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An Examination of the Performance Gains of Culturally and Linguistically Diverse
Students on a Mathematics Performance Assessment Within the QUASAR Project

Currently, considerable effort is being devoted to the reform of precollege education

in many academic subject areas. In the area of mathematics, for example, reports from
the National Academy of Sciences (National Research Council, 1989) and the National
Council of Teachers of Mathematics (1989, 1991), have captured the attention of many

educational practitioners and policy makers. The reports specify for mathematics
education a set of goals and principles, usually referred to as standards, and they provide
descriptions of desired mathematical proficiency, with respect to reasoning, problem

solving, communication, and conceptual understanding. Moreover, the reports also
indicate the expectation that mathematical proficiency should and can be attained by all
students (Silver, 1994).

Despite the current optimism that all students can learn mathematics, it is the case
that a pattern of achievement differences in mathematics and many other areas has been

found for students in racial or ethnic minority subgroups (O'Connor, 1989). In his review
of findings related to mathematics achievement by racial and ethnic subgroups on the
National Assessment of Educational Progress (NAEP), Secada (1992) concluded:

The general picture of racial and/or ethnic disparities in mathematics
achievement that comes from the NAEP data is that Whites perform much
better in mathematics than do Hispanics who, in turn, achieve slightly better

than do African Americans. (p. 628)
Although the size of the performance gap between racial or ethnic subgroups
narrowed during the 1970s and 1980s (Jones, !984), gains appear to have been due
primarily to increased performance on the parts of the assessment that measure bp..ic
knowledge and skills; far less change has been detected for tasks assessing the more

complex forms of knowledge and proficiency that are emphasized in the current reform.
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Moreover, a substantiai gap still remains in the average mathematics performance on
NAEP by members of racial or ethnic subgroups (Mullis, Dossey, Cambell, Gentile,

O'Sullivan, & Latham, 1994). And Secada (1992) also notes several studies that have
found a fairly direct relationship between language proficiency and performance on
mathematics achievement tests. For example, De Avila (1988) found significant
correlations between English language proficiency and CTBS mathematics achievement
test scores for fourth, fifth, and sixth grade students.

In addition to findings that indicate a mathematics achievement gap between racial or
ethnic subgroups and between groups differing in language proficiency, other findings

suggest that the gap often increases as students progress through school. As Secada
(1992) notes in his summary of research in this area, ".. achievement disparities, which

are great to begin with, increase over time as students grow older" (p. 628). Support for
this claim of a widening gap over time and grade level is supported not only by the NAEP
data at grades 4, 8 and 12, but also by some other studies using cross-sectional analyses.
For example, Gross (1988) reported that the achievement gap between White or Asian

students and non-White or non-Asian students attending elementary schcols in a large

.

suburban district were small in grade I but progressively larger for each succeeding grade
level.

In general, the findings related to achievement gaps in mathematics and other
academic subjects have been obtained through the use of tests utilizing multiple-choice

item formats.

Some proponents of educational reform have argued that the use of

alternate forms of assessment, usually referred to as "authentic" or performance
assessments, could yield different patterns of results. This argument is often tied to a
notion of assessment-driven instruction. According to this view, the use of performance
assessments aimed at more complex types of knowledge and proficiency is likely to lead

teachers to alter their instruction, so as to promote good performance by their students

(e.g., Resnick & Resnick, 1992). Increased instructional attention to higher-levi I
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cognitive goals would then equalize opportunity to perform well, thereby leading to a
narrowing of any existing achievement gap. Another reason for optimism that the use of
performance assessments will lead to narrowing of the achievement gap is that these tasks

could be more accessible to diverse populations of students.

In contrast to

decontextualized, multiple-choice test items, performance assessment tasks can allow for

diverse approaches and solutions, thereby "tapping a wide range of talents, a variety of
life experiences, and multiple ways of knowing" (Darling-Hammond, 1995, p. 99).1

Despite the opiimism of advocates of performance assessments that differences in

performance on these tasks among ethnic, racial, and linguistic subgroups would be
narrower than those observed on multiple-choice tests, early evidence suggests that the

performance differences are about the same regardless of item type (Baker, O'Neil, &

Linn, 1991; Dunbar, 1987; Dunbar, Koretz, & Hoover, 1991; Feinberg, 1990; Linn,
Baker, & Dunbar, 1991). For example, Linn et al. (1991) indicated that score differences
for African-American and Caucasian students on written essays on the NAEP were about
the same size as those found on multiple-choice reading tests. Of course, these results are
not surprising, since the existence of performance differences is considered by many to be

largely a consequence of unequal access to quality curriculum and instruction (Barr &

Dreeben, 1983; College Entrance Examination Board, 1985; Darling-Hammond &
Snyder, 1991; Oakes, 1990). According to this view, it cannot be expected that the form

of assessment will have a major impact on the quality of performance unless the quality
of instruction improves for minority students, since the persistent pattern of performance

