Chapter 1. The Second International Assessment of
Educational Progress

BACKGROUND TO THE ASSESSMENT

The Second International Assessmentof Educational Progress (LAEPII) was
an international comparative study of the achievements in mathematics and
science of9-and 13-yearold students in 20 countries. LAEP Il wasadevelopment
of the First International Assessment of Educational Progress (LAEP 1), which
took place in 1988 (Lapointe, Mead, & Phillips, 1989).

In IAEP n, tests in mathematics and science were developed through a
process of international consensus and co-operation, and were administered to
representative samples of students in participating countries. Testing took place
during the month of October 1990 for countries in the southern hemisphere and

in March 1991 for northern hemisphere cquntries. The results of the study were
published in two bpoklets, Lapointe, Mead, & Askew,

1992) and Lﬂrrg ST (Lapointe, Askew, & Mead, 1992), which
summarize the results from an international perspective. While the general
international perspective is valuable, it omits much that may be of interest to
readers in a particular country. In this report, LAEP Il results are presented with
particular reference to Ireland and to the concerns of Irish readers. The general
approach and many of the ideas have been adapted from the international
booklets.

THE DESIGN OF THE SURVEY

The LAEP surveys were co-ordinated by the Center for the Assessment of
Educational Progress, which is a division of Educational Testing Service,
Princeton, New Jersey. Educational Testing Service is a private, not-for-profit
corporation devoted to measurement and research in education. Funding for
project co-ordination was provided by the US National Center for Education
Statistics and the US National Science Foundation. Each participating country
provided funding for project activities within that country. In Ireland, the LAEP
surveys were conducted by the Educational Research Centre, St. Patrick’s
College, Dublin. Funding was provided by the Department of Education.

Following the success of LAEP I, representatives from 20 countries came
togetherto design asurvey thatwould yield comparative data on the mathematics
and science achievements of their pupils, yet which could be implemented in a
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tmely and economucal manner A fundamental prerequisite was that the project
adhere to the highest standards of survey research

In addition to the usual requirements of survey research in the areas of
sampling, administrative procedures and accuracy in data-processing, the
JAEP II design paid particular attention to three issues that have important
imphcations for the qualty of international compansons These were the extent
to which the target populations were clearly defined and deltmited, the suitability
of the instruments used to measure pupil achievement and attitudes, and the
umpact of cultural and educational factors

Participating Countries

A total of 20 countnes participated in some way 1n IAEP IT (Figure 1 1) The
core of IAEP Il was a survey of the achievements of 13-year olds 1n mathematics
and science A survey of the achievements of 9-year olds in mathematics and
science was an option that was taken up by 14 of the participating countries
There was also an optional short experimental survey of the geography
achievement of 13-year olds (Lazer, 1992) and an optional expertmental
assessment of the ability of 13-year olds to perform practical tasks in
mathematics and science (Semple, 1992) Ireland took part in the mathematics
and science assessments at both age levels, and in the geography assessment, but
not 1n the performance assessment

Target populations 1n participating countries were defined m terms of age to
ensure a clearly defined basis for cross-national compansons The 13-year old
population was defined as all pupils born 1n the 1977 calendar year, and the
9-year old population as all pupils born 1n 1981 Although the project sampling
design required that the target population 1n a partictpating country should
consist of all pupils born 1n the appropnate year, 1n several countries 1t was
necessary to further refine the defimtion of the population either to restrict 1t to
some geographical areas of the country or to exclude particular sections of the
desired population Aithough this report refers to countries, 1t should be
remembered that in some cases (e g , China, Italy, Brazil) findings relate only to
sections of the population ,

Nineteen countnes participated in both mathematics and science at age 13
One additional country, Mozambique, participated in the mathematics
assessment, also at age 13 For the purposes of reporting the results of the survey,
the countries were divided 1into two groups, one consisting of comprehensive
populations and one consisting of non-comprehensive or special populations
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FIGURE 11

DESCRIPTIONS OF POPULATIONS

Country Population in Survey

Brazil Cities of S&o Paulo and Fortaleza only, restricted grades, in-school
population

Canada Four provinces at age 9 and 9 provinces at age 13 out of a total of 10
provinces

China 20 out of 29 provinces and independent cities, restricted grades, in-school
population

England All students, low participation at age 9 and age 13

France All students

Hungary All students

Ireland All students

Israel Hebrew-speaking schools

Italy Province of Emilia-Romagna, low participation at age 9

Jordan All students

Korea All students

Mozambique Cities of Maputo and Beira, in-school population, low participation

Portugal Restricted grades, in-school population at age 13

Scotland All students, low participation at age 9

Slovenia All students

Soviet Union 14 out of 15 republics, Russian-speaking schools

Spain All regions except Catalufia, Spanish-speaking schools

Switzerland 15 out of 26 cantons

Taiwan All students

United States All students

Countries with comprehensive populations were those that included all
age-eligible pupils in the sampling for the study, even if the population was by
definition restricted to a specific geographic region or particular language group.
Included in this group were eightcomplete countries (France, Hungary, Ireland,
Jordan, Korea, Slovenia, Taiwan, and the United States). For example, Ireland
was included in the comprehensive population group because the target
population included almost all 13-year olds, and because response rates were
high. Also assigned to this group were seven populations that did not represent
complete countries but were clearly defined and did represent all age-eligible
pupils. These were Canada (all butone province atage 13 butjustfour provinces
at age 9), Israel (pupils in public Hebrew-speaking schools only), Italy (the
province of Emilia-Romagna only), Scotland, the Soviet Union (pupils in
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Russian-speaking schools only in 14 out of 15 republics), Spain (pupils in
Spanish-speaking schools except 1n Catalufia), and Switzerland (15 out of 26
cantons) The Italian province of Emilia-Romagna was regarded as a
comprehensive population Although only 6% of Italian 13-year olds live 1n this
region of Italy, the target population was the entire 13-year-old cohort in
Emilia-Romagna

Six of the populations {China, England, Portugal, Brazil (Sio Paulo), Brazil
(Fortaleza), and Mozambique] were considered special populations in IAEP IT
In these places a significant proportion of age-eligible pupils were systematically
excluded from the target population This may have occurred because, for
example, erther not all grade levels containing 13-year olds were assessed,
thereby ruling out some 13-year olds, or because some children were not 1n
school In addition, countries where the participation of sampled schools and
students was low (less than 70%) were classified as special populations England
was ncluded in this group because of low response rates from the selected
schools The combined school and student participation rate m England was 47
percent This response rate was low 1n comparison with other countnies 1n the
study (in Ireland the figure was 90%) and introduces the possibility of bias due
to selective non-response In the case of Portugal, 14% of 13-year olds who had
dropped out of school were not represented m the study Additionally, 13-year
olds were sampled from only some grade levels in the Portuguese school system
Brazil included only 13-year olds 1in Grades 5 through 8 1n the cities of Fortaleza
and Sdo Paulo In China, 13-year olds below Grade 7 and those not in school
were excluded In Mozambique, only 13-year olds 1n the cities of Maputo and
Berra were included

In the study of 9-year-olds, England, Scotland, Portugal, and Italy (Emilia-
Romagna) were classified as special populations There was a low response rate
from selected schools in England, Scotland, and Italy (Emilia-Romagna),
whereas 1n Portugal, approximately one-fifth of 9-year olds were excluded from
participation because they were not enrolled 1n either grades 3 or 4, the only
grades from which 9-year olds were sampled in that country The remaining ten
countries 1n the 9-year old survey provided comprehensive populations

Sampling Procedure

The sampling plan for the IAEP survey called for representative samples of
3,300 students from about 110 schools 1n each participating country at each age
level The survey 1n Ireland assessed 13-year old and 9-year old students in
ordinary classes in post-pnmary and pnmary schools Students in private
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primary or special schools were not included. Students were selected for
inclusion in the survey in two stages.

In the first stage of the sampling procedure, a sample ofschools was selected
for each age level, using probability-proportional-to-size sampling techniques.
A comprehensive list of all schools in the country containing any age-eligible
students was obtained and information about gender composition of students in
the school, school size, and school type was matched to each school. In keeping
with recommendations by the international co-ordinating group, a number of
schools containing very small numbers of age-eligible students were deleted
from the sampling frame in Ireland (International Assessment of Educational
Progress, 1992). This occurred where fewer than six 13-year olds or fewer than
five 9-year olds were on roll in a school. Five percentof 13-year old and 3% of
9-year old students were excluded for this reason. A sample of 116 (age 13) and
134 (age 9) schools was drawn in Ireland. Most schools agreed to participate.

In the second stage, principals of schools that were willing to participate
supplied the Educational Research Centre with lists of age-eligible students
along with information about age and other eligibility requirements necessary
for monitoring and verifying the within-school sampling. Between 30 and 34
students in each school were selected in a random systematic manner by the
Educational Research Centre and one halfofthe sampled students were assigned
the mathematics test and the remaining half, the science test. These procedures
resulted in 3,522 Irish 13-year old students in 110 schools being selected for
inclusion in the study of which 3,311 actually took part, giving an overall
response rate of 90 percent. The mathematics test was administered to 1,654
students while the remaining 1,657 took the science test. A similar process
yielded 2,543 9-year olds located in 126 primary schools giving an overall
response rate of 91 percent. Of these, 1,261 took the mathematics test and the
remainder the science test. The numbers of schools and pupils assessed in
Ireland, along with information on the co-operation rates achieved, are presented
in Table 1.1. Table 1.2 provides a breakdown of the grade levels from which the
samples were drawn.

Local conditions in some education systems meant that alternative sampling
procedures were employed. For example, within each school in England and
Switzerland, entire classes were sampled and all age-eligible students in a
sampled class were included.

All participating students in a school were tested during one 90-minute
session. Teachers in each school were responsible for the administration of the
survey instruments (achievementtests and questionnaires) to pupils. Atthe same
time, school principals completed a questionnaire designed to elicitinformation
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about the school, its resources, and curricular provision Information about
general educational policies and practices 1n Ireland was provided by the project
co-ordmator for Ireland

TABLE11

NUMBERS OF SCHOOLS AND PUPILS ASSESSED AND RESPONSE RATES

Number of Number of

Number of  School Pupits Pupils Pupil Overall
Schools Response  Assessedm  Assessedin  Response  Response
Assessed Rate Mathematics  Science Rate Rate*
Age9 126 94% 1261 1282 9% 91%
Age 13 110 9%6% 1 654 1657 94% 90%

*Combinaton of the school response rate and the response (completion) rate of pupils sampled for
assessment
TABLE 12

LOCATION OF SAMPLED PUPILS IN IRISH SCHOOL SYSTEM
(PERCENTAGE DISTRIBUTION BY GRADE LEVEL

Pnmary School Classes Post-Pnmary Years

2nd 3rd 4th 5th 6th Ist Year 2nd Year
Age 9 Maths 2 57 40 0 0 0 0
Age 9 Science 3 59 38 0 0 0 0
Age 13 Maths 0 0 0 0 1 62 37
Age 13 Science 0 0 0 0 1 63 35

Note Percentages may not total 100 due to rounding

The Measures of Achievement

There 1s considerable vaniation across countries 1n the degree of emphasis that
1s placed on different areas of the curnculum If meamingful compansons of
student performance are to be made 1t 1s necessary to identify those aspects of
the curnculum that are comparable across countries, and to base the assessment
on these common areas In IAEP I1t was found to be possible to reach consensus
among participants on the suitability of a wide range of topics in both
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mathematics and science. The experience gained in IAEP | was invaluable in
developing the specifications for the IAEP |l assessment. The procedure whereby
representatives from participating countries developed frameworks for selecting
objectives for assessment in each subject, and for developing questions to assess
performance on these objectives, is described in detail elsewhere (Center for the
Assessment of Educational Progress, 1991). The following is a summary of the
procedure.

Taking the frameworks from IAEP | as a starting point, frameworks for
objectives were developed by representatives of participating countries at a
series of planning meetings. Frameworks were two-dimensional matrices with
subject content categories along one dimension and subject skills categories
along the other. Country representatives reviewed these frameworks and, after
some discussion, adapted them to suit the IAEP Il assessment. Curriculum
specialists in each country then considered the frameworks and suggested
weights for each content-by-skill cell of the matrix that would reflect the degree
of emphasis placed on topics in that cell in the curriculum of that country. In
mathematics, five content areas that typically form the nucleus of mathematics
curricula in all participating countries were identified: Numbers and Operations;
Measurement; Geometry; Data Analysis, Statistics, and Probability; and Algebra
and Functions. Three cognitive skill levels that representatives of all
participating countries agreed were taught in their schools were: Conceptual
Understanding; Procedural Knowledge; and Problem Solving (Figure 1.2).

FIGURE 1.2

MATHEMATICS FRAMEWORK FOR 9- AND 13-YEAR OLDS

Data
Analysis,
Numbers Statistics, Algebra
and and and
Operations ~ Measurement Geometry Probability Functions

Conceptual
Uncerstanding

Procedural
Knowledge

Problem
Solving
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The weights from each country were combined and consensus was reached on
the weight to assign to each cell in desigrng the assessment (Tables 13 and 1 4)
Participants then supphied questions that addressed the topics specified by the cells
of the content-by-skills framework. More than 2,000 questions were reviewed and
discussed Questions found to be acceptable in most countries were placed m a pool
from which a set of questions that met the content-by-skalls criteria was then selected

TABLE 13

WEIGHTS APPLIED TO MATHEMATICS SKILL CATEGORIES (PERCENTAGES)

Skall Age9 Age 13

Conceptual Understanding 35 33

Procedural Knowledge 35 33

Problem Solving 30 33
TABLE 14

WEIGHTS APPLIED TO MATHEMATICS CONTENT CATEGORIES (PERCENTAGES)

Content Area Age9 Age 13
Number and Operanons 50 30
Measurement 15 15
Geomeiry 15 20
Data Analysis, Statistics

and Probability 10 15
Algebra and Functions 10 20

Four content areas were used in designing the scrence test Life Sciences,
Physical Sciences, Earth and Space Sciences, and Nature of Science Cogntive
skill levels agreed were Knows Science, Uses Science, and Integrates Science
(Figure 13) As in the case of mathematics, consensus was reached on the
weights to be assigned to each skill and content area (Tables 1 5 and 1 6)
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FIGURE 1.3

SCIENCE FRAMEWORK FOR 9- AND 13-YEAR OLDS

Life Sciences  Physical Sciences Earthand Space  Nature of Science
Sciences
Knows Science
Uses Science

Integrates Science

TABLE 15

WEIGHTS APPLIED TO SCIENCE SKILL CATEGORIES (PERCENTAGES)

Skill Age 9 Age 13

Knows Facts, Concepts, and Principles 45 40

Uses Knowledge to Solve Simple Problems 35 35

Integrates Knowledge to Solve More Complex Problems 20 25
TABLE 16

WEIGHTS APPLIED TO SCIENCE CONTENT CATEGORIES (PERCENTAGES)

Content Area Age9  Age 13
Life Sciences 35 35
Physical Sciences 30 35
Earth and Space Sciences 20 15
Nature of Science 15 15

Appropriate questions were written and reviewed. Selected questions were
then pilot-tested in all participating countries. The results of this testing were
used to help select a final set of questions that reflected approximately the
specifications ofthe frameworks, and which appeared to function adequately as
test items in each country.

The final test in mathematics for 13-year olds contained 76 questions and the
science test 72 questions. The tests for 9-year olds contained fewer questions: 62 in
mathematics and 60 in science. About a quarter of the mathematics questions used
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an open-ended format where students were required to wnte 1 the answer, the
rest were multiplechoice All of the science questions were multiple-choice

ANALYSIS OF DATA

Percentage Correct

Results of the mathematics and science tests are presented as the mean
percentage of correctly answered 1tems 1n a country For each country, the
percentage of correct answers to each test item was calculated By averaging
across the individual item percentages, average percentage scores were obtained
over entire tests (e g , mathematics at age 9) and over subsections of tests (e g ,
Numbers and Operations, Measurement, Conceptual Understanding) for each
country Addittonally, by restricting analyses to certain categories of students,
average percentages correct were obtained for subsections of the sampled
populations such as boys, girls, third class pupils, and first year students

Standard Error of the Estimate

Most of the sample statistics presented 1n this report are accompanied by their
standard errors The standard error of a statistic 1s an indicator of the extent to
which the sample statistic may be expected to vary about the true (but unknown)
population value Statistics based on samples always contain some sampling
error, the standard error 1s a quantification of this A confidence interval for a
statistic (consisting of the region from two standard errors below the statistic to
two standard errors above the statisc) may be constructed so that, if the
sampling procedure were repeated a large number of times and the sample
statistic recomputed on each occasion, the confidence interval would be expected
to contain the population value in 19 samples out of 20

A vanation on the jack-knife procedure (Mosteller & Tukey, 1977) was used
to compute the standard errors presented 1n this report

Differennial Item Functioning

Methods were used to identfy test questions that might be particularly
susceptible to cuitural or linguistic musinterpretations by students and would
therefore not provide a true and accurate picture of therr mathematical and
scientific abihties The main method used to detect such malfunctioning
questions was the Mantel-Haenszel procedure Application of this procedure
identified a small number of questions which were eliminated from the
achievement tests because students of equal ability but from different



EDUCATIONAL PROGRESS IN IRELAND: MATHS AND SCIENCE 15

populations were found to have differentprobabilities ofanswering the questions
correcdy.

Because all sample statistics contain some sampling error, comparisons
between such statistics must be made with care, since there is always a risk that
any observed difference between two or more statistics is merely the result of
the sampling procedure. Generally speaking, the use of large samples keeps the
risk of sampling error to a minimum. However, even in large surveys such as
IAEPII the question of sampling error is not negligible.

The larger a difference between two statistics, the less likely it is to be the
result of sampling variation. Hence, the convention has been adopted of treating
only differences above a certain magnitude as worthy of consideration, or as
being ‘statistically significant.” Just how large the difference between statistics
should be in order to be considered statistically significantdepends on how much
sampling error is associated with the statistic (i.e., the magnitude ofthe sampling
errors of the statistics).

A Z-test may be used to test the significance of the difference between two
sample statistics. When the statistics are proportions calculated from subgroups
of sample respondents the formula for the Z-test is:

zij=Ipi - pjlv SE2}+SEJ
where pi and pj are the sample properties of the two groups, iandj, and SE2iand
SEZ are their squared standard errors. If the resulting Zij value is equal to or
greater than 1.96, the difference is deemed to be statistically significant at the
5% level. This means thatone would expectto find a Z greater than 1.96 because
of sampling variation on just one occasion in 20, that is in 5% of samples.

RECOGNIZING CULTURAL DIFFERENCES

Te@etdAdpaat

The achievementresults obtained from the IAEP survey need to be interpreted
in light ofthe contexts in which they were obtained. Comparisons ofeducational
performance across countries are complicated by variations in the cultural,
educational, and social contexts in which students learn and achieve. To provide
information on these contexts, students taking part in the study were asked to
respond to aseries ofquestions related to their experiences in school and athome.
School principals also responded to a questionnaire regarding the life of the
school. Project co-ordinators in each country provided information on the
structure and functioning of their educational system. In addition, information



16 MICHAEL O MARTIN, BRENDAN L HICKEY, DAMIAN P MURCHAN
was obtained on national economic and demographic indicators which might
help to provide a more complete picture of the backgrounds and contexts m
which students in different countries learn

Although every effort was made to ensure that the assessment frameworks
were acceptable to each country, mevitably there were areas where the match
between a country’s curriculum and the assessment frameworks was less than
optimal Thus, use of the principle of consensus to guide 1tem selection may
result in certan aspects of the curriculum in a country not appearing in the
mnternational tests In the case of the IAEP I survey, topics omntted for 13-year
olds ncluded profit and loss, stmple interest, VAT, co-ordinates, symmetry, and
indices (Greaney & Close, 1989) In the subsequent IAEP II survey, principals
of participating schools 1n each country were asked to indicate the degree of
emphasis placed on vanous topics covered by the questions 1n the achuevement
tests The results of these ratings are presented 1n this report along with indicators
of student performance to facilitate compansons In addition, data such as those
gathered concerming the structure and operation of schools can be useful 1n
interpreting achievement resuits

Instruments Used to Gather Information on Context

The test booklets for 13-year olds were divided nto six sections In both the
mathematics and science versions, Parts 1 to 4 contained the achievement
questions Part 5 consisted of esther 24 (for students taking the mathematics test)
or 22 (science) questions soliciting information on famuly background, student
activities at home and at school, and optmons about the subject Part 6 of the
mathematics booklet contained one half of the geography test, and Part 6 of the
science booklet the other half Test booklets for the younger pupils consisted of
five parts Parts 1 to4 (achievement questions) and Part 5 (13 questions regarding
pupils’ backgrounds and attitudes)

A School Questionnaire was completed by the principal of each school
Responses to 72 questions for post-pnmary school principals and 53 for pnmary
school pnincipals provided information concerning the structure of the school,
duration of the school year, number of minutes of instruction per day, class size,
the student body, teaching staff, facilities and equipment, and problems faced by
the school Specific information was also gathered regarding the teaching of
mathematics and science, including the tume devoted to each subject per week



Chapter 2. Mathematics Performance of 13-Year
Olds

STRUCTURE OF THE TEST

The mathematics test for 13-year olds was made up of 76 questions. One
question (measuring students’ knowledge of numbers and operations) was
eliminated from the international analysis following preliminary analyses
which indicated that it did not function in the same way across all populations.
Student performance is based on the responses to the remaining 75 questions.
The content covered by the test was categorized into five major topic areas as
shown in Table 2.1.

TABLE 21
NUMBERS AND PERCENTAGES OF QUESTIONS BY TOPIC ON MATHEMATICS TEST
(AGE 13)
Numbers Data analysis Algebra
and Statisticsand  and

Operations ~ Measurement ~ Geometry ~ Probability Functions Total

Number of 27 13 n 9 15 75
Questions
Percentage 36 17 15 12 20 100
OVERALL PERFORMANCE

In this section, the performance of Irish 13-year olds on the mathematics test
is compared with that of their peers in the other participating countries. Results
are presented in terms of overall performance in Table 2.2 and separately by
topic in Table 2.3. Performance is defined in terms ofthe percentage ofquestions
on the test or subset answered correctly.

The highest average performance on the mathematics test was achieved by
13-yearolds in the People’s Republic of Chinal who on average, answered 80%

1 The 13-year olds from China who participated in the assessment were selected mainly
from urban areas, and are not typical of Chinese 13-year olds in general.

17
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of questions correctly At the other extreme, 13-year olds from Moza.mblque2
answered, on average, only 28% of questions correctly The samples of students
in both China and Mozambique have been referred to as ‘special populations’
because the sampling procedures specifically excluded some sections of the
target population

Among countries with comprehensive populations, that s, countries that
included virtually all 13-year olds, those with the haghest average performance
are Korea and Taiwan with 73% correct, while the country with the lowest
average performance 1s Jordan, with 40% correct In Ireland, students, on
average, responded correctly to 61% of the mathematics questions Thus 1s just
above the international average of 58 percent Other countries performing close
to the international average are Scotland, England and Slovenia.

Although countnes may be ranked from highest to lowest in terms of thetr
average scores, the difference between adjacent scores 1s sometimes so small as
to be meaningiess Thas 1s particularly so when the effects of sampling variabihity
are taken 1nto account. From an Irish perspective, participating countnes can be
divided 1nto three groups on the basis of their average performance The first
group consists of countries for which average mathematics scores significantly
exceed the average for Insh students In this case, the magnitude of the difference
1s such that 1t 15 unlikely to be the result of sampling variability This group
ncludes China, Korea, Tarwan, Switzerland, the Soviet Union, and Hungary
Inish students perform at approximately the same level as students 1n France,
Italy (Emilia-Romagna), Israel, Canada, England, Scotland, and Slovenia, which
form the second group Although six of these countries appear above Ireland n
a simple rank ordering of mean percentage correct (see Table 2 2), the differences
between them are not statistically sigmficant. Countries in the third group which,
on average, performed less well than Inish students are Spain, the United States,
Portugal, Jordan, and those parts of Brazil and Mozambique that were wncluded
1n the survey

2 The target population from Mozamb:ique included only students attending school 1n
the cities of Maputo and Beira.

3 There was an unusually low response rate to the assessment 1n England, which may
have 1ntroduced an unknown bias 1nto the results
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TABLE 2.2

AVERAGE PERCENTAGES CORRECT ON MATHEMATICS TEST: OVERALL SCORES
AND SCORES ATTAINED BY STUDENTS AT 10TH AND 90TH PERCENTILES (AGE 13)

Average Overall Percentage correct attained by students at:
Score 10th Percentile 90th Percentile

IAEP Average 58 (0.9)

Comprehensive Populations
Korea 73 (0.6) 41 (1.5) 96(0.0)
Taiwan 73(0.7) 35(3.0) 97(1.3)
Switzerland 71 (1.3) 51 (1.9) 93 (1.3)
Soviet Union 70(1.0) 43 (0.8) 92 (0.0)
Hungary 68 (0.8) 39(1.3) 93 (0.0)
France 64(0.8) 37(1.0) 89(0.0)
Italy (Emilia-Romagna) 64(0.9) 37(1.5) 88(0.0)
Israel 63(0.8) 37(0.2) 88 (2.6)
Canada 62(0.6) 37 (0.0 87 (0.0)
Scotland 61 (0.9) 35(0.0) 87 (0.0)
Ireland 61 (0.9) 33(2.0) 87(0.0)
Slovenia 57(0.8) 32(0.1) 83(0.2)
Spain 55 (0.8) 33(2.0) 78(0.8)
United States 55(1.0) 29 (0.0) 83 (1.3)
Jordan 40(1.0) 21 (1.5) 65(3.1)

Special Populations
China 80(1.0) 57(3.3) 96(1.3)
England 61 (2.2) 35(3.7) 89(0.5)
Portugal 48 (0.8) 28(0.5) 75(0.9)
Brazil (Sao Paulo) 37(0.8) 19(0.9) 63 (0.7)
Brazil (Fortaleza) 32(0.6) 17 (0.3) 57(2.1)
Mozambique 28 (0.3) 19(0.1) 45(1.4)

Note. Standard errors are presented in parentheses.

In terms of overall mathematics performance then, 13-year olds in Ireland
perform at approximately the same level as their peers in most of the other
W estern countries in the survey. Oriental and Eastern European students have
higher average performance levels, while students from developing countries
have lower performance levels.

