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EXECUTIVE SUMMARY

EXECUTIVE SUMMARY

Out of the 19 countries whose results are presented in the international
report, the position of students in England was

4 ranked second on their overall results on all 12 tasks
4 ranked equal seventh on their results on the six mathematics tasks

¢ ranked second on their results on the six science tasks.

Only students in Singapore outperformed students in England on their
overall score and on their score for the science tasks (by four percentage
points and one percentage point respectively).

Overall, the mathematics results are better than the results in the written
mathematics tests, and the science results are consistent with the results in
the written science tests.

The mean scores of students in England were equal to or above the
international means for five out of the six mathematics tasks. These results
are better than the results in the TIMSS written tests in mathematics, in
which the performance of students in England was lower than the
international mean for five out of the six mathematics content areas in the
written tests.

The mean scores of students in England were considerably higher than the
international means for each of the six science tasks. These results are
consistent with their performance on the written tests in science, in which
the mean scores for students in England were above the international means
in all of the five science content areas within the written tests.

In addition to determining students’ performance on each of the tasks,
further analysis focused onresults inmain performance categories (covering
a range of mathematics and science skills respectively) across tasks. The
results showed that students in England performed

4 abovetheinternational means for the two main mathematics categories
(PERFORMING MATHEMATICAL PROCEDURES and PROBLEM
SOLVING AND MATHEMATICAL REASONING)

¢ above the international means for the three main science categories
{(SCIENTIFIC PROBLEM SOLVING AND APPLYING CONCEPT
KNOWLEDGE, USING SCIENTIFIC PROCEDURES and SCIENTIFIC
INVESTIGATING).

There were no statisticaily significant gender differences in the performance
of girls and boys in England in either mathematics or science.
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CHAPTER 1

1.1

Introduction

The context for Performance Assessment

Although cross-national studies have been conducted for more than 30
years by the International Association for the Evaluation of Educational
Achievement (IEA), the data collection in mathematics and science
studies has been predominantly by means of written achievement tests
and questionnaires. A similar emphasis was evident in the first and
second studies organised by the International Association for Evaluation
of Educational Progress (IAEP), both of which focused on students’
achievement in mathematics and science. However, some previous
studies have included practical tasks for students as an optional
component to supplement the main study, such as IEA’s First
International Science Study (FISS), their Second International Science

- Study (SISS) and IAEP2. It should be acknowledged, however, that

relatively few countries conducted the practical components of previous
studies,

In England, a noteworthy predecessor of the TIMSS Performance
Assessment was the series of surveys initiated by the Assessment of
Performance Unit (APU) which were conducted in England, Wales and
Northern Ireland from 1977 to 1990. Mathematics and science surveys
were both carried out with 11- and 15-year-olds, and, additionally, the
science team surveyed 13-year-olds. The practical activities utilised in
the APU mathematics and science surveys were mostly administered on
a one-to-one basis, with a trained assessor presenting the task to the
student and recording his/her responses. In some instances science
activities were presented as a “circus” of tasks which students attempted
in turn. However, in the final mathematics survey, some students were
expected to work collaboratively in groups of three. Collectively, the
activities were designed to assess students in not only carrying out
routine tasks, such as using measuring instruments, but also to identify
the strategies they adopted in problem-solving situations and their
reasons for choosing particular approaches.

With the introduction of the National Curriculum in 1989 and its
associated assessment arrangements, the work of the APU drew to a
close, although it is true to say ‘...some of the materials, particularly
practical and oracy assessments, have influenced and extended good
practice in their areas’ (Foxman et al., 1991).
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With earlier work (such as that mentioned above) in mind, and sensitive
to the growing movement to measure not only students’ knowledge and
understanding using written tests, but also practical, investigative,
problem-solving and analytical skills by means of “hands-on’ activities,
the TIMSS International Study Center set up the Performance
Assessment component. In doing so, TIMSS has become the largest
international study to include a practical assessment of students’
performance, and, arguably therefore, the first to collect complementary
sets of data that more accurately reflect the range of students’ curricular
experiences in mathematics and science.

The Performance Assessment component
of TIMSS

The Performance Assessment constituted part of the Third International
Mathematics and Science Study (TIMSS), a major international
comparative study focusing on teaching and learning in these two
subjects. This report presents information about the performance of
students in England on the Performance Assessment component of
TIMSS. Some summary information about the design and administration
of the study as a whole is presented here for background purposes, but
readers who seek more detailed information about the aims of the study,
its design, and administrative and analytical processes are referred to
other national’ and international reports.”

England was one of more than 40 countries taking part in TIMSS. The
study was designed to focus on the teaching dnd Eearnm gofmathematics
and science in three target populations:

¢ upper primary students, aged about nine years (Population 1)
¢ lower secondary students, aged about 13 years (Population 2)

¢ upper secondary students, aged about 17/18 years (Population 3).

For each population there were two main aspects to the data collection:
¢ achievement tests in mathematics and science for the students

¢ questionnaires covering background information and other issues,
such as attitudes to these subjects, for students, their mathematics
and science teachers and their headteachers.

All countries taking part in TIMSS were required to survey lower
secondary students (Population 2), and participation in the surveys of
Populations 1 and 3 was optional. England was one of 26 countries that

' SeeKeysetal, 1996a; Keys e al., 1996h; Harris et al., 1997; Keys et al., 1997a; and Keyseral., 1997b
for national information.

2 See Beaton el gl,, 1996a; Beaton ef al., 1996b; Martin e/ af., 1997; Muilis er &/, 1997; and Harmon ez
al., 1997 for international information. Robitaille {1993} and Robitaille (1997} present useful background
information about TIMSS and the countries that took part in the study.
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took part in the survey of Population 1 and was one of more than 40
countries that surveyed Population 2. The funding for this work was
provided by the Department for Education and Employment (DfEE)
and carried out by the National Foundation for Educational Research
(NFER).

The Performance Assessment was intended to supplement the data
collected by means of the written tests in the main TIMSS survey. It
consisted of a number of specific tasks that would allow students to
demonstrate their practical, investigative, recording and analytical
skills in mathematics and science in controlied situations. This element
of the study was designed for Populations 1 and 2 only; participation in
the Performance Assessment for Population 1 and/or Population 2 was
optional. Twenty-one countries (including England) participated in this
aspect of TIMSS with 13-year-old students’, i.e. about half of the total
number of countries that administered the written tests in mathematics
and science to students (see Appendix 1I). The Performance Assessment
in England was funded by the Office for Standards in Education
{(OFSTED) and carried out by the NFER.

The sample

The sample of schools that was invited to take part in the Performance
Assessment was a sub-sample of the 127 schools that had participated
in the main survey. In addition, the students who participated in the
Performance Assessment formed a sub-sampie of those that were
involved in the main survey (i.e. had completed written tests and
questionnaires). The study design involved the random selection of
nine students from those in the upper grade only of the sample (i.e. nine
Year 9 students and no students from Year 8). In addition to the first-
selected nine students in each school, two replacement students were
selected at the same time so that if one or two students were absent on
the day of the administration of the tasks, the replacement student(s)
could be substituted. Other than these replacement students identified
at the time of drawing the sample, no other substitutions were permitted.
More detailed information about the sampling is provided in Appendices
[l and V to the TIMSS national reports (Keys ef al., 1996b).

* In the international report (Harmon er al., 1997) the results for two of the countries (Hong Kong and
Israel} are not presented in the main tabies and figures, but are given in an Appendix. This was because
both of these countries had small samples.
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In total, 12 different tasks were used for the Performance Assessment:*
five focusing on mathematics (M 1-5), five focusing on science (S1-5),
and two combination tasks with elements of both mathematics and
science (SM1-2). (Within the international report, the information
relating to students’ performance on tasks SM1 and SM2 has been
included within the main sections relating to science and mathematics
respectively, and this approach will also be adopted within this report.)
The time allowed for completion of particular tasks was either 15
minutes or 30 minutes. Typically, the 15-minute tasks required routine
skills such as constructing tables to record results, and summarising
observations, wheteas the 30-minute tasks involved skills such as
planning and carrying out an investigation, graphing results and drawing
conclusions. All the tasks used in the Performance Assessment of 13-
year-olds are reproduced within Chapter 2 of this report. The times
allocated® for each of the activities are shown below:

TASK NAME TIME
M1 Dice 15 mins
mi2 Calculator 15 mins
M3 Folding and Cutting 15 mins
M4 Around the Bend 30 mins
M5 Packaging 30 mins
sSM2 Plasticine 30 mins
S1 Pulse 15 mins
S2 Magnets 15 mins
83 Batteries 1mins | 77
S4 Rubber Band 30 mins
85 Solutions 30 mins
SM1 Shadows 30 mins

Each task was presented to students in the form of a four-page booklet
which provided details of the activity and asked questions related to the
task. Most of the students’ responses were written in the booklets,
although some tasks required additional evidence of work, such as a
graph of the measurements taken during the Rubber Band activity, scale
drawings of pieces of furniture on squared paper for Around ithe Bend,
or different masses of plasticine in the task of the same name.

* All except one of these tasks were also used with the nine-year-olds in a modified form. Solutions was
repiaced by another task {Containers) for the younger students.

* In some instances, students completed tasks in less time than was allocated; in others, students had not
completed the entire task at the end of the time allowed.
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1.6

Administration

The administration of the Performance Assessment in each of the 50
secondary schools that participated in this element of TIMSS was
carried out by one of a team of administrators trained by the researchers
at NFER. This approach was used for two reasons: firstly, to avoid
over-burdening teachers within the schools; and secondly, to ensure
that the administration of the tasks was as uniform as possible in each
of the schools.

So as to ensure that the tasks were administered in similar conditions in
all schools taking part in the Performance Assessment, the International
Study Center provided detailed guidance about the types of equipment
that should be used for each activity and a script for the administration.

The 12 tasks were organised to form activities at nine workstations:
three of the workstations each presented two 15-minute tasks (one
mathematics and one science task), and the remaining six workstations
each presented one 30-minute task for students. During the
administration, each student visited three different workstations and,
depending on the combination of 15- and 30-minute tasks, attempted
either three, four or five tasks altogether in a total working time of 90
minutes. At workstations with two tasks, students could choose which
task to do first and were told when 15 minutes had elapsed so that they
could move on to the second task if they had not already done so. The
combinations of tasks ensured that all students attempted at least one
mathematics and one science task. (Details of the combinations oftasks
are given in Annex 1 at the end of this report; additional information
about the administration is given in Appendix IIJ to the TIMSS national
reports (Keys et al., 1996b).)

Marking and coding

The marking of students’ responses to the Performance Assessment
tasks was carried out under the supervision of the research team, using
the coding guides supplied by the International Study Center. So as to
reflect as accurately as possible the content and quality of responses, a
two-digit coding system was utilised: using this approach, the firstdigit
indicated the level of correctness (questions carried a maximum of one,
two or three marks) and the second digit indicated the content of the
response. {(Further information about the marking is given in Appendix
IV to the TIMSS national reports (Keys ef al., 1996b).) In addition to
the marking based on students’ written responses, some marks were
allocated to additional material provided by students in accordance
with the task requirements, such as the folded paper usedin Folding and
Cutting, and the nets produced in Packaging.
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National Curriculum links

The written achievement tests completed by the students who participated

in the TIMSS survey collected data about the performance of students
in a range of content areas in the two subjects tested (for details of the
curriculum frameworks see Robitaille, 1993). In terms of relevance to
the National Curriculum Orders for mathematics and science, the
content of the written tests was most related to those parts of the
respective programmes of study concerned with knowledge and
understanding of concepts:

Ma2: Number and Algebra®

Ma3: Shape, Space and Measures

Ma4: Handling Data

Sc2: Life Processes and Living Things’

Sc3: Materials and their Properties

Sc4: Physical Processes.

The Performance Assessment tasks, on the other hand, because of their
practical nature, were more closely related to the process-oriented
aspects of the National Curriculum Orders for mathematics and science
respectively, lL.e. Mal: Using and Applying Mathematics and Scl:
Experimental and Investigative Science.® However, just as classroom
work on these aspects of the programmes of study has to be set in a
context (usually related to one of the content-focused attainment
targets), so the Performance Assessment tasks similarly had their
practical and investigative activities set in a context related to the
content-focused attainment targets. Consequently, although these
tasks were predominantly linked with Mal and Sc1, the context of cach
one had links with other attainment targets.

& At the time of testing (February(March 1995), the 1991 statutory Orders for mathematics were still in
effect. The attainment targets at that time were as follows:

Ma2; Number

Ma3: Algebra

Ma4: Shape and space
Ma5: Handling data.

7 At the time of testing, the attaimment targets were as follows:

Sc2: Life and living processes

Sc3: Materials and their properties

Sc4: Physical processes.

* At the time of testing, the corresponding attainment target was Scl: Scientific investigation.
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CHAPTER 2

2.1

Students’ Achievement on the
Mathematics and Science
Performance Assessment Tasks

Preface

Within this chapter, the data on 13-year-old students’ achievement in
the Performance Assessment tasks are presented for the 12 tasks. In
total, 19 ofthe 21 countries that took part in the Performance Assessment
are included in the tables within the international report’. It was
decided that within this national report, comparisons would focus on
the countries with which comparisons had been made in the national
reports on the main written survey; this makes it possible to compare the
performance of 13-year-old students in England with those ofa selected
number of other countries on both the written tests in mathematics and
science, and also the practical activities in these subjects. [nformation
about the performance of students in the following countries is included
in both of the national reports relating to the main survey and also in this
report on the Performance Assessment:

_ o Canada ‘
e England
e Scotland ,
s Singapore
s Sweden

s Switzerland
® United States.

Four of the countries that were used for comparisons in the main reports
did not take part in the Performance Assessment of 13-year-olds, so it
is not possible to present data for these countries (France, Germany,
Hungary and Japan). However, so as to increase the number of
European countries with which comparisons are made, data relating to
students’ achtevement in the Czech Republic and The Netherlands are
also included in this report.

' Inthe international report, the results for England are shown as not satisfying the stringent international
sampling requirements. These specified participation rates of at least 85 per cent of the sample of both
schools and students, or a combined rate (for the product of school and student participation) of 75 per
cent. After the exclusions (see Appendix V (Keys eral., 1996b), Sections V.2 and V.4) permitted by the
International Sampling Referee were taken into account, the combined participation rate in England was
73 per cent. Other countries that participaied in the Performance Assessment of 13-year-olds and failed
to meet the sampling requirements were: Australia; The Netherlands; and the United States.
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This chapter is divided into five main sections, the first four of which
cover the overall results on all 12 tasks; the results on the mathematics
tasks; the results on the science tasks; and information relating to
gender differences in performance in the mathematics and science
tasks. The sections covering mathematics and science respectively
present details of the overall performance of students in England on the
six tasks for that subject, together with the following information for
each of the tasks:

¢ the task and details of the international marking guides, together
with an example of one student’s responses to the task

¢ the maximum number of marks (one, two or three marks) allocated
for each item within the task

4 the mean percentage score® achieved by Year 9 students in England
(and their counterparts in the selected other countries referred to
above) for each item within the task, and for the task overall

4% theinternational mean for each item within the task, and for the task
overall.

The results on the six mathematics tasks are presented first (five tasks
focused predominantly on mathematics and one with elements of both
mathematics and science, but in which there is more emphasis on
mathematics), followed by the results for the six science tasks (five
tasks focused predominantly on science and one with elements of both
mathematics and science, but in which there is more emphasis on
science).

The final section of this chapter gives correlations between students’
performance on the written achievement tests in mathematics and -
science and on the practical tasks in these subjects.

? Within the tables in this chapter, the mean percentage scores quoted for each item represent the percentage
of the total possible marks for sach item averaged over the students, some of whom would have given fuily
correct responses, some partially correct responses and some incorrect responses to specific items.
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Overall performance on mathematics and
science tasks

This section presents the mean percentage scores for mathematics and
science, together with overall performance on all 12 tasks. In addition,
details of the performance of students in all participating countries on
cach task are provided.

Table 2.2.1 shows the overall mean percentage scores for all 12 tasks,
for the mathematics tasks and for the science tasks in each of the nine
selected countries. Countries are ranked according to overall mean
percentage score.

