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For the scale anchoring analysis, the results of students from all the
timss 1999 countries were pooled, so that the benchmark descriptions
refer to all students achieving at that level. (That is, it does not matter
which country the students are from, only how they performed on the
test.) Certain criteria were applied to the timss 1999 achievement scale
results to identify the sets of items that students reaching each interna-
tional benchmark were likely to answer correctly and those at the next
lower benchmark were unlikely to answer correctly.2 The sets of items
thus produced represented the accomplishments of students reaching
each benchmark and were used by a panel of subject matter experts
from the timss countries to develop the benchmark descriptions.3 The
work of the panel involved developing a short description for each item
describing the scientific understandings demonstrated by students
answering it correctly, summarizing students’ knowledge and under-
standings across the set of items for each benchmark to provide more
general statements of achievement, and selecting example items illus-
trating the descriptions. 

How Should the Descriptions Be Interpreted?

In general, the parts of the descriptions that relate to the knowledge of
science concepts and to skills are relatively straightforward. It needs to
be acknowledged, however, that the cognitive behavior necessary to
answer some items correctly may vary according to students’ experi-
ence. An item may require only simple recall for a student familiar with
the item’s content and context, but necessitate problem-solving strate-
gies from one unfamiliar with the material. Nevertheless, the
descriptions are based on what the panel believed to be the way the
great majority of eighth-grade students could be expected to perform.

It also needs to be emphasized that the descriptions of achievement
characteristic of students at the international benchmarks are based
solely on student performance on the timss 1999 items. Since those
items were developed in particular to sample the science domains
prescribed for this study, neither the set of items nor the descriptions
based on them purport to be comprehensive. There are undoubtedly
other science curriculum elements on which students at the various
benchmarks would have been successful if they had been included in
the assessment.

2 For example, for the Top 10% Benchmark, an item was included if at least 65 percent of students scoring at the scale point corre-
sponding to this benchmark answered the item correctly and less than 50 percent of students scoring at the Upper Quarter
Benchmark answered it correctly. Similarly, for the Upper Quarter Benchmark, an item was included if at least 65 percent of stu-
dents scoring at that point answered the item correctly and less than 50 percent of students at the Median Benchmark answered
it correctly.

3 The participants in the scale anchoring process are listed in Appendix E.
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Achievement at the Top 10% Benchmark

Exhibit 2.1 describes performance at the Top 10% Benchmark.
Students reaching this benchmark have demonstrated nearly full
mastery of the content of the timss 1999 science test, demonstrating a
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Achievement at the Upper Quarter Benchmark

As may be seen in Exhibit 2.7, students performing at the Upper
Quarter Benchmark typically showed a developing understanding of
biological systems. Example Item 6 (see Exhibit 2.8) required students
to apply knowledge of energy flow to complete a food web diagram.
Internationally, 55 percent of students indicated the correct order of
energy flow from the providers to the consumers. Among the compar-
ison countries, performance on this item was best in Chinese Taipei,
Singapore, and Korea, with least at 85 percent of the students
responding correctly. Students in Naperville performed about as well as
students in those three countries. Other Benchmarking entities with
performance significantly above the international average were the
Academy School District, the Michigan Invitational Group, the Project
smart Consortium, and the state of Michigan. Those with significantly
below-average performance were the public school systems of Jersey
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Achievement at the Median Benchmark

Exhibit 2.13 describes performance at the Median Benchmark.
Students at this benchmark could recognize and communicate basic
scientific knowledge across a range of topics. Internationally on
average, 66 percent of students extracted relevant information from
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international average. Although seven of the comparison countries –
Hong Kong, the Russian Federation, Belgium (Flemish), Chinese Taipei,
Singapore, Korea, and the Netherlands – had above-average performance,
only in Missouri and Naperville was performance significantly above the
international average.

At the Median Benchmark, students were able to apply basic knowledge
of the role of oxygen or air in rusting and burning. In Example Item 15
(see Exhibit 2.18), 67 percent of students internationally and more than
90 percent of those in top-performing Chinese Taipei recognized that
painting iron surfaces inhibits rust by preventing exposure to oxygen and
moisture. The United States and all but the four lowest-performing
Benchmarking participants had average performance on this item.

Students at the Median Benchmark showed some elementary knowledge
of the human impact on the environment, as illustrated by Example Item
16 in Exhibit 2.19. Over two-thirds (68 percent) of students on average
internationally recognized that soil erosion is more likely in barren
sloping areas. Although the United States overall had about average
performance on this item, 13 of the Benchmarking participants
performed significantly above the international average, including the
Academy School District, which had performance comparable to high-
scoring Chinese Taipei, Singapore, and Hong Kong. 
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Achievement at the Lower Quarter Benchmark 

Exhibit 2.20 describes performance at the Lower Quarter Benchmark. At
this level of performance, students typically could demonstrate knowledge
of some basic facts about the earth’s physical features and could use infor-
mation presented in simple diagrams. In Example Item 17 (see Exhibit
2.21), 82 percent of students internationally were able to interpret the
pictorial diagram of the earth’s layers and identify the center as the
hottest layer. Among Benchmarking participants, almost all students
(85 percent or more) gave the correct answer.

In the life sciences, students at the Lower Quarter Benchmark showed
some basic knowledge of human biology. A full 87 percent of students
internationally recognized that exercise causes an increase in their
breathing and pulse rates (see Example Item 18 in Exhibit 2.22).
Performance on this item was even higher in the United States and most
Benchmarking jurisdictions. Student performance exceeded the interna-
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What Issues Emerge from the Benchmark Descriptions?

The benchmark descriptions and example items reveal a gradation in
achievement, from the top-performing students’ ability to grasp complex
and abstract science concepts, apply knowledge to solve problems, and
understand the fundamentals of scientific investigation to the lower-
performing students’ recognition of basic facts and familiarity with
everyday physical phenomena. The fact that even at the Median
Benchmark students had only a very limited knowledge of chemical
concepts suggests a need to reevaluate the attention paid to chemistry in
eighth-grade science curricula. In addition, knowledge of systems and
cycles in the life and physical sciences was demonstrated mainly by
students scoring at the upper benchmarks, indicating that more emphasis
in these areas may be needed. Basic scientific inquiry skills also were more
in evidence among students scoring at the upper benchmarks, indicating
that science curricula in many countries may not be stressing scientific
investigation by grade 8.

In reviewing the item-level results, it is also important to note the varia-
tion in performance across the topics covered. On the 20 items presented
in this chapter, there was a substantial range in performance for many
Benchmarking participants. In some cases, differences in performance
may reflect intended differences in emphasis in the curriculum. It is
likely, however, that such results may be unintended, and the findings will
provide important information about strengths and weaknesses in the
intended or implemented curricula. At the very least, an in-depth exami-
nation of the timss 1999 results may reveal aspects of curricula that merit
further investigation.
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