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TIMSS PERFORMANCE ASSESSMENT

TIMSS PERFORMANCE ASSESSMENT:
the strengths and weaknesses of students in England

1. INTRODUCTION

England was one of more than 40 countries that took part in the TIMSS
survey of 13-year-olds. This involved the administration of written
tests in mathematics and science to a randomly-selected representative
sample of students in Years 8 and 9 (equivalent to international grades
seven and eight), together with the completion of questionnaires about
these subjects by the students, their mathematics and science teachers
and headteachers. The Performance Assessment was an additional,
optional component to the study which involved a sub-sample of the
students that had participated in the main survey in attempting a number
of practical tasks in mathematics and science. Approximately half of
the 41 countries that participated in the survey of 13-year-olds took part
in the Performance Assessment with 13-year-olds; England was one of
those countries.

This paper will present background information about TIMSS and the
Performance Assessment element of the study; it will also describe how
both the written test and practical task components relate to the
National Curriculum Orders for mathematics and science in England,
and examine the results for students in England on the Performance
Assessment, with particular reference to their strengths and weaknesses
illustrated by examples of students' responses.

1.1 TIMSS study design
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 the countries taking part in TIMSS. The study was
designed to focus on the teaching and learning of mathematics 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).

' See Keys etal.. 1996a; Keys etal.. 1996b; Harris et al., 1997a; Harris er al., 1997b; Keys et al., 1997a
and Keys er al., 1997b for national information.

= See Beaton et al., 1996a; Beaton etal., 1996b; Martin et al., 1997; Mullis et al., 1997 and Harmon et al.,
1997 for international information.
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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
took part in the survey of Population 1 and was one of more than 40
countries that surveyed Population 2.

The assessment of students' achievement in mathematics and science
was carried out by means of written tests. The content of the written
tests was rotated to provide eight different versions (determined by the
International Study Center). Each of the eight versions of the test
contained both mathematics and science items. The total testing time
for 13-year-olds was 90 minutes, split into two sessions with a short
break in-between.

The Performance Assessment was intended to supplement the data
collected by means of the written tests. It consisted of a number of
specific tasks that allowed students to demonstrate their practical,
investigative, recording and analytical skills in mathematics and science
in controlled situations. This element of the study was designed for the
upper grades tested in 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 who administered the written tests in mathematics
and science to students.

Within England, 450 Year 9 students (equivalent to international eighth
grade) from 50 schools were involved in the Performance Assessment.
This was part of a worldwide sample of approximately 15,000 students
of a similar age in 1,500 schools. More detailed information about the
sampling is provided in Appendices III and V to the TIMSS national
reports for England (Keys et al., 1996b).

1.2 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. Undoubtedly, a consideration in study design has
to be the increased cost of administering practical tasks in controlled
conditions: to attempt to do this with substantial numbers of students

6
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can prove costly. Historically, the numbers of countries that have
participated in optional practical components of international
mathematics and science studies have been relatively small, possibly
reflecting considerations associated with the cost of administration, but
also possibly due to less interest in assessing students' practical skills.
However, in recent years there has been increased interest in assessing
not only students' knowledge and understanding using written tests, but
also their practical, investigative, problem-solving and analytical skills
by means of 'hands-on' activities. By offering the Performance
Assessment as an additional component, TIMSS has become the largest
international study to include a practical assessment of students'
performance, collecting complementary sets of data that more accurately
reflect the range of students' curricular experiences in mathematics and
science.

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. Surveys in both mathematics and
science were 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. In the final mathematics survey, in an amended format for the
administration, 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). Historically, therefore,
in England there had been a tradition of assessing students' practical,
problem-solving and investigative skills in mathematics and science
prior to the TIMSS survey.

1.3 The Performance Assessment tasks
In total, 12 different tasks were used in the Performance Assessment for
Population 2: five focusing on mathematics, five focusing on science,
and two with elements of both mathematics and science. (Within the
international report, the information relating to students' performance
on the two tasks related to both subjects has been included within the
main sections relating to mathematics and science respectively, and this

7 3



I 111111JJ ranrvnivimm.c moomoomcpi

approach will also be adopted within this paper.) The time allowed for
the completion of 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, whereas the 30-
minute tasks involved skills such as planning and carrying out an
investigation, graphing results and drawing conclusions. The times
allocated for each of the tasks are shown in Table 1.3.1.

Table 1.3.1: Times allocated to mathematics and science tasks

TASK NAME TIME

Mathematics

M1

M2

M3

M4

M5

SM2

Dice

Calculator
Folding and Cutting
Around the Bend

Packaging

Plasticine

15 mins

15 mins

15 mins

30 mins

30 mins

30 mins

Science

Si
S2

S3

S4

S5

SM1

Pulse
Magnets

Batteries
Rubber Band

Solutions

Shadows

15 mins

15 mins

15 mins

30 mins

30 mins

30 mins

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 in a total working time of 90 minutes.