Table 2.2.1  Overall performance on all tasks and in mathematics and science

in nine countries

Overali mean
Country percentage score | Mathematics tasks Science tasks
Singapore 71 70 72
England 67 64 71
Switzerland 65 66 65
Sweden : 64 65 63
Scotland 62 61 64
Czech Republic 61 62 60
Canada 60 02 59
Netherlands 60 62 58
United States 35 54 55
International mean 59 59 58

Source: Table 2.3 {Harmon et al., 1997)

10

Only students in Singapore outperformed students in England on the
science tasks and in their overall performance on all 12 tasks. Students
in three of the selected countries (Singapore, Switzerland and Sweden)
exceeded the performance of students in England in mathematics,
although the differences in performance amounted to six percentage
points or less.

Table 2.1 is reproduced from the international report, and shows the
performance of students in all the participating countries on each of the
12 tasks. It should be noted that although in the main TIMSS survey
analysis was carried out to identify statistically significant differences
in performance between students in different countries, this type of
analysis was not carried out by the International Study Center on the
Performance Assessment data. However, it is possible to examine the
results for countries which took part in both aspects of TIMSS, based
on their overall mean percentage scores for the mathematics and
science tasks separately, and compare them with the data collected in
the main survey.
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Of the 20 countries whose students achieved significantly higher mean
scores for mathematics in the TIMSS written tests for Year 9 (or
equivalent) students, nine also teok partin the Performance Assessment
of 13-year-olds. However, when students’ overall results on the
mathematics tasks are compared, there were only six countries (out of
the 19 for which results on the Performance Assessment are presented
in the international report) in which students’ mean percentage scores
for mathematics were higher than those of students in England. Students
inonly three of the eight countries selected for comparison outperformed
their counterparts in England (Singapore, by six percentage points;
Switzerland, by two percentage points; and Sweden, by one percentage
point}.

In science, only students in the Czech Republic and Singapore had
achicved significantly higher mean scores than students in England in
the written tests. In the Performance Assessment, students in England
outperformed their counterparts inthe Czech Republic by 11 percentage
points, and were only one percentage point below the mean percentage
score achieved by students in Singapore.



STUDENTS’ ACHIEVEMENT ON THE TASKS

2.3

Mathematics tasks

2.3.1 Overall performance on mathematics tasks

In this section, summary information about the performance of students
ineach ofthe nine selected countries is presented for the six mathematics
tasks, as well as information about the performance of students in
England on each task as compared with the international mean.

Table 2.3.1 shows the mean percentage scores achieved by students in
each of the selected countries for the mathematics tasks, together with
an overall percentage for all the mathematics tasks.

Table 2.3.1  Mean percentage scores for mathematics tasks for nine countries

: Mat'l_i_ema'tics tasks B
% scores for. S - and Aroung . |
Country mathematics Dice Calculator - Cuffing | theBend | Packaging | Plasticine
Singapore 70 84 60 80 63 65 66
Switzertand 66 79 6l 79 54 47 73
Sweden 63 74 31 80 63 47 72
England 64 79 62 69 63 53 55
Czech Republic 62 73 54 73 58 43 68
Canada 62 77 60 59 53 57 65
Netherlands 62 76 59 71 67 53 44
Scotland 61 76 49 71 58 31 61
United States 54 71 56 68 48 28 53
International mean 59 73 54 oY 54 44 60

Souwrce: Tables 2.1 and 2.3 (Harmon et al., 1997)

It is interesting to note the range of performance by students in the
selected countries on the different mathematics tasks. For some tasks,
such as Calculator, the performance of students in each of the selected
countries was not substantially different from the international mean,
and the difference between the highest and lowest scores amounted to
only 13 percentage points. However, two of the tasks — Plasticine and
Packaging — showed a greater range in performance, with differences
between the highest.and lowest scores of 29 percentage points and 37
percentage points respectively. It is possible that the skills addressed
in some of the tasks were widely covered within the selected countries,
whereas other skills were less widely taught.

Despite the considerable differences in performance on some tasks,
when the results for the six mathematics tasks were aggregated to
produce an overall percentage score for mathematics, there was relatively
little variation between the performance of students in the selected
countries, with differences of no more than five percentage points
between seven of the nine countries,

13
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Figure 2.3.1 shows the performance of students in England on each of
the mathematics tasks, and for mathematics overall, compared with the
international means.

Figure 2.3.1 Performance on mathematics tasks

80
70
60
50
40
30

20

Dice Calfculator  Folding and Around the Packaging  Plasticine Overail

Cutting Bend

]

England - Internationat %

Source: Table 2.1 (Harmon et al., 1997}
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It can be seen from Figure 2.3.1 that the mean percentage scores
achieved by students in England on the mathematics tasks were in line
with or higher than the international mean for five out of the six tasks.
Where students’ performance exceeded the international means, the
differences ranged from five to nine percentage points. However, for
Plasticine, their performance was five percentage points below the
international mean. Overall, these results are better than those for the
TIMSS written achievement tests in mathematics, in which the
performance of students in England was lower than the international
means in five out of the six mathematics content arcas defined for the
written achievement tests, and above the international mean in only
one area.

The following sections present more detailed information about the
performance of 13-year-old students in England on each of the six
mathematics tasks within the Performance Assessment, and draw
comparisons with the performance of students in other countries.
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2.3.2 Dice

DICE ExampLE oF FuLl TAsK wiTH

At his station you should have: Scoring CriTeERIA
One dice

A shaker i D’ CE

Read ALL directions carefully.

Your task:
Find out what happens when we use 4 rule to change the numbers that tum up when a dice is
thrown.

The rule for changing the numbers is;
» i an ODD number tums up, take away | and write down the result.
« Ifan EVEN number wimns up, add 2 and write down the result.

1. In the {able below, two examples have already been recorded for you. Use the rule to find
out what the other changed numbers will be. Complete the table.

Nummber on dice Changed numbers =
g Ji'sa 3 3isanodd
- mmber, so F'l take
H @ O o ey | and write

a@

o
:

ft'v a4 4is an even
aumber, so Pl add 2
anel write diwit B

1)
P
&s

°® ‘é
s [23 3 oo A
X :
ITEMS2and 3
ITEM 1 2. What do you notice about the numbers vou recorded?

M o Nurisr 3 SRS Lok O erEn go
Lo Y s g
g CUEN  nouniers Staut. {rof G S go
s 2 % by Saciuy L75
TIere.  are quad no QO MLUTDErS On GFE
Fignt.
3. Throw the dice 30 times. Each time you throw the dice, change the numbers that tum up

using the rule. Each time record the number on the dice and the changed sumbers.
Write the numbers i the tables below.

Number on dice Changed number Number endice | Changed number
& & 5 &
& )1 Y b
2 4 & %

=) a3 5 &
* 2 q, &
2] - s 4
3 . & Ly
e, o 6 %
B 4 6 5
D + 4 ¥
4 & {4 o
“ & £ g
) 4 t G
! a i (@]
1 < 2 K

16
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4. Look agamn atthe table you filled in for question number 3. How many times did you record
each of the following numbers in the “Changed Number” column?

Changed numbers Nummber of Times Recorded

0 ti
! O
2 i
3 ¥
4 AT
5 )
6 LT g3
7 O
§ L

Sa. What changed number did you record most?

e ruwereer 4

5b. Why did it happen this way?

Decase wien uot O8L gnaen ruenntl Ha add

2 S0 (b wo R g auen o Lo on Gld

MLLrORF mega | away w maea oan

SN ﬂ,L_x_;’j\O\V_‘ér @ rpla tde be tha MOSC e coue

GO caln Ondy Qe dnot Uﬂ@gmmgz, O cousd

N te e PAOSE T DECOUUSE . Onay GRA ol

O B SR s p R A o SR sy OCcaLSe
SOMEONE FLSE CAN USE THIS STATION. '

that con 108 Qdowg & ONa ERee

Sy e %& AL (AN Y1V 7

ITEMS 4 AND 5

CRITERIA FOR FULLY-CORRECT RESPONSE

Item 1 — Change numbers according {o algorithm to complete table.
Applies algorithm correctly (0, 4, 2, 6, 4, 8).
Toial Possible Marks: 2

Item 2 — Identify and describe pattern in numbers.

i) Describes pattern that is consistent with data, ii} Patterns and trends may be one ot more of the
following: all numbers are even; numbers range from 0 to 8; number 4 occurs twice; rule for obtaining
sequential numbers, such as +4, -2, -+4, -2,

Total Possible Marks: 1

Item 3 — Apply algorithm to dice throws and record resulting numbers in table.
i) Completes at least 25 throws of dice. ii) Applies algorithm correcily.
Total Possible Marks: 2

Hem 4 — Count frequency of each changed number recorded in table.
Response consistent with data table.
Total Possible Marks: 2

{tem 5a — 1dentify most frequently recorded nuwmber in table.
Response is consistent with data.
Total Possible Marks: 1

Item 5b — Explain most frequently recorded number in table.
Provides plausible explanation io account for the predomimance of observed number,
Total Possible Marks: 1

17
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Table 2.3.2 shows the mean percentage scores for each item within

Dice for students in the selected countries.

Table 2.3.2 Mean percentage scores for Dice in nine countries

Mean percentage scores on items within task

o Q2 Q3 Q4 Q5A Q58
Complete Describe | Apply Count | Identify : Explain
tahle pattern | algorithm frequencies! most | findings
frequent
Overall number
Country fortask | 2marks | Tmark | Zmarks 2marks | 1mark : 1mark
Singapore 84 97 90 95 84 95 44
England 79 97 83 93 73 90 38
Switzerland 79 91 86 94 69 86 45
Canada 77 92 34 50 75 58 31
Netherlands 70 97 82 96 72 87 21
Scotland 76 93 73 93 70 87 41
Sweden 74 94 63 92 71 81 44
Czech Republic 73 93 75 83 73 78 39
United States 71 89 76 88 69 77 29
Internatienal mean 73 90 g2 90 71 83 33

Source: Table 1.15 (Harmon et al., 1997)

The performance of students in England exceeded the international
mean for Dice in each of the six parts of the task as well as for the task
overall. Students in only one country (Singapore) achieved an overall
mean percentage score for Dice which was higher than that achieved by

their counterparts in England.

18
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2.3.3 Calculator

A calculator

CALCULATOR

At this station you should have:

ExampLe OF FuLl Task with
ScoriNG CRITERIA

CALCULATOR

Your task:

Use a cafeulator o help you explore a number pattern, and to find missing numbers.

Thee wpambls ¢
g B4R
2Ty~ BE

Foo vupses OF

_fg‘ gfé&?‘i'g?h-
2234y SE3H

When you use the caleulator:
« Make sure that you pross the correct keys.

| Wy =
2Ol auxad -
BAA| e -
gall X '

He pupmbec of

Ml il o

Before answering the questions read these notes:

« Make sure that you read the display cavefully.

1. Use the caleulator to find the answers to these multiplications.

He5G

1SS0

HITSSEE

2. What do you notice about the muliplications and the pattermn of answers?

1% He feawlr W One piere By,

LY sne

o of =

nogf. €57 Z vg.of (1875
s7g 01 He Antoppe @ e vhaig 2O

B 1 eRE

%Q.o_f’ g ‘s =

po.of 57

pp e Mwndbesy malfiplid

o gL 5= 2

o

G Me painokcy ?frw/u*‘o/ffkez[
Z . of s e 2

#o.of 8 =

ITEMS3t06

ITEMS 1 and 2

20

3, Now use the paitern to write down what you think the answer will be to the multiplication
below WITHOUT using the caleufator.

NV (e =3'5)
3334 %3333 =

cEwivs , LaSE)
IR S

(=]

DR

=]
%]
o

/] N

4, Now write down what you think the answer will be to the multiplication beJow WITHOUT
using the calculaior.

N (3% s, B¥E9)
8 e = 111711155 ¢sEe
N (ex25)

g
/188

5. How did you find the answer to questions 3 and 47

fgﬁ/ K@Vw/f/&f‘g% 2 pesti bl of TU e Hp
fmw bein fm%p&d ard agpy ;/ —mie,
e [W/J CEUE gl ﬁf@f/f@gﬂ I
He up. BF B fp ?gj i 2, of ; ém/b #iz
sipte 1o & U5 an Ko BE B

6. Rachel tells Ahmed that she sudtiplied two whole numbers fogether using a caleulator and the
answer was 455, but she’s forgotien the numbers. She can remember two things about them:

» Both numbers had 2 digits
« both nmbers were less than 50

Please turn the page
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Admed ies several numbers. He began by pusting 7 x 064 into the caleulator. But Rachel sajd,
“I can give you at least three reasons why those numbers can’t be the ones [ used. “What were
Rachel’s reasons?

o Roth suwwhoers Lad 7o digits, and 7 m—t{{j hao oz
b g}@v il dFD werd (pt fhae, SO, qudd G4 i

greates thim SO
o “The aAiswer wan WSS, wo beth mipwlier) s

b o2, gk G s o

After thinking a bit about the problem, Ahmed made some more tries and found the two numbers,

« Now you try te find the numbers Almed found.

You may use any method you like. Wrile down cach of yvour iries here,
AU B
74+ 1% #ES
@ « 2% ¢37
lq % Q,g = ﬁ{’?’sﬂ
V3 %5 = U}?f?

ITEM 6 (contd.)

CRITERIA FOR FULLY-CORRECT RESPONSE

Item I — Use calculator to perform multiplications.
All 3 calculations correct (1156, 111556, 11113556).
Total Possible Marks: 3

Item 2 — Identify pattern in answers.

1) Identifies a correct pattern. i) Inclndes the repetitions of 1, 5, and may inchade 6. iif) Identifies a relationship
between these and the increasing rumber of digits or the increasing mumbers of 3 in the multipliers.

Total Possible Marks: 2

ftemn 3 — Predict answer to first (routine) calculation.
Predicts answer based on application of correct pattern (1111155556).
Total Possible Marks: 2

ftem 4 — Predict answer to second (nen-routine) calculation.
Predicts answer based on application of correct pattern (11111115555556),
Total Possible Marks: 2

Item 5 — Describe strategy for predicting answers.

Describes pattern and a correct method of application.

Total Possible Marks: 2

Item 6 — Factors of 455, Responses (o two pasts are scored separately.

List three reasons why Alison’s factors are incorrect. Lists 3 of the following, or other correct reasons:
7 is not a two-digit number; 64 is more than 50; 64 is an even number so the product will be even; neither 7
nor 64 is a muitiple of 5.

Total Possible Marks.: 3

Find correct factors. 1} Identifies correct factors (35 x 13). ii) Shows use of a systematic method.
Total Possible Marks: 2
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Table 2.3.3 shows the mean percentage scores for each item within
Calculator for students in the selected countries.

Table 2.3.3 Mean percentage scores for Calculator in nine countries

Mean percentage scores on items within task
Q1 @ @ 04 Q5 Q6 Factors of 455
. Perform | Wentify | Predict | Predict | Explain ey

_ calculaions patern | routine  non-routing | predictions | Reasons Find

: application ; application factors correct

‘Overall incomect | factors

" mean
Country for task | Smarks | 2 marks 2 marks : 2 marks | 2 marks | 3 marks | 3 marks
England 62 o8 50 85 39 61 53 29
Switzerland 6l 99 51 85 64 55 40 33
Singapore 60 98 33 84 64 45 53 45
Canada 60 97 44 86 64 47 50 30
Netherlands 59 97 37 77 58 42 78 25
United Stafes 56 97 44 79 51 44 54 20
Czech Republic 54 96 45 76 38 435 44 15
Sweden 51 95 40 69 52 49 39 10
Scotland 49 97 44 65 43 43 35 15
International mean 54 97 40 75 55 42 45 21

Source: Table 117 (Harmon el al., 1997)

22

Students in England outperformed students in all the other countries
selected for comparisons in their overall mean percentage score for
Calcularor. Furthermore, their mean percentage score for Q3, in which
students were asked to explain how they worked out their prediction for
another long multiplication (without using a calculator) was higher
than that of the students in any of the other countries that participated
in the Performance Assessment. In this context, it is worth noting that
the main survey found that calculators were used more frequently by
13- and nine-year-olds in England than in any of the other countries that
took part in TIMSS (Keys er al., 1997a; 1997b). Itis therefore possible
that previous work using calculators to explore number patterns meant

that students in England were more confident in answering this item

than their counterparts in other countries.
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2.3.4 Folding and Cutting

FOLDING AND CUTTING

At this station von should have:
9 sheets of paper
Scissors
An gnvelope

ExampLE oF FuiLL TAsk wiTH
Scoring CRITERIA

FOLDING anp
CUTTING

Your task:

Fold and cut sheets of paper to male shupes which match the patterms given. For each
shape you may fold the paper as often as you like, but ONLY ONE straight cut is allowed.

