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(TIMSS), conducted by the International Association fomance assessment. Some 1,500 schools and 15,000 students from
the Evaluation of Educational Achievement (IEA), is the21 countries participated, making it the largest international per-
largest international comparative study of student achievementft'rmance assessment yet conducted. The study was an enormous
date! The purpose of the study, like that of IEA studies generallyndertaking that has yielded an unprecedented store of informa-
was to learn more about the nature and extent of student achietrern on how students around the world perform on a selection of
ment and the context in which it occurs, in order to inform policpractical tasks in mathematics and science.
decisions about schooling and its organization in the participating
countries. TIMSS tested students in mathematics and science at
five grades and collected contextual data from students, their teach-
ers, and the principals of their schools.

T he Third International Mathematics and Science Studyhis report presents the initial findings from the TIMSS perfor-

Although student achievement was measured in TIMSS primarily
through written tests of mathematics and science, participating
countries also had an opportunity to administer a performance
assessment, which consisted of a set of practical tasks in math-
ematics and scienéelhe performance assessment was available
for administration to a subsample of the fourth- and eighth-grade
students that completed the written téStable 1 presents the countries

that participated in the TIMSS performance assessment. Table 2
shows, for each country, the name of the assessed grades, together
with the number of years of formal schooling that students in that
grade had been exposed to, and their average age at the time of the
TIMSS assessment.

! See Appendix A for a description of TIMSS.
2 The development of the TIMSS performance assessment was greatly facilitated by the work of the Performance Assessment Committee.

® More specifically, the written tests were fo be given to the two adjacent grades with the largest proportion of 9-year-olds, the two adjacent grades with the largest proportion of
13-year-olds, and students in the final year of secondary schooling. The performance assessment was administered to subsamples of students at the upper grade tested for 9-year-
olds and the upper grade tesfed for 13-year-olds. For most countries, these were the fourth and eighth grades.
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Countries Included in the TIMSS International Performance Assessment Report' MELIN|

Eighth Grade Fourth Grade

* Australia * Norway * Australia

* Canada * Portugal * Canada

* Colombia * Romania * Cyprus

* Cyprus  Scotland * Hong Kong

» Czech Republic  Singapore * Iran, Islamic Republic
* England * Slovenia * Israel

* Hong Kong * Spain * New Zealand
e Iran, Islamic Republic * Sweden * Portugal

* Israel » Switzerland * Slovenia

* Netherlands * United States  United States
* New Zealand

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.

1 Please see Appendix A, Figure A.1, for countries participating in other components of the TIMSS testing. Because low school participation led to a small sample size,
performance assessment results at the eighth grade for Hong Kong are presented in Appendix B. Results for Israel are presented in Appendix B because within-school
sampling procedures were not documented at the fourth and eighth grades; in addition, Israel had a small sample size at the eighth grade.
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IEV GV Information About the Grades Tested

Eighth Grade Fourth Grade

Country Years of Formal Years of Formal
Country's Name Schooling o Country's Name Schooling o
for Grade Including Grade Rz for Grade Including Grade Average Age
Tested* Tested*

? Australia 8or9 8or9 14.3 4or5 4or5 10.2
Canada 8 8 14.1 4 4 10.0
Colombia 8 8 15.8 . . )
Cyprus 8 8 138 4 4 9.8
Czech Republic 8 8 14.4
England Year 9 9 14.0 . . ;
Hong Kong Secondary 2 8 14.2 ** Primary 4 4 10.1
Iran, Islamic Rep. 8 8 14.6 4 4 10.4
Israel 8 8 14.1 ** 4 4 10.0 **

® Netherlands Secondary 2 8 14.3 . . ]

4 New Zealand Form 3 85-9.5 14.0 Standard 3 4.5-55 10.0
Norway 7 7 13.9 . ) .
Portugal Grade 8 8 14.6 4 4 10.3
Romania 8 8 14.6
Scotland Secondary 2 9 13.7
Singapore Secondary 2 8 145 . . .
Slovenia 8 8 14.7 4 4 10.9
Spain 8 EGB 8 14.3
Sweden 7 7 13.9
Switzerland (German) 7 7 14.1 ; ] )
United States 8 8 14.2 4 4 101

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95. Information provided by TIMSS National Research Coordinators.

* Computed from TIMSS performance assessment sample.
**Due to performance assessment sampling issues, average age is computed based on the main assessment sample (see Appendix A).

1 Years of schooling based on the number of years children in the grade level have been in formal schooling, beginning with primary education (International Standard Classification
of Education Level 1). Does not include preprimary education.

2 Australia: Each state/territory has its own policy regarding age of entry to primary school. In 4 of the 8 states/territories students were sampled from grades 4 and 8; in the other
four states/territories students were sampled from grades 5 and 9.

% In the Netherlands kindergarten is integrated with primary education. Grade counting starts at age 4 (formerly kindergarten 1). Formal schooling in reading, writing, and arithmetic
starts in grade 3, age 6.

4 New Zealand: The majority of students begin primary school on or near their 5th birthday so the "years of formal schooling” vary.
A dot (.) indicates country did not participate in performance assessment at the fourth grade.
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THE NATURE OF PERFORMANCE ASSESSMENT

Performance assessment refers to the use of integrated, practiriformance assessment has captured the attention of teachers and
tasks, involving instruments and equipment, as a means of assgesicymakers for a variety of reasons. It reflects the current trend
ing students’ content and procedural knowledge, as well as thar many countries towards active, inquiry-oriented, hands-on
ability to use that knowledge in reasoning and problem solvingeaching and learning. It is seen as a means of assessment that is
The assessment task may be as simple as the routine use of a peoeationally valid, psychologically and developmentally appro-
of equipment or as complex as an investigation combining mariate, and congruent with “constructivist” pedagogies. Performance
nipulative and procedural skills and requiring higher-order thinkassessment is particularly attractive to those science educators who
ing and communication. Performance assessment aims to provamceive the subject not just as a body of knowledge to be assimi-
students with a testing environment which is more “true to lifefated, but also as a process of enquiry rooted in the subject matter
and “authentic” than the traditional paper-and-pencil written testf science, and heavily dependent on the effective use of tools and
and, by providing them with equipment and materials to maniptiechnology.
late in a realistic problem-solving situation, attempts to elicit per- . . . , :
. . . e A well-designed performance task, with appropriate scoring rubrics,
formances or behaviors which will be a more valid indication of _ . .
, . . can elicit a rich variety of student performances, and offers the
the students’ understanding of concepts and potential performance ., ... . .
. e possibility of deeper understanding of cognitive processes and
in real life situations. . :
problem-solving strategies. For example, students asked to solve
Proponents of performance assessment argue that the practicalamainteresting problem in a practical situation may draw on what-
ture of the tasks utilized in this mode of assessment permits a riclesier content knowledge appears relevant, revealing both prior
and deeper understanding of some aspects of student knowleigewledge and misconceptions. The students may try several
and understanding than is possible with written tests alone. Theggroaches, each demonstrating knowledge about different attributes
aspects include skills like weighing and measuring, the use of the phenomenon. The students have an opportunity to demonstrate
experimental or mathematical procedures, designing and impk&eir grasp of conceptual and procedural issues, and their reason-
menting approaches to solve problems or investigate phenomeima, ability. At the conceptual level they may do so by recognizing
and synthesizing knowledge, application, and personal experiengbat data to collect, what variables to control, and how many data
into an interpretation of daté. points they may need for an adequate picture of the phenomenon

they are asked to investigate; and later, by developing explanations

4 See for example:
Tamir, P. and Doran, R. {1992). Conclusions and Discussion of Findings Related to Practical Skills Testing in Science. Studlies in Educational Evaluation, 18 (3), pp.393-406.
Shavelson, R.J., Baxter, G.P, and Pine, J. (1991). Performance Assessment in Science. Applied Measurement in Education, 4 (4), pp.347-362.

Haertel, E.H. and Linn, R.L (1996). “Comparability” in G.W. Phillips (Ed.), Technical Issues in large-Scale Performance Assessment. Washington, D.C.: National Cenfer for
Education Statistics.
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for the trends they find in their data. Students may exhibit proce-
dural knowledge through the use of appropriate equipment, through
collecting and organizing data in tables, lists or graphs, by applying
algorithms, or by reading data tables and comparing and computing
differences between entries. Students may demonstrate reasoning
ability by identifying trends and patterns, drawing conclusions,
predicting and extrapolating to new data points, and relating findings
to the original question.

Few would argue against the premise that the detailed study of
student performance on practical tasks in life-like assessment situ-
ations offers greater potential for understanding student achieve-
ment than paper-and-pencil tests alone. However, in very large-
scale assessments the benefits of performance assessment in terms
of the extra information it may provide about student achievement
must be balanced against the extra cost and complexity inherent in
this mode of assessment. As the largest and most ambitious inter-
national study of student achievement in mathematics and science
to date, TIMSS provided a unique environment in which to de-
velop and implement the ideas of performance assessment within
the constraints of a large-scale international comparative study.
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PERFORMANCE ASSESSMENT IN TIMSS

The major challenge in developing a performance assessment lidgally, the performance assessment would have included obser-
TIMSS was to identify a series of tasks in mathematics and seations of students as they worked through the tasks, as well as
ence which could elicit a wide range of student performances, batlaluation of written responses. However, such observations were
from a subject matter perspective and from the perspective of thehibited by cost and time constraints. Instead, structured response
student behaviors necessary to complete the tasks (“performasbteets were created with questions (items) worded to elicit evi-
expectations” in the terminology of TIMSS), yet which could belence of specific skills and thinking proces$ester completing
performed with inexpensive and readily available materials, arnte tasks at each station, students submitted their work booklets to
be adaptable to standardized administration procedures in mahg performance assessment administrator, together with any prod-
different cultures and languages. In addition, because the perfacts. The work recorded in the booklets and any products created
mance assessment was to be part of a much larger written assdasing the assessment were evaluated by coders specially trained
ment which made considerable demands on the time of studentsuse the TIMSS scoring rubri€sThe coding system developed
teachers, and principals, it was essential that the performance fas-TIMSS allowed for the identification of common approaches
sessment keep the student response burden to a minimum.  and types of errors in student responses.

Following an extensive field-trial, a set of 13 tasks (12 for eachhe TIMSS performance assessment was conducted with a
grade level) were identified as suitable for the main assessmesubsample of fourth- and eighth-grade students that had partici-
These tasks could be assembled from widely-available materigisted in the main assessme@f the 45 countries that took part in
and translated readily into different languages. The issue of rére written assessment at the eighth grade, 21 chose also to admin-
sponse burden was addressed by assigning a subset of the tasksdothe performance assessment. At the fourth grade, 10 of the 26
each student so that each student was asked to attempt only aleountries that participated in the written assessment also took part
one third of the tasks. The performance assessment was admimsthe performance assessment. For many of these countries, this
tered in a “circus” format in which a student completed three twvas their first experience conducting a large-scale performance
five tasks by visiting three stations at which one or two tasks weassessment, and was therefore a useful model with tasks, admin-
assembled.The assignment of students to stations was determinedration procedures, and coding schemes that could help them explore
according to a predetermined scheme. the feasibility of performance assessment in their own countries.

° For more information on the performance assessment design see Appendix A of this report. See also Harmon, M. and Kelly, D.L. (1996). “Performance Assessment” in M.O. Martin
and D.L Kelly (Eds.), Third International Mathematics and Science Studly Technical Report, Volume 1. Chestnut Hill, MA: Bosfon College.

¢ See Baxter, G.P, Shavelson, RJ., Goldman, S.R., and Pine, J. (1992]. Evaluation of Procedure-based Scoring for Hands-on Science Assessment. Journal of Educational Measure-
ment, 29 (1), pp. 1-17, on the use of "notebooks” as a reasonable surrogate for process observation.

7 See Appendix A for more details on the coding procedures and reliability.

® See Appendix A for a more complete description of the TIMSS performance assessment sample.
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THE TIMSS PeRFORMANCE ASSESSMENT TASKS

Of the 13 tasks, 11 were similar in some sense across both tch TIMSS performance assessment science task began with a
fourth and eighth grades. One task was unique to fourth grade, gninary problem or investigation to be completed by the student,
one task to eighth grade. Each set of 12 tasks included five scieficéowed by a series of items that required, successively, a solution
tasks, five mathematics tasks, and two combination tasks, integratthe problem, and a description of problem-solving strategies; or
ing mathematics and science content and skills areas. Althoufgii the more extensive investigations, an experimental plan, data
more than half the tasks required both science and mathematiisplay, and students’ analyses and interpretations of their own data,
knowledge and skills, tasks were classified according to the pgemetimes with predictions based on their hypotheses. In math-
mary content area addressed. The tasks classified as addressingtics, students began with applications of routine procedures
primarily science content are: Pulse, Magnets, Batteries, Rubkaard proceeded through more complex procedures requiring data
Band, and Solutions (eighth grade only) or Containers (fourth gradeganization and analysis to creating their own problem-solving
only). The mathematics tasks are Dice, Calculator, Folding arstrategies, with predictions and conjectures based on their solutions.
Cutting, Around the Bend, and Packaging. The two combination

tasks are Shadows and Plasticine. While some tasks are identical

for the fourth and eighth graders, most differ either by providing

more structure for the younger students or by including additional

items for the older students.

In developing the performance assessment tasks, considerable ef-
fort was expended in ensuring that the tasks would elicit a wide
range of performance expectations. The term “performance expec-
tations” is used in TIMSS to describe the cognitive or manipula-
tive skills that students are expected to use in working on the items
in a task. Performance expectations include recalling and using
simple or complex information; using equipment, routine proce-
dures, and experimental processes; problem solving; designing and
conducting an investigation; analyzing and interpreting findings;
formulating and justifying conclusions; and communicating scien-
tific or mathematical information (see Table A.1 in Appendix A).
ltems measuring these thinking and experimental skills were dis-
tributed across all the tasks.



STRUCTURE OF THE PERFORMANCE ASSESSMENT REPORT

This report describes the TIMSS performance assessment and pro-
vides a detailed summary of the performance of the students in
each participating country on every item of every task. In the inter-
ests of making the results available in the shortest possible time,
this report presents only descriptive summaries of student perfor-
mance on the assessment tasks, and makes no attempt to relate
student achievement on the performance assessment to achieve-
ment in the written assessment, or to any of the myriad background
variables available in TIMSS.

Chapter 1 of this report presents a description of the tasks adminis-
tered to the students in the TIMSS performance assessment, to-
gether with examples of student work and the criteria used to evalu-
ate the work. For each task and each item within the task, results
are presented for each country and for the international average.
Chapter 2 displays the national differences in student achievement
across all performance assessment tasks and separately for math-
ematics and science tasks at eighth and fourth grades. This chapter
also displays results for boys and girls separately on each task for
both grades. Chapter 3 displays national differences in student
achievement by performance expectation at both the eighth and
fourth grades. This chapter also compares the international perfor-
mance of eighth-grade students on example items selected to illus-
trate the performance skills subcategories contained in the broader
performance expectation categories.

I'NTRODUCTI ON
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CHAPTER 1

broad array of mathematics and science content, and to elicdntent are Pulse, Magnets, Batteries, Rubber Band, Solutions
from students a variety of abilities, skills, and knowledge(eighth grade only), and Containers (fourth grade only). The math-
Each task is presented in this chapter, together with the questi@matics tasks are Dice, Calculator, Folding and Cutting, Around
(items) asked of the students, the scoring criteria applied to théie Bend, and Packaging. Two tasks — Plasticine and Shadows —
responses, and a sample student response. For the majority ofateereferred to as “combination” tasks because they required stu-
tasks administered to both fourth- and eighth-grade students, thents to integrate their mathematics and science knowledge and
version of the task administered was different at the two grade leskills. A summary of the overall performance across tasks for each
els. For these tasks, the full-task example with student responsesasntry is presented in Chapter 2.
shown for the eighth-grade version, and only the modified items
and scoring criteria are shown for the fourth-grade version. At both
grades, the average performance of the students in each country is
presented for each item, and averaged across items to provide an
average task performance score for each country.

T he performance assessment tasks were chosen to samptasahe primary content addressed. The tasks of primarily science

As depicted by the task averages, there is a wide range of perfor-
mance across countries on each task. There is, however, also a wide
range of performance across the items within each task for each
country. This is a natural consequence of the way the tasks are
structured, with each task containing some items that even the
weakest students could attempt, as well as some quite challenging
items. The variation in item difficulty within a task is a conse-
guence also of the range of performance expectations addressed
by the items, since some of those expectations make more demands
on the students’ abilities than others. Because of the varying diffi-
culty of the items within each task, detailed results are presented
for each item to allow a full appreciation of the performance of the
students.

Although more than half the tasks require both science and math-
ematics knowledge and skills, each task has been classified for
discussion purposes as a science or mathematics task depending



CHAPTER 1

n the Pulse task, students were asked to find out how their pulEige second item for the eighth graders (Item 3 for fourth grad

l changed during and after exercise (5 minutes stepping up aredjuired an accurate description of the trends in the data, and the
down). They were provided with a stopwatch and a step 20-2bird item (Item 4 for fourth grade) required conceptual knowledg

cm high. The task was intended to measure the ability to design asfdhe connections among muscle work, energy needs, circulatioz:

conduct an investigation (no written plan was required), that is, t;nd heart rate in order to explain the data.

collect, tabulate, analyze, and interpret data and use appropri?g%les 1.1 and 1.2 show the average percentage® Sooreach F

concepts to explain findings. country on each item of the Pulse task for eighth- and fourth-gra(m
The task for eighth-grade students is shown in Figure 1.1, togetlstudents, respectively. The overall task average is the arithmeti

with a sample student response and the criteria for a fully-correaniean of these average percentage scores. The 12 countries sh
response. Decisions about how many measurements to make, entthe upper part of the table, in decreasing order of achievement
at what intervals, were left to the individual student. Item 1 for eightbn the overall task, were judged to have met the TIMSS require-
graders has two quite different aspects: the organization and repmeents for testing a representative sample of students. Although all
sentation of data in a table — a procedural skill; and the quality obuntries tried very hard to meet the TIMSS sampling require-
the data and of the way they were collected — an aspect requirimgnts, several encountered difficulties in securing participation,
knowledge of the content area, and of how to conduct an investigad did not have participation rates for both schools and students
tion. In common with all items involving data collection, two score®f 85% (or a combined rate for the product of school and student
were assigned to this item — one for the quality of presentation, apdrticipation of 75%) as specified in the TIMSS guidelines (i.e.,
the other for the quality of the ddtaThe fourth-grade version of Australia, England, the Netherlands, and the United States at the
this task did not require students to construct a data table but gighth grade). To provide a better curricular match, Colombia,
stead provided a practice task (Item 1) along with prepared tablRemania, and Slovenia elected to test their eighth-grade students
(see Figure 1.2). Item 2 for fourth graders provided instructiorsven though these students were somewhat older than those in
about how often to count and record pulse beats. For these itemitier countries (of these three countries, only Slovenia partici-
students’ ability to organize, label, and display data in a table waated at the fourth grade). Because Hong Kong had low school
not assessed, nor was the ability to decide an experimental desjggrticipation at eighth grade, and consequently a small sample size,

! These two aspects of data collection, together with organization and interpretation of data, comprise what the Curriculum Frameworks call “Conducting an Investigation.” For the
full curriculum frameworks see Robitaille, D.F., McKnight, C.C., Schmidt, W.H., Britton, E.D., Raizen, S.A., and Nicol, C. [1993). TIMSS Monograph No. 1: Curriculum fFrame-

works for Mathematics and Science. Vancouver, B.C.: Pacific Educational Press.

2 The percentage score on an item is the score achieved by a student expressed as a percenfage of the maximum points available on that item. A country’s average percentage
score is the average of its students’ percentage scores.
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ITEMs 2 AND 3

ITem 1

2. How did your pulse change during this exercise?

PULSE
At this station you should have
i W‘&r“f /%ﬂ ‘»’MM@ -

A watch with a second hand
A step on the floor to climb on 4 .
N S : .
- s Jo e il gk,
ReadALL directions carefully. Hlédrr ﬂ,%g W T A ol v
e 4 A
) . “ 7y
st dach  treseor) wndel o e - 3&0@,/
ey

Your task:
A e o iy,

Find out how your pulse changes when you climb up and down on a step for 5 minutg

This is what you should do:
 Find your pulse and be sure you know how to count it. IF YOU CANNOT FIND
YOUR PULSE ASK A TEACHER FOR HELP.
 Decide how often you will take measurements starting from when you are at rest. 3. Why do you think your pulse changed in this way?

 Climb the step for about 5 minutes and measure your pulse at regular intervals.
1. Make a table and write down the times at which you measured your pulse and the measure- % p’ﬂ/&*ﬁ %W /ﬁé@ W /fmm v L@
wig |y ogen foilr w1 way tetrining

ments you made.
*—fr;——“mmb W‘zfé’@ L Agseles smmgre %ﬁf&n ﬂ’fy Aeat
= /W@/WMWMW%/W%

J@/JE’ QO

i 110 MWZWWMW%I
- 20 W%QAWWWMW%
e 25 _ /5’09%
I L [T 28 ;
| B, 1125
T PUT EVERYTHING BACK THE WAY YOU FOUND IT SO THAT SOMEONE ELSE

CAN USE THE STATION.

page 2

TASK S1-P2 T4SK S1-P2
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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 measure-
ments in table. ii) Measurements are paired: time and number of

pulse beats. iii) Labels table appropriately: data entries in columns

identified by headings and/or units; units incorporated into head-
ings or placed beside each measurement; headings or units for the
number of pulse beats include the time interval.

Total Possible Points: 2

Quality of data. i) Makes at least 5 measurements (at rest, and 4
or more during exercise). ii) Pulse rates are plausible: 7 to 25
counts per 10 seconds (40-150 pulse beats per minute). iii) Pulse
rate increases with exercise (may level off or slow near the end).
Total Possible Points: 3

Item 2 - Describe how pulse changes during exercisgDescription
consistent with data presented. ii) Description includes identification o
the trend or pattern in the data.

Total Possible Points: 2

Item 3 - Explain why pulse changesincludes the following three
elements relating to physiological needs during exercise: i) role of
muscle action (exercise results in need for more energy and oxygen i
the muscles); ii) role of blood (more oxygen or food supplied by an
increase in blood flow); iii) connection with heart action or pulse rate,
(heart is pumping faster to supply more blood).

Total Possible Points: 3

D

f

CHAPTER 1

these results are presented in Appendix B. Israel did not follow
within-school sampling guidelines at the fourth grade or eighth
grade and at the eighth grade it had a small sample size; its re-
sults are also presented in Appendix B. A full discussion of the
sampling procedures and outcomes for each country can be found
in Appendix A.

To facilitate comparisons across grades, the results for eighth
and fourth grades are presented together. However, not all of the
countries that tested at eighth grade also tested at fourth grade,
and consequently the countries making up the international av-
erages at eighth grade are not the same as those making up those
averages at fourth grade. Comparisons across grades on the ba-
sis of the international averages should therefore be made with
caution. Within individual countries, however, the relative per-
formance between the two grades is directly comparable where
the task included identical items at both grade levels.

Average country performance on the Pulse task at the eighth grade
varied considerably around the international average of 44% (see
Table 1.1). Despite the substantial difference between the high-
est- and lowest-performing countries, differences between coun-
tries with adjacent score levels may not be statistically signifi-
cant because of sampling variability. Internationally, eighth-grade
students had most success on the item that required them to de-
scribe the trend in their data. They found this easier than the
rather straightforward task of recording and presenting their data.
Explaining the causes of the changes in pulse rate observed was
a challenge for most students, with relatively few students able
to make the connection between muscle action, blood supply,
and heart rate. Fourth-grade students were generally able to mea-
sure their pulse at rest, but found the other items demanding,
particularly explaining the data.
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| H L0110 BV TR  [TEMS AND SCORING CRITERIA — FOURTH GRADE

PULSE

At this station you should have

A watch with a second hand
A step on the floor to climb on

ReadALL directions carefully.

Your task:

Find out how your pulse changes when you climb up and down on a step for 5 minuti

This is what you should do:

 Find your pulse and be sure you know how to count it. IF YOU CANNOT FIND
YOUR PULSE ASK A TEACHER FOR HELP.

« Count your pulse for 10 seconds.

1. Write this number of counts in the table below on the line marked 0 minutes.

2. Now climb up and down on the step for about 5 minutes. Stop after each minute and write
your pulse in the table below.

Number of minutes climbing Number of pulse counts in 10 seconds

0 Minutes

1 Minutes

2 Minutes

3 Minutes

4 Minute

5 Minutes

3. How did your pulse change during this exercise?

4. Why do you think your pulse changed in this way?

CRITERIA FOR FULLY-CORRECT RESPONSE

Iltem 1 - Measure “at rest” pulse rate and record in table Pulse

beats are plausible: 7 to 25 counts per 10 seconds (40 to 150 counts
per minute).

Total Possible Points: 1

Iltem 2 - Measure “after exercise” pulse rates and record in table.

i) Records pulse at least 4 different times during the exercise (in
addition to “at rest” measurement). ii) Pulse rates are plausible: 7 to
25 counts per 10 seconds at the beginning (40 to 150 counts per
minute). iii) Pulse rate increases with exercise (may level off or slow
near the end).

Total Possible Points: 3

Item 3 - Describe how pulse changes during exercisgDescription
consistent with data presented. ii) Description includes identification
of the trend or pattern in the data.

Total Possible Points: 2

Item 4 - Explain why pulse changedncludes the following three
elements relating to physiological needs during exercise: i) role of
muscle action (exercise results in need for more energy and oxygen
the muscles); ii) role of blood (more oxygen or food supplied by an
increase in blood flow); iii) connection with heart action or pulse rate,
(heart is pumping faster to supply more blood).

Total Possible Points: 3

Task layout condensed for display
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Pulse Task: Average Percentage Score on Items — Eighth Grade*

Average Percentage Scores on ltems

Overall Item 1 Item 2 Item 3
Country Task Measure Pulse Describe Explain
IR Presentation Data Quality Trend Results
2 3 2 3
Points Points Points Points

Singapore 60 (2.7) 59 (4.0) 56 (2.7) 82 (3.8) 42 (3.5)

Iran, Islamic Rep. 55 (4.5) 76 (4.8) 58 (4.8) 53 (9.0) 33 (6.6)

t Scotland 55 (2.9) 61 (3.7) 56 (3.4) 67 (4.0) 34 (3.3)

" Switzerland 51 (1.9) 58 (3.2) 43 (3.6) 75 (3.7) 27 (3.2)

Norway 48 (1.6) 44 (2.9) 48 (3.4) 72 (2.7) 29 (3.7)

Canada 46 (2.4) 53 (3.0) 44 (3.0) 60 (3.3) 26 (2.5)

Czech Republic 46 (2.9) 45 (5.5) 38 (4.8) 72 (3.8) 27 (2.6)

Sweden 45 (2.6) 45 (3.6) 50 (2.7) 62 (4.3) 22 (4.3)

New Zealand 44 (2.0) 51 (3.5) 37 (3.0) 61 (3.2) 28 (2.6)

Spain 36 (2.1) 36 (3.0) 30 (2.7) 52 (5.3) 26 (3.0)

Cyprus 33 (2.1) 31 (3.6) 32 (3.5) 55 (3.8) 15 (1.9)

Portugal 24 (2.5) 31 (3.2) 24 (3.2) 26 (4.1) 17 (2.8)

ICountries Not Satisfying Guidelines for Sample Participation Rates (See Appendix A for Details):

Australia 54 (2.6) 68 (3.7) 46 (3.5) 71 (3.6) 31 (3.5)

2 England 59 (2.2) 65 (2.4) 59 (3.6) 75 (3.0) 39 (2.7)

Netherlands 45 (2.6) 50 (4.1) 44 (3.9) 56 (3.6) 29 (2.9)

United States 50 (2.0) 54 (2.9) 43 (2.6) 72 (2.6) 33 (3.4)

ICountries Not Meeting Age/Grade Specifications (See Appendix A for Details):

Colombia 11 (1.0) 10 (1.9) 4 (1.3) 20 (3.1) 1 (2.1)

* Romania 41 (3.6) 45 (4.5) 29 (5.1) 63 (5.7) 27 (4.1)

Slovenia 40 (3.2) 54 (3.7) 33 (5.0) 53 (4.6) 19 (3.3)

International 44 (0.6) 49 (0.8) 41 (0.8) 60 (1.0) 27 (0.8)
Average

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.

* Eighth grade in most countries; see Table 2 for information about the grades tested in each country.

® Percent of total possible points on each item averaged over students.

Y Average of percentage scores across items; all items weighted equally.

T Met guidelines for sample participation rates only after replacement schools were included (see Appendix A for details)

1 National Desired Population does not cover all of International Desired Population (see Table A.2) - German-speaking cantons only.
2 National Defined Population covers less than 90 percent of National Desired Population for the main assessment (see Table A.2).

3 School-level exclusions for performance assessment exceed 25% of the National Desired Population (see Table A.2).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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Pulse Task: Average Percentage Score on Items — Fourth Grade* JELI[EN W/

Average Percentage Scores on ltems

C HAPTER

Overall Item 1 Item 2 Item 3 Item 4
Country Task Measure Pulse at Rest Meas“gangiséi During Describe Trend Explain Results
Average "
1 3 2 3
Point Points Points Points
Iran, Islamic Rep. 41 (3.3) 77 (5.7) 44 (5.7) 32 (4.3) 9 (1.9)
Cyprus 38 (3.0) 76 (5.4) 47 (4.3) 23 (4.7) 3 (1.3)
Canada 36 (1.5) 73 (3.2) 34 (2.6) 33 (3.9) 7 (1.4)
" New Zealand 27 (2.1) 66 (4.7) 19 (3.2) 19 (2.5) 4(1.2)
Portugal 22 (1.8) 61 (4.5) 23 (3.3) 5 (1.9) 1 (0.5)
|Countries Not Satisfying Guidelines for Sample Participation Rates (See Appendix A for Details):
Australia 38 (2.3) 74 (4.7) 30 (4.8) 44 (4.1) 5 (1.3)
Hong Kong 39 (2.1) 46 (4.7) 46 (4.1) 55 (3.5) 7 (1.6)
United States 42 (1.7) 77 (2.9) 32 (3.3) 48 (3.5) 9 (1.4)
ICountries Not Meeting Age/Grade Specifications (See Appendix A for Details):
Slovenia 39 (2.7) 69 (5.2) 46 (3.7) 38 (5.1) 3 (1.1)
'A”\}ggggona' 36 (0.8) 69 (L.5) 36 (1.3) 33 (1.3) 6 (0.5)

* Fourth grade in most countries; see Table 2 for information about the grades tested in each country.

* Percent of total possible points on each item averaged over students.
¥ Average of percentage scores across items; all items weighted equally.
T Met guidelines for sample participation rates only after replacement schools were included (see Appendix A for details)
1 School-level exclusions for performance assessment exceed 25% of the National Desired Population (see Table A.3).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.

SOURCE:

IEA Third International Mathematics and Science Study (TIMSS), 1994-95.
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CHAPTER

tudents performing the Magnets task were given two magneStudents at both grade levels found this task relatively easy.
similar in appearance but of different magnetic strengthsnost countries almost all eighth-grade students were able to id
and a number of magnetizable and non-magnetizable itenify the stronger magnet and to explain their strategy, and in t
such as steel balls, hairpins, and poker chips. The task was to clyurth grade the majority of students in most countries also we
duct experiments to find which of the two magnets was the stroguccessful (see Tables 1.3 and 1.4). It is noteworthy that both tp
ger, and to describe the experiments. Although on the surface #sility to apply a strategy to solve this problem and the ability t
task appears to be a simple exercise in problem solving, because@$cribe that strategy seem well developed among eighth-graffe
its open nature it also required investigatory skills. The task wasudents, whereas among fourth graders there was a substari
intended to measure problem solving in both strategy developmegrformance difference between solving the problem and descri
and its implementation (Item 1), and the ability to support the coing the strategy used for the solution. Z
clusion with evidence (Item 2). Eighth-grade students were asked
to experiment with the magnets and materials, without any direc- m
tive as to the number or type of experiments, whereas fourth-grade
students were asked to test magnets in two different the ways (see q
Figures 1.3 and 1.4 for descriptions of the tasks, scoring criteria
for fully-correct responses, and a sample response). At either grade, m
only the first correct experiment was used to compute a student’ score.

For both grades, Item 1 was coded simply for the correctness of
the solution to the problem. Students were given credit provided
that they identified the correct magnet and that the test described
could indeed have led to that conclusion. More than seven differ-
ent approaches to the problem were recorded under Item 2, the
two most popular being comparing the number of objects the mag-
net could hold and comparing the relative weights the magnets
could lift.

® Because an explicit number of tests was not required at the eighth grade, there was no penalty if students performed only one, and no extra credit if they performed several.
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ITem 1

ITem 2

MAGNETS

At this station you should have:

6 steel balls

10 hair pins or paper clips
6 poker chips

2 steel bars

10 washers

2 magnets

A 30 cm ruler

ReadALL directions carefully.

our task:

Use the things in the bag to find which magnet, A or B, is stronger.

This is what you should do:

« Experiment with the things in the bag to complete the sentence below.

1. | found that magnet Q is stronger.

page 1

TASK S2-P2

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

What | did What happened
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TASK S2-P2
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YOU FOUND IT.

PUT ALL THE MATERIALS BACK IN THE BAG AND LEAVE THE STATION AS

page 2




CRITERIA FOR FuLLY-CORRECT RESPONSE

Item 1 - Identify stronger magnet.Correct magnet identified
according to administrator’s notes.
Total Possible Points: 1

Item 2 - Describe all tests used to identify stronger magnet.
Includes at least one correct test that: i) includes description or clearly
interpretable diagram; ii) shows how results of test were interpreted.
Total Possible Points: 1

C HAPTER
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C HAPTER

FIGURE 1.4 - MAGNETS

ITEMSs AND SCORING CRITERIA — FOURTH GRADE

MAGNETS

At this station you should have:

6 steel balls

10 hair pins or paper clips
6 poker chips

2 steel bars

10 washers

2 magnets

A 30 cm ruler

ReadALL directions carefully.

Your task:

Use the things in the bag to find which magnet, A or B, is stronger.

This is what you should do:
» Test the magnets in at least two different ways.

1. | found that magnet

is stronger.

2. Describe 2 different ways you used to find which magnet was stronger. You can draw pic-

tures as part of your answer if it helps you to explain.

What | did

What happened

Test One
Magnet A

Magnet B

Test Two

Magnet A

Magnet B

CRITERIA FOR FULLY-CORRECT RESPONSE

Item 1 - Identify stronger magnet.Correct magnet identified
according to administrator’s notes.
Total Possible Points: 1

Item 2 - Describe two tests used to identify stronger magnet.

i) Records what he or she did with each magnet in both tests.

i) Relates results of each test to the identification of the stronger
magnet. (Note: Student score reflects that at least one correct test is
described.)

Total Possible Points: 1

Task layout condensed for display
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IF1I (SN BE Magnets Task: Average Percentage Scores on Items — Eighth Grade*

Average Percentage Scores on ltems

Overall Item 1 Item 2
Country Task Identify Stronger Magnet Describe Strategy
Average ¥ 1 1
Point Point
" Scotland 98 (0.9) 99 (0.6) 96 (1.5)
™ Switzerland 97 (1.2) 98 (1.3) 97 (1.7)
Spain 96 (1.4) 97 (1.5) 96 (1.9)
Sweden 95 (1.6) 95 (1.7) 95 (2.2)
Singapore 95 (0.9) 98 (1.0) 92 (1.7)
Portugal 94 (1.6) 97 (1.4) 90 (2.4)
New Zealand 93 (1.6) 92 (1.6) 94 (1.9)
Canada 92 (1.5) 95 (1.6) 89 (2.4)
Norway 91 (2.0) 88 (3.0) 94 (2.3)
Czech Republic 86 (2.3) 86 (3.3) 86 (2.2)
Cyprus 86 (2.3) 93 (1.9) 78 (3.5)
Iran, Islamic Rep. 45 (4.9) 52 (8.0) 39 (5.6)
ICountries Not Satisfying Guidelines for Sample Participation Rates (See Appendix A for Details):
Australia 92 (1.4) 97 (1.2) 86 (2.1)
2 England 99 (0.6) 99 (0.9) 99 (0.7)
Netherlands 94 (2.1) 96 (1.9) 93 (2.6)
United States 85 (2.5) 90 (2.6) 81 (3.4)
I Countries Not Meeting Age/Grade Specifications (See Appendix A for Details):
Colombia 96 (1.3) 96 (1.7) 95 (1.8)
* Romania 83 (3.5) 78 (5.2) 89 (3.6)
Slovenia 92 (1.9) 94 (2.1) 91 (2.1)
International 90 (0.5) 92 (0.6) 88 (0.6)
Average

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.

* Eighth grade in most countries; see Table 2 for information about the grades tested in each country.

® Percent of total possible points on each item averaged over students.

Y Average of percentage scores across items; all items weighted equally.

T Met guidelines for sample participation rates only after replacement schools were included (see Appendix A for details)

1 National Desired Population does not cover all of International Desired Population (see Table A.2) - German-speaking cantons only.
2 National Defined Population covers less than 90 percent of National Desired Population for the main assessment (see Table A.2).

3 School-level exclusions for performance assessment exceed 25% of the National Desired Population (see Table A.2).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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Magnets Task: Average Percentage Score on ltems — Fourth Grade* [ELI[SN R

Average Percentage Scores on Items

Overall Item 1 Item 2
Country Task Identify Stronger Magnet Describe Strategy
Average ¥
1 1
Point Point
Canada 84 (2.3) 92 (2.1) 76 (3.1)
" New Zealand 84 (2.2) 86 (2.3) 83 (2.9)
Portugal 74 (3.1) 83 (3.3) 65 (4.2)
Cyprus 68 (3.9) 82 (4.1) 54 (4.6)
Iran, Islamic Rep. 42 (5.1) 49 (5.2) 35 (6.1)
ICountries Not Satisfying Guidelines for Sample Patrticipation Rates (See Appendix A for Details):
Australia 77 (3.1) 80 (3.8) 74 (3.6)
Hong Kong 74 (3.8) 82 (3.9) 65 (5.5)
United States 73 (3.0) 82 (3.2) 65 (4.2)
ICountries Not Meeting Age/Grade Specifications (See Appendix A for Details):
Slovenia 74 (3.8) 84 (3.8) 63 (4.6)
g\w\}g:gggonal 72 (1.2) 80 (1.2) 64 (L5)

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.

* Fourth grade in most countries; see Table 2 for information about the grades tested in each country.

* Percent of total possible points on each item averaged over students.

Y Average of percentage scores across items; all items weighted equally.

T Met guidelines for sample participation rates only after replacement schools were included (see Appendix A for details)

1 school-level exclusions for performance assessment exceed 25% of the National Desired Population (see Table A.3).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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n the Batteries task, students were provided with four unmark&tighth-grade students in most countries had no difficulty in ident
l batteries and a flashlight. To begin, they were asked to find olying the correct alignment of batteries in the flashlight (sem
which of the batteries were good and which were worn outable 1.5, ltem 3 — average percentage score: 91%), and were
The task was intended to measure students’ ability to develop aaole to identify the good batteries (Item 1 — average percent;%
implement problem-solving strategies and use experimental egieore: 74%). They were somewhat less successful in describifig
dence to support a conclusion, but it also sampled specific knowte strategy used to identify the good batteries (Item 2 — avera
edge about electricity to solve a routine problem and to develogparcentage score: 59%), and in explaining why their choice of bat-
concept-based explanation for the solution. Item 1 required sttery alignment was the best one (Item 4 — average percentage scewes
dents to identify the good batteries, which could be achieved byla%). Fourth-grade students also did quite well in identifying th
systematic process of trial and error. Item 2 called for a descripti@orrect battery alignment (see Table 1.6, Item 3 — average percem
of the strategy used to identify the good batteries. Item 3 in thigge score: 72%) and moderately well in finding the good batteri
task required selection of the correct arrangement of batteries ifleem 1 — average percentage score: 51%), but found describi
flashlight. Item 4 asked students to explain why their solution wdkeir strategy (Item 2 — average percentage score: 23%) and ex
correct, which requires knowledge of the concept of a complefdaining their choice (Item 4 — average percentage score: 199
circuit and an understanding of the direction of flow of electricalnuch more difficult. ﬁ

current. The most typical partial-credit responses stated that the “positim
Scoring criteria and a sample response for the Batteries task pode must touch the negative” (without mentioning the reason), o
presented in Figure 1.5. This task was exactly the same for eighthtried all the combinations one after the other and this is what |
and fourth-grade students. got.” Anumber of students merely repeated their strategy descrip-
tions, perhaps not understanding the difference between describ-
ing what happened and explaining why it happened.
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FIGURE 1.5 - BATTERIES

ITEMs 1T AND 2

FuLL-TAsk EXAMPLE AND SCORING CRITERIA — EIGHTH AND FOURTH GRADES

ITEmMs 3 AND 4

BATTERIES

At this station you should have:

A flashlight (or torch)
Four batteries in a plastic bag: Batteries A, B, C, D

ReadALL directions carefully.