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
graphs, scale drawings, nets of 3D shapes and masses of plasticine.
Students' marks were based on both their written responses and the
additional evidence (such as that mentioned above) which they produced
in connection with the tasks.

8
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In summary, the students who attempted the Performance Assessment
formed a sub-sample of the Year 9 (international grade 8) students who
had already completed written tests and questionnaires in these subjects.
The total testing time was 90 minutes for the written tests and a further
90 minutes for the Performance Assessment. There was a rotated test
design for both these elements of TIMSS.

1.4 National Curriculum links to TIMSS
A National Curriculum was introduced in England and Wales in 1989.
This was notable for specifying what students should learn in each
subject area, whilst allowing teachers freedom in determining the
teaching methods, texts etc. to utilise in teaching the subject matter (i.e.
`how' to implement the curriculum). The structure and content of the
Statutory Orders in mathematics and science have been subject to
amendment since their introduction (both subjects were revised in 1991
and in 1995), but remain, in essence:

curriculum guidelines: what should be taught to students in
different phases of education (e.g. lower primary: Key Stage 1;
upper primary: Key Stage 2; lower secondary: Key Stage 3)

assessment criteria: descriptions of typical performance for
different levels of achievement. Descriptions are given for eight
different levels, which span early primary school achievement to
upper secondary school achievement; a final category after the
eighth level is classified as 'exceptional performance'.

Within the curriculum guidelines, the National Curriculum Orders for
mathematics and science have, since their inception, identified two
main elements of students' work and achievements in these two subjects:

knowledge and understanding in each subject (i.e. content)

process skills related to each subject.

The underlying assumption in the structure of the Orders for mathematics
and science is that students will develop appropriate process skills
related to each of these subjects by carrying out investigations which
are set in the context of work relating to the content-based aspects of the
curriculum. For example, the process skills to be developed in science
include the formulation of hypotheses, the ability to design and carry
out a fair test, which would involve identifying and controlling variables,
and the ability to interpret data collected, identify patterns and draw
conclusions. Practical activities which would allow students to develop
and refine these types of skills would be related to part of the
curriculum for which content is specified. For example, as part of their
work concerning Life Processes and Living Things students would
study different organs and systems. They would design and carry out
investigations relating to this work, such as investigating how different
forms of exercise affect respiration and heart rate.

9 5
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In essence, the written TIMSS tests had a strorwer link to the content-
based parts of the National Curriculum Orders for mathematics and
science, whereas the Performance Assessment tasks were more
representative of the Orders' emphasis on designing and carrying out
investigative work in these subjects. Table 1.3.2 shows the links
between the different elements of the National Curriculum Order for
mathematics and the TIMSS written mathematics tests and practical
mathematics tasks; Table 1.3.3 shows similar links for science.

Table 1.3.2: Links between the National Curriculum for mathematics and aspects
of TIMSS

Part of NationalCurriculuin Order. TIMSS written tests TIMSS practiCal tasks :

(Performance Assessment)

Mal: Using and Applyin2 Mathematics 0
Ma2: Number and Algebra 0
Ma3: Shape. Space and Measures 0
IVIa4: Handling Data 0

Table 1.3.3: Links between the National Curriculum for science and aspects of
TIMSS

Part of National'Currieulum Order TIMSS. written tests TIMSS practiCal:tasks .

(Performance Assessment).

Sc 1: Experimental and

Investigative Science

Sc2: Life Processes and Living Things 0
Sc3: Materials and their Properties 0
Sc4: Physical Processes 0

6

KEY: = strong. links 0 = some links

The written achievement tests completed by the students that 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 is most closely related to those parts of the
respective programmes of study concerned with knowledge and
understanding of concepts: Ma2, Ma3 and Ma4, and Sc2, Sc3 and Sc4.

The Performance Assessment tasks, because of their practical nature,
are more closely related to the process-oriented aspects of the National
Curriculum Orders for mathematics and science respectively i.e. Mal:
Using and Applying Mathematics and Sc 1: 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

10
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related to part of the content-focused part of the Order) so the
Performance Assessment tasks similarly have their practical and
investigative activities set in a context related to the content-focused
part of the Order. Consequently, although these tasks are predominantly
linked with the skills-focused parts of the Orders (Ma 1 and Sc 1), the
context of each one will have links with the content-focused part of the
Order.

In the same way that the National Curriculum Orders for mathematics
and science emphasise both knowledge and understanding of concepts
in these subjects and experimental and investigative skills, the results
for students on the written achievement tests and on the practical tasks
complement each other, reflecting both subject knowledge and practical
skills. Whilst the results for students in England on either component
present an incomplete picture of their performance as compared with
that of their counterparts in other participating countries, together, the
data collected by both aspects provide the most accurate reflection of
the standards achieved by students in the two components which
approximate to the two main areas addressed by the National Curriculum
Orders for these subjects. Within the rest of this paper, therefore,
although the focus of the discussion will be concerned with the results
for students in England on the Performance Assessment component of
TIMSS, references will be made to students' results on the written tests,
and each of the two components should be seen as representing part of
the National Curriculum for both mathematics and science respectively.