1 It is worth noting that not everyone agrees with these arguments. For example, several commentators
have pointed to weaknesses in the logical necessity and/or practical feasibility of the argument for
assessment-driven instructional reform (e.g., Silver, 1992; Winfield, 1995). Also, because evaluation of
performance assessments typically involves subjective judgment. several commentators have pointed to
their susceptibility to scoring bias that could disadvantage students from diverse backgrounds (e.g..
O'Connor, 1989; Winfield, 1995). Moreover, it can be argued that performance assessments, which tend to
involve more use of language than do multiple-choice test items are likely to be especially problematic toi
students whose native language is not the one used in the assessment. For example, in their review of
research on mathematics learning by bilingual learners, Wong Fillmore and Valadez (1986) discuss the
special challenges that tasks given in verbal formats present to non-native speakers of English when they
are learning mathematics in English.
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differences discussed above j seen as related to limitations of conventional instruction
and disparities in access to high-quality instructional opportunities (Neill, 1995).

Given that alternate forms of assessment can be used not only as indicators of
proficiency but also as indicators of instructional opportunity, especially with respect to

high-level cognitive goals, they have been linked closely to current efforts to reform
mathematics instruction (Silver, 1992). If students are provided with new types of

mathematics instruction designed to promote high-kvel goals, such as reasoning and
problem solving, then it should be possible to detect the impact of this instruction on
students through the use of mathematics performance assessment. It should then also be

possible to examine the extent to Which racial and/or ethnic subgroups or subgroups

reveiving instruction in different languages receive similar opportunities to develop
proficiency with more complex forms of knowing and doing mathematics.

In this paper we present the results of an analysis of the performance of students
from different racial or ethnic subgroups and of students receiving bilingual (Spanish and

English) or monolingual (English only) instruction in mathematics. The schools attended

by these students are participating in the QUASAR project, which is a mathematics
education reform project that supports the design and implementation of innovative

mathematics instructional programs for middle school students in economically
disadvantaged communities (Silver, 1993). QUASAR schools are located in urban
school districts, and they serve d culturally and linguistically diverse set of students.
Aggregated across all QUASAR schools, about half the students are African-American,

about one-third are Latino, and about one-eighth are Caucasian. The patterns of ethnic
distribution of the student population vary across sites: two schools serve predominantly

African-American students, two serve primarily Latino students, and the other two
schools have student populations that are internally somewhat more ethnically diverse.
Linguistic diversity is also found in many QUASAR schools. In fact, most schools serve

large subgroups of students for whom English is not the primary language spoken at
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home; in two schools, the majority of students live in homes where English is not the
primary language of discourse.

In QUASAR, the mathematics teachers and school administrators at each school

work with each other and with "resource partners"

who are typically mathematics

educators from a local university -- to enhance the school's mathematics instructional

program with an emphasis on mathematical understanding thinking, reasoning, and
problem solving. Each site team operates independently in designing and implementing

its own plan for curriculum, staff development, and other features of its instructional
program. Thus, there is diversity across the schools with respect to the particular

curriculum used and the forms of instructional support provided for students. Amidst this

diversity, however, there is a common commitment to providing instruction that
encourages development of students' conceptual understanding of mathematical ideas and
their capacity for mathematical thinking, reasoning and problem solving.

There is evidence that this commitment is actually being carried out in the instruction

provided in QUASAR classrooms. In particular, classroom observation data collected
systematically ove- the c,)urse of the project suggests that QUASAR instruction promotes
thinking, reasoning, problem solving, and communication to a much greater extent than is

found in conventional mathematics classrooms. In an analysis of a representative sample

of nearly 150 instructional tasks used in project classrooms over three years, Stein.
Grover, and Henningsen (in press) found that about three-fourths of the instructional

episodes involved mathematical tasks intended to provoke students to engage in
conceptual understanding, reasoning or problem solving. These tasks encouraged

students to use rather sophisticated mathematical thinking and reasoning

either

connecting procedures to underlying concepts and meaning or tackling complex
mathematical problems in novel ways. Only about 20% of the tasks were set up to
involve computation or memorization of information without some overt :onnection to

developing understanding. These proportions stand in stark contrast to Stodolsky's
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(1988) findings in which S7% of the mathematics classes she observed dealt with low-

level cognitive objectives. Not onlyis there evidence of new forms of instru,

-Nri in

QUASAR classrooms, but there is also evidence that students are deriving benefits in the
intended direction.