Your task:

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

This is what you should do:
» Think about how you could solve this problem.

» Then work out which batteries are good and which are worn-out.

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

Good batteries __ 1O

Worn-out batteries B¢

2. Write down how you decided which batteries were worn-out.
( .
il PME" cE[:fgrt,'f' IL’JAPL‘:’(':S'— ,'_.‘_‘,.ale'lrL{/ .:.\4\4,«) (aVQ;LcL\ M-g
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page 1 TASK $3-P2
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3. How should the batteries be put in the flashlight to give the brightest light? Here are 3
different ways of putting the batteries in the flashlight. Draw a circle around the picture that

you think shows the correct way.

==
\\‘_&_/_..-/,/ Y. Z.

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

) .
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TASK $3-P2 page 2
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CRITERIA FOR FuLLY-CORRECT RESPONSE

Item 1 - Identify which batteries are good and which are worn out.
All batteries correctly identified (per administrator notes).
Total Possible Points: 2

Item 2 - Describe how worn-out batteries were identified.

i) Shows evidence of systematic and definitive testing of different
combinations of batteries. ii) “Systematic” is evidenced by trying all
combinations of batteries or trying selected combinations using
reasoning and scientific knowledge to eliminate some trials.

Total Possible Points: 2

Item 3 - Identify which arrangement of batteries inside flashlight
will produce the brightest light. Correct arrangement identified (X).
Total Possible Points: 1

Item 4 - Explain why chosen arrangement is the best one.

i) Identifies correct arrangement. ii) Includes concepts of complete
circuit and/or current flowing in one direction.

Total Possible Points: 2

C HAPTER
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Average Percentage Scores on ltems

Batteries Task: Average Percentage Score on Items — Eighth Grade*

Overall Item 1 Item 2 Item 3 Item 4
Country Task . . . . .
Identify Good/Bad Batteries Describe Tests Identify Arrangement Explain Arrangement
Average ¥
2 2 1 2
Points Points Points Points

Singapore 79 (2.1) 83 (3.4) 72 (3.7) 98 (1.4) 63 (2.7)
" Switzerland 75 (2.1) 87 (3.3) 77 (3.7) 94 (2.2) 41 (3.1)

Spain 73 (1.7) 84 (3.0) 75 (3.6) 93 (2.2) 41 (2.3)

Sweden 71 (2.9) 77 (3.7) 61 (4.5) 90 (2.7) 57 (4.3)
* Scotland 68 (2.4) 72 (4.1) 59 (3.5) 94 (2.1) 47 (3.2)

New Zealand 68 (1.6) 78 (3.0) 49 (3.0) 97 (1.2) 47 (2.1)

Norway 67 (1.7) 92 (2.1) 56 (3.6) 91 (2.4) 29 (2.3)

Czech Republic 66 (2.8) 76 (4.2) 63 (4.3) 87 (4.3) 39 (2.7)

Cyprus 66 (2.2) 81 (4.1) 72 (3.3) 87 (3.1) 25 (2.6)

Canada 62 (2.1) 66 (3.4) 52 (4.0) 92 (1.8) 38 (1.5)

Iran, Islamic Rep. 52 (4.0) 78 (5.0) 52 (7.7) 64 (3.5) 15 (3.0)

Portugal 50 (2.2) 39 (4.3) 29 (4.1) 92 (2.1) 41 (2.4)

ICountries Not Satisfying Guidelines for Sample Participation Rates (See Appendix A for Details):

Australia 71 (1.8) 81 (2.4) 71 (3.5) 93 (3.1) 40 (2.5)
2 England 77 (2.0) 89 (2.7) 71 (3.3) 91 (2.3) 56 (3.2)

Netherlands 63 (2.9) 68 (3.4) 42 (5.8) 93 (1.7) 47 (3.4)

United States 56 (1.9) 59 (4.1) 35 (3.7) 97 (1.1) 34 (2.3)

| Countries Not Meeting Age/Grade Specifications (See Appendix A for Details):

Colombia 55 (2.2) 61 (5.5) 39 (4.0) 80 (5.5) 40 (3.8)
* Romania 75 (2.2) 73 (4.4) 75 (4.3) 96 (1.6) 56 (3.2)

Slovenia 71 (1.8) 69 (3.4) 64 (3.3) 97 (1.4) 52 (3.0)

K‘\}g:ggte'ona' 67 (0.5) 74 (0.9) 59 (1.0) 91 (0.6) 42 (0.7)

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.

* Eighth grade in most countries; see Table 2 for information about the grades tested in each country.

® Percent of total possible points on each item averaged over students.

Y Average of percentage scores across items; all items weighted equally.

T Met guidelines for sample participation rates only after replacement schools were included (see Appendix A for details)

1 National Desired Population does not cover all of International Desired Population (see Table A.2) - German-speaking cantons only.
2 National Defined Population covers less than 90 percent of National Desired Population for the main assessment (see Table A.2).

3 School-level exclusions for performance assessment exceed 25% of the National Desired Population (see Table A.2).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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Batteries Task: Average Percentage Score on Items — Fourth Grade* [E1L) NN

Average Percentage Scores on Iltems

Overall Item 1 Item 2 Item 3 Item 4
Country Task Identify Good/Bad Batteries Describe Tests Identify Arrangement Explain Arrangement
Average '
2 2 1 2
Points Points Points Points
Canada 48 (2.0) 60 (3.7) 27 (2.6) 82 (3.0) 23 (2.2)
Cyprus 41 (2.2) 66 (5.0) 27 (3.9) 61 (3.5) 11 (2.1)
Iran, Islamic Rep. 40 (3.2) 73 (4.2) 27 (4.4) 48 (5.5) 13 (2.6)
" New Zealand 37 (1.4) 38 (3.7) 8 (1.5) 80 (2.6) 21 (2.2)
Portugal 31 (2.5) 32 (5.3) 11 (2.5) 62 (5.2) 19 (2.1)
ICountries Not Satisfying Guidelines for Sample Participation Rates (See Appendix A for Details):
Australia 40 (1.9) 48 (5.2) 25 (2.7) 71 (4.4) 17 (1.9)
Hong Kong 42 (2.0 49 (5.0) 17 (3.1) 88 (2.9) 15 (3.5)
United States 38 (2.2) 38 (3.4) 21 (3.4) 76 (3.0) 19 (1.7)
ICountries Not Meeting Age/Grade Specifications (See Appendix A for Details):
Slovenia 54 (2.0) 58 (4.4) 44 (2.6) 83 (2.7) 30 (3.0)
K‘&g:gggona' 41 (0.7) 51 (L1.5) 23 (1.0) 72 (1.3) 19 (0.8)

* Fourth grade in most countries; see Table 2 for information about the grades tested in each country.

® Percent of total possible points on each item averaged over students.
Y Average of percentage scores across items; all items weighted equally.
T Met guidelines for sample participation rates only after replacement schools were included (see Appendix A for details)
1 school-level exclusions for performance assessment exceed 25% of the National Desired Population (see Table A.3).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.
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CHAPTER 1

he Rubber Band task asked students to investigate wHaighth-grade students found the data collection and display ea
T would happen to the length of a rubber band as more airdthis task, probably due to the prescriptive directions that guid

more rings were hung on it. They were provided with athem step by step in what and how to measure and record (Table
experimental set-up that included a clipboard with a sheet of whitiem 1 — average percentage scores: 85% and 88%). Howev]gr,
paper and a length of rubber band suspended from the clip. A pagesiphing the resulting data (Item 2 — average percentage scorer
clip bent into the shape of a hook was attached to the other endb6P46) proved more difficult. Calculating the increase in Iengthm
the rubber band, and students were given a set of metal rings toAddéch required a combination of two routine procedures — readin
hung onto the hook as weights (see Figures 1.6 and 1.7). the data table and computing a designated difference — was zzm

o ~ 70 ) )
The instructions were to add weights to the band one at a time adl}'glcu“ (Item 3 — average percentage score. 47%). E.'ghth gra
students were generally able to describe the trend in their d

record the length of the rubber band each time. The task was Lﬂém 4 — average percentage score: 64%) and make an extrapolation

tended as an investigation into elasticity, with specific items withi . _
. . L L on the basis of that trend (Item 5 — average percentage score: 59
the task assessing particular skills, i.e., the ability to follow a pro-

t were less successful in explaining the trend and justifying thej
cedure and measure and record data accurately (Item 1); to malééJ W " tlIn explaining Justifying
graph of the data (Item 2 — eighth-grade students only); to extrac)%
information from a table or graph students have constructed (Iten-8urth-grade students were very successful in measuring aw

for eighth grade, Item 2 for fourth grade); to describe a trend in tlecording the data from the task (Table 1.8, Item 1 — average p:

farlapolation (Item 6 — average percentage score: 49%).

data they have recorded (Item 4 for eighth grade, Item 3 for fourtientage score: 84%), and in some countries could extrapolate fro
grade); to extrapolate beyond the data they have recorded (IterthBir data quite well (Item 4 — average percentage score: 50%),
for eighth grade, Item 4 for fourth grade); and to explain the trergenerally found the other items very difficult.

in the data that justified the extrapolation (Item 6 — eighth grade only).

instructions on how to collect and record data, whereas eighth-

grade students had to construct and label the table themselves.
Therefore, the quality of the data organization was not assessed for
fourth graders, nor were fourth graders required to graph their data.
Criteria for a fully-correct response to each item and a sample

response are provided in Figures 1.6 and 1.7.

Fourth-grade students were provided with a table and explicit U
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FIGURE 1.6 - RUBBER BAND

FuLL-TAsk EXAMPLE AND SCORING CRITERIA — EIGHTH GRADE
INTRODUCTION TO TASK

Items 1, 2, 3, AND 4

RUBBER BAND

At this station you should have:

1. Write your measurements in the table. Remember to write a heading for each column.
Muwipet of Eoal UZVR“’* v L
A clipboard with a rubber band s
A large paper clip attached to one end of the rubber band t 2.0
Metal rings to hang on the large paper clip 2 25
A 30 cm ruler 3 (-3
Some sheets of plain paper. AT
2 sheets of graph or squared paper Y 16y §
5 20‘ &)
ReadALL directions carefully. 6 20. 3
1
£ 21,0
Your task: 9 20 S
O
Find out how the length of the rubber band changes as more and more rings are hung on it. Lo 22
rubber band 2. Graph your results on the paper provided. You may use a graph or a bar chart.
Jm paper clip ANSWER QUESTIONS 3 TO 6, USING YOUR TABLE, GRAPH, OR BAR CHART.
3. When there are 2 rings on the paper clip and 3 more are then added, how much longer does
metal rings the rubber band become?
4 1.5
The rubber band becomes cm longer.
This is what you should do: 4. Describe how the rlubber band changed in length as more and more rings were added
A A Fach fume
» Hang the metal rings onto the paper clip one by one
« Measure the length for each new ring.

ac/(/(fc/ F (1% 7
the  lergthhkeamt 0.5 f o
« Record your measurements in the table.

fw«zef’

page 1

Please turn the page.
TASK S4-P2 TASK S4-P2

page 2
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ITEM 2 RESPONSE

ITEMS 5 AND 6

b

Q}q‘ssrz‘ito

NUM b!.l/ 0£ ﬂlvﬁ :

5. What do you think would be the length of the rubber band if you could add 2 more rings than

you have been given?

| think the total length of the rubber band might 52 3 cm.

6. Why do you think this would happen%‘:‘(

ww/n/ e
becaure. ér exewj

put- on  he Lg,njfﬁ ngw

#O5 of a cenfunsids l‘mna-&r,

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

page 3 TASK S4-P2
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FiGURE 1.6 (cONT.) RuBBER BAND — EIGHTH GRADE

CRITERIA FOR FuLLY-CORRECT RESPONSE

Item 1 - Record rubber band length as rings are addedresponse
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. ii) 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.

Total Possible Points: 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 first
few measurements); lengthayincrease steadily at first and then
stabilize or level off; elastic limit of rubber banthybe exceeded

Item 4 - Describe how rubber band length changes as more rings
are added.i) Description corresponds to data in table or graph.

i) ldentifies trend in data. Trend may show that rubber band length
increases consistently with each added ring; initially rubber band
length increases consistently, then begins to level off; increases
become larger or erratic with more rings (elastic limit of band ex-
ceeded); no change in length occurs (rubber band too strong for
weights, per administrator notes).

Total Possible Points: 2

Item 5 - Predict increase in length of rubber bandMakes reason-
able prediction, based on the data presented in the table or graph.
Total Possible Points: 1

Item 6 - Explain reason for prediction.i) Refers to the increase in
length as read from the table or extrapolated from graph. ii) Attempts

and measurements toward the end show very large or erratic increasesto relate weight or number of rings to elasticity of the rubber band.

Total Possible Points: 3

Item 2 - Graph results (graph or bar chart). i) Axes correctly

scaled. ii) Axes correctly labeled, including units where appropriate.
iii) Measurements recorded in graph are consistent with data table.
iv) Graph reflects trend in data.

Total Possible Points: 3

Item 3 - Calculate increase in length of rubber band when rings

are added.i) Records amounts consistent with data in table, graph, or
bar chart. ii) Calculates increase correctly.

Total Possible Points: 2

38

iii) Response is consistent with data in table or graph.
Total Possible Points:2
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STl 0]: 10 B U8 N ITEMS AND SCORING CRITERIA — FOURTH GRADE

RUBBER BAND

At this station you should have:

A board with a rubber band

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

A 30 cm ruler

Some sheets of plain paper

ReadALL directions carefully.

Your task:

Find out how the length of the rubber band changes as more and more rings are hung on
it.

rubber band

\9@ paper clip

metal rings

This is what you should do:
* Measure the length of the rubber band and write it in the table on the line marked
"0 - rubber band with no ring."

» Hang one ring on the paper clip and measure the new length of the rubber band. Writg
itin the table opposite "1 ring."

« Keep adding rings one by one. Measure each new length and write it in the table.

1.

Table of Measurements

NUMBER OF MASSES LENGTH OF RUBBER BAND
(in centimeters)

0 - rubber band with no ring

1ring

2 rings

3rings

4 rings

5rings

6 rings

7 rings

8rings

9rings

10 rings

USE YOUR TABLE TO ANSWER QUESTIONS 2 TO 5.

2.

. What do you think the length of the rubber band would be if you could add 2 more rings than

. Why do you think this would happen?

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

The rubber band becomes cm longer.

How did the rubber band change in length as more and more rings were added?

you have been given?

I think the total length of the rubber band might be cm.

Task layout condensed for display
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Ficure 1.7 (conT.) RuBser BAND — FOURTH GRADE

CRITERIA FOR FuLLY-CORRECT RESPONSE

Item 1 - Record rubber band length as rings are hung from it.

i) Records length of rubber band for at least five different numbers of
rings. ii) Shows reasonable trend in data: rubber band lengths increase
with numbers of rings (at least for first few sets of measurements);
lengthmayincrease steadily at first, and then stabilize or level off;
elastic limit of rubber banthaybe exceeded and measurements

toward the end show very large or erratic increases.

Total Possible Points: 3

Item 2 - Calculate increase in length of rubber band when rings
are added.i) Records amounts consistent with data in table.

ii) Calculates increase correctly.

Total Possible Points: 2

Item 3 - Describe how rubber band length changes as more rings
are added.i) Description corresponds to data in table or graph.

i) Identifies trend in data. Trend may show that rubber band length
increases consistently with each added ring; initially 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 occurs (rubber band too strong for
weights, per administrator notes).

Total Possible Points: 2

Item 4 - Predict increase in length of rubber bandMakes reason-
able prediction, based on the data presented in the table.
Total Possible Points: 1

Item 5- Explain reason for prediction.i) Refers to the increase in
length as read from the table. ii) Attempts to relate weight or number
of rings to elasticity of the rubber band. iii) Response is consistent
with data in table.

Total Possible Points:2
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Rubber Band Task: Average Percentage Score on Items - Eighth Grade* [ E1] (5N W4

Average Percentage Scores on ltems

Overall Item 1 Item 2 Item 3 Item 4 Item 5 Item 6

Country Task Measure Lengths Graph Calculate Describe Predict Explain
Average ” Py - Data Quality Results Increase Trend Length Prediction

2 & S 2 2 1 2
Points Points Points Points Points Points Points
Singapore 80 (1.5) 95 (1.3) 99 (0.7) 67 (2.3) 67 (4.2) 87 (1.7) 84 (3.0) 61 (2.3)
* Scotland 75 (1.8) 95 (1.7) 96 (1.6) 69 (2.8) 57 (3.7) 73 (2.6) 78 (4.2) 54 (3.8)
Canada 71 (2.0) 87 (2.0) 95 (1.4) 66 (3.2) 55 (6.1) 59 (3.9) 73 (3.1) 59 (3.2)
Sweden 70 (2.4) 83 (2.8) 93 (1.8) 55 (3.4) 64 (3.8) 65 (4.6) 72 (4.1) 59 (4.3)
™ Switzerland 67 (1.9) 93 (2.2) 93 (1.9) 31 (4.2) 58 (5.0) 73 (3.4) 68 (4.5) 53 (4.4)
New Zealand 65 (1.8) 89 (1.8) 93 (1.4) 67 (3.1) 56 (3.6) 68 (2.8) 51 (3.4) 33 (2.8)
Czech Republic 65 (3.6) 81 (2.3) 86 (2.6) 44 (4.1) 54 (5.8) 70 (4.3) 66 (6.6) 54 (5.9)
Norway 63 (1.9) 80 (2.6) 96 (1.2) 49 (3.1) 56 (3.8) 60 (4.0) 53 (4.1) 46 (3.7)
Cyprus 59 (2.3) 83 (3.1) 87 (2.9) 41 (4.4) 46 (5.2) 53 (3.7) 58 (3.7) 46 (4.7)
Iran, Islamic Rep. 56 (5.4) 83 (5.4) 80 (6.4) 26 (6.5) 20 (5.2) 62 (4.1) 56 (8.6) 63 (8.9)
Spain 51 (2.0) 68 (3.3) 75 (3.0) 33 (3.3) 33 (4.0) 58 (3.9) 44 (4.4) 48 (2.6)
Portugal 51 (2.3) 78 (3.0) 83 (3.5) 41 (3.4) 32 (3.8) 44 (4.2) 47 (4.6) 34 (4.5)
ICountries Not Satisfying Guidelines for Sample Participation Rates (See Appendix A for Details):
Australia 64 (2.4) 92 (2.2) 92 (1.8) 55 (3.1) 49 (4.1) 65 (5.1) 57 (4.3) 41 (4.2)
2 England 79 (1.4) 95 (1.5) 98 (0.9) 76 (2.4) 55 (3.3) 84 (2.9) 80 (3.1) 68 (3.6)
Netherlands 70 (1.9) 89 (2.1) 95 (1.3) 71 (2.9) 62 (3.5) 63 (4.0) 53 (5.8) 61 (3.8)
United States 63 (2.4) 83 (3.1) 88 (2.3) 54 (3.6) 45 (4.1) 68 (3.2) 59 (4.0) 41 (3.1)
ICountries Not Meeting Age/Grade Specifications (See Appendix A for Details):

Colombia 40 (3.7) 58 (7.4) 67 (5.8) 14 (3.0) 17 (3.9) 55 (5.4) 28 (4.3) 39 (3.9)
* Romania 45 (3.0) 87 (3.1) 60 (4.1) 39 (4.2) 26 (5.4) 47 (3.0) 30 (4.8) 25 (3.6)
Slovenia 64 (1.7) 93 (1.6) 91 (1.8) 58 (3.3) 35 (4.1) 57 (3.6) 65 (5.1) 47 (3.8)
K‘\}‘;gggona' 63 (0.6) 85 (0.7) 88 (0.7) 50 (0.8) 47 (1.0) 64 (0.9) 59 (1.1) 49 (1.0)

* Eighth grade in most countries; see Table 2 for information about the grades tested in each country.

* Percent of total possible points on each item averaged over students.

Y Average of percentage scores across items; all items weighted equally.

T Met guidelines for sample participation rates only after replacement schools were included (see Appendix A for details)

1 National Desired Population does not cover all of International Desired Population (see Table A.2) - German-speaking cantons only.
2 National Defined Population covers less than 90 percent of National Desired Population for the main assessment (see Table A.2).

3 School-level exclusions for performance assessment exceed 25% of the National Desired Population (see Table A.2).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.
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Overall
Task

Item 1

Item 2

Average Percentage Scores on Items

Item 3

Iltem 4

IFLIERBGE Rubber Band Task: Average Percentage Score on Items — Fourth Grade*

Item 5

Record Lengths Calculate Increase Describe Trend Predict Length Explain Prediction
Average "’
3 2 2 1 2
Points Points Points Point Points
Canada 55 (1.5) 96 (0.8) 23 (2.5) 49 (2.6) 69 (2.6) 39 (2.6)
Cyprus 45 (3.2) 89 (3.2) 26 (4.0) 41 (3.0) 44 (5.0) 26 (4.1)
" New Zealand 44 (2.3) 89 (2.9) 27 (3.2) 36 (2.9) 53 (3.4) 13 (2.8)
Iran, Islamic Rep. 36 (3.3) 76 (4.8) 13 (2.6) 36 (2.8) 31 (6.3) 26 (4.4)
Portugal 27 (2.2) 55 (4.4) 16 (3.3) 23 (2.9) 25 (3.5) 15 (2.9)
ICountries Not Satisfying Guidelines for Sample Participation Rates (See Appendix A for Details):
Australia 52 (2.9) 84 (2.7) 30 (3.4) 41 (5.4) 71 (5.3) 33 (2.7)
Hong Kong 43 (2.5) 91 (2.5) 26 (4.2) 43 (2.9) 37 (5.4) 18 (3.4)
United States 45 (1.8) 77 (1.9) 30 (3.5) 41 (3.0) 54 (3.4) 22 (2.5)
ICountn'es Not Meeting Age/Grade Specifications (See Appendix A for Details):
Slovenia 51 (1.7) 96 (1.5) 20 (3.5) 43 (2.5) 64 (4.6) 34 (3.1)
K‘\}g;gggona' 44 (0.8) 84 (1.0) 23 (L.1) 39 (1.1) 50 (L.5) 25 (L.1)

* Fourth grade in most countries; see Table 2 for information about the grades tested in each country.
* Percent of total possible points on each item averaged over students.
Y Average of percentage scores across items; all items weighted equally.

T Met guidelines for sample participation rates only after replacement schools were included (see Appendix A for details)
! School-level exclusions for performance assessment exceed 25% of the National Desired Population (see Table A.3).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.
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effect of temperature on the speed with which tablets dissolvedodifications they would make (Item 5 — average percentage sco

in water. The students were provided with several beakers38%). Almost half of the students claimed, erroneously, that n
supply of hot and cold water, tablets that would fizz as they dishanges were needed in their original plans. On the other ha
solved, a stirrer, a thermometer, a 30cm ruler, and a stopwatchatwout one quarter of the students internationally stated, correctly;
wall clock with a second hand. This task was intended to measure change required,” i.e., their original plan was found to be co
students’ ability to plan an investigation; use a thermometer cqgulete and correct. To be able to evaluate one’s work — design, data
rectly and accurately; collect, tabulate, analyze, and interpret datajlection, and results — is a sophisticated form of scientific thinkin
invoke concept knowledge to explain findings; and evaluate thand one that many eighth-grade students in these countries h
entire investigation. This task was administered to eighth-graget to acquire.
students only.

I n the Solutions task, students were asked to investigate tBaudents also found it difficult to evaluate their plan and describm

Unigue among all items in the performance assessment, the last
item of this task was intended to measure students’ ability to evaluate
the experiment by identifying the need and reasons for changes.
Possible changes could be in design, materials, method, use of
equipment, number of repeated measurements, or they could be
intended to verify that the variables ignored were indeed irrelevant.

Full credit was awarded only if the reasons for the changes were
included. A description of the task, along with a sample response

and scoring criteria for a fully-correct response for each item, are

presented in Figure 1.8.

SNOILN

Students internationally found it somewhat difficult to describe their
plan for the investigation in writing (Table 1.9, Item 1 — average
percentage score: 44%). Carrying out the measurements, recording,
and presenting the data were generally easier (Item 2 — average
percentage scores: 62% and 59%). Students did best at providing
conclusions consistent with their data (Item 3 — average percentage
score: 77%). Presenting an explanation for the observed phenomena
was much more difficult (Item 4 — average percentage score: 22%).
To receive full credit, the explanation needed to demonstrate knowl-
edge both of the relationship between higher temperature and greater
energy and of the effect of this energy on the dissolving process.
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C H APTER 1

el 130 B Yo HUR (o) FuLL-TAsk EXAMPLE AND SCORING CRITERIA — FIGHTH GRADE

ITem 1

ITEMs 2 AND 3

SOLUTIONS

At this station you should have:

Hot and cold water

Several beakers

Some tablets

A stirrer

A clock or watch with a second hand
A thermometer

A 30 cm ruler

ReadALL directions carefully.

Your task:

Investigate what effect different water temperatures have on the speed with which the
tablet dissolves.

This is what you should do:

« Plan an experiment to find out what effect different water temperatures have on the
speed with which the tablet dissolves.

1. Write your plan here. Your plan should include
« what you will measure.
« how many measurements you will make.
< how you will present your measurements in a table.

e o maiterg) o/ [ 4 A iy
Jor e @%f % o e o L00m
f;u S N S

*r\scuM (/No[a[ R Ae/
Q W 4
u U(
j@‘é%f) é SSOJR tn -f];\ll[/‘l Waﬁ/y T/Z@

page 1 TASK S5-P2

2. Carry out your tests on the tablets. Make a table and record all your measurements.

fugeralure, U b (<)
Wb 1500 62
%v\ OSM 179 5
L8 | 2D
wl W-Sw{mk 1)
it eald- B ST ) 20

3. According to your investigation, what effect do different water temperatures have on the speed

i 1 Gpnd

%ﬁ‘ﬁ Ma&m 7&4

Please turn the page.

TASK S5-P2 page 2
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CHAPTER 1

ITEMS 4 AND 5

4. Explain why you think different water temperatures have this effect.

bl s % /ﬂf{%& fase e
Ll - Whon 541 % Z ﬁwj
brols 0/4// M)
ool ot /1 ,@ " ﬁ%w/ W

5. If you had to change your plan, describe the changes you made and why you made them. If
you did not have to change your plan, write "No change."

Hﬂ* w‘ w@m NIy

w/ wid
e

%m:; j Mﬁ//@x DX ok

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

page 3 TASK S5-P2

CRITERIA FOR FuLLY-CORRECT RESPONSE

Item 1 - Plan investigation .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 Points: 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) Presents at least 2 sets of measure-
ments in table. ii) Measurements are paired: dissolution time and
temperature. iii) Labels table appropriately: data entries in columns
identified by headings and/or units; units incorporated into
headings or placed beside each measurement.

Total Possible Points: 2

Quality of data. i) Records solution time for at least three
temperature points. ii) Measurements are plausible: time and
temperature (10° tb00° C) iii) Records solution times that decline
as temperature increases.

Total Possible Points: 3

Item 3 - Draw conclusions about effect of temperature.
i) Conclusion is consistent with data table or other presentation of data
(graph or text). ii) Describaglationship presented in the data.
Total Possible Points: 2

Item 4 - Explain conclusionsi) Relates higher temperature to greater
energy or speed of particles (atoms, molecules, etc.). ii) Makes
connection between greater speed or energy of water molecules and
the effect on the tablet (may be implicit).

Total Possible Points: 2

Item 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).

i) Changes may be made in method, use of equipment, number of
measurements taken, etc; reason for change must be included.
Total Possible Points:2
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C HAPTER 1

IELI NN Solutions Task: Average Percentage Score on Items - Eighth Grade*

Average Percentage Scores on ltems

Overall Item 1 Item 2 Item 3 Item 4 Item 5
Country Task Plan Conduct Investigation Draw Explain Evaluate
Average 7 Investigation T — Data Quality Conclusion Conclusion Design
2 2 g 2 2 2
Points Points Points Points Points Points
Singapore 68 (2.7) 53 (5.0) 91 (1.8) 81 (2.1) 93 (2.2) 42 (4.0 46 (5.4)
Czech Republic 59 (2.3) 60 (3.6) 71 (2.8) 63 (3.0) 86 (3.1) 28 (3.4) 48 (4.5)
" Switzerland 57 (1.9) 55 (4.8) 79 (2.7) 79 (2.9) 85 (3.0) 11 (1.5) 36 (5.2)
" Scotland 51 (2.3) 44 (3.8) 72 (3.9) 70 (3.3) 81 (3.7) 18 (2.4) 23 (3.9)
Iran, Islamic Rep. 50 (3.5) 52 (4.3) 52 (6.7) 47 (5.5) 86 (4.5) 36 (7.7) 26 (3.2)
Sweden 50 (2.2) 51 (3.9) 55 (3.3) 65 (3.0) 77 (2.9) 18 (2.5) 34 (4.7)
Canada 48 (2.1) 39 (4.0) 64 (3.1) 59 (2.6) 76 (1.9) 26 (2.4) 27 (4.1)
New Zealand 48 (2.1) 46 (3.2) 61 (3.4) 54 (2.0) 70 (2.5) 33 (2.8) 25 (3.5)
Norway 42 (1.8) 43 (2.4) 55 (3.1) 57 (3.8) 68 (4.5) 6 (1.3) 21 (3.4)
Spain 41 (2.3) 44 (4.2) 51 (3.9) 43 (3.2) 74 (3.3) 17 (2.2) 19 (3.2)
Portugal 36 (2.4) 27 (3.9) 39 (3.9) 36 (2.9) 74 (4.3) 25 (2.8) 13 (3.2)
Cyprus 29 (2.9) 14 (3.1) 42 (4.9) 44 (4.6) 47 (5.1) 18 (3.0) 10 (2.8)
ICountries Not Satisfying Guidelines for Sample Participation Rates (See Appendix A for Details):
Australia 59 (2.2) 55 (4.7) 79 (3.4) 79 (2.3) 89 (2.6) 23 (3.5) 30 (3.6)
2 England 68 (2.1) 66 (3.8) 82 (2.5) 75 (1.6) 89 (2.6) 36 (4.5) 59 (4.1)
Netherlands 43 (2.7) 45 (2.7) 46 (5.2) 52 (4.2) 77 (5.0) 12 (2.6) 23 (3.0)
United States 48 (2.2) 33 (2.6) 64 (3.7) 59 (3.2) 82 (3.1) 27 (3.3) 24 (2.6)
I Countries Not Meeting Age/Grade Specifications (See Appendix A for Details):
Colombia 26 (2.3) 14 (3.7) 43 (5.2) 43 (4.4) 41 (4.8) 8 (1.6) 6 (1.6)
* Romania 63 (2.6) 63 (4.9) 59 (3.7) 68 (5.6) 82 (3.2) 30 (4.2) 73 (4.9)
Slovenia 49 (2.0) 37 (4.0) 75 (2.9) 57 (2.8) 81 (2.8) 12 (2.8) 34 (3.6)
International 49 (0.5) 44 (0.9) 62 (0.9) 59 (0.8) 77 (0.8) 22 (0.8) 30 (0.9)
Average

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.

* Eighth grade in most countries; see Table 2 for information about the grades tested in each country.

® Percent of total possible points on each item averaged over students.

Y Average of percentage scores across items; all items weighted equally.

T Met guidelines for sample participation rates only after replacement schools were included (see Appendix A for details)

1 National Desired Population does not cover all of International Desired Population (see Table A.2) - German-speaking cantons only.
2 National Defined Population covers less than 90 percent of National Desired Population for the main assessment (see Table A.2).

3 School-level exclusions for performance assessment exceed 25% of the National Desired Population (see Table A.2).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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different insulating capacity, for example, metal, ceramic, an

plastic, and were asked to find out which one would keep a ho
drink warm for the longest time. They also received thermometer,
a clock, a piece of card to use as a fan, and a supply of hot wal

The students were instructed to pour a measure of hot water i?
on

I n the Containers task, students were given three containers

each of the containers, and to take the temperature in each

over a ten-minute interval. They were provided with a pre-design

data table in which to record their observations. This task assessed
students’ ability to make and record measurements of temperatH
and probed their understanding of the concept of insulatiorT:
Figure 1.9 presents the task with sample student responses

scoring criteria for a fully-correct response. This task was admir_
istered to fourth-grade students only.

In general, this was a difficult task for fourth graders. Although
most students in most countries were able to use a laborat

thermometer, in many cases, the data gathered were incomple:lm
contained small inaccuracies in measurement (Table 1.10, ltem 1

— average percentage scores: 91% and 56%). Students did reason

well in identifying the container that kept water hottest (Item 2
average percentage score: 48%), but almost none could expldi
insulating capacity in terms of the materials from which the
containers were made.

An interesting misconception appeared when students were asked
to apply their findings to a different situation — that of keeping ice
cream cold. While 15% of students internationally (Item 4) recog-
nized that the container that was best for keeping a hot drink warm
would also be best for keeping ice cream cold, almost none could
explain why (Item 5). About one-quarter of the students seemed to
see the ice cream as an opposite case, explaining that the container
in which the temperature of a hot drink declined most rapidly would
be the one to keep ice cream cold the longest.
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e8] 130 B RS @ TN VN80 FuLL-TAsk EXAMPLE AND SCORING CRITERIA — FOURTH GRADE

INTRODUCTION TO TASK

ITems 1, 2, AND 3

CONTAINERS

At this station you should have:

Three containers (or cups) marked A, B, C

Three thermometers

A clock or watch

A container with very hot water. BE CAREFUL NOT TO SPILL HOT WATER.
Pieces of card to use as a fan if you wish

A roll of paper to wipe up spills

A measuring cup

ReadALL directions carefully.

Your task:

Find out which of the containers will keep a hot drink warm for the longest time.

This is what you should do:

« Place a thermometer in each of the contaiB&SORE the hot water is poured in.
Your teacher will pour the hot water when you are ready. BE CAREFUL. THE WA-
TER ISVERY HOT.

D

« Write these measurements and the time in the table on the opposite page.

* Now you will take measurements over a total of 10 minutes.
- Decide how often to read each thermometer.

-~ Write your measurements in the table on the opposite page.

page 1 TASK S6-P1

* Measure the temperature on each thermometer as soon as the hot water is poured in.

1. Table of Measurements:

Time | Temperature of ContainerlA Temperature of Contaier B Temperature of Contginer

)t D ) O

132' 5 o 6.(‘_‘) 50
2735 c6© & ') ,_5_@

730 | ke bo go

235 | bo 6c Yo
bl Ho Co % “o

2. Look at the table. Which container keeps a hot drink warm for the longest tirze’) B

plbastic

3. Why do you think this container was best for keeping a hot drink warm?
5 CC gy
e
Wor o < f’yé
he

A ey

Please turn the page.

TASK S6-P1 page 2
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ITems 4 AND 5

4. Which container do you think would be the best for keeping ice-cream cold?

plbasti ¢

5. Why do you think this container will keep ice-cream cold the longest?

Betase will

I e ) Y

WIPE UP ANY SPILLS AND POUR THE WATER OUT.
LEAVE THE STATION AS YOU FOUND IT.

page 3 TASK S6-P1

CRITERIA FOR FuLLY-CORRECT RESPONSE

Item 1 - Measure temperatures and record data in tableStudent is
scored both on proper use of the thermometer and on the quality of
data gathering.

Ability to use thermometer. Does not require assistance in proper
use of the thermometer (Based on adminstrator notes on any
special assitance provided.)

Total Possible Points: 1

Quality of data gathering. i) Records times and temperatures for

5 or more temperature points per container. ii) Times cover full 104
minute range. iii) Trend in the temperature is reasonable: tempera
ture declines with time in one or more of the cups. (One cup may
be too well insulated to give measurable declines in 10 minutes.)
Total Possible Points: 3

Item 2 - Identify container that keeps hot drink warm longest.

i) Identifies correct container (based on administrator notes). ii) Containe
identified is consistent with the data in table.

Total Possible Points: 2

Item 3 - Explain why container retains heat.i) Relates material of
containers to their ability to retain or transfer heat. ii) Includes
comparison of different containers based on heat transfer.

iii) Logically applies any additional relevant information (stirring,
thickness of container, size differences, etc.).

Total Possible Points: 2

Item 4 - Predict best container for keeping ice cream colddenti-
fies the same container that best keeps hot drink warm.
Total Possible Points: 1

Item 5 - Explain why container keeps ice cream cold. i) Relates
material of containers to their ability to retain or transfer heat.

i) Includes comparison of different containers based on heat transfer
iii) Logically applies any additional relevant information provided
(stirring, thickness of container, size difference, etc.).

Total Possible Points: 2
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IELIEA R Containers Task: Average Percentage Score on Items — Fourth Grade*

Average Percentage Scores on Iltems

Iltem 1 Item 2 Item 3 Iltem 4 Iltem 5
Overall
Task Measure Temperatures and

as el b Identify Best Explain Best Apply to Explain

Average v Ability to Use Quality of Data Insulator Insulator Ice Cream Application
Thermometer Gathering
1 3 2 2 1 2
Points Points Points Points Point Points
Cyprus 42 (1.3)* - - 82 (3.8) 60 (4.5) 6 (1.5) 4 (1.9 1 (0.6)
Canada 40 (1.1) 94 (2.1) 69 (2.8) 56 (2.7) 7 (1.1) 14 (2.4) 3(0.8)
™ New Zealand 33 (1.4) 95 (1.8) 38 (3.3) 50 (4.4) 3 (0.8) 10 (1.9) 1 (0.6)
Iran, Islamic Rep. 30 (3.5) 63 (7.6) 49 (5.3) 39 (5.3) 9 (1.8) 17 (4.2) 2 (1.4)
Portugal 26 (1.9) 78 (5.5) 31 (4.7) 33 (5.0) 3 (1.3) 11 (2.3) 2 (1.0)
ICountries Not Satisfying Guidelines for Sample Participation Rates (See Appendix A for Detalils):
Australia 39 (0.8) 93 (2.8) 57 (3.9) 65 (2.5) 5 (1.4) 14 (2.7) 3 (0.9)
Hong Kong 41 (1.3) 99 (0.6) 58 (2.9) 56 (3.8) 11 (2.8) 18 (3.0) 5 (1.2)
United States 40 (1.1) 98 (0.7) 64 (3.1) 32 (3.5) 8 (1.2) 31 (3.5) 4 (1.0
ICountries Not Meeting Age/Grade Specifications (See Appendix A for Details):
Slovenia 38 (1.3) 100 (0.0) 54 (4.0) 45 (3.2) 4 (1.5) 18 (3.1) 7 (1.5)
International

7 (0. 1(11 1. 48 (1. . 15 (1. .

Average 87.(06) 911y 56 (1.3) 8 (1.3) 6 (0.5) 5 (1.0) 3 (0.3)

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.

* Fourth grade in most countries; see Table 2 for information about the grades tested in each country.

® Percent of total possible points on each item averaged over students.

Y Average of percentage scores across items; all items weighted equally.

Adash (-) indicates data are not available. Ability to use thermometer was not recorded in Cyprus.