DIFFERENTIAL PERFORMANCE OF HIGH AND LOW ACHIEVERS

An average score provides an indication of the performance of a group as a
whole. It is also of interest to consider how much the ‘best’ Irish students know
and can do in relation to the ‘best’ students in other countries as well as to
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compare the weakest Inish students with the weakest groups 1n other countries
To examine these 1ssues, the performance levels corresponding to the 10th and
90th percenﬁles (1 ¢, the bottom and top 10% of students) 1n all countnes were
calculated

The average score for all Insh students 1n the survey 1s somewhere tn the
muddle range internationally Similarly, the scores of Irish students at the 10th
and 90th percentiles are 1n the muddle range, below countries such as China,
Korea, Taiwan, and Switzerland, but above those such as Brazil and
Mozambique The 90th percentile for Irish students (the score on the test above
which the top 10% of students are to be found) 1s 87% of the questions answered
correctly This 1s 1dentical to that found in Scotland and Canada The 90th
percentile 1n England and France 1s 89%, whereas for Swiss students 1t 1s 93
percent

The 10th percentile score for Irish students (the score at or below which
the bottom 10% of students are to be found) 1s 33% of items answered
correctly The scores corresponding to the 10th percentile in Canada and
Scotland are 37% and 35% respectively The 10th percentile for Swiss
students, however, 1s 51%, only 10 percentage ponts below the average score
for all Insh students The figures for Switzerland indicate that 1n some way the
Swiss education system performs well 1n equipping even its weakest 13-year
olds with mathematics knowledge and skills compared to Ireland and all the other
comprehensive populations that took part in this study

MATHEMATICS PERFORMANCE OF 13 YEAR OLDS BY GENDER

Boys 1n Ireland perform at a sigmficantly higher level than girls, responding
correctly to 63% of the mathematics questions, compared to 58% for girls Thus result
differs from the 1988 IAEP I study, which showed httle difference between boys
and girls (Lapointe etal , 1989) Thus may be due partly to a change in the curmculum
coverage of the mathemancs test from IAEP I to IAEP 1I In the first survey, there
was relatively more emphasts on computation, which seems to favour girls at this
age (Martin, 1990), while in IAEP I, there was an attempt to include more questions
on problem solving and fewer questions of a computational or procedural nature
Ireland was not the only country to exhibit a gender difference 1n mathematics
performance Sigmficant differences m favour of boys are also found in Switzerland
(4% difference), France (3%), Italy (Emilia-Romagna) (4%), Canada (2%}, Spain
(3%), China (3%), and Braz} (Fortaleza) (4%) However, the supenonty of boys 1s
not umversal girls 1in the Canadian province of Newfoundland score
significantly better than boys
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In reply to a questionnaire item asking whether mathematics is more for
boys or for girls in most countries, a high percentage of students said that
mathematics is for boys and for girls about equally. Only in Korea, Taiwan,
the Soviet Union, Jordan, and Mozambique did the percentage fall below 90.
However, even though mathematics is perceived by arelatively large number
of students in these countries to be gender-linked (16% to 44%), there was
no significant difference in the mathematics performance of boys and girls
in any ofthe five countries. In many countries thatreported greater agreement
about the appropriateness of mathematics for boys and girls, no achievement
differences were found either (e.g., Scotland and the United States), though
in some countries, whereas agreement about the suitability of mathematics
for both genders was high, achievement differences were evident (e.g.,
Ireland and Canada)

MATHEMATICS PERFORMANCE OF 13-YEAR OLDS BY TOPIC

The test was composed of questions from five mathematics content areas
or topics (see Table 2.1). These topics were Numbers and Operations;
Measurement; Geometry; Data Analysis, Statistics, and Probability; and
Algebra and Functions. In addition, each question was classified into one of
three categories on the basis of the kinds of cognitive processes presumed to
be required to answer the question correctly. The three categories were
Conceptual Understanding, Procedural Knowledge, and Problem Solving.
Although it is impossible to be sure of the nature of the cognitive processes
broughtto bear by individual students in responding to a question, an attempt
was made to devise questions which demanded cognitive skills from each
of the three categories. Figures in Table 2.3 show the average percentage
of all questions on the test answered correctly by students in each country
in the study as well as the average percentage correct in each of the five
topic areas.

Table 2.4 provides amore detailed review ofthe performance oflIrish students
on the five topics compared to a selection of neighbouring European countries
(England, Scotland, France, Spain, and Switzerland). In addition, considering
the significant cultural and historical links between Ireland and North America,
both the United States and Canada are included, as is Korea, a country where
students have consistently performed well in international surveys. The Korean
level ofachievement provides an indication ofthe levels of knowledge and skills
that are attainable by 13-year old children.
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TABLE23
AVERAGE PERCENTAGES CORRECT ON MATHEMATICS TEST OVERALL SCORES
AND SCORES BY TOPIC (AGE 13)
\
Numbers Data Analysis Algebra
and Measure Staustucsand  and
Overall Operauons ment  Geometry Probability Functions

IAEP Average 58 61 47 62 69 54

Comprehensive Populations
Korea 73 77 60 77 81 7
Taiwan 73 75 64 77 81 69
Switzerland n 74 62 77 82 63
Sowviet Union 70 69 60 78 76 72
Hungary 68 69 55 73 76 70
France 64 65 53 73 79 57
Italy (Emiha-Rom) 64 64 63 75 72 53
Israel 63 65 47 66 75 65
Canada 62 66 50 68 76 53
Scotland 61 60 51 70 79 53
Ireland 61 65 49 60 72 56
Slovema 57 62 43 63 64 52
Spain 55 60 38 60 68 52
Umited States 55 61 40 54 72 49
Jordan 40 43 32 44 46 38

Special Populations

China 80 85 n 80 75 82
England 61 59 51 70 80 54
Portugal 48 52 32 49 69 43
Brazl (Sdo Paulo) 37 41 24 34 50 36
Brazil (Fortaleza) 32 36 21 29 4 32
Mozambique 28 34 20 29 35 21

In Table 2 4, the average percentage correct aftained by Insh students 1n each
topic 1s used as a reference point The zero, plus, or minus entnies in each cell
indicate the relative average topic performance of Inish students compared to
each population For example, the figure of zero in the cell corresponding to
England and Overall indicates that there 1s not a statistical difference between
the average overall scores of Insh and English 13-year olds The plus sign (+)
1n the next column indicates that Insh students obtained an average score on
Numbers and Operations that 1s greater than that obtained by English children
The munus sign (-) for Data Analysis, Statistics, and Probability for England
shows that the average attainment of Insh students 1s below that of English
students on that topic
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TABLE 2.4

DIRECTION OF DIFFERENCE BETWEEN AVERAGE PERFORMANCE ON
MATHEMATICS TEST OF IRISH STUDENTS AND PERFORMANCE OF STUDENTS IN
SELECTED COUNTRIES (AGE 13)

Numbers Data Analysis Algebra
and Measure- Statistics and and
Overall Operations ~ ment Geometry  Probability Functions

England 0 + 0 0 0
Scotland 0 + 0 0
France 0 0 - 0
Spain + + + 0 + 0
Switzerland .

United States + + + + 0 +
Canada 0 0 0 - - 0
Korea - - - - - -
IAEP Average 0 + 0 0 0 0

+ The average performance of Irish students is higher than that of other country

0 No statistical difference in average scores

- The average performance of Irish students is below that of other countries

Statistical difference calculations based on Bonfenoni procedure (2.79 standard errors).

In the following sections, some sample questions from the test are included
for each topic. In all items ofthe multiple-choice variety presented as part of this
report, an asterisk beside an alternative denotes the correct response.

At age 13, over one-third of the mathematics questions assessed pupils’
understanding of numerical operations and ofthe conceptsofnumber lines, place
values, negative numbers, multiples, odd and even, fractions, decimals,
percentages, and ratios. Students were required to add, subtract, multiply, and
divide using whole numbers (including negative numbers), fractions, and
decimals. Ofthe 27 questions used for scoring purposes on this topic, 12 assessed
Conceptual Understanding, 8 assessed Procedural Knowledge, and 7 assessed
Problem Solving. Both relatively difficult and relatively easy questions were
included.

Irish students scored above the international level on Numbers and
Operations, as denoted by the + sign in Table 2.4. Table 2.3 indicates that Irish
students correctly answered 4% more items than the overall average.

W hile average overall mathematics performance of Irish students is close to
the international average, Irish performance on Numbers and Operations (65%
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correct on average) 1s sigmficantly above the international average (61%, see
Table 2 3) Inish students significantly outperform students in England, Scotland,
Sparn, and the United States on Numbers and Operations Therr attainment 1s
sumilar to that of French and Canadian students but lower than that of Swiss
students, the European students with the highest average score on Numbers and
Operations Irish students also score below students 1n the highest scoring
comprehensive population, Korea The difference between Insh boys and guls
in performance on Numbers and Operations 1s too small to be statistically
significant.

The pattern of correct responses to the question shown 1n Figure 2 1 1s typical
for the topic as a whole This question, correctly answered by 57% of all students
in the study, requires the translation of a fraction into a decimal There 1s no
difference between the proportion of boys and girls answenng the question
correctly 1n Ireland

FIGURE 2 1

TRANSLATE A FRACTION INTO A DECIMAL

Topic Numbers and operations Skill Procedural Knowledge

Whach of the following numbers 15 equal to % ?

A 0375
B* 0625
Cc 075
D 16

Ireland England Scotland France Spain Switz US Canada Korea
% Correct 72 41 41 62 63 77 56 58 85

Another question, requinng division by a mixed number, also shows a
somewhat similar ranking of countries (Figure 2 2} Only one other question on
the test was answered correctly by fewer students, making this one of the more
difficult questions In Ireland, 1t was answered correctly by a higher proportion
of boys than of girls
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FIGURE 2.2.
SOLVING A PROBLEM REQUIRING DIVISION BY A MIXED NUMBER
Topic: Numbers and operations Skill: Procedural Knowledge
How many rolls of film can be processed in 15 minutes if it takes Va minutes to process one

roll?
Answer

Ireland  EnglandScotland France Spain Switz US Canada Korea
% Correct 42 36 36 26 12 48 34 33 47

Schoalprincipals were asked to indicate the degree ofemphasis (AHSJB

placed on the various areas of mathematics for 13-year olds in their
schools. There were five subtopics under the general rubric of Numbers and
Operations. These were: whole number operations; common fractions; decimal
fractions; ratio; and proportion and percentages. There was considerable
variation both across countries and across subtopics in the degree of emphasis
that was reported. A relatively high degree of emphasis was placed on Numbers
and Operations in Irish schools. When aggregated across the five subtopics, the
average rating of Irish principals was third highest of all the countries, with 63%
reporting that such topics were ‘emphasized a lot.” Only Spain (68%) and
Hungary (65%) had higher ratings.

It may be noted that notall countries with a high level of performance on the
overall mathematics testreported a heavy emphasis on Numbers and Operations.
China (22% of schools emphasized Number ‘a lot’), Korea (22%), and Taiwan
(26%) all reported relatively low degrees of emphasis on this topic. On the other
hand, Switzerland (62%) and Hungary (65%), countries that also had a good
overall level of mathematics performance, reported a high degree of emphasis
on Numbers and Operations. It is interesting also that England and Scotland,
which had average levels of overall mathematics performance similar to Ireland
but did notdo as well on Numbers and Operations, both reported less emphasis
on Numbers and Operations (39% for England; 49% for Scotland).

N at

The questions on Measurement examined students’ understanding of and
ability to apply basic measurement concepts. This included determining
perimeter, area, volume, and surface area, primarily of squares, rectangles,
cubes, and rectangular solids. Students were also required to convert from one
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measurement unit to another within the same system (e g, metres to
centimetres) The ability to read scale drawings was also assessed There were
13 measurement questions, 3 assessed Conceptual Understanding, 3 assessed
Procedural Knowledge, and 7 assessed Problem Solving

Insh students, on average, responded correctly to 49% of the Measurement
questions (see Table 2 3), which was not significantly different from the
international average Insh students did just about as well as students 1n England,
Scotland, and Canada, and outperformed Spamish and Amencan students
However, therr achievement was significantly below that evident 1n France,
Switzerland, and Korea.

There was a clear difference between the performance of boys and girls on
this topic, with the average performance of boys exceeding that of girls by 8
percentage points in Ireland Measurement questions show the biggest gender
difference of all the mathematics topics for Insh students This may reflect the
fact that over half the measurement questions (7 out of 13) require the student
to engage 1n problem-solving, an activity in which boys appear to have an
advantage over guls at this age level

FIGURE23

SOLVING A WORD PROBLEM INVOLVING PERIMETER OF A RECTANGLE

Topic Measurement Skill Problem Solving

I

The distance around the rectangle above 1s exactly 12 metres The length of the rectangle 1s !
metres and the width 1s w metres Whach of the following could be the values of ! and w?

A 1=10 w=2
B I= 8 w=4
C = 4 w=4
D=* = 4 w=2
Ireland  England  Scotland  France Spain Switz us

% Correct 56 66 65 54 76 64 45
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According to school principals, Measurement was emphasized ‘a lot’ with
13-year olds in just over halfthe Irish post-primary schools. Countries in which
greater emphasis on the topic was reported were Italy (Emilia-Romagna) (90%
‘alot’), Switzerland (70%), England (63%), Scotland (57%), and Canada (53%).
Again it is noticeable that the countries performing best on the overall test
(China, Korea, and Taiwan) do not place a lot of emphasis on Measurement in
the mathematics syllabus at this age level. Students in Taiwan, where only 9%
of schools reported emphasizing Measurement, had an average achievement
score of 64% on the topic, the highest score of all comprehensive populations.

The example question shown in Figure 2.3 asked students to pick a possible
length and width for a rectangle of a given perimeter. The average percentage
answering the question correctly over all countries was 44. In Ireland, there was
no difference between the proportions of boys and girls thatresponded coiTectly
to the question.

&ty

Eleven questions on the testdealt with Geometry. These required students to
demonstrate knowledge of properties of circles, rectangles, triangles, cubes,
angles, and linesofsymmetry. Students were also required to visualize geometric
figures and to solve problems from classroom and real-life situations.

Irish students did not perform as well on Geome&y questions as on other
topics. Boys in Ireland outperformed girls on the Geometry questions (63%
correct vs. 57% correct).

Though Irish students performed approximately at the overall mean in
Geometry, they fared poorly in relation to mostoftheir geographical and cultural
neighbours. Their mean score was significantly below the means for students in
Scotland, France, Switzerland, and Canada. The country with the highest score
on the Geometry section was China, followed by the Soviet Union, Korea,
Taiwan, and Switzerland. Irish achievement on the example question shown in
Figure 2.4 (a problem involving the perimeter of a triangle) was roughly equal
to the international average of 60% correct. No difference in response pattern
was found between boys and girls.

Geometry was heavily emphasized in mostofthe high-performing countries.
School principals in China (80%), the Soviet Union (83%), and Korea (67%) all
reported a high degree of emphasis on this topic. Taiwan is an exception, where
only 14% of principals reported that the topic was ‘emphasized a lot.” The
percentage of Irish principals (37%) who reported that Geometry was
‘emphasized alot’ was lower than in mosthigh-achieving countries and suggests
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that less emphasis 1s placed on the topic 1n Insh schools than 1s placed on
Numbers and Operations (63%) or Measurement (52%)
FIGURE 2 4

SOLVE A PROBLEM INVOLVING PERIMETER OF A TRIANGLE

Topic Geomerry Skill Problem Solving

A tniangle has two sides that are equal 1n length and a third side that 1s 3 cm Iong If the
penmeter of the tnangle 1s 19 cm, what 1s the length of one of the equal stdes?

Answer

Ireland England Scotland France Span Swiz US Canada Korea
% Comect 61 69 70 60 61 79 53 72 68

Data Analysis, Stansnics, and Probability

There were just nine questions 1n the test relating to Data Analysis, Statistics,
and Probability, amounting to 12% of the test. Students were required to read
and 1nterpret bar charts, line graphs, circle graphs, data tables, to compute an
anthmetic mean, and to demonstrate an understanding of basic probability
concepts There were three questions assessing Conceptual Understanding, five
assessing Procedural Knowledge, and just one on Problem-Solving

The performance of Insh students on this topic was relattvely the same as on
the test as a whole Their average score did not differ sigmificantly from the
international average (see Table 2 4) The attainment of boys and girls was
sumlar Several countries exhibited unusual performance levels on this topic
France, Canada, Scotland, the United States, England, and Portugal all
performed relatively better than would be expected on the basis of their overall
performance In contrast, the Soviet Union, Slovenia, Jordan, Mozambique, and
unusually, China, performed at a relatively lower level than on the test as a whole

Comparing average Insh attainment in Data Analysis, Statistics, and
Probability with the international average on the topic may be musleading
Information 1n Table 2 4 provides a more revealing comparison with selected
individual countries From it, we can see that Insh pup:ls score below all but two
of the Western countries 1n the group

Responses to the three questions based on the line graph in Figure 25
illustrate more clearly the posiion of Ireland compared to other countrtes
Forty-seven percent of Insh principals reported that their schools emphasized
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the tables and graphs component of this topic ‘a lot.” Corresponding figures for
probability and statistics were 3% and 28% respectively. It can be inferred,
therefore, that tables and graphs are relatively important areas of study for Irish
students atthis age. In mostother countries also, principalsreported placing most
emphasis on tables and graphs. An exception was Korea, where 53% of
principals reported that probability was emphasized ‘a lot.’

FIGURE 2.5.

INTERPRET DATA FROM A LINE GRAPH
Topic: Data Analysis, Statistics, and Probabiility Skill: Procedural Knowledge
Questions 10-12 refer to the following graph, which shows how far a person rode on a bicycle

and how long it took.
BICYCLE TRIP

30
Distance 25
Travelled 20
(kilométrés) 15 /
10 /
9a.m 10a.m. 11 a.m.

10. How many km did the person ride altogether?

Answer: km
Ireland England Scotland France  Spain Switz us Canada Korea
% Correct 71 88 90 7 67 84 68 72 88

11. For how many minutes did the person stop during the trip?

Answer: minute;
Ireland England Scotland France  Spain Switz us Canada Korea
% Correct 57 76 76 78 44 72 56 62 81

12. How many km did the person ride in the last half-hour of the trip ?

Answer km

Ireland England Scotland France  Spain Switz us Canada Korea
% Correct 65 80 77 73 58 70 65 71 61
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Algebra and Functions

There were 15 questions 1n the test dealing with Algebra and Functions (1 ¢,
20% of the test) These questions required pupils to demonstrate an
understanding of algebraic and functional concepts and to use those concepts to
solve problems involving formulae, verbal descriptions, diagrams, and tables
Students were required to express relationships n equations, to substitute
numbers for vanables, and to solve formulae for one vanable

Once again, the performance of Insh students reflected their overall level of
performance They performed roughly at the same level as other Western European
countries m the study, with the exception of Switzerland, where students answered
more questions correctly Boys in Ireland performed better on this topic than girls
(58% versus 53% correct) Students from Chuna, the Soviet Union, Hungary, and
Israel performed better on this section of the test than they did on the test as a whole,
while their peers from Italy (Emuha-Romagna), Canada, and Mozambique
performed below therr overall standard

Several of the countnes with a high level of performance on the overall
mathematics test zeported a high degree of emphasis on Algebra and Functions
in therr curnicula This was particularly true of China (93% “a lot’), the Soviet
Union (96%), Hungary (90%), and Korea (86%), although Switzerland, with an
average emphasis of only 23%, was an exception to this trend In Ireland, the
percentage of principals who reported that Algebra and Functions were
emphasized ‘a lot’ was 67%, which may be compared to 93% in Spain, 82% 1n
France, 53% n England, and 46% 1n Scotland

FIGURE 2 6

TRANSLATE FROM A VERBAL DESCRIPTION INTO AN ALGEBRAIC EQUATION

Topic Algebra and Functions Skill Conceptual Understanding

When seven times a number 1s increased by six the result 1s forty-one Whch of the following
equations represents this relanonstip?

A* Tn+6=4dl
B Tn-6=41
C Tnx6=41

D Tn+6)=41

Ireland England Scotland France Spain  Swiz US Canada Korea
% Correct 54 47 49 56 53 59 57 49 78
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MATHEMATICS PERFORMANCE OF 13-YEAR OLDS BY COGNITIVE PROCESS

The questions in the mathematics test were designed to require one of three
levels of cognitive processing: Conceptual Understanding, Procedural
Knowledge, and Problem Solving. About one-third of the questions belong in
each category.

Questions demanding Conceptual Understanding require students to exhibit
an understanding of mathematical facts and concepts, including number facts;
properties of measurement; geometry concepts; properties of charts, graphs, and
tables; concepts of statistics and probability; and the conventions of algebraic
expressions and equations. Procedural Knowledge questions involve the
application of knowledge and concepts to completing routine tasks, typically
following standard procedures taught in the classroom. Problem-Solving
questions require students to use their reasoning and analytic abilities in unique
situations, often in several steps.

Irish 13-year olds performed at about the same level on questions of
Conceptual Understanding, Procedural Knowledge, and Problem Solving as on
the test as a whole. In each case, the average for Irish students is close to the
international average. In Ireland, boys outscore girls on questions requiring
Conceptual Understanding and Problem Solving. The difference between boys’
and girls’ scores in Procedural Knowledge is not statistically significant.

CONCLUSION

Results of the survey suggest that the average achievement level in
mathematics of Irish 13-year olds is somewhere in the middle of the countries
that participated in the study. The scores ofthe mostand the least mathematically
able Irish students are in the middle range also. When compared with the eight
countries selected for special analysis in thisreport, Irish students seem relatively
strong in Numbers and Operations but weak in Geometry and in Data Analysis,
Statistics, and Probability. Students in China, Korea, Taiwan, Switzerland, the
Soviet Union, and Hungary achieve at levels significantly above those found in
Ireland and thereby give some indication ofthe levels of mathematics knowledge
and skills that 13-year olds are capable of attaining.

Boys tend to have higher scores than girls in Ireland across topic areas and
skill domains with the exception of Numbers and Operations, Data Analysis,
Statistics, and Probability, and Procedural Knowledge. Much curricular
emphasis in Ireland was reported on Numbers and Operations with more
moderate emphasis on Measurement and Data Analysis. With some exceptions,
countries where students perform well on the overall testtend to stress Geometry



32 MICHAEL O MARTIN BRENDAN L HICKEY, DAMIAN P MURCHAN

and Algebra and Functuons while placing less emphasis on Numbers and
Operations and Measurement In Insh schools, the opposite situation seems more
common



Chapter 3. Mathematics Performance of
9-Year Olds

STRUCTURE OF THE TEST

The mathematics test for 9-year olds consisted of 62 questions, one of which
was eliminated from further analysis when it was found that it did not function
in the same way across all populations. Consequently, summary statistics
presented in this chapter are based on responses to 61 questions. The questions
in the test were subdivided into the same five content areas as the version
administered to 13-year olds. The relative emphasis across topics was different,
however, with more emphasis on Numbers and Operations and less on Geometry
and on Algebra and Functions. Table 3.1 shows the distribution of questions
across the five content areas.

TABLE 3.1

NUMBERS AND PERCENTAGES OF QUESTIONS BY TOPIC ON MATHEMATICS TEST

(AGE9)
Data
Analysis,
Numbers Statistics, Algebra
and Measure- and and

Operations ment Geometry  Probability ~ Functions Total
Number of

Questions 32 9 6 8 6 61

Percentage 52 15 10 13 10 100

OVERALL PERFORMANCE

Pupils were assessed in mathematics at age 9 in 14 countries. Countries in
which comprehensive populations were sampled at this age level included
Ireland, Spain, Hungary, Slovenia, the Soviet Union, Israel, the United States,
Canada, Korea, and Taiwan.

Countries in which comprehensive populations were not sampled (‘special
populationsn’) at the 9-year old level included England, Scotland, Portugal, and
Italy (Emilia-Romagna). In Portugal, children in only some grades were
assessed, thereby excluding some 9-year olds. In England and Scotland, almost
all age-eligible children were targeted in the sample, but only 56% of English
and 62% of Scottish schools agreed to participate. Similarly in the case of

33
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Emilia-Romagna 1n Italy, though almost all 9-year olds were included 1n the
population, only 65% of principals were willing to allow the survey to proceed
1n therr schools In contrast, 94% of Insh schools participated

Insh 9-year olds responded correctly on average to 60% of the mathematics
questions, just below the international average of 63% (see Table 3 2) The
highest average score attained on the test was by pupils 1n Korea, the lowest by
Portuguese pupils As was the case with the test for 13-year olds, 1t 1s possible
to1dentify three groups of countries based on average mathematics achievement
those whose average performance 1s above that of Insh pupils, those performing
at the same level, and those performing below the average level of Insh pupils

TABLE32
AVERAGE PERCENTAGES CORRECT ON MATHEMATICS TEST

OVERALL SCORES AND SCORES ATTAINED BY PUPILS
AT 10TH AND 90TH PERCENTILES (AGE 9)

Average Percentage correct attained by students at
Overall Score 10th Percentile 90th Percennle
IAEP Average 63(09)
Comprehensive Populations
Korea 75(06) 51(46) 93¢0 0)
Hungary 68 (06) 41(12) 90(25)
Tawan 68(08) 41 (18) 92(17)
Sowviet Union 66(13) 3807 90(07)
Israel 64(07) 3931 8721
Spain 62(10) 3320 87(00)
Ireland 60 (0.8) 31(1.5) 8539
Canada 60 (0 5) 36(15) 84(00)
United States 58(10) 3021 84(00)
Slovema 56 (0 6) 34(08) 79(03)
Special Populations
Italy (Emha Romagna) 68(09) 43(03) 90017
Scotland 66 (09) 39(28) 90 (4 6)
England %019 33005 8725)
Portugal 55(09) 32(08) 82(26)

Note Standard errors are presented 1n parentheses

In the top group are Korea, Hungary, Taiwan, Italy (Emulia-Romagna), the
Soviet Union, Scotland, and Israel Fifteen percentage points separate the
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average mathematics scores of pupilsin Ireland and Korea. Three ofthe countries
in the top group, Italy (Emilia-Romagna), Scotland, and lIsrael, have superior
average performances at the younger age level but notamong 13-year olds. The
second group consists of Spain, Ireland, Canada, England, and the United States.
Two countries, Slovenia and Portugal, display average scores below that of Irish
pupils.

DIFFERENTIAL PERFORMANCE OF HIGH AND LOW ACHIEVERS

The 90th percentile score for Irish pupils (the score on the test above which the
top 10% of pupils are to be found) is 85 percent. This isroughly equivalentto those
for England, Spain, Canada, and the United States. Across all countries, the 90th
percentile is 87% correct; thus, Ireland lies slightly below the overall figure. As
shown in Table 3.2, high achieving Scottish and Hungarian pupils do particularly
well, with a 90th percentile score of 90% while the 90th percentile for Korean pupils
is 93% ofthe questions. The score corresponding to the 10th percentile (the score at
or below which the bottom 10% of pupils are located) is 31% in Ireland, 6 points
below the average. Pupils in Korea at the 10th percentile correctly answer slightly
more than halfthe questions on the test.

MATHEMATICS PERFORMANCE OF 9-YEAR OLDS BY GENDER

The performance of boys is not, in general, superior to that of girls at the 9-year
old level. In only three countries, Korea, Italy (Emilia-Romagna), and Israel,do boys
perform significantly better than girls. Irish boys do no better than girls, a finding
that holds across all topics. The average number of correct answers for girls is
actually higher than that for boys on the overall test in two content categories,
Measurement, and Data Analysis, Statistics and Probability, and in two process
categories, Conceptual Understanding and Procedural Knowledge. However, none
of these differences is statistically significant

There was a high degree of agreement among pupils with the statement that
‘Mathematics is for boys and girls about equally’ in almost all countries. Only in
Korea did substantial numbers disagree, with 25% considering mathematics more
for boys, and 27% more for girls. Korea also has the largest difference in overall
average score between boys and girls (77% vs. 72%). In Ireland, 10% of pupils
considered mathematics to be more for boys and 7% said that it was more for girls.

MATHEMATICS PERFORMANCE OF 9-YEAR OLDS BY TOPIC

The questions in the test for 9-year olds were classified by contentand process
categories in the same way as those at the 13-year old level. There is
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proportionately more emphasis on Numbers and Operations at the younger age
level, with 52% of the questions 1n this category, than at age 13, where 36% of
questions fall in this category This increase 1s offset by a corresponding decrease
1n emphasis on questions on Algebra and Functions (20% at age 13 down to 10%
at age 9), and on Geometry (15% down to 10%) Average pupil performance for
all countries 1n the different topic areas 1s presented 1n Table 3 3

For comparative purposes across topic areas, the same countries are used as were
used m the companson among 13-year olds, with the exception of France and
Swizerland which did not participate 1n the survey at the younger age level In Table
3 4, as 1n Table 2 4, the average scores of Insh pupils are taken as a reference point
1n each topic, and the pluses, zeros, and mnuses indicate countnies 1n which pupils
performed less well, equally, or better than Insh pupils, respectively Percentage
correct figures for each topic may be found in Table 3 3

TABLE33

AVERAGE PERCENTAGES CORRECT ON MATHEMATICS TEST
OVERALL SCORES AND SCORES BY TOPIC (AGE 9)

Numbers Data Analysis Algebra
and Measure- Statistics and  and
Overall Operatons ment Geometry Probability Functions
1AEP Average 63 61 67 64 68 62
Comprehensive Populations
Korea 75 75 73 75 79 72
Hungary 68 68 72 69 63 72
Taiwan 68 67 69 69 73 64
Soviet Umion 66 66 n 64 60 68
Israel 64 64 70 59 64 67
Spain 62 61 61 60 69 58
Ireland 60 58 64 58 65 59
Canada 60 55 65 65 72 56
United States 58 54 63 60 73 55
Sloveua 56 53 62 63 54 58
Special Populations
Italy (Emilia Rom) 68 67 73 65 n 61
Scotland 66 62 )| 69 74 63
England 59 54 67 67 70 57
Portugal 55 54 58 56 57 55
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TABLE 3.4

DIRECTION OF DIFFERENCE BETWEEN
AVERAGE PERFORMANCE ON MATHEMATICS TEST OF IRISH PUPILS AND
PERFORMANCE OF PUPILS IN SELECTED COUNTRIES (AGE 9)

Numbers Data Analysis  Algebra
and Measure- Statistics and and
Overall Operations ment  Geometry Probability Functions

England 0 0 0 0
Scotland - - - - - 0
Spain 0 0 + 0 - 0
United States 0 0 0 0 - +
Panarla 0 + 0 - - 0
Korea - - - - - -
LAEP Average - 0 - - 0 0

+ The average performance of Irish pupils is higher than that of other country

0 No statistical difference in average scores

- The average performance of Irish pupils is below that of other country

Statistical difference calculations based on Bonferroni procedure (2.62 standard errors)

In general, the performance of Irish 9-year olds on questions from the
individual content areas reflects their overall level of performance. However,
when compared only with the countries shown in Table 3.4, it is evident that
Irish pupils are relatively weak in Geometry and in Data Analysis, Statistics and
Probability. In addition, their achievementis lower than Scottish pupils in all but
Algebra and Functions, and than Korean pupils in all areas.