The extent to which the instruction in QUASAR classrooms has beneficial effects on
students has been examined by measuring changes in students mathematical performance

over time. Since high-level cognitive outcomes are intended to be a special focus of

instruction at QUASAR sites, the primary source of evidence concerning the extent to

which students' mathematical thinking and reasoning is affected by instruction in
QUASAR classrooms is the QUASAR Cognitive Assessment Instrument (QCAI), which

was developed specifically to assess students' mathematical understanding, problem
solving, reasoning, and communication (Lane 1993: Silver & Lane, 1993). An analysis

of QCAI results obtained from first three project years at the four original QUASAR

schools found clear evidence that students developed an increased capacity for
mathematical reasoning, problem solving and communication during that time period
(Lane & Silver, 1994). Evidence of changes in students' mathematical understanding,

thinking and reasoning over time came from an aggregation of holistic judgments of
student performance on a QCAI tasks administered in all three project years and at all
three grade levels. In particular, the number of students providing responses judged to be
at the two highest score leveis more than doubled (from 18% to 40%) between Fall 1990
and Spring 1993. Further evidence was obtained from a detailed examination of changes

in students' mathematical knowledge, in their use of approprivte strategies, and in the
quality of their mathematical justifications on a selected set of QCAI tasks which have

been publicly released. This analysis provides clear evidence that students in project
schools are developing deeper mathematical understandings and an increased capacity for
complex mathematical thinking and reasoning over time.
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Since the overall findings of previous analyses suggest that the mathematics
instruction in classrooms in QUASAR schools embodies many of the features advocated

in the current reform, and since there is also evidence that students are gaining in

mathematical proficiency on the kinds of tasks valued in the current reform, it

is

reasonable to ask wheher all students appear to be benefiting from the instruction. In

fact, since the project is attempting to provide quality mathematics instruction to all
students in middle schools that serve students living in poverty, regardless of whether
they are African American, Caucasian, or Latino, it is important to examine the patterns

of proficiency and progress among ethnic and linguistic subgroups of students.

Therefore, the purpose of this study is to examine the patterns of mathematics
performance and changes in performance over time for various ethnic and linguistic
subgroups within selected QUASAR Schools.

METHOD
Sample

Given the diversity in curricula and other aspects of instructional emphasis across
project schools, and given variance in the ethnic and linguistic composition of student

populations across sites, the examination of proficiency and progress for students in

various ethnic and linguistic subgroups is complicated.

Since two schools serve

predominantly Latino students and two other schools serve predominantly African
American students, differences detected in the progress made by students in ethnic and
linguistic subgroups would be confounded with instructional program differences among

the sites, if students from all six project schools were inclded in the analysis. A more
appropriate approach is to examine changes in student proficiency for differing ethnic and

linguistic subgroups within a school. If instruction is provided in an equitable manner at

the school, all students should be expected to have similar opportunities to learn. If
performance differences are found for ethnic and linguistic subgroups within a school,
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these differences will need to be carefully interpreted to determine whether they suggest

differential opportunity to learn or differential capacity to benefit from mathematics
instruction oriented toward high-level cognitive gc als.

The data for this study were From the administration of the QCAI to 6th, 7th, and 8th

grade students attending two of the QUASAR school sites in the Fall and Spring of the
1990-1991, 1991-1992, 1992-1993, and 1993-1994 school years. These two school sites

were chosen because these schools had achieved the greatest progress on the QCAI
during the time period considered in this analysis, and because there were at least two
different cultural and/or linguistic subgroups within each school. The student population

at School A consisted of approximately 135 students at each of the three grade levels,

with approximately three times as many Caucasian as African American students. At
each grade level at School B there were approximately 200 students, of whom about 60%

were African American students, about 20% were Latino, and about 20% were
Caucasian. At School B, most of the Latino students were enrolled in bilingual classes.
Thus, School A afforded an opportunity to examine patterns in performance changes over

time for Caucasian and African American students, and School B provided a setting in

which to examin changes in performance for students in English-speaking classes and

students in bilingual classes, as well as for the examination of performance gains for
Caucasian and African American students. The sample consisted of approximately equal

numbers of male and female students. The precise number of students in each subgloup
at each of the schools at each point in time is reported in the Results section.

Assessment Instrument

At the time the project was initiated in 1989, there were no existing assessment
instruments for middle school mathematics that were aligned with key features of the
reform-oriented conceptualization of mathematical proficiency (e.g., problem solving,

reasoning, communicating) and that had sufficient reliability and validity evidence to
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support their use. Therefore, the project developed and validated its own assessment
instrument, which was called the QUASAR Cognitive Assessment Instrument (QCAI)2.

The QCAI is designed to measure student outcomes and growth in mathematics, and
to help evaluate attainment of the goals of the mathematical instructional programs (Lane,

1993). The QCAI consists of a set of open-ended tasks that assess students mathematical

understanding, problem solving, reasoning, and communication.

Theoughout the

development process, steps were taken to ensure that the QCAI assesses students'
knowledge of a broad range of m_thematical content, understanding of mathematical

concepts and their interrelationships, and capacity to use high-level thinking and
reasoning processes to solve complex mathematical tasks (NCTM, 1989). Figure

I

provides examples of QCAI tasks3.