**Qverall task average includes an estimated average percentage score of 97% for the missing item based on overall relative country performance and international item difficulty.
T Met guidelines for sample participation rates only after replacement schools were included (see Appendix A for details)

1 School-level exclusions for performance assessment exceed 25% of the National Desired Population (see Table A.3).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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concepts andkills and is one of the two “combination” tasks. percentage score: 75%), this task proved difficult for most eighth
Studentavere asked to move an object (a square card ongaade students. In conducting the investigations, students in so
stand) placed between a light source and a screen to investigadantries either assumed that they need not present new measure
how the positions of the light source, the card, and the screen arefailed to list data in organized tabular form. Many estimate
related to the size of the shadow cast upon the screen. At the eigtiiftances “by eye” rather than by measuring. Most students achievin
grade, Items 1 and 2 (Figure 1.10) were intended to assess studefut$’credit on deducing a general rule (Item 6 — average percental
ability to follow directions, report on their observations, and usscore: 21%) based their answers on empirical data rather tharg
h

T he Shadows task measures both science and mathemakgsept for the initial observation item (Table 1.11, Item 1 — avera

their conceptual knowledge of light and shadow to explain whgeometric approach. However, in a few instances careful inves
the shadow was always larger than the card. Item 3 asked studeya8ons were carried out, with measurements so precisely done t
to find and record at least three positions of the light and the castlidents could actually deduce the mathematical “rule” from the
that would make the shadow twice the size of the card. Studeetmpirical data. About 2% of students internationally were success
then were asked to conduct an investigation to find a general r@eusing a mathematical approach based on recognition of simila
for varying the distance between the light and the card and the c#éiidngles to “find a rule when the shadow will always be twice th

and the screen so that the shadow is always twice the size of #iwe of the card.”

card. In Item 4, students were asked to describe their investigati

They were required to present their measurements in tabular f

(E]v'en though it was structured differently, the fourth-grade studen‘f
(Item 5) and then to derive the general rule (Item 6).

O&ls0 had a lot of difficulty with this task (Table 1.12). The first four
items were procedural and were guided by explicit directions. To
To do well on this task, it was important to understand how shatdegin, students had only to observe and describe in general what
ows are formed and that light travels in straight lines. In additiomappened when they moved the light nearer to and further from the
the ability to recognize similar triangles and apply some of thegard (Items 1 and 2), which they managed quite well. Then students
properties could be very helpful in deriving a mathematical rulevere asked to measure the width of the shadow and the distance

However, it was also possible to arrive at a generalization empifrom light to card (Items 3 and 4), which they found much more
cally, without considering (or at least without explicitly referring to)problematic. In the last three items, students were asked to find
similar triangles formed by the light rays, the card, and the screeand record three positions where the shadow was twice as wide as
the card, explain why the shadow is always larger than the card,

T_he fou_rth—grade version qf the Shadows task (Figure 1.11) PTOhd find a rule that tells when the shadow will always be twice as
vided simpler, more explicit directions and a table for recordin

the data, and placed the explanation item much later in the t ide as the card. These tasks were clearly beyond the grasp of the

askK,
after students had more experience with the phenomenon. lf%l#rth-grade students.
fourth-grade students, except for the last two items, Shadows was
largely a procedural task based on following directions. Thus, no
performance comparisons are possible between the two grades, even
for items that appear identical.
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el 130 B L TRV o)Al FuLL-TAsk EXAMPLE AND SCORING CRITERIA — FIGHTH GRADE

ITEMs 1 AND 2

SHADOWS

At this station you should have:

Flashlight (or torch) on a stand (this will be called "the light")
5 cm sq. card on a stand

Screen on which to form a shadow of the card

Meter ruler

30 cm ruler

ReadALL directions carefully.

Your task:

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

This is what you should do:
« Keep the card still and move the light closer to the card and further away.

1. What happens to the size of the shadow?

pihen qou plove the fght clbfer Fo dhe raval 4he
ff”ﬁdbrv ge’ﬁf 5’*’5’5’{’5/ ared RPER LU oy Are .—’f?}v’ i
e thadons jeﬁr Strafev. 7 Y

2. Why is the shadow always larger than the card? You may draw a picture or diageatn as
of your answer.

Te shadors (1 alrinyt ,éwfg;f Hon e card becavie
at dhe  lights reys trove/ ey G2t wocder. WA ey
i e cord dhey are noysovces Fan rehest ’/"J-‘ej/' At
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—
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THE S Eae S “’;"Je /J-‘;;{ ;:_?t/ /.?'170({(({”?"4[‘!/”8
cary’ or gt ol nded g;m? b achilh =l
page 1 Feited s byger TASK SM1-P2

ITEms 3 AND 4

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

52

3. Now find at least three positions where you can put the light and the card to make a shadow
twice as wide as the card. Record the distance from the card to the screen and from the light
to the card for these three positions.

.9 fLE ot feas swred f Freevt 785 e dnem capd /.f Gf}J}“
7

1) !

A
Foiql

5) /0 m ,4.,,;., Card o greens Fod e fon cared P *’-f;'?‘ A

Las,

e Garn tord g N 5T em Bpn cas b a':?z‘:f

You are now going to do an investigation 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:

*  decide what to measure
*  decide how to present your measurements clearly and simply
«  draw what conclusions you can from your measurements

4. Describe what you did in your investigation. A picture may be useful.

5f f}"y ,f’/wuf*?/'aqﬁb‘*? = ,ﬁf(/ @ ruler ol e Pock
of a box T dher provedd Fhe /fj/".! oropne f,z}-e}ﬁ'/
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Please turn the page.

TASK SM1-P2 page 2
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ITEMS 5 AND 6

5. Present your measurements in as clear a way as possible.

Fosihor numbe? | & dante Fronn |enliance Bead corq
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6. What general conclusion can you draw from these results? Try to write a rule that describe:
when the shadow will always be twice as wide as the card.

B e rejaitt L ohen e COnEejive fho
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PUT THE MATERIALS BACK THE WAY YOU FOUND THEM SO THAT
SOMEONE ELSE CAN USE THIS STATION

page 3 TASK SM1-P2

CRITERIA FOR FuLLY-CORRECT RESPONSE

Item 1 - Describe how shadow size changes in response to distance
of light. i) Comments appropriately on the size of shadow. ii) Comments
on the relationship between the distance from light and size of
shadow. Total Possible Points: 2

Item 2 - Explain why shadow is larger than card.i) Includes

concept of light traveling in a straight line and spreading out from a
source. ii) Explanation or diagram shows how the shadow is formed
Total Possible Points: 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. ii) Measurements are paired:
distance from light to card and distance from card to screen.

iii) Measurements are plausible: the distance from card to screen
and distance from light to card are equal (withli9%).

Total Possible Points: 2

Item 4 - Describe investigation. i) Includes description of how
measurements were taken. ii) Includes taking measurements of both
distances and shadow widtfotal Possible Points: 2

Item 5 - Present measurementsi) Measurements presented in a
list, table or by graph. ii) Measurements are clearly and completely
understandable with appropriate units, labels, and descriptors.
Total Possible Points: 2

Item 6 - Write a general rule to describe when shadow will always
be twice as wide as cardi) Summarizes data in sentences, formula,
or diagram. ii) Indicates that shadow will be twice as wide as card
when the distance from light to screen is twice the distance from light
to card.Total Possible Points: 2
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FIGURE 1.11 - SHADOWS

SHADOWS

At this station you should have:

Flashlight (or torch) on a stand (this will be called "the light.")
A5 cm sq. card on a stand

Screen on which to form a shadow of the card

Meter ruler

30 cm ruler

ReadALL directions carefully.

Your task:

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

This is what you should do:

» Keep the card in one place and move the light closer to the card.

1. What happens to the size of the shadow when you move the light closer to the card?

» Keep the card in one place and move the light further away from the card.

2. What happens to the size of the shadow when you move the light further from the card?

3. Putthe card 5 cm from the screen. Put the light 10 cm behind the card. How wide is the
shadow?

4. Put the card 10 cm from the screen and move the light until the shadow is twice as wide as

the card. Measure the distance from the light to the card. Write your measurement in the
table below.

ITEMS AND SCORING CRITERIA — FOURTH GRADE

When the card is between the light and the screen, the card makes a shadow on the $creen.

T ask layout condensed for display
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5. Find three more places to put the light and the card where the shadow is twice as wide as the
card. For each place, make the same measurements as you made before and write them in the
table. Be sure to include the units for each measurement.

Distance from card to screen Distance from light to card

10 cm

6. Why is the shadow always larger than the card? You may draw a pichae esyour
answer.

7. Find a rule that tells when the shadow will ALWAYS be twice as wide as the card.




FiGURE 1.11 (coNT.) SHADOWS — FOURTH GRADE

CRITERIA FOR FuLLY-CORRECT RESPONSE

Item 1 - Describe how shadow size changes when card is moved
closer to light. i) States that shadow becomes larger as card is brought
closer to light.

Total Possible Points: 1

Item 2 - Describe how shadow size changes when card is moved
further from light. i) States that shadow becomes smaller as card is
pulled further from light.

Total Possible Points: 1

Item 3 - Measure width of shadow when card and light are placed
at specific distances.Determines width byneasurementMeasure-
ment is accurate (7.5 cm8 mm) for card 5 cm from screen and light
10 cm from card.

Total Possible Points: 1

Item 4 - Measure distance from light to card where shadow is twice
the size of card.) Distance from light to card is equal to the distance
from card to screen (or half the distance from light to screen). ii) With
card 10 cm from screen, correct measurement is1€ gmm.

Total Possible Points: 2

Item 5 - Record distances for three more positions where shadow

is twice as large as card.) Table is complete. ii) Measurements are
plausible: the distance from light to card is equal to distance from card
to screen, withirt 10%.

Total Possible Points: 2

Item 6 - Explain why shadow is always larger than card.

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

Total Possible Points: 2

Item 7 - Find a rule to predict when shadow will be twice as wide

as card. i) States that shadow will always be twice as wide as card
when the distance from light to screen is twice the distance from light
to card.

Total Possible Points: 2

C HAPTER
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C HAPTER 1

IELIEN RN Shadows Task: Average Percentage Score on Items — Eighth Grade*

Average Percentage Scores on Iltems

Overall Item 1 Item 2 Item 3 Item 4 Item 5 Item 6
CONY SN Descrive Observaton | Explan Observaton | RIOOeR SO | Deserbe | et | e
Average ¥
2 2 2 2 2 2
Points Points Points Points Points Points
Singapore 50 (3.5) 90 (1.8) 55 (6.0) 41 (4.8) 39 (3.5) 46 (6.0) 29 (4.6)
Sweden 45 (1.9) 82 (2.4) 43 (3.9) 57 (3.9) 30 (3.3) 27 (4.0) 32 (3.5)
Iran, Islamic Rep. 43 (1.5) 84 (2.8) 57 (3.9) 33 (4.1) 23 (2.4) 24 (2.6) 37 (2.8)
" Switzerland 41 (2.2) 80 (3.5) 44 (4.9) 43 (3.6) 29 (3.7) 22 (3.2) 32 (3.3)
Norway 39 (2.0) 75 (3.0) 28 (3.1) 51 (3.4) 25 (2.5) 18 (3.1) 35 (4.3)
Czech Republic 37 (1.9) 87 (2.7) 48 (2.9) 32 (3.5) 27 (2.9) 8 (2.4) 19 (3.8)
" Scotland 36 (2.4) 83 (3.3) 24 (3.3) 31 (4.0) 28 (4.3) 36 (3.5) 16 (3.4)
Spain 36 (1.7) 78 (2.9) 40 (3.8) 29 (2.7) 37 (3.7) 16 (3.0) 16 (2.1)
Canada 35 (1.6) 75 (2.6) 21 (3.2) 34 (2.8) 30 (2.3) 28 (3.8) 19 (2.5)
New Zealand 29 (2.0) 70 (3.5) 17 (2.1) 15 (1.7) 21 (2.7) 35 (2.8) 13 (2.5)
Portugal 25 (1.5) 65 (3.2) 27 (3.7) 24 (2.7) 16 (2.6) 11 (2.3) 7 (2.1)
Cyprus 18 (1.5) 64 (4.8) 14 (3.2) 8 (2.2) 12 (2.7) 3 (1.4) 9 (2.3)
ICountries Not Satisfying Guidelines for Sample Participation Rates (See Appendix A for Details):
Australia 36 (1.9) 67 (3.7) 24 (3.4) 39 (3.8) 32 (4.1) 28 (4.4) 25 (4.6)
2 England 46 (2.3) 77 (2.9) 33 (3.9) 23 (3.3) 47 (3.2) 71 (3.7) 23 (3.0)
Netherlands 35 (2.8) 55 (4.1) 50 (5.2) 33 (3.7) 27 (3.3) 25 (4.3) 23 (3.9)
United States 28 (1.9) 64 (4.0) 20 (2.4) 13 (2.6) 27 (2.8) 34 (3.2) 11 (2.3)
|Countries Not Meeting Age/Grade Specifications (See Appendix A for Details):
Colombia 22 (2.5) 54 (5.4) 22 (2.7) 21 (4.1) 17 (3.5) 14 (4.9) 5 (1.9)
* Romania 36 (2.8) 92 (2.3) 28 (3.6) 24 (4.8) 26 (4.8) 17 (3.1) 26 (5.1)
Slovenia 31 (1.8) 76 (3.3) 29 (3.0) 24 (2.7) 24 (2.9) 12 (2.1) 19 (3.6)
K‘\fg:gggona' 35 (0.5) 75 (0.8) 33 (0.8) 30 (0.8) 27 (0.8) 25 (0.8) 21 (0.8)

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.

* Eighth grade in most countries; see Table 2 for information about the grades tested in each country.

* Percent of total possible points on each item averaged over students.

Y Average of percentage scores across items; all items weighted equally.

T Met guidelines for sample participation rates only after replacement schools were included (see Appendix A for details)

! National Desired Population does not cover all of International Desired Population (see Table A.2) - German-speaking cantons only.
2 National Defined Population covers less than 90 percent of National Desired Population for the main assessment (see Table A.2).

3 School-level exclusions for performance assessment exceed 25% of the National Desired Population (see Table A.2).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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Shadows Task: Average Percentage Score on Items — Fourth Grade* JEL] [NV

Average Percentage Scores on Iltems

C HAPTER

Overalll Item 1 Item 2 Item 3 Item 4 Item 5 Item 6 Item 7
Task i : i : . i )
Country e Descn(l_)_ﬁ) SS‘Glgradow. Descn't:)SrtShr:rldow. MeaSL\lAr/?d?hhadow Measure Distance hRﬂzr;glﬁr :mlv;?]rtg Explalg ifgadow Find General Rule
1 1 1 2 2 2 2
Point Point Point Points Points Points Points
Canada 36 (1.7) 72 (3.0) 70 (3.1) 36 (2.9) 22 (2.4) 29 (2.3) 12 (1.8) 8 (1.2)
" New Zealand 34 (1.0) 86 (2.7) 82 (2.9) 32 (3.3) 16 (2.7) 14 (2.4) 5 (1.4) 3 (1.0)
Portugal 27 (1.6) 66 (4.8) 63 (4.9) 25 (4.1) 16 (3.3) 12 (1.8) 4 (1.3) 0 (0.0)
Iran, Islamic Rep. 26 (2.1) 61 (5.9) 63 (5.8) 13 (3.0) 18 (4.2) 15 (2.7) 7 (2.4) 3(1.2)
Cyprus 16 (1.6) 47 (4.7) 39 (4.7) 11 (2.8) 7 (2.1) 5 (1.8) 3 (1.8) 1 (0.4)
ICountries Not Satisfying Guidelines for Sample Participation Rates (See Appendix A for Details):
Australia 33 (1.6) 71 (4.5) 72 (2.3) 31 (6.0) 20 (2.8) 27 (2.7) 4 (1.3) 6 (1.9)
Hong Kong 30 (1.6) 65 (5.0) 62 (3.3) 24 (4.3) 17 (3.1) 17 (3.1) 17 (5.0) 5 (2.0)
United States 33 (1.2) 79 (2.6) 81 (2.9) 33 (3.7) 19 (2.7) 8 (1.5) 7 (1.6) 3 (1.3)
ICountries Not Meeting Age/Grade Specifications (See Appendix A for Details):
Slovenia 32 (1.8) 77 (4.8) 73 (4.9) 32 (3.5) 23 (4.0) 12 (2.5) 4 (1.1) 6 (2.1)
LCVE:QS?”E" 30 (0.5) 69 (L.4) 67 (13) 26 (1.3) 18 (1.0) 15 (0.8) 7 (0.8) 4 (0.5)

* Fourth grade in most countries; see Table 2 for information about the grades tested in each country.
* Percent of total possible points on each item averaged over students.
Y Average of percentage scores across items; all items weighted equally.
T Met guidelines for sample participation rates only after replacement schools were included (see Appendix A for details)
1 School-level exclusions for performance assessment exceed 25% of the National Desired Population (see Table A.3).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.
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CHAPTER 1

concepts and skillsnd is thus a “combination” task. Studentsones. However, some 30% of the eighth-grade students did
were provided with a simple equal-arm balance and a supehieve this level of accuracy.

ply of plasticine (modeling clay) and asked to use the balance to er , .

make lumps of plasticine of different weights. Eighth-grade st t_lgEtr}—gral((j_e stuggntls hadTncI;IdlflflcllgnI/tW|tthAhe straightforwar )

dents were given 20g and 50g weights and asked to form four lum g ot making a ug gmp( aple L.13, ltem A —average percersg
e score: 93%), or in describing how they accomplished th

of plasticine: 20g, 10g, 15g, and 35g in weight (in that order), a ) -
to explain their strategy for forming each one. This task was i ltem 1B — average percentage score: 86%). The most difficult

tended to measure student understanding of the principle of gke_pro(:/ed to be the 15g lump (Item 3B — average percentage
balance and the ability to use it, as well as mathematical probl (I)re._37 /9)' Tr;]e rQOISt popularbstr_ategy Walls 0 .malzleha |209 rl]u '
solving in non-routine situations. Although the first item is asimpl%Ia ve It, using the balance to obtain a 10g lump; and halve that
matter of building up a lump of plasticine that balances the Zdjbtam a 5g lump that was then aqlded to the 10g lump. The mog
weight, the other three lumps can be made only by combining aﬁapmar strategy for ltem 4B (making a 35g lump), was to use t

dividing lumps in various combinations. These three problem :'ths an:? pr?\t/t;ou;,g/ madehlumps o pdund udp a nlegv Ilump —
require carefully thought-out problem-solving strategies but ar g- €.g. 1putihe S5g Weight on one side and my ~5g iump

essentially the same task, although of increasing complexitg/.e other and added to the 15g side until they balanced.” Z

Figure 1.13 presents the task, with a sample response and sco@agne of the eighth-grade students showed a lack of compreh
criteria for a fully-correct response. All lumps of plasticine wergion of how an equal-arm balance operates, and either attempte
handed in at the end of the session and the weights verified by ti& the slope of the balance arm to estimate weights, or (wheye
administrator. commercially produced balances were used) used the small mecha-

The task for fourth-grade students was basically the same, excapt " !ntended_for bqlancmg the mstrumer_\t befqre use (ze“romg)
d tried to calibrate it (mentally) to determine weight: e.g., “I put

that the fourth graders were given only one 20g weight with th e 20g weight in the scale and added plasticine till it reached this

balance, and the required lum ere 20g, 10g, 30g, 15¢. Ite 1 5 . o
1B and 2A. 2B erec:t:g sarlrJ1e ?cfrmtl)orth grgde Igevelsg anc? Iter:]ss4mark'" Here the student has drawn the zeroing bar, arbitrarily named

4B for fourth-grade students correspond to Items 3A, 3B for eight r_l((ja'z_er_o po;nttlr:l tlh(?t(iengergass 2_?% and_f_eznmgteﬂ a mezlr;r(er about
grade students. Figure 1.14 shows the task for fourth graders. visions o the [eftto be 55g. The verilied weight was 24 grams.

T he Plasticine task also combines mathematics and scierafet10% for the two larger lumps af®0% for the two smaller 1
not

In order to keep administration costs to a minimum, countries WeFe(_)urth-grade students also found the task of making a 20g lump

encouraged to use balances constructed from everyday mater gl%l)éeasyb(_'rablhe 11; Iteg.q dl_,tA—average pre]:rcl:lenta_ge slctore: 183%)'
according to a design provided by the TIMSS International Stu escribing ?W ey d _ |5;sz r_Frc])re (j;ha etngll?g ( ”emf h'_h
Center. Although these balances worked quite well, students at b Yy rage percentage score. 6). The other tasks, all of whic

grade levels had difficulty achieving accurate results. To compeW—VOIVed the use of the balance to divide and sometimes combine

sate for this lack of precision, the scoring rubrics allowed atoleran%evIOUSIy made lumps, were very difficult for these students.
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FIGURE 1.12 - PLASTICINE

ITem 1

FuLL-TAsk EXAMPLE AND SCORING CRITERIA — EIGHTH GRADE

ITEMs 2 AND 3

PLASTICINE

At this station you should have:

Some plasticine

A balance

Plastic bags

A 20 g and a 50 g mass (weight)
Colored small circular sticky labels

ReadALL directions carefully.

Your task:

Use the balance to weigh different amounts of plasticine as carefully as you can. Then
explain how you made them.

Before starting the task:

MAKE SURE THE PANS ARE BALANCED WHEN EMPTY.
IF THEY ARE NOT, PUT YOUR HAND UP AND TELL THE TEACHER.
la. Use the balance to make a lump of plasticine that weighs 20 g.

* When you have made the 20 g lump, write 20 g on a colored label and stick it on the
lump. Put the lump in a plastic bag.

1b. Write down how you made the 20 g lump.
Ore &fF Ywe A‘Teﬂ S o V\Wi\/j:\éq\%ﬁ weight 114
PQ‘H-.\ n QA e ( '}'\f\eﬁ’\

Sl am

on oont

e \)eié\“i\aﬂ - ' %V\Qddq'[\%(jw\é \g:(;lzjz(‘/c
Poth %oﬂes, \ &uﬁ'\\ :j\:\qu e srve o
Weighed 205, e Plasticue

2a. Use the balance to make a lump of plasticine that weighs 10 g.

* When you have made the 10 g lump, write 10 g on a colored label and stick it on the
lump. Put the lump in the plastic bag with the 20 g lump.

2b. Write down how you made the 10 g lump.

| madeanelh e 204 lorp Osing Yne same
method S pelore , T hen |\ bro‘p\e T oin ka/f
dnd placed oh® on each  +req en dhe

Palace . |C# One vas uier
| woold hreak sowe of \(f\faop-@ 2\%\ g\i\fo}k\ef

on Yhe lighter one, Fuent ually ety |
(';"f'g\/\@d 9%@ same and | \,Ltvjxew eac;}\wﬁi\e
opld welﬁb\ loﬂ“QMS,

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 colored label and stick it on the
lump. Place the 15 g lump in the plastic bag together with the other lumps.

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

\ 0sed Yhe 203 weight and, J(\/\Q lomp), 4
\ @\qced) Zach one gf\ a %reﬂ, L HE?\ W\g&eyd
2 ‘\W\? fha' weghed 4o same, | then
2% Tin hal ok e weichtegdy
| b *Va{) afd osing Yre same mgﬁmﬂ as

Qbo\)ej ma
Weigl, lggtiqig'ﬁ\em evan,Boach goyy

Please turn the page.

page 2 TASK SM2-P2
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ITEM 4 AND ADMINISTRATOR’S MEASUREMENTS

4a. Use the balance to make a lump of plasticine that weighs 35 g.

lump. Place the 35 g lump in the plastic bag with the other lumps.
4b. Write down how you made the 35 g lump.

bOere even, S¢o

]WﬂP woold wg,ﬂ\/\ j%

« When you have made the 35 g lump, write 35 g on a colored label and stick it on the

| fok e 20ff BF weighd o qmj
\oost mede
‘:Qgp-\ @uHmEj_P Q]q*\mome o *-1\)\6’5”/@5’@".%

Hhe

MAKE SURE YOUR NAME IS ON THE BAG

LEAVE EVERYTHING ELSE AS YOU FOUND IT.

page 3

HAND IN THE BAG WITH THE LUMPS OF PLASTICINE YOU HAVE WEIGHED.

TASK SM2-P2

CRITERIA FOR FuLLY-CORRECT RESPONSE

Item 1a - Weigh a 20 g lump of plasticineLump has correct mass
(20+ 2 g). (Based on administrator measurement.)
Total Possible Points: 1

Item 1b - Describe strategy for making 20 g lump of plasticine.

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

Total Possible Points: 2

Item 2a - Weigh a 10 g lump of plasticineLump has correct mass
(10x 2 g). (Based on administrator measurement.)
Total Possible Points: 2

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

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

Total Possible Points: 2

Item 3a - Weigh a 15 g lump of plasticineLump has correct mass
(15= 3 g). (Based on administrator measurement.)
Total Possible Points: 1

Item 3b - Describe strategy for making 15 g lump of plasticine.

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

Total Possible Points: 2

Item 4a - Weigh a 35 g lump of plasticineLump has correct mass
(353 g). (Based on administrator measurement.)
Total Possible Points: 2

Item 4b - Describe strategy for making 35 g lump of plasticine.

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

Total Possible Points:2
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S (O] 30 B B I LN i (N ITEMS AND SCORING CRITERIA — FOURTH GRADE

PLASTICINE

At this station you should have:

Some plasticine

A balance

Plastic bags

A 20 g mass (weight)

Colored small circular sticky labels

ReadALL directions carefully.

Your task:

Use the balance to weigh different amounts of plasticine as carefully as you can. Then
explain how you made them.

Before starting the task:
MAKE SURE THE PANS ARE BALANCED WHEN EMPTY.
IF THEY ARE NOT, PUT YOUR HAND UP AND TELL THE TEACHER.

la. Use the balance to make a lump of plasticine that weighs 20 g.

* When you have made the 20 g lump, write 20 g on a colored label and stick it on the
lump. Put the lump in a plastic bag.

1b. Write down how you made the 20 g lump.

2a. Use the balance to make a lump of plasticine that weighs 10 g.

* When you have made the 10 g lump, write 10 g on a colored label and stick it on the
lump. Put the lump in the plastic bag with the 20 g lump.

2b. Write down how you made the 10 g lump.
3a. Use the balance to make a lump of plasticine that weighs 30 g.
* When you have made the 30 g lump, write 30 g on a colored label and stick it on the

lump. Place the 30 g lump in the plastic bag with the 20 g and 10 g lumps.
3b. Write down how you made th&0 g lump.

4a. Use the balance to make a lump of plasticine that weighs 15g.

* When you have made the 15 g lump, write 15 g on a colored label and stick it on the
lump. Place the 15 g lump in the plastic bag with the other lumps.

4b. Write down how you made the 15 g lump.

CRITERIA FOR FuLLY-CORRECT RESPONSE

Iltem 1a - Weigh a 20 g lump of plasticineLump has correct mass
(20« 2 g). (Based on administrator measurement.)
Total Possible Points: 1

Item 1b - Describe strategy for making 20 g lump of plasticine.

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

Total Possible Points: 2

Item 2a - Weigh a 10 g lump of plasticineLump has correct mass
(10t 2 g). (Based on administrator measurement.)
Total Possible Points: 2

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

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

Total Possible Points: 2

Iltem 3a - Weigh a 30 g lump of plasticineLump has correct mass
(30« 3 g). (Based on administrator measurement.)
Total Possible Points: 1

Item 3b - Describe strategy for making 30 g lump of plasticine.

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

Total Possible Points: 2

Item 4a - Weigh a 15 g lump of plasticineLump has correct mass
(15+ 3 g). (Based on administrator measurement.)
Total Possible Points: 2

Item 4b - Describe strategy for making 15 g lump of plasticine.

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

Total Possible Points:2

T ask layout condensed for display
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Average Percentage Scores on Iltems

IELI SN RY PlasticineTask: Average Percentage Score on Items — Eighth Grade*

Overall Item 1A Item 1B Item 2A Item 2B Item 3A Item 3B Item 4A Item 4B
ntr Task Weigh Describe Weigh Describe Weigh Describe Weigh Describe
SOy W coolimo | S | woglime | RS | asgump | SRS | wsalme | RS
1 2 2 2 1 2 2 2
Points Points Points Points Points Points Points Points

Iran, Islamic Rep. 81 (2.6) 93 (2.4) 97 (1.2) 91 (4.2) 79 (2.5) 92 (2.7) 72 (3.6) 64 (5.1) 63 (6.7)

" Switzerland 73 (2.1) 98 (1.3) 88 (2.0) 82 (3.9) 71 (3.2) 71 (4.8) 50 (3.7) 62 (3.8) 60 (3.7)

Sweden 72 (2.9) 88 (3.5) 97 (1.0) 80 (3.5) 69 (3.1) 73 (4.3) 51 (4.6) 57 (5.4) 58 (4.4)

Czech Republic 68 (2.6) 95 (2.1) 96 (1.9) 74 (4.1) 62 (3.5) 65 (4.1) 44 (4.0) 58 (4.9) 51 (6.0)

Norway 67 (2.3) 99 (0.9) 92 (1.7) 74 (4.1) 62 (3.7) 64 (3.9) 38 (3.7) 54 (3.9) 50 (3.5)

Singapore 66 (3.3) 99 (0.7) 82 (2.7) 65 (5.2) 60 (4.9) 64 (5.6) 44 (3.9) 60 (4.7) 53 (4.0)

Canada 65 (1.9) 93 (2.0) 86 (2.1) 68 (2.9) 58 (3.1) 71 (3.6) 40 (3.9) 54 (3.4) 49 (2.9)

New Zealand 63 (2.2) 98 (0.9) 94 (1.7) 56 (3.4) 52 (3.0) 64 (2.5) 36 (3.5) 51 (3.7) 52 (3.7)

" Scotland 61 (2.5) 94 (2.6) 85 (3.0) 59 (4.1) 47 (4.1) 70 (3.3) 39 (4.0) 53 (4.5) 41 (4.2)

Cyprus 52 (2.4) 91 (3.3) 83 (3.2) 57 (3.4) 45 (3.7) 55 (4.7) 19 (4.1) 33 (5.3) 32 (4.1)

Spain 45 (2.5) 79 (4.1) 78 (3.4) 48 (4.6) 36 (4.0) 51 (4.9) 20 (3.2) 29 (4.2) 23 (3.1)

Portugal 41 (2.5) 95 (2.3) 82 (2.0) 47 (5.4) 38 (5.0) 22 (4.5) 15 (3.5) 15 (3.2) 13 (2.7)
ICountries Not Satisfying Guidelines for Sample Participation Rates (See Appendix A for Details):

Australia 73 (2.9) 97 (1.9) 94 (1.6) 73 (4.0) 69 (4.2) 71 (4.1) 60 (5.2) 57 (4.7) 64 (4.4)

2 England 55 (2.4) 93 (2.5) 85 (2.1) 44 (3.7) 42 (3.6) 57 (4.8) 29 (2.8) 41 (4.9) 48 (3.3)

Netherlands 44 (2.5) 95 (1.2) 80 (3.7) 35 (4.0) 29 (3.2) 31 (4.4) 17 (2.9) 29 (4.6) 38 (4.8)

United States 53 (2.1) 91 (2.4) 65 (2.8) 50 (4.0) 34 (3.2) 76 (3.1) 24 (2.6) 46 (3.9) 40 (3.5)

|Countries Not Meeting Age/Grade Specifications (See Appendix A for Details):

Colombia 41 (2.7) 89 (3.0) 59 (3.7) 45 (5.4) 29 (4.2) 46 (4.8) 21 (4.1) 21 (4.4) 22 (4.0)

* Romania 63 (4.1) 97 (1.7) 96 (1.7) 64 (6.1) 55 (4.8) 56 (6.4) 47 (5.6) 45 (7.1) 43 (5.8)

Slovenia 63 (1.9) 94 (1.9) 87 (3.0) 78 (3.3) 45 (4.1) 64 (4.1) 34 (3.5) 59 (3.7) 46 (4.7)

K‘\fg:gggona' 60 (0.6) 93 (0.5) 86 (0.6) 63 (1.0) 52 (0.9) 61 (1.0) 37 (0.9) 47 (1.0) 44 (1.0)

* Eighth grade in most countries; see Table 2 for information about the grades tested in each country.

* Percent of total possible points on each item averaged over students.
Y Average of percentage scores across items; all items weighted equally.

T Met guidelines for sample participation rates only after replacement schools were included (see Appendix A for details)
! National Desired Population does not cover all of International Desired Population (see Table A.2) - German-speaking cantons only.

2 National Defined Population covers less than 90 percent of National Desired Population for the main assessment (see Table A.2).

3 School-level exclusions for performance assessment exceed 25% of the National Desired Population (see Table A.2).
() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.
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Overall Item 1A Item 1B Item 2A Item 2B Item 3A Item 3B Item 4A Item 4B
Country Task  Weigh Es’frsa‘iggg Weigh 'g‘f;ctggs Weigh gfg;gg; Weigh Es’frsaﬁggg
Average " g Lump 20g Lump 10g Lump 10g Lump 30g Lump 30g Lump 159 Lump 15g Lump
1 2 2 2 1 2 1 2
Point Points Points Points Points Points Point Points
Iran, Islamic Rep. 63 (3.3) 89 (2.8) 63 (4.9) 80 (3.1) 50 (5.5) 64 (4.1) 47 (6.3) 69 (4.5) 39 (4.7)
Canada 43 (1.7) 83 (2.6) 62 (3.6) 37 (3.0) 28 (2.2) 37 (3.9) 28 (2.7) 52 (4.4) 20 (2.0)
" New Zealand 35 (2.0) 78 (3.7) 62 (3.9) 24 (2.8) 20 (2.5) 29 (3.5) 25 (2.9) 28 (4.1) 10 (1.9)
Cyprus 30 (2.1) 76 (5.5) 40 (3.1) 31 (4.4) 14 (2.4) 26 (6.7) 16 (3.7) 30 (5.1) 6 (1.9)
Portugal 24 (2.3) 87 (3.6) 46 (4.3) 25 (5.2) 12 (3.4) 10 (3.3) 10 (3.3) 0 (0.0) 2 (1.3)
ICountries Not Satisfying Guidelines for Sample Participation Rates (See Appendix A for Details):
Australia 40 (2.1) 83 (4.4) 60 (3.9) 42 (3.9) 24 (3.1) 33 (3.5) 28 (3.7) 34 (3.9) 15 (1.9)
Hong Kong 23 (1.7) 66 (3.4) 40 (4.6) 18 (4.2) 10 (2.7) 18 (3.8) 17 (3.6) 10 (2.6) 7 (2.0)
United States 31 (1.5) 75 (2.6) 36 (2.9) 30 (3.7) 13 (2.1) 26 (3.3) 14 (2.3) 47 (3.3) 7 (1.5)
ICountries Not Meeting Age/Grade Specifications (See Appendix A for Details):
Slovenia 46 (2.7) 82 (3.5) 61 (5.0) 65 (4.0) 22 (3.5) 51 (5.3) 28 (3.7) 45 (4.8) 15 (2.6)
K‘&g:gggona' 37 (0.7) 80 (1.2) 52 (1.4) 39 (1.3) 21 (1.1) 33 (1.4) 24 (1.2) 35 (1.3) 13 (0.8)

* Fourth grade in most countries; see Table 2 for information about the grades tested in each country.
* Percent of total possible points on each item averaged over students.
Y Average of percentage scores across items; all items weighted equally.
T Met guidelines for sample participation rates only after replacement schools were included (see Appendix A for details)
! School-level exclusions for performance assessment exceed 25% of the National Desired Population (see Table A.3).
() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.
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CHAPTER 1

the application of a transformation rule to a set of numberithm easy (Table 1.15, Items 1 and 3 — average percentage sc

generated by the throw of a die. Students were given a die9@%), but describing the data (Item 2 — average percentage score.
shaker, and an algorithm for converting the number resulting froil%) and summarizing it in another table (Item 4 — average p
each throw to another number. They were asked to generate saantage score: 71%) were more difficult. Students had little diffi
numbers, apply the algorithm, and answer some questions aboulty extracting an item of information from the table (Item 5A —
the patterns of humbers generated. Students also were proviéserage percentage score: 83%), but providing an explanation
with a table showing two examples of the transformation to bie pattern of data in the summary table (Item 5B — avera“
applied, and the shell of a table for recording data (the ability fmercentage score: 33%) was much more demanding.
construct a data table was not being assessed here). Dice is a f%i\rls)llmilar pattern of achievement across items was found for fourth-
straightforward task, intended to measure students’ ability to appl

, . . . ade students, although these students had a lower average

an arbitrary numerical algorithm, record and analyze data, and iden o0
and explain the patterns in the data recorded. The task is identical orrformance level (Table 1.16 — average percentage score: 42%

: . - r fourth graders, compared with Table 1.15 average percentage
both populations. Scoring criteria for fully-correct responses to eacC re: 73% for eighth graders). The younger students also found
item and examples of student responses are shown in Figure 1. ) ° gnth g ' young

the application of the algorithm manageable, but the less proce-
dural questions caused them more problems. In particular, the very
low scores on Item 5B reflects the difficulty noted earlier that
primary-school students have in producing written explanations.

I n the mathematics task Dice, students were asked to expldighth-grade students generally found the application of the algg

6/



C HAPTER 1

FIGURE 1.14 - DIcE FuLL-TAsk EXAMPLE AND SCORING CRITERIA — EIGHTH AND FOURTH GRADES

ITem 1 ITEMs 2 AND 3

DICE

2. What do you notice about the numbers you recorded?

At this station you should have:
‘oer 9 .
One of a pair of dice (This is called a die.) AN e AueD L oncR waeae  wsech Ava rale
A shaker torre ot as oy glen saonioeyr

ReadALL directions carefully.

Your task:
Find out what happens when we use a rule to change the numbers that turn up when @ die 3. Throw the die 30 times. Each time you throw the die change the numbers that turn up using
is thrown. the rule. Each time record the number on the die and the changed numbers. Write the num-

bers in the tables below.
The rule for changing the numbers is:

* Ifan ODD number turns up, take away 1 and record the result. Number on die Changed numbel Number on die Changed number
« If an EVEN number turns up, add 2 and record the result. = é
1. Inthe table below, two examples have already been recorded for you. Use the rule to find out ﬁr 4
what the other changed numbers will be. Complete the table. & g i o
= <+ 2 &
Number on die Changed numbers
It'sa 3. 3isanodd £ 2 6 %
number, so I'll take
1 o ™ away 1 and record 2. l &) o &
4
& e s 2 &
2 % 4 * 2 2 3 2
4 o 5 4
o
3 Oo 2 % 2 “ 2 4
2 4 4 &
[exe]
4 |88 6 4 (o 5 4
Its a 4. 4isan even 5 4 < <
number, so I'll add 2
5 gog £ and record 6. < & [ g€
) p ) O < S
oo [oX6] x
6 oo A \ G < 3
oo
Please turn the page.
page 1 TASK M1-P2 TASK M1-P2 page 2
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CHAPTER 1

ITem 4 AND 5

4. Look again at the 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 Number Number of Times Recorded

0 -

: o

2 4

3 ~

4 |

5 -

6 E

7 e

8 I:E'\.

5a. What changed number did you record mo# L'QG .,_}fs\)

5b. Why did it happen this way?
Becoose -\1.003.(_23 ond fues (5) boihk
e e S e . e N
He role TR

PUT YOUR MATERIALS BACK THE WAY YOU FOUND THEM SO THAT
SOMEONE ELSE CAN USE THIS STATION.

page 3 TASK M1-P2

CRITERIA FOR FuLLY-CORRECT RESPONSE

Item 1 - Change numbers according to algorithm to complete table.
Applies algorithm correctly (0, 4, 2, 6, 4, 8).
Total Possible Points: 2

Item 2 - Identify and describe pattern in numbers.
i) Describes pattern that is consistent with data. ii) Patterns and trends
may be one or more of the following: all numbers are even; numbers
range from O to 8; number 4 occurs twice; rule for obtaining sequen-
tial numbers, such as +4, -2, +4, -2.

Total Possible Points: 1

Item 3 - Apply algorithm to die throws and record resulting
numbers in table. i) Completes at least 25 throws of die. ii) Applies
algorithm correctly.