7
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2. STUDENTS' PERFORMANCE

2.1 Students' overall performance in mathematics and
science

Figure 2.1.1 shows the overall performance of students in England on
the six mathematics tasks, the six science tasks and on the 12 tasks
altogether, together with the international means and the scores of the
highest-scoring countries for each of these for comparative purposes.

Figure 2.1.1: Mean percentage scores by subject overall

80
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0
Maths

England

Science Overall

® International 71 Highest-scoring
mean I I country

Source: Table 2.3 (Harmon et al.. 1997)

It is evident from Figure 2.1.1 that the performance of students in
England was above the international means for mathematics, science
and for overall performance on all 12 tasks. In summary, out of the 19
countries3 whose results are presented in the international report, the
position of students in England was

ranked equal seventh on their results on the six mathematics tasks

ranked second on their results on the six science tasks

ranked second on their overall results on all 12 tasks.

It is not possible to make direct comparisons with students' performance
on the written tests since approximately twice as many countries
participated in the main survey of Population 2 as compared with the
number that took part in the Performance Assessment. However, a

3 The results for two of the countries that administered the Performance Assessment, Hong Kong and Israel,
are presented separately from the main tables and figures in the international report (Harmon et al.. 1997)
due to small samples. Within this paper. therefore. as in the international report, international
comparative data will be based on the results of those 19 countries shown in the main tables and figures
in the international report.

8 12



TIMSS PERFORMANCE ASSESSMENT

reasonable interpretation would be that the results on the mathematics
tasks were better than on the written tests, and the results on the science
tasks were consistent with performance on the written science tests
(Keys et al., 1996a: the mean overall mathematics score of Year 9
students in England was significantly lower than those of students in
about half of the 41 countries that took part in the survey, whereas the
mean overall science score for the same students was significantly
lower than those of students in only four of the participating countries).
It should be acknowledged, however, that of the 19 countries whose
students achieved significantly higher scores in the written mathematics
tests for international grade 8 (equivalent to Year 9 in England), only
eight participated in the Performance Assessment.

Students in six countries achieved higher mean percentages scores in
mathematics than those in England on the Performance Assessment;
four of these (Singapore, Sweden, Switzerland and Australia) had also
achieved significantly higher results on the written mathematics tests.
However, in five of these six countries the difference in performance on
the practical tasks was no more than two percentage points; students in
Singapore (the highest-scoring country for mathematics) outperformed
their counterparts in England by six percentage points in mathematics.

Three of the countries whose students had significantly higher results
than those in England on the written mathematics tests achieved
slightly lower mean percentage scores on the mathematics tasks (the
Netherlands, Canada and the Czech Republic), although these differences
amounted to only two percentage points in each case.

In the TIMSS written science tests, students in only four countries
(Singapore, the Czech Republic, Japan and Korea) had science results
which were significantly higher than those of students in England.
Only two of these countries participated in the Performance Assessment:
Singapore and the Czech Republic. In the case of the former country,
students' results on the Performance Assessment science tasks were
only one percentage point above the mean percentage score for students
in England; in the case of the latter, students' results on the science tasks
were 11 percentage points lower than the mean percentage score for
students in England. This difference in performance relative to students
in the Czech Republic suggests that there may be different emphases in
the science curriculum in these two countries.

Figure 2.1.2 shows the overall results for students in Year 9 (international
eighth grade) on the written tests in mathematics and science, together
with international data for comparison.

13
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Figure 2.1.2: Mean percentage scores on written tests

Source: Beaton et al., 1996a and Beaton et al., 1996b

However, it is inevitable that the generally favourable results for
England in the Performance Assessment fail to show particular strengths
and weaknesses in students' performance, simply because when results
over several items within each task, and subsequently, several tasks are
aggregated to produce a mean percentage score for mathematics/
science/overall performance the extremes of performance, both high
and low, are obscured. The rest of this paper will therefore illustrate
some of the strengths and weaknesses in the performance of Year 9
students in England on the practical tasks in mathematics and science.

2.2 Results on mathematics tasks
Figure 2.1.1 above has shown the overall performance of students in
England on the six mathematics tasks, however, performance was not
at a similar level on each one of these tasks. Figure 2.2.1 shows the
performance of students in England on each of the mathematics tasks
together with the international means and the results for these tasks
from the highest-scoring countries' for comparative purposes.

As shown in Figure 2.2.1, the results for students in England were equal
to or higher than the international mean on five of the six tasks. This
is in contrast to the results on the written mathematics tests, in which
students mean percentage scores were lower than the international
mean for five of the six content areas in the tests.

Students in different countries achieved the highest mean percentage scores for different tasks.