Insert Figure 1 about here

There are two versions of the QCAI: one appropriate for the 6th and 7th grade levels

and another appropriate for the 8th grade level. Each version of the QCAI consists of 36
open-ended tasks, which are distributed into four forms, each containing nine tasks (Lane,

Stone, Ankenmann, & Liu, 1994). The 8th grade version of the QCAI consists of
approximately half the tasks that are in the 6th/7th grade version, and the remaining tasks
are unique to the 8th grade version. This allows for longitudinal analyses across 6th, 7th,

and 8th grade students.

Although the forms in each of the two versions are not

2 A number of papers have provided evidence for the validity of the QCAI in terms of content quality and
cogntive complexity (Lane, 1993: Lane. Parke, & Moskal, 1992: Magone, Cal, Silver. & Wang, 1994:
Magone, Wang, Cai, & Lane, 1994), generalizability of the QCAI (Lane. Stone, Ankenmann, & Liu, 1994:
Lane. Liu, Ankenmann. & Stone, in press), and gender-related differential item functioning (Wang & Lane.
1994).

3 The QCAI is secure. The decision to keep the QCAI secure was based in part on the belief that
obtained from the assessment regarding student performance and program accountability would he nmie
credible if the tasks were kept secure and also in part on the impractical and technical demands of
developing a large number of tasks each year fm assessing change in student performance. The items
appearing in Figure I are tasks that appeared on the QCAI during the period 1990-1993 but that arc low
released and longer part of the current versions of the QUAL
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considered to be parallel, the tasks were distributed systematically across the forms to
help ensure that the forms were as similar a possible with regard to content, processes,
modes of representation (text. picture, graph, tables), context, and difficulty.

Because two of the project sites serve predominantly Latino students, a Spanish

bilingual version of the QCAI was developed. The Spanish bilingual version of the
QCAI presents the English and Spanish version of the task on adjacent pages so that
students have the option to read the task in Spanish and/or English and to respond in
either language.4

Administration of the QCAI

The QCAI is administered within one class period (i.e., approximately 40-45
minutes). The data analyzed in this study were collected during QCAI administrations in
the Fall and Spring of the 1990-91, 1991-92, and 1992-93, and the Spring of the 1993-94
instructional years. Students who were tested on more than one occasion during the three
years received a different form of the QCAI on each administration5.

Scoring Student Responses

A focused holistic scoring method was used for scoring the student responses to each

task. This was accomplished by first developing a general scoring rubric that reflected
the conceptual framework used for constructing the assessment tasks (Lane, 1993). The

general scoring rubric incorporates three interrelated components: mathematical
conceptual and procedural knowledge, strategic knowledge, and communication.

In

4 A discussion of the design and administration considerations of the QCAI 13ilingual Version is presented
in Lane and Silver (1995).
5 The forms were randomly distributed within each class in the schools participating in QUASAR in the
fall of 1990, and thereafter each student received a different form on each administration occasion (Lane,
Stone, Ankenmann, & lju, 1994). The use of this sampling approach allows for the assessment of student.,
in a relatively short time ;.ratne, thereby keeping interruptions to the instructional process minimal;
minimizes the occurrence .)f practice effects; avoids the problems associated with sampling (oily a small
number of tasks (e.g.. Mehrens, 1992); and affords valid generalizations about students mathematical
proficiency at the school level.
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developing the general scoring rubric, criteria representing the three interrelated
components were specified for each of five score levels (0-4). Five score levels were
used to facilitate capturing various levels of student understanding. The general scoring
rubric is provided inTigure 2.

Insert Figure 2 about here

Based on the specified criteria at each score level a specific rubric was developed for

each task. The emphasis on each component for a specific rubric is dependent on the
cognitive demands on the task. The criteria specified at each score level for each specific

rubric is guided by theoretical views on the acquisition of mathematical knowledge and

processes assessed by the task, and the examination of actual student responses to the
task.

This scoring procedure allows the assessment of differedtial levels of students'

mathematical proficiency.

Student responses were rated by middle school mathematics teachers. The raters
scored the student responses after they were formally trained. First, the general rubric

was presented and discussed. Then a specific rubric and pre-scored student responses
were presented and discussed. The raters then practiced scoring student responses. and
their scores were discussed in relation to the scores previously assigned by the assessment

team. Finally, the raters scored the actual student responses. Each response was scored

independently by two raters. If the raters disagreed by more than one point, the

assessment team rated the student response and it was this score that was used in
subsequent analyses.