Total Possible Points: 2

Item 4 - Count frequency of each changed number recorded in
table. Response consistent with data table.
Total Possible Points: 2

Item 5a - Identify most frequently recorded number in table.
Response is consistent with data.
Total Possible Points: 1

Item 5b - Explain most frequently recorded number in table.
Provides plausible explanation to account for the predominance of
observed number.

Total Possible Points: 1
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Table 1.15

Average Percentage Scores on ltems

Dice Task: Average Percentage Score on Items — Eighth Grade*

Overall Item 1 Iltem 2 Iltem 3 Item 4 Item 5A Item 5B
iy LESS Complete Table Describe Pattern Apply Algorithm Count Frequencies Frgili"etg%’ m:?::) - Explain Findings
Average '
2 1 2 2 1 1
Points Point Points Points Point Point
Singapore 84 (1.6) 97 (1.0) 90 (2.8) 95 (1.9) 84 (2.1) 95 (2.1) 44 (6.1)
" Switzerland 79 (1.4) 91 (1.9) 86 (3.8) 94 (1.4) 69 (3.0) 86 (2.8) 45 (4.1)
Canada 77 (1.8) 92 (2.0) 84 (3.2) 90 (1.7) 75 (3.0) 88 (2.3) 31 (3.1)
" Scotland 76 (1.6) 93 (1.5) 73 (3.3) 93 (1.0) 70 (2.7) 87 (2.0) 41 (4.6)
Portugal 76 (1.8) 96 (1.3) 67 (4.5) 97 (1.2) 72 (3.2) 85 (2.9) 38 (4.9)
Sweden 74 (2.4) 94 (1.7) 65 (4.7) 92 (2.3) 71 (3.7) 81 (3.2) 44 (4.7)
Czech Republic 73 (2.5) 93 (2.1) 75 (5.2) 83 (3.1) 73 (3.3) 78 (3.7) 39 (4.7)
New Zealand 73 (1.2) 94 (1.2) 76 (2.4) 93 (1.3) 63 (2.4) 83 (2.6) 31 (3.5)
Spain 73 (2.2) 88 (2.4) 68 (3.4) 90 (2.4) 68 (3.2) 83 (3.7) 43 (5.2)
Norway 72 (1.9) 94 (2.4) 70 (4.5) 89 (2.2) 65 (3.5) 87 (2.8) 30 (4.5)
Cyprus 68 (2.2) 83 (2.6) 67 (4.3) 90 (2.4) 65 (3.2) 77 (4.8) 28 (4.7)
Iran, Islamic Rep. 58 (1.8) 83 (3.8) 34 (3.7) 78 (3.8) 72 (6.1) 73 (4.1) 9 (3.2)
ICountries Not Satisfying Guidelines for Sample Patrticipation Rates (See Appendix A for Details):
Australia 78 (2.4) 94 (1.4) 74 (4.5) 93 (1.6) 76 (3.2) 89 (2.9) 44 (4.9)
2 England 79 (1.6) 97 (1.2) 83 (2.8) 93 (1.9) 73 (2.5) 90 (3.0) 38 (3.9)
Netherlands 76 (2.2) 97 (1.1) 82 (7.1) 96 (1.6) 72 (3.3) 87 (2.9) 21 (3.7)
United States 71 (2.1) 89 (2.6) 76 (3.1) 88 (2.2) 69 (3.1) 77 (2.8) 29 (3.3)
ICountries Not Meeting Age/Grade Specifications (See Appendix A for Details):
Colombia 49 (4.0) 68 (4.2) 41 (6.8) 70 (4.9) 52 (4.5) 60 (8.4) 6 (1.8)
* Romania 76 (2.3) 67 (6.2) 73 (4.4) 95 (2.0) 88 (3.1) 88 (3.0) 42 (5.2)
Slovenia 78 (1.4) 98 (1.1) 72 (3.9) 99 (1.0) 80 (3.0) 89 (2.8) 33 (4.3)
L{‘&S{Qg‘g"”a' 73 (0.5) 90 (0.6) 71 (1.0) 90 (0.5) 71 (0.8) 83 (0.8) 33 (1.0)

* Eighth grade in most countries; see Table 2 for information about the grades tested in each country.
°® Percent of total possible points on each item averaged over students.

Y Average of percentage scores across items; all items weighted equally.
T Met guidelines for sample participation rates only after replacement schools were included (see Appendix A for details)
1 National Desired Population does not cover all of International Desired Population (see Table A.2) - German-speaking cantons only.

2 National Defined Population covers less than 90 percent of National Desired Population for the main assessment (see Table A.2).

3 School-level exclusions for performance assessment exceed 25% of the National Desired Population (see Table A.2).
() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.



Dice Task: Average Percentage Score on Items — Fourth Grade* FELI[SN RIS

Average Percentage Scores on Items

C HAPTER

Overall Item 1 Item 2 Item 3 Item 4 Item 5A Item 5B
Country Task Complete Table Describe Pattern Apply Algorithm Count Frequencies - Identify Most Explain Findings
Average 7 requent Number
2 1 2 2 1 1
Points Point Points Points Point Point
Canada 46 (2.8) 77 (2.9) 41 (3.4) 63 (5.5) 40 (4.0) 48 (4.3) 5 (1.1)
" New Zealand 39 (2.4) 67 (3.8) 31 (3.6) 65 (3.5) 27 (3.1) 42 (3.7) 5 (1.8)
Cyprus 39 (2.4) 71 (4.3) 22 (4.2) 60 (4.6) 35 (2.5) 36 (3.8) 10 (3.0)
Iran, Islamic Rep. 34 (2.9) 64 (4.9) 16 (3.8) 57 (5.0) 29 (3.8) 28 (4.6) 8 (2.9)
Portugal 28 (2.6) 72 (4.1) 21 (4.0) 41 (4.9) 14 (2.8) 16 (3.3) 4 (1.7)
ICountries Not Satisfying Guidelines for Sample Patrticipation Rates (See Appendix A for Details):
Australia 54 (1.9) 81 (2.7) 45 (3.8) 71 (4.3) 54 (2.9) 58 (3.0) 16 (2.4)
Hong Kong 48 (3.8) 82 (3.9) 30 (4.8) 71 (6.5) 38 (5.4) 51 (4.5) 13 (2.8)
United States 45 (2.4) 71 (3.1) 43 (3.1) 68 (3.7) 31 (3.4) 47 (5.1) 7 (2.2)
ICountries Not Meeting Age/Grade Specifications (See Appendix A for Details):
Slovenia 44 (2.5) 77 (3.7) 26 (4.1) 64 (4.4) 39 (3.7) 50 (4.8) 9 (2.0)
K‘\Eg:gggona' 42 (0.9) 73 (1.3) 31 (1.3) 62 (1.6) 34 (1.2) 42 (1.4) 9 (0.8)

* Fourth grade in most countries; see Table 2 for information about the grades tested in each country.
* Percent of total possible points on each item averaged over students.
Y Average of percentage scores across items; all items weighted equally.
T Met guidelines for sample participation rates only after replacement schools were included (see Appendix A for details)
1 School-level exclusions for performance assessment exceed 25% of the National Desired Population (see Table A.3).
() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.
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CHAPTER 1

andasked to use it to perform multiplications to explore a numbet2%), a substantial number of students simply made a commént
pattern. The numbers to be multiplied — 34 x 34, 334 x 334hat took the explanation for granted; e.g., “They were easy if y
and 3334 x 3334 — were such as to yield a clear and interestiiogind the method.”

pattern in the products. At eighth-grade, students also were askﬁ%j

to work on factoring a given number. The task was intended {0 € two questions on factoring (eighth grade only) addressed CTP

measure a student’s ability to use the calculator for multiplicatior%e,nt and procedures quite different from those of the previous itenfs,

to analyze a pattern in the results, to make predictions from tﬁgt were grouped with them because the calculator was usefu:n

pattern found, to explain the basis for the predictions, and (at t iscovering or verifying factors. Eighth-graders found it mode

e . : .
eighth-grade level) to use prior knowledge of number properties :f-xct)ely difficult to give three reasons why a particular pair of number
find factors for a given number. Solving the factoring problem, i

ould not be the missing factors (Item 6 — average percentage scCe
which students were asked to find two factors of 455 such tha. part one: 45%). About one-fifth were able to find the factor
both factors were two-digit numbers and were less than 5

emselves (Item 6 — average percentage score for part two: 21
. . f the students not receiving full credit, some showed the correkt
required some knowledge of number properties and was gre s}/ctors but omitted evidence of their work; others gave no
facilitated if students understood the concept of prime factors. ' . ’ 9
. . ._Integral numbers as the factors, or tried factors at random.
Figure 1.15 shows the task with sample responses to all seven items,
and the scoring criteria for fully-correct responses. The task w&burth-grade students also proved accomplished in using the
identical for both grades, except that the fourth-grade students wetgator for multiplication (Table 1.18, Item 1 — average percentage
not given the factoring problem. score: 92%), and many could use the pattern to predict the n
Eighth-grade students almost universally were able to use t gmber in the sequence (Item 3 — average perc_entqg_e score: 5
owever, describing the number pattern, applying it in a less roy-

calculator to carry out the required multiplications (Table 1.1 o . : -
, tine situation, and explaining how they made their predictions we
Item 1 — average percentage score: 97%), but they were much less -
. L . enerally very difficult for the fourth graders.
successful in describing the underlying pattern (Item 2 — averaae
percentage score: 40%). Interestingly, despite rather low perfor-
mance on the description item, students were generally successful
in applying the pattern to solve a routine problem. That is, they
predicted the next number in the sequence (Item 3 — average
percentage score: 75%). This coincides with the commonsense
notion that students’ ability to understand and to apply their knowledge
generally exceeds their ability to describe what it is they know.
Eighth graders were less successful in applying the pattern to a
less routine situation, i.e., predicting a number further out in the
seqguence (Item 4 — average percentage score: 55%). Errors in this
situation tended to involve incomplete pattern analyses. In attempting

I n the Calculator task, students were provided with a calculattr explain their predictions (Item 5 — average percentage scoh

1V
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C HAPTER 1

STl 0]: 130 B BTN @\ WO WY (08 FurL-TAsk EXAMPLE AND SCORING CRITERIA — FIGHTH AND FOURTH GRADES

ITEMs 1 AND 2

ITems 3, 4, AND 5

CALCULATOR

At this station you should have:

A calculator

Your task:

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

Before answering the questions read these notes:

When you use the calculator:
* Make sure that you press the correct keys.
» Make sure that you read the display carefully.

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

— 34x3a = 3¢
BEE 33ax33s = 111356
=8E - Mhs55¢L
oo[]| 3s34x3334 =

2. What do you notice about the multiplications and the pattern of answers?

M%W Tt Grsarers el Aiave
mmméﬁ” Hitar . Thart an alosys o 6
ﬁmw%%q{ﬁ‘ﬁm%%w
;};MWG&BS%MWM%@
ﬂm@&w,!ﬂmq{/‘swm
W%MBW%‘WW

Wﬂfwwm.w/

page 1 TASK M2-P2

3. Now use the pattern to write down what you think the answer will be to the multiplication
below WITHOUT using the calculator.

|

5359¢

g 33334533334 = _IIi!}

a

o
oooxO

4. Now write down what you think the answer will be to the multiplication below WITHOUT
using the calculator.

| —

- e =0 S5 85 G
B 3333334x 3333334 = V1] 359955
oo
EIEID

5. How did you figure out the answer to questions 3 and 4?

L oaneleii Son Aty I S

£ ¥

dadr T

Please turn the page.

TASK M2-P2 page 2
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CHAPTER 1

ITEeM 6 (EiIGHTH GRADE ONLY)

T e
BEEHD

6. Ramesh tells Alison that he multiplied two whole numbers together using a calculator and the
answer was 455, but he's forgotten the numbers. He can remember two things about them:

 both numbers had 2 digits
» both numbers were less than 50

Alison tries several numbers. She began by putting 7 ¥ 64 into the calculator. But Ramesh
said, "l can give you at least three reasons why those numbers can't be the ones | used." What
were Ramesh's reasons?

a kol pumdor Aave T b Aoy Man SO
_'“6!'* ;M"I‘J'
b Kol npmibte; A ,'Zhofogmé = T ootayd
i B Bt 1 USS th, 5
“ k) B e 5 T P ety

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

» Now you try to find the numbers Alison found.

You may use any method you like. Write down each of your tries here.

page 3 TASK M2-P2

CRITERIA FOR FuLLY-CORRECT RESPONSE

Item 1 - Use calculator to perform multiplications.
All 3 calculations correct (1156, 111556, 11115556).
Total Possible Points: 3

Item 2 - Identify pattern in answers.i) Identifies a correct pattern.

i) Includes the repetitions of 1, 5, and may include 6. iii) Identifies a
relationship between these and the increasing number of digits or the
increasing numbers of 3 in the multipliers.
Total Possible Points: 2

Item 3 - Predict answer to first (routine) calculation.Predicts
answer based on application of correct pattern (1111155556).
Total Possible Points: 2

Item 4 - Predict answer to second (non-routine) calculation.
Predicts answer based on application of correct pattern
(11111115555556).

Total Possible Points: 2

Item 5 - Describe strategy for predicting answers. Describes
pattern and a correct method of application.
Total Possible Points: 2

Item 6 - Factors of 455Responses to two parts are scored separately

List three reasons why Alison’s factors are incorrectLists 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 multiple of 5.

Total Possible Points: 3

Find correct factors. i) Identifies correct factors (35 x 13).
if) Shows use of a systematic method.
Total Possible Points: 2

/5
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Average Percentage Scores on Iltems

Calculator Task: Average Percentage Score on Items — Eighth Grade*

Overall Item 1 Item 2 Item 3 Item 4 Item 5 Item 6
Task Perform Identify Predict: Predict: Explain Factors of 455
Average v Calculations Pattern A Routine Non-Routine Predictions Reasons Factors Find Correct
pplication Application Incorrect Factors
3 2 2 2 2 B 2
Points Points Points Points Points Points Points

" Switzerland 61 (1.6) 99 (0.5) 51 (3.4) 85 (2.8) 64 (3.8) 55 (3.9) 40 (3.6) 33 (3.7)
Singapore 60 (2.8) 98 (0.7) 33 (4.3) 84 (3.3) 64 (5.1) 45 (4.9) 53 (3.4) 45 (4.2)
Canada 60 (1.5) 97 (0.8) 44 (2.7) 86 (2.2) 64 (2.7) 47 (2.8) 50 (2.6) 30 (1.7)
Norway 59 (1.6) 99 (0.5) 44 (2.7) 79 (3.2) 51 (3.2) 46 (3.2) 69 (2.7) 25 (3.2)
New Zealand 55 (1.5) 95 (1.2) 43 (2.5) 78 (2.9) 56 (3.2) 40 (3.2) 47 (2.0) 24 (2.2)
Czech Republic 54 (2.0) 96 (1.7) 45 (3.9) 76 (3.2) 58 (5.0) 45 (3.7) 44 (3.8) 15 (3.4)
Spain 53 (2.1) 98 (0.6) 48 (4.6) 76 (4.0) 53 (5.4) 53 (3.6) 29 (2.6) 12 (2.2)
Sweden 51 (2.3) 95 (1.2) 40 (4.4) 69 (3.7) 52 (3.2) 49 (4.5) 39 (3.9) 10 (2.4)

t Scotland 49 (3.1) 97 (0.7) 44 (4.8) 65 (4.9) 43 (6.0) 45 (4.5) 35 (3.3) 15 (3.3)
Iran, Islamic Rep. 48 (3.7) 96 (2.0) 43 (6.0) 59 (7.0) 54 (7.3) 30 (4.8) 51 (3.5) 6 (3.7)
Cyprus 40 (1.9) 97 (0.8) 24 (3.6) 56 (3.6) 39 (3.9) 19 (2.9) 38 (3.5) 9 (1.9)
Portugal 39 (2.1) 95 (2.0) 23 (3.3) 62 (5.0) 44 (4.7) 26 (2.9) 21 (3.6) 5 (1.3)

ICountries Not Satisfying Guidelines for Sample Participation Rates (See Appendix A for Details):

Australia 59 (1.9) 99 (0.3) 50 (4.6) 86 (2.2) 67 (3.9) 50 (4.3) 36 (2.9) 27 (4.0)

2 England 62 (1.4) 98 (0.7) 50 (3.1) 85 (2.9) 59 (4.1) 61 (2.5) 53 (2.4) 29 (2.5)
Netherlands 59 (2.3) 97 (1.0) 37 (3.8) 77 (3.6) 58 (4.5) 42 (3.0) 78 (3.5) 25 (3.4)
United States 56 (1.9) 97 (0.8) 44 (3.5) 79 (3.1) 51 (2.7) 44 (3.4) 54 (3.1) 20 (2.8)

ICountries Not Meeting Age/Grade Specifications (See Appendix A for Details):

Colombia 31 (1.6) 94 (1.7) 20 (2.9) 46 (4.6) 27 (3.4) 10 (1.8) 13 (2.8) 6 (1.9)

* Romania 66 (2.6) 98 (1.1) 51 (4.4) 82 (4.0) 79 (4.3) 57 (4.8) 48 (3.4) 44 (5.1)
Slovenia 58 (1.6) 99 (0.5) 34 (4.2) 84 (2.4) 68 (3.1) 35 (3.0) 61 (3.5) 23 (3.2)
K‘\}g:ggte'ona' 54 (0.5) 97 (0.3) 40 (0.9) 75 (0.9) 55 (1.0) 42 (0.8) 45 (0.7) 21 (0.7)

* Eighth grade in most countries; see Table 2 for information about the grades tested in each country.

® Percent of total possible points on each item averaged over students.
¥ Average of percentage scores across items; all items weighted equally.

T Met guidelines for sample participation rates only after replacement schools were included (see Appendix A for details)

1 National Desired Population does not cover all of International Desired Population (see Table A.2) - German-speaking cantons only.
2 National Defined Population covers less than 90 percent of National Desired Population for the main assessment (see Table A.2).

3 School-level exclusions for performance assessment exceed 25% of the National Desired Population (see Table A.2).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.
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Calculator Task: Average Percentage Score on Items — Fourth Grade* JELIENR K

Average Percentage Scores on Iltems

Overall Iltem 1 Item 2 Item 3 Iltem 4 Iltem 5
Country Task Perform Identify Predict: Predict: Explain
Calculations Pattern Routine Application Non-Routine Application Predictions
Average ¥
3 2 2 2 2
Points Points Points Points Points
Canada 47 (2.0) 94 (1.3) 22 (2.6) 64 (3.3) 30 (3.1) 24 (2.5)
" New Zealand 40 (1.7) 94 (1.6) 15 (2.1) 57 (4.4) 23 (2.8) 12 (1.4)
Iran, Islamic Rep. 35 (2.9) 74 (4.5) 14 (3.5) 44 (3.6) 33 (3.6) 11 (2.6)
Portugal 33 (2.0 95 (0.9) 7 (2.1) 41 (4.4) 14 (3.9) 7 (1.8)
Cyprus 31 (2.5)** 93 (1.8) 5 (2.2) 30 (5.4) 18 (4.6) - -
ICountries Not Satisfying Guidelines for Sample Participation Rates (See Appendix A for Details):
Australia 43 (2.5) 95 (1.5) 11 (1.7) 62 (4.6) 31 (5.0) 15 (2.4)
Hong Kong 50 (2.5) 94 (1.4) 23 (3.9) 74 (4.6) 46 (5.0) 15 (4.2)
United States 42 (2.2) 95 (0.9) 19 (2.7) 56 (4.1) 23 (3.8) 17 (1.9)
ICountries Not Meeting Age/Grade Specifications (See Appendix A for Details):
Slovenia 37 (1.9) 95 (2.1) 10 (2.4) 44 (5.3) 23 (3.8) 11 (1.5)
X‘\fg:ggte'ona' 40 (0.8) 92 (0.7) 14 (0.9) 52 (L.5) 27 (1.3) 13 (0.8)

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.

* Fourth grade in most countries; see Table 2 for information about the grades tested in each country.

* Percent of total possible points on each item averaged over students.

¥ Average of percentage scores across items; all items weighted equally.

Adash (-) indicates data are not available. Item 5 was not administered in Cyprus.

**Qverall task average includes an estimated average percentage score of 7% for Item 5 based on overall relative country performance and international item difficulty.
T Met guidelines for sample participation rates only after replacement schools were included (see Appendix A for details)

1 School-level exclusions for performance assessment exceed 25% of the National Desired Population (see Table A.3).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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CHAPTER 1

F or the Folding and Cutting task, students were given scissom
and a number of sheets of paper, and asked to fold and cut
the paper so as to duplicate a set of cutout shapes. They w
allowed up to three tries to duplicate each shape, but no additio

credit was given for fewer attempts. The task was intended to measur
understanding of symmetry and spatial relations, and the ability

solve problems in a non-routine situation, i.e., in a spatial conte

The task was the same for the fourth and eighth grades, except
an extra item for the eighth-grade students.

Figure 1.16 shows the tasks and sample student responses, togem
with scoring criteria for fully-correct responses to each item.
ltems 1, 2, and 3 make use of the same problem (although it 4
presented in increasing complexity), draw on the same ability, an

are coded according to the same rubric. Iltem 4 (eighth grade onm
asks students to draw the lines where the folds would be in order
achieve the shape provided, without actually manipulating the

scissors and paper. %
In general, eighth-grade students were quite successful in perfor

ing the three folding and cutting exercises (Table 1.19, Items 1-3).
International average percentage scores on these items were in n
70s. Itis perhaps not surprising that international averages for these
items do not differ greatly, since they required essentially the sa
thinking and manipulative skills and addressed a common proi-

lem, albeit with varying degrees of complexity. In the fourth item

no manipulation was required, but rather students were asked

think about how to fold the paper and to draw lines on the diagram

to show where the folds should be. The drop in performance (H
Item 4 (average percentage score: 53%) compared with the first
three items may be due partly to the more complex pattern, b=
also seems to illustrate the importance of hands-on materials
problem solving among middle-school students. 2

and folding tasks more difficult, with average percentage scores

As might be expected, the fourth-grade students found the cuttirh
the 30s and 40s (Table 1.20).

/9



C HAPTER 1

(e O30 W TN 2o I N NN o M @05 i i [N[@ FuLL-Task EXAMPLE AND SCORING CRITERIA — FIGHTH AND FOURTH GRADES

ITEMs 2 AND 3

ITem 1

2. Do the same for shape 2. Remember only ONE STRAIGHT CUT is allowed. You may try

FOLDING AND CUTTING this task a total of THREE times.

« Write the number 2 on each sheet of paper you used for this task.

At this station you should have:
« Write your first name on each sheet

9 sheets of paper.
Shape 2

Scissors
An envelope

Your task: <>

Fold and cut sheets of paper to make shapes which match the patterns given. For each
shape you may fold the paper as often as you like, but ONLY ONE straight cut is alloyed.

©

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

» Write number 1 on each sheet of paper you used for this task.

3. Do the same for shape 3. Remember only ONE STRAIGHT CUT is allowed. You may try
this task a total of THREE times.

* Write your first name on each sheet. « Write number 3 on each sheet of paper you used for this task.
< Write your first name on each sheet.

Shape 1 Shape 3

SO

Please turn the page.

page 2

TASK M3-P2 TASK M3-P2

page 1
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C HAPTER

ITem 4 (EiGHTH GRADE ONLY)

4. For this question, shape 4 is drawn below. Instead of folding or cutting shape 4, you are
asked to 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 you 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 to try again. Remember, only draw lines to show where the paper should be folded.
Shape 4
I _%>_
1
1
?—#

Shape 4

<
<

OO

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

THROW AWAY ANY SCRAPS OF PAPER.

page 3 TASK M3-P2

RespONSEs FOR ITEms 1, 2, AND 3

1) )
) <
A ©
2) <
_D ® \
- .'1 \ J
3) )

CRITERIA FOR FULLY-CORRECT RESPONSE

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

i) Places two fold lines correctly.
Total Possible Points: 2

Item 2 - Fold paper and cut out shape 4) Makes only one cut line.

i) Places two fold lines correctly.
Total Possible Points: 2

Item 3 - Fold paper and cut out shape 3) Makes only one cut line.

i) Places four fold lines correctly.
Total Possible Points: 2

Item 4 - Predict and draw fold lines on shape 4Shows six fold
lines in the correct locations.
Total Possible Points: 3




C HAPTER 1

82

IELIER LN Folding and Cutting Task: Average Percentage Score on Items - Eighth Grade*

Average Percentage Scores on ltems

Overalll Item 1 Item 2 Item 3 Item 4
Country Task Fold and Cut Shape 1 Fold and Cut Shape 2 Fold and Cut Shape 3 Predict and Draw Shape 4
Average '
Points Points Points Points
2 2 2 3
Singapore 80 (2.6) 83 (2.3) 86 (2.6) 81 (3.1) 72 (4.0)
Sweden 80 (2.5) 84 (3.0) 88 (2.5) 86 (2.5) 62 (3.4)
" Switzerland 79 (1.9) 80 (2.8) 89 (1.9) 85 (1.9) 63 (3.4)
New Zealand 75 (2.3) 75 (3.3) 83 (2.6) 77 (2.9) 65 (2.2)
Czech Republic 73 (3.2) 78 (4.0) 84 (2.6) 75 (3.6) 55 (5.0)
Norway 73 (2.1) 76 (3.1) 81 (2.6) 76 (2.9) 59 (2.2)
" Scotland 71 (3.9) 78 (4.2) 80 (4.1) 74 (4.7) 53 (5.1)
Spain 61 (3.1) 62 (3.8) 71 (4.0) 63 (4.4) 50 (4.2)
Canada 59 (2.5) 60 (3.4) 72 (3.2) 63 (3.4) 42 (2.7)
Iran, Islamic Rep. 58 (3.0) 57 (3.4) 69 (3.6) 62 (4.2) 44 (4.0)
Portugal 58 (3.1) 59 (4.2) 71 (4.7) 65 (4.4) 36 (2.5)
Cyprus 48 (2.4) 60 (3.2) 59 (2.9) 45 (2.6) 27 (2.9)
ICountries Not Satisfying Guidelines for Sample Participation Rates (See Appendix A for Details):
Australia 74 (3.3) 76 (3.7) 83 (2.9) 77 (4.4) 59 (4.3)
2 England 69 (3.0) 66 (4.1) 80 (3.6) 69 (3.8) 62 (2.9)
Netherlands 71 (2.4) 70 (3.5) 79 (3.6) 75 (3.0) 59 (3.8)
United States 68 (2.0) 72 (2.8) 82 (2.2) 75 (2.1) 45 (3.3)
I Countries Not Meeting Age/Grade Specifications (See Appendix A for Details):
Colombia 43 (5.7) 45 (7.2) 62 (5.0) 41 (7.1) 25 (5.9)
* Romania 84 (2.3) 89 (2.0) 91 (2.3) 88 (2.7) 67 (5.0)
Slovenia 82 (2.0) 83 (2.9) 90 (1.7) 86 (2.2) 70 (3.2)
"A'j\;g:ggg"“a' 69 (0.7) 71 (0.8) 79 (0.7) 72 (0.8) 53 (0.9)

* Eighth grade in most countries; see Table 2 for information about the grades tested in each country.

® Percent of total possible points on each item averaged over students.

Y Average of percentage scores across items; all items weighted equally.

T Met guidelines for sample participation rates only after replacement schools were included (see Appendix A for details)

1 National Desired Population does not cover all of International Desired Population (see Table A.2) - German-speaking cantons only.
2 National Defined Population covers less than 90 percent of National Desired Population for the main assessment (see Table A.2).

3 School-level exclusions for performance assessment exceed 25% of the National Desired Population (see Table A.2).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.




C HAPTER

Folding and Cutting Task: Average Percentage Score on ltems — Fourth Grade* [JE1] (58 #94))

Average Percentage Scores on ltems

Overall Item 1 Item 2 Item 3
Country Task
Fold and Cut Shape 1 Fold and Cut Shape 2 Fold and Cut Shape 3
Average ¥
Points Points Points
2 2 2
Iran, Islamic Rep. 50 (6.9) 52 (7.1) 50 (6.7) 47 (7.6)
Canada 31 (3.6) 28 (4.2) 36 (4.1) 28 (3.1)
Cyprus 28 (3.4) 33 (3.7) 30 (3.7) 21 (3.8)
" New Zealand 25 (3.8) 24 (3.5) 29 (4.2) 23 (4.4)
Portugal 21 (3.1) 21 (4.4) 24 (3.6) 17 (2.9)
ICounIries Not Satisfying Guidelines for Sample Patrticipation Rates (See Appendix A for Details):
Australia 40 (3.6) 38 (3.6) 49 (4.1) 34 (4.3)
Hong Kong 40 (4.0) 39 (3.5) 46 (5.8) 35 (4.4)
United States 44 (2.5) 42 (3.1) 51 (2.7) 39 (3.3)
ICountries Not Meeting Age/Grade Specifications (See Appendix A for Details):
Slovenia 63 (3.6) 66 (3.7) 67 (4.0) 55 (4.4)
International 38 (1.3) 38 (1.4) 42 (1.5) 33 (1.5)
Average

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.

* Fourth grade in most countries; see Table 2 for information about the grades tested in each country.

® Percent of total possible points on each item averaged over students.

Y Average of percentage scores across items; all items weighted equally.

T Met guidelines for sample participation rates only after replacement schools were included (see Appendix A for details)

1 school-level exclusions for performance assessment exceed 25% of the National Desired Population (see Table A.3).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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CHAPTER 1

dV

model of a corridor having a right-angle bend, and sever&édvels. The fourth-grade version of the task, together with samp
pieces of cardboard cut to represent pieces of furniture. Tstudent responses and criteria for fully-correct responses, is sho
task, in general, was to find out which pieces of furniture would gio Figure 1.18.
around the bend in the corridor. The kinds of furniture and thej

dimensions varied across countries to suit the local contexts. r_l%lghth—grade students found the procedural items involving me

eighth-grade students, the task was intended to measure the %i[ement and scale conversion relatively easy (Table 1.21, lte
— average percentage score: 84%; Item 2 — average percent

lowing procedural and cognitive skills: to perform conversions . e : :
gp 9 . P segre: 69%). They also had little difficulty in relating models to
between meters and centimeters; to use a scale to convert maoge S
. . . : . . the real world (Item 3 — average percentage score: 66%) or in iden-
sizes to the dimensions of real-world furniture pieces; to solvetI ing which of two pieces of furniture would ao “around the bend”
spatial problem by manipulating models; to make judgments abo 9 P g0 -2
. . tem 4 — average percentage score: 69%). Drawing models to scdl€,
the real-world furniture that the models might reasonably repre- . ) . . . .
. . . X . . ﬁonjecturlng about which real-life pieces of furniture they might
sent; and, finally, to generalize a rule from experimenting wit

models. The rule needed to relate model width and length to tﬁ%zaif)r:,tl’e?:;;j ri(;?éncﬂﬁ‘?g:ﬁtth;irt;h:\yegogd Sr?:earl:tc;\unedstchoiebsein
dimensions of the corridor so that the furniture “would always g%he : gep 9

around the bend.” Figure 1.17 presents the eighth-grade versjon 40s and.SOS. Fmd.mg a gengral rule for predlctlng from th
. . _._length and width of a piece of furniture whether or not it would go
of the task, together with sample student responses and criteria Tor .
around the bend proved extremely challenging for almost all studen
fully-correct responses.

F or the Around the Bend task students were supplied withannot be made between performance on items at the two gr

ale

aN

T

. . , Faurth-grade students were more successful in measuring mod
The fourth-grade version of the task required essentially the Samr?d in deciding whether thev would round the bend (Table 1
skills, but involved different models of furniture and different ded ecicing whether they woulld go arou e bend (Table 1.22,

— . 0 0,
mands for the conversions and judgments about real furniture. I'—IE)G'}mS 1and 4 —average percentage scores: 57% and 54%, res

L . t|V{er) than in converting from centimeters to meters (ltem 2
example, at the fourth grade, the first item combined measurem@dr\1/era e percentage score: 32%) or making models to scale (Iterd 3
with students’ judgment about going around the bend, and so is not gep 9 ' 0 9

— . 0
directly comparable with the eighth-grade item. The fourth graders"’wer"’lge percentage score: 33%).
also were not asked to find a general rule. Consequently, comparisons

H

aNid 3
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C HAPTER 1

(e8] 10 B ARL Te YU I i3 [ 5 {END FuLL-TAask EXAMPLE AND SCORING CRITERIA — EIGHTH GRADE

INTRODUCTION TO TASK Items 1,2, 3, ANnD 4

AROUND THE BEND _ _
Here are some pictures (not to scale) showing what could happen.

At this station you should have:
Two rectangles of white card, A and B, which are models of pieces of furniture
1 cm squared graph paper to make different rectangles to be models of other pieces of
furniture
Scissors
A 30 cm ruler
Plastic bag and labels % %\ %

Paper clips
A model representing a corridor in an apartment The rectangles representing furniture and the model of the corridor in Ray’s apartment are
drawn to scaleScale: 4 cm represents 1 m.
Your task:
Find out what sizes of furniture can be moved around the bend in the corridor. 1. Measure the lengths and widths of the two models of pieces of furniture in cm.
Ais ?Q v cm long and ‘LJ C cm wide.
Read this before answering the questions: Bis L om long and “A G ¥ cm wide.
. . X . . i 2. What are the lengths and widths of the two pieces of furniture in meters?
Ray is to move into an apartment which has the main rooms around a bend in the corridor . ()Vm :r_ M .
leading from the front door. Ais__ AAY  mlongand m wide.
Bis <\ m long and/%-‘ ™ m wide.

What sizes of furniture will go around the bend in the corridor?
3. Hereis alist of furniture:

(single bee? 3-seater couch armchair

cot
double bed dining table  2-seater couch sideboard

Judging from their sizes:
- iure is A most Sing® beol
What piece of furniture is A most likely to be?-» 72}

What piece of furniture is B most likely to bek.! X ‘C? ; .}JLQ_,

4. Which piece(s) of furniture (A or B or both) will go around the bend in Ray’s apartment and
which will not?

pied Wil vot o owounel thetens(
Ray wants to get some large pieces of furniture around the bend the right way up. He does Piﬁcf/ B \1\11 l’\ ﬂ(:] muﬂot’ P.\L W

not want to turn the the pieces of furniture on their sides. He uses the models of the corridor
and furniture to find out which pieces of furniture will go around the bend.

Please turn the page.

page 1 TASK M4-P2 TASK M4-P2 page 2
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CHAPTER 1

ITEMS 5 AND 6 ITEM 5 RESPONSE

5. Use the graph paper to make other models of pieces of furniture to the sizes listed in the tablp
below. The sizes are all given in meters. E}

In the second column of the table suggest what the furniture could be.

In the third column find out if the piece of furniture will go around the bend, and check the l HiEE
correct answer.

Furniture Size What Furniture Goes around the hend?
Length (m) Width (m) could be: Yes, easil Yes, jus Ng

c| os s |WASKR A ;
D| 15 05 Q‘CECJ\]C N v , ;

[ e PEm |
F 1 1 d'h@;@m v §i™2 r
G 15 1 Wl{% l/ L

H 2 1 Weg, 8'[33'

6. Whether or not a piece of furniture goes around the bend of Ray's corridor depends on its
length and width. Look at the results you have for all the pieces of furniture A, B, C, D, E, F, L
G and H.

 Try to find a rule for working out from their lengths and widths whether or not a piece
of furniture goes around the bend. _

(b the, witith s hal as ong
g as Yhe lungt 1+ will not g0

the wden & lesidy e sar

PUT THE PIECES OF FURNITURE YOU MADE IN THE PLASTIC BAG AND PUT
YOUR NAME ON THE LABEL.

|

e —

FASTEN THE BAG TO THIS PAGE WITH A PAPER CLIP.

LEAVE THE MODELS A AND B AT THE STATION.

ey

page 3 TASK M4-P2

Shown at actual size

8/



CHAPTER 1

Fic. 1.17 (coNT.) AROUND THE BEND —
EicHTH GRADE
CRITERIA FOR FuLLY-CORRECT RESPONSE

Item 1 - Measure lengths and widths of two furniture models.
Length and width measured correctly (in cm) for both pieces
(A=8cmx4cm;B=4cmx2cm).

Total Possible Points: 2

Item 2 - Convert cm into meters using scaleComputes conversion
of length and width accurately. (A=2mx1m;B=1mx0.5m)
Total Possible Points: 2

Item 3 - Relate models to real-world furniture. Judgments are
reasonable for both pieces.
Total Possible Points: 2

Item 4 - Solve problem: which piece(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 Points: 2

Item 5 - Draw and make predictions about six models.
Three aspects of responses were scored separately.

Draw or cut models to scalei) Correctly applies scale.

i) Computations and drawings are accurate for all 6 pieces
(C=2cmx2cm;D=6cmx2cm;E=8cmx2cm;
F=4cmx4cm;G=6cmx4cm;H=8cmx4cm).

Total Possible Points: 3

Relate models to real-world furniture. Judgments are reasonable
for all 6 pieces.
Total Possible Points: 2

Solve problem: which piece(s) of furniture will go around the
bend. Judges all six pieces of furniture correctly, based on
drawings (C and D — Easily; E and F — Just; G and H — No).
Total Possible Points: 3

Item 6 - Find a general rule for whether furniture will or will not

go around the bend.Includes the correct relationship between length
and width based on the corridor dimensions and scale: i.e., furniture
will go around the bend if (1 length + width}x 1.5 m.

Total Possible Points: 3
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FIGURE 1.18 - AROUND THE BEND

CHAPTER 1

ITEMS AND SCORING CRITERIA — FOURTH GRADE

AROUND THE BEND

At this station you should have:

Five rectangles of white card which are models of pieces of furniture: a single bed,
a coffee table, a dining table, a sideboard, a bookcase

1 cm squared graph paper to make different rectangles to be models of other
pieces of furniture

Scissors

A 30 cm ruler

Plastic bag and label

Paper clips

A model of a corridor in an apartment

Your task:

Find out which pieces of furniture can be moved around the bend in the corridor.

Read this before answering the questions:

Ray is to move into an apartment which has the main rooms around a bend in the corridor
leading from the front door.

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

]

Ray wants to get some large pieces of furniture around the bend the right way up. He does
not want to turn the pieces of furniture on their sides. He uses the models of the corridor and
furniture to find out which pieces of furniture will go around the bend.

Here are some pictures of the corridor each with a piece of furniture showing what could happen

= 2 =

1. Measure the length and width of the model furniture and find which ones will go around the
bend in Ray's corridor. Write down what you find in the table below. Place a checkmark in
the correct column to indicate whether or not the furniture goes around the bend.

Model Length Width Goes Round the Bend
Furniture cm cm Yes Yes No
easily barely

A. Bookcase

B. Dining Table

C. Single Bed

D. Sideboard

E. Coffee table

The models of pieces of furniture and corridor are made to scale: 4 cm on the model repre-
sents 1 m on the real furniture.

2. What is the real size of the bed and the bookcase?

The bed is m long and m wide.

The bookcase is m long and m wide.

Please turn the page.
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FiGURE 1.18 (cONT.) AROUND THE BEND — FOURTH GRADE

3. Ray wants to buy a coffee table measuring 1 m (length) by 1 m (width) and a double bed
measuring 2 m (length) by 1 1/2 m (width).

» Use the graph paper to cut out models of these pieces of furniture to scale size.

Remember the scale: 4 cm on the model represents 1 m on real furniture.

4. Draw a circle around the correct words:
The coffee table (will will not) go around the bend.
The double bed«(ll /will not) go around the bend.

« Label the two pieces of furniture "coffee table" and "double bed."