1. Look at Shape I below, Fold a sheet of paper as many times as necessary and make ONE
STRAIGHT CUT so that when the paper is unfolded it has the same SHAPE as Shape 1.
The SIZE of your paper ane cutouts do not have to be the same as those shown here. If vou
are unsuccessful, you may fry again with another shect of paper. You may try this task

THREE times.

« Write number { on each sheet of paper you used for this task.

= Wiite your fuil name on each sheet.

Student’s work (ltem 1)

| ITEMS 2 and 3

ITEM 1

Student’s work (ltem 2)

Student’s work (ltem 3)

24

2. Do the same for Shape 2. Remember enly ONI STRAIGHT CUT is allowed. You may fry
this task THREE times.
+ Write the mumber 2 on cach sheet of paper you used for this task.

e Write your full name on each sheet,

Shape 2

3. Do the same for Shape 3. Remember only ONFE STRAIGHT CUT is allowed. You may try
this task THREE times.
¢ Write number 3 on each sheet of paper vou used for this task.

» Write your full name on each sheet.

Shape 3

&S O

Please turn the page.
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4. For this question, Shape 4 is drawn below. Instead of tolding or cutting shape 4, you must
THINK about how to get the pattern by folding a piece of paper and making one straight cut.

DON'T FOLD OR CUT ANY PAPER FOR THIS QUESTION.

Instead draw on the diagram below the LINES vou would see on a piece of paper that had been

folded and cut,

Two copies of shape 4 are drawn here In case you are not satisfied with your first attempt and
wish (0 by again. Remember, only draw lines to show where the paper should be folded.

Shape 4

L

(>

-

| i

_.<‘>W___';._<’>__,,,

Shape 4

@
&

o
<>

PUT ALL YOUR SHEETS OF PAPER INTO YOUR ENVELOYE,
INCLUDING YOUR UNSUCCESSFUL TRIES.

THROW AWAY ANY SCRAPS OF PAPER.

ITEM 4 %

CRITERIA FOR FULLY-CORRECT RESPONSE

Item 1 - Fold paper and cut out shape 1.
1y Makes only one cut line.

11} Places two fold lines correctly.

Total Possible Marks: 2

Item 2 — Fold paper and cut out shape 2.
1) Makes ony one cut lize.

it} Places two fold lines correctly.

Total Possible Marks: 2

Item 3 — Fold paper and cut eut shape 3.
1) Makes only one cut line.

i) Places four fold lines correctly.

Total Possible Marks: 2

Ttem 4 - Predict and draw fold lines on shape 4.
Shows six fold lines in the correct locations.
Total Possible Marks: 3
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Table 2.3:4 shows the mean percentage scores for cach item within
Folding and Cutting for students in the sclected countries.

Table 2.3.4 Mean percentage scores for Folding and Cutting in nine countries

Mean percentage scores on items within task
Qt Qz Q3 Q4
Fold and cut | Fold and cut | Fold and cut | Predict and
Shape1 . Shape2 Shape 3 draw
Overall : Shape 4
mean : :
Country for task 2 marks 2 marks 2 marks 3 marks
Sweden 80 84 88 36 62
Singapore 80 83 86 81 72
Switzerland 79 80 89 - 85 63
Czech Republic 73 78 84 73 55
Scotland 71 78 80 74 53
Netheriands 71 70 79 75 59
England 69 66 86 69 62
United States 68 B> 82 75 45
Canada 59 60 72 63 42
International mean 69 71 79 72 53

Source: Table 1.19 (Harmon et al., 1997)

Although the overall percentage correct for students in England for
Folding and Cutting was in line with the international mean (69 per
cent), their performance was lower than the international means for two
of the four questions, Q1 and Q3. However, for the final question, the
mean percentage score for students in England exceeded the international
mean by nine percentage points. Students in six of the other countries
selected for comparisons achieved higher overall mean percentage
scores for Folding and Cutting than their counterparts in England.

26
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2.3.5 Around the Bend

AROQUND THE BEND

At this station you shouid have:
Two rectangles of white card, A and B, which are models of picces of furniture
{ em squared graph paper to make different recfangfes to models of other pieces
of fumiture { for question 5)
Scissors
A 30 emoruler
Plastic bag and labels
Paper clips
A model representing a corrdor in a fiat

Your task:
Find out what sizes of furniture can be moved around the bend in the corridor.

ExameLe of FuLt Task witH
Scoring CRITERIA

AROUND
THE BEND

Read this before answering the questions:

Ray 15 moving into a flat which has the main rooms around & bend in the corridor leading
fiom the Font door.

What sizes of furniture will go around the bend in the corridor?

S

A

Ray wants fo get some large pieces of furniture around the bend the right way up. He does
not want to tin the pieces of furniture on their sides, He vses the models of the corridor and
furnitore to find out which pieces of fismiture will go around the bend,

ITEMS 110 4

J instructions Here are some pictares (nof to scale) showing what could happen.

L o e

Svale; 4 cim represents I,

Bis

Bis

3. Here is a list of furniture:

Judging from their sizes

which will not?

A il éﬂﬁ'
B ol

28

single bed coffee table
double bed dining tabl

The models representing the Rurniture and the corridor in Ray's flat are to scale.

1. Measure the lengths and widths of the two models of pieces of Armiture in cm.

Als _g_— crn Jong and —aé”——————- e wide.

cm wide,

2. What are the lengths and widths of the two pieces of fumiture in metrees?
Ads __2_.— m jong and mmm["m m wide.
__...i_.w m long and —Qﬁ;—— m wide.

3-seater sofa  armchair cot
Z-seater sofa sideboard

What piece of farniture 15 A most fikely 1o be? - , SEA&C._#Q_
“ablg

‘What piece of furniture is B most likely to be? 0

4, Which piece(s) of furmiture (A or B or both) will go around the bend in Ray’s flatand

(gjmﬂéfkafﬂm’
ound  fhe

Please turn the page. W
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5, Use the graph. paper to make other models of pieces of famiture to the sizes listed in the Student’s work (ftem 5}
table below, The sizes are all given in metres.
In the second column of the table suggest what the furniture could be. -}sf C ilg
& b

It the third column find out if the piece of furniture will go round the bend, and \_\'g, ¢
. Pp— N ” . _—
check the answer. A ’ 5 D : |_

Forwinwe Size Wial Furnitore  {{ *’L{,‘%\"\Gecs rould@%}x%d 1 o |

Lepgth {m) Width {m) ol be: Yes, easily Yes, just No

of o w | char v w9 | E |
Tre 05,

ol s 03 éﬁéi%%a / LE ¥ |

E| 2 05 sidebooed v Just

. LTave F
r : . 4 armchH i v 9 /2‘5
Gl 15 1 0&/\{{9 Latla PErE
Lro
H 2 1 i
sitgle ted v 253
6, Whether or not a piece of furniture goes around the bened of Ray’s corridor depends on ity G

tength and width, Look at the results you have for all the picees of furniture A, B, C, D, I, F,
G and H.

o Try to find a mle for working out from their fengths and widths whether or not a piece

of tumituré goes around the bend, ~ L: [ﬁﬂfﬁ&f’\ e W d«H’]
”fqﬂ, 695& = {aW = \ Cm; {me) H

Yes. Just= brw= 2305
No = Lsw=z 253>

PUT THE PIECES OF FURNITURE YOU MADE IN THE PLASTIC BAG AND
PUT YOUR NAME ON THE LABEL.
FASTEN THE BAG TO THIS PAGE WITH A PAPER CLIP.
LEAVE THE MODELS A AND} B AT THE STATION.

ITEMS 5and6

CRITERIA FOR FULLY-CORRECT RESPONSE

ftem I — Measure lengths and widths of two furniture models.

Length and width measured correctly (in.cm) for both pieces {A =8 cmx 4 ci; B=4 om x 2 em).
Total Possible Marks: 2

Item 2 — Convert cm into meters using scale.

Computes conversion of fength and width accurately (A=2mx 1 m; B=1 mx 0.5 m).
Total Possible Marks: 2

Item 3 — Relate models to real-world furniture,

Judgments are reasonable for both pieces.

Total Possible Marks: 2

Item 4 ~ Solve problem: which picces (s) of furniture will go around the bend.

i) Response is consistent with measurements, ii) Response is correct (A will not; B will),
Total Possible Marks: 2

Item 5 — Draw and make predictions about six models.

Three aspects of responses were scored separately.

Draw or cut models to scale. i) Correctly applies scale. ii) Computations and drawings are accurate for all 6 picces.

(C=2emx2em);D=6cmx2cm; E=8cmx2cm; F=4cmx4em; G=6cmn x4 cm; H=8 cmx 4 cm).
Totul Possible Marks: 3
Relate models to real-world furniture. Judgments are reasonable for all 6 pieces.
Total Possible Marks: 2
Solve preblen: which piece(s) of furniture will go around the bend. Judges all six pieces of furniture
cotrectly, based on drawings (C and D — Easily; E and F — Just; G and H - No).
Total Possible Marks: 3
Item 6 — Find a general rule for whether furniture will or will not go areund the bend. Includes the
correct relationship between length and width based on the corridor dimensions and scale: Le., furniture will go
around the bend if (1/2 x fength + width) =1.5 m.
Total Possible Marks: 3
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Table 2.3.5 shows the mean percentage scores for each item within
Around the Bend for students in the selected countries.

Table 2.3.5 Mean percentage scores for Around the Bend in nine countries

Mean percentage scores on items within task
o @ a3 o | Q5 Sixmodels o
Measure : Convert | RelateA | Solve |— : Find
models A © using | andBto | problem  Draw Relate Solve | general
andB © scake real with models | models to| problern | rule
Overall fumiture | AandB | foscale | realfum, |with models
Country fg:iggk 2marks 2 marks | 2marks | 2 marks | 3 marks | 2 marks | Imarks | 3 marks
Netherlands 67 92 . 89 | 87 80 | 54 | 60 | 68 5
Sweden 65 89 95 81 46 70 57 73 12
Singapore 63 94 82 76 89 66 3D o4 2
England 63 | 94 | 81 | 68 | 8 | 65 | 33 . 67 | 11
Czech Republic 58 95 83 - ol 79 51 44 5] 4
Scotland 58 a5 73 30 80 57 39 1 5R 9
Switzerland 54 81 80 47 64 58 31 63 9
Canada 53 82 67 63 68 48 42 56 1
United States 48 68 53 66 62 33 45 52 3
International mean{ 54 84 69 66 09 47 42 53 5

Source: Table [.21 (Harmon et al., 1997)

The overall mean percentage score for students in England was higher
than the international mean for Around the Bend. Students’ mean
percentage scores were also above the international means for each part
of the task, with the exception of that part of Q5 in which students were
asked to suggest what each piece of furniture with the specified
dimensions could be.

Very few students in any of the countries taking part in the Performance
Assessment of [3-year-olds were able to suggest a general rule for
determining whether or not a particular piece of furniture would go
around the bend (Q6) which included the correct mathematical
relationship (furniture will fit 1f ('/zx length + width) (<1.5m).

30
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2.3.6 Packaging

PACKAGING

At this station you should have:
4 plastic balls packed in a square-shaped box
Blu tac to stop the balls from rolling around
Some thin card to make a package for the balls
A pair of compasses
A 30 cm raler
Two pieces of thick card to help measure the balls
Scissors
Paper clips

Your task:
Tind different ways of putting 4 plastic balls in 2 hox. Then make a box that the 4 balls
will fit into.

Read this before answering the questions:

The tollowing shows what is meant by the net of a box.

This box has a bottom and
4 gides.

The sides can be cut out separately:
L+ 1 2]
L3 1 L[4

Or the sides can be cut out in one piece and then fold along the dotted lines like this:

Bottom

ExampLe oF FurL Task witk
ScorinGg CRITERIA

PACKAGING

1
4 l Bottom i 5 This is a net of & box,
3 ITEM 1
Instructions This is the shape of a net of a box like the one which holds the 4 bails. 1 is not drawn to size but

if it were, you could fold up the sides and make the box.

You have been given the box with the four balls just fitting in like this.

drawing of cach box with the 4 balis in it.

D

J

7 N

32

Other boxes with different shapes conld be made so that the 4 balls would just fit in.

1. Use the balis 1o find 2 or 3 other shapes for boxes that the 4 balls will just it into. Make a

o

I

S _,.j Please turn the page.
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2. Now make a drawing of the net for each box.

e S ! b, L--___m

.. .
§
i
i

3. Choose ONE of the boxes you have drawn.
+ Use a piece of plain card and make a NET of the box.

« Make the net the correct size to contain the 4 balls.

ATTACH THE NET TO THIS PAGE WITH A PAPER CLIP.
LEAVE EVERYTHING ELSE AS YOU FOUND IT.

ITEMS 2and 3 |

Student’s work (ltem 3)

——

CRITERIA FOR FULLY-CORRECT RESPONSE

Item 1 — Draw three boxes that hold four balls in a “tightly packed” arrangement.
1) Fach box describes or shows all Tour balls. if) Shows balls in “Hghtly packed” arrangements. i) Draws at

least two unique arrangements.
Total Possible Marks: 2

Item 2 — Draw net for each box,

1} Nets drawn are consistent with at least two of the ball arrangements. i) Nets clearly show correct shape of
base of box and side flaps required to constrain the balls in “tightly packed” arrangements. iii) Nets show side
flaps and base of box in correct proportions (not necessarily in actuaj size).

Total Possible Marks: 2

Ttem 3 — Construct net to scale.

Constructs or draws a net for a box with the following requirements;

i) Net is consistent with one of the previous nets drawn. ii) Is

constructed out of a single piece of cardboard or pieces are taped
together and spread out into a net. iii) Includes base and side flaps that
will constrain the ball in the “tightly packed” arrangement when

folded up into a box.

iv) Dimensions of base and side flaps are within 4 mum of actual size

required to hoid the 4 balls.
Total Possible Marks: 2
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Table 2.3.6 shows the mean percentage scores for each item within
Packaging for students in the selected countries.

Table 2.3.6 Mean percentage scores for Packaging in nine countries

Mean percentage scores on items within task
at Q2 Q3
Draw boxes Draw nets Construct net
Overall to scale
mean - -
Country for task 2 marks 2 marks 2 marks
Singapore 65 87 55 51
Canada 57 67 52 51
England 53 72 44 45
Netherlands 53 64 52 43
Scotland 51 | 39 41 54
Sweden 47 068 32 46
Switzerland 47 50 56 35
Czech Republic 43 53 39 3%
United States 28 41 27 17
International mean 44 53 38 41

Source: Table 1.23 (Harmon ef al., 1997)

The mean percentage scores for students in England were above the
international means for overall performance on Packaging, and for
cach of the three parts of the task. Out of the countries selected for
comparisons, only students in Singapore outperformed students in
England on Q1, which asked students to draw two or three other boxes
that the four balls would fit into. It is possible that students’ activities
in design technology provided relevant experiences for this task.
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2.3.7 Plasticine

PLASTICINE

At this statien you shoeuld have:
Some plasticine
A balance
Plastic bags
A 20 g and a 50 g mass {weight)
Coloured small eircular sticky labels

Read ALL directions carefully,

~ ExawpLe oF FuLL Task wit
- . "SCORING CRITERIA -

_ PLASTICINE

Your task:

explain how vou made them,

Use the balance to weigh different amounts of plasticine as carefully as you can. Then

Before starting the task:

IF THEY ARE NOT, PUT YOUR HAND UP

the lump. Put the lump in a plastic bag,

1b, Write down how you made the 20 g ump.

MAKE SURE THE PLANS ARE BALANCED WHEN EMPTY,

14, Use the balance to muke a lump of plasticine that weighs 20 g.

