A YES NO 42.9%
B YES NO 37.2% + 45.9%
C YES NO 39.9% + 47.9%
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