Over half of the questions on the test for 9-year olds measured pupils’
understanding of numbers and their application in computation and estimation
and in life-like situations. Approximately 40% of the third class mathematics
syllabus in Ireland is devoted to this general topic, an emphasis that is roughly
the same as in England, Scotland, Spain, and the United States (Center for the
Assessment of Educational Progress, 1991).

Irish pupils scored approximately at the international average on this topic,
as denoted by the 0 in Table 3.4. Irish pupils responded correctly to more
questions on Numbers and Operations than Canadian children but did not
achieve at as high an average level as children in Scotland or Korea.
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Two of the questions that were used in calculating the percentage correct
scores for Numbers and Operations are shown in Figures 3.1 and 3.2, along with
the percentages of pupils in selected countries that answered them correctly. The
question in Figure 3.1 was designed to measure pupils’conceptual understanding
ofcommon and decimal fractions. Fifty-two percentoflrish pupils answered the
question correctly, substantially more than in England, Scotland, the United
States, or Canada. Boys and girls in Ireland answered the question correctly in
equal proportions.

FIGURE 3.1.
TRANSLATE A FRACTION WITH DENOMINATOR 10 INTO DECIMAL FORM
Topic: Numbers and Operations Skill: Conceptual Understanding

Which of the following decimals is equal to %o ?

A. 01
B. 03
C* 09
D. 90
Ireland  England  Scotland Spain us Canada Korea
% Correct 52 30 39 60 32 33 7

The example in Figure 3.2 required pupils to select between three competing
routes from one town to another on a schematic map using the criterion of
shortest distance. The task required the addition of whole numbers, followed by
a comparison of numbers of different magnitudes. Less than a quarter of Irish
pupils supplied the correct answer (11 km). In no other country was such a low
score recorded. Boys were more successful than girls in the Irish sample.

School principals in most countries, including Ireland, indicated a high level
of emphasis on whole number operations for this age group (93% indicated that
the topic was emphasized ‘a lot’ in Ireland). Irish schools are unusual in the
degree of emphasis placed on the other two subtopics, common fractions and
decimal fractions. Their emphasis was exceeded only in the Italian province of
Emilia-Romagna.
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FIGURE 3.2.
FROM A MAP, CALCULATE THE LENGTH OF THE SHORTEST ROUTE
BETWEEN 2 TOWNS
Topic: Numbers and Operations Skill: Procedural Knowledge
7

AV

Elmtown 5
rv \4 3J Ashwood

3

The figure above shows three different routes between two places, measured in km.
How long is the shortest of these routes?

Answer:
Ireland England  Scotland Spain us Canada Korea
% Correct 24 34 34 39 31 39 47-
FIGURE 3.3.

TOPIC EMPHASIS IN THIRD CLASS MATHEMATICS

To what extent are the following topics emphasized in third-class mathematics classes in your
school?

Alot Some Not at all
Whole number operations 93 7 0
Common fractions 50 48 1
Decimal fractions 37 57 6
Measurement (such as length, width, and area) 47 53 0
Geometry (such as shapes and solid figures) 22 75 3
Tables and graphs 53 47 0

Note. Numbers in Figure 3.3 refer to the percentages of Irish principals who indicated different
degrees of emphasis on subtopics. Percentages may not add to 100 due to rounding.

N at

The Measurement questions tap understanding of basic measurement
concepts and their application in typical classroom and real-world situations.
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Questions require pupils to work with umts of temperature, time, and length, as
well as to complete patterns There are nmne measurement questions four
assessing Conceptual Understanding, four Procedural Knowledge, and one
Problem Solving Insh schools appear to pay relatively less attention to
Measurement than to Numbers and Operations 1n third class Only 47% of
principals reported emphasizing Measurement ‘a lot” as opposed to 93% for
whole number operations Interestingly, few of the migh-achieving countnies
report much emphasts on Measurement 1n the modal grade level for 9-year olds
For example, 1n Korea, only 32% of prnincipals indicated that Measurement 1s
emphasized ‘a lot’ On the other hand, in Italy (Emilia-Romagna), where
students also did well on this section of the test, 97% of principals stated that the
topic was emphasized ‘a lot.”

Insh pupils scored on average 3 percentage points below the mean over all
countnes 1n Measurement It can be inferred that they have about the same
knowledge and understanding of measurement concepts as children in England,
the Umited States, and Canada As was the case with Numbers and Operations,
Insh performance 1n measurement 1s significantly below that in Scotland and
Korea. On the question shown 1n Figure 3 4, the average percentage correct over
all countnies 1s 55 which 1s close to the Insh mean score of 53 The number of
pupils internationally who answered the question correctly was lower than for
most of the other measurement questions Insh boys and gurls responded
correctly to the question 1n equal proportions

FIGURE 34

TRANSLATE A FRACTION WITH DENOMINATOR 10 INTO DECIMAL FORM

Topic Measurement Skill Procedural Knowledge

The distance around a square 1s 20 cm What 1s the length of one side of the square?

A 2cm
B 4cm
Cc»* Scm
D 10cm
Ireland  England  Scotland Span us Canada Korea

% Correct 53 58 63 35 43 46 69
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&ty

Questions in Geometry assess pupils’ knowledge of geometric figures and
relationships, as well as skills in working with this knowledge. The six Geometry
questions concentrate on pupils’ understanding of symmetry and of two- and
three-dimensional shapes. Given thatthere seems to be relatively little emphasis
on Geometry in third classes (22% said ‘a lot’) in Irish schools, we should not
be surprised if pupilsdo notdo very well on questions involving shapes and solid
figures. This proved to be the case. Irish pupils responded correcdy to 58% of
the questions, 6 percentage points below the over-all mean. English pupils also
received relatively little instruction in geometry (31% said ‘a lot*) at age 9 in
comparison to whole number operations (91%) and Measurement (63%). They
did, however, correctly answer 67% of the Geometry questions, making their
performance on this topic relatively superior to their overall performance.

Pupils in England, Scotland, Canada, and Korea did better than Irish pupils
on the Geometry items whereas Spanish and American pupils did just about the
same. This general pattern is reflected in responses to the question presented in
Figure 3.5, which requires the identification of a rectangle from a two-
dimensional sketch. This question was answered correctly by a greater
percentage of pupils (92%) than any other question on the test. In Ireland, the
percentage correct was lower than for any other country (82%). There was no
difference between the proportion of boys and girls who answered the question
correctly in Ireland.

FIGURE 3.5.

IDENTIFY A RECTANGLE FROM A PICTURE

Topic: Geometry Skill: Conceptual Understanding

What shape is shown above?

Acircle
A triangle
A square

* A rectangle

o0 w>

Ireland England  Scotland Spain us Canada Korea
% Correct 82 94 95 a1 86 91 90



42 MICHAEL O MARTIN, BRENDAN L HICKEY DAMIAN P MURCHAN

Another question measuring pupils’ conceptual understanding of geometry
(Figure 3 6) requires them to count the faces of a three-dimensional figure
Though the scores of Insh pupils were somewhat better relative to some
countries (e g , Spamn and the Unuted States), their performance was statistically
lower than that of pupils 1n Scotland, Canada, and Korea, a finding that closely
murrors the relative pattern for the Geometry section as a whole (see Table 3 4)
Gurls did as well as boys on this question 1n Ireland

FIGURE 3 6

COUNT THE FACES OF A SOLID FIGURE

Topic Geometry Skill Conceptual Understanding

—

In the figure above, only three faces of the box can be seen What 1s the total number of faces
that the box has?

Answer

Ireland  England  Scotland Spain us Canada Korea
% Correct 4 77 84 63 53 9 83

Data Analys:s, Stanstics, and Probability -

Eight questions focus on Data Analysis, Statistics, and Probability,
constituting approximately 13% of the questions on the mathematics test at age
9 Pupuls had to read and interpret bar and pie charts and to complete a bar graph
In one question they were asked to determine the probability of a simple event,
and 1n two others to solve problems using information provided in a table or pre
chart

Though Insh 9-year olds score close to the international mean on questions
related to this topic, they lag significantly behind pupils 1n all other countnies in
the more restricted comparison group (Table 3 4) This 1s despite the fact that,
compared to all other countries, more Inish principals reported placing a lot of
emphasis on this topic with third classes Pupils in Canada, the United States,
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Scotland, and England, where relatively less emphasis is placed on tables and
graphs, perform better in this category than they do on the overall test.

Pupils generally do well on this part of the test compared to other sections.
The average percentage score over all countries is 68. A question on this section
ofthe testis presented in Figure 3.7. Across all countries, 59% ofpupils correctiy
answered this question. Approximately the same proportions of boys and girls
solved the problem in Ireland.

FIGURE 3.7.

USING CLUES ABOUT CARDS, FIGURE OUT WHICH CARD WAS CHOSEN

Topic: Data Analysis, Statistics, and Probability Skill: Problem Solving
Colour Number Size
Red 7 Large
Green 8 Small
Yellow 5 Large
Blue 6 Large

The table above describes four cards. Each is a different colour, has a different number on it,
and is either large or small. A card is chosen that is large, not red, and has a number greater than
5 on it. What colour is the card that is chosen?

A Red
B. Green
C. Yellow
D.* Blue
Ireland England  Scotland Spain us Canada Korea
% Correct 48 54 59 60 59 62 70

The question shown in Figure 3.8 was answered by agreaternumberofpupils.
However, pupils in most of the comparison countries achieved at higher levels
than Irish pupils.
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FIGURE 3 8
COMPLETE A BAR GRAPH -
Topic Data Analysis Stuatistics and Probability Shkill Procedural Knowledge
PETS OF CHILDREN
IN THE FOURTH YEAR

6
5
4
3
2
1

Fish Dogs Cats Birds  Rabbuts

Josie has almost fimshed makang the graph above If there are 4 rabbits where should Josie put
the top of the bar for rabbits?

A AtA
B* AtB
C AtC
D AtD
Ireland  England  Scotland Spain us Canada Korea
% Correct 65 75 76 61 77 73 87
Algebra and Functions

Pupils’ familianity with Algebra and Functions was assessed using 6 questions
(almost 10% of the test) The questions emphasize whole number sequences and
inferences from numerical relatonships, such as solving problems of the
following type 8+9=10+"?

Pupils 1n most countries achieved at the same levels 1n Algebra and Functions
as 1n the whole test Nine-year olds from Hungary, Israe], and Slovema obtain
comparatively higher scores than their overall level of achievement, whule pupils
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from Italy (Emilia-Romagna) achieve atrelatively lower levels in this area than
they do overall. Irish pupils responded correctly to approximately the same
number of Algebra questions as did pupils in most other countries, though they
scored higher than American pupils and lower than Koreans.

Figure 3.9 shows the Algebra and Functions question that was answered
correctly by the greatest number of pupils. Given a sequence of numbers, pupils
are required to find the next number in the pattern. Over the 14 countries, 85%
of students correctly selected option D. Equal proportions of Irish boys and girls
answered this question correctly.

FIGURE 3.9.

GIVEN A PATTERN OF NUMBERS, FIND THE NEXT NUMBER

Topic:Algebra and Functions Skill: Problem Solving

2, 6, 10, 14,

A pattern of numbers is shown above. What number goes in the box?

A 4
B. 8
C. 14
D* 18
Ireland England  Scotland Spain us Canada Korea
%Correct 81 87 95 88 95 94 91

MATHEMATICS PERFORMANCE OF 9-YEAR OLDS BY COGNITIVE PROCESS

Irish pupils achieved at levels below the international average on all three
process areas. Average percentages correct for all countries are contained in
Table B-4 in Appendix B. On questions measuring Conceptual Understanding,
the Irish average is 59% correct, compared to the international average of 63
percent. They answered 64% of the Procedural Knowledge-based questions
correctly, 3% below the average, and with 56% correcton Problem Solving, they
are also 3% below the average. Boys and girls achieved at about the same level
on the three skill areas in Ireland.
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CONCLUSION

The average achievement of Insh 9-year old pupils 1s close to the average
achievement of pupils of the same age 1n other countries 1n the study The scores
of the strongest and weakest pupils 1n Ireland are at or slightly below, the scores
of comparable pupils i other countries Boys achieve at about the same level as
girls on all topic areas and skill domains 1n Ireland Although there was.general
agreement that mathematics 1s equally for boys and girls in Ireland (83%), this
15 a lower percentage than among 13-year olds (95%)

Across topic areas, Insh pupils score at the international average on Numbers
and Operations, Data Analysis, Statistics, and Probability, and Algebra and
Functions, whereas achievement was below average on Measurement and
Geometry Average Insh performance 1s below the international average n the
three skill domains of Conceptual Understanding, Procedural Knowledge, and
Problem Solving Even though Insh achievement on Data Analysis, Statistics,
and Probability 1s close to the international mean, 1t 1s lower than 1n any of the
other countries 1n the reference group of six countries

Insh schools place a heavy emphasis on Numbers and Operations, especially
fractions and decimals, and on tables and charts which are the main component
of the Data Analysis, Statistics, and Probability content category for this age
group In contrast to the emphasis on Numbers and Operations and on tables and
charts, Insh schools appear to pay relatively less attention to Measurement and
Geometry Many of the other countnies report higher degrees of emphasis on
these topics



Chapter 4. Science Performance of 13-Year Olds

STRUCTURE OF THE TEST

The science test consisted of 72 items but eight were eliminated following
preliminary analysis, because they did not function in the same way across all
populations. Thus, the scores presented in this chapter are based on student
responses to 64 questions.

As in the case of the mathematics test, the science instrument was designed
to assess various topics and types of knowledge and skills related to those topics.
Four major content areas of science are included: Life Sciences, Physical
Sciences, Earth and Space Sciences, and the Nature of Science. Fuller
explanations are provided on each of these areas in a later section, along with
sample questions. The distribution of questions across the four topic areas is
presented in Table 4.1.

TABLE 4.1

NUMBERS AND PERCENTAGES OF QUESTIONS BY TOPIC
ON SCIENCE TEST (AGE 13)

Life Physical Earth and Nature of
Sciences Sciences Space Sciences Science Total
19 25 9 1 64
Percentages 30 39 14 17 100
OVERALL PERFORMANCE

Average scores (percentage of science questions answered correctly) for
students in each country are presented in Table 4.2. Also listed are the scores
corresponding to the 10th and 90th percentile in each country. The highest
average score attained is in Korea where students, on average, answer 78% of
questions correcdy; the lowest, 46%, was recorded in Fortaleza, Brazil. Over all
countries, the average score is 67% correct. A group of nine countries have an
average level ofscience performance thatisabove the international average. This
group is made up of Korea, Taiwan, Switzerland, Hungary, the Soviet Union,
Slovenia, Italy (Emilia-Romagna), Israel, and Canada.

Most of the countries have an average level of science performance close to
the international average. On average, Irish students, however, responded
correctly to only 63% of questions on the test, which is significantly below the

47
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mternational mean Ths relatively poor Insh performance on the IAEP IT test
replicates a similar finding 1n the 1988 IAEP I test (Lapointe et al, 1989) The
inclusion of additional countries and more comprehensive questions in IAEP I
serves to confirm the onginal finding

TABLE 42
AVERAGE PERCENTAGES CORRECT ON SCIENCE TEST
OVERALL SCORES AND SCORES ATTAINED BY STUDENTS
AT 10TH AND 90TH PERCENTILES (AGE 13)

Average Overall  Percentage correct attamned by students at

Score 10th Percennle 90th Percentile

IAEP Average 67 (0.5)

Comprehensive Populatons
Korea 78 (05) 58(38) 94(00)
Taiwan 76 (04) 52(00) 94 (00)
Switzerland 74 (09) 58(06) 92(00)
Hungary 73 (05) 52(00) 92(00)
Sowviet Umion 7110 51(19) 89(23)
Slovema 70 (05) 50(00) 89(00)
Italy (Emiha-Romagna) 70 (07) 43(00) 89(08)
Israel 7 07) 4839 89(00)
Canada 69 (04) 48{(17) 88(00)
France €9 (06) 45(17) 89(00)
Scotland 68 (06) 45(00) 88(26)
Spamn 68 (06) 48(02) 86 (26)
Umted States 67 (10) 4(51) 86 (00)
Ireland 63 (06) 41 (23) 84 (32)
Jordan 5707 36(00) 78 (1 6)

Special Populations
England 69 (12) 44(33) 89(00)
China 67 (11) 45(16) 88(16)
Portugal 63 (08) 4231 8400
Brazil (S&o Panlo) 53 (06) 33(08) 7539
Braxzl (Fortaleza) 46 (06) 31(00) 67(06)

Note Standard errors are presented 1n parentheses

From the perspective of the Insh results, the countries can be divided 1nto
three groups on the basis of average performance In most of the 19 countries,
the average percentage correct tn science 1§ greater than that attained by Irish
students Insh students attain scores that do not differ significantly from those
obtarned by students 1n Portugal, and have higher average scores than Jordanian
and Brazihan students
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DIFFERENTIAL PERFORMANCE OF HIGH AND LOW ACHIEVERS

The weakest Irish students have a level of scientific knowledge and skills that
is significantly below that ofthe weakest pupils in all butJordan and Brazil. Irish
students at the 10th percentile (i.e., the point at or below which only 10% of
students are found) obtain scores on the science test that are similar to those of
thebottom 2 to 3% ofstudents in Korea, Switzerland, Hungary, the Soviet Union,
Israel, Canada, and Spain. The score corresponding to the 10th percentile for
Swiss students is 58%, meaning that many of the weakest Swiss 13-year olds
know almost as much science as the average Irish 13-year old. Much the same
can be said of the weakest Koreans.

Ireland’s highest performing 13-year olds (i.e., those scoring above the 90th
percentile) also achieve at a level below most of their counterparts in this study.
The score corresponding to the 90th percentile in Ireland is 84 percent. Only in
Jordan and Brazil isthe 90th percentile lower. In four countries (Hungary, Korea,
Switzerland, and Taiwan) students at the 90th percentile answered more than
92% of questions correctly. Indeed, the best Irish students are not far ahead of
the average students in these four countries or in the Soviet Union and Slovenia.
Only the top 2 to 3% of Irish students achieve at the same levels as the top 10%
in most countries.

SCIENCE PERFORMANCE OF 13-YEAR OLDS BY GENDER

In almost every country that took part in the science test for 13-year olds, on
average, boys answer more questions coirecdy than girls (Taiwan, England, and
Jordan are exceptions). In Ireland, boys responded correctly to 66% of the
questions, compared with a correct response rate of 61% by girls.

Despite the achievement difference in performance between boys and girls
in most countries, the vast majority of 13-year olds in the survey consider that
science is ‘equally for girls and for boys.” For the questionnaire item in Figure
4.1,4% of Irish students chose option A, 1% chose option B, and 95% selected
C. Those Irish students who believe science to be gender-related do not, on
average, correctly respond to as many science questions as do those who believe
that the subject is equally for boys and girls. The two countries with the lowest
percentage agreement with statement C, Taiwan and Jordan, are among the few
with no gender difference in science performance.
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FIGURE 4 1

STUDENTS GENDER PERCEPTION OF SCIENCE

With which of the following statements about science do you agree?

A Science 1s more for boys than for girls.
B Science 15 more for gurls than for boys
C Science 15 for boys and girls about equally

TABLE43

AVERAGE PERCENTAGES CORRECT ON SCIENCE TEST
OVERALL SCORES AND SCORES BY TOPIC (AGE 13)

Life Physical Earth and Nature of
Overall Sciences  Sciences Space Sciences  Science
IAEP Average 67 68 64 67 7
Comprehensive Populations
Korea 78 80 76 75 79
Tatwan 7% 78 75 72 76
Switzerland 74 74 70 75 80
Hungary 73 77 70 72 75
Soviet Umon n 73 71 73 68
Slovema 70 73 67 70 73
Italy (Emuha Rom) 70 72 67 71 73
Israel 70 65 70 68 79
Canada 69 69 65 68 79
France 69 68 67 67 76
Scotland 68 67 66 64 77
Spatn 68 70 64 69 70
United States 67 69 62 67 76
Ireland 63 61 61 66 n
Jordan 57 59 54 61 56
Special Populations
England 69 68 67 66 77
China 67 64 68 70 70
Pormgal 63 66 58 61 68
N Brazl (Sao Paulo) S3 56 49 56 53

Braz (Fortaleza) 46 51 43 49 45
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SCIENCE PERFORMANCE OF 13-YEAR OLDS BY TOPIC

The science test is composed of questions from four content areas of science:
Life Sciences ( 30% of the test), Physical Sciences (39%), Earth and Space
Sciences (14%), and the Nature of Science (17%). In addition, three cognitive
process categories, Knows Science (23%), Uses Science (48%), and Integrates
Science (28%), were also used to classify the questions. Average percentages
coirect for all countries in each topic are shown in Table 4.3. The relatively poor
overall achievement level of Irish students is reflected in their performance in
Life Sciences and Physical Sciences. In Earth and Space Sciences and the Nature
of Science, Irish performances is on par with that of students in other countries.

A more focused review of the performance of Irish pupils in comparison to
pupils in eight other countries is presented in Table 4.4. As in the mathematics
assessment, these specific countries were chosen for comparative purposes due
to their geographic, economic, cultural, and historical links with Ireland. Korea
was also included due to its consistently high performance on international tests.
The minus signs in the Overall (first) column in Table 4.4 indicate that Irish
students responded correctly to fewer questions on the entire test than in all but
one of the eight selected comparison countries.

TABLE 4.4
DIRECTION OF DIFFERENCE BETWEEN AVERAGE PERFORMANCE ON SCIENCE

TEST OF IRISH STUDENTS AND PERFORMANCE OF STUDENTS
IN SELECTED COUNTRIES (AGE 13)

Life Physical Earth and Nature of
Overall Sciences  Sciences Space Sciences Science
England 0
Scotland 0
France 0
Spain 0
Switzerland
United States 0 0 0
Canada 0
Korea
LAEP Average 0 0

+ The average performance of Irish students is higher than that of other country
0 No statistical difference in average scores
The average performance of Irish students was below that of other country

Statistical difference calculations based on Bonferroni procedure ( 2.78 standard errors).
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Life Sciences

Questions on Life Sciences address the areas of energy transformation,
heredity and genes, structure and function of orgamisms, plants, animal
behaviour, and ecology Students were required to classify plants and amimals,
1dentify parts of the human anatomy, and make distinctions between mammals
and reptiles Of the 19 Life Science questions, 10 assess how well pupils Know
Science, 6 assess how they Use Science, and 3 assess Integration of Scientific
Knowledge

Insh students responded correctly on average to 61% of the questions in Life
Sciences, compared with the international average of 68 percent The Irish
average 1s significantly below the international average, as signified by the minus
sign 1n the bottom line of column two of Table 4 4 The average percentage
correct of Insh students 15 also below that of all eight of the selected companison
countries In most of the countnes assessed, students perform about as well on
Life Science questions as on the test as a whole Insh students, however, perform
less well on these questions than on the overall test Their average performance
1s 4 percentage points below the international average on the overall test, but
therr performance 1s 7 points below the 1nternational average for Life Science
questtons Thirteen-year olds tn Israel and China also perform less well on Life
Science questions, whereas students 1n Hungary perform better on these
questions than in general Boys 1n Ireland perform better on the Life Science
questions than girls (63% vs 59%) to much the same extent as on the science
test as a whole

An example of a Life Sciences question 1s the question on food chains 1n
Figure 42 Over all countnies, 71% of students selected the correct option
compared to 65% of Insh students In Ireland, a greater percentage of boys than
girls answered this question correctly

The 1item 1n Figure 4 3, which measures knowledge of adaptation in the plant
kingdom, was answered cormrectly by 44% of students across all countries
Highest achievers were Soviet and Swiss children, 57% of whom 1dentified the
correct answer In Ireland, 5% more boys than girls answered the question
correctly

School pnncipals were asked to indicate the degree of emphasis placed on
seven Life science topics These were plants, animals, cell structure and function,
the human body, evolution, heredity and genes, and the environment There was
considerable vanation across countnies in the degree of emphasis on the seven
topics The percentage of Insh schools reporting that each topic was emphasized
‘a lot’ vaned from 60% (the human body) to 6% (heredity and genes), with an
average of 31% over all topics
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FIGURE 4.2

FOOD CHAINS

Topic: Life Sciences Skill: Uses Science

53

Grass, insects, blackbirds, and hawks are found in a grassland community. In what order should

they be to show the food chain in this community?

A*  Grass —pinsects —» blackbirds -» hawks
B.  Grass —blackbirds -> hawks -> insects
C.  Hawks —» blackbirds —>grass -* insects
D. Blackbirds —hawks —insects  grass

Ireland England Scotland France Spain  Switz US  Canada
%Correct 65 66 75 76 70 73 69 70

FIGURE 4.3
ADAPTATION OF LEAF SIZE IN PLANTS

Topic: Life Sciences Skill: Uses Science

Korea
92

Plants that grow on the forest floor often have larger leaves than plants that grow in an open

field. How does this adaptation of larger leaves help the forest plants?

A. By keeping the plants warm.

B. By attracting insects to the plants.
C. By gathering oxygen for the plants.
D.* By gathering light for the plants.

Ireland England Scotland France Spain  Switz US  canaria
%Correct 31 42 38 41 55 57 41 39

Korea
48
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Physical Sciences

The aspects of Physical Sciences that were assessed deal with the fundamental
components of the natural universe — space, time, matter, and energy Students
were required to infer from diagrams, interpret simple graphs, and answer
questions about motion, mass, electricity and circuatry, light and sound,
properties of matter, atoms and molecules, temperature and heat, and chemucal
reactions and changes

The average performance of Irish students on this topic (61% correct) 1s poor
compared to achievement levels 1n other countries Irish students attained an
average score that 1s below seven of the eight countries 1n the selected
companson, the exception being the Umited States where the average score on
Physical Sciences 1s almost identical to that 1n Ireland On average, Insh boys
perform better than girls on Physical Science questions The gender difference
15 6 5 percentage points, which may be compared with a difference of 5 3% on
the overall test

In every country, performance on Physical Science questions approximates
performance on the test as a whole In Ireland, the average performance level on
these questions 15 3% below the international average for the topic This 1s simular
to the Insh performance over all questions on the test

Responses to the Physical Sciefice question in Figure 4 4 illustrate the poor
relative performance of Insh students on the topic as a whole Eighty-seven
percent of students 1n the survey answered this question correctly On only two
other questions on the test do students achieve 1n higher proportions In Israel,
95% of students correctly chose option D

FIGURE 4 4

IDENTIFY ELECTRICAL CONDUCTOR

—

Topic Physical Sciences Skell Knows Science

Which of the following matenals conducts electncity best?

A Plastic
B  Paper
C Glass
D* Copper

Ireland England Scotland France Span Switz US Canada Korea
% Comrect 13 93 88 %0 90 86 88 85 97
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The question on the test that was answered by the highest percentage of
students also measured understanding of conductors and insulators. Students
were asked to choose the bestconductorto complete a battery-powered electrical
circuit where the choices given were a piece of wood, a plastic hair comb, a
rubber, and an iron nail. Eighty-nine percent of all students but only 78% of the
Irish sample correctly chose the iron nail.

Another question on which students scored at high levels assessed
understanding of the oxygen requirements for combustion (see Figure 4.5).
Seventy-six percent of students in all countries correctly answered the question.
In Ireland, three-quarters of boys and under two-thirds of girls answered correctly.