10 14
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Figure 2.2.1: Performance on the six mathematics tasks
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Source: Table 2.1 (Harmon et al., 1997)

It is apparent from Figure 2.2.1 that the poorest results for students-in
England were on the Plasticine task, in which their overall performance
(55 per cent) was lower than the international mean (by five percentage
points) and 26 percentage points below the mean percentage score
achieved by students in the highest-scoring country. In contrast, their
results on Calculator (62 per cent) were eight percentage points above
the international mean, and only four percentage points lower than the
mean percentage score achieved by students in the highest-scoring
country.

Figure 2.2.2 shows the overall results for students in Year 9 (international
eighth grade) in England on the six content areas within the written
mathematics test.

Figure 2.2.2: Mean percentage scores on written mathematics tests
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Overall, the performance of students in England was better in the
Performance Assessment than in the written tests in mathematics when
compared with the international means. It is likely that the National
Curriculum emphasis on practical and investigative mathematics
accounts for at least some of the apparent difference in achievement.

Students' performance on the two tasks mentioned above (Calculator
and Plasticine) will be considered in more detail so as to illustrate more
clearly their strengths and weaknesses that were evident with regard to
mathematics tasks.

2.2.1 Calculator

This task required students to explore patterns in large numbers, to make
predictions about numbers that would continue the pattern (without using
a calculator) and to explore possible factors for a given three-digit number.

Figure 2.2.1.1 shows the results for students in England on each of the items
within the task, together with international data for comparative purposes.
Students in all participating countries achieved high scores on Ql. which
simply asked students to use a calculator to find the answer to several
multiplications. However, on Q2 and Q3, which required students to:

identify a pattern in the answers given in Q1

predict the answer to a further multiplication in the same pattern
without using a calculator,

the results for students in England were only one percentage point lower
than the highest-scoring countries in each case.

Figure 2.2.1.2 shows one student's (fully correct) responses to each of the
questions in this task.

Figure 2.2.1.1: Performance on Calculator task

Source: Table 1.17 (Harmon et al., 1997)
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The mean percentage score of students in England for Q5, in which they
were asked to explain how they worked out their prediction for another
long multiplication (without using a calculator) was higher than that of
students in any of the other countries that participated in the Performance
Assessment, and 19 percentage points above the international mean. In
this context, it is worth noting that responses to questionnaires
administered in the main survey found that calculators were used more
frequently by both 13- and nine-year-olds in England than in any of the
other countries that took part in TIMSS (Keys et al., 1997a; 1997b). It
is 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.

Given these results, it is perhaps surprising that although a substantial
proportion of students in England could identify and describe the
pattern, they failed to apply it correctly when answering Q4. It is likely
that some of the students who gave incorrect responses for Q4, but were
able to answer Q5 correctly either assumed that Q4 would have one
more number three in the question than Q3, or incorrectly counted the
number of threes.

2.2.2 Plasticine
This task involved students in making four specifiedmasses of plasticine:
20g; 10g; 15g; and 35g. The only equipment available to them was a
simple balance, 50g and 20g masses and a supply of plasticine. Figure
2.2.2.1 shows one student's (fully correct) responses to each of the
questions on this task.

The results for students in England on the Plasticine task were
undoubtedly their worst on any of the Performance Assessment tasks.
Figure 2.2.2.2 overleaf shows results for England together with
international data for comparison.

Although their results were in line with the international means for Qla
and Q lb (in which students were asked firstly, to make a 20g mass of
plasticine and secondly, to describe how they had done this) students in
England performed poorly on all but one of the subsequent questions in
this task. Not only were they less capable than their counterparts in
other countries of producing a mass which was close to the target mass
(for the 20g mass the permissible margin oferror of ±2g; for the 15g and
35g masses the permissible margin was ±.3g), but they were also less
able to give a description of an appropriate strategy to achieve the
correct mass. For the three questions which asked students to produce
masses of 10g, 15g and 35g, their results were all below the international
mean (by 4-19 percentage points), and were considerably lower than
the results of students in the highest scoring countries (by 23-47
percentage points). However, surprisingly, performance on the final
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question on this task (Q4b) was somewhat better, and at 48 per cent, was
four percentage points above the international mean. An examination
of students' responses, together with an appreciation of the equipment
used in this task will suggest possible reasons for the poor results on
some parts of this task as compared with the international means.

Figure 2.2.2.2: Performance on Plasticine task

Source: Table 1.17 (Harmon et al., 1997)

16

Q2b i Q3a i Cab
I

Q4a 04b I

International Highest-scoring
MN mean country

Clearly, important factors determining the level of success on items in
this task were:

a) development of an appropriate strategy to achieve the specified
masses

b) ability to describe accurately the strategy used.