« When you have made the 20 g Jump, write 2

| mose % 20g }Q % puﬁ?iﬂg
one of VH"Q ook on tre gale and putbing  wmps of
Pag‘m\mez M Pre otee B Y bdlanced He niddly .

AND TELL THE TEACHER.

G g on a coloured label and stick iton

o g bdance in

-

v
Check: = } o

COUITEMA 2.

b

|
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Use the balance to make a lamp of plasticine that weighs 1¢ g.

« When youhave made the 10 g lump, write 10 g onacoloured label and stick it o the lump.
Put the lump in the plastic bag with the 20 g ump.

Write down how you made the 10 g lump.

?b{% ¥ e . ?,Oj, balowce 1a one DA and made a pagrine

bt g in e obha B come Loy W Egty addim
datadne then | togle sl e 209 baloace anet cut fe

W0g ylodce LT :
o eockh end g of ke geole il E’LQLD bdaned o

RSt one @ G g pladtocns, /
~y 109 ¥ Check: )f’j

........ , Ve e i AN SN

3a. Use the balance to make a lump of plasticine that weighs 15 g.

» When you have made the 15 g lump, write 15 g on a coloured label and stick it on the
fump. Place the 15 g luimp m the plastic bag tegether with the other lumps.

3b.  Write down how you made the 15 g lumyp.

?madﬂ o Wy Lump Lk | lhad Velore Ha cub

toond vade o 10g luvp wcing He  coales,

[ Pu\*‘ O ED:' fu\;;p Lo owe gide k4

U e Q'H/gf Fen  awd m"ade o 5y }mp

W using  fe Scales aea maag  fx scales

t:? b tg Jc-czp w | lad qu as 1 de bebre

from  He Lued '

9- §

Check: jféo

N

Please turn the page.
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4a, Use the balance to make a lump of plasticine that weighs 35 ¢

« Whenyouhave madethe 35 g lump, write 35 g ona coloured label and stick it on the fump.
Place the 35 g lump 1n the plastic bag with the other lumps,

4b.  Write down how you made the 35 g hunp,

b made the TB by pultng the 5O
& ’1(_)9 qu[qc-e iv. ome gide of e

Seales and naakwg A IOy plastecice
Yuap by peeLvioms racklals | cut the
%h%(h ltﬁq‘*,‘i oand  leeleaced own ceales

| bopic one evew  \elf of /}07 bl e b g

359,

2
Check: \) écj
\\ .

HAND IN THE BAG WITH THE LEMPS OF PLASTICINE YOU HAVE WEIGHED,
MAKE SURE YOUR NAME IS ON THE BAG

LEAVE EVERYTHING ELSE AS YOU FOUNDIT.

CITEMA4

e

CRITERIA FOR FULLY-CORRECT RESPONSE

Item 1a - Wejgh a 20 g lump of plasticine.
Lump has correct mass (20 £2 g). (Based on administrator measurement.)
Total Possible Marks: 1

Item 1b — Describe strategy for making 20 g lump of plasticine,

i} Method includes use of balance. i) Method plausible for obtaining desired mass.

Total Possible Marks: 2

Item 2a — Weigh a 10 g lump of plasticine.
Dump has correct mass (10 +2 g). (Based on administrator measurement.)
Total Possible Marks: 2

Item 2b - Describe strategy for making 10 g lump of plasticine.

1) Method includes use of balance. i) Method plausible for obtaining desired mass,

Total Possible Mavrks: 2

Item 3a — Weigh a 15 g lumyp of plasticine.
Lump has correct mass (15 3 g}, (Based on administrator measurement.)
Total Possible Marks: 1

Itein 3b — Describe strategy for making 15 g lump of plasticine.

1) Method includes use of balance. ii) Method plausible for obtaining desired mass.

Total Possible Marks: 2

Item 4a — Weigh a 35 g lump of plasticine.
Lump has correct mass (35 £3 g). (Based on adminisirator measurement. )
Total Possible Marks: 2

ftem 4b — Describe strategy for making 35 g lump of plasticine.

1) Method includes use of balance. ii) Method plausible for obtaining desired mass.

Total Possible Marks: 2
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This task was predominantly concerned with the application of
mathematical skills (inrelation to number combinations and proportion,
for example); hence the results for this task are included with the other
mathematics tasks, although it was originally classified as testing skills
in both mathematics and science,

Table 2.3.7 shows the mean percentage scores for each item within
Plasticine for students in the selected countries. Couniries are ranked

“in order according to the overall percentage of correct responses for the

task,

Table 2.3.7 Mean percentage scores for Plasficine in nine countries

Mean percentage scores on items within task

QA OB @A | B (A | OB QA | Q4B
Weigh = Desche  Weigh | Descbe = Welgh | Descbe  Weigh . Desche

Xglomp | stategy  10glemp | strategy  1Sglump  strafegy  3glump ¢ strateqy
: 20g tump g lump 15g lump ¢ 35g fump
| Qverall
F mean
Country fortask  Tmark  2marks | 2marks | 2marks  Tmark | 2marks | 2 marks | 2 marks
Switzerland 73 98 88 82 71 71 50 62 60
Sweden 72 38 97 80 09 73 51 57 58

Czech Republic | 68 95 9 | 74 62 65 44 58 51

Singapore 66 99 82 65 60 64 | 44 60 53
Canada 65 | 93 8 | 68 | 58 | 71 40 | 54 49
Scotland 61 94 85 59 47 70 39 | 53 | 4
England 55 93 | 85 | 44 | 42 |57 | 29 41 | 48
United States 53 91 65. | SO 34 76 24 ; 46 | 40
Netherlands 44 |95 | &0 | 35 | 29 | 31 17 1 29 | 38

Infernational mean| 60 93 56 63 52 61 37 1 47 44

Source: Table 113 (Harmon et al., 1997}
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The overall performance of students in'England on the Plasticine task
was their weakest of any of the tasks in the Performance Assessment:
it was the only task for which the students’ overall mean percentage
score was below the internaticnal mean. Furthermore, the mean
percentage scores for students in England were below the international
means for six out of the eight parts of Plasticine. )

Students in six of the countries selected for comparison achieved a
higher mean percentage score for the task overall than their counterparts
in England. 1tis interesting to note that the only question for which the
performance of students in England exceeded the international mean
was 4B, in which students were asked to describe their strategy for
finding a 35¢ lump of plasticine using only the balance, the 20g and/or
50¢g masses provided and the lumps that they had already made.” This
performance is particularly surprising given that the performance of
students in England was below the international mean for three similar
itemns which asked students to describe their strategies for making 20g,
10g and [5g masses.
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2.4

Science tasks

2.4.1 Overall performance on science tasks

[nn this section, summary information about the performance of students
in each of the nine selected countries 1s presented for the six science
tasks, as well as information about the performance of students in
England on each task as compared with the international mean.

Table 2.4.1 shows the mean overall percentage achieved by students in
each of the selected countries for all the science tasks, together with

mean percentage scores for each of the science tasks.

Table2.41 Mean percentage scores for science tasks for nine countries

Science tasks
E Mean
% scores for Rubber
Country | science Pulse Magnets | Bafteries . Band Solutions = Shadows
Singapore 72 60 a5 79 80 68 50
England 7 59 98 71 79 68 46
Switzerland 65 51 97 75 67 57 41
Scotland 64 55 98 68 75 51 36
Sweden 63 45 95 71 70 50 45
Czech Republic 60 46 86 660 63 Ne] 37
Canada 59 46 92 62 71 48 35
Netherlands 58 45 94 . 63 70 43 35
United States 55 50 85 56 63 48 28
International mean 58 44 90 67 63 49 35

Source: Tables 2.1 and 2.3 (Harmon et al., 1997}

It is evident from Table 2.4.1 that, although students in cight out of the
nine selected couniries equalled or exceeded the international mean in
their overall score for science, students in two countrics (Singapore and
England)outperformed their counterparts in the other selected countries
by at least six percentage points.

Asshownin Figure 2.4.1, for each of the science tasks, the performance
of students in England was well above the international mean, with the
differences ranging from nine to 19 percentage points. This shows a
high level of achievement within science, and is consistent with the
results for the written tests, in which the mean scores for students in
England were above the international means in ail of the five science
content areas defined within the written achievement tests.
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Figure 2.4.1 Performance on science tasks

100

86

60

40

20 -

Pulse Magnets Batieries Rubber Solutions Shadows Overall
Band

England . International

Source: Table 2.1 (Harmon et al., 1997}
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The following sections present more detailed information about the
performance of 13-year-old students in England on each of the six
science tasks within the Performance Assessment, and draw comparisons
with the performance of students in other countries.
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- 2.4.2 Pulse

PULSE

At this station you should have
A watch with a second hand
A step on the floor to climb on

Read ALL directions carefully.

ExampLe oF Fury TAsK wiTH
Scoring CRITERIA

PULSE

Your task:

Find out how your pulse changes when you climb up and down on 2 siep for 5 minutes.

This is what you should do:

+ Find your pulse and be sure you know how to cownt it. 1F YOU CANNOT FIND
YOUR PULSE ASK A TEACHER FOR HELP.

» Decide how oflen you will take measurements starting from when vou are al rest.

o Climb the step for sbout 5 minutes and measure your pulse at regular itervals.

1. Mauke a table and write down the times at which you measured your pulse and the
HICASUTEIRENTS YOu

Atkb; : bea’Ts ?y’ it

O mirwizs 108
1 miawte e
1o
- M:r\u.tzi (.6']_’
3 Aanea s (T
C-(Ms'p‘\v\.&‘i L%O
(%6
RO Y £
T ‘ ITEMS 2 and 3
ITEM 1

42

2. How did your pulse change during (his exercise?

It Zf\ﬁ'ﬁa%c&

3. Why do you think vour pulse changed in this way?
As Tl mor xerise Py g oeles (Geded ampt

a‘xa@a\ , So M3 heast b!a.'("faS@ ‘ta\jaft“ Elae, Ok\ja—f/\ Ehe,
thoough thn blosd

PUT EVERYTHING BACK THE WAY YOU FOUND {T SO THAT SOMEONE ELSE
CAN USE THE STATION,
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CRITERIA FOR FULLY-CORRECT RESPONSE

Item 1 — Measure pulse rates and record in table.
Response is scored for both the quality of the presentation and the quality of data collection.

Quality of presentation.

i) Presents at least 2 sets of measurements in table, i) Measureiments are paired: time
and number of pulse beats. iii) Labels table appropriately: data entries in columns
identified by headings and/or unils; units incorporated into headings or placed beside
cach measurement; headings or units for the mumber of pulse beats include the time
mterval.

Total Possible Marks: 2

Quality of data. .

i) Makes at least 5 measurements (at rest, and 4 or more during exercise). ii) Pulse rates
are plaustble: 7 to 25 counts per 10 seconds (40-150 pulsc beats per mmntc} ii1) Pulse
rate increases with exercise (may level off or slow near the end).

Total Possible Marks: 3

Item 2 — Describe how pulse changes during exercise.

iy Description consistent with data presented. i) Description includes identification of the
trend or pattern in the data.

Total Possible Marks: 2

Ttem 3 — Explain why pulse changes.

Includes the following three elements relating to physiclogical needs duri ng cxercise; 1)
role of muscle action (excrcise results in need for more energy and oxygen in the muscles);
ii) role of blood {more oxygen or food supplied by an increase in blood flow); iif)
connection with heart action or pulse rate, (heart is pumping faster to supply more blood).
Total Possible Marks: 3
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Table 2.4.2 shows the mean percentage scores for each item within
Countries are ranked in

Pulse for students in the selected countries.
order according to the overall percentage score for the task.

Table 2.4.2 Mean percentage scores for Pulse in nine countries

- Mean percentage scores on items within task .

S Qimeasurepulse | Q2 @3

for o e e s Describe 1 Explain

R <o Overall | Presentation | Data quality - trend 0 results -

i i T MBRI, e SRR

Country .-~ oy fortask: .. 2marks- .| 3marks: - 2imarks: | 3marks ]
Singapore 60 59 56 82 42
England 59 65 539 75 39
Scotland 55 61 56 67 34
Switzerland 51 538 43 75 27
United States 30 54 43 72 33
Canada 46 53 44 o0 26
Czech Republic 46 45 38 72 27
Netherlands 45 50 44 56 29
Sweden 45 45 50 62 22
International mean 44 49 41 60 27

Source: Table 1.1 (Harmon et al., 1997)

The mean percentages of correct responses achieved by students in
England were substantially higher than the international mean, both for
the task overall, and for each of the four parts of the task for which
marks were allocated. For the two parts of QI, the mean percentage
scores achieved by students in England (65 per cent and 59 per cent
respectively) were higher than any of the other countries selected for

comparison. For the other two parts, only students in Singapore

achieved higher mean scores than those of students in England.
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2.43 Magnets

Af thig station you should have:
6 steel balls
10 hair pins or paper clips
6 plastic counters
2 steef bars
10 washers
2 magnets
A 30 cmruler

Read ALL directions carefully,

MAGNETS

ExamPLE OF FuLL TASK WITH
ScoriNG CRITERIA

MAGNETS

Your task:

{Use the things in the bag to {ind out which magnet is stronger, A or B.

This is what you shenid de:

1. 1 found that magnet

« [xpermment with the things in the bag to complete the sentence below.

15 Stronper.

ITEM 1

46

1 ITEM 2

2, Describe all the different ways vou tried to find which magnet was stronger. You can draw pictures
or diagrams as part of your answer if it helps you to explain.

What I did

What happened

T Waagdt N oodh mews‘:&\:-\ &N
‘Q.fg\@_ \:\aau-: RSAeA Qm‘i‘@ﬁt\iqs QQ«\QX
\v.:ye. Q\?X\U‘j\ R AR % W\S%i\t.\'::
L Ve 2ng@eledh Yo o W
anderto | 2ot el cmdh shee \mos |

N o Do e Sy LT

S e e EREN Snoggonas

Mo 7 DS &

gt B waene NS VR
INRS AR \igvech
D oeees,
Segas B patRe
AR AR pavash,

O paste (8 LI
AN TN ihash

IR TTSN D waee P e

Wamss | Wik [ wesh

Tor Xy B el Seisdv.
:“\‘*’*'?.3‘\‘& & L Sagdehe alh
Wpens, weors T ?‘.\b‘\*:k%ﬁ\fjc
AL VRS treagds B
TR

PUT ALL THE MATERIALS BACK IN THE BAG AND LEAVE THE STATION AS
YOUFOUNDIT.
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CRITERIA FOR FULLY-CORRECT RESPONSE

ftem 1 — Identify stronger magnet.
Correct magnet identified according to administrator’s notes,
Total Possible Marks: 1

Item 2 — Deseribe all tests used to identify stronger magnet.

Includes at least one correct test that: 1) includes description or clearly interpretable
diagram; ii) shows how results of test were interpreted.

Total Possible Marks: 1

Table 2.4.3 shows the mean percentage scores for each item within
Magnets for students in the selected countries.

Table 2.4.3 Mean percentage scores for Magnefs in nine countries

Mean percentage scores on itemns within task

a3 Q2

Identify Describe

stronger magnet strategy

Overall mean :
Country for task 1 mark Tmark

England 99 99 %9
Scotland 98 99 96
Switzerland 97 98 97
Singapore 95 98 92
Sweden 95 95 95
Netherlands 94 . 96 93
Canada ' 92 95 89
Czech Republic 86 86 86
United States 85 90 81
International mean © 99 _ 92 88

Source: Table 1.3 (Harmon et al., 1997)

The performance of students in England on this task was higher than
that of students in alinost all other countries, both for the overall score
and for each of the two parts of the task, although between the selected
countries the range in the scores achieved was relatively small.
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2.4.4 Batteries

BATTERIES

At this station you should have:
A torch
Four batteries in a plastic bag: Batteries A, B, C, D

Read ALL directions carefully.

+ ExampLe F FuLL TASK Wit
.. Scoring CRITERIA ©

Your task:
Find out which of the batteries are good and which are worn-out.

This is what you should de:
« ‘Think about how you could sobve this problem.
» Then work out which batterics are good and which are worm-out.

1. Based on your investigation which of the batteries are good and which are worn-out? Write
the letfers of the hatteries in the spaces below.