FIGURE 4.5

OXYGEN REQUIREMENTS FOR COMBUSTION

Topic.Pkysical Sciences SkillAntegrates Science

I 1 J

1 2 3

As shown above, jars were placed over identical lighted candles at the same time. Which of the
following will happen?

A.  All the flames will go out immediately.

B.  The flames will go out in this order 1,2,3.

C* The flames will go out in this order: 3,2,1.

D. The candles will bum awhile, and then all the flames will go out at the same time.

Ireland  EnglandScodand France Spain  Switz US Canada Korea
%¢Correct 70 84 81 79 79 83 79 82 87

O fthe four content areas assessed, the relative emphasis attached to Physical
Sciences in the Irish science syllabus for first year post-primary students was
estimated to be 35%), a percentage equal to that devoted to Life Sciences (Center
for the Assessment of Educational Progress, 1991). Principals indicated the
degree ofemphasis placed on eighttopicsin Physical Science. These topics were
electricity and magnetism; mass, motion and gravity; light and sound; solids,
liqguids and gases; atoms and molecules; periodic table of elements; chemical
substances; and temperature and heat. The percentage of Irish school principals
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reporting that topics were emphasized ‘a lot” ranged from 27 (light and sound)
to 56 (atoms and molecules) Averaged over the eight topics, Physical Sciences
were emphasized ‘a lot” 1n 41% of Insh post-pnmary schools Thirteen percent
of principals reported that the topic was not emphasized at all

Responses from school principals in some countries indicate wider
diversity in the emphasis placed on topics 1n Physical Sciences than in
Ireland Eighty four percent of principals in Korea reported a lot of emphasis
on electricity and magnetism, but only 10% reported similar emphasis on
mass, motion, and gravity In Taiwan, the situation was reversed, with just
11% reporting a lot of emphasis on electricity and magnetism, but 81%
emphasizing mass, motion, and gravity In Korea, only electricity and
magnetism (84% reporting a lot of emphasis) and atoms and molecules (74%)
are given substantial emphasis, while in Taiwan, curnicular focus 1s on mass,
motion, and gravity (81%), atoms and molecules (56%), and sohds, liquids,
and gases (56%) Slovenia seems to concentrate on the chemical aspects of
Physical Science In contrast, Insh schools seem to place a moderate degree
of emphasis on each topic

Earth and Space Sciences

The nine questions relating to Earth and Space Sciences assess knowledge
of solar systems, water cycles, fossils, and soil erosion Just one question on
this topic falls into the Knows Science category, with the remaining eight fall
i the Uses Science category There are no Integrates Science questions on
this topic

The highest perforring countries on Earth and Space Sciences are Korea and
Switzerland, each of which has an average percentage correct of 75 percent Most
countnies have an average performance level on this topic comparable to their
overall performance on the science test The average performance of students 1n
Ireland 1s not sigmficantly below the international average for this topic
However, 1n relative terms, Insh students perform just about the same on
questions on Earth and Space Sciences as on the test as 2 whole, when sampling
error 1s taken into account Of countnes in the comparison group, only Spain,
Switzerland and Korea outperform Ireland No statistical difference was found
between the average Earth and Space Sciences score of Irish students and the
mean scores of students 1n England, Scotland, France, the United States, or
Canada.

The difference 1n performance levels of Insh boys and girls 1s greater on
questions on Earth and Space Sciences than on questions on Life Sciences or
Physical Sciences or on the test as a whole On average, boys responded
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correctly to 70% ofthe Earth and Space Science questions while girls responded
to 62 percent.

The question answered correcdy by the least number of students (only 33%
of the sample worldwide) measured understanding of the relationship between
barometric pressure and height. This question is presented in Figure 4.6.
Jordanian students do best on the question, 54% ofthem indicating that pressure
reading would be greatest at lowest altitude (in the valley). Students in the
Brazilian city of Fortaleza fare worst, only 17% identifying the correct answer.
In Ireland, 30% of students respond correctly and boys outperform girls.

FIGURE 4.6
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Figure 4 7 contains another question that closely mirrors the relative position
of Insh 13-year olds on Earth and Space Sciences On this question, which
probed students’ knowledge of the structure of the solar system, the overall
percentage correct internationally 1s 80 This question was answered correctly
by more Insh boys than girls

FIGURE 47

STRUCTURE OF THE SOLAR SYSTEM

Topic Earth and Space Sciences Skill Knows Science

Each year the Earth makes one orbit around which of the following?

A* TheSun
B Saturn
C  The Moon

D All the planets

Ireland England Scotland France Spain Switz US  Canada Korea
% Correct 80 79 75 88 87 88 84 81 88

School principals indicated the degree of emphasis placed on three topics of
Earth and Space Sciences rocks and minerals, weather and climate, and stars
and planets In no country did they report a high degree of emphasis on all three
topics, and 1n several countries little emphasis was placed on any of them
Principals 1n France (99%) and 1n Korea (71%) reported a lot of emphasis on
rocks and minerals, in Jordan (78%), the Soviet Umon (73%), and
Hungary (70%), there was a lot of emphasis on weather and climate, overall,
httle attention was devoted to stars and planets

Insh principals indicated a low level of emphasis on all three topics Only 6%
reported a lot of emphasis on rocks and minerals, with 10% emphasizing weather
and climate, and 6% stars and planets Almost two-thirds of principals reported
that no emphasis whatsoever was attached to Earth and Space Sciences n therr
schools

Nature of Science

Questions on the Nature of Science were designed to assess knowledge and
understanding of the pnnciples and procedures of scientific inquury The 11
questions on this topic, compnising 17% of the test, require students to interpret



EDUCATIONAL PROGRESS IN IRELAND: MATHS AND SCIENCE 59

data from charts, graphs, and diagrams; to formulate hypotheses; and to deduce
results from described experiments.

Average Irish performance is higher on this topic than on the testas a whole.
This is also the case for Israel, Canada, France, Scotland, and the United States.
Average Irish performance on Nature of Science questions is identical to the
international average of 71%, which contrasts with their below-average
performance on Life Sciences and Physical Sciences. Nonetheless, the
attainment of Irish students is significantly below that of students in all but one
country in the comparison group of eight countries. A number of countries
performed below their overall performance level on Nature of Science questions,
including Taiwan, the Soviet Union, Jordan, and Brazil. The Nature of Science
is the only science topic on which the performance of girls in Ireland was
comparable to that of boys.

Figure 4.8 presents a question dealing with the design of experiments. As the
percentage correct figures show, the relative performance of Irish students on
this question reflects their position on the entire topic. Fifty-five percentof Irish
students answered the question correctly, compared to 57% of all participants in
the study. The Irish score is below that of all the comparison countries with the
exception of Spain.

School principals were asked to indicate the degree of emphasis placed on
just two topics in the Nature of Science: scientific processes (e.g., observing,
classifying, measuring, and recording results), and how to design experiments
and test hypotheses. As with topics from other areas of the science test, there is
a lot of variation across countries in the degree of emphasis reported. England,
Scotland, and Canada all reported a lot of emphasis on scientific processes, and
also had average student performance levels above the international average on
the Nature of Science questions. However, several other countries with high
performance levels reported much less emphasis on scientific processes.
For example, only 19% of Korean and 23% of Swiss principals said that
scientific processes were emphasized a lot in their schools; yet students
in these two countries answered over three-quarters of test questions
correctly, which is significantly above the international average. In half
of the Irish post-primary schools, principals indicated that a lot of
emphasis was placed on this topic.

Principals reported less emphasis on how to design experiments.
Canada (65%) and Israel (60%) reported the highest degree of emphasis. In
Ireland, just 22% of principals reported that this topic was emphasized a lot.
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FIGURE 48

-

CHOOSE THE CORRECT EXPERIMENT TO TEST A HYPOTHESIS

Topic Nature of Science Skill Integrates Science
When John poured boiling water into a glass the glass broke He thought that the great

difference 1n temperature between the water and the glass caused the glass to break Whach of
the following would be the best test of hus hypothesis?

g8 g0

Glasses at room temperature

5 8 LillE

Cold Glass Hot Glass

Ireland England Scotland France Span Switz US Canada Korea
% Correct 5§ 63 58 71 42 70 62 70 63

SCIENCE PERFORMANCE OF 13-YEAR OLDS BY COGNITIVE PROCESS

Questions 1n the science test were designed to assess students’ performance
at three dufferent levels of cognitive functioning Knows Science, Uses Science,
and Integrates Science

Questions 1n the Knows Science category require students to exhibit basic
knowledge of scientific facts and concepts including scientific termunology and
prnciples Typically, recall of specific scientific facts 1s stressed, thereby
suggesting a relatively low level of cogmitive processing Approximately 23%
of questions on the test fell into this category Uses Science questions require
students to combine factual knowledge with rules and formulae for a specific
purpose Questions 1n this category require understanding of simple scientific
principles, nterpretation of simple tables, and making inferences about the
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outcomes of experimental procedures, and require a higher level of cognitive
processing than the Knows Science questions. Forty-eight percent of the test
questions assessed the ability to use science. Questions in the Integrates Science
category involve advanced cognitive processing where students are asked to
draw conclusions on the basis ofavailable data. These questions assess the ability
to generalize, hypothesize, and reason by synthesizing specific information.
Approximately 28% of the questions in the test were of this type.

In general, students from most ofthe countries performed better on questions
from the Knows Science category than on questions from the Uses Science or
Integrates Science categories. However, participants from Ireland, and from four
other countries (Israel, Canada, France, and China) have lower average
performance levels in this category relative to their overall performance. The
average score for Irish students is about 7 percentage points below the
international average. In the Uses Science and Integrates Science categories,
Irish students perform at about the same level as on the test as a whole.. The
achievementoflrish boys is, on average, almost5% higher than the achievement
ofIrish girls on the three cognitive areas. The difference is especially pronounced
in Uses Science (7%).

CONCLUSION

The achievementofstudentsin Ireland in science is lower than that ofstudents
in more than three-quarters of the countries that participated in the survey. Both
the most and least scientifically able Irish students achieve at levels well below
comparable students in almost all other countries. There is a significant gender
gap, in favour of boys, in most countries, including Ireland. In Ireland, girls
equalled boys’ scores for only Nature of Science items. On all other areas,
including the three process areas, the scores of boys are superior.

Irish students achieve at lower levels relative to students in other countries in
Life Sciences and Physical Sciences, but not in Earth and Space Sciences or in
Nature of Science. Scores on Life Sciences are particularly low. Most emphasis
in science in first-year classes in Ireland is on Physical Science; somewhat less
emphasis is placed on Life Sciences and Nature of Science. Very little emphasis
is placed on Earth and Space Sciences in Irish classrooms, though students do
relatively well on the test in this area



Chapter 5. Science Performance of 9-Year Olds

STRUCTURE OF THE TEST

A test containing 60 questions on science was administered to 9-year olds 1n
14 countnies Two questions were eluninated after preliminary analyses
indicated that they did not function in the same way across all countries Thus,
pupil scores presented here are based on responses to 58 questions The same
four major content areas were addressed as 1n the survey of 13-year olds, and
questions were designed to assess three levels of cogmtive functioning Knows
Science, Uses Science, and Integrates Science

TABLES1

NUMBERS AND PERCENTAGES OF QUESTIONS
BY TOPIC ON SCIENCE TEST (AGE 9)

Lafe Physical Earth and Nature of
Sciences Sciences Space Sciences Science Total
Number of 23 17 10 8 58
Questons
Percentages 40 29 17 14 100
OVERALL PERFORMANCE

The overall performance of Irish 9-year olds on the science test was relatively
poor compared with children i other countnies Inish pupils, together with pupils
1n Portugal and Slovenia, have an average performance level that 1s significantly
below the international average of 62% of the questions answered correctly In
contrast, 9-year olds 1n Korea, Taiwan, the United States, and Italy
(Emiha-Romagna) have an average performance level significantly above the
international average All other countnes perform at about the international
average There 1s no significant difference between the average performance
levels of Insh, Portuguese, and Sloveman pupils Irish pupils, therefore, have the
Joint lowest average performance levels of the survey countries

The average performance of the 14 countries 1s shown 1n Table 52 along
with data regarding the achievement of pupils at the 10th and 90th percentiles
Pupils 1n Korea achieved, on average, a score of 68 percent Pupils in Italy
(Emilia-Romagna), Taiwan, and the United States also performed well above

62
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the mean. Pupils in seven countries (England, Canada, Hungary, Scotland,
Spain, the Soviet Union, and Israel) attained scores that are close to the
international mean of 62 percent. The mean science score for Ireland is 57
percent.

TABLE 5.2
AVERAGE PERCENTAGES CORRECT ON SCIENCE TEST:

OVERALL SCORES AND SCORES ATTAINED BY STUDENTS
AT 10TH AND 90TH PERCENTILES (AGE 9)

Average Overall Percentage correct attained by students at:
Score 10th Percentile 90th Percentile
IAEP Average 62 (0.5)
Comprehensive Populations
Korea 68 (0.5) 50(0.0) 85(0.0)
Taiwan 67 (0.5) 45(7.2) 86(0.0)
United States 65 (0.9) 43(5.1) 85(0.0)
Canada 63 (0.4) 43(0.0) 81 (0.0)
Hungary 63 (0.5) 45 (0.0) 79 (0.0)
Spain 62 (0.7) 42(1.6) 81 (0.0)
Soviet Union 62 (1.2) 43 (1.4) 79(4.8)
Israel 61 (0.7) 41 (0.0) 81 (0.0)
Slovenia 58 (0.5) 40(0.4) 75 (0.0)
Ireland 57 (0.7) 36(13) 76(0.0)
Special Populations
Italy (Emilia-Romagna) 67 (0.9 48 (0.3) 86(1.7)
England 63 (0.9) 41 (0.0) 83 (0.0)
Scotland 62 (0.7) 43 (0.0) 81 (3.5)
Portugal 55 (0.7) 38(0.0) 72(0.0)

Note. Standard errors are presented in parentheses.

DIFFERENTIAL PERFORMANCE OF HIGH AND LOW ACHIEVERS

The relatively low average attainment of 9-year old Irish children in general
in science is also evident among the highest performing tenth of the sample. The
90th percentile for Irish pupils (the score on the science test above which the top
10%of pupils are to be found) is 76%6 of questions answered correcdy (see Table
5.2). The 90th percentiles in other countries are: England, 83%; Scotland, 81%;
Spain 81%; US 85%; Canada, 81%0; and Korea, 85 percent.
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The performance of low achieving 9-year olds 1n Ireland 1s also relatively low
by international standards In Ireland, the 10th percentile 1s 36%, a score typically
attained by pupils at the 5th percentile in almost all other countnes Indeed, the
score attained by pupils at the 10th percentile 1n Korea and Italy
(Emihia-Romagna) 1s close to the mean score for all Irish pupils

SCIENCE PERFORMANCE OF 9 YEAR OLDS BY GENDER

In 8 of the 14 countries assessed, boys have a higher average performance
level than girls This gender difference 1s evident n Ireland, Korea, Taiwan,
Hungary, Canada, Spain, Israel, and Portugal In Ireland, boys outperform girls
by 3 percentage points on average

In almost all of the countries assessed, there appears to be agreement among
9-year olds that science 1s equally appropnate for boys and for girls In Ireland,
12% of pupils beheve that science 1s more for boys, 7% think that 1t 1s more for
girls, and 81% respond that 1t 1s equally for boys and girls The conception that
science 15 a boys’ subject 15 more firmly rooted i Ireland than 1n any country
with the exception of Korea. In that country, 31% indicate that science 1s more
for boys and 26% that 1t 1s more for girls The biggest gender difference 1n
performance 1s also to be found among Korean 9-year olds

SCIENCE PERFORMANCE OF 9 YEAR OLDS BY TOPIC

The science test for 9-year olds 15 composed of questions from four content
areas of science Life Sciences (40%), Physical Sciences (29%), Earth and Space
Sciences (17%), and the Nature of Science (14%) In the test for younger
children, there 1s relatively greater emphasis on Life Science and
correspondingly less on Physical Sciences than 1n the test for 13-year olds As
regards cognitive process categones, there 1s relatively greater emphasis on the
Knows Science category and relatively less on the Uses Science and Integrates
Science categones 1n the 9-year old test than 1n the test for older pupils

The average scores attained by pupils mn the 14 countries 1n each topic area
are presented 1n Table 5 3 along with average overall attainment A summary of
Ireland’s performance relative to six other countnies 1s presented in Table 5 4
Neither France nor Switzerland participated 1n the age-9 survey Information 1s
presented for overall score and for the four content areas separately The number
and pattern of minus signs 1n Table S 4 indicate that, with the exception of Earth
and Space Sciences, the average achievement of Insh pupils i1s below that of
pupils 1n all the selected comparnison countries
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TABLES5.3

AVERAGE PERCENTAGES CORRECT ON SCIENCE TEST:
OVERALL SCORES AND SCORES BY TOPIC (AGE 9)

Life Physical ~ Earth & Space  Nature of
Overall Sciences Sciences Sciences Science
|AEP Average 62 63 59 64 64
Comprehensive Populations
Korea 68 69 68 62 71
Taiwan 67 65 68 67 67
United States 65 65 58 71 71
Calytrif 63 63 58 67 67
Hungary 63 65 56 68 62
Spain 62 66 54 63 65
Soviet Union 62 64 58 63 60
Israel 61 61 60 61 64
Slovenia 58 59 57 58 54
Ireland 57 55 54 63 60
Special Populations
Italy (Emilia-Rom) 67 71 61 67 67
England 63 62 60 66 66
Scotland 62 61 59 65 68
Portugal 55 58 50 57 52
TABLE 5.4

DIRECTION OF DIFFERENCE BETWEEN AVERAGE PERFORMANCE ON SCIENCE
TEST OF IRISH PUPILS AND PERFORMANCE OF PUPILS
IN SELECTED COUNTRIES (AGE 9)

Life Physical ~ Earth & Space  Nature of
Overall Sciences Sciences Sciences Science
England - 0
Scotland - 0
Spain - - 0 0 -
United States -
Canada . . .
Korea - 0
IAEP Average - 0

+ The average performance of Irish pupils is higher than that of other country

0 No statistical difference in average scores

- The average performance of Irish pupils is below that of other country

Statistical difference calculations based on Bonferroni procedure (2.62 standard errors)
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Life Sciences

Questions on Life Sciences were designed to assess knowledge of and ability to
classify plants and animals as well as to ascertain what pupils know about the human
body The relave emphasis on Life Sciences was estimated to be approximately
35% of the basic science element of the Environmental Studies syllabus for thurd
classes m Ireland (Center for the Assessment of Educational Progress, 1991)
Information provided by the prunary school principals indicates that 1n 44% of
schools the subtopic plant 1s emphasized ‘alot’ in third class science Corresponding
figures for ammals and the human body are 54% and 8% respectively In contrast,
over 70% of Spamsh, Portuguese, and Soviet principals indicated that all three
subtopics are emphasized a lot m their schools

Insh pupsls responded correctly to an average of 55% of the questions on Life
Sciences This average 1s sigmficantly below the international average of 63%
correct on the topic and 1s the lowest average score attained 1n any of the 14 countnies
Pupils 1n Italy (Emilia-Romagna) and Korea achieved the lighest average scores
For most countnies, performance on the Life Science questions 1s comparable to thewr
overall performance on science, though pupils from Italy (Emuhia-Romagna) and
Spain do rather better on Life Science questions than on the test as a whole Ireland
1s the only country in which average performance on Life Science questions 1s even
lower than average performance on the test as a whole

FIGURES 1

PLANT GROWTH

Topic Life Sciences Skall Knows Science

When seeds are watered they swell up and within a few days small roots appear What 1s this
process called?

A* Sproutnng
B  Sowmg
C  Blossomung
D  Planting
Ireland  England Scotland  Spamn us Canada Korea
% Correct 52 76 70 42 67 58 91

Figure 5 1 provides a sample question on Life Sciences Pupils in many
countries performed well on this question Nine out of every 10 Korean pupils
answered 1t correctly compared with 2 out of every 10 1n the French-speaking
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school system in Ontario, Canada. Five out of 10 Irish children correctly
answered the question, whereas the average for all countries was 6 out of 10.

Physical Sciences

Physical Sciences items on the test concentrate on understanding of space,
time, matter, and energy. Questions deal with electricity and magnetism; mass,
motion and gravity; light and sound; and solids, liquids, and gases. The relative
emphasis on Physical Sciences (35%0) in the basic science element of the
Environmental Studies syllabus for third classes in Ireland was estimated to be
equal to that of Life Sciences (Center for the Assessment of Educational
Progress, 1991). The responses of principals, however, suggest that this topic
receives scant attention, if any, from third class teachers.

Irish pupils performed relatively poorly on the Physical Sciences questions.
On average, they responded correctly to 54% of questions, 5% below the
international average. Though the Irish score is essentially equivalent to that of
Spanish 9-year olds, it is well below that achieved by students in other countries,
with the exception of Portugal where pupils, on average, correctly answered only
half of the questions.

A significant gender difference in favour of boys is evident in Ireland on this
topic; boys, on average, score 4 points higher than girls. Boys also outscore girls
on average in Spain, Korea, the US, and Canada. In England and Scotland, the
average performance of girls is equal to that of boys.

Only one question on Physical Sciences is knowledge-based. Twelve
questions assess use of science and four assess integration of scientific
knowledge. One of the latter types of question is presented in Figure 5.2. Over
all countries, only 53% of children correctly identified option D as the answer,
thus making this one of the questions in the entire test on which pupils did least
well. Irish pupils did relatively well with almost half answering it correctly. This
guestion calls for the integration of science knowledge to evaluate the best
procedure under specified conditions for achieving adesired result. Though Irish
pupils performed below the mean on Integrating Science, they were more
successful on this category of question than on either Knowledge or Use of
Science.

Figure 5.3 presents a question that more closely mirrors the performance of
Irish pupils in comparison with students elsewhere. It requires a rudimentary
knowledge of the laws of gravity. Over all countries, 65% of students recognised
that gravity pulls objects to Earth after they have been thrown into the air. In
Ireland, only 49% of girls answered the question correcdy, whereas 62% of boys
did so.
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FIGURES 2

CHEMICAL CHANGES RECOVERING A SOLID FROM A SOLUTION

Topic Physical Sciences Skl Integrates Science
How can solid salt be recovered after 1t has been dissolved in water?

A By stumng the water

B By means of a paper filter

C By means of a strong magnet.
D* By boiling off the water

Ireland  England  Scotland Span uUs Canada Korea
% Correct 47 47 51 58 41 43 79
FIGURE 53
GRAVITY
Topic Physical Sciences Skall Understands Science

Why does an object return to the Earth after 1t has been thrown into the air?

A The Earth 1s spinning

B The Earth 1s magnetic

C* Gravity pulls objects down
D Auir pushes objects down

Ireland  England  Scotiand Spamn us Canada Korea
% Correct 56 70 62 46 72 61 47
Earth and Space Sciences

Ten questions (17% of the test) measure pupils’ knowledge of rocks and
minerals, weather and climate, and stars and planets More specifically they
focus on the earth’s place in the universe, the earth-moon-sun system, the solar
system, the water cycle, water quality, water on and within the land, and
elementary aspects of weathening and erosion Of the four topics compnsing the

test, one-fifth of the available time was estimated to be devoted to Earth and

Space Sciences 1n the science syllabus for third class (Center for the Assessment
of Educational Progress, 1991)
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Irish pupils performed better on the Earth and Space Sciences questions than
on any other part of the science test. They performed approximately at the inter-
national average. With an average score of 63% of questions correcdy answered,
their average score is approximately equal to the average in England, Scotland,
Spain, and Korea, but not as high as in North America. Irish boys, on average,
attained a score of 66% whereas girls responded correctly to only 60% of the
guestions. On the sample question shown in Figure 5.4,73% of children in the
14 countries got the correct answer, and Irish boys outperformed girls.

FIGURE 5.4
STARS: PRODUCTION OF LIGHT
Topic: Earth & Space Sciences Skill: Knows Science
Which of the following gives off its own light?
A. A mirror
B.  The Moon

C* The Sun
D. A white piece of paper

Ireland  England  Scotland Spain us Canada Korea
% Correct 67 67 66 90 85 78 76
FIGURE 5.5

STRUCTURE OF THE SOLAR SYSTEM

Topic: Earth & Space Sciences Skill: Knows Science

Each year the Earth makes one orbit around which of die following?

A* The Sun
B.  Saturn
C.  The Moon

D.  All the planets

Ireland England  Scotland Spain us Canada Korea
% Correct 53 61 53 72 69 55 66



70 MICHAEL O MARTIN BRENDAN L HICKEY, DAMIAN P MURCHAN

Figure 5 5 presents a knowledge-based question on the structure of the solar
system Overall, 62% of 9-year olds answered the question correctly In Ireland,
53% answered correctly and more boys than girls chose the correct answer

Responses from school principals suggest that the topic Earth and Space
Sciences 1s emphasized ‘alot’ in 18% of third classes Fifty-six percent reported
‘some’ emphasis, whereas 25% 1ndicated that the topic 1s not emphasized at all
This can be contrasted with averages for Physical Science where 65% of
principals reported that the topic 1s not covered at all

Nature of Science

The eight questions on the Nature of Science were designed to assess pupils’
knowledge and understanding of the charactenstics and methods of scientific
mnquiry This section of the test focuses on observing, orgamizing/classifying,
measuring, recording results, and infernng meaning In addition, some questions
assess fambhianity with designing experiments and conducting inquines Insh
pupils correctly answered, on average, 60% of these questions, sigmficantly
below the international average of 64 percent. Proportionally, girls achieve at
the same level as boys on questions assessing the Nature of Science, making it
and Life Sciences the only topics on which achievement does not seem to be
associated with gender at the 9-year old level

Average Insh scores lag behind those of the six countries 1n the comparnson
group, as shown by the column of minus signs 1n Table 5 4 Pupils m the United
States did particularly well on questions assessing the Nature of Science In this
context 1t may be relevant that 399% of Amencan principals reported emphasizing
scientific processes ‘a lot” at this grade level In contrast, only 6% of Inish
principals indicated this degree of emphasis Half of Scottish and 81% of English
schools also lay heavy emphasis on this aspect of science According to
information provided by school pnncipals, the design of experiments 1s stressed
‘a lot’ in the Environmental Studies syllabus in only a handful of Insh third
classes

The question 1n Figure 5 6 required pupuls to read a weight m kilograms from
a scale Over all 14 countnes, the average percentage correct 1s 81 on this
question, whereas 1n Iretand it 1s 70 Insh boys performed better than girls As
evident from the figures accompanying the question, the attainment of Insh
9-year olds 1s not as good as that recorded 1n the comparison countries
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FIGURE5.6

READING SCALES

Topic: Nature ofSciences Skill: Knows Science

0 Ip 20 3p 40 50 tjO70 80 90 100

it il an 11

What weight does the scale drawn above show

A. 22 kilograms
B. 25 kilograms
C.* 27 kilograms
D. 30 kilograms

Ireland England  Scotland Spain us Canada Korea
% Correct 70 76 7 76 79 78 93

A more complex question (Figure 5.7) required pupils to understand the
information contained in atable and draw a conclusion based on the information.
Roughly half of pupils world-wide correctly selected option A. English children,
with an average percentage correct of 60, performed best on this question
whereas only 38% of Taiwanese children answered it correctly. Fewer lIrish
pupils chose the correct answer than pupils in any Western European country.
Irish boys and girls answered the question correctly in equal proportions.
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FIGURE 57

DRAWING A CONCLUSION FROM AN EXPERIMENT

Topic Nature of Sciences Skill Knows Science

Name of Substance Will Attract Will Not Attract

Iron Nail X
Wooden tootpick

Glass Marble

Steel Spoon X
Silver Coin

Copper Wire

X MM

Sally tried a magnet on several objects and made the table above What can Sally comrectly say
from tius information”?