Q0

CRITERIA FOR FuLLY-CORRECT RESPONSE

Item 1 - For all 5 pieces: measure furniture models and decide
whether they will go around the bendi) Length and width mea-

sured correctly (A=4cmx2cm;B=6cmx6cm; C=8cmx4cm;
D =8cmx 2cm; E =6 cm x4 cm). ii) Judgments about going aroung
the bend are correct (A and E — Easily; D — Barely; B and C — No).
Total Possible Points: 2

Item 2 - Convert cm into meters using scaléZomputes conversion
of length and width correctly for both pieces. (Bed =2 m x 1 m;
Bookcase =1 m x 0.5 m)

Total Possible Points: 2

Item 3 - Cut furniture models to scale Both models are drawn or
cut accuratelyf 3mm). (Coffee table = 4 cm x 4 cm;

Double bed =8 cm x 6 cm)

Total Possible Points: 2

Item 4 - Solve problem: decide whether furniture will or will not
go around the bend.Judges both pieces correctly

(Coffee table will just go around; double bed will not).

Total Possible Points: 2




Around the Bend Task: Average Percentage Score on Items - Eighth Grade* JELI[SNWA|

Average Percentage Scores on Items

C HAPTER

Overall Item 1 Item 2 Item 3 Item 4 Item 5 Iltem 6
Relate A and B .
Country Task Measure Convert to Solve Problem Six Models Find General
Average " Models A and B Using Scale Real Furniture | With Aand B Draw Models to | Relate Models | Solve Problem Rule
Scale to Real Furniture | with Models
2 2 2 2 3 2 3 3
Points Points Points Points Points Points Points Points
Sweden 65 (1.9) 89 (2.1) 95 (2.3) 81 (3.4) 46 (4.4) 70 (4.6) 57 (2.8) 73 (2.7) 12 (2.3)
Singapore 63 (1.5) 94 (1.6) 82 (3.8) 76 (2.9) 89 (2.1) 66 (4.6) 33 (1.7) 64 (2.5) 2 (0.9)
Norway 62 (1.3) 96 (1.4) 80 (2.3) 67 (2.5) 82 (3.4) 54 (3.8) 48 (2.4) 63 (2.5) 7 (0.9)
New Zealand 60 (1.4) 93 (1.0) 74 (2.8) 75 (2.5) 78 (2.5) 52 (3.6) 44 (1.6) 61 (1.8) 3 (0.9)
Czech Republic 58 (1.5) 95 (1.2) 83 (2.8) 61 (3.1) 79 (3.7) 51 (3.4) 44 (2.7) 51 (2.5) 4 (1.5)
" Scotland 58 (2.1) 95 (1.8) 78 (3.7) 50 (3.2) 80 (4.2) 57 (4.8) 39 (3.2) 58 (2.9) 9 (2.6)
" Switzerland 54 (2.2) 81 (4.5) 80 (4.4) 47 (3.1) 64 (3.1) 58 (5.3) 31 (2.3) 63 (3.1) 9 (1.2)
Canada 53 (2.0) 82 (3.8) 67 (2.7) 63 (3.6) 68 (4.5) 48 (3.7) 42 (2.8) 56 (3.5) 1 (0.7)
Spain 53 (1.9) 90 (2.5) 59 (4.3) 80 (3.3) 72 (3.5) 31 (3.9) 46 (3.3) 44 (3.1) 4 (1.3)
Portugal 43 (1.8) 92 (2.6) 57 (4.4) 60 (3.7) 54 (4.3) 26 (3.9) 22 (2.9) 34 (3.3) 1 (0.4)
Cyprus 42 (1.5) 67 (3.6) 41 (4.3) 60 (2.7) 69 (4.1) 28 (4.4) 31 (3.1) 37 (2.8) 0 ~
Iran, Islamic Rep. 34 (3.2) 69 (4.8) 45 (4.8) 43 (3.0) 42 (8.0) 21 (5.3) 23 (4.6) 27 (5.1) 3 (1.6)
ICountries Not Satisfying Guidelines for Sample Participation Rates (See Appendix A for Details):
Australia 58 (1.8) 84 (3.4) 72 (3.7) 64 (3.2) 85 (2.5) 53 (3.8) 46 (2.6) 61 (3.1) 2 (0.7)
2 England 63 (1.5) 94 (1.8) 81 (3.1) 68 (3.0) 82 (2.9) 65 (3.3) 33 (2.2) 67 (2.8) 11 (1.5)
Netherlands 67 (1.9) 92 (1.9) 89 (2.6) 87 (3.5) 80 (3.0) 54 (5.1) 60 (2.9) 68 (2.7) 5 (1.3)
United States 48 (1.8) 68 (3.3) 53 (4.1) 66 (3.0) 62 (3.2) 33 (3.2) 45 (2.2) 52 (2.2) 3 (1.2)
ICountries Not Meeting Age/Grade Specifications (See Appendix A for Details):
Colombia 34 (4.4)* 52 (7.8) 44 (7.7) 56 (6.1) 40 (6.4) 15 (3.8) 37 (4.9) 29 (4.3) --
* Romania 58 (3.1) 79 (5.5) 64 (5.7) 80 (3.3) 71 (4.7) 60 (5.8) 51 (3.5) 53 (3.7) 7 (2.4)
Slovenia 55 (1.9) 82 (3.4) 61 (5.0) 60 (2.5) 79 (3.7) 45 (3.9) 58 (2.9) 52 (3.2) 3 (1.0)
K‘\}ggggona' 54 (0.5) 84 (0.8) 69 (0.9) 66 (0.8) 69 (0.9) 47 (1.0) 42 (0.7) 53 (0.7) 5 (0.3)

* Eighth grade in most countries; see Table 2 for information about the grades tested in each country.
* Percent of total possible points on each item averaged over students.

Y Average of percentage scores across items; all items weighted equally.

A dash (-) indicates data are not available. ltem 6 was not administered in Colombia.

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.

**Qverall task average includes an estimated average percentage score of 1% for item 6 imputed based on overall relative country performance and international item difficulty.
T Met guidelines for sample participation rates only after replacement schools were included (see Appendix A for details)
1 National Desired Population does not cover all of International Desired Population (see Table A.2) - German-speaking cantons only.
2 National Defined Population covers less than 90 percent of National Desired Population for the main assessment (see Table A.2).

3 School-level exclusions for performance assessment exceed 25% of the National Desired Population (see Table A.2).
Atilde (~) indicates that standard error could not be estimated.
() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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Q2

IELI R YA Around the Bend Task: Average Percentage Score on Items — Fourth Grade*

Average Percentage Scores on ltems

Overall Item 1 Item 2 Item 3 Item 4
Country Task Measure Models Convert Using Scale Draw Models to Scale Solve Problem With Models
Average "
2 2 2 2
Points Points Points Points
Canada 49 (2.3) 65 (2.8) 36 (3.2) 33 (3.4) 62 (2.7)
" New Zealand 49 (2.8) 69 (4.3) 30 (3.4) 35 (3.6) 62 (3.3)
Portugal 38 (3.3) 63 (4.4) 32 (4.4) 23 (4.4) 32 (4.2)
Iran, Islamic Rep. 28 (3.6) 42 (5.0) 18 (3.7) 23 (4.9) 27 (3.1)
Cyprus 25 (2.1) 32 (4.3) 7 (2.2) 20 (2.9) 42 (4.9)
ICountries Not Satisfying Guidelines for Sample Patrticipation Rates (See Appendix A for Details):
Australia 51 (4.1) 46 (5.3) 41 (4.3) 47 (5.1) 71 (4.1)
Hong Kong 57 (2.5) 72 (2.9) 45 (5.6) 37 (3.5) 74 (3.0)
United States 42 (2.9) 47 (3.9) 30 (3.7) 31 (3.6) 59 (3.3)
ICountries Not Meeting Age/Grade Specifications (See Appendix A for Details):
Slovenia 57 (2.7) 78 (2.4) 46 (4.0) 44 (3.8) 61 (3.6)
K‘&g:gggona' 44 (1.0) 57 (1.3) 32 (1.3) 33 (1.3) 54 (1.2)

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.

* Fourth grade in most countries; see Table 2 for information about the grades tested in each country.

® Percent of total possible points on each item averaged over students.

Y Average of percentage scores across items; all items weighted equally.

T Met guidelines for sample participation rates only after replacement schools were included (see Appendix A for details)

1 school-level exclusions for performance assessment exceed 25% of the National Desired Population (see Table A.3).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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space. Students were supplied with four small plastic balleaking and drawing the required boxes moderately difficul
packed into a square box, some sheets of light cardboafdable 1.23, Item 1 — average percentage score: 53%), but not
and an explanation and illustration of a net for the box. With thesgifficult as drawing nets (Item 2 — average percentage score: 389
and a supply of materials such as a compass, ruler, scissors, adingrawing a net to scale (Item 3 — average percentage score: 4lh
la.

The Packaging task involved problem solving in three-dimensionals might be expected, eighth-grade students found the task 1
t

sive tape, and paper clips, students were to find three other bokredictably, the difficulty of the task lay primarily in the net con-

in which the balls could be tightly packed, sketch the boxes, drastruction, a procedure that may not be emphasized in all curricu

a net for each one, and then draw one of the nets to the actual sikesample of a net was provided, but in drawing their own netx
needed to hold the four balls. The task is intended to measure thails had to refer continually to their three-dimensional boxes t
students’ sense of spatial relations as evident in their ability to \be sure that all sides were in the right places. Even if they have
sualize different arrangements of objects in boxes, to translate theen taught how, creating a net or projection can be a compl
three-dimensional models first into a two-dimensional sketch, th@wocedure for eighth-grade students. Since eighth-grade studen
into the corresponding net, and finally to scale the net to actuad such difficulty drawing nets, it is not surprising, then, that th

size, working from concrete materials rather than by applying faurth-grade students did too. As is evident from Table 1.24, th
formula to measurements. younger students made some headway with the task of making o

. - o0
The task is the same for both grade levels. The task, together %rﬁlwmg boxes (ltem 1 - average percentage score: 24%), but fou Z
e

sample eighth-grade student responses and scoring criteria for fu € construction of nets generally beyond them (Items 2 and 3
pie €ighth-g P 9 erage percentage scores: 13% and 16% respectively).

correct responses, is shown in Figure 1.19. D

4 A net is defined here as the two-dimensional pattern that when folded up would yield the three-dimensional object.

Q3
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S (e 0] P B0 I L N@ e [N(e  FuLL-Task EXAMPLE AND SCORING CRITERIA — EIGHTH AND FOURTH GRADES

INTRODUCTION TO TASK

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 compass

A 30 cm ruler

Two pieces of thick card to help measure the balls
Scissors

Sellotape

Paperclips

Your task:

Design different boxes which will just hold 4 plastic balls.

Read this before answering the questions:

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

This box has a bottom and 4 sides. g

The sides can be cut out separately:

L+ [ [2]

Bottom

L3 | [A]

This is a net of a box.

page 1 TASK M5-P2

ITem 1

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

Q4

This is the shape of a net of a box like the one that holds the 4 balls. Itis 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.

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

1. Use the balls to find 3 other boxes in which the 4 balls will just fit. Make a drawing of each
box with the 4 balls in it.

@ @

Please turn the page.

TASK M5-P2 page 2




CHAPTER 1

ITEMs 2 AND 3

2. Now make a drawing of the net for each box.

3. Choose ONE of the boxes you have drawn. Take a piece of plain card. On this card draw the
net of the design you have chosen. Draw it to the correct size so that if you made the box it
would just hold 4 balls.

ATTACH THE NET TO THIS PAGE WITH A PAPER CLIP.

LEAVE EVERYTHING ELSE AS YOU FOUND IT.

page 3 TASK M5-P2

ResPONSE FOR ITEM 3

’ _—| <« SHOWN AT 20% OF ORIGINAL SIZE
L ;
- E
S B i
I F ! \ g
! 4
Lo ! Y
- » )
&
P ) ™

CRITERIA FOR FULLY-CORRECT RESPONSE

Item 1 - Draw three boxes that hold four balls in a “tightly

packed” arrangement.i) Each box describes or shows all four balls.
i) Shows balls in “tightly packed” arrangements. iii) Draws at least
two unique arrangements.

Total Possible Points: 2

Item 2 - Draw net for each box.i) Nets drawn are consistent with at
least two of the ball arrangements. ii) Nets clearly show correct shap
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 actual size).

Total Possible Points: 2

Item 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 card-
board or pieces are taped together and spread out into a net. iii)
Includes base and side flaps that will constrain the balls in the “tightl
packed” arrangement when folded up into a box. iv) Dimensions of
base and sideflaps are within 4 mm of actual size required to hold th
4 balls.

Total Possible Points: 2

@5
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1F 1| (S BWR N Packaging Task: Average Percentage Score on ltems — Eighth Grade*

Average Percentage Scores on ltems

Overall Item 1 Item 2 Item 3
Country Task
Draw Boxes Draw Nets Construct Net to Scale
Average ¥
2 2 2
Points Points Points
Singapore 65 (2.4) 87 (2.7) 55 (3.8) 51 (3.6)
Norway 59 (2.4) 78 (2.8) 48 (2.8) 51 (3.7)
Canada 57 (3.2) 67 (4.5) 52 (3.7) 51 (4.2)
* Scotland 51 (3.9) 59 (4.9) 41 (5.1) 54 (4.0)
" Switzerland 47 (3.3) 50 (4.8) 56 (3.8) 35 (4.4)
Sweden 47 (2.3) 68 (4.2) 32 (2.6) 40 (3.7)
New Zealand 44 (2.5) 59 (3.5) 38 (3.2) 34 (2.8)
Czech Republic 43 (4.6) 53 (5.4) 39 (4.1) 38 (5.3)
Iran, Islamic Rep. 43 (5.0) 39 (7.0) 23 (4.4) 67 (5.1)
Portugal 31 (3.2) 35 (4.6) 26 (3.3) 31 (3.8)
Spain 28 (2.3) 28 (3.5) 18 (2.6) 40 (3.5)
Cyprus 14 (2.1) 12 (3.0) 10 (2.2) 19 (3.8)
ICountries Not Satisfying Guidelines for Sample Participation Rates (See Appendix A for Details):
Australia 55 (2.8) 70 (4.2) 57 (3.2) 38 (3.7)
2 England 53 (2.5) 72 (3.2) 44 (2.8) 45 (3.3)
Netherlands 53 (2.9) 64 (3.7) 52 (3.0) 43 (4.1)
United States 28 (2.5) 41 (3.3) 27 (3.3) 17 (2.4)
| Countries Not Meeting Age/Grade Specifications (See Appendix A for Details):
Colombia 20 (3.0) 25 (5.0) 10 (2.4) 26 (3.7)
® Romania 51 (4.1) 48 (4.9) 45 (5.5) 59 (6.6)
Slovenia 45 (3.8) 48 (3.9) 41 (4.0) 47 (5.4)
K‘\Eggggo”a' 44 (0.7) 53 (1.0) 38 (0.8) 41 (1.0)

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.

* Eighth grade in most countries; see Table 2 for information about the grades tested in each country.

* Percent of total possible points on each item averaged over students.

Y Average of percentage scores across items; all items weighted equally.

T Met guidelines for sample participation rates only after replacement schools were included (see Appendix A for details)

! National Desired Population does not cover all of International Desired Population (see Table A.2) - German-speaking cantons only.
2 National Defined Population covers less than 90 percent of National Desired Population for the main assessment (see Table A.2).

3 School-level exclusions for performance assessment exceed 25% of the National Desired Population (see Table A.2).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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Packaging Task: Average Percentage Score on Items — Fourth Grade*

Country

Overall
Task

Item 1

Average Percentage Scores on ltems

Iltem 2

Item 3

C HAPTER

Table 1.24

Draw Boxes Draw Nets Construct Net to Scale
Average '
2 2 2
Points Points Points
Iran, Islamic Rep. 34 (5.2) 28 (6.2) 24 (4.7) 49 (6.0)
Canada 27 (2.2) 38 (3.1) 23 (2.4) 21 (2.4)
" New Zealand 14 (2.2) 22 (3.1) 10 (2.1) 10 (2.4)
Portugal 8 (1.8) 11 (3.0 5 (1.7) 7 (2.5)
Cyprus 4 (1.3) 7 (2.7) 2 (1.2) 2 (1.5)
ICountries Not Satisfying Guidelines for Sample Participation Rates (See Appendix A for Details):
Australia 24 (2.0) 39 (3.8) 20 (3.1) 12 (2.3)
Hong Kong 15 (2.4) 14 (2.4) 11 (2.6) 20 (6.9)
United States 13 (1.7) 20 (2.2) 9 (2.0 10 (2.1)
ICountries Not Meeting Age/Grade Specifications (See Appendix A for Details):
Slovenia 18 (2.4) 32 (4.2) 13 (2.1) 9 (2.7)
K‘\}g;gggona' 17 (0.9) 24 (1.2) 13 (0.9) 16 (1.2)

* Fourth grade in most countries; see Table 2 for information about the grades tested in each country.
® Percent of total possible points on each item averaged over students.

Y Average of percentage scores across items; all items weighted equally.

T Met guidelines for sample participation rates only after replacement schools were included (see Appendix A for details)

1 school-level exclusions for performance assessment exceed 25% of the National Desired Population (see Table A.3).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.

Qs



CHAPTER 1

Q8

SUMMARY

It is clear from the results presented in this chapter that students
generally performed well on procedural tasks involving measure-
ment, use of equipment, and routine problem solving, although
naturally the level of success in these areas varied with the task
context, familiarity, and degree of difficulty. However, both middle-
and primary-school students often had serious difficulty providing
descriptions of procedures or trends, and especially in explaining
findings and deriving general rules for summarizing results. It is
probable that describing and explaining knowledge is inherently
more difficult than simply knowing something or applying that
knowledge. However, most items requiring explanations in the
TIMSS performance assessment were designed to elicit concep-
tual knowledge wherever present, so some of the difficulty with
these items may be due to cross-country variation in curricular
emphasis. Pedagogical approach could also be a factor, of course,
since in some classrooms students are routinely required to justify
their answers and explain their thinking, rather than simply sup-
plying right or wrong answers.
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CHAPTER 2

OVERALL DIFFERENCES IN ACHIEVEMENT ON THE
PERFORMANCE ASSESSMENT

This chapter presents summary results on the performance assBsshaps more important, as shown by the international averages in
ment by showing the averages across the task-by-task resultstfeg bottom row of the Table 2.1, the results also show considerable
each country, as well as the averages by subject area and by g@miation in the difficulty of the tasks. Across countries, the Mag-
der. Table 2.1 summarizes the results for the eighth grade, showirgys task was the least difficult (international average 90%) and
the overall average across tasks for each country as well as the Shadows task the most difficult (international average 35%).
average percentage scores across the items within each task. Beeause of this wide range in difficulty, the performance assess-
average percentage scores for each task are the same as thosermet results are most useful from the perspective of profiling the
sented in Chapter 1, accumulated here for ease of reference atiegngths and weaknesses of each country on particular tasks rather
comparison. The overall average of the average percentage scéhes simply looking at the overall average. This profiling, how-
across the tasks reflects equal weighting for each task, even thogyler, should be done with care, because the difficult tasks tended
the number of items within the tasks varied. to be relatively difficult for students in all countries, and so the

. , in}ernational averages for the tasks should be taken into account.
The overall averages, shown in the first column of Table 2.1, revegy

bstantial diff . Il perf bet the t (fo, because countries that did well overall generally also did
substantial differences in overall performance between the top- atively better than other countries on each of the tasks, the profiling
bottom-performing countries, although most countries performe

ould be done in view of a country’s overall performance. As an

n perfor_mance be‘.Wee” one cogntry and the ne_:xt higher-and lowg{}'erage overall, but did particularly well on the Shadows, Plasticine,
performing countries were relatively small. This pattern of resul

is similar to that obtained in th -  Th | t_tl§olding and Cutting, and Around the Bend tasks compared with
is similar to that obtained in the written assessment. The relatiye, ..o .00 averages for those tasks.

standing of countries was somewhat similar between the written

assessment and the performance assessment, even though reldtibde 2.2 presents the corresponding overall and task achievement

standings shifted for many countries in the middle range of performnander the countries participating at the fourth grade. Here, with a
smaller set of countries, the range in task difficulty was much larger
than the differences in overall performance across countries. At
the fourth grade, the Magnets task was the least difficult (interna-
tional average 72%) and the Packaging task was the most difficult
(international average 17%).

' Beaton, A.E., Mullis, LV.S., Martin, M.O., Gonzalez, EJ., Kelly, D.L, and Smith, TA. (1996). Mathematics Achievement in the Middle School Years: IEA’s Third International
Mathematics and Science Study (TIMSS). Chestnut Hill, MA: Boston College.

Beaton, A.E., Martin, M.O., Mullis, LV.S., Gonzalez, EJ., Smith, TA., and Kelly, D.L. (1996). Science Achievement in the Middle School Years: IEA’s Third International
Mathematics and Science Study (TIMSS). Chestnut Hill, MA: Boston College.



Tables 2.3 and 2.4 display overall averages separately for the math-
ematicsand science tasks for the eighth and fourth grades, respectively.
Interestingly, at the eighth grade the international averages for the
two subject areas are nearly identical, reflecting nearly equal difficulty
levels for the two sets of tasks. The pattern of similar results for the
two areas also held for most countries.

As previously explained, with the exception of the Magnets,
Batteries, Dice, and Packaging tasks, the items in the fourth-grade
tasks differed somewhat from those in the counterpart eighth-grade
tasks. At the fourth grade, the science tasks were somewhat less
difficult overall than the mathematics tasks (international average
43% compared with 36%). This pattern was reflected in the
performance of all countries except Iran. Itis likely that the fourth-
grade science tasks were simply easier than the mathematics tasks,
because as the teachers of the fourth graders in most of the TIMSS
countries, including the countries that participated in the perfor-
mance assessment, reported, students received more instructional
time in mathematics than in science (sometimes more than twice
as much). From another perspective, however, it may be that in
elementary school “hands-on” approaches are more likely to be
used in science than in mathematics.

? For the purposes of analyzing performance in science and mathematics, the two com-
bination tasks were included in only one primary content area average. The Shadows
task was included in the science average, and the Plasticine task was included in the
mathematics average.

CHAPTER
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Table 2.1

2

Average Percentage Scores Overall and on Performance Assessment Tasks
Eighth Grade*

Overall

Science Tasks

Combination Tasks

Average Percentage Scores on Tasks

Mathematics Tasks

Country Average *
Pulse Magnets | Batteries Ré’;’r?gr Solutions | Shadows Plasticine Dice Calculator " n'c:jo(l‘,dti?t?n g Aéglr’]gd Packaging
Singapore 71 (1.7) 60 (2.7) 95 (0.9) 79 (2.1) 80 (1.5) 68 (2.7) 50 (3.5) 66 (3.3) 84 (1.6) 60 (2.8) 80 (2.6) 63 (1.5) 65 (2.5)
" Switzerland 65 (1.2) 51 (1.9) 97 (1.2) 75 (2.1) 67 (1.9) 57 (1.9) 41 (2.1) 73 (2.1) 79 (1.4) 61 (1.6) 79 (1.9) 54 (2.2) 47 (3.3)
Sweden 64 (1.2) 45 (2.6) | 95 (1.6)| 71(29) | 70(24)| 50 (@22 | 4519 | 7229 | 74(24) | 51(23)| 80 (25) | 65(1.9) | 47 (2.3)
' Scotland 62 (1.7) 55 (2.9) | 98 (0.9)| 68 (24)| 75(18)| 51(3)| 36(@24)| 6125 | 76@16)| 49 (31| 71(.9) | 58(21) | 51 (3.9
Norway 62 (0.8) 48 (1.6) | 91 (2.0)| 67 (1.7)| 63 (1.9)| 42 (18)| 39(0) | 67 @23)| 7219 | 59 (16)| 73(21)| 62(13)| 59 (2.4)
Czech Republic 61 (1.3) 46 (2.9) 86 (2.3) 66 (2.8) 65 (3.6) 59 (2.3) 37 (1.9) 68 (2.6) 73 (2.5) 54 (2.0) 73 (3.2) 58 (1.5) 43 (4.6)
Canada 60 (1.3) 46 (2.4) 92 (1.5) 62 (2.1) 71 (2.0) 48 (2.1) 35 (1.6) 65 (1.9) 77 (1.8) 60 (1.5) 59 (2.5) 53 (2.0) 57 (3.2)
New Zealand 60 (1.4) 44 (2.1) 93 (1.6) 68 (1.6) 65 (1.8) 48 (2.1) 29 (2.0) 63 (2.2) 73 (1.2) 55 (1.6) 75 (2.3) 60 (1.4) 44 (2.5)
Spain 54 (0.8) 36 (2.1) | 96 (1.4) | 73 (1.7)| 51(20)| 41(@23)| 36 17| 45@25 | 7322 | 53(21)| 61(.1)| 53(19) | 28(23)
Iran, Islamic Rep. 52 (2.0) 55 (4.5) | 45 (4.9)| 52 (40)| 56 (5.4)| 50 (3.5)| 43 (15)| 81(26)| 58 (1.8)| 48 (37)| 58(2.9) | 34 (3.2 | 43(5.0)
Portugal 47 (1.1) 24 (25)| 94 (1.6) | 50 (22)| 51(23)| 36(4)| 2515 | 4125 | 7618 | 39(1)| 58(3.1) | 43 (18 | 3132
Cyprus 46 (1.0) 33 (2.1) 86 (2.3) 66 (2.2) 59 (2.3) 29 (2.9) 18 (1.5) 52 (2.4) 68 (2.2) 40 (1.9) 48 (2.4) 42 (1.5) 14 (2.1)
ICountries Not Satisfying Guidelines for Sample Patrticipation Rates (See Appendix A for Details):
Australia 65 (1.2) 54 (2.6) 92 (1.4) 71 (1.8) 64 (2.4) 59 (2.2) 36 (1.9) 73 (2.9) 78 (2.4) 59 (1.9) 74 (3.3) 58 (1.8) 55 (2.8)
2 England 67 (0.9) 59 (2.2)| 99 (0.6) | 77 (20)| 79 (1.4)| 68 (2.1)| 46 (23)| 55 (24)| 79 (1.6)| 62 (1.4)| 69 (3.1)| 63 (15) | 53 (2.5)
Netherlands 60 (1.3) 45 (2.6) | 94 (21)| 63(29) | 70(1.9) | 43(27)| 35(22.8) | 44 (25 | 76(22) | 59(23)| 71(4)| 6719 | 53(29)
United States 55 (1.3) 50 (2.0) | 85 (25)| 56 (1.9)| 63(24)| 48 (22| 2819 | 53@21)| 71(@21)| 56(19)| 68 (20)| 48 (1.8)| 28 (2.5)
ICountries Not Meeting Age/Grade Specifications (See Appendix A for Details):
Colombia 39 (1.8) 11 (1.0 96 (1.3) 55 (2.2) 40 (3.7) 26 (2.3) 22 (2.5) 41 (2.7) 49 (4.0) 31 (1.6) 43 (5.7) 34 (4.4) 20 (3.0)
* Romania 62 (1.9) 41 (3.6) 83 (3.5) 75 (2.2) 45 (3.0) 63 (2.6) 36 (2.8) 63 (4.1) 76 (2.3) 66 (2.6) 84 (2.3) 58 (3.1) 51 (4.1)
Slovenia 61 (1.0) 40 (32) | 92 (19| 7118 | 64 (17| 49 (20)| 31(18)| 63 (19| 78 (14| 58 (15)| 82(20)| 55(19) | 45 (3.8)
X‘\fg:ggteiona' 59 (0.3) 44 (0.6) | 90 (0.5) | 67 (0.5)| 63 (0.6) | 49 (05)| 35 (0.5 | 60 (06)| 73(05)| 54 (05)| 69 (0.7)| 54 (05)| 44 (0.7)

* Eighth grade in most countries; see Table 2 for information about the grades tested in each country.
® Average of percentage scores across items in task: all items weighted equally (see overall task averages in Chapter 1).
Y Average of percentage scores across tasks; all tasks weighted equally.
T Met guidelines for sample participation rates only after replacement schools were included (see Appendix A for details)
1 National Desired Population does not cover all of International Desired Population (see Table A.2) - German-speaking cantons only.
2 National Defined Population covers less than 90 percent of National Desired Population for the main assessment (see Table A.2).

3 School-level exclusions for performance assessment exceed 25% of the National Desired Population (see Table A.2).
() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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Average Percentage Scores Overall and on Performance Assessment Tasks
Fourth Grade*

Overall
Country

Science Tasks

Average Percentage Scores on Tasks

Combination Tasks

Mathematics Tasks

C HAPTER

Table 2.2

Average ¥

Pulse Magnets | Batteries Ré‘gr?gr Containers | Shadows Plasticine Dice Jalculator anléocl:dd?t?ng Aéglr’]'&d Packaging
Canada 45 (1.3) 36 (1.5) | 84 (23)| 48 (2.0)| 55(14)| 40 11| 36 @7)| 43 @7)| 46 (@28)| 47 (20)| 31(36)| 49 (23)| 27 (2.2)
" New Zealand 38 (1.2) 27 (21) | 84 (22) | 37 (14)| 44 (23)| 33(14)| 3410 | 35@20)| 39@3)| 40(17)| 2538 | 4928 | 14 (2.2
Iran, Islamic Rep. 38 (2.4) 41 (33)| 42(51)| 40(3.2)| 36(33)| 30@35 | 26@1)| 63(@33)| 3429 | 3529 | 5069 | 28(@36)| 34(.2)
Cyprus 34 (1.4) 38 (3.0)| 68(3.9)| 41(22)| 45@32) | 42@13)| 1616)| 30 21| 39@4) | 3125 | 2834 | 251 4 (1.3)
Portugal 30 (1.4) 22 (1.8) | 74(31)| 3125 | 2722 | 26 @19 | 27@6)| 24@23)| 28@6)| 3320 | 21(31)]| 38(33) 8 (1.8)

I Countries Not Satisfying Guidelines for Sample Patrticipation Rates (See Appendix A for Details):
Australia 44 (0.9) 38 (23)| 77(32)| 4019 | 52(29)| 3908 | 33(1.6)| 40 (@21)| 54 (1.8 | 43 (25) | 40 (3.6)| 51 (41)| 24 (2.0)
Hong Kong 42 (1.4) 39 (2.1) | 74 (38)| 42 (20)| 43(@25)| 41(13)| 30@6)| 23(17)| 4838 | 50 (25 | 40 (4.0)| 57 (25 | 15 (2.4)
United States 41 (0.9) 42 (17)| 73(3.0)| 38 (22)| 4518 | 40 (L1)| 3312 | 315 | 45 (24| 4222 | 4425 | 4229 | 13 (L7)

I Countries Not Meeting Age/Grade Specifications (See Appendix A for Details):

Slovenia 46 (1.3) 39 (2.7) | 74(38)| 54 (2.0)| 5117 | 38 @3)| 32@8) | 46 27| 445 | 3719 | 6336 | 5727 18 (2.4)
K‘\Eg;gggo”a' 40 (0.5) 36 (0.8)| 72(1.2)| 41(.7)| 44 (08)| 37 (06)| 30(5) | 3707 42(.9) | 40 (0.8)| 38 (L3)| 44 (1.0)| 17 (0.9)

* Fourth grade in most countries; see Table 2 for information about the grades tested in each country.
® Average of percentage scores across items in task: all items weighted equally (see overall task averages in Chapter 1).
Y Average of percentage scores across tasks; all tasks weighted equally.
T Met guidelines for sample participation rates only after replacement schools were included (see Appendix A for details).

1 School-level exclusions for performance assessment exceed 25% of the National Desired Population (see Table A.3).

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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Average Percentage Scores Overall and by Science and Mathematics Subject Areas
LY Fishth Grade®

Overall Average Percentage Scores by Subject Area  °
Country

Average ¥
Science Tasks Mathematics Tasks
Singapore 71 (1.7) 72 (1.8) 70 (1.7)
™ Switzerland 65 (1.2) 65 (1.0) 66 (1.5)
Sweden 64 (1.2) 63 (1.5) 65 (1.3)
" Scotland 62 (1.7) 64 (1.5) 61 (2.2)
Norway 62 (0.8) 58 (0.8) 65 (1.1)
Czech Republic 61 (1.3) 60 (1.3) 62 (1.7)
Canada 60 (1.3) 59 (1.3) 62 (1.4)
New Zealand 60 (1.4) 58 (1.5) 62 (1.3)
Spain 54 (0.8) 56 (1.0) 52 (1.1)
Iran, Islamic Rep. 52 (2.0) 50 (2.8) 54 (1.7)
Portugal 47 (1.1) 47 (1.2) 48 (1.3)
Cyprus 46 (1.0) 49 (1.0) 44 (1.2)
ICountries Not Satisfying Guidelines for Sample Participation Rates (See Appendix A for Details):
Australia 65 (1.2) 63 (1.1) 66 (1.5)
2 England 67 (0.9) 71 (0.9) 64 (1.0)
Netherlands 60 (1.3) 58 (1.4) 62 (1.5)
United States 55 (1.3) 55 (1.4) 54 (1.4)
ICountries Not Meeting Age/Grade Specifications (See Appendix A for Details):
Colombia 39 (1.8) 42 (1.4) 37 (2.5)
* Romania 62 (1.9) 57 (2.0) 66 (2.0)
Slovenia 61 (1.0) 58 (1.1) 64 (1.0)
International 59 (0.3) 58 (0.3) 59 (0.4)
Average

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.

* Eighth grade in most countries; see Table 2 for information about the grades tested in each country.

® Average of percentage scores across tasks classified by primary science or mathematics subject area (see Table 2.1). Combination tasks were each included in only one content area average: Shadows
in science average; Plasticine in mathematics average.

Y Average of percentage scores across tasks; all tasks weighted equally.

T Met guidelines for sample participation rates only after replacement schools were included (see Appendix A for details)

! National Desired Population does not cover all of International Desired Population (see Table A.2) - German-speaking cantons only.

2 National Defined Population covers less than 90 percent of National Desired Population for the main assessment (see Table A.2).

3 School-level exclusions for performance assessment exceed 25% of the National Desired Population (see Table A.2).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.

104



C HAPTER

Average Percentage Scores Overall and by Science and Mathematics Subject Areas & 2ANPREW]

Fourth Grade*

Average Percentage Scores by Subject Area  *

. Overall
Countries
Average "
Science Tasks Mathematics Tasks
Canada 45 (1.3) 50 (1.1) 40 (1.7)
" New Zealand 38 (1.2) 43 (1.1) 34 (1.5)
Iran, Islamic Rep. 38 (2.4) 36 (2.0) 40 (3.1)
Cyprus 34 (1.4) 42 (1.7) 26 (1.4)
Portugal 30 (1.4) 34 (1.1) 25 (1.9)
ICountries Not Satisfying Guidelines for Sample Participation Rates (See Appendix A for Details):
Australia 44 (0.9) 47 (0.8) 42 (1.4)
Hong Kong 42 (1.4) 45 (1.3) 39 (1.8)
United States 41 (0.9) 45 (0.9) 36 (1.2)
ICountries Not Meeting Age/Grade Specifications (See Appendix A for Detalils):
Slovenia 46 (1.3) 48 (1.4) 44 (1.6)
K‘\}ggggo”a' 40 (0.5) 43 (0.4) 36 (0.6)

* Fourth Grade in most countries; see Table 2 for information about the grades tested in each country.

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.

2

® Average of percentage scores across tasks classified by primary science or mathematics subject area (see Table 2.2). Combination tasks were each included in only one content area average: Shadows

in science average; Plasticine in mathematics average.
Y Average of percentage scores across tasks; all tasks weighted equally.

T Met guidelines for sample participation rates only after replacement schools were included (see Appendix A for details).
1 school-level exclusions for performance assessment exceed 25% of the National Desired Population (see Table A.3).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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CHAPTER

GENDER DIFFERENCES IN PERFORMANCE ASSESSMENT
ACHIEVEMENT

Tables 2.5 and 2.6 show the overall averages and the percentagehe performance assessment. However, some of the countries
scores for each task by gender. At both grades for nearly all ttigt participated in the performance assessment were among those
countries, girls and boys had approximately the same averagfeowing few gender differences in science achievement on the
achievement both overall and on the individual tasks. written test.

At the eighth grade, there were no significant differences overallt the fourth grade, in the performance assessment there were no
in any country, however there were a few significant gender diffesignificant differences in overall achievement by gender and virtually

ences noted on individual tasks. In Australia, girls had higharone in performance by task. The only significant gender differ-

achievement than boys on the Solutions and Dice tasks. Eigh#nces in task performance were in Australia, where girls had higher
grade boys in Romania did better than girls on the Around the Beadhievement on Plasticine, and in the United States, where boys
task, while Swedish girls did better than boys on the Packaging tablad higher achievement on Shadows. For the younger students,
however, the similar achievement between the genders is more

This similarity in performance of the genders is in contrast to the . . - )

ender difference favoring males at the eiahth arade in the WritthnSIStent with the findings for the written assessment. For most
9 ) 9 . ghth g . countries, gender differences on the written assessment were small
assessment, which was especially prevalent across countries_in

: . : 8r essentially nonexistent in mathematics ovérati.science, the
science€. The main survey results for many countries showe . .

) . o . . %ender differences on the written assessment were much less
eighth-grade boys outperforming girls in earth science, physic

and chemistry; whereas there was little evidence of gendeedifier pervasive than at the eighth grade.

® Beaton, A.E, Martin, M.O., Mullis, LV.S., Gonzalez, EJ., Smith, TA., and Kelly, D.L. . (1996). Science Achievement in the Middle School Years: IEA’s Third International
Mathematics and Science Study (TIMSS). Chestnut Hill, MA: Boston College.

4 Mullis, 1V.S., Martin, M.O., Beaton, A.E., Gonzalez, E ., Kelly, D.L., and Smith, TA. (1997). Mathematics Achievement in the Primary School Years: IEA’s Third International
Mathematics and Science Study (TIMSS). Chestnut Hill, MA: Boston College.