It is also evident that students who had an appropriate strategy would
have scored marks for Q2a, Q3a and Q4a irrespective of their abilities
to describe the strategy used. The data shown in figure 4, together with
the illustrative examples of students' responses which follow, suggest
that a considerable number of students in England were unable to
develop an appropriate strategy, since the mean percentage correct was
far lower for each part of the task after items Q la and Q lb.
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One major reason for relatively low results on Q2b and Q3b (explanations
of the strategies used to produce the lOg and 15g masses) was students'
lack of specificity in describing their approach, for example, making
vague references to halving as shown in the example below.

Example 1

Q2b (Write down how you made the lOg lump.)

tadded ce,,c,( hook 0.4.dci pew.,

ti- ("Jo') iNea of 64-a- w"-Lfkk

tAmo

The coding criteria for students' responses were explicit and
unambiguous in specifying acceptable responses: for a fully correct
response, the method described had to be plausible AND the method had
to refer to the use of the balance, as was done in these responses which
showed two different approaches to the problem. The first example
below is from a student who had used a halving strategy and the second,
an additive strategy.

Example 2

Q2b (Write down how you made the lOg lump.)

1 fo,,d N 20j I,A,e 0d

aid f2,41 kalp el or i.e h (Act-at

Li" h I veicik a an-re I j

k ea/

kzkli

Example 3

Q2b (Write down how you made the lOg lump.)

c) -. ( IF"-k ZCDi c2(441.-

...en tc.,...1.. rid t:).-+c W-c-'c c,..t- 6, `c_\,..c2. -2_C::. L..-3 0..a. C)\ .-0C. ,XN

\..a._ `J cl..\ \c, 6...D Lc.s...._sx-r k Q.. c). c9.41.4 %.,..1.,..2. 2_ c:z. % klv-.,9 Oc-
c) I ct s c..," a. -t%zp .1..42.. 2. c:::. of ;._._ ca....c"--- . 1-7.,..sz_

k Ct te%c..P 1/4..ki Le\ 5 p o-co.s c).c s::.1 c..s..0. cv-w. Lym 'c.."c.- .ta-kCcz, (---
se=,.:ckre-c-- S.= a-c.,..c\r, 1/4::)..J c st-zo.., \,. ,_,..Ict. z \ ck .._-1, sa....c.S%-.(c- \c--C-- °-k., t_,..2...c.,3L.Q. 3 %,..1"-a- 4:::x_r-..,.g.

1/4...c.) cl 1:i2 alt.-om.swit -rp=61ftwel cr C) (..-- t r \ ALJCULInN3
,<.\."-.1- c:, C.4 S tf" t C.. 1..rs GL

\..) 9 cc, Ve.. \Sc.. c.1
LA-.7 C1/3
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Only 30 per cent of students in England offered answers such as those
above. Twenty-four percent gave partially-correct responses. The
majority of these (17 per cent) gave answers in which they described
having used the 20g lump of plasticine made in the previous question
(Q 1 a) and halved it, but failed to mention the use of the balance.

Example 4

Q2b (Write down how you made the lOg lump.)

made
1001 Lynp of 1os-6c34b y-yvx\e`i'Al Zoo) 0,,,,ck pttdn3;ft° 0 ptace.43

.

However, in addition to responses such as those described above, some
students' responses referred to a scale on the balance, and indicated that
they had determined the lOg mass by allowing the pointer to move to
half the distance it moved to when a 20g mass was placed in one pan.
In reality, there was no such calibrated scale on the balance: the feature
that students mistook for a calibrated scale was a simple guide to allow
the user to level the balance pans before use - by adjusting the position
of a load on the lever arm until the pointer rested on the zero on the
`scale' .

One response that illustrates this misconception is shown below.

Example 5

Cab (Write down how you made the lOg lump.)

0 lc now Lt.; \r\-(- Scusle GLI-c isuickr.c.,ee,(

,-ke-rke po\ >r1 to r a 1./4-,.er\

ervackke ik ba.LcAza
I (: 1.0.crs I lce UnAA

c")01Nt tr" kit?

ler\ /- rY"rA-""e S.

hoJaNNLezk, ilk,
(\t\A7kalz, a: 5 ke IRA-Rt wool dt

beriAx.
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Students who adopted this incorrect approach for Q2b often went on to
use it in describing their strategy for making a 15g mass (Q3b), again
assuming that the zeroing mechanism on the balance was an accurately
calibrated scale.

Example 5 (continued)

Q3b (Write down how you made the I5g lump.)

,ey\octe. (Az 01/4-4.

bke I c) I urAp kL&L t'n5 E. df &e
p point r-, ro ek2 EA.-4 ry,o,r k
mo. (AR, ?c) Le tb t71-\.e r-Y-\ total(e wvue l C

At least one third of students gave incorrect responses for Q2b and Q3b,
and of those who gave acceptable answers, a substantial proportion
were only partially correct, indicating that they had failed to refer
explicitly to the use of the balance. However, some students' responses
were fully correct, being both plausible methods and mentioning the
use of the balance, as in the example shown in Figure 2.2.2.1 shown
earlier.