Generalizability Analyses

In examining the generalizability (i. c., reliability) of the scores, both intertask and

interrater consistency were addressed. Lane, Liu, Ankenmann, and Stone (in press)
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reported generalizability coefficients for a person-by-task design, using 9 tasks, that

ranged from .69 to .84 depending upon the form and grade level. Consistent with
previous studies examining intertask consistency for performance assessments in other

subject matters (e.g., Shavelson, Baxter, and Pine (1991)), the variability due to the
person-by-task interaction accounted for between 53% and 73% of the total variability.
Lane et al. also found that the variances due to rater, rater x person, and rater x task were

negligible, indicating that the raters were consistent in applying the criteria specified in
the rubrics for assigning scores to the student responses.

Data Analyses

Student scores from the set of 11 QCAI tasks that appeared on both the 6th/7th and
8th grade versions of the QCA1 and that were administered in each of the first four years

of the project were used for the analyses.

The analyses compared changes in

performance on the QCAI for subgroups of students v:ithin each of the two sites.

It

should be noted that the sample of students is not necessarily the same students across the

instructional years because of new students entering the schools, students leaving the

schools, and student absences on the days the QCAI was administered.

It was not

possible to use only those students who were in the program for all of the years because
of small sample sizes for some of the subgroups.

In these analyses, the average percentage of student responses that obtained the
two most proficient score levels (3 or 4) was examined over time. Student responses that

obtained a level of 4 based on the focused holistic scoring procedure demonstrated
correct and complete mathematical understanding of the problem, the use of appropriate
solution processes and representations, and coherent, complete mathematical reasoning.
Student responses that are not of sufficiently high quality to receive a score level of 4, but

contain only a fairly minor error in mathematical knowledge, solution strategy, or
reasoning processes would receive a score of 3.
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In general, the data analyzed were obtained during the administration of the QCAI in
the Fall and Spring of the 1990-1991, 1991-1992, 1992-1993, and the Spring of the 1993-

1994 instructional years. To examine changes in student performance across the first 3
years of the project, one set of analyses begins with sixth grade student responses in the

1990-91 school year, seventh-grade student responses in the 1991-92 school year, and

eighth-grade student responses in the 1992-1993 school year. To examine changes in

student performance across the second 3 years of the project, another set of analyses
begins with sixth-grade student responses in the 1991-92 school year, seventh-grade
student responses in the 1992-1993 school year, and eighth-grade student responses in the
1993-1994 school year.

RESULTS

Performance of Caucasian and African American Students in School A

Two analyses of changes in student performance for African American and
Caucasian students were undertaken for School A. One analysis was done for the
longitudinal cohort of students tested in 6th grade in Fall 1990, in 6th grade in Spring
1991, in 7th grade in Spring 1992, and in 8th grade in Spring 1993.6 In this analysis, the
average number of Caucasian students responding to each task was 24, 25, 24, and 22 and

the average number of African American students was 9, 8, 8, and 8 in the Fall 1990,
Spring 1991, Spring 1992, and Spring 1993, respectively. It should be noted that not

6 Due to high rates of student turnover, which are typical for schools located in poor urban communities.
the cohort group described here and others described throughout this paper are not "true" longitudinal
cohorts. In fact, of the students tested in the spring of grade 8 in these cohorts, approximately half were not
in the sample in the fall of grade 6. Because the numbers of students in the sample at each point in time is
fairly small, however, it is not practical to examine only those students who remain in the cohort over time.
The inclusion of all tested students in the analyses reported here undoubtedly depresses the overall
achievement levels, since Lane and Silver (1994) analyzed the performance of a "true" longitudinal cohort
at one QUASAR site and found that this group achieved greater gains than the overall gains reported for the
entire sample of stdents tested at the school. Although the overall performance levels for the entire group
of students is likely lower than that for the true cohort, there is no resason to assume that this will affect
relative performance differences for various subgroups.
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each student responded to each task because each student received only one of the.four
forms and the 11 tasks were distributed across the four forms. Thus, the total number of

students used in each analysis is about four times the average number of students
responding to each task.

The second analysis was done for the 6th grade students in the Fall 1991, 6th grade
students in the Spring 1992, 7th grade students in the Spring 1993, and 8th grade students

in the Spring 1994. In this analyses, the average number of Caucasian students
responding to each task was 24, 25, 25, and 19 and the average number of African
American students was 9, 9, 7, and 7 in the Fall 1991, Spring 1992, Spring 1993, and
Spring 1994, respectively. These analyses allow for the examination of the impact of the
instructional program on Caucasian and African American student performance in School

A for the first three years of the project as compared to the second three years of the
project. An increase in student performance during the second three years of the project

would provide some evidence regarding positive changes in the implementation of the
innovative instructional programs during the project years.