Good batteries N z D
Worn-out batteries (:) é C

2. Write down how you decided which batteries were womn-oul.
U owadl
N,
R, C
B,
C

DQW~®DQ

I

. TEMS3and4 |

]
i

ITEMS1and2 |

shows the correct way,

Ligint

48

3. How shouid the batteries be put in the forch to give the brightest Hght? Here are 3 different
ways of putting the batteries in the forch. Draw a circle around the picture that you think

4. Why is the way you choose the best way to put in the batteries?

Docosse. WS - Hun + w0
Hoam “{" W ez quﬁ_rgu} s
Wed N e cemasy
Hhats 3;&95..34\9 2. pesh

-
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CRITERIA FOR FULLY-CORRECT RESPONSE

Item 1 — Identify which batteries are good and which are worn ont,
All batteries correctly identified (per administrator notes).
Total Possible Marks. 2

Item 2 — Describe how wern-out batteries were identified.

i) Shows evidence of systematic and definitive testing of different combinations of
batteries. it} “Systematic” s evidenced by trying ali combinations of batteries or trying
selected combinations using reasoning and scientific knowledge to eliminate some trials.
Total Possible Marks: 2

Item 3 — Identify which arrangement of batteries inside torch will produce the
brightest light,

Correct arrangement identified (X).

Total Possible Marks: 1

item 4 - Explain why chosen arrangements is the best one.

i) Identiftes correct arrangement, ii) Inchudes concepts of complete circuit and/or current
flowing in one direction.

Total Possible Marks: 2

Table 2.4.4 shows the mean percentage scores for each item within
Batteries for students in the selected countries.

Table 2.4.4 Mean percentage scores for Batferies in nine countries

| Mean percentage scores on items within task

{ i) identify oo Describe | ldentify - | Explain: -

o goodibad - tests ) arrangement - arrangement

Cin s ) Overall o batterles L L T T

SRR AITIEER I C o mean. e

Country ... .~ .| fortask | -2marks " | . 2marks . ‘- 1mark " 2marks -
Singapore 79 83 72 98 63
England 77 89 7 9 56
Switzerland 75 87 77 94 41
Sweden 71 77 61 30 57
Scotland 68 72 59 94 47
Czech Republic 66 76 63 87 39
Netherlands 63 68 42 23 47
Canada 62 66 52 92 38
United States 36 59 35 97 34
International mean 67 74 59 91 42

Source: Table 1.5 (Harmon et al., 1997)

The mean percentage scores for students in England were ten percentage
points or more higher than the international means for performance on
the task overall, and for three of the four parts of the task. For one part
of this task (Q1), the mean percentage score for students in England was
higher than that achieved by students in any of the other selected

countries.
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2.4.5 Rubber Band

RUBBER BAND

At this station you should have: -

A clipboard with a rubber band

A large paper clip attached to one end of the rubber band
Metal rings to hang on the arge paper clip

A 30 em ruler

Some sheets of plain paper

2 sheets of graph or squared paper

Read ALL directions carefully.

Your task:
Find out how the fength of the rubber band changes as more and more rings
arc hung on it.

rubber band

paper clip

metal rings

This is what you should de:

« Hang the metal rings onto the paper clip one by one.

«  Measure the length of the rubber hand for each new ring.
« Record your measurements in the table on the next page.

ExampLE oF FuLL TAsK wiTH
_Scorine CRITERIA

RUBBER BAND

ITEMS 2to 4

Instructions
.................................... Numbg"‘ 0{/ m@,‘,@‘ r;hqs HOW t{;ﬂq —We Q l&f’rl‘c‘ ' ;?
O - 3% m
i 4O cm
Z. 4.2 em
3 2t oo
Student’s work (ltem 2) 4 4.7 o
TSNS ee s 52 e
: ; 6 S b oow
7 &2 om B
? TS o
. T 8 3w O
[ils] g0 0w
2 2. Draw a graph to show your resuits on the paper provided. You may use a graph or a bar
i chart,
E ANSWER QUESTIONS 3 TG 6, USING YOUR TABLE, GRAPH, OR BAR CHART.

fhe

jorn

Uni

I Al

Nuwhor of  weksl

VoS
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1.

Write your measurements in the table. Remermber to write 2 heading for each column,

3. When there are 2 rings on the paper clip and then 3 more are then added, how much longer
docs the rubber band become?

The rubber hand becomes ohe . cm longer.

4. Deseribo how the rabbér band changed in length as more and more rings were added.

The fubber  chonged, length avery time anayher
Rig s ddded | 16 ane  wing wes added,
e elastic Stretched to 470w Fom 7 Fon
T Loepd  oud At fom e rings vt en
oo 3 rmgs pvr en fhe elaghie  grew
Qvery 0.7 m @ch  fime o [N wal
pten , P dglonsfh, grew effer he

G ij;.
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3, What do you think would be the length of the rubber band if you could add 2 more rings than you
have been given?

Fthink the total length of the rubber band might be 10 - & om.

6. Why do you think this would happen?

T Ynk s would  appen  eddude

each  Yimg |opud & ong on after  {vie
i (Iﬁj s Yhe _@\aﬁ%\c 3rew blﬁger and
bt@@@r every tme by 2t deest 04w,
When Ahe 2" vy wls  pub of e
O._(.:m) when  thwe 9™

elastic grew ‘raj .
Y

ring was  pul on the glaskic gtew
(% e ond when e (0™ ¢in was  pvh
on  Yhe clashie  sicetched i{g O Teen |
S Ahen %og@ ne the averdge  uds
0.% o | aowh ek s s dhe w\€0h¥
gl cach gt Hhe ﬂn\cjfr put  on, \fa the.
end fesuly of e elaskie  was 106 o

PUT EVERYTHING BACK THE WAY YOU FOUND IT SO THAT SOMEONE ELSE
CAN USE THE STATION.

ITEMS 5and 6

CRITERIA FOR FULLY-CORRECT RESPONSE

Item 1 — Record rubber band length as rings are added.

Response is scored for both the quality of the prescatation and the quality of data collection.
Quality of presentation. i) Presents at lcast 2 sets of measurements in table. i) Measurements are paired: number of
rings and length of rubber band. iii) Labels table appropriately: data entries in columns identified by headings and/or
units; units incorporated into headings or placed beside each measurement.
Toiead Possible Marks: 2
Quality of data. i) Records length of rubber band.for five or more different numbers of rings. ii) Shows reasonable
trend in data: rubber band length increases with number of rings (at least for (st few measurements); length may
inerease steadily at first and then stabilise or level off: elastic limit of nibber band may be exceaded and
measurements toward the end show very large or erratic increases.
Total Possible Marks, 3

Item 2 — Graph resulis (graph or bar chart).

i) Axes correctly scaled. if) Axes correctly labelled, including units where appropriate. iij} Measurement recorded in
graph are consistent with data in table. iv) Graph reflects trend in data.

Total Possible Marks: 1

Item 3 — Calculate increase in length of rubber band when rings are added.
1) Records amounts consistent with data in table, graph, or bar chart. ii) Caleulates increase correctly,
Total Possible Marks: 2

Item 4 — Describe how rubber band length changes as more rings are added.

i) Description corresponds to data in table or graph. ii) Identifies trend in data. Trend may show that ubber band length
increases consistently with each added ring; initiaily rubber band length increases consistently, then begins to level off:
Increases become larger or erratic with more rings {elastic limit of band exceeded); no change in length cccurs (rubber
band too strong for weights, per administrator notes).

Total Possible Marks: 2

Item 5 — Predict inerease in length of rubber band.

Makes reasonable prediction, based on the data presented in the table or graph.

Total Possible Marks: 1

Item 6 — Explain reason for prediction.

i) Refers to the increase in length as read from the table or extrapolated fram graph. i) Attempts to refate weight or
number of tings to elasticity of the rubber band. iif) Response is consistent with data in table or graph.

Total Possible Murks: 2
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Table 2.4.5 shows the mean percentage scores for each item within
Rubber Band for students in the selected countries. '

Table 2.4.5 Mean percentage scores for Rubber Band in nine countries

_ -._..:Meﬁr.i.h_e'rcen:;t_ég'e:shpres'_ph_'i_;t_é_m's_ M_t’h;_n task

" O Measurelengths . 02 Q3 . Q4 QS| 06

0 et - Graph - Calouldte Describe | Predict ! - Explain.

A0 Presen- ) - Data: i resuits ) increase frend - Jength - prediction

_ Sl | Overall | ation - quality T T

Countw Lo {fortask | 2 marks _:3_m'a_ﬂ<_s___._3ma_rks 13 marks 2 marks ' 1.mark | 2 marks.
Singapore 80 95 99 67 67 87 84 61
England 79 95 98 76 55 84 80 68
Scotland 75 953 96 69 57 73 78 34
Canada 71 87 95 66 35 59 73 59
Netherlands 70 89 95 71 62 03 33 61
Sweden ' 76 33 93 35 64 65 72 59
Switzerland 67 a3 93 31 58 73 68 53
Czech Republic 63 81 86 44 54 70 66 34
United States 63 3 83 88 54 45 68 59 41
International mean 63 83 | 88 | 50 47 1 o 59 49

Source: Table 1.7 (Harmon et al., 1997)

Again, the performance of students in England on Rubber Band was
consistently above the international mean for each part of the task. For
two of the questions (Q2: graphing the measurements taken during the

activity; and Q6: explaining a prediction regarding the length of the

rubber band if two additional rings were added), the mean percentage
scores achieved by students in England were higher than those of the
students in any ofthe other countries, for 36 exceeding the international
mean by 19 percentage points.
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2.4.6 Solutions

At this station you should have:
Hot and cold water
Several beakers
Semg tablots
A stirer
A clock or watch with a second hand
A thermometer
A 30 cmruler

Read ALL directions carefully.

SOLUTEONS | ExampLE oF FuLL Task wite

Scorme CRITERIA

SOLUTIONS

Your task:

Investigate what effect different temperatures Tave on how long it takes a tablet 1o dissolve.

This is what vou should do:

it takes & tablet to dissobve,

o what you will measure

LAl taode t panomartssars

o tondir wid) be TED anl deryp.

Sape  Oprad

%J\,\;}.w, .

+ Plan an experiment to find out what effect differeat femperatires have on how long

1. Write your plan here. Your plan should nclude

» how many measurements you will make

» how you will present your measurements in 4 table.
A b e bt Doy U tidun For oo Tabled
o danfee h o Contaon tprpiacdie

5wl By i Flae, W ovdar B laap thae Sosndd.

1 Vs Wb e Tablels e Pl dunsboo,
Wit Baite. 0 donan e friuy porticss m as e

tolBs ekt okl ok 1o

B 0

ITEMS 2 and 3

ITEM 1
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2. Carry out your tests on the tablets. Make a table and record all your measuwements,

i 1T, i i

18 Secsnds 3© Sergun 48 Secondl| 57 Sevad

13 bon 17 3@‘ L{.Q W
Wedo b | lordaeds | hondaed) |5,
hd ¥ o Somwrd] Y 0 Rland  Secamd
e K K ke
©O°C GO Lo7C IoRl®

3. According to your investigation,what effect do different temperatures have on how
long it takes & tablet to dissolve.

4t w%wmww,mmwww
*WE@M% Bekitun €0 °C oumd 40 bhge 1, o
®Y 0Y difhoenke. S0, Th o Winbid B oo |
Ceddas qwl%,ﬁo%muwymaﬁﬁm
kst Grpuodione gk Lowrr, Hlavt oue 1l ey

Please turn thepage.
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4. Explain why you think different temperatures have this effect.

§ bk thet G bty ble Timpuadie, S 1aag
t duridn e otilnd , by e pasheddy kot
;WWWM@S Wy, B e &MW}
@bwwmeW'wwWwwj

5. If you changed your plan while you were working, describe the changes you made and
why you made them, I you did not change your plan, write “No change”.

no Chong®

EMPTY YOUR BEAKERS INTO THE WASTE CONTAINER, DRY THEM, AND
LEAVE EVERYTHING THE WAY YOU FOUND IT.

ITEM 4

CRITERIA FOR FULLY-CORRECT RESPONSE

Item 1 — Plan investigation.

1} Describes how the investigation will be conducted. ii) States what variabics will be measured or observed;
includes both solution time and temperature. iii) Provides control for other variables, or renders other variables
irrelevant by design.

Total Possible Marks: 2

Item 2 — Conduct investigation and record measurements in table,
Response is scored for both the quality of the presentation and the quality of the data collection.

Quality of presentation.

i) Presenis at least 2 sets of measurements in table, 1) Measurements are paired: dissolution time and
temperature. i} Labels table appropriately: data entries in colummns identified by headings and/or units; units
incorporated into headings or placed heside each measurement,

Total Possible Marks: 2

Quality of data.

i) Records solution time for at least three temperature points. i) Measurements are plausible: time and
temperature (10° to 100°C) 111} Records solution times that decline as temperature increases,

Total Possible Marks: 3

Item 3 — Draw conclusions about effect of temperature.

1} Conclusion s congistent with data table or other presentation of data (graph or text). ii) Describes relationship
presented in the data,

Total Possible Marls: 2

Item 4 — Explain eonclusions.

i) Relates higher temperature to greater energy or speed of particles (atoms, moelecules, etc.). i) Makes
connection between greater speed or energy of water molecules and the effect on the tablet (may be implicit).
Total Possible Marks: 2

[tem 5 — Evaluate design and experiment; describe changes.

i} Response is consistent with the way student recorded and described data (“no change™ is acceptable if student
plan was complete). ii) changes may be made in method, use of equipment, number of measurements taken, etc;
reason for change must be included.

Total Possible Marks: 2
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Table 2.4.6 shows the mean percentage scores for each item within

Solutions for students in the selected countries.

Table 2.4.6 Mean percentage scores for Sofutions in nine countries

| U1 Mean percentage scores on ifems within task.

At Plen b e e Oraw - Explding 1 Evaluate

Chpeiieid Cinvest - Presens 5 o Data o conclusion | sonclusion | desigh -

L | Overall | “gafion | tafion. | gualty | . .| . o

T AR e e T L

Country "t fortask.| 2marks. .2 marks.| 3marks. | 2marks 2 marks .| 2.marks.
England 68 66 82 75 89 36 59
Singapore 68 53 91 81 93 42 46
Czech Republic 39 60 71 63 86 28 48
Switzerland 57 55 %079 85 11 36
Scotland 51 44 7270 81 18 23
Sweden 30 51 55 65 77 i? 34
Canada 48 39 64 39 76 26 27
United States 48 33 64 39 82 27 24
Netherlands 43 45 46 52 77 i2 23
Infernational mean 9 | 44 - 62 ‘r % M 22 30

Source: Table 1.9 (Harmon et al., 1997}
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The mean percentage score for students in both England and Singapore
(the two highest-scoring countries on this task) was 68 per cent for
Solutions, which was 19 percentage points above the international
mean for this task. However, the students in these two countries had
different strengths in terms of the questions in which they did particularly
well. For example, the students in Singapore outperformed their
counterparts in England in two parts of the task concerned with
conducting the investigation, whereas the students in England achieved
higher scores for planning the investigation and evaluating the design
of the investigation.

The performance of the students in England exceeded the international
means for individual parts of the task by 12-29 percentage points.
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2.47 Shadows

SHADOWS ExampLE oF FuLL TAsK wiTH

At this station you should have:
A torch on a stand (this will be called “th
5 cm sq. card on 3 stand
Screen on which to form a shadow of the
Metre ruler
30 em ruler

Read ALL directions carefully.

Scoring CRITERIA

i  SHADOWS

card

Your task:

When the card is between the light and the screen, fhe cord makes a shadow on the screen.

Find out how the size of the shadow changes as you move the card and the Hght.

This is what you should do:

= Keep the card stili and move the light closer Lo the card and further away from the card.

¥, What happens to the size of the shadow?

;&*L e Lyl gdﬁ cloeis & e i e
GLaT

Vs - @}[%/6 VADIE S gy

Lonn e coids e Sladme

2. Why 1s the shadow always larger than the card?
VOUF BNSwWer, .
ez Fha w&,& soafee s

' /
te  can o ué P ALK

ok LA !“/JDW‘W/UJ W e
] . . i At

the  cotgem  lafgex

g A e o) W%é

sive  decleomg
You may draw a picture or diagram as part of
li#u *Kjﬂm 'ix‘fv oA mo f)\tﬁ‘}w

s e coucd aAe vy dpviel
g{,{a(h')u(} vl e gzl & gibe
ol & T

Clo S A T iy | ITEMS 3 and 4

ITEMS 1 and 2
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3. Now find at least three positions where you ¢an put the light and the card to make a shadow
twice ag wide as the card. Record the distance from the card 1o the screen and from the light
to the card for these three positions.