Interestingly, performance was better on Q4b, which asked students to
describe their strategy for making a 35g lump of plasticine, than it had
been on Q2b and Q3b (descriptions of strategies for making 10g and
f5g lumps respectively). Not only was the mean percentage score for
Q4b higher than those for Q2b and Q3b, it was also just above the
international mean (by four percentage points). There were cases
where students who had given incorrect responses to the two previous
strategy questions (referring to the 'scale' markings on the balance)
gave well-reasoned answers to Q4b, as in the example below.

Example 6

04b (Write down how you made the 35g lump.)

sew--s,. z Lri-act Aid 1 kreug
5 h z ( a t )

pue- (7-1-vi.z. pIcis& cvte
4-rrAA-e--- -a-- a, tAs

Jilt urt-55 1,ict Ltichji il
0-9'7 I<
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Other students offered alternative acceptable strategies, as for example
shown in Figure 2.2.2.1 on page15 and the response shown below.

Example 7

Q4b (Write down how you made the 35g lump.)

SA we_04.

Viwste. otp-
c)* nAtct.e

ect acA
rnwLe a a-c25 oF p`ra5Hc=0-4Q i4-241

\eNcluo 80-t- 35,1

20

It is likely that some of the students who were awarded marks for
partially correct responses to Q2b (and, to a lesser extent, for Q3b)
because they did not mention the use of the balance had in fact used it,
and simply did not mention it because they focused on the main element
(as they saw it) of halving a 20g mass, rather than on the use of
equipment. On the other hand, it must be acknowledged that some
students' descriptions of halving a 20g mass were succinct summaries
of merely having halved a mass without necessarily having checked the
resultant two masses on the balance to ensure they ended with two lOg
lumps.
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2.3 Results on science tasks
Figure 2.3.1 shows the overall performance of students in England on the
six science tasks together with the international means and the results for
these tasks from the highest-scoring countries' for comparative purposes.

Figure 2.3.1: Performance on the six science tasks

100
90
80

70
60
50
40
30
20
10

0
Pulse Magnets

England

Batteries Rubber
Band

UInternational
mean

r----

Solutions Shadows

Highest-scoring
country

Source: Table 2.1 (Harmon et al., 1997)

It is evident from Figure 2.3.1 that the performance of students in
England was higher than the international mean for each one of the
tasks: differences ranged from nine to 19 percentage points. For two of
the tasks (Magnets and Solutions), no other country achieved higher
mean percentage scores, and where students in other countries exceeded
the results of students in England, the differences amounted to no more
than four percentage points. This shows a high level of achievement
across all the science tasks, 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 all of the five science content areas
defined within the written achievement tests.

Figure 2.3.2 shows the overall results for students in Year 9 in England
(international eighth grade) on the five content areas within the written
science test, together with international data for comparison.
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Figure 2.3.2: Mean percentage scores on written science tests
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2.3.1 Solutions
As with the mathematics results, the mean percentage scores for each
science task obscure the results on each of the items within the task. So
as to demonstrate more clearly the strengths of students in particular
areas, one of the science tasks (Solutions) will be examined in more
detail.

Figure 2.3.1.1 shows the results for students in England on each of the
items within the Solutions task. This task has strong links with the
skills-related element of the National Curriculum for science, Sc 1:
Experimental and Investigative Science.

Figure 2.3.1.2 shows one student's (fully correct) responses to each of
the questions in this task.

Figure 2.3.1.1: Performance on Solutions task
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The performance of students in England exceeded the international
means for individual parts of the Solutions task by 12-29 percentage
points. The overall mean percentage score for the task was 68 per cent,
which, together with Singapore, was the highest score achieved by any
country on this task.

Although performance on this task was consistently higher than the
international mean, two particular items within the task are particularly
noteworthy as they have strong links with the emphasis placed in the
National Curriculum for science on the design and execution of fair
tests: Q1 which asked students to plan an investigation, and Q5, which
asked students to evaluate the design of their investigation by indicating
where, if at all, during the course of the investigation, they had amended
their original plan, and the reasons for the amendments. These questions
are strongly related to that part of the National Curriculum for science
which is concerned with planning experimental work (Sc 1: Experimental
and Investigative Science).

During the course of ongoing science work under the National
Curriculum students in England will have had opportunities to suggest
investigations, plan how to conduct them, carry out the investigations
and analyse the results. The investigations will have provided
opportunities for students to apply skills in collecting, recording and
interpreting data. A final stage in this type of work would typically
involve reflecting on the design of the investigation, determining, for
example:

was the design and execution of the investigation 'fair', or were
there variables that had not been controlled which therefore made
the results invalid?

had the data collected enabled the student to draw a conclusion?

were there any ways in which the conduct of the investigation could
have been improved?

It is likely that students' experiences in the design and conduct of
science investigations as part of their National Curriculum work in
science gave them useful prior experience to draw upon when answering
the questions on the Solutions task.