> Martin, M.O., Mullis, I1V.S., Beaton, AE., Gonzalez, EJ., Smith, TA., and Kelly, D.L. (1997). Science Achievement in the Primary School Years: [EA’s Third International
Mathematics and Science Study (TIMSS). Chestnut Hill, MA: Boston College.
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Table 2.5

Gender Differences in Average Percentage Scores Overall and on

Performance Assessment Tasks - Eighth Grade*

Overall

Average Percentage Scores on Tasks

Country Average Pulse Magnets Batteries Rubber Bands Solutions Shadows
Boys Girls Boys Girls Boys Girls Boys Girls Boys Girls Boys Girls Boys Girls
Canada 61 (1.5)| 61 (1.3)] 45 (2.7)| 46 (3.9)] 93 (1.6)|] 91 (2.0)] 62 (2.0)| 63 (3.3)| 69 (3.0)| 72 (21)| 47 (1.9)| 52 (32| 37 (24) 33(23)
Cyprus 47 (1.2)| 47 15| 32 3.2)| 35@27)| 87 (38)| 85((3.7)| 71(28)| 62 (43)| 59 (42| 61@27)| 28 @3.7)| 31@31)| 19 (24)| 18 (2.1)
Czech Republic 62 (2.2)| 60 (1.2)| 48 (4.1)| 42 (3.2)| 86 (3.4)| 86 (28)| 72 (24)| 61 (45| 63 (4.6)| 67 (3.7)| 57 (49| 62 (44| 38(21) 36(28)
Iran, Islamic Rep. 54 (2.9)| 50 (2.7)| 58 (7.5)| 52 (5.0)] 51 (5.8)| 40 (7.6)] 50 (6.2)| 54 (40)| 54 (7.8)| 57 (41)| 48 (3.8)| 52 (48)| 43 (2.4)| 43 (25)
New Zealand 58 (1.5)| 61 (1.5)] 40 (24)| 48 (25)| 93 (2.3)] 93 (2.0)|] 66 (2.7)| 69 (1.4)| 65 (25| 66 (2.0)] 48 (2.7)| 49 (2.6)] 27 (2.1)| 30 (2.5
Norway 62 (1.2)| 61 (1.3)] 52 (2.6)| 45 (25| 93 (24)| 89 (2.8)] 70 (2.2)| 65 (29)| 61 (35| 65 (1.8)| 39 (27)| 44 7)) 42 (24)| 37 (24)
Portugal 47 (0.9)| 48 (1.7)| 24 3.2)| 25 (3.4)| 95 (1.8)| 92 (3.2)| 49 (2.4)| 52 (4.0)| 47 (2.7)| 56 (2.9)| 36 (2.3)| 35 (4.2)| 25 (25| 25 (1.5
" Scotland 64 (1.8)| 62 (2.0)| 57 (45| 52 (29| 98 (1.2)| 97 (1.2)| 72 (2.7)| 65 (35| 78 (15| 73(28)| 50 (3.0)| 54 (2.4)| 38 (28)| 35(3.7)
Singapore 70 (1.8)| 72 (21)| 57 (2.8)| 63 (3.5)| 94 (1.5)| 96 (1.7)] 81 (2.8)| 78 (2.8)| 78 (1.8)| 83 (2.1)| 70 (3.4)| 66 (3.1)| 47 (4.0)| 54 (4.3)
Spain 55 (1.4)| 53 (0.9)] 34 (31)| 38 (26)] 98 (L1)| 95 (21)| 72 (25)| 74 (26)| 49 (4.2)| 53 (2.6)] 43 (3.2)| 40 (2.8)| 38 (2.1)| 35 (2.4)
Sweden 63 (1.4)| 63 (1.6)] 47 (3.0)| 39 (3.7)] 95(1.8)| 95 (2.8)| 76 (2.3)| 63 (44)| 68 (34)| 71(3.1)| 51 (27| 50 (3.3)| 45(2.8)| 45 (3.1)
"t Switzerland 66 (1.9)| 64 (1.1)] 53 (3.2)| 49 (3.0)] 98 (1.3)| 96 (1.9 79 (2.2)| 70 (2.9)| 67 (2.6)|] 67 (2.7)] 57 (3.1)| 58 (2.2)] 43 (3.2)| 40 (2.6)
ICountries Not Satisfying Guidelines for Sample Patrticipation Rates (See Appendix A for Details):
Australia 62 (1.4)| 67 (1.2)| 49 (3.7)| 60 (2.6)] 91 (3.3)| 92 (2.6)] 76 (2.4)| 68 (3.5 60 (3.2)| 70 (3.4)| 51 (2.3)|a 65 (2.6)] 36 (3.3)| 35 (2.8)
2 England 67 (1.6)| 68 (1.2)] 58 (3.1)| 60 (3.4)| 99 (L.0)| 99 (0.5 77 (27)| 77 (3.6)] 78 (23)| 81 (22)| 64 (3.4)| 71(27)| 45(2.9)| 47 (3.3
Netherlands 61 (1.8)| 60 (1.5)] 49 (34)| 41 (3.8)] 92 (3.6)| 97 (2.0)|] 68 (2.6)| 59 (3.8)] 68 (2.1)| 72 (2.6)| 47 (40)| 40 (2.7)| 37 (5.3)| 33 (2.5
United States 54 (1.4)| 56 (1.5)] 50 (3.0)] 50 (2.5)] 86 (3.2)] 84 (3.2)] 54 (2.8)| 59 (2.7)] 62 (25| 64 (3.5)] 44 (3.0)] 52 (2.7)] 29 (2.5)| 27 (2.3)
ICountries Not Meeting Age/Grade Specifications (See Appendix A for Details):
Colombia 39 (34)| 38 (1.6)] 12 (1.5)| 11 (1.6)] 96 (1.4)| 95 (1.9)| 52 (4.3)| 58 (2.8)] 36 (5.8)| 44 (2.6)] 26 (5.4)| 26 (25| 26 (3.5)| 18 (2.8)
* Romania 62 (2.1)| 61 (1.9)| 42 (3.9 | 40 (40)| 83 (4.7)| 83 (45| 76 (27)| 74 (3.0 39(3.0)| 49 (36)] 60(3.2)| 65(29)]| 39 (37| 3234
Slovenia 62 (1.2)| 59 (1.6)] 37 (45| 39 (5.1)] 95(2.9)| 90 (3.3)] 72 (3.0 70 (3.1)| 67 (2.7)| 61 (24| 49 (3.3)] 52(3.8)] 34 (3.8)| 29 (2.3)
x‘&g;gggon"’" 59 (0.4)| 58 (0.4)| 44 (0.8)| 44 (0.8)| 91 (0.7)] 89 (0.7)] 68 (0.7)| 65 (0.8)| 61 (0.8)|a 65 (0.7)| 48 (0.8)] 51 (0.7)] 36 (0.7)| 34 (0.6)

A = Difference from other gender statistically significant at .05 level, adjusted for multiple comparisons across each row

* Eighth grade in most countries; see Table 2 for information about the grades tested in each country.
® Average of percentage scores across items in task: all items weighted equally (see overall task averages in Chapter 1).
Y Average of percentage scores across tasks; all tasks weighted equally.
T Met guidelines for sample participation rates only after replacement schools were included (see Appendix A for details)
1 National Desired Population does not cover all of International Desired Population (see Table A.2) - German-speaking cantons only.
2 National Defined Population covers less than 90 percent of National Desired Population for the main assessment (see Table A.2).

3 School-level exclusions for performance assessment exceed 25% of the National Desired Population (see Table A.2).
() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.
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Gender Differences in Average Percentage Scores Overall and on Performance [ERPE¥=
Assessment Tasks - Eighth Grade* (Continued) :

Average Percentage Scores on Tasks

SNy Plasticine Dice Calculator Fogllj?t?ngnd Around Bend Packaging
Boys Girls Boys Girls Boys Girls Boys Girls Boys Girls Boys Girls
Canada 64 (2.5)| 65 (1.9)| 77 (22)] 77 (25| 59 (2.2)| 61 (15| 60 (3.0)| 58 (3.6)|] 55 (2.9)| 52 (2.1)| 60 (4.1)] 56 (3.3)
Cyprus 56 (4.0)| 48 (3.6)] 67 (3.9)| 70 (3.0)| 42 (3.2)| 40 (2.8)| 43 (2.9)| 55 (4.2)| 43 (2.4)| 40 (3.1)| 13 (2.2)| 15 (3.8)
Czech Republic 69 (45)| 68 (3.2 71(.5)| 77 (3.4)| 57 (36)| 52 3.0)| 73@3.6)| 73 42| 57 (24) 60 (1.9)| 53 (7.3)| 35 (4.5)
Iran, Islamic Rep. | 87 (2.6)| 75 (4.1)| 60 (2.2)| 57 (31)| 55 4.2)| 42 (5.4)| 64 (25)| 52 (41)| 35 (5.4)| 33 (2.3)| 42(83) 44 (4.0
New Zealand 60 (3.3)| 66 (3.1)| 73 (L7)| 74 (20)| 54 (25| 56 (2.0 76 (3.1)| 74 (24)| 60 (1.7)| 61 (1.4)| 40 (3.0)|] 48 (3.5
Norway 67 (3.0)| 66 (3.3)] 68 (2.3)| 77 (25| 58 (2.8)| 60 (2.2)| 72 (4.2)| 73 (3.1)| 66 (2.3)| 59 (1.8)] 59 (3.2)| 59 (4.1)
Portugal 41 (3.1)| 39 (29| 74 (2.7)| 79 (2.2)| 38 (2.4)| 42 (3.1)| 61 (3.6)| 55 (59| 45 (2.4)| 41 (21)] 31(3.2)| 31 (45)
' Scotland 62 (2.8)| 62 (4.0)| 77 (25)| 75 (2.8)| 50 (4.2)| 48 39)| 72 (5.2)| 74 (5.0)] 62 (2.3)| 56 (3.1)| 54 (4.0)| 49 (5.8)
Singapore 68 (3.6)| 64 (4.5)| 84 (23)| 84 (2.1)| 58 (3.1)| 63 (4.1)| 80 @35)| 81(3.2)| 67 (1.4)| 59 (2.6)] 61 (2.9)| 69 (3.9
Spain 49 2.7)| 42 (3.2)| 76 (3.1)| 71 (83)| 54 (29| 52 (2.9| 62 ((5.1)| 61 27| 54 @31)| 53 (18| 29 (3.2 28 (2.9
Sweden 72 (3.1)| 70 (4.1)| 71 (3.4)] 76 (29| 49 (3.6)| 51 (2.7)| 83 (24)] 74 (29| 65 (2.1)| 67 (2.4)| 40 (3.2)|a 54 (3.0)
't Switzerland 74 (2.8)] 72 (3.0)] 76 (2.4)] 81 (15| 63 (3.3)] 60 (1.8)] 82(3.2)| 77 (3.4)| 55 (3.5| 53 (2.3)] 51 (58)| 44 (3.9
ICountries Not Satisfying Guidelines for Sample Participation Rates (See Appendix A for Details):
Australia 69 (4.2)| 76 (27)] 72 (3.9)|a 85 (1.6)| 56 (2.2)| 62 (2.2)| 73 (3.9)| 74 (4.2)| 60 (2.4)| 57 (2.2)| 51 (3.4)| 59 (4.2)
2 England 56 (2.6)| 54 (4.0)| 77 (2.9)| 81 (1.5)| 60 (2.2)| 64 (2.6)] 71 (3.6)] 67 (4.0)] 64 (2.2)| 61 (20)| 52 (4.2)| 55 (2.9)
Netherlands 43 (4.6)| 45 (2.7)| 75 (36)| 77 (1.8)| 55 (3.0)| 63 (3.4)| 70 (5.0)| 71 (27)| 68 (2.7)| 66 (24)| 55 4.7)| 51 (35)
United States 51 (3.1)| 55 (2.7)] 70 3.2)] 73 (25)| 55 (2.3)] 56 (2.3)] 67 (25| 70 (3.3)| 50 (2.3)| 46 (2.4)| 24 (3.0)| 31 (2.9)
ICountries Not Meeting Age/Grade Specifications (See Appendix A for Details):
Colombia 43 (3.5)| 40 (3.5)| 46 (6.0)| 53 (3.8)|] 32 (2.6)| 28 (2.1)| 45 (6.3)| 40 (7.1)| 34 (8.2)| 31 (3.6)] 24 (4.2)| 18 (2.8)
* Romania 63 (5.0)| 63 (45)| 75 (2.8)| 76 (29| 67 (35| 64 (29)| 84 (25| 84 (3.3)|a 65 (2.8)| 50 (4.0)| 52 (6.1)| 49 (3.6)
Slovenia 69 (2.2)| 57 (35)| 78 (2.1)| 81 (1.8)| 58 (2.3)| 58 (2.6)] 81 (35)| 82 (2.9 55 (3.3)| 53 (3.0)| 48 (4.9)| 42 (3.9
K‘\}g;gggona' 61 (0.8)| 59 (0.8)] 72 (0.7)| 4 75 (0.6)] 54 (0.7)] 54 (0.7)| 69 (0.9)| 68 (0.9)|4 56 (0.8)| 53 (0.6)| 44 (1.0)| 44 (0.9)

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.

A = Difference from other gender statistically significant at .05 level, adjusted for multiple comparisons across each row

* Eighth grade in most countries; see Table 2 for information about the grades tested in each country.

Y Average of percentage scores across tasks; all tasks weighted equally.

T Met guidelines for sample participation rates only after replacement schools were included (see Appendix A for details)

1 National Desired Population does not cover all of International Desired Population (see Table A.2) - German-speaking cantons only.
2 National Defined Population covers less than 90 percent of National Desired Population for the main assessment (see Table A.2).

3 School-level exclusions for performance assessment exceed 25% of the National Desired Population (see Table A.2).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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Table 2.6 Gender Differences in Average Percentage Scores Overall and on
B Performance Assessment Tasks - Fourth Grade*

everal Average Percentage Scores on Tasks

Average 7 Pulse Magnets Batteries Rubber Bands Containers Shadows
Boys Girls Boys Girls Boys Girls Boys Girls Boys Girls Boys Girls Boys Girls
Canada 46 (1.6)| 46 (1.3)] 38 (2.4)| 37 (20)| 84 (3.0)| 86 (3.1)] 50 (2.1)] 48 (3.3)|] 55(2.3)| 57 (1.8)| 39 (1.9)| 41 (1.8)|] 37 (2.5)| 34 (2.3
Cyprus 36 (1.6)| 32 (1.5)| 39 (3.2)| 38(3.8)| 75(4.0 66 (7.1)| 45 (3.3)| 34 (3.2)| 48 (4.3)| 41 (3.8)| 42 (19| 41 (1.8)| 17 (2.8)| 16 (1.6)
Iran, Islamic Rep. | 37 (3.0)| 39 (3.1)|] 39 (45)| 43 (3.7)| 37 (7.8)| 46 (6.8)| 41 (4.6)| 39 (3.1)| 41 (45)| 31 (3.3)| 32 (4.0)| 27 (53)| 24 (21)| 27 (2.9
" New Zealand 37 (1.3)| 40 1.4)| 27 (2.6)| 27 (27)| 80 (38.1)| 89 (3.0)| 38 (1.6)| 36 (2.3)|] 42 (2.7)| 46 (3.0)| 30 (1.7)| 36 (1.8)| 33 (1.7)| 35 (1L.7)
Portugal 31 (1.8)| 29 (1.6)] 27 (2.6)|] 18 (2.4)| 72 (8.9)| 75 (45)| 36 (2.7)| 29 (3.3)| 31 (4.7)| 23 (25)| 25 (2.6)] 27 (25)| 25 (2.9)| 28 (2.0)
ICountries Not Satisfying Guidelines for Sample Participation Rates (See Appendix A for Details):
Australia 44 (1.3)| 45 (1.2)|] 35 (3.4)| 42 (20)| 80 (3.3)| 74 (46)|] 39 (2.3)] 40 (3.1)] 50 (3.8)| 53 (3.2)| 40 (1.4)| 39 (20)| 34 (15| 3132
Hong Kong 42 (1.9)| 42 (1.7)| 42 (2.6)| 34 33)| 74 (5.0)| 73 (5.3)| 45 (2.7)] 39 (25)| 43 (3.2)| 43 (3.4)| 41 (20)| 41 (2.1)| 31 (2.6)] 28 (1.8)
United States 42 (1.3)| 39 (0.9)] 44 (2.3)] 40 (2.0 73 (B.7)| 74 3.4)| 41(3.2)| 35 (2.7)| 46 (26)| 43 (2.4)| 40 (1.5 39 (1.3)|a 36 (1.7)] 30 (1.1)
| Countries Not Meeting Age/Grade Specifications (See Appendix A for Details):
Slovenia 44 (1.9)| 47 (1.4)| 36 (4.2)| 39 (46)] 72 (55)| 75 (5.2)] 56 (3.2)] 52 (3.6)] 50 (2.3)| 50 (3.1)] 39 (2.5)| 38 (1.8)| 34 (3.0)|] 34 (2.3)
"A'j&g:gggona' 40 (0.6)| 40 (0.6)] 36 (1.1)| 35 (1.0)| 72 1.5)| 73 (1.7)|a 43 (1.0)| 39 (1.0)| 45 1.2)| 43 @1.0)| 37 (08)| 37 (0.8)| 30 (0.8)| 29 (0.7)

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.

A = Difference from other gender statistically significant at .05 level, adjusted for multiple comparisons across each row

* Fourth grade in most countries; see Table 2 for information about the grades tested in each country.

* Average of percentage scores across items in task: all items weighted equally (see overall task averages in Chapter 1).

Y Average of percentage scores across tasks; all tasks weighted equally.

T Met guidelines for sample participation rates only after replacement schools were included (see Appendix A for details)

1 school-level exclusions for performance assessment exceed 25% of the National Desired Population (see Table A.3).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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Gender Differences in Average Percentage Scores Overall and on Performance [E5 NP
Assessment Tasks - Fourth Grade* (Continued) ]

Average Percentage Scores on Tasks

Plasticine Dice Calculator Folding and Cutting Around Bend Packaging
Boys Girls Boys Girls Boys Girls Boys Girls Boys Girls Boys Girls
Canada 43 (2.5)| 45 (2.0)] 44 (2.9)| 48 (3.7)| 46 (2.8)| 50 (2.3)] 35 (4.4)| 30 (41)] 50 (2.9)| 49 (29| 26 (2.0)|] 30 (3.3)
Cyprus 33 (24)| 30 (26)| 38(3.4)] 42 (53)| 34 (31)| 25 (25| 32(5.0)| =24 (41)| 24 (3.0 26(1.8) 1(0.7) 6 (2.4)
Iran, Islamic Rep. 65 (4.0)| 60 (4.6)| 27 (3.3)| 41 (46)| 35(4.1)| 35(3.7)| 41(95)| 59 (83)| 25(3.5)| 30(57)| 35(6.8)| 33(6.9)
" New Zealand 34 (2.3)| 35 (29)| 36 (38)| 43 (27)| 37 (25)| 43 1.7)| 24 (46)| 27 (49)| 47 (39)| 50 (3.3)| 18 (31| 11 (2.0)
Portugal 26 (3.3)| 22 (2.0)] 31 (4.2 25@3.0)| 30 @7)]| 36 @5)]| 17 (4.0)| 23 (4.3)| 42 (4.4) 34 (4.2) 9 (2.0) 7 (3.1)
ICountries Not Satisfying Guidelines for Sample Participation Rates (See Appendix A for Details):
Australia 33 (2.7)|a 49 (2.7)| 51 (8.3)|] 55 (3.5 43 (3.6)] 43 (3.2)| 42 (33)| 37 (6.0 52 (4.8)| 51(5.0)| 23(3.1)| 25(3.1)
Hong Kong 20 (2.5)| 27 (23)| 45 (4.7)| 51 (55)| 51 (49)| 50 (2.5)| 40 (6.6)| 41 (56)| 58 (3.5) 56 (3.0 13 (2.7)| 17 (3.6)
United States 35 (2.1)| 28 (1.9)] 40 (3.0)| 48 (2.9)| 42 (2.8)] 42 (2.6)] 46 (4.0)] 42 (3.1)| 44 (4.2)] 40 (3.3)| 15 (2.2)| 10 (1.9)
|Countries Not Meeting Age/Grade Specifications (See Appendix A for Details):
Slovenia 43 (3.4)| 49 (3.6)] 40 (3.3)| 49 (3.4)| 36 (35)| 39 (3.7)] 52 (4.9)| 66 (45| 62 (3.7)| 56 (3.6)] 13 (3.4) 16 (2.7)
'A”\}ggggona' 37 (1.0)| 38 (1.0)| 39 (1.2)|a 45 (1.3)] 39 (1.1)| 40 (0.9)| 37 (1.8)| 39 (1.7)| 45 (1.3)| 44 1.3)| 17 @] 17 @2

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.

A = Difference from other gender statistically significant at .05 level, adjusted for multiple comparisons across each row

* Fourth grade in most countries; see Table 2 for information about the grades tested in each country.

°® Average of percentage scores across items in task: all items weighted equally (see overall task averages in Chapter 1)

T Met guidelines for sample participation rates only after replacement schools were included (see Appendix A for details)

1 school-level exclusions for performance assessment exceed 25% of the National Desired Population (see Table A.3).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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cCHAPTER 3

the many kinds of manipulative and cognitive behaviors and _

attitudes that a given task might be expected to elicit from stddenfg&rformance of eighth-grade and fourth-grade students was ana-
Itincludes such behaviors as problem solving or using scientific §Z€d for the following five science and mathematics performance
mathematical procedures, reasoning and conjecturing, or the afSPectation reporting categories, derived from the performance
ity to plan, conduct, and interpret an investigation. The concept B¥Pectations aspect of the TIMSS curriculum frameworks.
performance expectation is an important key to all the performance . scjentific Problem Solving and Applying
assessment tasks in TIMSS, for each task was constructed to allow  Concept Knowledge
these manipulative and cognitive skills to be isolated to some degree _ S
and measured. However, because real-world tasks are complex, * Using Scientific Procedures
many such skills are often entangled, and the isolation is rarely , ggientific Investigating
total. For example, conducting an investigation requires knowledge
of the subject in order to know what data to collect, skills in using ¢ Performing Mathematical Procedures
the equipment, and the ability to organize that data andifiden
trends, as well as relate findings to prior knowledge. The concept of
performance expectation is one of a functional combination of skillshe three science and two mathematics performance expectations

and knowledge that are exhibited in response to the challengereporting categories and the items that address them are presented
specific tasks. in Figure 3.1. For each category, the types of skills and processes

required are briefly explained, and the TIMSS performance assessment

Because a number of processes are involved in every performagegs and items relevant to each category, based on the skills and
task, TIMSS has presented performance results first by whole tagliies elicited by the item, are listed. The assignment of items to
(Chgpter 1), while showing how |nd_|V|duaI |tems (each measuring, categories shown in Figure 3.1 is based oprigary perfor-
a different performance expectation) contribute to whole-task,nce category associated with each item. In this chapter, student
scores. In this chapter, items are collected across tasks by perfliomance in these performance expectation categories is presented
mance expectations in an effort to identify underlying patterns gf; oach country and internationally at the eighth and fourth grades.
strength and weakness in students’ skills and competencies. |, aqgition, international average performance on selected example
items within subcategories of the broad performance expectation
categories is shown for the eighth-grade students.

l n TIMSS, the ternperformance expectatios used to describe PERFORMANCE EXPECTATION REPORTING CATEGORIES

* Problem Solving and Mathematical Reasoning

! Robitaille, D.F.,, McKnight, C.C., Schmidt, W.H., Britton, E.D., Raizen, S.A., and Nicol, C. {1993). TIMSS Monograph No. 1: Curriculum frameworks for Mathematics and

Science. Vancouver, B.C.: Pacific Educational Press.



C HAPTER

Distribution of Performance Assessment Items Across Science and Mathematics

Performance Expectation Reporting Categories*

Science

Scientific Problem S
Concept Knowledge

olving and Applying

develop explanations.

Applying scientific principles to solve quantitative problems or

Eighth Grade

¢ Pulse Item 3

* Batteries Items 3,4

¢ Rubber ltem 6

Band

e Solutions Item 4

¢ Shadows Item 2

¢ Plasticine Items2A, B
3A, B
4A, B

Fourth Grade

e Pulse Item 4

* Batteries Items 3,4

¢ Rubber Item 5
Band

[e2]

Containers ltems 3, 4,

¢ Shadows Item 6

¢ Plasticine Items2A, B
3A,B
4A, B

Using Scientific Procedures

Using apparatus or equipment; conducting routine experimenta

operations; gathering data; organizing, representing, and

interpreting data.

Eighth Grade

¢ Pulse ltem 1A

¢ Rubber Iltems 1A,
Band 2,3

¢ Solutions Item 2B

e Shadows Item 5

¢ Plasticine Item 1A

Fourth Grade

¢ Pulse ltems 1,2

* Rubber Item 2
Band

¢ Containers Item 1A

¢ Shadows Items 1, 2,

e Plasticine Item 1A

Figure 3.1

Scientific Investigating

3

Designing and conducting investigations; interpreting investigat|
data; formulating conclusions from investigational data.

onal

Eighth Grade

* Pulse

* Magnets

 Batteries

* Rubber
Band

e Solutions

* Shadows

Items 1B, 2|
ltems 1,2
Items 1, 2
Items 1B,
Items 1, 2Q

ltems 1, 3,

Fourth Grade

* Pulse Item 3
* Magnets Items 1,2
e Batteries Items 1,2
* Rubber ltems 1, 3,
Band
, » Containers Item 1B, 2
6+ Shadows Item 4,5,

Mathematics

Performing Mathematical Procedures

complex procedures.

Using equipment; performing routine procedures; using more

Problem Solving and Mathematical

Reasoning

Developing strategy; solving problems; predicting;

generalizing; conjecturing.

Eighth Grade
¢ Dice Iltems 1, 2, 3
4,5,

e Calculator Items 1,2
¢ Around Iltems 1,2,
the Bend 5A
e Packaging ltems 2,3

e Plasticine Item 1A

Fourth Grade

, * Dice ltems 1, 2,3,
4, 5A
e Calculator Items 1,2
e Around Items 2,3
the Bend
e Packaging ltems 2,3
e Plasticine Item 1A

Eighth Grade
« Dice ltem 5B
e Calculator Items 3,4, 1
6B
e Folding & Items 1,2,
Cutting 3,4
¢ Around ltems 3, 4,
the Bend 5B,C, §
e Packaging Item 1
¢ Plasticine Items 2A,B
3A, B
4A, B

Fourth Grade

* Dice ltem 5B

e Calculator Items 3,4, 5

e Folding& Items 1,2,3
Cutting

e Around Items 1,4
the Bend

* Packaging Items 1

e Plasticine Items 2A,B

3A,B

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.

* Item assignments are based on the primary science and mathematics performance expectation category associated with each. Two items are not shown that are assigned to a primary performance

expectation category of Communicating: Shadows Item 4 (eighth grade) and Plasticine ltem 2B (eighth and fourth grades).



cCHAPTER 3

ScIENCE PERFORMANCE EXPECTATIONS

Table 3.1 summarizes for the eighth grade in each country, the averggghlematic for the older students. Similar to the eighth-grade stu-
percentage score for each of the science performance expectatiefts, the fourth graders found “Scientific Problem Solving and
reporting categories, as well as the overall average percentage scajgslying Concept Knowledge” to be the most difficult area, with
across all tasks. The overall averages of the percentage scores ag{Rsfternational average percentage score of 23%. Internationally
the tasks are those presented in Chapter 2; they are included hgig in every country, fourth-grade students performed better in
for ease of reference. The average percentage score for each pgsing Scientific Procedures” than in the other two categories. The
formance expectation category is based on the percentage sGatérnational average percentage score of 58% for this category
for each item within the category (see Figure 3.1), averaged acr@&s comparable to performance in this area at the eighth grade.
all items within the categofy. Internationally, “Scientific Investigating” was intermediate in dif-

The results presented in Table 3.1 reveal that, for the most pzﬁr‘f,u”y for the fourth-grade students, with an average percentage

differences in performance between one country and the neX°r® of 43%.

higher- and lower-performing countries were relatively small forScientific Problem Solving and Applying Concept Knowledge”
each of the science performance expectation categories. Note a8 the most demanding category in all but one country at both
that, on average internationally, students performed significantiytades. In all but six countries, competence in procedural skills
lower on “Scientific Problem Solving and Applying Conceptand the higher-order skills involved in scientific investigating was
Knowledge” than in “Using Scientific Procedures” and “Scientificapproximately equivalent at the eighth grade. A closer look at the
Investigating.” Internationally, students performed similarly in thetem-level scores in Chapter 1, however, reveals that investigating
latter two categories, with average percentage scores of about 688mprises thinking processes of varying levels of difficulty, rang-
for both, compared to 47% for “Scientific Problem Solving andng from planning and collecting data to interpreting and drawing
Applying Concept Knowledge™. conclusions. Averages across such diverse processes obscure the

Table 3.2 presents the corresponding results for the fourth graggferel]cek?;atwgen conducting investigations a?d us_ingga_urerl]y pro-
Although the categories are the same as for the eighth grade, ‘fﬁ&“_”a skills. Figures 3.3 and 3.4, discussed later in this chapter,

tasks and items within the categories are not the same becauseaﬁ‘atmdu‘jed to illustrate this point.
all tasks and items were parallel (see Figure 3.1). In particular,

some questions on problem solving and investigating, which were

presented towards the end of the eighth-grade tasks, were not ad-

ministered to fourth-grade students, and these were among the most

2 The percentage score on an item is the score achieved by a student expressed as a percentage of the maximum points available on that item. A couniry's average percentage
score is the average of its students’ percentage scores.



Average Percentage Scores by Science Performance Expectation Categories [§2ANPREE
Eighth Grade* !

Overall

Average Percentage Scores by Science Performance Expectations Categories

C HAPTER

gverag(i SCieSncﬂg%gP rg{?&em Using Scientific @~ Scientific Problem Solving and Applying Concept Knowledge (+ 2SE)
Sty Cs:rceecr: v Appll()ﬂggllfégggept P?:(I;Ztlljf:gs Investigating &~ Using Scientific Procedures (+ 2SE)
(12 Items) (7 Items) (16 Items) @ Scientific Investigating (+ 2SE)
Singapore 71 (1.7) 59 (3.0) 75 (1.8) 74 (1.9) ‘; —@-— |
" Switzerland 65 (1.2) 55 (1.6) 63 (1.4) 70 (1.3) 1—‘—|—|—A—|7
Sweden 64 (1.2) 56 (2.3) 59 (1.9) 67 (1.5)
" Scotland 62 (1.7) 48 (2.1) 69 (1.8) 65 (1.5) } =
Norway 62 (0.8) 48 (1.6) 57 (1.2) 63 (1.1) _—
Czech Republic 61 (1.3) 53 (2.2) 57 (2.0) 65 (1.6) }
Canada 60 (1.3) 50 (1.6) 64 (2.2) 60 (1.4) 44— A
New Zealand 60 (1.4) 47 (1.6) 65 (2.1) 57 (1.6) —————
Spain 54 (0.8) 39 (1.6) 45 (1.8) 57 (1.2) ——H—A—1
Iran, Islamic Rep. 52 (2.0) 61 (2.0) 53 (3.4) 56 (2.7) }
Portugal 47 (1.1) 32 (1.8) 47 (1.4) 45 (1.4) - e
Cyprus 46 (1.0) 37 (1.9) 48 (1.7) 50 (1.1) ——+——&0H
ICountries Not Satisfying Guidelines for Sample Patrticipation Rates (See Appendix A for details)
Australia 65 (1.2) 54 (2.0) 67 (1.9) 66 (1.1)
2 England 67 (0.9) 49 (2.0) 77 (1.4) 73 (1.0) } — O~
Netherlands 60 (1.3) 39 (1.9) 63 (1.7) 57 (1.4)
United States 55 (1.3) 43 (1.5) 61 (2.2) 55 (1.4)
ICountries Not Meeting Age/Grade Specifications (See Appendix A for Details):
Colombia 39 (1.8) 32 (2.2) 35 (2.4) 41 (1.5) } -0—]
* Romania 62 (1.9) 48 (3.3) 53 (2.5) 61 (2.2) } —
Slovenia 61 (1.0) 48 (1.5) 60 (1.3) 59 (1.3) —&—
X‘\fgggte'o“a' 59 (0.3) 47 (0.5) 59 (0.4) 60 (0.4) oY
SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95. 20 30 40 50 70 80

* Eighth grade in most countries; see Table 2 for information about the grades tested in each country.
* Percentage scores averaged across items in each performance expectation category (see Figure 3.1); items weighted equally.

Y Overall average of percentage scores across all 12 performance assessment tasks; tasks weighted equally (see overall average in Table 2.1).

T Met guidelines for sample participation rates only after replacement schools were included (see Appendix A for details)

! National Desired Population does not cover all of International Desired Population (see Table A.2) - German-speaking cantons only.
2 National Defined Population covers less than 90 percent of National Desired Population for the main assessment (see Table A.2).

3 School-level exclusions for performance assessment exceed 25% of the National Desired Population (see Table A.2).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals or plots may appear inconsistent.
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cC HAPTER 3

P10k Iv] Average Percentage Scores by Science Performance Expectation Categories

Fourth Grade*

Average of Average Percentage Scores by Science Performance Expectations Categories

Country Pegii?;aége Sciest’lgig%grgﬁcljem Séijesrzrt]igflic Safteriiiiie @ Scientific Problem Solving and Applying Concept Knowledge (+ 2SE)
Across All Appz‘]g%vlce:gggept Procedures | nvestigating 44— Using Scientific Procedures (+ 2SE)
Tasks ” (14 ltems) @ltems) | (13 Items) @+ Scientific Investigating (+ 2SE)
Canada 45 (1.3) 28 (1.2) 61 (1.4) 53 (1.3) mi
" New Zealand 38 (1.2) 20 (0.9) 60 (1.6) 41 (1.4)
Iran, Islamic Rep. 38 (2.4) 34 (2.0) 53 (2.8) 37 (2.0) — i }
Cyprus 34 (1.4) 17 (1.3) 52 (2.3) 45 (1.8) —o—
Portugal 30 (1.4) 13 (1.3) 52 (1.8) 30 (1.5) ——
ICountries Not Satisfying Guidelines for Sample Patrticipation Rates (See Appendix A for Details):
Australia 44 (0.9) 23 (1.2) 60 (2.5) 49 (1.2) HO——F—&———
Hong Kong 42 (1.4) 19 (1.1) 54 (1.7) 46 (1.5) —o—+—A—1
United States 41 (0.9) 22 (0.8) 63 (1.1) 42021 —pet— @ ———— H—A——
ICountries Not Meeting Age/Grade Specifications (See Appendix A for Details):
Slovenia 46 (1.3) 29 (1.5) 62 (2.2) 48 (1.6)
K‘\Eg:gggona' 40 (0.5) 23 (0.4) 58 (0.7) 43 (0.5) o A
SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95. 10 20 30 40 50 60 70

* Fourth grade in most countries; see Table 2 for information about the grades tested in each country.

* Percentage scores averaged across items in each performance expectation category (see Figure 3.1); items weighted equally.

Y Overall average of percentage scores across all 12 performance assessment tasks; tasks weighted equally (see overall average in Table 2.2).
T Met guidelines for sample participation rates only after replacement schools were included (see Appendix A for details)

1 School-level exclusions for performance assessment exceed 25% of the National Desired Population (see Table A.3).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals or plots may appear inconsistent.



CHAPTER

MATHEMATICS PERFORMANCE EXPECTATIONS

Table 3.3 summarizes, for the eighth grade, the average percentage
score for the two mathematics performance expectation reporting
categories as well as the overall average of the percentage scores
across all tasks. The latter are the same as those presented in
Chapter 2, and, again, they are included here for ease of reference.
In all countries and internationally, eighth-grade students performed
significantly better in “Performing Mathematical Procedures” than

in “Problem Solving and Mathematical Reasoning,” with interna-
tional average percentage scores of 70% and 52% on the items in
the two categories, respectively.

Table 3.4 presents the corresponding results for the fourth grade.
Again, although the two categories are the same for the fourth and
eighth graders, the tasks and items within the categories differ.
Internationally, and in most countries, “Problem Solving and
Mathematical Reasoning” was also significantly more difficult for
fourth-grade students than was “Performing Mathematics Procedures,”
with corresponding average percentage scores of 43% and 32%.
In Iran and Slovenia, however, students performed similarly in
the two areas.

3



cC HAPTER 3

Average of
Percentage

Average Percentage Scores by Mathematics Performance Expectation Categories

P [l Average Percentage Scores by Mathematics Performance Expectation Categories
Eighth Grade*

Scores ,V'Ta‘iﬁgm{i‘gm :;gb&e;?hgﬂ:t?c% =@~ Performing Mathematical Procedures (+ 2SE)
A?II:SSESAVII Procedures Reasoning & Problem Solving and Mathematical Reasoning (+ 2SE)
(13 ltems) (21 Items)
Singapore 71 (L.7) 80 (1.3) 62 (2.3) —A - — ]

" Switzerland 65 (1.2) 76 (1.8) 60 (1.8) ;:t{:ﬂ—cﬁ'
Sweden 64 (1.2) 73 (1.3) 60 (1.6) ——

' Scotland 62 (1.7) 75 (1.7) 52 (2.3) } — i _
Norway 62 (0.8) 75 (1.2) 58 (1.3) ——
Czech Republic 61 (1.3) 73 (1.6) 56 (1.7) —

Canada 60 (1.3) 74 (1.4) 54 (1.3) H—A— —o—
New Zealand 60 (1.4) 72 (1.1) 55 (1.6) —A—
Spain 54 (0.8) 66 (1.4) 46 (1.3) —A— —
Iran, Islamic Rep. 52 (2.0) 61 (1.8) 49 (1.8)
Portugal 47 (1.1) 66 (1.2) 36 (1.6) — —o—
Cyprus 46 (1.0) 58 (1.3) 38 (1.4)
ICountries Not Satisfying Guidelines for Sample Participation Rates (See Appendix A for Details):
Australia 65 (1.2) 75 (1.4) 61 (1.9) ——o—1

2 England 67 (0.9) 77 (1.1) 54 (1.3) —A— —
Netherlands 60 (1.3) 77 (1.7) 50 (1.5) —&
United States 55 (1.3) 64 (1.6) 49 (1.4) 5=A-‘==A—=|=74—¢%‘

ICountries Not Meeting Age/Grade Specifications (See Appendix A for Details):
Colombia 39 (1.8) 49 (2.7) 30 (2.7) - A } } Py ! |

* Romania 62 (1.9) 74 (1.9) 60 (2.4) ] A } } i
Slovenia 61 (1.0) 72 (1.2) 57 (1.1)

X\Eg:gggona' 59 (0.3) 70 (0.4) 52 (0.4) e }T{
SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95. 30 40 50 60 70 80 90

* Eighth grade in most countries; see Table 2 for information about the grades tested in each country.

® Percentage scores averaged across items in each performance expectation category (see Figure 3.1); items weighted equally.

Y Overall average of percentage scores across all 12 performance assessment tasks; tasks weighted equally (see overall average in Table 2.1).

T Met guidelines for sample participation rates only after replacement schools were included (see Appendix A for details)

1 National Desired Population does not cover all of International Desired Population (see Table A.2) - German-speaking cantons only.

2 National Defined Population covers less than 90 percent of National Desired Population for the main assessment (see Table A.2).

3 School-level exclusions for performance assessment exceed 25% of the National Desired Population (see Table A.2).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals or plots may appear inconsistent.
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Average Percentage Scores by Mathematics Performance Expectation Categories &N PRES
Fourth Grade* '

Average of Average Percentage Scores by Mathematics Performance Expectation Categories
Percentage

C HAPTER

ntr i i
Country Scores" pperforming | Provlem Solving +@— Performing Mathematical Procedures (+ 2SE)
Across A i
Tasks ¥ Procedures Reasoning & Problem Solving and Mathematical Reasoning (+ 2SE)
(12 Items) (16 Items)
Canada 45 (1.3) 48 (1.9) 36 (1.7) F—a—
* New Zealand 38 (1.2) 42 (1.8) 29 (1.3)
Iran, Islamic Rep. 38 (2.4) 40 (2.7) 43 (3.2) } 4 i
Cyprus 34 (1.4) 36 (1.4) 22 (1.9)
Portugal 30 (1.4) 35 (2.0) 18 (2.0) } 4 i
ICountries Not Satisfying Guidelines for Sample Participation Rates (See Appendix A for Details):
Australia 44 (0.9) 51 (1.5) 36 (1.6) F—a—
Hong Kong 42 (1.4) 48 (2.8) 32 (1.3)
United States 41 (0.9) 44 (1.7) 31 (1.2)
ICountries Not Meeting Age/Grade Specifications (See Appendix A for Details):
Slovenia 46 (1.3) 46 (1.7) 42 (2.0) } &
International
40 (0.5 43 (0.7 32 (0.6
Average (0.5) ©.7) (0.6) |
SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95. 10 20 30 40 50 60 70

* Fourth grade in most countries; see Table 2 for information about the grades tested in each country.

* Percentage scores averaged across items in each performance expectation category (see Figure 3.1); items weighted equally.

Y Overall average of percentage scores across all 12 performance assessment tasks; tasks weighted equally (see overall average in Table 2.2).