{90;:%‘3“ | Oobowce Lyl dein

o -
; 1 éf-—Q_c_;,MQOQ o 2 00w

wo_codd S We"{

You are now going to do an mvestigation to try to find a general rule for how far away from
the screen the card and the light should be placed to make the shadow twice as wide as the
card.

You will need to:

o decide what to measure

= decide how to present your measurements clearly and simply

» draw what conclustons you can from your measurements

4. Describe what you did in your investigation. A piciure may be useful.
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5. Present your measurements as clearly as you can,

i | -

D isé‘;‘im,r-p ﬂf‘wb&‘ r CJ.‘I&’:UJ“"” f"FA"‘-ml' - '?5 [ Eﬂ_ﬁiﬂb (‘pg?z\}ﬁ' T
Liglily  Seear® wMME ﬂ@‘wﬁ SCrag i Lﬁ"ﬁﬂﬁ“ ] e (s

e - .. logge,. ) | owas g prilif Viaderce (164

vfi.‘-u-» Tt TI € o é”g;mg__ = M| ! (:;J\;S.{‘WC{' 4

“istence, a«rfA

i

i N {n

100 =0 T
20 i e

50T L0 o

* = B

& 30, ( )

o -l = a4

W0 = o 2

2 & e Tk

3 10 oo

; |

6. What general conclusion can you draw from these results? Try to write a rule that describes
when the shadow will aiways be twice as wide as the eard,

[ S N NS o R Yona T
AT T L

:ﬁzzﬁ”‘%?@#—ﬂs« e
e Qe c\,éw_ lf;&é Soulre O acieen &&1
Pt be  hoce e diconce dme cafol G
Sreds we o> Bhe  Sadsyeo  rn Geoke dbe
clze /Jfg . Ee Pt TM{{‘;)‘"Q {{u@ SR Q{f aAA
P ol st mu(,{r\, e dipbocs Jem

L»;ﬁéﬁ | soused
culh o g Scseaan

EMPTY YOUR MATERIALS BACK THE WAY YOU FOUND THEM SC THAT
SOMEONE ELSE CAN USE THIS STATION,

ITEMS 5and6

CRITERIA FOR FULLY-CORRECT RESPONSE

Item 1 — Deseribe how shadow size changes in response to distance of light.

1} Comments appropriately on the size of shadow. 11) Comments on the relationship between the distance from light
and size of shadow.

Total Possible Marks: 2

Ttem 2- Explain why shadow is larger than card.

1) Includes concept of light travelling in a straight line and spreading out from a source. i) Explanation or diagram
shows how the shadow is formed.

Total Possible Marvks: 2

Item 3 — Record distances for three positions where shadow is twice as large as card.

i) Records at least 3 measurements where shadow is twice the size of card. i3} Measurcments are paired: distance
from light to card and distance from card to screen. fil} Measurements are plansible: the distance from card to screen
and distance from light 1o card are equal (within £ 10%).

Total Possible Marks: 2

item 4 — Describe investigation.

1) Includes description of how measurements were taken. ii) Includes taking measurements of both distances and

shadow width.
Total Possible Marks: 2

Item 5 — Present measurements.

i) Measurements presented in a list, table or by graph. i) Measurements are clearty and completely understandable
with appropriale units, labels, and descriptors,

Total Possible Marks: 2

Item 6 — Write a general rule to describe when shadow will always be twice as wide as card,

1} Summarises data in sentences, formula, or diagram. i) Indicates that shadow will be fwice as wide as card when
the distance from light to screen is twice the distance from light to card.

Total Possible Mavrks: 2
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Although this task involved the application of some mathematical skills
(in taking measurements, and, in the last question, determining a
mathematical relationship), the main focus was a science investigation;
hence the results for this task are included with the other science tasks,
although the task was originally classified as covering both subjects.

Table 2.4.7 shows the mean percentage scores for each item within

Shadows for students in the selected countries.

Table 2.4.7 Mean percentage scores for Shadows ° in nine countries

" Mean percentage scores on items within task = |

| Pescribe . Explain .| - Problel Conclude

Sy observe - obserys - solved s T

o e atien L record. - ‘generalise.

Cor s -Overall 0 ey fance By

L e mean e e e e e

Country = ) fortask | 2marks. |2 marks. 2marks.|. 2:marks | 2marks:| 2 marks
Singapore 50 o0 | 55 41 39 46 29
England 46 77 33 23 47 71 23
Sweden 45 82 43 57 30 27 32
Switzerland 41 80 44 43 29 22 32
Crzech Republic 37 87 48 32 27 8 19
Scotland 36 83 24 3l 28 36 16
Canada 35 75 21 34 30 28 19
Netherlands 35 35 50 33 27 25 23
United States 28 64 20 13 27 34 11
International mean 35 75 33 30 27 25 21

Sowurce: Table [ 11 (Harmon et al., 1997)

The performance of students in England was in line with or higher than
the international mean for each part of Shadows, with the exception of
Q03 (in which students were asked to find at least three positions where
the shadow of the card was twice 1its actual width and to record the
appropriate measurements). For Q5 (which asked students to present
the measurements they had taken during the investigation), the mean
percentage score for students in England (71 per cent) was higher than
students in all other countries, and was almost three times as large as the
international mean of 25 per cent.

> When considering the resuits for Shadows, it shoukd be borne in mind that, in sone schools, it was difficult
for students to carry out the activity when there were inadequate blackout facilities. Itis worth noting that
students in all countries achieved higher scores for the first question than for any of the subsequent
guestions on this task, which might suggest that many students experienced difficulties with the taking
(and, consequently, the interpretation) of accurate measurements relating to the size of shadows. One area
of possible difficuity relating to this activity was whether or niot students included the penumbra in their
measurements.
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2.5 Gender differences

2.5.1 Gender differences in overall performance

There were no significant gender differences in overall performance on
the 12 tasks in England or in any of the other countries selected for
comparisons, in common with the majority of countries that participated
in the Performance Assessment,

2.5.2 Gender differences in mathematics

There were no significant gender differences in the performance of
boys and girls in England on the six mathematics tasks, as in most other
countries that took part in the Performance Assessment. However,
there were statistically significant gender differences {i.e. statistically
significant® at the 0.05 level) in two of the other countries selected for
comparison:

¢ Singapore: a difference in favour of boys on Around the Bend

¢ Sweden: a difference in favour of girls on Packaging.

The cumulative effect of slight gender differences in two tasks (Dice
and Around the Bend) resulted in a significant gender difference in the
international means for these tasks, for Dice in favour of girls, and for
Around the Bend in favour of boys.

Table 2.5.2 shows performance of boys and girls in England on the
mathematics tasks together with the international means. Where there
were significant gender differences, the numbers shown in bold type
indicate the gender with the higher performance.

Table 2.5.2 Overview of gender differences® in mean percentage scores for
mathematics tasks for students in England

© . Mean percentage scores on mathematics tasks . -

|- Dice . | Calculator |Folding and| ~Around | Packaging | Plasticine
PR Sl Cutting o theBend |

Country |Boys | Girls | Boys | Girls | Boys Girl_s' 'Boys | Girls |Boys | Girls | Boys | Girls

England | 77 81 | 60 | 64 | 71 | 67 | 64 61 | 52 |55 |56 | 54

International | 72 75 | 54 | 54 | 69 68 | 56 . 53 | 44 | 44 | 61 | 59

Source: Table 2.5 (Harmon ei al,, 1997)

* Thereis always a possibility that the given difference between two samples {in this case, boys and girls)
could have arisen by chance. The level of statistical significance gives an indication of how likely this
is. 0.05 is generally taken as the cut-off point between differences that are thought to be real and those
which could have arisen by chance, i.e. a difference of this size is only likely to have arisen by chance
five times out of one hundred.

* Htshould benoted that whilsta difference of, say, three or four percentage points in the international means
may be statistically significant, a similar or larger difference in the performance of boys and girls in
England may not be stagistically significant. This is because the international mean is based on a much
larger number of students, and, as & result, even small gender differences in performance may be
statistically significant.
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2.5.3 Gender differences in science

Although there were minor differences in the performance of boys and
girls on the six science tasks, none of these was statistically significant
either in England or in any of the selected countries, in common with
the majority of countries that participated in the Performance
Assessment. However, the cumulative effect of slight gender differences
in one task (Rubber Band) produced a significant gender difference in
the international mean for this task in favour of girls,

Table 2.5.3 shows the performance of boys and girls in England on the
science tasks together with the international means. Where there were
significant gender differences (i.e. statistically significant at the 0.05
level), numbers are shown in bold type.

Table 2.5.3  Overview of gender differences® in mean percentage scores for

science tasks for students in England

'Mean percentage scores on science tasks

“Pulse . | ‘Magnets | Batteries ‘| . Rubber | Solutions | Shadows
- Band E IR
Country |Boys | Girls |Boys | Girls | Boys | Girls | Boys | Girls | Boys | Girls | Boys | Girls
England S8 60 99 69 77 78 81 64 71 45 47
International { 44 44 91 89 68 | 65 61 65 48 51 36 34
] 1 ‘

Source: Table 2.5 (Harmon et al., 1997)

* Tt should be noted that whilst a difference of, say, three or four percentage points in the international
means may be statistically significant, a similar or larger difference in the performance of boys and gitls
in England may nof be statistically significant. This is becausc the international mean is based on a much
larger number of students, and, as a result, even small gender differences in performance may be

statistically significant.
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2.6  Correlations between students’ performance
on the written tests and the Performance
Assessment tasks

Allthe students that took partin the Performance Assessment component
of TIMSS had already completed written tests in mathematics and
science as part of the main survey. Itisthérefore ofinterest to determine
to what extent students’ results on the practical tasks are correlated with
their results on the written tests. Correlation coefficients (Spearman)
have been calculated between students’ raw scores on cach of the 12
tasks and the mathematics and science scores achieved by the students
that attempted each of those tasks: these are shown in Table 2.6.1. The
correlations between students’ scores on the practical and the written
components are all highly significant (P<0.001 i.e. the probability of
these correfations occurring by chance is fewer than one in a thousand).

Table 2.6.1 Correlation coefficients between each of the 12 tasks and mean
mathematics and science scores on wriften tests

... Comelationcoefficients .
o otask o |i 0 Mathematics . e Scienge -
Dice 0.54 0.36
Calculator .55 0.40
Folding and Cutting 0.48 0.51
Around the Bend 0.53 0.51
Packaging 041 0.43
Plasticine 0.51 0.33
Pulse 0.45 0.47
Magnets 022 022
Baiteries (.52 0.42
Rubber Band 0.57 0.43
Solutions 0.47 048
Shadows 0.53 0.46

The correlation coefficients vary between tasks and also in the
correlations between particular tasks and mathematics and science
scores on the written tests. Four of the mathematics tasks (Dice,
Calculator, Around the Bend and Plasticine) showed strong correlations
{more than 0.5) with students’ scores on the written mathematics tests;
this finding is not unexpected, since one would expect students who do
well on written mathematics tests also to do well in practical mathematics
tasks. However, there were also strong correlations between three of
the science tasks and students’ scores on the wriiten mathematics tests
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(Batteries, Rubber Band and Shadows). Each of these tasks involved
the application of mathematical skills in some items (e.g. in Shadows
one item asked students to find at least three positions for the light and
the card that would make the shadow of the card twice its actual size;
and in Batteries students had to test all possible combinations of four
batteries so as to find which two were good and which were flat). There
was only a weak correlation between students’ scores on Magnets and
their scores on the written mathematics and science tests; this was
because 67 per cent of the students who attempted the task achieved the
maximum marks for the task (four marks).

These correlations should be set against the context of the correlation
of'0.73 between the scores on the written mathematics and science tests
achieved by all Year 9 students. In essence, this means that there is a
stronger correlation between students’ results on the written tests in
both subjects than between their results on the Performance Assessment
tasks and the written tests.

Additional analysis has been carried out to calculate the means achieved
by students of different abilities on each of the 12 tasks. In doing this,
the students have been grouped into three main ability bands according
to their scores on the written mathematics tests, the science tests, and
their overall results on the written tests in both subjects. These bands
consist of the students whose scores place them in the lowest, middle
and top thirds of performance on the aforementioned tests. The mean
score on each task has been calculated for students in each of the ability
bands for mathematics, science and overall results; these are shown in
Table 2.6.2, together with the maximum possible score for each task.

The results shown in Table 2.6.2 are consistent with what one would
expect, that the mean scores on each task are higher for the students in
the top third ability band (according to results on the written tests) than
for students in the middle band, who, in turn, achieved higher mean
scores than those in the lowest ability band.

Table 2.6.2 also shows standard deviations; the standard deviation (SD)
is a useful statistical measure for indicating the spread in a set of
observations, in this instance the scores achieved by students in different
ability bands on different tasks. About ninety-five per cent of cases in
most datasets fall within the following range: the mean, plus or minus
two standard deviations. The standard deviations shown for each task/
ability band are an indication of the range of the scores achieved by
students on the Performance Assessment tasks: for example, if we look
at the results for Calculator for the lowest overall ability band, 95 per
cent of students achieved the mean for that task plus or minus two SDs
(i.e. 95 percent scored between 2.2 and 14.2 out of a possible 16 marks).
A larger standard deviation indicates that the scores were more spread
out, whereas a smaller standard deviation indicates that the scores were
more grouped together.



STUDENTS’ ACHIEVEMENT ON THE TASKS

Table 2.6.2 Mean scores on each of the 12 tasks achieved by sfudents in
different ability bands {according to their results on the written
mathematics and science fests)

| Overall Ability Band:| Maths Ability Band | Science Ability Band.
. [sotom|Miads| Top |Botion Wiade | Top [Botom|Mieae Ton
“Task | third" | “third | third "] third | third" | third | third " third | ‘third
Dice
fmax, Omarks)  Mean 6.4 7.6 8.1 6.3 7.3 83 6.7 7.5 7.8
Standard Deviation 2.0 1.1 1.0 2.0 1.1 0.9 2.2 12 1.2
Unweighted Valid N § 45 30 30 46 51 48 46 52 47
Calculator
(ma. 16 marks)  Mean 82 10.5 120 8.1 10.3 12.1 8.1 10.5 11.8
Standard Deviation 30 2.7 24 2.7 3.1 2.3 31 2.5 23
Unweighted Valid N | 47 33 47 45 32 50 42 59 46
Folding and Cutting
fmax. 9marks)  Mean 4.5 6.7 7.5 4.6 6.6 7.4 4.5 6.4 77
Standard Deviation 2.8 22 1.7 29 2.4 i.8 2.8 24 1.6
Unweighted Valid N | 53 4] 50 52 41 51 37 45 48
Around the Bend
fmax. 19 marks) Mean 8.9 12.1 133 9.6 11.9 131 94 i13 i34
Standard Deviation 3.6 2.8 2.7 3.6 2.7 2.9 38 33 22
Unweighted Valid N | 47 48 51 48 42 356 43 57 52
Packaging
(max. 7 marksj  Mean 2.3 32 4.1 24 34 3.9 2.5 3.0 4.1
Standard Deviation 1.8 14 1.3 1.8 1.5 1.4 1.9 1.5 1.3
Unweighted Valid N | 50 49 48 51 43 51 30 46 51
Plasticine
(max. 14 marks) Mean 5.7 6.3 9.7 5.0 6.8 10.0 6.2 7.1 R.5
Standard Deviation 31 3.8 4.0 2.8 36 4.0 37 3.7 4.3
Unweighted Valid N | 50 46 30 47 50 49 33 41 52
Pulse
fmax. 10 marks) Mean 4.4 39 608 43 6.0 6.9 47 55 7.0
Standard Deviation 2.5 24 2.6 23 2.5 2.7 2.6 2.5 2.5
Unweighted Valid N | 45 30 S0 46 51 45 46 32 47
Muagnets
fmax. 4 mavks)  Mean 3.2 34 3.7 32 34 37 3.2 3.5 37
Standard Deviation 6.9 0.9 0.6 1.0 0.8 0.7 ERY 0.8 0.8
Unweighted Valid N | 47 53 47 45 52 30 42 50 46
Batteries .
(max, 7morks)  Mean 4.4 5.5 6.0 4.3 3.4 6.2 4.5 53 59
Standard Deviation 1.9 1.2 1.2 1.9 1.3 1.0 1.9 1.5 1.2
Unweighted Valid N | 55 42 50 35 41 51 53 45 49
Rubber Band '
(max. 15 marksy Mean | 10.6 12.1 134 104 124 133 0.9 12.3 13.2
Standard Deviation 2.6 19 1.2 2.5 1.7 1.5 2.5 2.1 12
Unweighted Valid N | 48 48 53 47 48 54 53 46 30
Solutions
(max. 14 marks) Nean 7.6 16.3 11.2 8.0 10.2 114 7.9 EAY 11.2
Standard Deviation 2.6 24 2.5 2.8 30 2.3 31 2.9 2.3
Unweighted Valid N | 39 55 33 50 45 52 38 51 38
Shadows .
{max. 12 marks) Mean 4.0 5.5 7.1 4.2 49 7.5 4.1 5.6 6.8
Standard Deviation 20 2.1 24 23 2.0 2.1 2.1 2.4 24
Unweighted Valid N | 51 44 51 43 35 48 54 41 51
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The standard deviations for Magnets indicate that the scores were not
spread over a large range (the mean percentage score for students in
England on this task was 99 per cent (see section 2.4.3), and, as noted
above, 67 per cent of students achieved maximum marks on this task),
whereas the largest standard deviations were to be found in the results
of students in the top ability bands on Plasticine.