The mean percentage score for students in England on Q1 (in which
they were asked to outline their plan for the investigation) was 66 per
cent, the highest of any of the participating countries, and 22percentage
points above the international mean for this question. There were,
however, interesting variations in students' responses to Q1. At the
workstation, students were provided with a quantity of hot water
(approximately 60(-65(C) in a Thermos flask, and there was a supply of
cold water available within the laboratory. Some students chose to use
only the hot and cold water provided, whereas others (as shown in
Figure 2.3.1.2 above) also mixed the two to obtain samples of water at
a range of different temperatures.
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Some students demonstrated that they were aware of the importance of
repeating the test to check their results, as in the following example.

Example 8

01 (Write your plan including measurements and how you will present them in the table.)

rrveo.st.Are.. aryNotj.nt. of tArr\e,

tale for ti,-\e. .:atoe.t compte.t.-1 ci:szooe., t
toxe or Me-oztkrenet

ras Gttoiue.ck 0.54e oc) oF

Inoue / col on cr.rld, r One_

0,.\ bie\e_ the
6.issclue 0 .exper-Voesb

3
02 (Carry out your tests on the tablets. )14ake a table and record all your measurements)

71- ._--) rx -i=, r- .C-<=ir'r? °C ---'\ M.42 E----. c-i. i_c::A L'12

I I Ci °C__ Ze_1.- 'n2 C-CA'ThCk.n

2 I q cz.1.-__ 5 1 CC:f"-*NnAn

3 7 c-Nr\

34- --e-ceinchs.

Some students designed and carried out tests in which they investigated
the effects of not stirring/stirring the mixture.

Example 9

01 (Write your plan including measurements and how you will present them in the table.)

Q.0-L.Pr

col

r,

1) rnecx.S cQ

PL, Jr
1-eN-tz, t C-Lf-

Leff-% c,V.0--\ cc_

merve.'.

z!Seco.rcts

o-r' c ,frr,

Enucer, Fo-r

.t1(-5

bec..Jtee- .

ry- Rrr-

00 25
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Example 9 (continued)

Q2 (Carry out your tests on the tablets. Make a table and record allyour measurements)

C. (gran AY. Tyre (5) L..?

°

-5"Th

5

es_e-e-e-irrts3-Ak-
c)

Q3 ( What effect do different temperatures have on how long it takes the tablet to dissolve?)

At- c. c 0 ry csi re-do wk's L.: k-, e. 1 e rr\ P e..47:;1/4 &IA-re
'15 v-1 1 e.. n vl t.Gde< es Ce_...55.,
c-ar- e.CA-kD

.

-e X.P 41-e-%_rrft-v-Us- -2..

(1\ c c.. O raLr r-e-oA-A-t-3 if j a tA. Stm r
ce re ).L. C:A-k s s &(..r-42c0 ck; sscAue -1- e La..0

,
t-

Some students identified other areas of interest which they included in
their investigation, which might not have been anticipated: the first of
the following examples shows a student who wanted to determine the
water temperature after the tablet had dissolved, and the second example
shows the work of a student who wanted to find out if the quantity of
hot or cold water respectively affected the rate at which the tablet
dissolved.

Example 10

01 (Write your plan including measurements and how you will present them in the table.)
C.eb above eci/u;tornent-. -Then ro4r bke hot- on d
cold water into "1- beo.ke rs. keel); el a con ot-ar, & record in.,/
of

. o. L.-he hob water. ot,,t c. t'a blef;Into lake water. 'Time lort Lb- taizeb to
Ot ' solo e I Re.ccr-d. ekis 1-1-%e (- oko Sarr%e e-ke
coldl water. /3c o. c- o rcI

kn% elefoct this rec.° r a hot..., ("PlUC,In water 1n 6ve
-eckke - be- 2176-1.
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Example 10 (continued)

02 (Carry out your tests on the tablets. Make a table and record all your measurements)

Lem? . of s b-o-r L Lernt. Ak end tiene
, , Laken

H ok:r. Woe er '50' c 1-k q e C ? Rec....0 itiw4rt:a.laltri

Cold tr.)0.62 r 20`c I g. C. 6 "5 5c c_

C O. (. n cnrn ols water ti- be. cA k e r - 2 00 , L)

Example 11

02 (Carry out your tests on the tablets. Make a table and record all your measurements)

-13b1

(.

l- --t--,-...-4=, 5fc5),, How ,-,,,,,ak u..),I-er-.

1 . c,6 20t . 43a . 2 i, 1 ..... 1 .

2. cold 20°c 41.12 1COm1 .

1- Vck Of-6°c IT 37 . t50,...

Z. Rd- 55 eG 24..0 toot,. 1 .

The mean percentage score for students in England on Q5 was 59 per cent,
29 percentage points above the international mean, and exceeded only by
students in Romania (with a mean percentage score of 73 per cent).