T Met guidelines for sample participation rates only after replacement schools were included (see Appendix A for details)

1 School-level exclusions for performance assessment exceed 25% of the National Desired Population (see Table A.3).

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals or plots may appear inconsistent.
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cCHAPTER 3

VARIATION IN PERFORMANCE IN SUBCATEGORIES OF
PERFORMANCE EXPECTATIONS

To provide a better picture of the variation in performance acrostudents’ ability to collect, organize, and represent data, and the
tasks that may be masked by the aggregation of items into brgaetformance shown in Figure 3.3 reflects the portion of the item
performance expectation categories, Figures 3.2 through 3.6 presssures based only on the quality of their data presentation (prop-
profiles of international performance for eighth graders on itemerly labeled tables or graphs showing paired measurements). There
within subcategories of the science and mathematics performarmneas more variation in performance on the items in this category,
expectation categories. These displays reveal the performancendth percentage of students with fully-correct responses ranging
students in the finer-level cognitive and procedural skills aredeom 17% to 77% across tasks.

contained within the larger categories. For each subcategory, plglréure 3.4 shows the percentages of fully- and partially-correct

formance on one or more underlying processes or skills is illus- ' A L
: [esponses to example items in “Scientific Investigating” for three
trated through several example items, selected to cover a range 0 T . )
. . ) subcategories in this performance expectation category. The items
item types and tasks. The tasks and items were shown in fullin =~ ) S
. . . o in the “Conducting Investigations” category (top panel) are the same
Chapter 1. While previous displays in this report have shown tt]aes hose shown in Figure 3.3. In Figure 3.4. however. the perfor
average percentage scores for items and tasks, Figures 3.2 thror%%ltm d T 9 L ’ b

. : L nce indicated reflects the portion of the item score based on the
3.6 show the percentage of students, internationally, providing fully- " . ) ) . -

. uality of the data collection (making appropriate, sufficient, and
correct and partially-correct responses.

plausible measurements). Again, a range of performances is found
Figure 3.2 presents the percentage of students internationally tf@atthese items — 14% to 82% of students internationally with fully-
provided fully-correct and partially-correct responses to five itemsorrect responses. For the items in “Interpreting Data” (middle
from “Scientific Problem Solving and Applying Concept Knowledge,”’panel), students were required to describe their strategy, interpret
which was the most difficult performance expectation category dlseir observations, and identify the trends observed in their data.
shown by the international average percentage score of 41 all of these example items across five tasks, nearly 50% or
(see Table 3.1). One of the underlying processes exemplified more of students received full credit. Performance on example items
many of the items in this category is the application of scientifim “Formulating Conclusions” (bottom panel) shows that the rela-
principles to develop explanations. The performance on thesiee difficulty of the items in this subcategory varied substantially
example items shows that students had difficulty in this area acrassoss tasks. International percentages of fully-correct responses
several tasks covering different content areas and experimemahged from a high of 92% for identifying the stronger of two mag-
contexts. The percentage of students with fully-correct responsasts to only 16% on the much more challenging task of writing a
on these items varied from 8% to 36%. general rule about shadow sizes.

Figure 3.3 shows the percentage of students internationally who
provided fully- and partially-correct responses to example items in
the “Using Scientific Procedures” category. These items measured



Profiles of International Performance on Example Items That Require Scientific

Problem Solving and Applying Concept Knowledge - Eighth Grade*

Percent of Students

0%

100% +
80% 4
60% 4
40% 4
20% 4

C HAPTER

Figure 3.2

Applying Scientific Principles to Develop Explanations

Rubber Band Shadows Batteries Solutions Pulse
Explain Prediction Explain Observation Explain Arrangement Explain Conclusions Explain Results
(Item 6) (Item 2) (Item 4) (Item 4) (Item 3)
Sl 40%

0 0

36%_ 2794 200 _26% 2906
2 16% 11% - 8%
SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.
Legend

|:| Percent of Students Internationally with Fully-Correct Response

- Percent of Students Internationally with Partially-Correct Response

* Eighth grade in most countries; see Table 2 for information about the grades tested in each country.

3
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Figure 3.3 Profiles of International Performance on Example Items That Require Using
Scientific Procedures - Eighth Grade*

Organizing and Representing Data (Quality of Presentation)

Rubber Band Rubber Band Solutions Pulse Shadows

Measure Lengths Graph Results Conduct Investigation Measure Pulse Present Measurements
g (Item 1) (Item 2) (Item 2) (Item 1) (Item 5)
3 100% |
& 80% 4 77%
2 GOZA) 1 40% 50% e
2 om] 15% 2% _% = 17%  16%
5 2% - L e |

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.

Legend

|:| Percent of Students Internationally with Fully-Correct Response

- Percent of Students Internationally with Partially-Correct Response

* Eighth grade in most countries; see Table 2 for information about the grades tested in each country.
* Percent correct reflects only the portion of the item score based on the quality of the data presentation; quality of data collection results are shown in Figure 3.4.
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Profiles of International Performance on Example Items That Require Scientific

Investigating - Eighth Grade*

100%
80%
60%
40%
20%

0%

Percent of Students

100%
80%
60%
40%
20%

0%

Percent of Students

100%
80%
60%
40%
20%

0%

Percent of Students

Conducting Investigations (Quality of Data Collection)
Rubber Band

Measure Lengths

Solutions

Conduct Investigation

Pulse

Measure Pulse

Shadows

Problem Solve and
Record Distances

(Item 1) (Item 2) (Item 1) (Item 3)
82%
35% 45% 45% 33%
Interpreting Data
Magnets ' Shadows Pulse Rubber Band Batteries
Describe Strategy Describe Observation Describe Trend Describe Trend Describe Tests
(Item 2) (Item 1) (Item 2) (Item 4) (Item 2)
88%
66%
52% 48% 49%
32%
18% 16% _- 20%
| h_
Formulating Conclusions
Magnets ' Solutions Batteries Shadows
Identify Stronger By Comslusiems Identify Good/Bad Conclude and
Magnet Batteries Generalize
(Item 1) (Item 3) (Item 1) (Item 6)
92%
74% 69%
6% 10% 16% 100
I
SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.
Legend

|:| Percent of Students Internationally with Fully-Correct Response

- Percent of Students Internationally with Partially-Correct Response

* Eighth grade in most countries; see Table 2 for information about the grades tested in each country.
* Percent correct reflects only the portion of the item score based on the quality of the data presentation; quality of data collection results are shown in Figure 3.4.

T One-point items; no partial-credit scores.

C HAPTER

Figure 3.4
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cCHAPTER 3

In Figure 3.5, profiles of international performance on exampler circulation (Pulse task) also shows lower achievement across a
items in the mathematics performance expectation category \riety of performance expectations. Generally, students were more
“Performing Mathematical Procedures” are presented for the eighghccessful in drawing conclusions from an experiment than in de-
grade. Items requiring students to perform routine mathematicatloping hypotheses about the causes of their findings, but the de-
procedures (top panel) included performing calculations, compleairee of the difference varied markedly in different countries. Large
ing a table, comparing frequencies, measuring, and performimifferences in performance were found between the use of more
conversions. Internationally, students did quite well on these typesmplex mathematical procedures like pattern identification or
of items, with more than 65% of students providing fully-correcscaling, and familiar routine procedures, including the use of cal-
responses on all of the example items. Students had more diffitlators (Figure 3.5). Internationally, the areas of greatest strength
culty, in general, on items requiring more complex mathematical the eighth grade were found in conducting investigations, ex-
procedures (bottom panel), such as drawing models to scaéeuting more routine procedures, and solving problems, including
identifying a pattern in numbers, drawing the net of a box, argbme non-routine problems. Areas of greater difficulty were using
constructing the net of a box to scale. There was much more variatimore complex mathematical procedures and reasoning, as well as
in performance on items of this type, with performances rangirexplaining and generalizing, both in science and mathematics.
from 22% to 71% fully-correct responses. Fourth graders did well in conducting investigations in familiar

. . . . content areas like electricity and magnetism, and they also did well
Figure 3.6 shows international performance of eighth-grade students y g y

on example items in two subcateqories of “Problem Solvin ar{ the use of procedural knowledge in science. In fact, the data
P g g s%ow no difference internationally between fourth and eighth grad-

Mathematical Reasoning”. Internationally, students demonstrated _. S .
) - .e{s in the use of scientific procedures. For mathematics, however,
a range of performance on example items requiring them to predic . L
: .~ "Use of procedures was sharply lower in fourth grade than in eighth
develop strategies, and solve problems (top panel). The highest . .
.grade in all countries.
percentage of fully-correct responses (73%) was on the routine
application of a pattern, while only 11% of students received full
credit for finding the correct factors of 455 in the Calculator task.
There was also variation in performance on the three example items

requiring students to generalize and conjecture (bottom panel).

The content area and context of the task seem to affect students
ability to express skills thought to be comparable regardless of the
task (e.g., organizing and representing data shown in Figure 3.3).
However, the overall familiarity of the task and its difficulty, as
well as the nature of the cognitive processes required, also affect
students’ performance. For example, regardless of context, items
requiring explanations were consistently more difficult than other
types of questions. Similarly, less-familiar content like factoring



Profiles of International Performance on Example

Mathematical Procedures - Eighth Grade*

* Eighth grade in most countries; see Table 2 for information about the grades tested in each country.

T One-point items; no partial credit scores.

Performing Routine Mathematical Procedures

Items That Require Performing Figure 3.5

1]

£

T 100% ¢
& 80% 4
S 60% 4
S 40% 4
S 20% ¢
. 0%
[%2]

5

) 100% +
& 80% 4
S 60% +
S 40% 4
S 20%+¢
o 0%

Calculator Dice Dice ' Around Bend Around Bend
Perform Calculations Complete Table Identlfy’\l}llljoriggequent Measure ModelsAand B | convert Using Scale
(Item 1) (Item 1) (Item 5A) (Item 1) (Item 2)

0,
94% 87% 53% 80%
66%
6% 6% 8% 6%
Performing More Complex Mathematical Procedures
Dice' Around Bend Calculator Packaging Packaging
Describe Pattern Draw 6 Models to Scale Identify Pattern Draw Nets Construct Net to Scale
(Item 2) (Item 5) (Item 2) (Item 2) (Item 3)
71%
38% 33% 32% 30%
SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.
Legend

|:| Percent of Students Internationally with Fully-Correct Response

- Percent of Students Internationally with Partially-Correct Response
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cC HAPTER 3

Figure 3.6 Profiles of International Performance on Example Items That Require Problem
Solving and Mathematical Reasoning - Eighth Grade*

Predicting, Developing Strategies and Solving Problems

Calculator Calculator Folding and Cutting Plasticine Plasticine Packaging
Predict: Routine Find Correct ; Describe Strategy

Application Factors of 455 Fold and Cut Shape 3 Weigh 35g Lump 35g Lump Draw Boxes
‘2 (Item 3) (Item 6) (Item 3) (Item 4A) (Item 4B) (Item 1)
S 100% |
‘A 0, -

0 + 0
S 40% ¢} 44% 36% 43% -
20% 9 0 o

6 B = s e [ w
o 0%

Generalizing and Conjecturing

Around the Bend Around the Bend Dice '
Relate A and B to Real : D Eindi
FUmiture Find General Rule Explain Findings
‘2 (Item 3) (Item 6)* (Item 5B)
g 100% |
o 80% ¢
S 60% 4+ 49%
S 40% ¢ 33% 33%
(]
= 20% + 11%
0% _ 1% _ o

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.

Legend

|:| Percent of Students Internationally with Fully-Correct Response

- Percent of Students Internationally with Partially-Correct Response

* Eighth grade in most countries; see Table 2 for information about the grades tested in each country.
T One-point items; no partial credit scores.
! Columbia did not administer this item; not included in international percentages.
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HisToRY

TIMSS represents the continuation of a long series of studi@s an effort to extend what had been learned from previous studies
conducted by the International Association for the Evaluation efnd provide contextual and explanatory information, TIMSS
Educational Achievement (IEA). Since its inception in 1959, thexpanded beyond the already substantial task of measuring
IEA has conducted more than 15 studies of cross-national achievemgstiievement in two subject areas by also including a thorough
in curricular areas such as mathematics, science, language, civiagestigation of curriculum and how it is delivered in classrooms
and reading. IEA conducted its First International Mathematicsround the world. In addition, extending the work of previous IEA
Study (FIMS) in 1964, and the Second International Mathematigsudies, TIMSS included a performance assessment. In IEAs
Study (SIMS) in 1980-82. The First and Second International Sciensecond International Science Study a small subset of the partici-
Studies (FISS and SISS) were conducted in 1970-71 and 1983-B4ting countries administered practical tasks. TIMSS built on this
respectively. Since the subjects of mathematics and science gs@erience and included more countries, more tasks, and a greater
related in many respects and since there is broad interest in manyphasis on an integration of conceptual knowledge and process
countries in their students’ abilities in both mathematics and scienegills. The inclusion of a performance assessment in TIMSS also
the third studies were conducted together as an integrated efforeflected the current movement in education to measure students’

The number of participating countries, the number of grades testél&derstandmg and competence with hands-on assessments.
and the assessment of mathematics and science simultaneously has

resulted in TIMSS becoming the largest, most complex IEA study

to date and the largest international study of educational achievement

ever undertaken. Traditionally, IEA studies have systematically

worked toward gaining more in-depth understanding of how various

factors contribute to the overall outcomes of schooling. Particular

emphasis has been given to refining our understanding of students’

opportunity to learn as this opportunity becomes successively

defined and implemented by curricular and instructional practices.



AP PENDIKX

THE ComPONENTS OF TIMSS

Continuing the approach of previous IEA studies, TIMSS address&d measure the attained curriculum, TIMSS tested more than half
three conceptual levels of curriculum. Tiheended cuiculumis  a million students in mathematics and science at five grade levels.
composed of the mathematics and science instructional and lgmaisg TIMSS included testing at three separate populations:

as defined at the system level. Timplemented curriculum is the . . :
y ep gggulatlon 1: Students enrolled in the two adjacent grades that

mathematics and science curriculum as interpreted by teachers A ined the largest pronortion of 9-vear-old students at the time
made available to students. Tagained curiculum is the math- . |argest prop y ) St :
thtmg — third- and fourth-grade students in most countries.

ematics and science content that students have learned and '[HfGI
attitudes towards these subjects. To aid in interpretation and coRbpulation 2: Students enrolled in the two adjacent grades that

parison of results, TIMSS also collected extensive information abogibntained the largest proportion of 13-year-old students at the time
the social and cultural contexts for learning. of testing — seventh- and eighth-grade students in most countries.

Nearly 50 countries participated in one or more of the variouBopulation 3: Students in their final year of secondary education.
components of the TIMSS data collection effort, including thé\s an additional option, countries could test two special subgroups
curriculum analysis. To gather information about the intendegf these students: students taking advanced courses in mathemat-
curriculum, mathematics and science specialists within eadts and students taking courses in physics.

participating country worked section by section through curriculum

guides, textbooks, and other curricular materials to categori{eoumries participating in the study were required to administer

aspects of these materials in accordance with detailed specificati(r)‘ﬁi‘tS to the students in the two grades at Population 2 but could

derived from the TIMSS mathematics and science curriculuWoose whether or not to participate at the other levels. Ten countries

frameworks: Initial results from this component of TIMSS can bef[hat participated in Population 1 and 21 countries that participated

found in two companion volumesany Visions, Many Aims: in Population 2 also administered the performance assessment to

A Cross-National Investigation of Curricular Intentions in SchooPUbS""mpIeS of the upper-grade students (eighth graders and fourth

MathematicsandMany Visions, Many Aims: A Cross-National In- graders in most countries) who completed the written tests. Figure A.1
vestigation of Curricular Inten’tions in School Sciefce shows the countries that participated in the various components of

TIMSS testing.

! Robitaille, D.F.,, McKnight, C.C., Schmidt, W.H., Britton, E.D., Raizen, S.A., and Nicol, C. [1993]. TIMSS Monograph No. 1: Curriculum Frameworks for Mathematics and
Science. Vancouver, B.C.: Pacific Educational Press.

2 Schmidt, W.H., McKnight, C.C., Valverde, G.A., Houang, R.T., and Wiley, D.E. (1997). Many Visions, Many Aims: A Cross-National Investigation of Curricular Intentions in
School Mathematics. Dordrecht, the Netherlands: Kluwer Academic Publishers.

Schmidt, W.H., Raizen, S.A., Britton, E.D., Bianchi, L., and Wolfe, R.G. (in press). Many Visions, Many Aims: A Cross-National Investigation of Curricular Infentions in School
Science. Dordrecht, the Netherlands: Kluwer Academic Publishers.
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TIMSS administered a broad array of questionnaires to collect data
about how the curriculum is implemented in classrooms and about
the social and cultural contexts for learning. Questionnaires were
administered at the country level about decision-making and orga-
nizational features within the educational systems. The students
who were tested answered questions pertaining to their attitudes
towards mathematics and science, classroom activities, home back-
ground, and out-of-school activities. The mathematics and science
teachers of sampled students responded to questions about teaching
emphasis on the topics in the curriculum frameworks, instructional
practices, textbook use, professional training and education, and
their views on mathematics and science. The heads of schools
responded to questions about school staffing and resources, math-
ematics and science course offerings, and support for teachers. In
addition, a volume was compiled that presents descriptions of the
educational systems of the participating counfries.

Achievement results and background data for Populations 1 and 2
(third, fourth, seventh, and eighth grades in many countries) have
been published in four volumés.

® Robitaille D.F. (Ed.). (1997). National Contexts for Mathematics and Science Education: An Encyclopedia of Education Systems Participating in TIMSS. Vancouver, B.C.: Pacific

Educational Press.

4 Mullis, 1.V.S., Marfin, M.O., Beaton, A.E., Gonzalez, EJ., Kelly, D.L., and Smith, TA. (1997). Mathematics Achievement in the Primary School Years: IEA’s Third International

Mathematics and Science Study. Chestnut Hill, MA: Boston College.

Martin, M.O., Mullis, .V.S., Beaton, A.E.,, Gonzalez, EJ., Smith, TA., and Kelly, D.L. {1997). Science Achievement in the Primary School Years: IEA’s Third Infernational Mathematics

and Science Studly. Chesmut Hill, MA: Boston College

Beaton, A.E., Mullis, 1.V.S., Martin, M.O. Gonzalez, EJ., Kelly, D.L, and Smith, TA. (1996). Mathematics Achievement in the Middle School Years: IEA’s Third International

Mathematics and Science Study. Chestnut Hill, MA: Boston College.

Beaton, A.E., Martin, M.O., Mullis, 1.V.S., Gonzalez, EJ., Smith, TA., and Kelly, D.L. (1996). Science Achievement in the Middle School Years: IEA’s Third International

Mathematics and Science Studly. Chestut Hill, MA: Boston College.
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Population 3

Advanced
Mathematics

Physics
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Russian Federation

Scotland
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Slovak Republic

Slovenia

South Africa
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Switzerland

Thailand

United States
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DEeveLoPING THE TIMSS PERFORMANCE ASSESSMENT TASKS

The TIMSS performance assessment was developed by expertsiathematics, and human biology. There were 13 tasks altogether;
mathematics, science, and performance assessment from parfidi-were administered at both grades, although adaptations were
pating countries. It was designed to reflect the TIMSS mathematiosde in the form of scaffolding for the younger age group, one
and science curriculum frameworks and be feasible for administratianique task was administered to the fourth grade, and one unique
in a large-scale international assessment. In particular, attentitask administered to the eighth grade. Table A.1nsammes the

was focused on developing tasks that represented the rangemsithematics and science content areas and the performance expecta-
performance expectations in the TIMSS curriculum frameworksions associated with each of the performance assessment tasks.

The TIMSS Performan_ce Assessment Committee de_veloped a‘?‘ﬁte TIMSS performance assessment instruments were prepared in
of tasks, some of which were adapted from versions used é“

) : . . glish and translated into the languages of administration. In
assessments in the United Kingdom, Australia, New Zealand, and*>..~ . . . ; .
. , addition, it sometimes was necessary to adapt the international versions
the United States. In 1994, 22 tasks (at each population level) were . . . .
or cultural purposes, even in the countries that tested in English.

f!eld-tested in 19 cou_ntrles. Based on the s_student result_s _from ttllﬁis process represented an enormous effort for the national centers,
field test and evaluations of each task by field-test administrators

National Research Coordinators, and mathematics and science svj\.aib many checks along the way. The translation effort included:
g

) ) T ) developing explicit guidelines for translation and cultural adap-
ject matter experts in the participating countries, 12 tasks for eac . . : .

) tation, 2) translation of the instruments by the national centers in
population were selected for the performance assessment. Tas

selection was based on breadth of coverage, feasibility of obtaini‘@lccoml"’mCe with the guidelines and by using two or more independent

materials and administering the tasks, ime constraints, quali rgnslators, 3) consultation with subject matter experts regarding

considerations noted by task reviewers, and field-test item ste‘i’tistic%)(.”tural.adaptatlons to ensu_r ? th_a I the meanlng and difficulty of
items did not change, 4) verification of the quality of the transla-

Difficulties in standardizing the use of live materials and soils, antqe ) . )
e . e . . tions by professional translators from an independent translation
differing climate effects — for example, great difficulty in keeping

. . : o . . ._~company, 5) correction by the national centers in accordance with
a moisture indicator dry in maritime climates — resulted in elimi: . . .
: . . ) ) : the suggestions made, 6) verification that corrections were made,
nation of certain tasks, chiefly in the life and earth science areas . - . .
. . and 7) a series of statistical checks after the testing to detect items

and reduced the overall content coverage to the physical sciencgs, )
at did not perform comparably across countries.

° See Chapter 1 of this report for a display of each task and student responses. Details of the criteria used for task selection are provided in Harmon, M. and Kelly, D.L. (1996).
"Performance Assessment” in M.O. Martin and D.L. Kelly (Eds.), Third International Mathematics and Science Study Technical Report, Volume I. Chestnut Hill, MA: Boston
College.

© More defails about the translation verification procedures can be found in: Mullis, 1.V.S., Kelly, D.L, and Haley, K. (1996). “Translation Verification Procedures” in M.O. Martin and
[.V.S. Mullis (Eds.), Third International Mathematics and Science Study: Quality Assurance in Data Collection. Chestnut Hill, MA: Boston College.
Maxwell, B. (1996). “Translation and Cultural Adaptation of the TIMSS Instruments” in M.O. Martin and D.L. Kelly (Eds.), Third International Mathematics and Science Study
Technical Report, Volume I. Chestnut Hill, MA: Boston College.
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Description of Performance Assessment Tasks with Associated Content Knowledge  [§2Y NP\
Areas and Performance Expectations (1 of 3)

Science Tasks

Content Areas
Description Overall Task Specific Knowledge Areas Performance Expectations
Content Areas
Pulse Student investigates changes in pulse rate during Life Science Life Process and Systems Conducting investigations
exercise; records and analyzes data; and explains results. — Energy handling . - .
) « Gathering, organizing, and representing data
* Human Biology « Interpreting investigational data
« Applying scientific principles to develop explanations
Magnets Student determines the stronger of two magnets and Physical Science » Energy and Physical Processes « Conducting investigations
describes strategies to support conclusion. — Magnetism « Interpreting investigational data
« Formulating conclusions from investigational data
Batteries Student determines which of four batteries are worn out; | Physical Science » Energy and Physical Processes « Conducting investigations
describes strategy; and uses concept knowledge to — Electricity « Interpreting investigational data
explain proper arrangement of batteries in a flashlight. « Formulating conclusions from investigational data
« Applying scientific principles to solve problems and
develop explanations
Rubber Band Student investigates the effect on the length of a rubber | Physical Science * Physical Properties of Matter « Conducting investigations
band from attaching increasing numbers of masses; — Elasticity « Gathering, organizing, and representing data
then explains results. . ]
« Interpreting and extrapolating data
« Applying scientific principles to develop explanations
Solutions Student investigates the effect of different solvent Physical Science * Physical Properties of Matter « Designing and conducting investigations
temperatures on rate of solution; collects, records, and — Solubility « Using equipment
nalyz: ; and explains results. ) . .
analyzes data; and explains results + Structure of Matter « Gathering, organizing, and representing data
— Atoms, ions, molecules « Formulating conclusions from investigational data
« Energy and Physical Processes Applyi i A :
. ing scientific principles to develop explanations
— Heat and temperature ppiying princip pexp
* Physical Transformation
— Dissolving
— Explanations of physical changes
Containers Student investigates the effect of different container Physical Science * Physical Properties of Matter « Conducting investigations
materials on heat transfer; draws a conclusion about the — Specific heat and temperature « Using equipment
best insulator; and applies concept to a new, seemingly Gatheri . d ting dat
quite different problem. athering, organizing, and representing data
« Formulating conclusions from investigational data
« Applying scientific principles to develop explanations
and solve new problems

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.
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RN W 1 Description of Performance Assessment Tasks with Associated Content Knowledge
Areas and Performance Expectations (Continued - 2 of 3)

Combination Tasks

Content Areas

Description Overall Task Specific Knowledge Areas Performance Expectations
Content Areas

Shadows Student manipulates the positions of light source Physical Science » Energy and Physical Processes Science
f\l;_d o?riect th:ndf i:reebpostitionfj where the stuadow is — Light « Conducting investigations
Ice the width of the object, and expresses the Mathematics « Measurement and Units : - :
relationships of distances of the light and object to the - . o < Gathering, organizing, and representing data
screen as a general rule. * Geometry: Position, Visualization, | , Interpreting investigational data
and Shape

— Two-dimensional polygons « Formulating conclusions from investigational data

« Applying scientific principles to develop explanations

Geometry: Symmetry,

Congruency and Similarity Mathematics
 Proportionality Problems « Performing routine and complex mathematical
procedures

« Problem solving
« Conjecturing
« Generalizing

Plasticine Given only two standard masses, student develops and | Physical Science « Physical Properties of Matter Science
describes strategies to weigh lumps of various specified — Weight and balance « Conducting routine experimental procedures
masses. - -
Mathematics * Measurement and Units « Applying scientific principles to solve quantitative problems
« Proportionality Concepts and Mathematics
Problems

« Performing routine mathematical procedures
« Problem solving
« Developing and describing strategy

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.
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Description of Performance Assessment Tasks with Associated Content Knowledge

Areas and Performance Expectations (Continued - 3 of 3)

Mathematics Tasks

Description

Overall Task

Content Areas

Specific Knowledge Areas

Table A.1

Performance Expectations

Content Areas

Dice Student applies a given algorithm to numbers that are Mathematics * Whole Number Operations « Performing routine and complex mathematical procedures
obtained from successive throws of a die, then explains « Data Representation and Analysis | » Conjecturing
why one resulting number occurs more frequently than N
others.  Probability
Calculator Student uses calculator for a series of multiplications, Mathematics « Whole Numbers: Meaning and » Using equipment
Exrapolatos the pater t salve 4 new problem. At cghth e * Recalling mathematical objects and properties
grade, student also draws on knowledge of number + Data Representation and Analysis | . performing routine and complex mathematical procedures
properties and factoring to find a set of factors. » Developing and describing strategy
 Predicting
Folding and Cutting Student reproduces patterns of increasing complexity by | Mathematics « Geometry:  Problem solving
folding along axes of symmetry and cutting paper. At Symmetry Transformations « Predicting
eighth grade, this is extended to drawing lines of symmetry
without manipulating materials.
Around the Bend Student uses models to determine which “furniture” will | Mathematics * Measurement and Units  Performing routine and complex mathematical
go around the bend in a corridor, uses scale to convert « Geometry: Position, Visualization procedures
model t_Jimen;ions (in centimetgrs) to real furniture and Shape ' « Problem solving
dlmensmn_s (m meters), makes judgements about real- — Two-dimensional polygons
world applications, and develops a general rule. _ Three-dimensional
 Proportionality Problems
Packaging Student constructs boxes for three unique arrangements | Mathematics * Measurement and Units « Performing routine and complex mathematical procedures

of four balls tightly packed; sketches nets for each box,
and draws one net to actual size.

Geometry: Position, Visualization
and Shape
— Three-dimensional

Problem solving

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.

AQ




APPENDIX A

PERFORMANCE ASSESSMENT DESIGN AND SAMPLE IMPLEMENTATION AND PARTICIPATION RATES

ADMINISTRATION PROCEDURES _ _ - _ _ _
The selection of valid and efficient samples is crucial to the quality

The performance assessment was administered in a “circus” fand success of an international comparative study such as TIMSS.
mat in which the materials for 12 tasks (at each grade) were d3te accuracy of the survey results depends on the quality of the
sembled at stations and students visited the stations accordingw@ilable sampling information and on the quality of the sampling
one of two rotation plans to which they were assigned during tleetivities themselves. For TIMSS, National Research Coordinators
sampling process. In each administration, there were nine statighiRCs) worked on all phases of sampling with staff from Statis-
with materials for either one or two tasks. Students visited thréies Canada. NRCs received training in how to select the school
stations, completing three to five tasks altogether. Each studemtd student samples and in the use of the sampling software. In
spent 30 minutes at each station. The administration was desigmedsultation with the TIMSS sampling referee (Keith Rust, Westat,
to accommodate 9 students; at each school, either 9 or 18 studénts), staff from Statistics Canada reviewed the national sampling
participated in the performance assessment. plans, sampling data, sampling frames, and sample execution. This
documentation was used by the TIMSS International Study Center

After completing the tasks at each station, students submitted thﬁ\"consultation with Statistics Canada, the sampling referee, and

work boqklets to the performance assessmer_wt administrator, [Ré Technical Advisory Committee to evaluate the quality of the
gether with any products. The work recorded in the booklets an

any products created during the assessment were evaluated by go n_1p|es.
ers specially trained to use the TIMSS scoring rubrics (see sectibhe sample of schools and students for the performance assess-
on scoring the TIMSS performance assessment). ment was a subsample of the schools and students that participated
Each participating country was responsible for providing the m ir_1 the main written assessment. Consequently, the characteristics
terials for the performance assessment tasks and for administera.(ll) feach country_’s performan_c e assessment sample refle_ct the ql.Jal_

. . . *Tibf the sampling for the written assessment and compliance with
the performance assessment, in accordance with the mternatlo@élgfJ N .

- : e guidelines for the performance assessment sampling.

procedures. ThPerformance Assessment Administration Manua
specified the materials required for the tasks, the organization lofa few situations where it was not possible to implement TIMSS
tasks at stations in a “circus,” assignment of students to statiofs; all of Populations 1 and 2, as specified by the international
and all other aspects of the administration session. During the afisired population definition — all students in the upper grade of
ministration, the performance assessment administrator ensured thattwo adjacent grades with the largest proportion of 9-year-olds
the students visited the correct stations and that supplies were (feepulation 1) and 13-year-olds (Population 2) — countries were
plenished as necessary, and collected students’ work. Severalpermitted to define a national desired population that did not in-
gional training sessions were conducted around the world duricfude part of the international desired population. Tables A.2 and
which representatives from the participating countries were trainéd3 show any differences in coverage between the international

in equipment set-up and administration procedures. and national desired populations, at the upper grades of the target

7 For more information on the performance assessment design see Harmon, M. and Kelly, D.L. (1996). “Performance Assessment” in M.O. Martin and D.L Kelly (Eds.), Third
International Mathematics and Science Study Technical Report Volume I. Chestut Hill, MA: Boston College.
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populations (eighth grade and fourth grade in most countries). Masiuntries were to use random procedures to select one fourth grade
participants achieved 100% coverage. The countries with less themd one third grade mathematics class for Population 1 and one
100% coverage are identified in the tables in this report. Israel deighth grade and one seventh grade mathematics class at Population
fined its tested population according to the structure of its scho®l(or the corresponding upper and lower grades in that country).
system and tested only schools in the Hebrew education systeMl.of the students in those two classes were to participate in the
Switzerland administered TIMSS in the German-speaking cantons oflyMSS testing. This approach was designed to yield a representative
For the main written assessment, within the desired populatigrqmpIe of approximately 7,500 students per country, with approxi-
. . : mately 3,750 students at each grade.
countries could define a population that excluded a small percent-
age (less than 10%) of certain kinds of schools or students thair the performance assessment, TIMSS participants were to
would be very difficult or resource-intensive to test (e.g., schooample at least 50 schools from those already selected for the writ-
for students with special needs or schools that were very smallten assessment, and from each school a sample of either 9 or 18
located in extremely remote areas). For the performance assagsper-grade students already selected for the written assessment.
ment, in the interest of ensuring the quality of the administratiofhis yielded a sample of about 450 students in each of the eighth
countries could exclude additional schools if the schools had fewand fourth grades in each country. Typically, between 150 and 300
than nine students in the upper grade and thus could not providstadents in a country responded to each performance assessment
full complement of students for the performance assessment rotask. Tables A.4 and A.5 show the school and student sample sizes
tion or if the schools were in a remote region. The exclusion rater the main assessment sample and the performance assessment
for the performance assessment sample was not to exceed 25%udfsample for the eighth grade. Tables A.6 and A.7 show the cor-
the national desired population. Tables A.2 and A.3 show the maisponding information for the fourth grade.

assessment school exclusion rates, the performance assessment . . : S
: L . ountries were required to obtain a participation rate of at least
school exclusion rates, the within-sample exclusion rates, and t

g% of both schools and students, or a combined rate (the product

overall exclusion rates for the eighth and fourth grades, r(:"Sloeocf._school and student participation) of 75%. Tables A.8 and A.9

tively. For various reasons, at the eighth grade England and Romania . )
exceeded the 25% limit for performance assessment exclusioHresent’ for the eighth and fourth grades, respectively, the school,

At the fourth grade only New Zealand exceeded this limit. Thstsudent, and overall participation rates for the main assessment and
, . . o t e performance assessment. Because the performance assessment
exclusion rates for these countries are noted in the tables in this report. . . o
sample is drawn from the main assessment sample, the participa-
For the main assessment, TIMSS used a two-stage sample desigmrates achieved for the performance assessment reflect the par-
at Populations 1 and 2, where the first stage involved selecting 1fi€ipation of schools and students in the main assessment, as well

public and private schools within each country. Within each schoals those for the performance assessment administration.

® The sample design for TIMSS is described in detail in Foy, P., Rust, K., and Schleicher, A. (1996). “TIMSS Sample Design” in M.O. Martin and D.L. Kelly (Eds.), Third International
Mathematics and Science Study, Technical Report, Volume I. Chestnut Hill, MA: Boston College.
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IEL] (W.WA Coverage of TIMSS Target Population - Performance Assessment — Eighth Grade*

The international desired target population is defined as follows:

Eighth Grade - All students enrolled in the higher of the two adjacent grades with the largest proportion of 13-year-old studen ts at the time of testing.

National Desired Target Population

International Desired Target Population

Country B Performance
Coverage Notes M%Eﬁ?j}ié‘?m Assessment | WihinSample | o101 yclusions
Exclusions
Australia 100% 0.2% 16.3% 0.6% 17.0%
Canada 100% 2.4% 15.0% 1.8% 19.1%
Colombia 100% 3.8% 0.0% 0.0% 3.8%
Cyprus 100% 0.0% 0.0% 0.0% 0.0%
Czech Republic 100% 4.9% 0.0% 0.0% 4.9%
2 England 100% 8.4% 16.6% 2.4% 27.3%
Hong Kong 100% 2.0% 1.0% 0.0% 3.0%
Iran, Islamic Rep. 100% 0.3% 17.0% 0.0% 17.3%
! Israel 74% Hebrew Public Education System 3.1% 0.0% 0.0% 3.1%
Netherlands 100% 1.2% 0.0% 0.0% 1.2%
New Zealand 100% 1.3% 10.5% 0.4% 12.1%
Norway 100% 0.3% 22.6% 1.5% 24.4%
Portugal 100% 0.0% 0.0% 0.3% 0.3%
* Romania 100% 2.8% 28.5% 0.0% 31.3%
Scotland 100% 0.3% 9.3% 1.7% 11.3%
Singapore 100% 4.6% 0.0% 0.0% 4.6%
Slovenia 100% 2.4% 0.7% 0.2% 3.2%
Spain 100% 6.0% 1.7% 2.6% 10.3%
Sweden 100% 0.0% 23.5% 0.7% 24.2%
* Switzerland 75% German Cantons 4.4% 8.4% 0.8% 13.6%
United States 100% 0.4% 1.3% 1.7% 3.4%

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.

* Eighth grade in most countries; see Table 2 for information about the grades tested in each country.

1 National Desired Population does not cover all of International Desired Population.

2 National Defined Population covers less than 90 percent of National Desired Population for the main assessment (school-level plust within-sample exclusions).
3 School-level exclusions for performance assessment exceed 25% of the National Desired Population.

Because results are rounded to the nearest whole number, some totals may appear inconsistent.



Coverage of TIMSS Target Population - Performance Assessment — Fourth Grade* [EL] (V. %]

The international desired target population is defined as follows:
Fourth Grade - All students enrolled in the higher of the two adjacent grades with the largest proportion of 9-year-old student s at the time of testing.

International Desired Target Population National Desired Target Population

. Performance
Main Assessment -
Coverage Notes Assessment Within-Sample B
s SEQ&?E'&Y:' School-Level Exclusions Ol B
Exclusions

Australia 100% 0.1% 15.1% 1.4% 16.7%
Canada 100% 2.5% 15.4% 3.1% 21.0%
Cyprus 100% 3.1% 0.0% 0.1% 3.2%
Hong Kong 100% 2.6% 1.9% 0.0% 4.6%
Iran, Islamic Rep. 100% 0.3% 17.5% 0.9% 18.7%

? |srael 72% Hebrew Public Education System 1.1% 0.0% 0.1% 1.2%
* New Zealand 100% 0.7% 25.8% 0.4% 27.0%
Portugal 100% 6.6% 0.0% 0.7% 7.3%
Slovenia 100% 1.9% 0.7% 0.0% 2.6%
United States 100% 0.4% 0.0% 4.3% 4.7%

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.

* Fourth grade in most countries; see Table 2 for information about the grades tested in each country.

1 School-level exclusions for performance assessment exceed 25% of the National Desired Population.
2 National Desired Population does not cover all of International Desired Population.

Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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Main Assessment

Performance Assessment

JELI VAN TIMSS School Sample Sizes - Performance Assessment - Eighth Grade*

Number of Number of | Total Number Total Number
Country Number of NE?Q?E{EOf Sg:%‘?:fﬂi“ Replacement gtfaScP:JooFse N;g;\t:)zrls f Ngz;l;irl:f Number of Number of of Schools
Schools in Schoolsin | Sample That STHUE LS UIES Eligible for | Sampled for original Replacement L

Original Original Participated in Pa‘rtlclpa.ted Pa.rtu:lpa.ted EeImEnes | Rerbimress Scho_o!s That Scho_o!s That |Participated in

Sample Sample Main " in Main in Main Assessment | Assessment Participated Participated | Performance

Assessment ssessment | Assessment Assessment
Australia 214 214 158 3 161 127 51 37 5 42
Canada 413 388 363 1 364 312 80 v 0 7
Colombia 150 150 136 4 140 150 54 49 0 49
Cyprus 55 55 55 0 55 55 50 48 0 48
Czech Republic 150 149 143 6 149 149 50 47 3 50
England 150 144 80 41 121 100 50 26 24 50
Hong Kong 105 104 85 0 85 84 50 27 0 27
Iran, Islamic Rep. 192 191 191 0 191 150 50 49 0 49
Israel 100 100 45 1 46 20 20 19 1 20
Netherlands 150 150 36 59 95 74 50 18 31 49
New Zealand 150 150 137 12 149 134 50 45 5 50
Norway 150 150 136 10 146 113 50 44 5 49
Portugal 150 150 142 0 142 150 50 48 0 48
Romania 176 176 163 0 163 95 50 50 0 50
Scotland 153 153 119 8 127 136 50 39 9 48
Singapore 137 137 137 0 137 137 50 46 4 50
Slovenia 150 150 121 0 121 149 50 49 1 50
Spain 155 154 147 6 153 146 50 47 3 50
Sweden 120 120 116 0 116 91 50 50 0 50
Switzerland 259 258 247 3 250 158 50 36 8 44
United States 220 217 169 14 183 216 107 76 6 82

* Eighth grade in most countries; see Table 2 for information about the grades tested in each country.

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.



TIMSS Student Sample Sizes - Performance Assessment — Eighth Grade* [JE1)]) [SF2W:3

Main Assessment

Performance Assessment

Country Number of Number of
Sampled Students Number of Number of Number of | Total Number
Students in Withdrawn Students Students Students of Students Total Number of Students Assessed
Participating from Excluded Eligible Absent Assessed
Schools Class/School
Australia 8027 63 61 7903 650 7253 564
Canada 9240 134 206 8900 538 8362 1240
Colombia 2843 6 0 2837 188 2649 455
Cyprus 3045 15 0 3030 107 2923 414
Czech Republic 3608 6 0 3602 275 3327 450
England 2015 37 60 1918 142 1776 440
Hong Kong 3415 12 0 3403 64 3339 217
Iran, Islamic Rep. 3770 20 0 3750 56 3694 436
Israel 1453 6 0 1447 32 1415 171
Netherlands 2112 14 2097 110 1987 435
New Zealand 4038 121 12 3905 222 3683 824
Norway 3482 26 49 3407 140 3267 438
Portugal 3589 70 13 3506 115 3391 430
Romania 3899 0 0 3899 174 3725 450
Scotland 3289 0 46 3243 380 2863 424
Singapore 4910 18 0 4892 248 4644 450
Slovenia 2869 15 8 2846 138 2708 451
Spain 4198 27 102 4069 214 3855 449
Sweden 4483 71 28 4384 309 4075 433
Switzerland 4989 16 24 4949 94 4855 396
United States 8026 104 108 7814 727 7087 712

* Eighth grade in most countries; see Table 2 for information about the grades tested in each country.