For School A, Figure 3 shows the percentage of Caucasian and African American
student responses that were scored at the two highest score levels across the 1990-1993
time period. At each administration occasion, Caucasian students performed better than

African American students. The percentage point differences between the 6th grade
student performances in Fall 1990 and 8th grade student performances in Spring 1993,

however, were 36 for Caucasian students and 40 for African American students.
Although Caucasian 6th grade students performed better than African American 6th

grade students in the fall of the first year of the project, the Caucasian and African
American students had similar gain scores across the first three years of the project. In

fact, the gain score for African American students is slightly higher than the gain score
for Caucasian students.
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The percentage of African American and Caucasian student responses that were

scored at the two most proficient score levels across the 1991-1994 time period for
School A is also shown in Figure 1. The difference between the 6th grade Caucasian
student performances in Fall 1991 and 8th grade Caucasian student performances in
Spring 1994 is 43 percentage points. This gain score is 7 percentage points higher than
the gain score for Caucasian students in the 1990-1993 analysis. Thus, this finding may

indicate that impact of the instructional program on Caucasian student proficiency was
greater during the second 3 years than the first 3 years.

For African American students, however, the percentage point difference between

their performance in 6th grade in Fall 1991 and 8th grade in Spring 1994 is 33. This
gain score is 10 percentage points lower than the Caucasian students' gain score during
the same time period. In addition, the African American students gain score of 33 for the
1991-94 time period is 7 percentage points lower than their gain score of 40 for the 1990-

93 time period. This low gain -score during the 1991-94 time period for the African

American students is due to the lack of progress for 8th grade students in the 1993-94
school year. The gain score for 8th grade African American students in the 1993-94 year
was only 1 percentage point. When the 8th grade data are excluded from the analyses the
percentage point differences between the 6th grade student performances in Fall 1991 and

7th grade student performances in Spring 1993 are 31 for Caucasian students and 32 for

African American students.

Thus, the performance gains are similar for African

American and Caucasian 6th and 7th grade students durin, the 1991-93 time period.

The lack of gain for 8th grade African American students during the 1993-94 year
appears to be due to differential opportunity to learn from the curriculum and instruction

across the classes in School A. In order to afford more students an upportunity to take a
course in grade 8 with a clear focus on algebra, the 8th grade curriculum at School A was

more differentiated in 1993-94 than in the previous year. Four 8th grade classes were
designated as algebra classes, and they studied a conceptually rich curriculum intended to
1
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develop algebraic thinking and reasoning. An unfortunate consequence of this decision
to create four sections of algebra at grade 8 was the unintended recurrence of a form of

instructional "tracking", which the teachers and principal had been successful in
eliminating in the school several years earlier. This "tracking" resulted from the fact that

the non-algebra classes tended to contain large numbers of students who had been less
successful with challenging mathematical tasks in the past. Thus, the teachers of these

classes found that the classes were generally less able to handle the more cognitively
challenging algebra tasks than was true in the more heterogeneous classes in the previous

year (Smith, personal communication, October 1994). An examination of the ethnic

composition of the classes receiving these two different curricula provides a likely
explanation for the poorer performance gain for 8th grade African American students,

since 68% of the Caucasian 8th grade students were in the classes that were more
challenging and only 30% of the African American students were in those classes. Thus,

the poorer performance gains made by 8th grade African American students is likely
explained by the fact that the majority of 8th grade African American students did not

have the same educational opportunity as the majority of the Caucasian 8th grade
students.

Since performance gains were similar for Caucasian and African American students

during the 1992-93 year when the curricular and instructional focus

was

far less

differentiated in 8th grade, it is less likely that the differences noted for the 1993-94
school year are due to differential capacity to benefit from instruction oriented toward
high-level cognitive objectives. Since teachers at the school commented at the end of that

school year that they were disappointed in the differentiated instruction that occurred in
the two sets of eighth-grade classes, they decided to group students heterogeneously and

blend algebraic material into the curriculum for all 8th grade classes in the 1994-95
school year. If our explanation of the reason for the difference noted for the student
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subgroups in grade 8 in 1993-94 is correct, we would expect to see similar gains for
Caucasian and African American students during the 1994-95 school year.
Performance for Students in English-speaking Classes and Bilingual Classes in School B

Differential changes in performance for students in English-speaking classes and
students in bilingual classes were examined in School B. The teacher for the bilingual
classes instructed in both Spanish and English and students in the bilingual classes used

both Spanish and English to communicate their mathematical thinking and reasoning.
Similar to School A, two analyses were undertaken. One analysis was done for 6th grade
students in the Fall 1990, 6th grade students in the Spring 1991, 7th grade students in the

Spring of 1992, and 8th grade students in the Spring of 1993. In this analysis, the
average number of students in English-speaking classes who responded to each task was
37, 37, 48, and 46 and the average number of students in bilingual classes who responded

to each task was 5. 7 8, and 7 in the Fall 1990, Spring 1991, Spring 1992, and Spring
1993, respectively. The second analysis was done for the 6th grade students in the Fall
1991 and Spring 1992, 7th grade students in the Spring 1993, and 8th grade students in
the Spring 1994. In this analysis, the average number of students in English-speaking

classes who responded to each task was 28, 28, 55, and 51 and the average number of

students in bilingual classes who responded to each task was 5, 6, 8, and 6 in the Fall
1990, Spring 1991, Spring 1992, and Spring 1993, respectively. It should be noted that
over 80% of the Latino students were in the bilingual classes.