An interesting feature of the marking criteria for Q5 was that students were
given full marks for indicating that they had made 'No change' to the plan
they had drawn up for the investigation during the course of the activity,
but ONLY if their plan provided in Q1 fulfilled the criteria for an
acceptable investigation (see Figures 2.3.1.3 below and 2.3.1.2 above).

Figure 2.3.1.3: Criteria for a fully correct response for Q1

i. Describes how the investigation will be conducted.

ii. States what variables 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

Source: Figure 1.8 (Harmon et al., 1997)
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2.4 Correlations between students' performance on the
written tests and the performance assessment tasks

The preceding sections have shown how the two student achievement
components of TIMSS (the written tests and the practical tasks) relate
to the National Curriculum Orders for mathematics and science in
England, compared students' results with international data and
identified strengths and weaknesses in students' results on some of the
Performance Assessment tasks. Since the written tests are more closely
related to knowledge and understanding, and the practical tasks to
process skills, it is of interest to determine the extent to which students'
results on the practical tasks are correlated with their results on the
written tests. Correlation coefficients (Pearson) have been calculated
between students' raw scores on each 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 2.4. 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 correlations occurring
by chance is fewer than one in a thousand).

Table 2.4: Correlation coefficients between each of the 12 tasks and
mean mathematics and science scores on written tests

Task

COrrelation. coefficients .

Mathematics SCience

Dice 0.54 0.36
Calculator 0.55 0.40
Folding and Cutting 0.48 0.51
Around the Bend 0.53 0.51
Packaging 0.41 0.43
Plasticine 0.51 0.33
Pulse 0.45 0.47
Magnets 0.22 0.22
Batteries 0.52 0.42
Rubber Band 0.57 0.43
Solutions 0.47 0.48
Shadows 0.53 0.46

The correlation coefficients vary between tasks and also in the
correlations between particular tasks and the mathematics and science
scores on the written tests. Four of the mathematics tasks (Dice,
Calculator, Around the Bend and Plasticine) showed strong correlations
(greater than 0.5) with students' scores on the written mathematics
tests; this is not surprising, since one would expect students who do well
on written tests also to do well in practical mathematics tasks. However,
there were also strong correlations between three of the science tasks
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and students' scores on the written mathematics tests (Batteries, Rubber
Band and Shadows). This is most probably due to the tasks' including
items which involved the application of mathematical skills, such as
determining mathematical relationships in the investigative data.

Most of the 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.

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 England. 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.

The results of this analysis are consistent with what one would expect,
taking into account the relationship that each component has to the
National Curriculum Orders in place in England. The written tests in
mathematics and science share similarities with those parts of the
Orders which are related to knowledge and understanding in mathematics
and science; students' results on both subjects were highly correlated.
The practical tasks had a similar emphasis to the part of the National
Curriculum Orders relating to applying mathematical and scientific
skills and conducting investigations; students' results on these tasks
were less strongly correlated with their results on the written tests.
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3. CONCLUDING REMARKS

30

The 12 tasks that comprised the Performance Assessment for 13-year-
olds gave students opportunities to demonstrate their skills in carrying
out routine activities such as taking measurements, recording results
and summarising observations together with investigative and analytical
activities such as planning, carrying out and reflecting on the design of
an investigation, drawing conclusions and making predictions based on
experimental data.

The tasks required students to record results, often in the form of a table.
Some required additional work related to these results, such as the
construction of a graph or making predictions based on information
available. These aspects of carrying out practical work are closely
linked with the one content area in the TIMSS written mathematics test
in which the results for students in England were above the international
mean: Data representation, analysis and probability. It is possible that
students did well in data representation items in the written tests
because they had had extensive experience of this type of work during
the course of practical activities in mathematics and science.

With more countries placing increasing emphasis on developing
students' problem-solving and investigative skills, it seems appropriate
to conclude that the results on these two components of TIMSS have
given students in 21 countries an opportunity to demonstrate both their
knowledge and understanding of concepts in mathematics and science,
and their practical and investigative skills in these subjects. At a
national level, this information supplements that collected by means of
National Curriculum assessment for students in Year 9, but, importantly,
enables comparisons to be drawn between the performance of students
in England and in other countries. Those who were concerned by the
relatively poor performance of students in England on the written
mathematics tests will no doubt take some comfort from the results on
the TIMSS Performance Assessment, which showed that in addition to
maintaining consistently high levels of achievement in all aspects of
science, there are also aspects of mathematics in which students in
England are doing relatively well.

It is evident that countries that administered the practical tasks as well
as the written tests in mathematics and science have been rewarded with
valuable national data as well as the opportunity to draw international
comparisons in both aspects. Looking to the future, it is clear that future
international studies in mathematics and science should seriously
consider the benefits to be gained by including a practical component
in the data collection effort, so that the full range of student activity,
relating to both knowledge and understanding andprocess skills, can be
assessed.
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