A* Magnets attract some metals but not others

B  Magnets attract all metals and do not attract any non-metals
C  Magpets attract some glass 1tems

D  Magnets attract wood

Ireland  England  Scotland Spain Us Canada Korea
% Correct 44 60 58 48 49 49 55

SCIENCE PERFORMANCE OF 9-YEAR OLDS BY COGNITIVE PROCESS

The performance of pupils 1n all countries was fairly consistent across all
three cogmitive processes Irish pupils score below the mean in each of the
categones Knows Science (-7%), Uses Science (-5%) and Integrates Science
(-4%) The highest scorers 1n Knows Science are pupils in Italy (Emulia-
Romagna) and Korea, the lowest scorers are 1n Ireland and Portugal Tarwanese
and Koreans do best 1n Uses Science, Portuguese and Slovemians do worst On
questions assessing Integration of Science, Taiwan and Korea again lead the
way, Ireland and Portugal are ranked lowest In Ireland, boys attain higher scores
than girls in Knows and Uses Science but girls’ scores are equivalent in Integrates
Science
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CONCLUSION

The average scores achieved by Irish pupils are among the lowest on the test
administered to 9-year olds. Pupils in all but Portugal and Slovenia attain higher
average scores. The relative performances of Ireland’s ‘best’ and ‘weakest’
pupils are also among the lowest of all countries. Many of the weakest Korean
and Italian pupils attain scores comparable to average pupils in Ireland. The
relatively low achievement of Irish pupils is evident in all aspects of the test with
the exception of Earth and Space Sciences on which Irish scores are close to the
international average. Moderate emphasis is said to be placed on Life Sciences
and the Nature of Science in Irish third classes whereas very little is placed on
Physical Sciences or on the Nature of Science.

In many countries, including Ireland, boys achieve at higher levels than girls.
In Physical Sciences, Earth and Space Sciences, Knows Science, and Uses
Science, the scores of Irish boys are higher. Girls perform just as well in Life
Sciences, the Nature of Science, and Integrates Science.



Chapter 6. 13-Year Olds in School and at Home

CHARACTERISTICS OF THE COUNTRIES

The students who participated 1n the survey of 13-year olds were drawn from
20 countries, which included countries :n Western and Eastern Europe, North
and South America, the Middle and Far East, and Africa Half of the countries
are European One participating country, China, 1s home to almost a quarter of
the earth’s people Other large countries are Brazil, the Soviet Union, and the
United States The smallest country in population, Slovenia, has fewer people
than individual cities 1n many of the partictipating countries Demographic and
other system-wide data for the participating systems are presented in Table 6 1
In this table, the data reflect the entire country, even though only particular
regions (e g , Emlia-Romagna 1n Italy, 15 Swiss cantons) or cities (e g, Sdo
Paulo and Fortaleza 1n Brazil) may have been included 1n the study

Ireland 1s one of the least urbamzed countries in the study, with 57% of the
population living in urban areas Half of the countnies are at least 75% urban, a
fact that undoubtedly shapes educational practice, for example in relation to
school s1ize Great vaniation 1n wealth 1s evident across the countries The per
capita Gross National Product 1s highest 1n Switzerland (IR£19,108), followed
by the US, Canada, and France

Comparatively, Ireland spends a higher percentage of its wealth on education
than do most other countnes 1n the study The percentage of GNP spent on
education in Ireland in the late 1980s was estimated to be around 6 7, compared
to 102 1n Israel and 27 in Chuna Among the eight participating Western
European countnies, the average percentage of GNP spent on education was 4 9

In most countries, compulsory schooling begins at age six In England and
Scotland, children commence the first of the formal grades (equivalent to first
class m Insh primary schools) one year earlier, whereas in Brazil, China,
Mozambique, Slovenia, the Soviet Union, and the German-speaking part of
Switzerland, entry to the first grade 1s delayed until children are aged seven
Some countnies provide education before the age of compulsory schooling also
For example, though the law 1n Ireland does not require children to attend scheol
unti they are aged six, almost all are enrolled 1n pnmary schools for two years
prior to their entry into the first grade During the course of these two years in
‘infant’ classes, children receive substantial amounts of academic instruction 1n
a relatively formal educational environment (O’Rourke & Archer, 1987)
Simularly, though French children are not required to attend school until they are

74
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six, many are enrolled in state-provided preschool programmes from an early
age.

TABLE 6.1
CHARACTERISTICS OF THE COUNTRIES

Percentage Per Capita Percentage GNP Age Start

Population  Urban GNP*(£) on Education School
Brazil 150,368,000 75 1,549 33 7
riapfidiji 26,620,000 76 11,943 7.4 6
China 1,133,683,000 26 246 2.7 6.50r7
Englandb 47,536,000 92 7,533 5.2 5
France 56,647,000 73 11,329 6.1 6
Hungary 10,437,000 62 1,718 5.7 6
Ireland0 3,509,000 57 5,246 6.7 6
Israel 4,666.000 89 6,129 10.2 6
Italy 57,512,000 65 9,532 4.0 6
Jordan 3,169,000 70 1,054 7.1 6
Korea 42,793,000 70 2,679 45 6
Mozambique 15,696,000 13 78 — 7
Portugal 10,388,000 30 2781 4.4 6
Scotland b 5,094,000 92 7,533 5.2 5
Slovenia 1,948,000 74 4,991 3.4 7
Soviet Union 290,122,000 66 6,022 7.0 6or7
Spain 39,618,000 76 5,574 3.2 6
Switzerland 6,756,000 60 19,108 4.8 6or7
Taiwan 20,221,000 74 3,005 3.6 6
United States 251,394,000 77 13,654 7.5 6

Unless otherwise stated, data reflect the entire country, not merely the participating region, or
city.

a Per Capita Gross National Product figures in Irish Pounds (calculated from US dollar figures
atexchange rate of IREL = $1.45).

b With the exception of population figures, English and Scottish figures are based on estimates
for the United Kingdom.

¢ The Age Start School figure for Ireland reflects the fact that children are legally required to
begin school at age six. It should be noted, however, that almost all Irish children are enrolled
for two years in primary school infant classes which are freely available to all children and
which include significant academic work.
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CHARACTERISTICS OF SCHOOLS

System Charactenstics

The duration and structure of the school year differs from country to country The
school year 1n Insh post-pnmary schools begins 1n early September and concludes
at the beginming of June, a pattern simular to that in North Amenica. However, 1
some countrnes, the tmung and structure of the school year 1s determined locally,
especially in countries with federal governmental structures such as Switzerland and
Germany This can result in substantial differences in practice from region toregion
Other aspects of time 1n school may also be of interest, such as 1ts allocation to various
subjects within the curnculum and the amount of tume actually spent by students
learning Thus latter aspect of ttme 1 school, sometimes referred to as ‘time-on-task,’
1s based on calculations that specifically exclude time spent by students on
school-based activities such as educanonal tours, sporting events, fund-raising, and
other non-academuc activiuies that are, nonetheless, integral parts of the school
calendar in many educational systems

To get a more precise measure of time spent directly on school-related

activities, school principals were asked to indicate the actual number of days per
year devoted solely to instruction Further information was obtained about the
amount of ame devoted to mathematics and sctence 1n the curnculum each year
Thus subject-specific information will be presented later 1n the chapter

By comparison with the educational systems mvolved 1n the study, Ireland has
arelatively short school year for 13-year olds but a relatively long school day
In Portugal, students spend on average 172 days a year 1n school, as compared
with 173 days 1n Ireland France and the Umted States also have a relatively short
school year with, on average, 174 and 178 days respectively In contrast, Korea and
Taiwan both have school years, on average, of 222 days duration, whereas
Chinese 13-year olds attend school for 251 days per year Within some systems,
there ts considerable variation in the length of the school year from school to
school It 1s likely that some of the vanation reflects the policies of regional or
otherwise decentralized school admimstrations within countries For example,
recent research indicates that in Switzerland and Spain, most educational
decisions are made at the school or regional level (Organisation for Economic
Co-operation and Development, 1993), In Switzerland, each of 26 cantons
formulates separate polictes concerning educational policy, teacher certification,
curriculum, nstructional matenals, and standards (Lapointe et al, 1992) In
Ireland, 65% of schools report working fewer than 176 days with the remaining
35% opening for between 176 and 200 days Average figures for Ireland and eight
education systems of particular interest are presented 1n Table 6 2
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TABLE 6.2

TIME SPENT IN SCHOOL (AGE 13)

Ireland England Scotland France Spain  Switz US Canada Korea

No. of Days*

151 -175 65 3 3 49 30 15 23 1 0
176 - 200 35 91 97 40 40 39 7 99 0
200 - 225 0 5 0 6 26 14 0 0 7
225 0 0 0 0 0 32 0 0 23

Average
Days0 173 192 191 174 188 207 178 188 222

Average
Hours 931 960 1031 1073 893 1052 1003 953 977

a Figures in the first four rows indicate the percentage of schools in each country reporting
school
year lengths in the different bands.

b Number of days in the school year averaged over all sampled schools in each country.

¢ Length of the school year in hours averaged over all sampled schools in each country.

At the time when this survey was conducted the official number of school
days in the post-primary school year was 180 for students involved in public
examinations and 168 for other students, including those in first year. The item
on the questionnaire sent to school principals asked: ‘How many days of student
instruction are there in the school year?’ Principals would probably not have
included days assigned for trips, sports, meetings with parents, etc. in their
estimate of the instructional year. It is also possible that some principals
interpreted the question as referring to the school year for examination classes
while some reported figures for non-examination classes. The average of 173
days instruction per year confirms the findings of Burke, Dobrich, and Sugrue
(1992) who reported the same figure.

The average duration of instruction during each school day in each country
was obtained from school principals’ responses to a question concerning the
number of minutes instruction in each school day. The question referred only to
instruction for 13-year olds, not the entire student body in the school. Instruction
included classes in art, music, and physical education, but excluded lunchtime,
break, time spent changing classes, and study periods. The instructional day for
Irish 13-year olds was reported to be, on average, 323 minutes (5 hours and 23
minutes) which is longer than for most of the countries in the study. France,
however, is the country in the study with the most time devoted to instruction
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each school day, with an average of 6 hours 10 minutes Though Ireland and
France share a school year of sitmilar duration, the extra 47 minutes
instruction each school day for French students accumulates to an extra 142
hours instruction per year The United States also has arelatively long school
(instructional) day of 5 hours and 38 minutes Over the course of the school
year, Inish students receive an esumated 931 hours of instruction on average,
as shown 1n the bottom row of Table 62 This 1s less than 1n the other
reference countries with the exception of Spain, where students receive 893
hours nstruction The figures for Ireland can be compared with the findings
of Burke et al (1992) who found that the average time spent on 1nstruction
each day, including assessment and examination ime with first and second
year classes, was 304 munutes, which gives a total of 828 hours each year
These findings constrast with the those in our study and highlight the need
to interpret data from surveys carefully

Vanous charactenistics of school-related hife in Ireland and 1in some other
countries are presented 1n Table 6 3 The average class size for first year students
in Ireland 1s 27 Taken over all countries, the average class size ts 30 students
This average 1s influenced greatly by the inclusion of four systems with
unusually large classes (Korea, 49, Taiwan, 44, China, 48, and Mozambique,
51) When these systems are removed from the calculations, the average drops
to 26 Of the Western European countries, only Spain, with 29, has an average
class s1ze that 1s larger than Ireland The lowest class size 1s 1n Switzerland, which
has an average of 18

Approximately one-quarter of Irish 13-year olds are enrolled in classes
containing fewer than 25 students In contrast, over hatf of English, Scottish, and
Amencan students attend classes with fewer than 25 students On the other hand,
the majonty of Korean (93%) and Taiwanese (71%) students attend classes that
have more than 45 students

On average, Insh post-prnmary schools are smaller 1n size than schools 1n
most participating countries According to information provided by school
principals, approximately two-thirds of post-primary schools 1n the survey
enrolled fewer than 500 students (67% of schools) This 1s roughly 1n agreement
with Department of Education statistics (63% of schools) for the year when the
survey was conducted (freland, Department of Education, 1992) In the survey
schools, 8% of 13-year olds were enrolled 1n schools that had more than 750
students (The population 1n Department of Education statistics 1s one-fifth )

There 1s a tendency toward larger schools 1n many of the other countnes 1n
the study For example, over half the Enghish and Scottish students are 1n schools
of over 750 students and over three-quarters of Korean and Taiwanese teenagers
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attend schools of more than 1000 students. Two interesting exceptions to this
rule are France and Switzerland. In Switzerland, nearly two-thirds of students
attend schools enrolling fewer than 500 students.

TABLE 6.3

SCHOOL CHARACTERISTICS (AGE 13)

Average Large Computer Computer  General
Class Size*  Schools Auvailability0 Used Homework6
Ireland 27 21 45 13 65
England 22 51 88 44 30
Scotland 24 58 89 38 14
France 25 24 71 57 55
Spain 29 31 13 12 63
Switzerland 18 10 20 25 21
United States 23 44 88 37 30
Canada 25 30 69 42 27
Korea 49 79 55 10 40

a Average number of students in classes that include most 13-year olds
Percentage of students in schools with a total enrolment of more than 750 students

¢ Percentage of students in schools with at least 10 computers available for use by 13-year olds .
Percentage of students who ever use a computer for schoolwork or homework

¢ Percentage of students who spend 2 hours or more on general homework every day.
Percentages for each country reflect the average of responses to the homework question from

the mathematics and science sample, i.e. (Mathematics + Science) + 2

The provision of computers to post-primary schools has increased in recent
years. Most schools in Ireland have already invested in such equipment, and
instruction in their use for various parts of the curriculum is provided for
students. New Junior Certificate syllabi in Business Studies and Technical
Graphics that incorporate computer-based learning have given new impetus to
the introduction of computing technology to schools.

The school questionnaire sought information on the numbers of
microcomputers or terminals available for 13-year old students to use. Students
were asked about the degree to which computers are used by them in completing
worKk either in school or at home. Not surprisingly, the availability of computers
to 13-year olds varies from country to country. Almost all English and Scottish
students attend schools that have 10 or more computers available for their use
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whereas only 13% of Spamsh students have such a number of computers
available 1n school In Scotland, over half the students are 1n schools that have
more than 40 computers available for 13-year-olds Forty-five percent of
Insh students attend schools that have at least 10 computers while 18% have
no computers at all in their schools Many of the systems reporting
widespread availability of computers also tend to have larger schools, for
example England, Scotland, the US, Canada, Korea, and Taiwan Economies
of scale may partly explain the distnbution of computing facilities across the
countries 1n the study

The use of computers for schoolwork or homework vanes also by country
Such use 1s not common among Insh, Spanish, or Korean 13-year olds Only
13% of Insh students reported ever using computers for school-related work as
compared with considerably more Scottish, English, and French students The
average percentage of queshions answered correctly by students 1n Ireland who
use computers does not differ from the average of those who do not use them

Insh students spend more time completing therr nightly homework m all
subjects than 1s common 1n many other countries Roughly two-thirds of Insh
13-year olds report spending two hours or more on general homework each day,
a proportion simular to that recorded in Italy (Emulia-Romagna), Spain, and
Hungary Spending this amount of time on general homework 1s much less
common among students i1n Scotland, England, Switzerland, and the United
States

Ths study does not reveal any simple relationship between the amount of
time spent m school and performance on the mathematics and science tests
While some high-performing countries have a longer school year or a longer
school day, these characteristics were also present among some low-achieving
countnies For example, the high-achieving Onental countries 1n mathematics
{China, Korea, and Taiwan) do have long instructional years However, some
countries with relatively long school years perform at relatively low levels on
the mathematics test (Slovenia, Span, and Jordan) On the other hand, although
the school year 1n Hungary 1s 273 hours shorter than in Ireland and despite the
fact that a stmilar time 1s devoted to mathematics annually, the average
mathematics achievement of Hunganan students 1s among the highest of all
countries This ambiguity 1s 1n keeping with many studies that specifically
examined the influence on achievement of longer school years (for a review, see
Frederick & Walberg, 1980)

A senes of analyses linking school, classroom, and personal student variables
to achievement 1n mathematics and science were conducted It was found that
the amount of time spent on general homework 1s positively and linearly related
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to mathematics and science performance in Ireland. Students who spend
longer on general homework each day tend to achieve at higher levels on both
tests. This association was also recorded in England, Scotland, France,
Taiwan, Hungary, the Soviet Union, Jordan, and Fortaleza, Brazil. In
some countries, even though higher mathematics scores are associated
with more homework, higher science scores are not, and vice-versa. In one
country, Canada, homework is negatively associated with mathematics and
science achievement.

The Teaching of Mathematics

We saw earlier that Irish 13-year olds are in school for fewer hours in a
year than students in most other participating countries. Irish students also
receive the least amount of mathematics instruction in a year, being in
mathematics class, on average, for 109 hours a year. Systems with roughly
similar patterns in relation to mathematics are Hungary (110 hours), Jordan
(115), Slovenia and Portugal (119 each). Schools in Switzerland, the Soviet
Union, Taiwan, Israel, and Spain offer considerably more instruction in
mathematics. Relevant figures for Ireland and other countries of interest are
presented in Table 6.4.

According to information provided by school principals, Irish post-primary
schools spend approximately 12%6 of the available instructional time in first year
on mathematics, roughly the same as in France, Portugal, England, the US and
Taiwan. One of the highest-achieving systems - the Soviet Union - spends just
over one-fifth of curricular time on mathematics, as does Fortaleza, Brazil, one
of the lowest-achieving systems. In Switzerland, approximately 16% of time is
devoted to mathematics; in Korea the figure is 14%; and in Hungary, another
high-performing country, 17% of the time during the relatively short school year
of 658 hours is devoted to mathematics.

Regular tests or quizzes throughout the week at school are not common for
Irish students, with only one-fifth reporting that they take at least one test per
week. In no country is a lower level of regular testing evident. Within systems,
the association between number of tests taken per week and student performance
on the mathematics test is not consistent. In Ireland, frequency of testing is not
associated with achievement. Positive relationships between testing and
achievement, however, are evident for France, the US, Canada, Taiwan, the
Soviet Union, and Mozambique. In nine countries, greater levels of testing is
associated with lower achievement.
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TABLE 64

THE TEACHING OF MATHEMATICS (AGE 13)

Hours % Instructonal % Tested % Streamed % Taught

Maths Per  Time on Once per by Maths by
/ Year® Maths® Week® Ability® Specialists®
Ireland 109 12 19 72 65
England 122 13 28 92 9%
Scotland 134 13 17 18 100
France 133 12 64 19 94
Spain 147 16 31 2 87
Switzerland 173 16 40 14 32
Uruted States 135 13 68 64 9%
Canada 141 15 53 14 43
Korea 132 14 28 0 9

Average hours of mathematics mstruction received by students annually

Percentage of total annual instructional ame for all subjects devoted to mathematics
Percentage of students who take 2 mathematics test or quiz at least once a week.
Percentage of students in schools that stream first year mathematics classes by ability
Percentage of students taught by teachers who teach mathermatics most or all of the ime

o an owe

Streaming of post-primary students into mathematics classes using ability as
aplacement criterion 1s common m Ireland Seventy-two percent of Irtsh 13-year
olds are enrolied m schools that practice streaming Only in England 1s streaming
more widely applied, where 92% of students are streamed Streaming for
mathematics classes 1s also common 1n schools 1n Israel, Tarwan, and the United
States Most countries 1n the survey, however, prefer to place 13-year olds 1n
muxed-ability classes For example, in France four-fifths of students and in
Hungary all students are taught 1n mixed-ability classes

Insh 13-year olds are generally taught mathematics by specialist teachers,
that 1s, teachers whose primary responsibility 1s to teach mathematics most of
the time There are specialist teachers of mathematics 1n 71% of Inish schools,
catering for 65% of students In most other countnes, higher proportions of
students are taught by specialist mathematics teachers For example, virtually all
students are taught by mathematics specialists 1n England, Scotland, France,
Portugal, the Soviet Union, the US, Korea, Taiwan, and China School principals
in countries that mainly use specialist teachers reported that most of the teachers
had taken some post-secondary course 1n mathematics apart from courses in how
to teach the subject An interesting exception to this pattern 1s Korea, where seven
out of ten principals reported that none of the teachers had taken post-secondary
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mathematics courses. Therefore, the majority of teachers of mathematics in
Korea teaching that subject most or all of the time have no formal academic
qualifications in mathematics above those obtained in secondary school.

It was reported earlier that Irish 13-year olds spend more time on general
homework than students in most other countries (see Table 6.3 and Table C-I 1
in Appendix C). However, Irish students do not spend an unduly large amount
of time on mathematics or science homework. For example, students in seven
countries spend more time on mathematics homework each week. Seventeen
percent of Irish students spend four or more hours on mathematics homework
weekly, though half of them spend one hour or less. One hour or less was the
most common response in most countries with the exception of China, Israel,
and Korea. In China, the most common response was four hours or more,
whereas in Israel and Korea it was two to three hours a week. In Ireland and in
13 other countries, more time spent on mathematics homework is associated with
higher performance on the mathematics test.

Irish students tend to work less often with mathematics objects such as
counting blocks, geometric shapes, or geometric solids than do students in most
other countries. The use of electronic calculators is also less common in Ireland
than in most countries. Whereas in Ireland, just 25% of students report using a
calculator in school, in England, Scotland, France, Canada, Hungary, and
Taiwan, over two-thirds of students say that they used a calculator in school. In
these six countries, the average mathematics score of the group of students that
use calculators is significantly higher than the average scores of the group that
does not. In Ireland, however, there is no difference between the average
mathematics scores of the two groups.

The Teaching of Science

On average, first year students in Ireland receive approximately 2 hours and
40 minutes of science instruction per week. Combined with information on the
length of the school year, it can be calculated that, on average, Irish secondary
schools provide 92 hours of science instruction per year for their first year
students (Table 6.5). Only Fortaleza (Brazil) and Portugal offer fewer hours
science instruction annually. In most countries, between 10% and 14% of
curricular time is spent teaching science. The one-tenth of time devoted to
science in the Irish curriculum is roughly similar to the proportion spent in
Scotland, France, Switzerland, Canada, and Korea (see Table C-I in Appendix
C). However, although the proportion of curricular time spent on teaching
science in Ireland is similar to these countries, Irish students receive fewer hours
science instruction annually because of their relatively short school year.
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TABLE 6 5

THE TEACHING OF SCIENCE (AGE 13)

Hours Science % Never % Special % Streamed % Science
Per Yea®  Expenment® Labs®  byScience?  Homework®

Ireland 92 27 61 34 5
England 124 2 79 49 2
Scotland 114 3 95 2 2
France 101 20 78 10 1
Spamn 118 51 78 0 12
Switzerland 105 36 54 15 LN
Unted States 138 25 54 27 7
Canada 98 13 38 7 4
Korea 107 35 41 1 9

Average hours of science instruction received by students annually

Percentage of students who never conduct experiments individually or 1n groups 1n school
Percentage of students in schocls with one or more speciahized laboratones (chermstry,
biology physics)

Percentage of students 1n schools that stream first year seience classes by ability
Percentage of students who spend 4 hours or more on science homework every week.

Regardless of how long 1s spent1n science class each year, little will be learned
by students unless the time 1s used 1n a way that facilitates learmng Vanous
mstructional strategies are typically used by teachers, for example; lecturing,
group work, discovery learning, and experimentation The introduction of audio,
video, and computer equipment 1nto secondary schools has further widened the
instructional resources available, especially in the teaching of science The
increasing emphasis on developing students’ laboratory skills in Bnitain and the
United States reflects increasing interest 1n experimentation 1n science syllabi in
those educational systems (Rosier & Keeves, 1991) In Ireland, laboratory work
in secondary school science has received particular attention 1n the new science
syllabus for the Jumior Certificate recently introduced into schools Under the
new guidehnes, teachers are expected to develop in their students ‘manipulative
skills  procedural skills skills of observaton and practical investigation’
(Nationa! Council for Curnculum and Assessment, 1989b, p 5)

In light of these trends, 1t 1s revealing to note that less than half of Insh 13-year
olds conduct expertments on thetr own or 1n groups at least once a week and that
shghtly over a quarter never conduct science experiments atall in school Among
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participating countries, there is great variation in the extent to which students
engage in experimental work in school. In Spain, for example, over half the
students report never doing practical, hands-on science work. The fact that there
is relatively little emphasis on practical work can be inferred also from responses
from students in Italy (Emilia-Romagna), Switzerland, Korea, Israel, Portugal,
and Brazil. Scientific experimentation is very much used as a teaching strategy
in England and Scotland, however, where over 80% of students report practical
work at least once a week and over half carry out experiments several times each
week. Incontrast, only 1296 of Irish students engage in practical work more than
once per week.

The nature of post-primary science syllabi would seem to require the
existence of adequate laboratories in schools. However, almost one-quarter of
Irish principals (representing schools enrolling almost one-fifth of students)
reported that their schools had no science laboratories whatsoever. With the
exception of Switzerland, where 45% of schools report no labs, no other Western
European system has so few laboratories. The lack of science facilities in Swiss
schools may be partly explained by the unusually small size of school in that
system. In Ireland also, it is likely that many of the schools reporting that they
have no laboratories are the smaller ones.

The availability of specialized laboratories for biology, chemistry, and
physics for 13-year olds varies greatly across systems in the study. Almost all
Soviet, Scottish, and Taiwanese students attend schools that have separate
laboratories whereas such extensive facilities are rare in Italy (Emilia-Romagna),
Jordan, and Mozambique. In Ireland, 61%6 of students attend schools that have
separate specialized laboratories.

Thirty-four percent of Irish students attend schools where science classes are
streamed by ability. This is a high percentage compared to other countries, only
a few of which favour grouping by ability, namely Taiwan, England, the US,
and Brazil (Fortaleza).

It was noted above that most Irish students report spending one hour or less
on mathematics homework each week. The same is true of science, with just
under three-quarters of students falling into this category. Two or three hours is
spent weekly on science homework by one-fifth of students, while, as shown in
the last column of Table 6.5,5% report spending four hours or more. Spending
four or more hours on science homework each week is less common in other
Western European countries with the exceptions of Portugal and Spain. Overall,
students in 12 countries spend more time on science homework than 13-year
olds in Ireland. In seven countries, including lIreland, spending more time on
science homework was found to be related to higher science achievement; the
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group of Insh students who spent two or more hours on science homework
attained, on average, at least 5 percentage points more on the test than the group
who spent one hour or less

Weekly testing of students 1n science 1s not common 1n most systems 1n this
study Only in four countries (the Soviet Union, Taiwan, Jordan, and the United
States) did more than two-thirds of students report taking a science test at least
once a week In all other countries, fewer than half of the students reported being
tested as frequently as once a week Fewer than one-fifth of Insh students are
tested so frequently, and the science scores of the frequently tested group were
found to be no higher, on average, than scores of students who are tested less

frequently

CHARACTERISTICS OF HOMES

Many studies (e g, Coleman et al, 1966, Peaker, 1967, White, 1982),
including ones 1n Ireland (e g, Kellaghan, 1977, Kellaghan & Macnamara,
1972), have documented the relationship between the home environment of a
child and achievement at school Data concerning home charactenstics included
in the present study relate to famuly size, number of books 1n the home, television
viewing patterns, interest 1n reading, and parental attitude to educatron Data
were also obtatned on students’ self-assessment of theirr mathematical and
scientific knowledge The relationships between these variables and
achievements 1n mathematics and science were examined

Family size was found to be relattvely small 1n most of the industnalized
countnes 1n the study As evident from Table 6 6, however, Ireland 1s unusual
in that more than one-third of its 13-year olds reported that they have four or
more brothers and/or sisters This proportron of students from large famihes far
exceeds that recorded 1n most other countries Only 1n Jordan and Mozambique
are there higher proportions of students with such large families An examination
of the relationship between family size and academic performance within each
country found a negative relationship 1n most cases Ireland was one of the few
exceptions to this pattern, no association was found between famuly size and
achievement in either mathematics or science

Approximately one-quarter of Irish 13-year olds come from homes in which
there are fewer than 25 books This ts comparable to the percentages reported
for France, Scotland, and Korea, but higher than those 1n England, Switzerland,
Canada, and the US In only two indusmalized countnes (Taiwan and Portugal)
do more than a quarter of students say that they have fewer than 25 books in the
home In almost all countnes, including Ireland, there 1s a positive association
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between the number of books in the home and student achievement in
mathematics and science.

Approximately 4 out of 10 Irish students report reading for fun every day
(32% read once or twice aweek, 11%read once or twice amonth; and 16% never
or hardly ever read for fun). The proportion reading each day is similar to that
in most other Western European countries where reading almost every day is the
most common response among students. Switzerland contains the highest
proportion of daily readers, Korea and Taiwan, the lowest. Less than 30% of
13-year olds in Korea, Taiwan, China, Jordan, and the United States report
reading for fun on a daily basis. Indeed, only 11% of Koreans report reading
daily, the lowest level in all the countries studied. This is also well below the
25% of their 9-year olds who reported reading on a daily basis. Though a
minority of Irish students report reading every day, a total of 73% read for fun
at least once a week (including the every day group). More disturbing, perhaps,
is the finding that 16% of Irish 13-year olds never or hardly ever read at home.
In Ireland, as in most other countries, students who read more frequently tend to
perform at higher levels on the achievement tests. This positive relationship
holds also in countries such as Korea and Taiwan where relatively few students
seem to read for fun every day.