Figure 4 shows the average percentage of student responses that were scored at the

two most proficient score levels across the 1990-1993 time period for the Englishspeaking and bilingual classes. The percentage point differences between the average 6th

grade student performances in Fall 1990 and average 8th grade student performances in
Spring 1993 were 26 for English-speaking classes and 31 for bilingual classes. Although

6th grade students in bilingual classes were, on average, 6 percentage points below
students in the 6th grade English-speaking classes in the Fall 1990, the average for 8th

I
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grade students in bilingual classes wa,-; only I per( '',.ritage point below the average for 8th

grade students in English-speaking classes in the S. 'ng 1993.

The average percentage of student responses in the English-speaking and bilingual
classes that were scored at the two most proficient score levels across the 1991-1994 time

period for School B is also shown in Figure 4. The difference between the 6th grade
student performance in Fall i

-1 and 8th grade student performance in Spring 1994 is 31

percentage points for English-speaking classes and 36 percentage points for bilingual
classes. Thus, although the 6th grade students in the bilingual classes were 10 percentage
points behind the 6th grade studen:s in the English-speaking classes in the Fall 1990, the

8th grade students in the bilingual classes were only 5 percentage points behind the 8th
grade students in the English-speaking classes in the Spring 1994.

It should be noted that the average performance gains for students in both the
English-speaking and bilingual classes were 5 percentage points higher in the 1991-1994

time period as compared to the 1990-1993 time period. The greater gains for the second

three years of the project may be a result of the instructional programs being more

established and implemented more effectively by the teachers.

In addition, the

percentage point gains for the students in the bilingual classes were 5 percentage points
higher than the students in the English-speaking classes for both the 1990-93 and 1991-94

time period. Further, there was one bilingual teacher for the 6th, 7th, and 8th grade

classes from Fall 1990 to Spring 1993. This bilingual teacher, however, was not at the
school during the 1993-1994 instructional year and was replaced by a new teacher, and in
this year the least gain was made by students in the bilingual classes.

Performance of Caucasian and African American Students in School B

Because nearly all students in the English-speaking classes were either Caucasian or
African American, an analysis was undertaken to examine whether there were differences

in gain scores for these two subgroups. In the analysis for the 1990-1993 cohort, the
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average number of Caucasian students responding to each task was 9, 8, 7, and 8 and the

average number of African American students was 24, 23, 31, and 30, in the Fall 1990,

Spring 1991, Spring 1992, and Spring 1993, respectively. In the analysis for the 19911994 cohrt, the average number of Caucasian students responding to each task was 5, 6,
9, and 8 and the average number of African American students was 18, 18, 38, and 35 in
the Fall 1991, Spring 1992, Spring 1993, and Spring 1994, respectively.

Figure 5

shows the percentage of African American and Caucasian student

responses that were scored at the two most proficient score levels across the 1990-1993

and 1991-1994 time periods, respectively. At each administration occasion, Caucasian
students performed better than the African American students.

The percentage point

differences between the 6th grade student performances in Fall 1990 and 8th grade
student performances in Spring 1993 were 32 for Caucasian students and 27 for African
American students, whereas the difference between the 6th grade student performance in

Fall 1991 and 8th grade student performance in Spring 1994 is 31 percentage points for

Caucasian students and 30 percentage points for African American swdents. Thus,
although the Asan American 6th grade students performed substantially lower than the
Caucasian students in the fall, the two groups had similar gain scores across each of the
sets of three years.

SUMMARY

In the context of a mathematics instructional reform project such as QUASAR, it is
imperative to examine whether the educational opportunities provided to various ethnic
and linguistic subgroups of students are similar. The results of this study indicate that the
instructional programs at Schools A and B provide educational opportunities that promote

similar gains in mathematical thinking and reasoning for both African American and
Caucasian students. The performance of three of the four longitudinal cohorts of students

examined here showed a clear pattern of parallel gains by African American and
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Caucasian students in the two schools. The lone exception was for the School A cohort

that included the 8th grade students who received differential instruction in the 19931994 school year. But, even in this cohort, the gains made for the first two years, when
instrctional opportunity was equitable, the gains for the two subgroups were quite similar.

Moreover, it is important to note that, although a performance gap exists for the two
subgroups, the gap did not widen over grades 6-8, as might have been expected from
previous research. Thus, the results suggest that these QUASAR schools are providing
students with equitable access to educational opportunities and that this access has led to

similar proficiency gains in mathematical thinking and reasoning for African American
and Caucasian students.