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.
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JELIVANEN  TIMSS School Sample Sizes - Performance Assessment - Fourth Grade*

Main Assessment

Performance Assessment

Number of Number of | Total Number Total Number
N f i
Number of umber o Schoolsin | gepjacement | of Schools Number of Number of Number of Number of of Schools
¢ Eligible Original Schools Schools -
Schools in Sl in S Schools That That o Original Replacement That
20 ple That . . Eligible for Sampled for . .
Original Original Participated in P PEEE FEE Performance | Performance Schools That | Schools That | Participated in
Sample el Main in Main in Main Participated Participated | Performance
ple Assessment | Assessment

Assessment | Assessment | Assessment Assessment
Australia 268 268 169 9 178 122 50 41 5 46
Canada 423 420 390 0 390 319 84 75 1 76
Cyprus 150 150 146 0 146 150 50 49 1 50
Hong Kong 156 148 124 0 124 120 50 37 10 47
Iran, Islamic Rep. 180 180 180 0 180 140 50 49 1 50
Israel 100 100 40 0** 87 100 54 27 18 45
New Zealand 150 150 120 29 149 103 50 39 11 50
Portugal 150 150 143 0 143 150 50 48 0 48
Slovenia 150 150 121 0 121 149 50 49 1 50
United States 220 213 182 0 182 212 106 88 1 89

* Fourth grade in most countries; see Table 2 for information about the grades tested in each country.
**Does not include 47 replacement schools that were selected using unapproved methods.

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.
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TIMSS Student Sample Sizes - Performance Assessment — Fourth Grade* [JEL][SV.W/

Main Assessment

Performance Assessment

Country Number of Number of
Sampled Students Number of Number of Number of | Total Number
Students in Withdrawn Students Students Students of Students Total Number of Students Assessed
Participating from Excluded Eligible Absent Assessed
Schools Class/School

Australia 6930 37 104 6789 282 6507 53]
Canada 9193 81 268 8844 436 8408 1150
Cyprus 3972 4 3 3965 589 3376 444
Hong Kong 4475 1 4474 63 4411 421
Iran, Islamic Rep. 3521 36 3480 95 3385 440
Israel 2486 3 2483 132 2351 402
New Zealand 2627 82 20 2525 104 2421 613
Portugal 2994 15 16 2963 110 2853 430
Slovenia 2720 3 0 2717 151 2566 447
United States 8224 61 412 7751 455 7296 777

* Fourth grade in most countries; see Table 2 for information about the grades tested in each country.

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.
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Main Assessment

Performance Assessment

IELI VAW  TIMSS Participation Rates - Performance Assessment - Eighth Grade*

School School Within-School Overall Overall School School Within-School Overall Overall
Country Participation | Participation Student Participation | Participation | Participation | Participation Student Participation | Participation
Rate Before Rate After Participation Rate Before Rate After Rate Before Rate After Participation Rate Before Rate After
Replacement | Replacement Rate Replacement | Replacement | Replacement | Replacement Rate Replacement | Replacement
(Weighted (Weighted (Weighted (Weighted (Weighted (Weighted (Weighted (Weighted (Weighted (Weighted
Percentage) Percentage) Percentage) Percentage) Percentage) Percentage) Percentage) Percentage) Percentage) Percentage)
Australia 75% 7% 92% 69% 70% 51% 58% 73% 37% 43%
Canada 90% 91% 93% 84% 84% 97% 97% 92% 89% 89%
Colombia 91% 93% 94% 85% 87% 91% 91% 96% 88% 88%
Cyprus 100% 100% 97% 97% 97% 96% 96% 93% 88% 88%
Czech Republic 96% 100% 92% 89% 92% 94% 100% 82% 7% 82%
England 56% 85% 91% 51% 77% 46% 85% 84% 38% 71%
Hong Kong 82% 82% 98% 81% 81% 44% 44% 7% 34% 34%
Iran, Islamic Rep. 100% 100% 98% 98% 98% 98% 98% 93% 91% 91%
Israel 45% 46% 98% 44% 45% 44%** 46%** 30%** 1396+* 149%**
Netherlands 24% 63% 95% 23% 60% 18% 48% 89% 16% 43%
New Zealand 91% 99% 94% 86% 94% 90% 100% 88% 79% 88%
Norway 91% 97% 96% 87% 93% 87% 96% 91% 79% 88%
Portugal 95% 95% 97% 92% 92% 96% 96% 91% 87% 87%
Romania 94% 94% 96% 89% 89% 90% 90% 94% 84% 84%
Scotland 79% 83% 88% 69% 73% 78% 96% 85% 66% 81%
Singapore 100% 100% 95% 95% 95% 90% 100% 87% 79% 87%
Slovenia 81% 81% 95% 77% 77% 98% 100% 93% 91% 93%
Spain 96% 100% 95% 91% 94% 94% 100% 93% 87% 93%
Sweden 97% 97% 93% 90% 90% 99% 99% 88% 87% 87%
Switzerland 93% 95% 98% 92% 94% 65% 81% 97% 63% 78%
United States 77% 85% 92% 71% 78% 71% 77% 86% 61% 66%

* Eighth grade in most countries; see Table 2 for information about the grades tested in each country.
**Unweighted participation rates.

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.



TIMSS Participation Rates - Performance Assessment - Fourth Grade* JELEFW)

Main Assessment

Performance Assessment

School School Within-School Overall Overall School School Within-School Overall Overall
Country Participation | Participation Student Participation | Participation | Participation | Participation Student Participation | Participation
Rate Before Rate After Participation Rate Before Rate After Rate Before Rate After Participation Rate Before Rate After
Replacement | Replacement Rate Replacement | Replacement | Replacement | Replacement Rate Replacement | Replacement
(Weighted (Weighted (Weighted (Weighted (Weighted (Weighted (Weighted (Weighted (Weighted (Weighted
Percentage) Percentage) Percentage) Percentage) Percentage) Percentage) Percentage) Percentage) Percentage) Percentage)
Australia 66% 69% 96% 63% 66% 47% 56% 76% 36% 43%
Canada 90% 90% 96% 86% 86% 91% 92% 95% 87% 88%
Cyprus 97% 97% 86% 83% 83% 98% 100% 86% 85% 86%
Hong Kong 84% 84% 98% 83% 83% 61% 7% 95% 58% 73%
Iran, Islamic Rep. 100% 100% 97% 97% 97% 97% 100% 93% 90% 93%
Israel 40% 40% 94% 38% 38% 50% ** 83% ** 30% ** 15% ** 25% **
New Zealand 80% 99% 96% 7% 95% 72% 93% 90% 65% 83%
Portugal 95% 95% 96% 92% 92% 96% 96% 94% 91% 91%
Slovenia 81% 81% 94% 76% 76% 98% 100% 91% 89% 91%
United States 85% 85% 94% 80% 80% 83% 84% 88% 73% 74%

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.

* Fourth grade in most countries; see Table 2 for information about the grades tested in each country.
**Unweighted participation rates.
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ComMpPLIANCE WITH SAMPLING GUIDELINES

Figure A.2 shows how countries have been grouped in tablestésting the two grades with the most 13-year-olds. Their students
this report. Countries that complied with the TIMSS guidelines foiere thus somewhat older than those in the other countries. As a
grade selection and classroom sampling, and that achieved accepiult, the students sampled for the performance assessment (eighth
able participation rates — 85% of both the schools and students @jraders) also are somewhat older than those in other countries. At
combined rate (the product of school and student participation) Pbpulation 1, Slovenia tested their third- and fourth-grade students
75% with or without replacement schools, are shown in the firgsr the written assessment even though these were not the two grades
panel of Figure A.2. These countries (12 at the eighth grade angvfh the most 9-year-olds. Consequently, their fourth graders who
at the fourth grade) appear in the tables in this report ordered W¢re sampled for the performance assessment are somewhat older
achievement. Countries that met the guidelines only after inclughan students in other countries. Colombia and Romania did not
ing replacement schools are so labeled. participate in TIMSS at the primary grades. See Table A.10 for the

Countries that did not reach at least 50% school participation wit ercentages of 9- and 13-year-olds in the target grades. In this report,
lombia, Romania, and Slovenia are presented in alphabetical

out the use of replacement schools, or that failed to reach the sa Nerin at ction of the tables presenting task results
pling participation standard even with the inclusion of replacemeﬂ{ erin a separate se P 9 '

schools, are shown in the second panel of Figure A.2. These copnthe eighth grade, Hong Kong’s sample size for the performance
tries are presented in a separate section of the tables presensisgessment was very small due to low school participation, and
task performance. thus its eighth-grade results are presented in Appendix B. Israel
dé? not completely comply with the TIMSS within-school sampling

To provide a better curricular match, for the written assessment L ures atthe eiahth and fourth arades and it had a small samole
Population 2, Colombia, Romania, and Slovenia elected to test thfpcedures atihe eig g9 p

seventh- and eighth-grade students, even though that meant Size at the eighth grade; its results are also presented in Appendix B.



Countries Grouped for Reporting of Performance Assessment Results According to
Their Compliance with Guidelines for Sample Implementation and Participation Rates

Eighth Grade

Fourth Grade

Countries satisfyin? guidelines for sample participation rates,
e

grade se

ction and sampling procedures

Canada
Cyprus
Czech Republic
Iran, Islamic Republic
New Zealand
Norway
Portugal
"Scotland
Singapore
Spain
Sweden
" Switzerland

Countries not satisfying guidelines for sample participation rates

Australia Australia
?England Hong Kong
Netherlands United States

United States

Countries not meeting a%ellgrade specifications
o

(high percentage o

Colombia
*Romania
Slovenia

Canada

Cyprus

Iran, Islamic Republic
*New Zealand

Portugal

der students)

Slovenia

Countries with small sample sizes

Countries with unapproved sampling procedures

‘Israel

Israel

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.

T Met guidelines for sample participation rates only after replacement schools were included.

1 National Desired Population does not cover all of International Desired Population (see Table A.2) - German-speaking cantons only.
2 National Defined Population covers less than 90 percent of National Desired Population for the main assessment (see Table A.2).
3 School-level exclusions for performance assessment exceed 25% of the National Desired Population (see Tables A.2 and A.3).
4 Israel also had a small size at the eighth grade.

AP PENDIX A
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* Seventh, eighth, third, and fourth grades in most countries; see Table 2 for information about the upper grades tested in each country. The international definition is the two adjacent grades with the

13-Year-Old Students

IELIEWWET Coverage of 13-Year Old and 9-Year-Old Students

9-Year-Old-Students

Percent in Percent in . Percent in Percent in .
Lower Grade Upper Grade B';fhr(grn;d'zs Lower Grade Upper Grade Blz?hrcee:]at(;;
(Seventh Grade*) (Eighth Grade*) (Third Grade*) (Fourth Grade*)

Australia 64 28 92 65 29 94
Canada 48 43 91 46 48 94
Colombia 30 15 45

Cyprus 28 70 98 35 63 98
Czech Republic 73 17 90

England 57 42 99

Hong Kong 44 46 90 43 50 93
Iran, Islamic Rep. 47 25 72 51 32 83
Israel - - - - - -
Netherlands 59 31 90

New Zealand 52 47 99 50 49 99
Norway 43 57 100

Portugal 44 32 76 45 48 93
Romania 67 9 76

Scotland 24 75 99

Singapore 82 15 97

Slovenia 65 2 67 60 0 60
Spain 46 39 85

Sweden 45 54 99

Switzerland 48 44 92

United States 58 33 91 61 34 95

largest proportion of 13-year-old students, and the two with the largest proportion of 9-year-old students.
A dash (-) indicates data are not available. Israel did not test the lower grades.

A dot (.) indicates country did not participate in performance assessment at the fourth grade.

A-22

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.




APPENDIX A

SCORING THE PERFORMANCE ASSESSMENT

TIMSS developed detailed scoring rubrics in order to obtain thgy gather and document empirical information about the within-
maximum amount of information from the constructed responseguntry agreement among scorers, TIMSS developed a procedure
and to evaluate students’ work reliably. The scoring system for tb\ﬁ\ereby systematic subsamples of approximately 10% of the stu-
performance assessment used the same type of two-digit codeg@ists’ responses in each country were to be coded independently
the free-response items of the written tedthe first digit desig- py two different scorers. Tables A.11 and A.12 display the inter-
nates the correctness level of the response (3, 2, 1, or 0 poingyder agreement for the eighth and fourth grades, respectively. Data
The second digit, combined with the first, represents a diagnosfige presented for 12 countries at the eighth grade and for 4 coun-
code used to identify specific types of approaches, strategies,t8&s at the fourth grade. Unfortunately, lack of resources prevented
common errors and misconceptions. Although not used in this rgayeral countries from providing this information. The range and
port, analyses of responses based on the complete two-digit cel@rage across all performance assessment items of percent exact
should provide insight into ways to help students better understaggreement are reported for both the correctness score and the full
science and mathematics concepts and problem-solving approacligg-digit diagnostic code. A high percentage of exact agreement

To meet the goal of implementing reliable scoring procedures basgS oPserved for most items, especially at the correctness score
on the TIMSS rubrics, the TIMSS International Study Center prd€Vel- At the eighth grade, the average percent exact agreement
pared guides containing the rubrics and explanations of how @70SS items for the correctness score ranged from 79% to 100%
apply them, together with example student responses for the vatEroSs countries, with an overall average for all 12 countries of
ous rubric categories. These guides, together with additional prat-7e- At the fourth grade, the country-level averages ranged from
tice responses, were used as a basis for a series of regional traiﬁiggﬂ to 99%, with an overall average of 93%. It should be noted
sessions. These were designed to assist representatives of natifjti due to the smaller sample sizes in the performance assess-
centers who would then be responsible for training personnel f€Nt: in some countries only a small number of student responses
their respective countries to apply the two-digit codes relidbly. fOr €ach item were available in the reliability sample.

? For more information on the TIMSS scoring procedures, see lie, S., Taylor, A., and Harmon, M. (1996]. “Scoring Techniques and Criteria” in M.O. Martin and D.L. Kelly (Eds.),
Third International Mathematics and Science Study Technical Report. Volume I. Chestnut Hill, MA: Boston College.

1°The procedures used in the fraining sessions are documented in Mullis, 1.V.S., Garden, R.A., and Jones, C.A. (1996). “Training for Scoring the TIMSS Free-Response lfems” in M.O.
Martin and D.L. Kelly (Eds.), Third International Mathematics and Science Study Technical Report, Volume I. Chestnut Hill, MA: Boston College.

A-23



A PP ENUDIX A

A-24

IELI[WEW RN TIMSS Inter-Coder Agreement for Performance Assessment — Eighth Grade*

Correctness Score Agreement Diagnostic Code Agreement
Average Number of
Country Average Percent Range of Percent of Average Percent of Range of Percent of Exact Student Responses per
of Exact Agreement Exact Agreement Exact Agreement Agreement Item in the Reliability
Across Tasks Across Tasks Sample ¥
Min Max

Australia 92 63 100 83 43 100 30
Colombia 94 68 100 82 40 100 18
Czech Republic 96 78 100 91 70 100 27
Hong Kong 89 56 100 80 44 100 9
Netherlands 82 52 100 71 22 100 23
Norway 88 67 100 81 40 100 15
Portugal 100 91 100 96 73 100 12
Scotland 79 46 100 70 27 100 12
Singapore 97 76 100 94 68 100 25
Spain 93 68 100 88 52 100 24
Switzerland 96 77 100 92 77 100 24
United States 85 62 100 74 46 100 59
AVERAGE 91 67 100 84 50 100 23

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.

* Eighth grade in most countries; see Table 2 for information about the grades tested in each country.
¥ Number of student responses per item in reliability sample averaged over all items.

Note: Reliablity data based on 64 scored item parts. Percent agreement was computed separately for each part, and each part was treated as a separate item in computing averages and ranges.
Reliability data are not available for one item (Magnets, Item 2).

Reliability data are not available for the following countries: Canada, Cyprus, England, Iran, Israel, New Zealand, Romania, Slovenia, and Sweden.
Because results are rounded to the nearest whole number, some totals may appear inconsistent.



TIMSS Inter-Coder Agreement for Performance Assessment — Fourth Grade* [ EL] [V W

Correctness Score Agreement Diagnostic Code Agreement
Average Number of
Country Average Percent Range of Percent of Average Percent of Range of Percent of Exact Studeqt Responses per
of Exact Agreement Exact Agreement Exact Agreement Agreement Item in the Reliability
Across Tasks Across Tasks Sample ¥
Min Max i Max
Australia 91 69 100 80 41 100 30
Hong Kong 93 75 100 86 56 100 16
Portugal 99 89 100 97 83 100 18
United States 89 60 100 77 41 100 67
AVERAGE 93 73 100 85 56 100 33

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.

* Fourth grade in most countries; see Table 2 for information about the grades tested in each country.
Y Number of student responses per item in reliability sample averaged over all items.

Note: Reliablity data based on 56 scored item parts. Percent agreement was computed separately for each part, and each part was treated as a separate item in computing averages and ranges.
Reliability data are not available for one item (Magnets, Item 2).

Reliability data are not available for the following countries: Canada, Cyprus, Iran, Israel, New Zealand, Slovenia.
Because results are rounded to the nearest whole number, some totals may appear inconsistent.

A-25



APPENDIX A

A-26

PERFORMANCE ASSESSMENT TEST RELIABILITY DATA PROCESSING

Table A.13 displays a measure of the reliability of the performand® ensure the availability of comparable, high-quality data for
assessment test as a whole for each country for the eighth and foartllysis, TIMSS carried out a set of rigorous quality control steps
grades. This coefficient is the KR-21 reliability coefficient acrosso create the international datab&dselIMSS prepared manuals
the items in all tasks computed from the correlation matrix baseshd software for countries to use in entering their data so that the
on all available data for each country. Reliabilities for the fourtinformation would be in a standardized international format before
grade ranged from .85 to .89 and in the eighth grade from .86 lleing forwarded to the IEA Data Processing Center in Hamburg
.94. The international median, shown in the last row of the table,fier creation of the international database. Upon arrival at the IEA
the median of the reliability coefficients for all countries. Thes®ata Processing Center, the data from each country underwent an
international medians are .88 for the fourth grade and .90 for tle&haustive cleaning process. The data cleaning process involved
eighth grade. several iterative steps and procedures designed to identify, document,
and correct deviations from the international instruments, file
structures, and coding schemes. This process also emphasized
consistency of information within national data sets and appropriate
linking among the many student, teacher, and school data files.

Throughout the process, the data were checked and double-checked
by the IEA Data Processing Center, the TIMSS International Study
Center, and the national centers. The national centers were contacted
regularly and given multiple opportunities to review the data for
their countries. In conjunction with the Australian Council for
Educational Research (ACER), the TIMSS International Study
Center reviewed item statistics for each performance assessment
item in each country to identify poorly performing items. Usually
the poor statistics were a result of translation, adaptation, or
printing deviations.

"' These steps are detailed in Jungclaus, H. and Bruneforth, M. [1996]. “Data Consistency Checking Across Countries” in M.O. Martin and D.L. Kelly, (Eds.), Third Infernational
Mathematics and Science Study Technical Report, Volume I. Chestnut Hill, MA: Boston College.



Reliability Coefficients' for the TIMSS Performance Assessment
Eighth and Fourth Grades*

Country Eighth Grade Fourth Grade
Australia 0.90 0.87
Canada 0.89 0.85
Colombia 0.89
Cyprus 0.92 0.88
Czech Republic 0.93
England 0.93
Hong Kong - 0.87
Iran, Islamic Rep. 0.89 0.89
Israel - -
Netherlands 0.88
New Zealand 0.90 0.85
Norway 0.89
Portugal 0.89 0.88
Romania 0.89
Scotland 0.94
Singapore 0.91
Slovenia 0.86 0.88
Spain 0.89
Sweden 0.92
Switzerland 0.90
United States 0.92 0.88
meéi’;?]t'ona' 0.90 0.88

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.

* Eighth and fourth grades in most countries; see Table 2 for information about the grades tested in each country.

Table A.13

1 The reliability coefficient for each country is the KR-21 reliability coefficient across the tasks computed from the correlation matrix based on all available data for the country.

A dash (-) indicates data are not available.

A dot (.) indicates country did not participate at the fourth grade.
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DATA ANALYSIS

The analytic approach underlying the majority of the results presenigghectation categories. The average of percentage scores across
in this report involved calculating the average percentage score Qitasks (shown in the first column) are the same as the overall
each item within each task. The percentage score on an item isg{}@rages computed in Chapter 2. Again, the international averages

score achieved by a student expressed as a percentage of the mgjfisct the unweighted average of the country-level average per-
mum points available on that item. The average percentage scgg@tage scores for each category.

shown for each item in Chapter 1 is this score averaged over the o _
students in each country. Results shown in Figures 3.2 to 3.6 are based on calculating the

_ percentage of students internationally obtaining full credit (maxi-
The overall task averages for each country shown in Chapteitm points) and also the percentage obtaining partial credit

(also shown in Tables 2.1 and 2.2) were obtained by averaging {He point on a two-point item; one or two points on a three-point item)
country’s average percentage scores across all items in a task, Witheach example item.

each item being weighted equally. The unweighted average of items
within a task was chosen to equalize the contribution of each item,
since the scoring scheme for each item was developed indepBATIMATING SAMPLING ERROR

dently, and the maximum point values were not required to be cog- — . . .
: ecause the statistics presented in this report are estimates of
parable across items. The overall averages for each country shown

in Chapter 2 (also shown in Tables 3.1 to 3.4) reflect that countr)(/nsa“onéII performance based on s_amples of studer_1ts, rather than the
alues that could be calculated if every student in every country
task-level average percentage scores averaged across all tasks, wit o
: . . had answered every question, it is important to have measures of
each task weighted equally. The international averages shown,in : : . )
. . e degree of uncertainty of the estimates. The jackknife proce-
all tables in Chapters 1 and 2 are the unweighted averages of thé . . .
ure was used to estimate the standard error associated with each

country-level average percentage scores.

statistic presented in this report. The use of confidence intervals,
Two different methods of analysis were used for the results showased on the standard errors, provides a way to make inferences
in Chapter 3 on performance expectations. The average percentalgeut the population means and proportions in a manner that reflects
scores by performance expectation categories in Tables 3.1 to 8@ uncertainty associated with the sample estimates. An estimated
were computed by the method described in the previous paragragdunple statistic plus or minus two standard errors represents a 95%
In these tables, however, average percentage scores for subsetewofidence interval for the corresponding population result.

items were computed based on their assignment to performance
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AP PENUDIX B

JIELIERAE Hong Kong: Average Percentage Scores on Items by Task* - Eighth Grade

PulseTask |  Overall ltem 1 ltem 2 ltem 3
Task Measure Pulse Describe Explain
Trend Results
Average 7 Presentation Data Quality
54 (3.3) 55 (6.0) 51 (5.7) 76 (4.1) 34 (3.8)
Magnet Task Overall Item 1 Item 2
Task )
; Describe
Average v Identify Magnet Strategy
88 (3.5) 94 (2.7) 82 (5.1)
Batteries Overall Item 1 Item 2 Item 3 Item 4
Task Task Identify : :
. Identify Explain
Good/Bad Describe Tests
Average " Batterios Arrangement Arrangement
64 (3.2) 75 (4.0) 51 (6.5) 96 (2.4) 34 (5.5)
Rubber Band Overall Item 1 Item 2 Item 3 Item 4 Item 5 Item 6
Task Task Measure Lengths Graph Calculate Describe Predict Explain
Results Increase Trend Length Prediction
Average * | presentation Data Quality ! g et
63 (3.2) 76 (4.6) 88 (4.5) 63 (4.5) 55 (5.3) 59 (3.0) 51 (5.3) 48 (5.5)
Solutions Overall Item 1 Item 2 Item 3 Item 4 Item 5
Task Task Plan Conduct Investigation Draw Explain Evaluate
Average " Investigation Presentation Data Quality Conclusions Conclusion Design
36 (3.4) 16 (3.6) 48 (5.9) 51 (6.1) 71 (6.2) 20 (3.7) 12 (4.4)
Shadows Task Overall Item 1 ltem 2 Item 3 Item 4 Item 5 ltem 6
Task Describe Explain P;%tale}:rg cSoc:'Z/e Describe Present Conclude and
y h h o )
Average Observation Observation Distances Investigation Measurements Generalize
27 (2.2) 56 (4.2) 35 (3.8) 27 (4.0) 23 (3.4) 12 (2.9) 10 (3.7)

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.

* Percent of total possible points on each item averaged over students.
Y Average of percentage scores across items; all items weighted equally.

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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Hong Kong: Average Percentage Scores on Items by Task* - Eighth Grade (Continued) JELI S

Plasticine Task Overall Item 1A Item 1B Item 2A Item 2B Item 3A Item 3B Item 4A Item 4B
Task ) Describe ) Describe . Describe ) Describe
A v 2(;N ?_'32] Strategy lSN ‘?_'32] Strategy 15W ‘?_'32] Strategy 35‘”‘?_'82] Strategy
verage 9 p 20g Lump 9 P 10g Lump 9 P 159 Lump 9 P 35g Lump
52 (3.7) 92 (2.9) 80 (4.8) 56 (6.0) 55 (5.5) 44 (5.8) 28 (7.9) 27 (5.2) 36 (6.1)
Dice Task Overall Item 1 Item 2 Item 3 Item 4 Item 5A Item 5B
Task i
Complete Table | Describe Pattern | Apply Algorithm Count. Identify Most | gy p1ain Findings
Average " Frequencies | Frequent Number
77 (2.4) 93 (2.2) 73 (7.4) 94 (2.6) 70 (4.0) 84 (3.9) 48 (6.7)
Calculator Task Overall Item 1 Item 2 Item 3 Item 4 Item 5 Item 6
Task Perform Identify Predict: Predict: Explain Factors of 455
A ., Calculations Pattern Routine Non-Routine Predictions Reasons Factors Find Correct
verage Application Application Incorrect Factors
55 (1.9) 98 (1.0) 38 (6.3) 90 (2.6) 65 (4.0) 35 (4.8) 37 (2.4) 19 (4.2)
Folding and Overall Item 1 Item 2 Item 3 Item 4
Cutting Task Task Fold and Cut Fold and Cut Fold and Cut | Predict and Draw
Average v Shape 1 Shape 2 Shape 3 Shape 4
76 (4.8) 77 (5.2) 80 (4.7) 78 (5.2) 70 (6.3)
Around the Overall Item 1 Item 2 Item 3 Item 4 Item 5 Item 6
Bend Task Task Measure Convert Relate Aand B | Solve Problem Six Models Find General
v Models A and B Using Scale to Real Furniture With Aand B Draw Models to | Relate Modelsto | Solve Problem Rule
Average Scale Real Furniture with Models
56 (2.5) 87 (3.7) 72 (4.6) 61 (4.0) 71 (5.3) 46 (6.1) 42 (4.5) 60 (4.3) 9 (3.2)
Packaging Task Overall Item 1 Item 2 Item 3
Task Draw Boxes Draw Nets Construct Net to
Average ¥ Scale
54 (3.4) 53 (5.0) 55 (5.1) 53 (4.5)

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.

* Percent of total possible points on each item averaged over students.
Y Average of percentage scores across items; all items weighted equally.
() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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AP PENUDIX B

Table B.2

Israel: Average Percentage Scores on Items by Task* - Unweighted Data

Eighth Grade

Pulse Task Overall Item 1 Item 2 Item 3
Task Measure Pulse Describe Explain
Average v Presentation Data Quality Trend Results
62 (2.9) 67 (5.7) 43 (4.5) 84 (3.2) 55 (5.0)
Magnet Task Overall Item 1 Item 2
Task Identify Magnet Describe
Average v Strategy
88 (3.6) 77 (6.5) 98 (1.9)
Batteries Overall Item 1 Item 2 ltem 3 Item 4
Task Identify ) .
Task Good/Bad Describe Tests Arrgjr?;éﬁ]yent Arrlzziﬁgltjrlr?ent
Average "’ Batteries
65 (4.2) 52 (10.1) 55 (7.3) 98 (1.8) 54 (3.3)
Rubber Band |  oyerall Item 1 Item 2 ltem 3 ltem 4 Item 5 Item 6
Task Task Measure Lengths Graph Calculate Describe Predict Explain
Average 7 Presentation Data Quality Results Increase Trend Length Prediction
75 (2.7) 91 (3.2) 93 (2.7) 65 (9.2) 60 (6.4) 61 (3.7) 85 (5.5) 69 (3.9)
Solutions Overall Item 1 Item 2 Iltem 3 Iltem 4 Item 5
Task Task Plan Conduct Investigation Draw Explain Evaluate
Average v Investigation Presentation Data Quality Conclusions Conclusion Design
64 (1.3) 56 (4.5) 77 (5.2) 61 (6.0) 91 (4.2) 57 (5.8) 40 (6.1)
Shadows Task [ Oyerall ltem 1 Item 2 ltem 3 ltem 4 Item 5 Item 6
Task Describe Explain P;?Sjlegé CS 00r|(\1/e Describe Present Conclude and
Average ” Observation Observation Distances Investigation Measurements Generalize
43 (3.8) 92 (2.8) 29 (6.0) 25 (3.3) 46 (7.8) 48 (8.4) 18 (5.3)

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.

* Percent of total possible points on each item averaged over students.
Y Average of percentage scores across items; all items weighted equally.
() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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Israel: Average

Percentage Scores on Items by Task* - Unweighted Data [§g{} /¥,
Eighth Grade (Continued)

Plasticine Task Overall Item 1A Item 1B Item 2A Item 2B Item 3A Item 3B Item 4A ltem 4B
Task . Describe . Describe . Describe . Describe
Weigh Strategy Weigh Strategy Weigh Strategy Weigh Strategy
Average ¥ 20g Lump 20g Lump 10g Lump 10g Lump 15g Lump 15g Lump 35g Lump 35g Lump
78 (4.6) 98 (2.0) 91 (5.9) 96 (4.1) 61 (10.0) 91 (5.0) 51 (8.8) 79 (8.6) 53 (9.3)
Dice Task Overall Item 1 Item 2 Item 3 Item 4 Item 5A Item 5B
Task Complete Table | Describe Pattern | Apply Algorithm Count. Identify Most | gynjain Findings
Average v Frequencies Frequent Number
74 (3.1) 87 (5.0) 58 (6.0) 91 (4.1) 71 (5.9) 80 (2.8) 56 (6.4)
Calculator Task Overall Item 1 Item 2 Item 3 Item 4 Item 5 Item 6
Task Perform Identify Pred.ict: Predict:' Explain Factors of 455
A v Calculations Pattern Routine Non-Routine Predictions Reasons Factors | Find Correct
verage Application Application Incorrect Factors
63 (2.3) 98 (1.1) 46 (6.9) 83 (5.4) 64 (4.8) 41 (6.4) 67 (2.1) 39 (4.6)
Folding and Overall Item 1 Item 2 Item 3 Item 4
Cutting Task Task Fold and Cut Fold and Cut Fold and Cut | Predict and Draw
Average " Shape 1 Shape 2 Shape 3 Shape 4
67 (5.5) 70 (6.2) 72 (6.6) 69 (5.1) 57 (5.8)
Around the Item 1 Item 2 Item 3 Item 4 Item 5 Item 6
Overall
Bend Task Task Measure Convert Relate A and B Solve Problem Six Models Find General
Average ¥ Models Aand B Using Scale to Real Furniture With A and B Draw Models to | Relate Models to | Solve Problem Rule
g Scale Real Furniture with Models
62 (2.1) 83 (5.3) 74 (7.6) 79 (4.0) 69 (5.8) 48 (6.9) 67 (4.7) 60 (3.9) 14 (4.8)
Packaging Task Overall Item 1 Item 2 ltem 3
sing
Task Draw Boxes Draw Nets Construct Net
Average ” to Scale
58 (5.4) 55 (5.4) 63 (6.6) 56 (9.1)

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.

* Percent of total possible points on each item averaged over students.
Y Average of percentage scores across items; all items weighted equally.
() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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AP PENUDIX B

Table B.3

Israel: Average Percentage Scores on Items by Task* - Unweighted Data

Fourth Grade

Pulse Task Overall Item 1 Item 2 Item 3 Item 4
Task Measure Pulse | Measure Pulse | pegeripe Trend | Explain Results
Average " at Rest During Exercise
54 (2.5) 72 (5.0) 64 (3.7) 57 (4.1) 22 (2.0)
Magnet Task Overall Item 1 Item 2
Task Identify Stronger Describe
Average v Magnet Strategy
93 (1.8) 93 (2.5) 94 (2.0)
Batteries Overall Item 1 Item 2 Item 3 ltem 4
Task Identify ) .
Task Good/Bad Describe Tests A Identify . A Explain .
Average " Batteries rrangemen rrangemen
46 (2.3) 39 (4.3) 23 (3.1) 82 (3.8) 39 (2.3)
Rubber Band Overall Item 1 Item 2 Item 3 Item 4 Item 5
Task i
as Task Record Lengths Calculate Describe Trend | Predict Length Explain
Average " Increase Prediction
61 (1.5) 95 (1.1) 48 (3.6) 57 (2.7) 62 (3.6) 43 (3.6)
Containers Overall Item 1 Item 2 Item 3 Item 4 Item 5
Measure Temperatures and ) . )
Task Task Record ?n Table Identify Best Explain Best Apply to Explal_n
Average v Ability to Use Quality of Data Insulator Insulator Ice Cream Application
Thermometer Gathering
40 (1.7) 87 (3.8) 72 (4.3) 39 (3.1) 11 (2.3) 23 (3.3) 5 (1.6)
Shadows Task Overall Item 1 Item 2 Item 3 Item 4 Item 5 Item 6 Item 7
Task Describe Describe Measure Shadow Measure Record 3 More | Explain Shadow Find General
Average v Shadow: Closer | Shadow: Further Width Distance Measurements Size Rule
35 (1.9) 74 (3.6) 77 (3.7) 26 (3.4) 27 (5.0) 20 (2.3) 12 (2.6) 7 (2.5)

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.

* Percent of total possible points on each item averaged over students.
Y Average of percentage scores across items; all items weighted equally.
() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.

B-6



Israel: Average Percentage Scores on Items by Task* - Unweighted Data [§g1} P 5%:

Fourth Grade (Continued)

Plasticine Task Overall Item 1A Item 1B Item 2A Item 2B Item 3A Item 3B Item 4A Item 4B
Task ) Describe X Describe X Describe . Describe
. Weigh Strategy Weigh Strategy Weigh Strategy Weigh Strategy
A\/erage 20g Lump 20g Lump 10g Lump 10g Lump 30g Lump 30g Lump 159 Lump 15g Lump
56 (3.8) 75 (5.8) 74 (4.2) 59 (6.4) 39 (3.8) 68 (6.1) 53 (5.3) 54 (4.8) 30 (4.7)
Dice Task Overall Item 1 Item 2 Iltem 3 Item 4 Item 5A Item 5B
Task Complete Table | Describe Pattern | Apply Algorithm Count. Identify Most | gy 519in Findings
Average v Frequencies Frequent Number
58 (2.4) 73 (3.3) 48 (3.5) 88 (2.6) 55 (4.1) 60 (4.5) 25 (4.6)
Calculator Task Overall Item 1 Item 2 Item 3 Item 4 Item 5
Task Predict: Predict: )
Perform ; : : Explain
h Identify Pattern Routine Non-Routine -
Average M Calculations Application Application Predictions
48 (2.6) 96 (1.1) 27 (3.4) 56 (5.2) 37 (4.4) 21 (2.8)
Folding and Overall Item 1 Item 2 Item 3
Cutting Task Task Fold and Cut Fold and Cut Fold and Cut
Average " Shape 1 Shape 2 Shape 3
50 (3.3) 50 (3.8) 53 (3.3) 46 (4.2)
Around the Overall Item 1 Item 2 Item 3 Item 4
Bend Task Task Measure Models | Convert Using | Draw Models to | Solve Problem
Average " Scale Scale With Models
47 (3.3) 49 (5.1) 29 (4.8) 47 (5.0) 62 (3.9)
Packaging Task OVera” Item 1 Item 2 Item 3
Task Draw Boxes Draw Nets Construct Net to
Average " Scale
28 (3.4) 25 (3.9) 28 (3.3) 33 (4.8)
SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1994-95.

* Percent of total possible points on each item averaged over students.
Y Average of percentage scores across items; all items weighted equally.

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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individuals around the world. Staff from the national research , _

centers, the international management, advisors, and funding'c® 1993, TIMSS has been directed by the International Study
agencies worked closely to design and implement the most amb€nter at Bostoollege in the United States. Prior to this, the
tious study of international comparative achievement ever und&tudy was coordinated by thgernational Coordinating Center at
taken. TIMSS would not have been possible without the tireledd€ University of British Columbia in Canada. Although the study
efforts of all involved. The TIMSS performance assessment w¥@s directed centrally by the International Study Center and its

an integral part of the study and one that required a great deaSifT members implemented various parts of TIMSS, important

additional resources and effort for all involved in that Componen@_ctivities also were carried out in centers around the world. The data

The TIMSS Performance Assessment Committee is to be specialf§® Processed centrally iye IEA Data Processing Center in
acknowledged for their contribution to this important undertakind,/@mburg, Germany. Statistics Canada was responsible for col-
as are the countries that opted to administer the performance &Sting and evaluating the sampling documentation fromeash-
sessment. Below, the individuals and organizations are acknoy @nd for calculating the sampling weights. The Australian
edged for their contributions to TIMSS. Givéirat implementing Coqncn for Educational Research conducted the scaling of the
TIMSS has spanned more than seven years and involved so m&f{ievement data.

people and organizations, this list may not pay heed to all who

contributedthroughout the life of the project. Any omission is

inadvertent. TIMSS alsacknowledges the students, teachers, and

school principals who contributed their time and effort to the study.

This report would not be possible without them. Appreciation also

is extended to Maria Sachs for her work editing this report.

T IMSS was truly a collaborative effort among hundreds o MANAGEMENT AND OPERATIONS
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Funding for the International Study Center was provided by thEhe TIMSS National Research Coordinators and their staff had
National Center for Education Statistics of the U.S. Department tfe enormous task of implementing the TIMSS design in their coun-
Education, the U.S. National Science Foundation, and the Intéries. This required obtaining funding for the project; participating
national Association for the Evaluation for Educational Achievein the development of the instruments and procedures; conducting
ment. Eugene Owen and Lois Peak of the National Center ffield tests; participating in and conducting training sessions; trans-
Education Statistics and Larry Suter of the National Science Fouating the instruments and procedural manuals into the local lan-
dation each played a crucial role in making TIMSS possible argliage; selecting the sample of schools and students; working with
for ensuring the quality of the study. Funding for the Internationdhe schools to arrange for the testing; arranging for data collection,
Coordinating Center was provided by the Applied Researatpding, and data entry; preparing the data files for submission to the
Branch of the Strategic Policy Group of the Canadian Ministry dEA Data Processing Center; contributing to the development of the
Human Resources Development. This initial source of funding wagternationakeports; and preparing national reports. The way in
vital to initiate the TIMSS project. Tjeerd Plomp, Chair of the IEAwhich the national centeisperated and the resources that were
and of the TIMSS International Steering Committee, has beenasailable varied considerably across the TIM88ntries. In some
constant source of support throughout TIMSS. It should be noteduntries, the tasks were conducted centrally, while in others,
that each country provided its own funding for the implementatiomarious components were subcontracted to other organizations. In
of the study at the national level. some countriessesources were more than adequate, while in
others, the national centers weperating with limited resources.
Of course, across the life of the project, some NRCs have changed.
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cant period of time as well as all the present NRCs. All of the TIMSS
National Research Coordinators and their staff members are to be
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