A study of the television viewing patterns of students in the study reveals
the most common response to be that between two and four hours television
is watched each school night. In Ireland, almost two-thirds of students
indicate this level of viewing. Twenty-seven percent report watching one
hour or less. More prolonged television viewing, five hours or more daily,
is reported by 9% of Irish teenagers. The percentage of Irish students that
report such prolonged television viewing is substantially less than the
corresponding percentage in England and Scotland. At 24%, Scotland’s
percentage of students watching five or more hours television per day is the
highest across all countries. Over one-fifth of 13-year olds in five systems
(Israel, Scotland, the United States, Fortaleza, and Mozambique) report
watching television for such extended periods, whereas in Slovenia, France,
and China, the figures are one-twentieth or less. A majority of students in
France and China watch one hour or less per evening. The reasons for this in
the case of French youth are unclear. However, it can be assumed that the
Chinese figure reflects the limited availability of television.
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TABLE 6 6

CHARACTERISTICS OF HOMES (AGE 13)

More Than  Fewer Than 25 Read for Fun Watch TV 5+
4Sibungs®  Booksn Home® Every Day® HoursDay?

Ireland 35 24 41 9
England 9 15 39 19
Scotland 9 25 38 24
France 11 25 40 5
Spain 11 20 35 11
Switzerland 4 16 50 7
United States 17 18 29 21
Canada 8 14 37 15
Korea 20 25 11 11

Note  All figures 1n thus table were obtained by averaging the percentages separately provided by
the mathematics and science samples of students

Percentage of students who have 4 or more sibhngs

Percentage of students with fewer than 25 books at home

¢ Percentage of students who read for fun almost every day

¢ Percentage of students who watch television at home for 5 hours or more every school day

In eight countnes, ncluding Ireland, lower achievement 1s found among
13-year olds who watch greater amounts of television nightly In Ireland, this
negative association 1s especially evident among students 1n the prolonged-
viewing group (5 hours or more) In mathematics, the average percentage of
items correctly answered by students in the 5+ hours group 1s 11% lower than
in the group of students who watch television for two to four hours per night and
14% lower than 1n the group that watch one hour or less Students who watch
television for less than one hour per mght also have an average score which 1s
three percentage points higher than the average score of the group who watch
for two to four hours

Students were asked to indicate how often they watch a film, video, or
television programme about science at home Almost half the Insh 13-year olds
report that they never watch any television programmes containing substantial
scientific content Ths 1s a high proportion compared to all other countries in
the study, but especially compared to Western European countries, 1n most of
which only between 20% and 30% of students report that they do not view
scientific programmes Students in continental European countries are much
more likely to watch television programmes containing scientific content than
are students 1n Ireland, England, or Scotland
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Attitudinal Characteristics

Information on student and parental (as reported by the students) attitudes to
mathematics and science was collected as part of the survey. Responses to four
guestionnaire items were combined to form one index of student attitude to
mathematics (see Figure 6.1). A similar index of attitude to science was
constructed. Students were asked to indicate to what extent they agreed with each
of the statements in Figure 6.1 and, on the basis of their responses, were
categorized as generally holding positive, negative, or neutral attitudes.

FIGURE 6.1

EXTRACT FROM IAEP STUDENT QUESTIONNAIRE: VIEWS ON MATHEMATICS

Mathematics is useful in solving everyday problems.

It is important to know some mathematics in order to get a good job.
| am good at mathematics.

My parents want me to do well in mathematics.

o °oO o

The majority of students in the study expressed positive attitudes toward
mathematics and science, though the proportion expressing positive attitudes is
substantially lower for science than for mathematics, a finding in all countries
with the exception of Jordan where science was more favourably viewed. In
Ireland, 88% of respondents hold generally positive views on mathematics,
whereas over 90% are positive about it in England, Scotland, the US, Canada,
and Israel. In 11 countries, attitude is related to achievement levels in
mathematics, though Ireland is not one of these countries. Many students in
high-performing countries (Korea, Taiwan, the Soviet Union, and China) do not
view mathematics as positively as might have been expected; only between 70%
and 80% of them are positive about the subject. For example, 3 out of every 10
Taiwanese children can be classified as holding negative, or at best neutral,
positions about mathematics.

Inall countries, with one exception, the majority of students exhibit generally
positive attitudes to science. The exception is Korea, in which only 27% of
students report positive attitudes. When combined with the fact that Koreans also
seem to be the least positive about mathematics at age 13, it seems ironic that
they do particularly well in both subjects. Fifty-seven percent of the Irish cohort
can be classified as holding favourable attitudes to science, 36%b arc undecided,
and 9% are negative. The proportion who hold positive attitudes is comparable
to that of most of the country’s Western European and North American
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neighbours The possible importance of student attitude 1s underscored by the
finding that when analyses are conducted within each country, a positive
association between science achievement and attitude 1s found 1n 14 countnes,
including Ireland

Approximately 6 out of 10 Insh students report that they receive help with
mathematics homework at home, a proportion roughly comparable to that found
1n most other Western countries The nature of the help offered by parents (or
older siblings) 1s unknown However, 1t 1s clear from the analysis of these data
that mn Ireland, the group of students who recerve help do not achieve at higher
levels 1n mathematics than students who receive no help It may be that weaker
students are more likely to obtain help

Whatever about actually receiving help with mathematics from parents,
the vast majonity of students 1n all countries agreed with the statement that
their parents wanted them to do well 1n the subject In Ireland, 94% of 13-year
olds hold this view When analysed within countries, agreement with the
statement 1s positively related to mathematics performance 1n e1ght countries,
ncluding Ireland Seventy percent of Insh students report that they discuss
what they learn 1n mathematics class 1n the home It seems that parents are
more hikely to convey an impression to their children that they want them to
do well or to ask them about mathematics classes than they are to actually
help them with homework

An ndication of home support for science learning comes from student
responses to a question as to whether or not anyone at home ever talks to them
about what they learn in science class The level of interest shown by Irish parents
1s roughly similar to that shown by Western European parents 1n general In
Ireland, the average percentage of items correctly answered by students 1n the
group whose parents talk to them about science 1s 4 points higher than 1n the
group of students whose parents do not talk to them It seems that parents are
more likely to inquire about science than actually help their cluldren with
homework Forty-four percent of Insh 13-year olds indicated that they
sometimes receive help with science homework

In most countries, between 30% and 60% of students agreed with the
statement, ‘My parents are 1nterested 1n science * In Ireland, the figure 1s 38
percent Spamish students report the highest degree of parental interest in science,
while only 19% of Taiwanese students, one of the high-performing science
groups, agree with the statement. A positive association between this variable
and science achievement was observed in eight countries, including Ireland

\



EDUCATIONAL PROGRESS IN IRELAND: MATHS AND SCIENCE 91

CONCLUSION

Ireland, one of the least urbanized countries that participated in the survey,
has an average per capita GNP slightly below the international mean but spends
a relatively high percentage of GNP on education. The age at which children
must attend school is similar to most other countries.

The length of the school year varies considerably from country to country and
even within countries. Students from Oriental countries in the study spend the
greatest number of instructional days in school each year, students in Ireland
almost the least. Irish first year students receive relatively fewer hours instruction
per year in all subjects, including mathematics and science. The average class
size for 13-year olds is higher in Ireland than in most Western countries but is
highest in the Far East. School size in Ireland is small compared to other
countries; two-fifths of Irish students attend schools that enrol less than 500
students. There is wide variation in the availability and use of computers in
schools, with more computers in countries that typically have larger schools. In
Ireland, although half of students are in schools that have more than 10
computers, only 13% of students report using them. The obvious conclusion to
be drawn is that the presence of computers in schools does not necessarily mean
that they will be used regularly by students, a view confirmed by a recent
international study on the use and integration of computers in education
(International Association for the Evaluation of Educational Achievement,
1994). One-fifth of Irish first year students are enrolled in schools that have no
computers. Students in Ireland tend to receive more homework in all subjects
than in other countries but spend relatively less time on mathematics and science
homework. The mathematics and science scores of students in Ireland who
reported more hours spent at homework are higher than those reporting fewer
hours.

Streaming of students into separate classes based on mathematics and science
ability is more common in Ireland than in most countries. Students in Ireland
take fewer tests and quizzes, work with calculators, practical objects, and other
materials in mathematics less often, and engage in less experimentation and
practical science work than in most other countries in the survey. One-quarter
of Irish schools do not have any science laboratories.

The average family size in Ireland is relatively large and although in most
countries, lower test scores are typically obtained by students from larger
families, this was not the ease in Ireland. The number of students who engage in
leisure reading each day in Ireland is roughly similar to numbers elsewhere,
although a relatively high proportion say that they never read for fun. More
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regular reading 1s associated with higher test scores in many countries, including
Ireland Television viewing patterns of Insh students are simular to those 1n other
countries also Many more English and Scottish students, however, seem to
spend a lot of tme watching television each evening whereas French students
say that they watch relatively little television Students 1n Continental European
countries watch programmes about science more frequently than students n
Ireland or Britain Lower test scores are obtatned by students who watch greater
amounts of television 1n Ireland and 1n many other countries

Students are, 1n general, positively disposed to mathematics, somewhat less
to science In most countnes, students who are more positive about a subject
perform better on the test Many students reported that they receive help with
homework, the percentage 1n Ireland 1s comparable to percentages elsewhere
Students 1n Ireland perceive their parents to be interested in mathematics and
science just about as much as students do in other countries



Chapter 7.9-Year Olds in School and at Home

CHARACTERISTICS OF THE SCHOOLS

System Characteristics

Obtaining accurate and reliable information from young children, who are
limited in their ability to read and understand written questions, is problematic.
To keep the burden on the younger children to a minimum, only a few questions
were included on the background questionnaire administered to 9-year olds. The
questions dealt with basic biographical information, reading and television
viewing habits, homework, attitudes to mathematics and science, and activities
undertaken in mathematics classes in school. Additional information was
obtained from the principal teacher in each primary school, who completed a
detailed questionnaire which solicited information on the school, classes, and
teachers, and on the syllabi being followed. Questions related to curricular issues
focused on third class, as this was the class in which most of the 9-year olds were
enrolled.

The official length of the primary school year in Ireland was 184 days at the
time when the IAEP survey was conducted. However, the number of days
devoted to instruction is usually less due to festivals, sporting events, and other
exceptional closures. All schools in lIreland reported school years of between
176 and 200 days. The responses from most of the schools in Canada, England,
Hungary, Italy (Emilia-Romagna), Scotland, Slovenia, and the United States
also fall into the range 176-200 days. Portuguese, Soviet, and Spanish 9-year
olds are more likely to be in school for fewer than 176 days, whereas the majority
of Israeli, Korean, and Taiwanese pupils attend school for more than 200 days
per year. All Korean schools enrol children for more than 200 days per year, with
over one quarter offering instruction for more than 225 days. The percentages
of pupils attending schools that offer more than 200 days instruction per year is
given in Table 7.1 for selected education systems.

In half of the countries most 9-year old pupils receive between four and five
hours instruction in school each day. These include Ireland (87% of pupils),
England, Scotland, Canada, Portugal, Spain, and Taiwan. Over half the 9-year
olds inthe US receive between five and six hours instruction daily while aquarter
receive more than six hours. Department of Education guidelines in Ireland
mandate that ‘the period of secular instruction to be provided for in the time-table
of cach school day must be at least four hours’ (Ireland. Department of
Education, 1965, p. 28). When time allocated to instruction in Religion is added,
the effective guideline for instructional time is 4 hours and 30 minutes each day

93
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in most primary schools in Ireland Burkeetal (1992) calculated that the average
instructional ime during the school day 1s, 1n practice, 4 hours and 51 minutes,
because teachers use some of the ime allocated to morming assembly and roll
call for teaching The figures yielded 1n the IAEP survey would seem to confirm
the findings of Burke et al

TABLE71
SCHOOL CHARACTERISTICS (AGE 9)

200+ Days 5+ Hours In Schools OneorMore  Behaviour
Per Year'  PerDay’®  <Il Teachers® Computers'  Problems®

Ireland 0 10 54 57 12
England 0 11 41 100 10
Scotland 4 8 29 97 1
Spamn 23 16 5 25 32
United States 2 76 8 96 10
Canada 0 11 8 98 8
Korea 98 1 7 100 52

®  Percentage of pupils in schools that provide instruction for more than 200 days per year
Percentage of pupals 1n school that provide instruction for more than S hours per day

¢ Percentage of pupils in schools wrth fewer than 11 full-ime teaching members of staff
(excludes non-teaching pnincapals or vice pnincipals)

a Percentage of pupais 1n schools that have at least 1 computer available for 9 year-olds

€ Percentage of pupils 1n schools with moderate or sertous problems regarding pupil discipline

Though Insh primary schools tend to offer instruction for fewer days per year
than some other countries, this 1s partially compensated for by a longer school
day For example, Korea, in which the school year 1s at least 200 days, offers
more than four hours instruction per day to just 6% of its 9-year olds Almost all
Insh pupils (97%}) receive more than four hours instruction each day

Of all 14 countries, only Portugal has a higher percentage of small schools
(fewer than 11 teachers) than Ireland Eighty-two percent of Insh and 87% of
Portuguese schools 1n the survey fell into this category In Ireland, such small
schools contain 54% of pupils (Table 7 1), a finding that 1s confirmed by
Department of Educanon stanstics (Ireland Department of Education 1992) In
contrast, only 20% of US schools are small, and just 8% of pupils attend them
In Korea, 40% of schools are small, enrolling 7% of 9-year olds The Oriental
countries seem to have many more pupils attending very large schools, 1 ¢,
staffed by over 40 teachers Over two-thurds of pupils in Korea and Taiwan attend
such schools No pupils in Ireland or Scotland and relatvely few in England,
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Spain, or the United States in the survey attended schools of this size. In some
countries where average mathematics achievement was highest [Korea,
Hungary, Taiwan, and Italy (Emilia-Romagna)], three-quarters or more of 9-year
old children attended large schools staffed by more than 30 teachers.

It should be noted that there was a difference between the percentage of
students found to be enrolled in schools of between 11 and 20 teachers in the
IAEP study (41%6) and percentages for the same school year provided by the
Department of Education for schools of 11-19 teachers (33%). Similarly,
Department statistics show that 12% of students attend schools that had 20 or
more teachers, whereas responses to the AEP survey showed 5% in schools that
have more than 21 teachers. Slight variations in the cut-off figures used by both
agencies (e.g., 11-20 teachers used by IAEP, 11-19 used by the Department) may
explain some of the discrepancy.

The percentages of schools reporting that there are one or more computers
available to the target age group are presented in Table 7.1. Fewer than half the
pupils in Portugal, the Soviet Union, Spain, and Taiwan have access to a
computer in school. Over all 14 countries, three of the four highest-achieving
ones have relatively fewer computers than Ireland. Forty-seven percent of
Hungarian, 46% of Italian (Emilia-Romagna), and 75% of Taiwanese children
are enrolled in schools that do not provide any computers and who therefore, it
can be assumed, do not teach mathematics or logic games using them. In
England, Canada, and the United States, virtually all schools sampled provide
computers for 9-year olds.

Twelve percent of Irish children are in schools in which principals report
moderate or serious problems with pupil discipline. This is about the same as
in England and Scotland. Fewer Canadian children are enrolled in schools with
disciplinary problems. School environments with such problems are more
prevalent in Spain and Korea than in Ireland. Other countries where principals
report unusually high incidences of pupil misbehaviour are Hungary (32%o),
Slovenia (32%), and Israel (20%0).

Typically, 9-year olds in the study spend less than one hour completing their
homework for all school subjects each evening. In England, a majority of
children reported that they usually do not have homework. In Ireland, 2%
reported receiving no homework. One in six of the Irish 9-year olds reported that
they spend two hours or more on all homework every day, roughly the same
proportion as reported in the United States and Korea (see Table C-II in
Appendix C) but well above the proportions reported in Scotland and Canada.
Spanish children spend more time on homework than Irish children.
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The hinear relationship between the amount of time spent on general
homework and performance on the mathematics test was examned within each
country 1n the study Time spent on homework was posiuvely related to
mathematics and science performance 1n Ireland, Israel, and Taiwan That 1s,
pupils who spent longer on general homework each day tend to do better on both
tests However, pupils who spend longer on homework 1n Scotland and Canada
tend to do worse on the two tests

TABLE72
PERCENTAGE DISTRIBUTION OF STUDENTS IN MODAL GRADE
BY CLASS SIZE(AGE 9)
Percentage of Children in Class
<16 16-25 26-35 36-45 >45

Western Europe

Italy (Emmlhia-Rom) 46 48 0 0 6

England 1 21 75 3 0

Ireland * 11 9 56 24 0

Portugal 15 63 13 7 1

Scotland 5 28 66 0 1

Spain 2 30 53 15 0
Eastern Europe

Hungary 4 58 32 1 6

Slovena 2 57 41 0 1

Soviet Union 3 34 61 2 0
Amenca

Canada 2 36 60 0 1

United States 4 49 47 0 0
Middle & Far East

Israel 1 12 59 22 S

Korea 0 3 7 10 79

Taiwan 0 1 9 21 68

Note Rows may not add to 100 due to rounding

? Insh figures are for thurd class where most 9 year olds are located



EDUCATIONAL PROGRESS IN IRELAND: MATHS AND SCIENCE 97

Table 7.2 shows the distribution of pupils across classes of different sizes. It
is evident that third class children are taught in classes that contain significantly
more pupils in Ireland than in other Western countries. Almost one- quarter of
Irish children are taught in classes with more than 35 pupils compared with only
3% of English children. In contrast, 89% of Korean and Taiwanese children
attend class with more than 35 pupils, the majority of them in classes with more
than 45 pupils. None of the third class children assessed in Ireland were in classes
that had more than 45 pupils. Itis not possible from available statistics to directly
compare the LAEP figures for Ireland with Department of Education statistics
because of the way in which the data have been grouped. It does seem, however,
that there is a considerable discrepancy between LAEP and Department figures
for the percentage of students in very small classes. The LAEPfigures show 11%
of pupils (third class) in classes (classrooms) containing fewer than 16 pupils,
Department statistics show 2.4% in classsrooms containing fewer than 19 pupils.

The Teaching of Mathematics

Table 7.3 includes information relevant to the teaching of mathematics to
9-year olds in Ireland and in the six countries in the restricted comparison group.
Pupils in Ireland, England, Scotland, Italy (Emilia-Romagna), Portugal, and the
United States typically receive more than five hours of mathematics instruction
each week. Over a quarter of Irish pupils get less than four hours of instruction,
however. Typically, between two and a half and three and three quarters hours
of mathematics instruction is provided in Korean and Taiwanese schools, though
these countries do have substantially more school days than Ireland or other
European countries.

Irish pupils work on mathematics exercises on their own in class slightly more
often than most other European children but they use mathematics tools and
objects such as counting blocks, geometric shapes, and geometric solids about
as frequently as children in most other countries. Korean pupils tend neither to
work independently on problems nor with materials during school time. A
majority of 9-year olds are in ability-based mathematics groups within their
classes in Ireland, England, and Scotland. Grouping is less prevalent in all the
other school systems. It should be noted that the countries with the highest
achievement levels in Mathematics [Korea, Hungary, Taiwan, and
Italy(Emilia-Romagna)] all report lower percentages of pupils in ability-grouped
classes than lIreland, Scotland, or England. For example, in Taiwan, only 6% of
children are grouped by ability for mathematics classes.
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TABLE73
THE TEACHING OF MATHEMATICS (AGE 9)

Work on Work Grouped 2+ Hours
5+ Hours Exerciseson  With Maths by Maths Maths
Maths OwnOften  Tools Often  Abiity Within  Homework
PerWeek® mnClass® i Class® Classes’  Per Week®

Ireland 42 51 14 59 37
England 61 47 18 53 17
Scotland 72 48 13 90 16
Spamn 55 60 23 13 54
Un1ted States 40 44 19 34 34
Canada 32 48 13 34 29
Korea ) 23 1 41 49

a Percentage of pupils who recerve more than 5 hours mathematics instruction per week

b Percentage of pupils who often work by themselves on mathematics exercises dunng
mathematics class

¢ Percentage of pupls who often work with mathemancs tools dunng class

d Percentage of pupils 1n schools that group by ability within thard class mathematics classes

e Percentage of pupus who spend 2 hours or more on mathematics homework every week.

The 9-year old pupils 1n the survey indicated that they typically spend less
than one hour completing theirr mathematics homework each week Though less
than one hour was the most frequent response of pupils in Ireland also, almost
4 out of 10 children reported spending more than two hours completing their
weekly mathematics homework This 1s a considerably higher proportion than
in either England or Scotland, which 1s not surprising given the higher
proportions of pupils in those systems who reported recerving no homework 1n
any subjects A majonty of Hunganan, Spanish, and Taiwanese pupils spend
more than two hours on mathematics homework weekly Bearing i mund the
length of the school year, not only do Korean and Taiwanese pupils spend longer
1n school each year but many of them also spend longer practising the skills
learned 1n school by spending extended periods completing homework
assignments

In most countnes, including Ireland, time doing exercises individually 1n class
1s associated with higher mathematics achievement In addition, lower
mathematics scores are achieved by pupils who spend additional class time
working with practical mathematics objects and matenals 1n all but Korea,
Taiwan, Spain, and Portugal
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The Teaching of Science

On average, three hours per week are devoted to Social and Environmental
Studies in the middle classes of Irish primary schools (Review Body on the
Primary Curriculum, 1990). This broad subject subsumes the areas of history,
geography, nature study, civics, and basic science. With such arange of subjects
to be covered, it is not surprising that relatively little time is devoted to basic
science in third class.

Approximately one half of the Irish 9-year old pupils receive less than one
and a quarter hours of science instruction each week, a proportion that is low
compared with those recorded in all other countries in the survey (see Table C-2
in Appendix C). However, this figure may be inaccurate since almost half of the
school principals did not respond to the relevant item on the questionnaire. This
untypically low response rate may reflect the difficulty of disentangling science
from other topics covered in Social and Environmental Studies in the primary
curriculum.

Typically, most education systems offer the majority of their pupils between
one and aquarter and two and a halfhours science each week, though in England,
Spain, the United States, Korea, and Taiwan many pupils learn science for over
two and a half hours a week. For example, three quarters of Spanish and almost
all Korean and Taiwanese 9-year olds study science for more than two and a half
hours a week.

In countries that did well in the science test, such as Korea, Taiwan, and the
United States, there is considerably more time devoted to science each week in
the curriculum, and in the case of Korea and Taiwan, the potential learning effect
of this is magnified by the longer school year. Three-quarters of students in Italy
(Emilia-Romagna), however, receive less than two and a half hours of science
instruction per week, yet students in this country did very well on the science
test.

The relatively low emphasis on science in general in third class in Ireland is
accompanied by a lack of emphasis on experimental work (see Table C-10 in
Appendix C). Half of the Irish pupils reported never completing any type of
science experiment by themselves or with other pupils in school. Experimental
work is substantially more common in other countries, with the exception of
Italy (Emilia-Romagna). Even though the time devoted to basic science in Irish
and Scottish schools is roughly equal, Scottish pupils follow a more hands-on
syllabus.

Despite the relatively low emphasis given to basic science in Irish schools, a
quarter of the 9-year olds report that they often read books about science and
nature in school. This proportion compares favourably with other countries.
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Sixteen percent of the Insh pupils did report, however, that they never read a
science or nature book, almost twice the percentage in Spain, Portugal, and the
United States It 1s not possible to determine from the responses to the
questionnaire item (Figure 7 1) whether this 1s teacher-directed reading of
elementary Environmental Studies texts or represents independent selection of
science and nature-based books from school or other hibraries For the majonity
of countnies, science performance 1s not related to reading science or nature
books 1n schools Exceptions are Korea, Taiwan, the United States, and Hungary

FIGURE 7 1

EXTRACT FROM PUPIL QUESTIONNAIRE
READING ABOUT SCIENCE AND NATURE!'

How often do you read books about science and nature in school?

A Often
B Sometimes
C Never

CHARACTERISTICS OF HOMES

As was evident from the responses of 13-year olds, family size 1n Ireland
exceeds that 1n all other countries surveyed Almost one-third of 9-year olds
have four or more brothers or sisters, confirming the findings from the study of
the older students Families of this s1ze are considerably less common elsewhere
and are very rare 1n Hungary and Italy (Emilia-Romagna)

The availability of books 1n Insh homes 15 simular to that in other countries,
with the exception of Portugal and Taiwan, where there are fewer books
Information on reading and television viewing patterns for 9-year old pupils 1n
seven countries 1s presented 1n Table 74 In most countmes, pupils report that
they read for fun every day Exceptions are Korea and Taiwan where the most
common response by pupils was that they read once or twice weekly In contrast,
two-thirds of Soviet children claim to be daily readers Though half of the Irish
9-year olds report reading for fun every day, one-quarter never read for fun

1 |AEP Student Questionnaire Science Age 9
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at home. This is one of the highest proportions of non-readers among all the
countries. Only in Scotland do so many children read so little. In general, 9-year
olds spent more time than their older schoolmates reading for fun. In Ireland,
and in 11 other countries, pupils who read more frequently perform better on the
mathematics and science tests.

Approximately three-quarters of pupils reported that they watch two hours or
more television every school night in most countries, including Ireland.
Prolonged television viewing, five hours or more daily, is more prevalent at age
9 than among older pupils. Watching television for five or more hours per night
is approximately as common in Ireland as in England, Scotland, the United
States, and Canada, where about one-quarter of 9-year olds report this level of
viewing. Such extended viewing is least common in Italy (Emilia-Romagna),
Korea, Slovenia, and Taiwan, where less than 10% of pupils report spending
more than five hours watching television. In eight countries, including Ireland,
there is no clear tendency for 9-year old pupils who watch television for more
than five hours aday to perform atlower levels in mathematics and science. Such
a relationship is found, however in Canada, Korea, Taiwan, Hungary, and
Slovenia.

TABLE 7.4

READING AND TELEVISION VIEWING PATTERNS (AGE 9)

Read for Fun Watch TV 5+

Every Day* Hours Per Dayb
Ireland 48 23
England 50 23
Scotland 45 24
Spain 55 19
United States 46 26
Canada 48 22
Korea 25 10

Note. Figures in this table were obtained by averaging the percentages separately provided by the
mathematics and science samples of pupils.

* Percentage of pupils who read for fun almost every day.
b Percentage of pupils who watch television at home for 5 hours or more every school day.
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Pup:! Atitudes

Between 80% and 90% of pupils in most countries, including Ireland, feel
that therr parents want them to do well in mathematics Spamish pupils more often
report a posttive attitude to mathematics m the home, whereas such support and
nterest 1s less apparent from the responses of Soviet pupils An indication of
support for science in the homes was inferred from pupils’ responses to a
question asking them if therr parents were themselves interested 1n science
Typically, between 40% and 50% of pupils indicated that their parents were
interested 1n science A greater level of support was reported by pupils 1n Italy
(Emilia-Romagna) and less by pupils m the Soviet Union

In Ireland, 39% of 9-year old pupils considered that they were good at science
Only Taiwan had a lower percentage of pupils who considered themselves good
at science

Children from countnes 1n the survey with the hughest achievement levels m
mathematics (Korea, Hungary, Taiwan) feel less confident about their
mathematics ability than do 9-year olds from other countries In the United
States, where average performance on the mathematics test 1s relattvely modest,
almost three-quarters of pupils think that they are good at mathematics In no
other country do children demonstrate such faith in therr mathematical ability
The relationship between self-confidence and achievement, 1t should be noted,
1s Inverse at the country level, 1t may not hold within countries (see also Kifer
& Robutaille, 1989)

Pupils were asked whether they agreed that mathematics 1s equally for boys
and for girls or whether 1t 1s more for one gender than another Responses are
presented 1n Table 7 5 for selected countnes In most countries, between 80%
and 90% of pupils responded that mathematics 1s for boys and girls about equally
In Ireland, the response was 83%, lower than that recorded 1n England, Scotland,
or Spain Greater proportions of pupils in three countnies, Korea, the Soviet
Union, and Taiwan, tended to view mathematics as gender-linked Less than half
of Korean pupils viewed mathemancs as being equally for boys and girls In
Ireland, the average percentage of questions answered correctly by the group of
pupils who said that mathematics s for boys and gurls equally was 18% greater
than for the group that said 1t was more for boys and 24% greater than the group
that said it was more for girls

Shghtly more Insh than Scottish or Spanish children considered that
mathematics 1s more for boys than girls In the Soviet Umon, however,
mathematics 1s more clearly viewed as a boys’ subject by a substantial proportton
of the 9-year old cohort
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Eighty one percent of Irish pupils said that science is for boys and girls about
equally, 12% said that it was more for boys, 7% more for girls. This was a typical
response pattern in many countries. The average science scores of the group of
pupils who said that science is for boys and girls equally is 5% greater than for
the group that said it was more for boys and 14% greater than the group that said
it was more for girls.