The results from the present study also indicate that high quality mathematics

instruction can be made available to students in bilingual classes as well as in
monolingual classes. Although students in the bilingual classes in School B had lower
initial proficiency levels than students in the English-speaking classes, their gains in

proficiency exceeded the gains made by the students in the English-speaking classes.
Thus, the gap between the mathematics performance for 8th grade students in English-

speaking and bilingual classes was narrower than the gap between the mathematics
perfoi mance for 6th grade students in English-speaking and bilingual classes. These
ic::,!1, indicate that the mathematics instructional program, which is oreiented toward
high-level cognitive objectives, is as effective for bilingual students as it is for Englishspeaking students at School B.

Thus, given similar educational opportunities to think

and reason about mathematical ideas, bilingual students can benefit as much as Englishspeaking students. In summary, it appears as if the instructional programs at these two

QUASAR schools are promoting enhanced mathematical thinking and reasoning for
African American and Latino students as well as for Caucasian students.

The similar proficiency gains for these subgroups of students also lends support for

the validity of the QCA1. Evidence is needed to ensure that assessments, regardless of
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item type, are equally valid for all subgroups being assessed. The results of this study

indicate that, despite differences in initial proficiency levels for various ethnic and
linguistic subgroups of students, if the same educational opportunities are provided, the

subgroups can attain similar gains in proficiency. In fact, in some cases the gains in
proficiency were greater for some African American and bilingual subgroups of students
than Caucasian and English-speaking subgroups, respectively. Thus, the findings provide
evidence that the assessment is sensitive to measuring changes in student performance for
various ethnic and linguistic subgroups.
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Oeneral Scoring Rubric

Score Level 4
Mathematical kaowledae
- Shows understanding of the problem's mathematical concepts and principles;
- Uks appropriate mathematical terminology and notations;
- Executes algorithms completely and correctly.
Stratecric knowledge
- May use relevant outside information of a formal or informal nature,
- Identifies all the important elements of the problem and shows understanding of the
relationships among them;
- Reflects an appropriate and systematic strategy for solving the problem;
- Gives clear evidence of a solution process, and solution process is complete and
systematic.
Communication,
- Gives a complete response with a clear, unambiguous explanation and/or description;
- May include an appropriate and complete diagram;
- Communicates effectively to the identified audience;
- Presents strong supporting arguments which are logically sound and complete;
- May include examples and counter-examples.

Score Level 3
Mathematical knowledge
- Shows nearly complete understanding of the problem's mathematical concepts and
principles;
- Uses nearly correct mathematical terminology and notations;
- Executes algorithms completely; computations are generally correct but may contain
minor errors.

Strategic knowledge
- May use relevant outside information of a formal or informal nature;
- Identifies the most important elements of the problem and shows general understanding
of the relationships among them;
- Gives clear evidence of a solution process; solution process is complete or nearly
complete, and systematic.
Communication
- Gives a fairly complete response with reasonably clear explanations or descriptions;
- May include a nearly complete, appropriate diagam;
- Generally communicates effectively to the identified audience;
- Presents supporting arguments which are logically sound but may contain some minor

gaps.

Score Level 2
Mathematical knowledge
- Shows some understanding of the problem's mathematical concepts and principles;
- May contain serious computational errors.

Strategic knowledge
- Identifies some important elements of the problem but shows only limited understanding
of the relationships among them;
- Gives some evidence of a solution process. but solution process may be incomplete or
somewhat unsystematic.
Communication,
- Makes significant progress towards completion of the problem, but the explanation or
description may be somewhat ambiguous or unclear,
- May include a diagram which is flawed or unclear,
- Communication may be somewhat vague or difficult to interpret;
- Arguments may be incomplete or may be based on a logically unsound premise.

Score Level 1
Mathematical knowledge
- Shows very limited understanding of the problem's mathematical concepts and principles:
- Ma/ misuse or fail to use mathematical terms;
- May contain make major computational errors.

Strategic knowledge
- May attempt to use irrelevant outside information;
- Fails to identify important elements or places too much emphasis on unimportant
elements;
- May reflect an inappropriate strategy for solving the problem;
- Gives incomplete evidence of a solution process; solution process may be missing,
difficult to identify, or completely unsystematic.
Communication
- Includes some satisfactory elements but may fail to complete or may omit sipaificant parts
of the problem;
- Explanation or description may be missing, or difficult to follow;
- May include a diagam which incorrectly represents the problem situation, or diagam
may be unclear and difficult to interpret.

Score Level 0
Mathematical knowledge
- Shows no understanding of the problem's mathematical concepts and principles.

Strategic knowledge
- May attempt to use irrelevant outside information;
- Fails to indicate which elements of the problem are appropriate;
- Copies part of the problem, but without attempting a solution.
Communication
- Communicates ineffectively; words do not reflect the problem;
- May include a diagram which completely misrepresents the problem situation.
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