Most ofthe correlations between the students’ results on the Performance
Assessment tasks and on the written tests in mathematics and science
were between 0.4 and 0.55, which suggests that although there was
some overlap of skills tested, these two aspects of TIMSS also each
tested additional skills and/or knowledge which the other component
did not. Finally, it should be remembered that fewer students participated
in the Performance Assessmentthan in the TIMSS written tests, and the
numbers of students who attempted any one task were relatively small
(approximately 50). Consequently, it would be unwise to place too
much emphasis on the correlations identified in this analysis.



STUDENTS’ PERFORMANCE IN THE MATHEMATICS AND SCIENCE SKILLS AREAS

CHAPTER 3

3.1

Students’ Performance in the
Mathematics and Science Skills Areas

Preface

The previous chapter presented details of the performance of students
in England on the 12 tasks that comprised the Performance Assessment
component of TIMSS. However, in addition to collecting information
about students’ achievement on each task as a whole, a major part of the
study design was concerned with determining students’ performance
on specific items within tasks which required particular skills.
Consequently, as an alternative to presenting students’ performance on
the 12 tasks which included different skills within them, it is possible
to consider students’ performance in different skills areas {for example,
performing mathematical procedures) across several tasks. The different
skills areas were defined in the curriculum frameworks which apply to
both the written and the practical components of TIMSS (Robitaille,
1993). The curriculum frameworks specify the range of mathematics
and science skills (identified as Performance Expectations) addressed
by the Performance Assessment component of TIMSS. The skills
covered are quite similar to the process-focused parts of the National
Curriculum Orders for mathematics and science (Mal: Usingand Applying
Mathematics and Scl: Experimental and Investigative Science). The
particular skills addressed by items within the tasks are shown for
mathematics in Annexes 2 and 3, sorted by skills areas and tasks
respectively, and are shown similarly for science in Annexes 4 and 5.

Within the international report, the items covering different mathematics
skills have been grouped into two main categories:

¢ PERFORMING MATHEMATICAL PROCEDURES

¢  PROBLEM SOLVING AND MATHEMATICAL REASONING.

The items covering different science skills have been grouped into three
main categories;

¢ SCIENTIFIC PROBLEM SOLVING AND APPLYING CONCEPT
KNOWLEDGE

$ USING SCIENTIFIC PROCEDURES

¢ SCIENTIFIC INVESTIGATING.
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Two main sections of'this chapter cover the mathematics skills categories
and the science skills categories respectively. More specifically, this
chapter presents details of:

¢ theparticularitems within tasks that are ciassified under each of the
skills categories

¢ the performance of students in England on each of the items within
the two mathematics skills categories and the three science skills
categories

¢ the mternational means for comparative purposes.

it should be noted that although the international classification allocates
items within most tasks to either the mathematics skills categories or
the science skills categories (reflecting the overall content of the task),
items within Plasticine are included in both the mathematics and
science skills categories.!

3.2 Mathematics skills

The range of skills addressed within the six mathematics tasks have
been grouped into two main reporting categories in the international
report (Harmon et al., 1997). These categories, and the types of
activity? that they represent, are shown below.

MATHEMATICS
| PERFORMING MATHEMATICAL | | PROBLEM SOLVING AND
PROCEDURES . MATHEMATICAL REASONING
| (13 items) o (21 ltems)

H
H

Deve!opi;wg strategy

@ Using equipment ®
e Performing routine procedures & Solving probiems
& Using more complex procedures & Predicting

@ Generalising

e Conjecturing

I The assignment of items to the science and mathematics skills categories is based on the primary
performance expectlation associated with each itens, although each item has a number of associated sub-
constructs. For example, in order to draw conclusions about which is the stronger of fwo magnets {a
primary performance expectation classified under the category SCIENTIFIC INVESTIGATING), a
student would have to demonstrate capability in two sub-constructs: (a) use equipment and (b) carry out
experimental operations. Two items are not assigned to one of the main skiils categories listed above:
Shadows Q4 and Plasticine Q1B. In grouping items into the categories listed above, the International
Study Center omitted these two items since their primary performance expectation category was
communicating (i.e. not uniquely related to mathematics and/or science).

(%Y

The types of activity listed under the main reporting categorics are the skills sub-categorics identified in
the international report (Harmon ef ¢l 1997). The complete classification of skills, as determined by the
International Study Center, covering all the mathematics and science tasks, is shown in Annexes 2-5 (o
this report.
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The relative performance of students in the nine selected countries on
the two main mathematics reporting categories® is shown in Figure 3.2
together with the international means for comparative purposes.

b

Figure 3.2:  Mean percentage scores by mathematics skills categories

RS s ey

15
Canada G

Czech Republic

e

England
Netherlands .
Scotland
Singapore e
Sweden
Switzerland

United States

International Mean

0 10 20 30 48 50 60 70 80

PERFORMING MATHEMATICAL PROBLEM SOLVING AND
PROCEDURES MATHEMATICAL REASONING

Source: Table 3.3 (Harmon et al., 1997)

it is evident from Figure 3.2 that the performance of students in
England, in common with their counterparts in all other countries that
participated in the Performance Assessment, was higher in PERFORMING
MATHEMATICAL PROCEDURES than in PROBLEM SOLVING AND
MATHEMATICAL REASONING. Typically, students’ scores in
PERFORMING MATHEMATICAL PROCEDURES were approximately
20 percentage points higher than in PROBLEM SOLVING AND
MATHEMATICAL REASONING. Within the selected couniries, the
differencesranged from 13 percentage points (Sweden) to 27 percentage
points (The Netherlands), with the difference in England (23 percentage
points) close to the international mean of 18 percentage points.

It is worth noting that the performance of students in England exceeded
the international means for both mathematics skills categories, which
may be unexpected given the rather disappointing results for mathematics
in the TIMSS main survey (Keys ef al., 1996a), in which [3-year-olds
scored below the international means for five out of six mathematics
content areas.

* Bars show the percentage scores averaged across items in each skills category (+2SE); items were
weighted equally.
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Within the next part of the chapter, figures show the performance of
students in England on each of the two main mathematics categories
listed above, together with international means for comparative purposes.

3.21 PERFORMING MATHEMATICAL PROCEDURES

The 13 items classified as PERFORMING MATHEMATICAL
PROCEDURES were drawn from five tasks. As shown in Figure 3.2.1,
the performance of students in England cqualled or exceeded the
international mean for each of the items in this category. Where
students’ performance was above the international mean, the differences
ranged from one to 18 percentage points.

Figure 3.2.1: Performance on items classified as PERFORMING MATHEMATICAL
PROCEDURES

Dice Q1

Dice Q2

Dice Q3 |

Dice Q4

Dice Q54 |

Calculator Q1
Calculator Q2

Around the Bend Q1
Around the Bend Q2 |
Around the Bend Q5A -
Packaging Q1A .' ...

Packaging Q2 |

Packaging Q3 ius

60 80 100

. international |

Source: Tables 1,13, 1.17, 1.21, 1,23 and 1.13 (Harmon et al., 1997}
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3.2.2 PROBLEM SOLVING AND MATHEMATICAL REASONING

The 21 items classified as PROBLEM SOLVING AND MATHEMATICAL
REASONING were drawn from all six mathematics tasks.
performance of students in England varied considerably on the items
within this category, where performance ranged from 19 percentage
points below the international mean (Plasticine Q2A) to 19 percentage
points above the international mean (Packaging Q1 and Calculator
Q5). Figure 3.2.2 shows students’ performance on each of the items in
this category.

Figure 3.2.2: Performance on items classified as PROBLEM SOLVING AND

MATHEMATICAL REASONING

Dice Q58 _
Calculator Q3 |G
Calculator Q4
Calculator Q5

Calculator Q6B

Foiding & Cutting Q1

Folding & Cutting Q2 }

Folding & Cutting Q3

Folding & Cutting Q4 §
Around the Bend Q3
Around the Bend Q4 .‘
Around the Bend Q5B § o
Around the Bend Q5C ”
Around the Bend Q6 |
Pachaging Q1A .'

Plasticine Q24 §

Plasticine Q28

Plasticine Q34 b

Plasticine Q38

Plasticine Q4A

Plasticine Q4B

The

]

A

e

e |

60 70

i International

Source: Tables 115, 1.17, .19, 1.21, 1.23 and 1.13 (Harmon ef al., 1997}
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3.3

Science skills

Like the mathematics items, the science items can be grouped into
reporting categories representing different skills areas. The international
report (Harmon ef al., 1997) shows three main reporting categories for
science, each with a number of sub-categories as shown below.

SCIENCE
T
i
SCIENTIFIC USING -
__ANDAPPLYING | . pROCEDURES | INVESTIGATING
| CONCEPT KNOWLEDGE (7 Items) N (16 ltems) |
‘ (12 ltems) . ) o |
| | |
® Applying scientific ® Using apparatus of ® Designing and
principles to solve equipment conducting
quantitative problems e Conducting routine investigations
giglz\;]ealt(i)gns experimental operations ® Interpfet%qg
e Gathering data mvestlga’.tzonal data
. Organising, representing ¢ Eg;ggﬁggg from
and interpreting data investigational data

The relative performance of students in the nine selected countries on
the three main science reporting categories® is shown in Figure 3.3,
together with the international means for comparative purposes.

Across all of the countries that participated in the Performance
Assessment, students’ performance in SCIENTIFIC PROBLEM SOLVING
AND APPLYING CONCEPT KNOWLEDGE was at a lower leve] than for
the other two main skills categories. However, the overall pattern of
performance was less clear with regard to USING SCIENTIFIC
PROCEDURES and SCIENTIFIC INVESTIGATING, with students in some
countries doing better in the former and in others, better in the latter.
The performance of students in England was justabove the international
mean in SCIENTIFIC PROBLEM SOLVING AND APPLYING CONCEPT
KNOWLEDGE (49 percentage points as compared with 47 percentage
points); however, it should be noted that half of the items in this
category were derived from the mathematics task Plasticine. Irrespective
of the arguments for including/omitting these items from this science
category, it must be acknowledged that the performance of students in
England would have been higher in this category had the items derived
from Plasticine been omitted.

* Bars show the percentuge scores averaged across ifems in cach skills category (+2SE); items were
weighted equally.
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Figure 3.3: Mean percentage scores by science skills categories

Crech Republic

International Mean

England

Netherfands

Scotfand

Singapore

Sweden

Switzerland

United States

6 10 20 30 40 56 60 70 80

SCIENTIFIC
INVESTIGATING

SCIENTIFIC PROBLEM SOLVING AND USING SCIENTIFIC
PPLYING CONCEFT KNOWLEDGE PROCEDURES

Source: Table 3.1 (Harmon et al., 1997)

In the USING SCIENTIFIC PROCEDURES category, the performance of
students in England was higher than that of students in any other
country that took part, with a mean score of 77 per cent, In SCIENTIFIC
INVESTIGATING, only students in Singapore outperformed students in
England, with mean scores of 74 per cent and 73 per cent respectively,
This exceptional performance intwo of the three science skills categories
suggests that practical and investigative science is an area of the
curriculum in which students in England are doing particularly well,

3.3.1 SCIENTIFIC PROBLEM SOLVING AND APPLYING

' CONCEPT KNOWLEDGE

The 12 items classified as SCIENTIFIC PROBLEM SOLVING AND
APPLYING CONCEPT KNOWLEDGE were drawn from six tasks. It is
worth remembering that six of the 12 items are from Plasticine, a task
in which the main focus is on mathematics rather than science. The
performance of students in England was equal to, or above, the
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international mean for the six items that form part of science tasks, but,
with one exception, below the international mean for each of the items
identified within the Plasticine mathematics task (see Figure 3.3.1).
Where the performance of students in England exceeded the international
mean, the difference ranged from four to 19 percentage points.

Figure 3.3.1: Performance on items classified as SCIENTIFIC PROBLEM SOLVING
AND APPLYING CONCEPT KNOWLEDGE

Puise Q.’;‘ ;
Batteries Q3 '
Baiteries Q4 ..

Rubber Band Q6
Solutions Q4

Shadows Q2 &

Plasticine Q24
Plasticine Q2B i
Plasticine Q3A &
Plasticine Q3B §

Plasticine Q4A

Plasticine Q4B
0 20 40 80 80 100
%ﬁ\ England . International

Source: Tables 1.1, 1.3, 1.7, 1.9, 1.11 and 1.13 (Harmon et al, 1997}
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3.3.2 USING SCIENTIFIC PROCEDURES

The seven items classified as USING SCIENTIFIC PROCEDURES were
drawn from five tasks. For each of these items, the performance of
students in England either equalled or exceeded the international mean
(see Figure 3.3.2). Where the students’ performance was above the
international mean, the difference ranged from ten to 46 percentage
points.

Figure 3.3.2: Performance on items classified as USING SCIENTIFIC PROCEDURES

Pufse Q1A § L
Rubber Band Q1A .
Rubber Band Q2
Rubber Band Q3
Solutions Q2B

Shadows Q5 §

Plasticine Q1A

80 100

- international

Sowrce: Tables 1.1, 1.7, 1.9, 111 and 1.13 (Harmon et al., 1997}

3.3.3 SCIENTIFIC INVESTIGATING

The 16 items classified as SCIENTIFIC INVESTIGATING were drawn
from six tasks. It can be seen from Figure 3.3.3 that the performance
of students in England was above the international mean for all except
one item in this category (Shadows Q3). Students’ performance on 11
items exceeded the international mean by at least ten percentage points,
and for one item (Solutions Q5) by 29 percentage points.
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Figure 3.3.3: Performance on items classified as SCIENTIFIC INVESTIGATIING

PuseQB e . @

TR

Magnets Q2
Batteries Q1
Batteries Q2 .
Rubber Band Q1B

Rubber Band Q4

Shadows Q7

Shadows Q3 §

T

b

Shadows @

0 20 40 60 80 100

. international

Source: Tables 1.1, 1.7, 1.9, 1.11 and 1.13 (Harmon et al., 1997)
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CHAPTER 4

Concluding Remarks

The introduction of the National Curriculum in England in 1989
formally established the importance of process skills in mathematics
and science as well as knowledge and understanding of concepts in
these subjects at both primary and secondary school level. Prior to that
date, the role of practical work in developing students’ process skills
had been highlighted by the Cockcroft Report (Cockeroft, 1982), the
work of the APU in both mathematics and science, and the CSE Mode
3 examinations. However, since the implementation of the National
Curriculum, TIMSS 1s the largest international study to supplement
data collected by means of written achievement tests in mathematics
and science with additional data relating to students’ skills in practical
activities in both subjects, Whilst the results of National Curriculum
assessments in Year 9 present national data relating to both process
skills and knowledge and understanding, TIMSS has collected data
internationally and enables comparisons to be drawn between the
performance of students in England and in other countries.