TABLE 7.5

MATHEMATICS EQUALLY FOR BOYS AND GIRLS (AGE 9)

More For Boys More For Girls Equally For Boys
Than Girls Than Boys And Girls
Ireland 10 7 83
England 7 4 89
Scotland 5 5 90
Spain 6 4 90
United States 10 7 83
Canada 8 7 84
Korea 25 27 48
Taiwan 10 1 79
Soviet Union 17 7 76

Figures are the percentage of pupils agreeing with each of the statements about
mathematics.

CONCLUSION

The results ofthis survey indicate that school size in Ireland is relatively small
compared to other countries, the majority of primary schools having fewer than
11 on the teaching staff. Class size is larger than in most countries, with the
exception of Korea and Taiwan where typical classes contain more than 45
pupils. Information on length of school year and amount of instructional time
may not be reliable, but it seems that children in Portugal, the Soviet Union, and
Spain spend fewer days in school each year while children in Israel, Korea and
Taiwan spend more. The availability of computers in schools in lIreland is the
same as in other countries and incidences of pupil misbehaviour are roughly
similar also. Time spent completing general homework (less than one hour a
day) and mathematics homework (less than one hour a week) by Irish pupils is
roughly the same as in other countries, though assignment of any homework is
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uncommon 1n England There 1s a positive association between homework and
test scores among pupils 1n Ireland

In schools 1t most countries, including Ireland, five or more hours are
typically devoted to mathematics instruction each week. Less tume 1s allotted 1n
Korea and Taiwan, but relatively long school years made up this shortfall Pupils
1n Ireland work on exercises on their own 1n mathematics classes more often and
they work with mathematics tools and objects just about as often as chuldren in
other countries Whereas grouping of children by ability within mathematics
class 1s the norm 1n Ireland, England, and Scotland, 1t 1s not as common
elsewhere '

In most countnes, between one and a quarter and two and a half hours are
devoted to science instruction each week, but in Ireland pupils typically received
less Though science lessons are characternized by considerable experimental
work 1n many countries, notably England, Scotland, and the United States, this
was not found to be the case 1n Ireiand

Typically, half the chzldren 1n participating countnies, including Ireland, read
for fun every day but a relatvely high proportion of Insh children never read at
home Reading was found to be associated with higher test scores Irish pupls
watch about as much television as children elsewhere, two to four hours each
evening being common About one-quarter of pupils In many countries,
however, watch more than five hours television each night Television viewing
1s not associated with low mathematics or science achievement n Ireland
Nine-year olds watch more television than 13-year olds

Most pupiis feel that their parents want them to do well 1n mathematics and
that their parents are themselves interested 1n science, but pupils tn Ireland do
not fee] very confident about their science ability Pupils, 1n general, feel that
mathematics and science are for boys and girls equally In Ireland, the
achievement scores of pupils who hold this view are higher than the scores of
those who do not



Chapter 8. What Have We Learned From laep n?

ACHIEVEMENT RESULTS

At age 13, students in Korea, Taiwan, Switzerland, the Soviet Union,
Hungary, and China have the highest average performance in mathematics. Irish
13-year olds achieve at similar levels in mathematics to students in most \Western
countries. They perform relatively well in Numbers and Operations but their
achievement in Geometry and in Data Analysis, Statistics, and Probability is
weak by comparison with achievement levels in Europe on these topics. Irish
achievement in Measurement and Algebra and Functions is generally similar to
that elsewhere in Europe but below the levels of the highest achieving
populations in Korea, Taiwan, Switzerland, and the Soviet Union.

Among 9-year olds, the highest average mathematics performance is found
in Korea, Taiwan, Italy (Emilia-Romagna), Hungary, the Soviet Union, and
Israel. The average performance of Irish pupils is similar to that in most other
European countries although they fare comparatively poorly in Geometry and
in Data Analysis, Statistics, and Probability, apattern that is also evident amongst
the older age group. Achievement in Numbers and Operations, Measurement,
and Algebra and Functions is close to the international average. Results of the
mathematics tests at both age levels reveal that the pattern of relatively poor
performance on Data Analysis, Statistics, and Probability evident amongst Irish
9-year olds does not seem to be resolved by the time students reach the age of
13. This is despite the fact that, at age 9, Ireland leads all countries in this study
in terms of reported emphasis on the topic and is still sixth at age 13.

The science achievement of Irish 13-year olds is low compared to students in
most other countries. Although many neighbouring European countries have
average achievement levels in mathematics that are similar to Ireland, almost all
have higher average performance in science. Average science achievement in
Ireland is similar to that in Jordan, Brazil, and Portugal. Compared to students
in other European and North American countries, Irish students perform
relatively well in Earth and Space Sciences and in the Nature of Science but are
weak in Life Sciences and Physical Sciences. The science achievement of Irish
13-year old students is below that of students in some countries (e.g.,
Switzerland, Korea, Taiwan) in every topic area.

The pattern of achievement of Irish 9-year olds across science topics is similar
to that of the 13-year old cohort and their average level of achievement is also
well below the average levels of students in most countries. Pupils in the United
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States and Canada cutperform Insh pupils 1n all four topics at the 9-year old
level

In general, the countnes with the highest average performance in mathematics
tend also to perform well on the science test at 13 years of age In science, a
notable omussion from the top group of countries 1s Chuna, which has the highest
average performance level in mathematics, but performs at the international
average in science On the other hand, 13-year old students from Slovema, whose
performance 1n mathematics 1s close to the international average, do relatively
better on the science test

The relative performance of Irish 13-year olds on the science test 1s not as
good as on the mathematics test There are several countnies in which students
have an average level of performance that 1s comparable to that of Inish students
1n mathematics but have a supenor average performance level in science Among
these countries are Slovenia, Italy (Emiha-Romagna), Israel, Canada, France,
Scotland, and England Although Spanish 13-year olds answered, on average,
fewer mathematics questions correctly than Insh students, they have a higher
average science performance

Insh 9-year olds also perform relatively less well in science than 1n
mathematics Ranked eighth in mathematics, they are thirteenth (out of 14) n
science There 1s considerable movement in rankings of the average performance
of countnes from mathematics to science at age 9, with a rank-order correlation
of only 54 between the rank ordering of countries in the two achievement areas
Of the systems that participated at both age levels, those that perform best 1n
mathematics (Korea, Taiwan, Italy) tend aiso to do best 1n science Those that
do worst in mathematics also fare poorly 1n science (Slovema and Portugal)
Many of the other countries, however, improve or fall 1n ranksing from one
subject to another For example, the United States ranks twelfth 1n mathematics
but 1s fourth 1n science Hungary, second 1n mathematics, 1s seventh 1n science
England, eleventh 1n mathematics, 1s fifth 1n science

GENDER DIFFERENCES

At age 9, boys and girls in most countries, including Ireland, have
approximately cqual performance levels in mathematics At age 13, wn Ireland
and 1n seven other countrnies, however, gender differences tn favour of boys are
evident Insh girls have a lower overall score than Irish boys and also perform
less well 1n the areas of Measurement, Geometry, Algebra and Functions,
Conceptual Understanding, and Problem Solving
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Gender differences in science are more widespread and more pronounced. At
age 9, the average achievement of girls is below that of boys in over half the
countries, including Ireland. By age 13, a gender difference appears in most
countries. Among lrish pupils, a science achievement difference in favour of
boys is evident on the overall science score, in Physical Sciences, in Earth and
Space Sciences, as well as in the skill area of Knows Science. The main changes
in differences between boys and girls between ages 9 and 13 are in the areas of
Life Sciences and Integrates Knowledge, where there are no gender differences
at 9, but differences do appear at age 13.

The pattern and timing of gender differences seem to indicate that differential
performance in science is well established by the middle grades of primary
school and that the difference increases by the end of first year in post-primary
school. Of 14 countries, in which the science test is administered to both age
groups, five have no gender difference at age 9 but have at age 13. With regard
to mathematics, gender differences in achievement seem to be somewhat less
established in primary school. Though a gender gap opens between ages 9 and
13 in Ireland, it may be noted that in Israel and Korea, the gender difference
present at age 9 has been eliminated by age 13.

CURRICULAR EMPHASIS

Irish 13-year olds spend relatively fewer hours per year learning mathematics
and science than their peers abroad; the time devoted to mathematics in Ireland
is less than in any other country. Compared to Irish students, 13-year olds in
China, Switzerland, the Soviet Union, and Taiwan spend considerably longer at
mathematics— between 40% (Taiwan) and 136%o (China). Irish primary schools
also teach considerably less science than elsewhere.

Irish post-primary schools spend about the same proportion of instructional
time each week at mathematics as in many other countries. Much the same can
be said about the relative emphasis on science within the overall curriculum,
especially in relation to other European countries. This indicates that Irish
schools devote as much of their curricular space to mathematics and science as
elsewhere, but students in many other countries spend more time learning these
subjects because they have a longer school year.

Countries differ in the emphasis they place on various topics within
mathematics and science. In general, many high-achieving countries emphasize
Geometry, Data Analysis, Statistics, and Probability, and Algebra with 13-year
olds. Less emphasis is typically placed on Number and Operations and
Measurement. lIrish post-primary schools, on the other hand, seem to stress
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Numbers and Operations and Data Analysts, placing less emphasis on Geometry
and Algebra Insh pnimary schools place unusually high emphasis on Numbers
ang Operations at the 9-year old level

In science, consistent curnicular patterns are more difficult to detect Many
countries devote a lot of ime to Earth and Space Sciences with 13-year old
students Though Ireland seems to place less emphasis on Earth and Space
Sciences, 1t should be noted that the main components of this topic are Rocks
and Minerals, and Weather and Climate Both these areas receive substantial
attention 1n the Junior Certificate Geography Syllabus (National Council for
Curriculum and Assessment, 1989b) Whereas many countries target only a few
areas within Physical Sciences for detailed treatment, Insh schools place
moderate emphasis on all aspects of Physical Science In most countries, less
emphasis 1s placed on Nature of Science at age 13 thanat age 9 In Ireland, little
emphasis 1s given to this topic at either age level Moderate emphasis is given
to Earth and Space Sciences with relatively Iittle to Life Sciences or Physical
Sciences with the younger age group

SCHOOL FACILITIES AND EDUCATIONAL PRACTICES

The typical pnmary and post-primary school in Ireland 1s small compared to
schools 1n most other countries Average class size in Insh post-primary schools
1s simular to class sizes in many of the educational systems surveyed The Insh
primary school system contains a hugher proportion of large classes than most
other countries

Computers and specialized science laboratories tend to be more common 1n
schools 1n countnies where school size 1s relatively large Computer availability
n Ireland 1s relatively low in post-primary schools, but on a par with other
countries at the pnmary level In addition, fewer Irish post-primary schools have
speciahzed science laboratones for chemustry, physics, and biology than 1s the
case 1n most other countries The fact that one-quarter of Insh post-primary
school principals report that their schools have no science laboratones
whatsoever 1s remarkable given the place accorded to science in the Junior
Certificate programme

Calculator use 1 school amongst 13-year olds 1s common 1n a majonty of
countries but not 1n Ireland The use of calculators 1s generally less common
among 9-year olds, especially 1n Ireland Insh students use mathematics and
science matenals less often than 1n other countries and it 1s relatively uncommon
for Inish students 1n either age group to engage 1n experimental work in science
At primary level, practical work 1n science, if only watching the teacher carry
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out experiments, is reasonably common in most countries, but not in Ireland,
though Irish 9-year olds do read about science and nature in schools just about
as frequently as children elsewhere.

Grouping of 9-year old pupils into ability groups for mathematics classes is
more common in Ireland than in most other countries. At post-primary level,
Ireland is also one of relatively few countries where streaming of students into
separate mathematics classes within schools is widespread. Streaming into
separate science classes by science ability is also restricted to Ireland and to a
handful of other countries.

Practice regarding the streaming of pupils varies very much from country
to country. For example, a comparison of the 9-year old data with those for
13-year old students indicates that within-class ability grouping in primary
schools is followed by outright streaming of post-primary students into
different mathematics classes in Ireland and England. In contrast, whereas
almost all Scottish 9-year olds are grouped in mathematics classes, most
13-year olds in that system are taught in mixed-ability mathematics classes.
Similarly, schools in Hungary and Korea tend to group 9-year olds by ability
within mathematics classes but do not stream mathematics classes for 13-year
olds, preferring instead to educate their students in mixed-ability
classes. Taiwanese schools, on the other hand, do not group 9-year olds by
ability within mathematics classes but do stream mathematics classes for
13-year olds.

Though most of the mathematics teachers of 13-year olds in Ireland are
specialist teachers (i.e., they teach mathematics most or all of the time), the
proportion of specialists is low by international standards. Almost all science
teachers are science specialists in Ireland. Regular testing of 13-year olds in
mathematics and science is less common in Ireland than in most countries in
the study.

THE CHILDREN AND THEIR HOMES

Family size in Ireland is unusually large relative to almost all other countries
that participated in the study. Only in a few developing countries are there so
many children in each family. Irish homes contain approximately the same
number of books as homes elsewhere and, although regular reading for fun is
guite common in almost all countries, a sizeable number of Irish children do not
seem to engage in leisure reading at all.

Watching television is amore popular pastime than reading amongst both age
groups. Watching extensive amounts of television is more prevalent at age 9 than
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at age 13 although, at both age levels, two to four hours per night 1s not unusual
Sizeable proportions of children 1n many countries seem to watch more than five
hours of television each school evening, especially at the younger age level
Though m Ireland television viewing seems to decrease as children enter early
teenage years, this 1s not the case 1n England or Scotland Nonetheless, a large
mayonity of Insh 13-year olds still watch more than two hours television each
evening French children watch relatively httle television, although they and
their continental peers are more likely to watch films, videos, or television
programmes about science at home than are children 1n Ireland, England, or
Scotland

In general, the vast majority of children m most countnies hold positive
attitudes to mathematics Attitudes to science are somewhat less positive The
children also reported that thewr parents, while generally very interested 1n
mathematics, are less concerned about science Students m general consider that
they are good at mathematics and science, though Insh students’ confidence 1n
their science ability 1s relatively low Parents 1n most countnies give considerable
help with mathematics homework, but rather less with science homework They
do, however, frequently converse with their children about what they learn 1n
science class Overall, Insh attitudes and beliefs 1n relatton to the two subjects
reflect those prevalent i other countres

FACTORS ASSOCIATED WITH ACHIEVEMENT

The test results for each student can be viewed as a snapshot of therr
achievement at a single pomnt in time Clearly visible 1n the background of the
snapshot are many additional vanables, simultaneously viewed For example,
responses to the questionnaires allow us include background information about
students, information about the schools that they attend, and data concerning
teaching methods employed in the schools at the ime when the students were
tested What 1s important to realize 1s that all such information 1s gathered at one
point 1n time, namely, close to the time that the students sat the test For that
reason, nothing 1s known about the achievement levels of students at the
beginning of the school year, or prior to that, so that inferences about what factors
influenced the test scores are largely speculative

It 1s preferable to view the data 1n terms that are associative rather than causal
For example, 1t 1s clear from information in the survey that students who spend
more time reading for fun tend also to be those who score highest on the tests
Thus relationship 1s found n three-quarters of the countries, including Ireland
However, we cannot say that increased levels of reading cause higher
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achievement; rather that students who read most tend also to have high
achievement scores. Though we might like to conclude from the association that
more reading causes higher test scores, to look at those two variables in isolation
ignores a myriad of other factors that may interact in the relationship.

Bearing in mind that the existence of an association does not necessarily
imply acausal relationship, itis possible to identify associations between certain
variables and test scores. The most consistent associations are found between
some of the student background factors and achievement. In addition to the
positive relationship between reading and achievement in most countries, the
number of books in a child’s home is also found to be associated with
achievement; students reporting more books at home tend also to be those
students who score highest on the tests. This is found in all countries with the
exception of Mozambique. Less consistent associations are found between
students’ attitude to subject matter, parents’ interest in subjects, and
achievement. In Ireland, students who report greater levels of parental interest
in mathematics and science tend to score higher on the test than students who
report lower interest levels. Though Irish students who themselves have positive
attitudes to science perform better on the science test than those who have less
positive attitudes, no such relationship is found between interest in mathematics
and mathematics test scores.

Inthree-quarters of the countries, students who come from large families tend
to performat levels on the tests that are significandy below students from smaller
families. Exception to this finding are Ireland, Italy (Emilia-Romagna), Jordan,
and Mozambique where no consistent relationships are found.

Television viewing habits are significandy associated with achievement in
many countries at both age levels. At age 13 in nearly half of the countries,
including Ireland, students who watch more television tend also to be those who
perform poorly on the mathematics and science tests. In most of the remaining
countries, no relationship is found. In Portugal, however, students who watch
more television have higher scores in both mathematics and science than those
who watch less, arelationship also found with Israeli 9-year olds. The association
between television and achievement is less consistent among 9-year olds. Infive
of the countries, more television is associated with lower scores whereas in eight
countries, including Ireland, no relationship is found.

School-related factors found to be associated with student achievement
include the amount of time spent completing homework, the amount of time
students spend doing mathematics exercises on their own in class, and the
amount of time they spend listening to the teacher give a mathematics or science
lesson. In Ireland and about half the countries, the relationship between time at
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general homework and test scores 1s posiuve among 13-year olds Less
consistency 1s found among 9-year olds, though Irish pupils who report spending
longer at general homework do tend to outperform those who devote less tume
to homework At age 13, there 1s a tendency for Insh students who spend more
tume completing mathematics and science homework to perform better on the
tests 1n those subjects This pattern 1s evident across many countries, especially
1 relation to mathematics homework

Spending ttme completing mathematics exercises on their own 1n class 1s also
associated with hagher test scores 1n a majority of countries, inciuding Ireiand
In half of the countres, students who report spending more time listenung to a
teacher give a mathematics or science lesson achieve higher scores than students
who report that they spend less time listening to the teacher

Vanables found to be negatively associated with achievement 1n many
countries are the amount of time spent solving problems 1n smalt groups dunng
mathematics class, ume spent doing science expenments i school, and
frequency of working with mathematics equpment. The positive relationship
between achievement and time spent completing mathematics exercises n
1solation seems to confirm the negative association between lower levels of
group work and mathematics scores That greater levels of science
experimentation 1s associated with lower achievement levels may, perhaps, be
partly explained by the pencil-and-paper format of the IAEP science test The
consistently negative association (in 10 countries) between test scores and
working with mathematics equipment such as counting blocks, geometric
shapes, or geometric sohds in mathematics class may come as a surprise
However, 1t may be that d:fficulties 1n understanding terminology (for example,
geometric solids) 1n the question asked of pupils may have contamunated the
responses of 9-year old children or that this 1s an activity more typical of younger
chuldren and only engaged 1n by lower-achieving 9-year olds

It was often difficult to establish a clear association between curricular
emphasis as reported by the principal and student achievement For example, the
two highest performing countries on Physical Sciences are Korea and Taiwan
Korea emphasizes electncity and magnetism, Taiwan does not, Korea does not
emphasize mass motion and gravity but Taawan does It may be significant that
both of these high-performing countnies seem to place emphasis on specific areas
of Physical Science at this age level Switzerland 1s unusual among
high-performing countries 1n that no particular area appears to receive a lot of
emphasis

Possibly a clearer relationship exists 1n relation to mathematics topics As
mentioned 1n Chapter 3, Insh schools appear to pay relatively less attention to
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Measurement than to Numbers and Operations in third class. Few of the
high-achieving countries report much emphasis on Measurement in the modal
grade level for 9-year olds, though in Italy (Emilia-Romagna) almost all school
principals reported that the topic is emphasized ‘alot.” Conflicting patterns such
as this highlight the difficulty of linking variations in school curricular policies
to pupil achievement scores.

CONCLUSION

The Second International Assessment of Educational Progress provides arich
source of information that is of relevance to teachers, parents, educational policy
makers, and the general public. For some, interest may focus on the achievement
levels in mathematics and science among Irish students and how these levels
compare to achievement in other countries. Others might be primarily interested
in the educational facilities available in Irish schools, and how these compare to
facilities elsewhere. Those concerned with gender equity in education may wish
to consider carefully the findings in relation to achievement differences between
Irish boys and girls. They may also compare these differences to gender
differences evident in other countries. Curriculum planners may be interested to
know how the emphases within mathematics and science curricula in Ireland
compare to curriculum structures elsewhere. Teachers may note differences in
the organization of instruction from country to country, for example, in relation
to streaming.

It is hoped that the findings of the study will help inform the ongoing debate
on the future direction of the Irish educational system. Outcomes and
recommendations from this debate will set the agenda in educational practice far
into the next century, a century that is likely to be characterized by increasing
levels of international contact in varying spheres of human activity. In light of
increasing mobility of people, goods, services, and ideas across national
boundaries, it would seem important in determining Irish educational policy to
be able to take into account information about the functioning of educational
systems in other countries.
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Appendix A: Populations Participating in laep |1

Population

Brazil,
Age 9

Canada,

Age 9

China,
Age 13

Israel,
Age 9

Israel,
Age 13

Italy,
Age 9

3%

74%

38%

1%

1%

4%

TABLE A-I

DESCRIPTIONS OF LIMITED POPULATIONS

Included

13-year olds in grades 5 through  97%

8 in cities of Sao Paulo and
Fortaleza.

9-year olds in English-speaking
schools in British Columbia and
New Brunswick. 9-year olds in
English- and French-speaking

schools in Ontario and Quebec.

26%

13-year olds in 17 provinces and 62%

independent cities of Beijing,
Tienjing, and Shanghai in
middle schools (grades 7
through 9).

9-year olds in public
Hebrew-speaking schools.

13-year olds in public
Hebrew-speaking schools.

9-year olds in schools in
Emilia-Romagna.

117

29%

29%

96%

Excluded
13-year olds in grades other than
5 through 8 in Sao Paulo (20%
of those in school) and in
Fortaleza (34%).
13-year olds not in school (8%
of those in Sao Paulo and 15%
of those in Fortaleza).
13-year olds in schools in other
cities and rural areas.

9-year olds in French-speaking
schools in New Brunswick.
9-year olds in six other
provinces and territories.

13-year olds below grade 7 in 20
provinces and cities (10% of
those in school). 13-year olds
not in school (about 49% of
13-year olds).

13-year olds in schools in 9
provinces and autonomous
regions with predominantly
non-Chinese populations.

9-year olds in non-public
Hebrew-speaking schools (7%).
9-year olds in Arabic schools
(about 20% of 9-year-olds).

13-year olds in non-public
Hebrew-speaking schools (about
10%). 13-year olds in Arabic
schools (about 20% ).

9-year olds in 19 other Italian
provinces.
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Populaton

Italy,
Age 13

6%

Mozambique 1%
Age 13

Porwgal,  81%

Age 9

Portugal
Age 13

68%

Soviet Union, 63%
Age9

Soviet Union, 60%
Age 13

Spain, 80%
Age9
Span, 80%
Age }

Switzerland, 76%
Agel3

Included

13-year olds 1n schools m
Emiba Romagna

13-year olds 1n schools of cities
of Maputo and Bera.

9 year olds 1n grades 3 and 4

13-year olds 1n grades S through
9

9-year olds 1n Russian-speaking
schools 1n 14 republics

13-year olds in
Russian-speaking schools 1n 14
republics

9-year olds 1 all
Spamish-speakang schools except
those 1n the Catalan autonomous
community

13-year olds 1n all
Spanish-speaking schools except
those 1n the Catalan autonomous
community

13-year olds 1n German-,
French- and Ttalian-speaking
public schools 1n 15 cantons

94%

9%

19%

32%

37%

20%

20%

4%

MICHAEL O MARTIN, BRENDAN L HICKEY DAMIAN P MURCHAN

Excluded

13-year olds 1n 19 other Italian
provinces

13-year olds not 1n school
(about 75% of 13-year-olds)
13-year olds 1n other citzes and
rura} areas

9-year olds 1n grades other than
3 and 4 (16%)

13 year olds 1n grades other than
5 through 9 (about 18% of those
1n school) 13-year olds not in
school (about 16%)

9-year olds in
non-Russian-speaking schools in
14 republics 9-year olds 1n
schools 1n Uzbeckistan

13 year olds in
non-Russian-speaking schools 1n
14 republics 13 year olds in
schools 1n Uzbeckistan

S-year olds 1n all schools 1n
Catalan region 9-year olds 1n
exclusively Valencian and
Basque-speakang schools

13 year olds 1n all schools 1n the
Catalan region  13-year olds in
Valencian and Basque-speaking
schools

13-year olds 1n private and
Romansch schools in 15
cantons 13-year olds in the
remaining 11 cantons

Note Unless noted above all populauons included 90% or more of their age-eligible children
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TABLE A-2
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OVERALL SUMMARY OF TEST ADMINISTRATION BY COUNTRY AND CANADIAN

Brazil, both cities
Canada,
Alberta
British Columbia
Manitoba
New Bruns. English
New Bruns. French
Newfoundland
Novia Scotia
Ontario

Quebec
Saskatchewan
China
England
France
Hungary
Ireland
Israel

Italy, Emilia-Romagna

Jordan

Korea
Mozambique
Portugal

Scodand

Slovenia
Soviet Union

Spain
Switzerland

Taiwan
United States

Scheduled
Assessment
Month

Sept. 90

March 91
March "91
March 91
March "91
March "91
March 91
March 91
March "91

March 91
March 91
March "91
March 91
March 91
March’91
March "91
March "91
March 91
March’91
Sept’90
Sept 90
March "91

March 91

March *91

PROVINCES

Who Gave Test

External Admin.

School Personnel
School Personnel
School Personnel
School Personnel
School Personnel
School Personnel
School Personnel
School Personnel

School Personnel
School Personnel
School Personnel
School Personnel
School Personnel
External Admin.
School Personnel
School Personnel
School Personnel
School Personnel
School Personnel
External Admin.
External Admin.

School Personnel

External Admin.

March 91 (9) School Personnel

April "91 (13)
March 91

March 91
March "91
March *91

External Admin.

School Personnel
School Personnel
School Personnel

Admin. - Administrators, Opt. = Optional
a This number represents the mean of the percentages of accurate scores for mathematics
constructed-response questions.

Test
Admin-
istrator
Trained

Yes

No
No
Yes
Yes
Yes
No
No
Yes

Yes
No
Yes
No
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
Yes

No

Yes
Yes

Yes
Yes

Yes
No

Practrice
Test
Used

No

No
No
No
Opt.
Yes
No
No
Yes (9)
Opt (13)
Yes
No
No
No
Yes
No
No
No
No
Yes
Yes
No
Yes (9)
No (13)
Opt. (9)
No (13)
Opt.
Yes

Opt. (9)
No (13)
No
No
No

%of %of
Site  Accurate
Visits  Scoresl
23 99.5
20 99.7
Informal  99.5
18 99.6
15 99.8
39  Notdone
21 99.0
21 99.9
19 9.1
22 98.2
Informal  99.3
19 99.3
Informal  99.6
21 99.4
16 99.5
Informal  99.6
19 100.0
21 98.0
24 99.3
20 99.5
Informal Not done
20 99.8
Informal  99.2
10 99.8
52 99.3
20 99.7
Informal  99.5
20 99.8
16 99.8
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TABLE A-3

NUMBER OF SCHOOLS AND PUPILS ASSESSED AND RESPONSE RATES (AGE 13)

Weighted  Number Number %  Combmed

Number School of Pupils of Pupils Puml Overall %

of Schools  Respomse  Assessedin  Assessed Respomse Response
Assessed Rate Mathemanics 10 Science Rate®  Rate®

Brazl, Fortaleza 118 97 1482 1505 93 89
Brazil, Sio Paulo 108 95 1,484 1,469 93 88
Canada” 1373 97 19691 19,738 %4 91
Chrna 119 100 1,774 1775 99 96
England 83 52 890 929 91 47
France 103 93 1768 1,787 97 90
Hungary 144 100 1,632 1623 93 93
1reland 110 96 1654 1657 94 90
Israel 110 98 1,583 1,584 95 93
Italy, Emilia-Romagna 90 82 1478 1,485 95 78
Jordan 106 85 1,580 1,588 99 84
Korea 110 100 1637 1,635 99 99
Mozambique 13 100 1174 —— 66 66
Portugal 89 82 1,510 1520 94 77
Scotland 92 82 1,564 1,584 90 74
Slovema 114 100 1,596 1598 95 95
Soviet Union 138 97 1816 1839 95 86
Span 109 93 1,624 1609 9% 89
Switzerland 397 82 3644 3653 98 80
Tawan 108 100 1780 1786 98 98
Unated States 96 77 1407 1404 92 71

*Pupil and Overall Response Rates represent figures for the mathematics sample With the
exception of a few small differences (one to two percent) these rates are 1dentical to the figures
for pupils who were assessed in science

bMany more schools and pupals are included 1n the assessment in Canada than 1n any other
population Nine Canadian provinces are included separatety in the mathematics assessment at
Age 13
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TABLE A-4

NUMBER OF SCHOOLS AND PUPILS ASSESSED AND RESPONSE RATES (AGE 9)

Weighted Number Number % Combined

Number School of Pupils of Pupils Pupil Overall %

of Schools Response Assessed in Assessed  Response Response

Assessed Rate [hematics  in Science Rate* Ratel

Canadab 797 97 9,365 9,362 95 92
England 89 56 1,071 1,086 94 53
Hungary 144 100 1,632 1,607 94 94
Ireland 126 94 1,261 1,282 97 91
Israel 116 100 1,612 1,627 96 96
Italy, Emilia-Romagna 70 65 1,142 1,157 94 61
Korea 114 100 1,630 1,638 98 98
Portugal 128 89 1,419 1,439 97 86
Scotland 90 62 1,151 1,154 93 58
Slovenia 113 100 1,609 1,593 94 94
Soviet Union 139 98 1,842 1,853 92 84
Spain 110 89 1,624 1,620 95 85
Taiwan 110 100 1,814 1,799 99 99
United States 105 80 1,489 1,464 93 74

*Pupil and Overall Response Rates represent figures for the mathematics sample. With the
exception of a few small differences (one percent), these rates are identical to the figures for
pupils who were assessed in science.

b Many more schools and pupils are included in the assessment in Canada than in any other
population. Four Canadian provinces are included separately in the mathematics assessment at
Age 9.



Appendix B: Achievement Scores and Framework
for Assessments In Mathematics And Science

TABLE B-1

AVERAGE PERCENTAGES CORRECT AND STANDARD ERRORS
ON MATHEMATIC TEST (AGE 13)

Total Maie Female

[AEP Average 583(09)

Brazl Fortaleza 324(06) 352009 305(06)
Brazil S@o Paulo 370(08) 379(09) 36209
Canada 620(06) 630(07) 609(06)
China 802010 817(10) 785(11)
England 606(2.2) 608(30) 604 (2.2)
France 642(08) 65509) 628(09)
Hungary 684(08) 685(10) 683(09)
Ireland 6059 626(12) 584(11)
Israel 631(08) 644(09) 618(11)
Italy, Emiha-Romagna 640(09) 658(11) 621(09)
Jordan 404(10) 41412 391(19)
Korea 734(06) 744(09) 722(10)
Mozambique 283(03) 288(05) 278(03)
Portugal 483(08) 489(13) 479(09)
Scotland 60609 604 (10) 608(1)
Slovenia 571(08) 581(08) 561(10)
Soviet Umon 702(10) 700(13) 703(09)
Span 554(08) 57t(11) 538(08)
Switzerland 708(13) 728(15) 687(11)
Tawan 72707 73109 724(09)
United States 553(10) 558(11) 548(13)
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TABLE B-3

AVERAGE PERCENTAGES CORRECT AND STANDARD ERRORS
ON MATHEMATICS TEST (AGE 9)
Total Male Female

IAEP Average 633(09)
Canada 599(05) 59907 600(06)
England 595(19) 585(15) 603029
Hungary 682(06) 682(08) 682(08)
Iretand 600(08) 599(09) 601(11)
Israel 644(07) 660(08) 627(09)
Italy, Ermha-Romagna 678 (09) 695(10) 659(11)
Korea 748 (06) 772007 724(08)
Portugal 555(09) 568(11) 542011
Scotland 65709 658(11) 656(11)
Slovema 558(06) 55807 55907
Soviet Union 659(13) 664(12) 654 (14)
Span / 619(10) 619(13) 618(11)
Taiwan 681(08) 684 (08) 67809

United States 58410 58711 580(12)
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TOPIC AND PROCESS AVERAGE PERCENTAGES CORRECT AND STANDARD ERRORS ON MATHEMATICS TEST (AGE 9)
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TABLE B-5

AVERAGE PERCENTAGES CORRECT AND STANDARD ERRORS
ON SCIENCE TEST (AGE 13)
Total Male Female

IAEP Average 669 (05)
Brazil Fortaleza 464 (06) 491(07) 443(08)
Brazl, Sao Paulo 527(06) 563(08) 49607
Canada 688(04) 705 (0.5) 671049
, China 672(11) 694(12) 648(11)
England 687012 703(16) 671(18)
France 686(06) 70707 6507
Hungary 734(0.5) 756 (06) 71407
Ireland 633(06) 661(09) 608(08)
Isracl 69707 716(08) 680(08)
Italy, Emulia Romagna 699(07) 722(08) 676(08)
Jordan 56607 571(08) 559(13)
Korea 77505 796 (06) 750(07)
Portugat 626(08) 650(10) 603(08)
Scotiand 679(06) 696(07) 663(0%9)
Slovema 703 (05) 72507 682(06)
Soviet Union 713(10) 729(11) 696(10)
Spain 675(06) 692(08) 660(07)
Switzerland 737(09) 764(11) 709(08)
Taiwan 756(04) 763(06) 749 (06)

Unted States 670(10) 694(12) 645(09)
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TABLEB 7

AVERAGE PERCENTAGES CORRECT AND STANDARD ERRORS
ON SCIENCE TEST (AGE 9)
Total Male Female

IAEP Average 621(05)
Canada 628(04) 636(04) 620(05)
England 629(09) 638(13) 62.0(1.2)
Hungary 62.5 (0.5) 634(06) 616(06)
Ireland 56507 582(10) 54809
Israel 612(07) 630(09) 594(07)
Italy Enuhia-Romagna 669(09) 679(10) 658(10)
Korea 679 (0.5) 70407) 651(0.5)
Portgal 54807 563(09) 533(09)
Scotland 622(007) 619(07) 62.5(10)
Slovema 577 (05) 583 (06) 570(06)
Soviet Union 615(12) 627(14) 604(12)
Spain 617(007) 634(09) 59707
Taiwan 667(05) 685(06) 646(07)

Unted States 647(09) 655(11) 638(08)



TOPIC AND PROCESS AVERAGE PERCENTAGES CORRECT AND STANDARD ERRORS ON SCIENCE TEST (AGE 9)

IAEP Average

Canada
England
Hungary
Ireland

Israel

Italy, Emilia-Romagna
Korea
Portugal
Scotland
Slovenia
Soviet Union
Spain
Taiwan
United States

Life
Sciences

63.3 (0.6)

63.3 (0.4)
62.4 (0.9)
64.7 (0.6)
54.7 (0.8)
61.4 (0.8)
713 (0.9)
69.1 (0.5)
58.1 (0.8)
61.3 (0.7)
59.4 (0.5)
63.8(1.4)
65.7 (0.7)
65.3 (0.6)
65.2 (0.9)

Physical
Sciences

58.6 (0.5)

57.7 (0.4)
60.1 (0.9)
56.3 (0.6)
53.8 (0.7)
59.8 (0.6)
61.0 (0.9)
68.2 (0.5)
50.0 (0.6)
59.1 (0.8)
56.6 (0.5)
58.1 (0.9)
54.1 (0.7)
68.1 (0.5)
57.5 (0.8)

TABLE B-8

Earth and
Space
Sciences

64.1 (0.7)

66.8 (0.4)
66.3(1.1)
68.2 (0.5)
62.9 (0.8)
60.6 (0.7)
66.8 (0.9)
62.4 (0.6)
57.3 (0.9)
65.1 (0.7)
58.3 (0.7)
63.1 (1.4)
62.7 (0.7)
66.6 (0.7)
70.6(1.1)

Nature of
Science

63.9 (0.4)

67.3 (0.5)
66.0(1.1)
62.0 (0.6)
59.5 (0.8)
64.1 (0.9)
66.9(1.1)
70.7 (0.6)
52.4(1.1)
67.7 (1.0)
54.1 (0.6)
60.2(1.4)
65.1 (1.0)
67.4 (0.6)
70.7(1.0)

Knows
Science

63.9 (0.6)

63.4 (0.4)
64.5(1.0)
66.1 (0.5)
57.2 (0.8)
61.0(0.8)
71.6 (0.9)
67.3 (0.5)
58.4 (0.9)
62.5 (0.6)
60.3 (0.5)
63.9(1.4)
66.7 (0.7)
65.3 (0.6)
67.0(1.0)

Uses
Science

62.7 (0.5)

65.3 (0.4)
63.6 (0.9)
61.1 (0.5)
57.4(0.7)
63.0 (0.6)
66.1 (0.9)
70.1 (0.5)
54.1 (0.7)
62.7 (0.7)
57.0 (0.5)
62.3(1.1)
60.3 (0.7)
69.5 (0.6)
65.5 (0.9)

Integrates
Science

56.9 (0.7)

56.4 (0.4)
58.2(1.0)
57.4 (0.7)
53.0 (0.8)
57.7 (0.8)
58.2(1.1)
64.5 (0.5)
485 (0.8)
60.4 (0.8)
52.9(0.7)
54.7(1.4)
53.8 (0.8)
63.6(0.6)
57.9 (0.8)

JON3IOS AW SHIVIN :ANV13dl N SS3490dd  TvNOILvYONd3
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TABLE B-9

FRAMEWORK FOR ACHIEVEMENT ASSESSMENT IN MATHEMATICS
NUMBER AND PERCENTAGE OF ITEMS ON TEST (AGE 13)

CONTENT
Data
Numbers Analysis Algebra
and Measure- Statistics & and

Operations ment Geometry Probabiity Functions  Total (%)
SKILL
Conceptual
Understanding 12 3 5 3 2 25(33)
Procedural
Knowledge 8 3 3 5 7 26 (35)
Problem
Solving 7 7 3 1 6 24 (32)
Total (%) 27 (36) 13(17) 11 (15) 9(12) 15 (20) 75 (100)

TABLE B-10

FRAMEWORK FOR ACHIEVEMENT ASSESSMENT IN MATHEMATICS
NUMBER AND PERCENTAGE OF ITEMS ON TEST (AGE 9)

CONTENT
Data
! Numbers Analysis Algebra
and Measure- Statistics & and

Operanons ment Geometry Probabihty Functions Total (%)
SKILL
Conceptual
Understanding 10 4 5 3 2 24 (39)
Procedural
Knowledge 15 4 0 3 0 22 (36)
Problem
Solving 7 1 1 2 4 15(25)

Total (%) 32(52) 9(15) 6(10) 8(13) 6(10) 61 (100)
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TABLE B-II
FRAMEWORK FOR ACHIEVEMENT ASSESSMENT IN SCIENCE:
NUMBER AND PERCENTAGE OF ITEMS ON TEST (AGE 13)
CONTENT
Earth and
Life Physical Space Nature of
Sciences Sciences Sciences Science Total (%)
SKILL
Knows Science 10 4 1 0 15(23)
Uses Science 6 13 8 4 31 (48)
Integrates Science 3 8 0 7 18 (29)
Total (%) 19(30) 25(39) 9(14) 11(17) 64(100)
TABLE B-12
FRAMEWORK FOR ACHIEVEMENT ASSESSMENT IN SCIENCE:
NUMBER AND PERCENTAGE OF ITEMS ON TEST (AGE 9)
CONTENT
Earth and
Life Physical Space Nature of
Sciences Sciences Sciences Science Total (%)
SKILL
Knows Science 17 1 5 1 24(41)
Uses Science 3 12 4 4 23(40)
Integrates Science 3 4 1 3 11(19)
Total (%) 23(40) 17 (29) 10(17) 8(14) 58 (100)
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Appendix C: Contextual and Background Variables

Branl Fortaleza
Brazil Sao Paulo
Canada

China

England

France

Hungary

Ireland

Israel

Italy, Ermha Romagna
Jordan

Korea
Mozambique
Portgal
Scotland
Slovema

Soviet Union
Spain
Switzerland
Tarwan

United States

TABLE C-1
TIME SPENT IN SCHOOL. (AGE 13)
Average Percent-
Average Average Average Hours age
Number Minutes Hours Maths Instruct-
of Instruct- Instruct- Instruct-  1onal
Days ionPer 1onPer 1onPer Timeon
+ PerYear Day Year Year Maths
183 223 680 140 21
181 271 817 136 17
188 304 953 141 15
251 305 1276 257 20
192 300 960 122 13
174 370 1,073 133 12
177 223 658 110 17
173 323 931 109 12
215 278 996 147 15
204 v 289 983 149 15
191 260 828 115 14
222 264 977 132 14
193 272 875 140 16
172 334 957 119 12
191 324 1031 134 13
190 248 785 119 15
198 243 802 170 21
188 285 893 147 16
207 305 1,052 173 16
222 318 1,177 151 13
178 338 1003 135 13

Note -- Mozambique did not participate 1n the science assessment

132

Average Percent-

Hours age
Science  Instruct-
Instruct-  10nal

ton Per Tuneon
Year Science

76 11
107 13
98 10
277 22
124 13
101 9
122 19
92 10
130 13
94 10
115 14
107 11
90 9
114 11
179 23
255 32
118 13
105 10
181 15
138 14
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TABLE C-2

TIME SPENT IN SCHOOL3 (AGE 9)

Number of Days Number of Hours Hours Per Hours Per
Instruction Per Year Instruction Per Day Week Maths Week Science

More More More Less
than than than than
176 - 200 200 4-5 5 5 1 MA~

panara 100 0 85 1 32 21 64
England 97 0 86 1 61 5 57
Hungary 72 1 6 1 1 2 92
Ireland 100 0 87 10 42 48 47
Israel 10 90 39 3 7 2 95
Italy, Emilia-

Romagna 53 47 8 10 95 3 72
Korea 0 98 5 1 0 0 9
Portugal 4 0 93 5 83 0 16
Scotland 94 4 90 8 72 46 37
Slovenia 96 0 5 0 5 1 71
Soviet Union 16 41 3 1 0 13 87
Spain 37 23 81 16 55 0 75
Taiwan 3 89 55 7 0 0 2
United States 75 2 20 76 40 3 52

aEntries in each cell are the percentages of pupils receiving instruction for the specified duration.
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Brazl, Fortaleza
Brazl, Sio Paulo
Canada

China

England

France

Hungary

Ireland

Israel

Italy, Emmlia-Romagna
Jordan

Korea
Mozambique
Portugal
Scotland
Slovena

Soviet Union
Spain
Switzerland
Taiwan

Unuted States

TABLE C-3

SCHOOL AND CLASS SIZE (AGE 13)

Percentage of
Pupils 1n Schools
Enrolhng
500 - 750
Pupils

SREERSIR s

—
W o0 O wn

Percentage of
Pupils 1n Schools
Enrolling
More Than
750 Pupils

Percentage of
Pupils 1n Classes
Containtng
More Than
25 Pupils

82
93

Avcrage
Class
Size

qY0RER8R

BEZBRRRR2EYRY
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TABLE C-4

SCHOOL AND CLASS SIZE (AGE 9)

Percentage of Percentage of
Pupils in Percentage of Pupils in Percentage of
Schools Pupils in Schools Pupils in
Enrolling Schools Enrolling Classes With
Fewer Than Enrollling More Than More Than 35
251 Pupils 251- 500 Pupils 500 Pupils Pupils
Canada 18 55 28 1
England 39 53 8 3
Hungary 14 29 57 7
Ireland 46 32 22 24
Israel 10 34 56 27
Italy, Emilia-Romagna 4 29 67 6
Korea 6 7 86 89
Portugal 64 23 13 8
Scotland 39 49 12 1
Slovenia 7 23 69 1
Soviet Union 9 12 79 2
Spain 6 23 71 15
Taiwan 3 10 87 89

United States 12 32 56 0
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TABLE C-S

PROBLEMS IN SCHOOL PERCENTAGES OF 13-YEAR OLDS ENROLLED IN SCHOOLS
WITH MODERATE OR SERIOUS PROBLEMS REGARDING

Shortage of
Educational
Overcrowd  Matenals Lack of Vandahsm
ing m and Pupil Pupil of School
Classrooms Equpment Absenteersm Discipline Property
Brazil Fortaleza 26 57 27 41 48
Brazl, Sao Paulo 25 65 40 51 59
Canada 37 20 14 11 5
China 42 33 4 14 17
England 32 30 11 14 10
France 55 18 12 25 19
Hungary 40 32 15 32 39
Ireland 40 48 32 13 12
Israel 72 23 9 19 27
Italy, Emulia-Romagna 12 35 8 24 26
Jordan )| 37 21 15 25
Korea 50 49 12 46 17
Mozambique 67 98 57 57 94
Pormgal 64 76 35 25 2
Scotland 13 21 24 13 13
Slovema 68 56 11 31 38
Soviet Unuon 85 75 29 25 24
Spaimn 49 41 19 32 18
Switzesland 35 7 4 20 20
Taiwan 37 23 4 9 23

United States 36 10 37 32 25
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TABLE C-6

PROBLEMS IN SCHOOL. PERCENTAGES OF 9-YEAR OLDS ENROLLED IN SCHOOLS
WITH MODERATE OR SERIOUS PROBLEMS REGARDING:

Shortage of

Educational
Overcrowd-  Materials Lack of Vandalism
ing in and Pupil Pupil of School

Classrooms  Equipment Absenteeism  Discipline Property

Canada 36 22 6 8 5
England 57 37 7 10 14
Hungary 40 32 16 32 39
Ireland 64 46 6 12 12
Israel 63 24 3 20 12
Italy, Emilia-Romagna 24 70 12 15 31
Korea 69 42 8 52 12
Portugal 24 65 12 16 22
Scotland 42 37 2 u 14
Slovenia 62 49 12 32 31
Soviet Union 80 7 22 19 22
Spain 41 39 13 32 19 .
Taiwan 37 27 0 2 9

United States 28 16 20 10 5
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TABLE C-7

AGE 13 THE TEACHING OF MATHEMATICS PERCENTAGES OF PUPILS

Who
Who Ever Never Use Tested in
Use Mathe- Mathe-
Who Ever Computer  matics  matics At
Streamed  Taught Use for School  Objects/ Least
by Maths by Maths Calculator or Matenals  Once Per
Ability  Specialists n School Homework 1 Class Week

Brazil Fortaleza 28 85 4 3 45 56
Brazal S3o Paulo 14 99 2 4 56 45
Canada 14 43 75 42 60 53
Chuna 4 94 7 6 48 63
England 92 9 90 44 37 28
France 19 94 94 57 36 64
Hungary 0 56 7 31 9 17
Ireland 72 65 25 -13 69 19
Israel 77 92 49 59 63 36
Lnaly,

Emslia Romagna 19 15 64 40 39 19
Jordan 8 99 5 5 37 68
Korea 0 96 4 10 64 28
Mozambique 22 100 5 13 18 94
Portugal 5 9 19 7 61 21
Scotland 18 100 82 38 32 17
Slovenia 2 100 46 61 15 28
Soviet Union 29 97 19 6 45 52
Spain 2 87 45 12 30 31
Swatzerland 14 32 51 25 30 40
Taiwan 66 99 62 6 37 87
Unuted States 64 96 54 37 51 68
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TABLE C-8

AGE 9: THE TEACHING OF MATHEMATICS. PERCENTAGES OF PUPILS:

Canada
England
Hungary
Ireland

Israel

Italy, Emilia-Romagna
Korea
Portugal
Scotland
Slovenia
Soviet Union
Spain
Taiwan
United States

Grouped By
Ability Within
Maths
Classes

34
53
44
59
29
23
41
49
90
48
45
13

6
34

In Schools
Where
Calculators Are
Not Permitted

12

2
23
47

5
25
55
29

0
23
n
40
32

5

In Schools
Where At Least
1 Computer
Available For
Use By Pupils

98
100
53
57
88
54
100
un
97
57
9
25
25
96

Who Work

In Class

13
18
20
14
21
18
u
17
13
20
21
23
30 -
19

139

With Maths
Tools Often
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TABLE C-9

AGE 13 THE TEACHING OF SCIENCE PERCENTAGES OF PUPLLS
/

Brazil Fortaleza
Braz1il Sio Paulo
Canada

China

England

France

Hungary

Ireland

Israel

Italy Emhia-Romagna
Jordan

Korea

Portugal
Scotland
Slovema

Sowviet Union
Spain
Switzerland
Taiwan

United States

Streamed *  Taught
by Science by Science
Ability

27 82
11 99
7 48
2 80
49 100
10 93
0 66
34 99
18 93
15 8
11 94
1 9%
5 96
2 95
0 95
21 95
4] n
15 35
60 100
27 92

Specialists Laboratonies

in Schoot
With One or

More Who Never

Specaslized  Conduct

Who Never
Watch a
Scaience

Scence  Expenments Film/Video

1n School
14 44
15 35
38 13
63 29
79 2
78 20
40 31
61 27
54 35
21 59
19 26
41 3s
88 48
95 3
44 2
97 13
34 51
54 36
94 25
54 25

in School

36
40
27
27
16
27
3
67
32
27
35
66
4
12
34
25
39
18
43
12
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TABLE C-10

AGE 9: THE TEACHING OF SCIENCE. PERCENTAGES OF PUPILS:

Canada
England
Hungary
Ireland

Israel

Italy, Emilia-Romagna
Korea
Portugal
Scotland
Slovenia
Soviet Union
Spain
Taiwan
United States

Who Never Read
Books About Science
and Nature in School

13
14
9
16
14
9
12
9
16

© W o O w

Who Never Watch
Their Teacher Do
Science Experiments

27
15

5
11
14

8

8
15
25
13
18
37

4
22

Who Never Do
Science Experiments
in School

27
1
40
50
14
50
19
22
28
21
44
40
10
22
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TABLEC-11

AGES 13 AND 9 HOMEWORK PERCENTAGES OF PUPILS
WHO SPEND SPECIFIED TIME COMPLETING HOMEWORK

Age 13 Age 9
4 Hours or 4 Hours or 2 Hoursor 2 Hours or
2Hoursor  More More 2 Hoursor More More

More All Maths Science More All Maths Sctence
Homework Homework Homework Homework Homework Homework

EachDay*  Each Each  EachDay" Each Each
Week Week Week Week
Brazil Fortaleza 49 18 8 - - -
Brazl Sio Paulo 47 16 8 - - -
Canada 27 15 4 13 29 20
China 40 37 16 - - -
England 30 6 2 10 17 13
France 55 17 1 - - -
Hungary 60 11 13 27 50 38
Ireland 65 17 5 17 37 18
Israel 50 17 4 36 45 30
Italy,

Emiha Romagna 79 27 2 22 38 29
Jordan 55 14 12 - - -
Korea 40 33 9 21 49 31
Mozambique 42 11 - - - -
Portugal 30 9 6 21 41 37
Scotland 15 4 2 5 16 8
Slovema 28 15 7 15 40 32
Soviet Umon 52 33 59 29 48 25
Spain 63 22 12 29 54 49
Switzerland 21 15 1 - - -
Taiwan 43 24 10 30 50 41
United States 30 15 7 20 34 22

# Average of responses to the homework question from the mathematics and science samples
1¢ (Maths + Science) +2

— D1d not participate 1n the survey of this populahon or subject
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TABLE C-12

AGE 13: HOME ENVIRONMENT OF THE PUPILS. PERCENTAGES OF PUPILS WHO:

Brazil, Fortaleza

Brazil, Sao Paulo

Canada

China

England

France

Hungary

Ireland

Israel

Italy,
Emilia-Romagna

Jordan

Korea

Mozambique

Portugal

Scotland

Slovenia

Soviet Union

Spain

Switzerland

Taiwan

United States

Have 4 or
More
Siblingsl

33
16
8
12
9
n
3
35
19

2
88
20
64

8

9

3
12
n

4
12
17

Are From
Homes With
Fewer Than

25 Booksl

47
46
14
28
15
25
10
24
10

23
50
25
55
32
25
18
12
20
16
35
18

Read For
Fun Almost
Every Dayl

4
)
37
28
39
40
44
4
40

46
23
n
41
46
38
43
48
35
50
18
29

Watch TV
for 5 Hours
or More
Each Dayl

21
19
15

5

=
©

[h]
ooc'?nu-l

RowBBan

Never
Watch TV
Programme

About
Science at

Home

27
29
40
14
40
28

4
a7
19

18
10
36
21
48
15
33
25
27
32
40

1Figures obtained by averaging the percentages separately provided by the mathematics and
science samples of pupils.

—Mozambique did not participate in the science survey.
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AGE 13 ATTITUDES IN THE HOMES PERCENTAGES OF PUPILS

Brazil Fortaleza
Brazil, Sdo Pauio
Canada
China
England
France
Hungary
Ireland
Israel
Italy

Emilia Romagna
Jordan
Korea
Mozambigue
Portugal
Scotland
Slovema
Sowvzet Union
Spain
Switzerland
Taiwan
Unated States

— Mozambique did not participate 1n the science survey

Who Have
Posiave
Attitudes
to Maths

86
83
94
79
91
81
85
88

TABLEC I3

Whose
Parents
Want
Pupil To
Do Well
1n Maths

Who
Receive  'Who Have
Help With  Posiuve
Maths Attitudes
Homework to Science
46 74
48 69
69 62
37 74
65 66
53 55
80 69
61 57
53 62
34 73
43 82
53 27
65 -
27 n
65 66
62 78
32 66
58 78
42 59
51 51
74 57

Who Talk
With
Someone
at Home
About
Scence
Class

68
65

Who
Receive
Help With
Science
Homework

39
39
47
40
60
4
61
4
31
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TABLE C-14

AGE 9: HOME ENVIRONMENT OF PUPILS. PERCENTAGES OF PUPILS WHO:

Canada
England
Hungary
Ireland

Israel

Italy, Emilia-Romagna
Korea
Portugal
Scotland
Slovenia
Soviet Union
Spain
Taiwan
United States

Have 4 or
More Siblings*

7
10
3
30
16
2
19

9
6
3
22
n
12
16

Are From
Homes With
Fewer Than 25
Books*

20
22
16
27
15
35
31
48
23
26
13
27
50
23

Read for Fun
Almost Every
Day*

48
50
51
48
56
51
25
61
45
62
64
55
31
46

Watch TV for
5 Hours or
More Each

Day*

22
23
16
23
24

9
10
19
24

9
18
19
10
26

*Figures obtained by averaging the percentages separately provided by the mathematics and

science samples of pupils.
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TABLE C-15

AGE 9 ATTITUDES IN THE HOMES PERCENTAGES OF PUPILS WHO BELIEVE THAT

My Parents ' My Parents Are
IAmGoodat WantMeTo I Am Good at Interested In
Maths Do Well in Science Science
Maths
Canada 69 89 60 47
England 49 88 45 47
Hungary 40 88 46 62
Ireland 63 86 39 43
Israel 65 91 64 43
Italy Erml:a Romagna 59 91 63 74
Korea 38 86 42 42
Portugal 49 85 51 54
Scotland 55 87 41 46
Slovema 67 85 63 65
Sowiet Union 57 75 58 34
Spain 68 92 67 68
Tawan 39 90 30 37

United States 7 89 61 42