The results on the written achievement tests in mathematics and science
and the results on the practical tasks complement each other, reflecting
both subject knowledge and practical skills. The results of either
component on their own present an incomplete (and therefore misleading)
picture of the performance of 13-year-old students in England compared
with their counterparts in other countries. Togcther, the data collected
in both aspects of the study provide the most accurate reflection of the
standards achieved by students in the full breadth of the National
Curriculum in England in relation to other students world-wide.

Whilst many would argue that some of the results in the written
mathematics tests showed cause for concern, students” performance in
the practical mathematics tasks was better, both in comparison with the
international means and in relation to the performance of students in the
other countries selected for comparison. With this in mind, it seems
appropriate to conclude that in addition to identifying consistent high
performance in all aspects of science, TIMSS has demonstrated that
there are aspects of mathematics in which students in England are also
doing well.
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Department for Education and Employment

Director, National Foundation for Educational Research
National Foundation for Educational Research
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National Foundation for Educational Research
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School Curriculum and Assessment Authority

School Curriculum and Assessment Authority

School Curriculum and Assessment Authority
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Mathematical Association (secondary)

Mathematical Association (primary)

Association of Teachers of Mathematies (secondary)
Association of Teachers of Mathematics (primary)
Association for Science Education (secondary)
Assoctiation for Science Education (primary)
Scottish Otfice Education Departinent

Welsh Office Education Department

Welsh Office Education Department

Welsh Office Education Department

79



TIMSS: THIRD NATIONAL REFORT

APPENDIX TI

Continental Western Europe

L | PerroRmANCE AssEssuENT|

Popidation 1 | Population 2 | Popuation 1 | Population 2 | Population 3
Austria L L e
Belgium (Flemish) o
Belgivm (French) ®
Cyprus L L ® @ L
Denmark ® & o |
France ] [
Germany ® @
Greece ® L e
Iceland @ L L
Ttaly ® N
Netherlands L ® L
Norway L ® @ ® e
Portugal e ® @ @
Spain @ ®
Sweden ® ®
Switzerland ® & ®

English-speaking

Australia & & ® @ @
Canada ] & ¢ ® ®
England ® L L
Treland L e o
New Zealand ® ® L [ &
Scotland L L ®
United States @ & @ @ ®

Countries taking part in different
components of TIMSS

* Argenting, Italy and Indonesia were unable to complete the steps necessary jor their data to appear
in the international reports. Because the characteristics of its school sample are not completely

known, achievement results for the Philippines are not included in the main tables of the

international reports. Mexico chose not to release ifs resulls for the infernational reports.
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Eastern Europe

- | perFoRNANCE AssessmenT |

Population 1| Population2 | Popuiation t | Population2 | *Popuiation3

Bulgaia ht
Czech Republic o o ¢ o
° .

Humgary ®
Latvia L
Lithuania

Romania

Russian Feciemtibn
Slovak Republic
Slovenia L

Ukraine

Asia and Pacific Region

Hong Kong

Indonesia

Japan
Korea

Smgdpo]c— ........
Thailand

Other countries

TArgenting

Colombia

fran

Israel

Kuwait

Mexico
South Aftica

L 3R 2N 2R AR IR BN
®
®
®
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ANNEX 1

82

Assignment of tasks and students to workstations

The total of 12 tasks were allocated to nine workstations for the
administration: six workstations had one 30-minute task and three
workstations had two I5-minute tasks. The nine selected students in
each school visited three workstations and, depending on the
combination, attempted three, four or five tasks during the 90-minute
working time,

Two different scts of combinations of tasks were devised by the
International Study Center. Students in any one school were assigned
tasks from either one combination or the other (rotation 1 or 2) according
to procedures laid down by the Study Center. The tasks allocated to
particular workstations are shown in Table A1.1, and the assignment of
students to workstations is shown in Table A1.2.

Table A1.1:  Assignment of tasks to workstations

0 Workstation ..} - Tasks)
A 51 Pulse
M1 Dice.
B S2 Magnets
M2 Calculator
C | SM1 Shadows
S3 Batteries
M3 Folding and Cutting
B S4 Rubber Buned
F M5 Packaging
G S5 Solutions
H M4 Around the Bend
I SMz Plasticine




ANNEXES

Table A1.2: Assignment of students to workstations

StudentNo. | Rotation 1 Workstations | Rotation 1 Workstations
1 A,B,C AB.E
2 B.E,D B,D, G
3 C,F.E C, A, D
4 D, G, H D.E.F
5 E, A, G ELH
6 F,H,B F, H, A
7 G,LF G,F.1
g H,C,1 H,G,C
. o o

ANNEXES 2-5

Mathematics and science skills covered by tasks

The two main mathematics skills categories and the three science skills
categories (ecach identified as Performance Expectations by the
International Study Center) represent aggregations of the sub-categories
which were linked to particular items within tasks. The specific skills
areas linked to each of the items within the six mathematics tasks are
shown sorted by skills areas and by tasks respectively in Annex 2 and
in Annex 3, and the specific skills areas linked to each of the items
within the six science tasks are shown sorted by skills areas and by tasks
respectively in Annexes 4 and 5. It should be noted that whilst these
Annexes list all the items within the 12 tasks, the main skills categories
(Performance Expectations) identified by the International Study Center
do not include all items, for example two items that were assigned by
the International Study Center to the category Communicating (Shadows
Q4 and Plasticine Q1B) were notincluded in any of the main mathematics
or science skills categories,

Within the tables shown in these Annexes, the Reporting Category
column shows the Performance Expectation category as listed in the
Curriculum Frameworks (Robitaille, 1993).
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Annex 2 Mathematics skills covered by tasks, sorted by skills

- Task . | ‘number || Category | - S skl
Calculator 6a 2.1.3 Recalling mathematical objects and properties
Calculator 1 2.2.1 Use of equipment
Plasticine la 222 Performing routine procedures
Dice i 222 Performing routine procedures
Dice 3 222 Performing routing procedures
Dice 4 222 Perfonming routine procedures
Around the Bend i 222 Performing routine procedures
Around the Bend 2 222 Performing routine procedures
Packaging 2 222 Performing routine procedures
Shadows 1 223 Performing complex procedures
Shadows 5 2.2.3 Performing complex procedures
Dice 2 223 Performing more complex procedures
Dice Sa 223 Performing more complex procedures
Calculaior 2 223 Using complex procedures
Around the Bend 5a 223 Using complex procedures
Packaging 3 223 Performing complex procedures
Plasticine 2b 2.3.2 Developing strategy
Plasticine 3b 2372 Developing strategy
Plasticine 4b 232 Developing strategy
Caleulator 5 232 Developing and describing a strategy
Shadows 3 233 Problem solving
Plasticine 2a 233 Problem solving
Plasticine 3a 233 Problem solving
Plasticine 4a 233 Problem solving
Calculator 6b 233 Problem solving
Folding & Cutting 1 2.3.3 Problem solving
Folding & Cutting 2 233 Problem solving
Folding & Cutting 3 233 Problem solving
Around the Bend 4 233 Problem solving
Packaging i 233 Problem solving
Calculator 3 234 Predicting
Calculator 4 234 Predicting
Folding & Cutting 4 234 Predicting
Shadows 6 243 Generalizing
Around the Bend 6 243 Generalizing
Shadows 2 244 Conjecturing
Dice 5b 244 Conjecturing
Arcund the Bend 3 2.4.4 Conjecturing
Arcind the Bend 5b 244 Conjecturing
Shadows 4 253 Describing/discussing
Plasticine b 253 Describing and discussing’
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Annex 3 Mathematics skills covered by tasks, sorted by tasks

Dice 1 222 Performing routine procedures

Dice 2 223 Performing more complex procedures
Dice 3 222 Performing routine procedures

Dice 4 222 Performing routine procedures

Dice Sa 223 Performing more complex procedures
Dice 5b 244 Conjecturing

Calcilator 1 221 Use of equipment

Calculator 2 223 Using complex procedures
Calculator 3 234 Predicting

Calculator 4 234 Predicting

Calculator 5 232 Developing and describing a strategy
Calculator 0a 2.1.3 Recalling mathematical objects and properties
Calculator 6b 233 Problem solving

Folding & Cutting 1 233 Problem solving

Folding & Cutting 2 233 Problem solving

Folding & Cutting 3 233 Problem solving

Folding & Cutting, 4 234 Predicting

Around the Bend i 222 Performing routine procedures
Around the Bend 2 22.2 Performing routine procedures
Around the Bend 3 244 Conjecturing

Avound the Bend 4 233 Problem solving

Around the Bend Sa 223 Using complex procedures

Around the Bend Sh 244 Conjecturing

Around the Bend 6 243 Generalizing

Puackaging 1 233 Problem solving

Packaging 2 222 Performing routine procedures
Packaging 3 223 Performing complex procedures
Plasticine la 222 Performing routine procedures .
Plasticine th 253 Describing and discussing

Plasticine 2a 233 Problem solving

Plasticine 2b 232 Developing strategy

Plasticine Ja 2,33 Problem solving

Plasticine 3b 232 Developing strategy

Plasticine 4a 233 Problem solving

Plasticine 4b 232 Developing strategy

Shadows ! 223 Performing complex procedures
Shadows 2 244 Conjecturing

Shadows 3 233 Problem solving

Shadows 4 253 Describing/discussing

Shadows 5 223 Performing complex procedures
Shadows 6 243 CGeneralizing
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Annex 4 Science skills covered by tasks, sorted by skills

- Question | Reporting O S R RN
Task - number | Category SRS -Skill
Batteries 3 222 Applying scientific principes to solve problems
Plasticine 2a 222 Applying scientific/mathematical principies to solve
: guantitative problems
Plasticine 2b 222 Applying scientific/mathematical principles to solve
quantitative problems
Plasticine 3a 222 Applying scientific/mathematical principles to solve
quantitative problems
Plasticine 3b 2.2.2 Applying scientific/mathematical principles to solve
quaniitative probiems
Plasticine 4a 222 Applying scienfific/mathematical principles 1o solve
quantitative problems
Plasticine 4b 222 Applying scientific/mathematical principles fo solve
quantitative problems
Pulse 3 223 Applying scientific principles to develop explanations
Batteries 4 223 Appiying scientific principles fo develop explanations
Rubber Band 6 223 Applying scientific principles to develop explanations
Solutions 4 223 Applying scientific principles to develop explanations
Shadows 2 223 Applying scientific [or mathematical] principles
to develop explanations
Solutions 2a* 231 Using equipment
Rubber Band 3 232 Performing routine operations
Plasticine la 232 Conducting routine experimental opesations
procedures
Pulse la 2.34 Organising and representing data
Rubber Band la 234 Organising and representing data
Rubber Band 2 234 Organising and representing data
L Solutions 2b 234 Organising and representing data
Shadows 5 234 Organising and presenting data
Solutions i 24.2 Designing investigations
Solutions 5 242 Designing investigations
Pulse 1b 243 Conducting an investigation
Rubber Band b 243 Conducting an investigation
Solutions 2c 243 Conducting an investigation
Shadows 3 243 Conducting an investigation
Pulse 2 244 Interpreting investigational data
Magnets 2 244 Interpreting investigational data
Buatteries ) 244 Interpreting investigational data
Rubber Band 4 244 | TInterpreting investigational data
Rubber Band 5 244 Interpreting investigational data
Shadows 1 2.4.4 Interpreting mvestigational data
Magnets I 245 Drawing conclusions from investigational data
Batteries I 245 Drawing conclusions from investigational data
Solutions 3 2.4.5 Formulating conclusions from investigational data
Shadows 6 245 Fermuidating conclusions from investigational data
Shadows 4 2.52 Sharing scientific information
Plasticine ib 252 Sharing information

Due to problems of misinterpretation of this item in some countries {administrators of the tasks in schools
were asked o check that studenis were using the thermometer correctly), this item was omitted by the
International Study Center in the aggregation of items to science skills areas.
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Annex 5 Science skills covered by tasks, sorted by tasks
' Question | Reporting
Task number | Category Skill
Pulse la 234 Organising and representing data
Pulse ib - 243 Conducting an mvestigation
Pulse 2 244 Tnterpreting investigational data
Pulse 3 2.2.3 Applying scientific principles to develop explanations
Magnets 1 245 Drawing conclusions from investigational data
Magnets 2 244 [nterpreting investigational data
Batteries i 245 Drawing conclusions from investigationa! data
Batteries 2 244 Interpreting investigational data
Batteries 3 222 Applying scientific principles fo solve problems
Batteries 4 223 Applying scientific principles to develop explanations
Rubber Band la 234 Organising and representing data
Rubber Band 1b 243 Conducting an investigation
Rubber Band 2 234 Organising and represensing data
Rubber Band 3 232 Performing routine operations
Rubber Band 4 244 Interpreting investigational data
Rubber Band 5 244 Interpreting investigational data
Rubber Band 6 223 Applying scientific principles to develop explanations
Solutions 1 24.2 Designing investigations
Solutions 2a* 231 Using equipment
Solutions 2b 234 Organising and representing data
Solutions 2¢ 243 Conducting an investigation
Solutions 3 245 Formulating conclusions from investigational data
Sofutions 4 223 Apolying scientific principles to develop explanations
Solutions 5 24.2 Designing investigations: '
Shadows ! 244 Interpreting investigational data
Shadows 2 223 Applying scientific [or mathematical] principles
to develop explanations
Shadows 3 243 Conducting investigations
Shadows 4 2352 Sharing scientific information
Shadows 3 234 Organising and presenting data
Shadows 6 245 Formulating conclusions from investigational data
Plasticine la 23.2 Conducting routine experimental operations
procedures
Plasticine b 252 Sharing information
Plasticine 2a 222 Applying scientific/mathematical principles to solve
quantilative problems
_ Plasticine 2b 222 Applying scientific/mathematical principles to solve
quantifative problems
Plasticine 3a 222 Applying scientific/mathematical principles to solve
quantitative problems
Plasticine 3b 222 Appiying scientific/mathematical principles to solve
guantitative problems
Plasticine 4a 222 Applving scientific/mathematical principles to solve
quantitative problems
Plasticine 4b 2.2.2 Applying scientific/mathematical principles to solve
guantitative problems

%

Due to problems of misinterpretation of this item in some countries {administrators of the tasks in schools
were asked to check that students were using the thermometer correctly), this item was omitied by the
[nternational Study Center in the aggregation of items to science skills areas.
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THIRD INTERNATIONAL MATHEMATICS
AND SCIENCE STUDY
Third National Report

This report presents the national results for secondary school students in Year 9 on an optional
component of the Third International Mathematics and Science Study (TIMSS). This component,
known as the Performance Assessment, measured students’ practical, investigative, problem-
solving and analytical skills by means of ‘hands-on' tasks in mathematics and science. The
results on this aspect of TIMSS supplement the findings from the written tests completed by 13-
year-old students, and the questionnaires completed by the students, their mathematics and
science teachers and their headteachers which were the subject of two earlier national reports.

The report shows the six mathematics tasks and the six science tasks that were attempted by
students, and gives the results for students in England together with comparisons with other
countries and the international averages. In addition to presenting information about students’
performance on each part of the 12 tasks, the report shows the results of additional analyses
which were carried out to determine performance on the following skills areas across different
tasks:

@ performing mathematical procedures
problem-solving and mathematical reasoning
scientific problem-solving and applying concept knowledge

using scientific procedures

scientific investigating.

The results from the practical activities presented in this report show that the performance of
students in England was equal to or above the international average for 11 out of the 12 tasks.
This is consistent with the results on the written tests in science attempted by the same students,
but contrasts with their results on the written tests in mathematics.

Based on a national sample of 450 students in 50 schools which was part of a world-wide sample
of 15,000 students in 1,500 schools in 21 countries, the TIMSS Performance Assessment repre-
sents the largest international study of students’ skills in practical mathematics and science ac-
tivities carried out to date.

This report will be of interest to all readers of the previous national reports on TIMSS, including
teachers, school governors, LEA advisory teams, policy makers and researchers.
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