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Abstract
The study used data from the Spring 1996 administration of the New Standards
Mathematics Reference Examination for Middle Grades to examine the instructional
validity of the Reference Examination, opportunity to learn and equity in the context of
the California Mathematics Renaissance program. Student and teacher responses to the
opportunity to learn questionnaires and student performance were compared between
the Renaissance and the non-Renaissance groups (called the multi-state group). Our
results showed that Renaissance teachers had more opportunities to participate in
reform-oriented professional development activities than teachers in a multi-state
comparison group and that Renaissance classroom practice reflected these teacher
learning opportunities. Renaissance students also showed significantly higher levels of
performance on Skills and Problem Solving clusters of the New Standards examination
compared to students in the multi-state group, after adjusting for student background
characteristics. Furthermore, the achievement results on Skills showed a smaller
performance gap between white and minority students in the Renaissance group than
the multi-state group regardless of levels of SES (i.e., parent education). The results
also showed a positive effect of reform-oriented instructional strategies on the outcomes
in all three clusters. These results suggest the instructional validity of the New
Standards Reference Examinations and a generally positive effect on equity of
educational opportunity in the Renaissance program.

Introduction
Standards and accompanying assessments are being proposed today as
instruments for raising academic achievement (e.g., Resnick & Resnick, 1991;
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Shepard, 1995). The argument, broadly stated, is that if teachers and students
know clearly what kinds of learning are expected they can direct their teaching
and learning energies in a targeted way to meeting standards that will matter i n
their lives. Some (e.g., Howard, 1995; Resnick, 1995) argue that standards, with
public examinations that students can study for, are key tools for making
American education more equitable, for they will make it difficult to continue to
exclude poor and minority students from opportunities to learn challenging
academic material.
The recent growth in development and use of performance assessment is
related in part to this vision. For assessments to be effective promoters of
instructional change they must examine students on material of the complexity
and depth specified in the standards. This calls for the inclusion in exams of
extended tasks and constructed responses along with a much clearer relation to
what is expected to be taught than is the case in most American testing. This new
use of assessment as a legitimate target of instruction and learning efforts by
teachers and students, demands attention both to the validity of the assessment
in relation to the instructional program and to the ways in which the assessment
is used to create opportunities for teacher and student learning.
We use the term instructional validity to refer to the extent to which an
assessment is systematically sensitive to the nature of instruction offered. A n
instructionally valid test is one that registers differences in the amount and kind
of instruction to which students have been exposed. Because of this sensitivity,
an instructionally valid assessment might be expected to show somewhat lower
effects of student background characteristics on achievement than tests that are
not explicitly related to the curriculum. Instructionally valid assessments are
thus important tools demonstrating improvements in the equitable distribution
of teaching and learning resources.
The general concept of instructional validity, although not necessarily the
term, is a familiar one in the assessment research community. Researchers have
long recognized that the degree of overlap between the content tested and the
content taught can have a strong impact on test scores (Airasian & Madaus, 1983;
Anderson, 1990; Haertel & Calfee, 1983; Leinhardt & Seewald, 1981; Mehrens &
Phillips, 1986). Degree of overlap is sometimes described as opportunity to learn
what is tested. But in recent policy discussions opportunity to learn (OTL) has
come to refer not only to the overlap between what has been taught and what is
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tested, but to a more proactive concern with providing appropriate learning
opportunities for all groups of students (Darling-Hammond, 1994; Guiton &
Oakes, 1995; Porter, 1995; Stevens, 1993). An assessmentÑor, preferably, the
standards an assessment is built to examineÑmight well become the focus for
professional development programs aimed at changing teachersÕ capacity to teach
the kinds of new, usually more challenging, concepts and skills that are the goal
of much current education reform (e.g., Loucks-Horsley, Stiles, & Hewson, 1996;
Resnick & Nolan, 1995; Wiley & Yoon, 1995). In such uses, the assessment is
expected to lead instruction, not just reflect what is actually taught.
The instructional validity of a test is an aspect of its larger consequential
validity. Since Messick (1989) first introduced the term, issues of consequential
validity have received increasing attention in the educational measurement
field (e.g., Messick, 1994, 1995; Popham, 1997; Shepard, 1997). Consequences are a
logical part of the evaluation of test use; therefore, examination of effects
following from test use is essential in evaluating test validity (Shepard, 1997). A
test that is instructionally valid, in the sense of being systematically sensitive to
differences in opportunity to learn can be further evaluated in terms of its
consequential validityÑthat is, its effectiveness in leading teachers to spend time
on classroom activities helpful to learning goals and responsive to individual
student learning styles and needs (Darling-Hammond, 1994; Glaser, 1990).
This study examines issues of instructional validity of an assessment,
opportunity to learn, and equity in the context of the California Mathematics
Renaissance program. The Middle Grades Math Renaissance is a component of
the California Alliance for Mathematics and Science (CAMS). The Middle Grade
Mathematics Renaissance works with middle schools to help them transform
mathematics programs so that all students are engaged in a thinking-centered
mathematics curriculum. Employing a professional development strategy, the
Renaissance works directly with teachers to help improve instruction. The
Renaissance is committed to ensuring that all students, especially those
traditionally placed at risk, have access to high-quality math education. Earlier
evaluation of CAMS can be found in various reports (Derghazarian, 1996;
Shields, Marder, & Wilson, 1996; WestEd, 1996; Yoon, 1996, 1997). During 1996
the Renaissance administered the New Standards (NS) Mathematics Reference
Examination to students in participating middle schools as a basis for evaluating
its effects on student achievement.
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A number of factors such as the school curriculum, time devoted to
mathematics instruction, types of typical classroom activities, and inservice
education for teachers can be modified by the educational system. Other variables
such as socioeconomic conditions and the level of parentsÕ education are largely
beyond the power of the schools to modify. This study examined the factors that
are modifiable by the educational system and policy and evaluated student
performance after controlling for the factors that are less modifiable.
Method
The New Standards Mathematics Reference Examination
The New Standards Mathematics Reference Examination is a performance
on-demand assessment that is systematically referenced to the New Standards
Performance Standards for mathematics (New Standards, 1997).1 The
Performance Standards identify eight standards:
Standard 1:

Number and Operation

Standard 2:

Geometry and Measurement

Standard 3:

Functions and Algebra

Standard 4:

Statistics and Probability

Standard 5:

Problem Solving and Mathematical Reasoning

Standard 6:

Mathematical Skills and Tools

Standard 7:

Mathematical Communication

Standard 8:

Putting Mathematics to Work

Of these, Standards 1 through 7 can be assessed in an on-demand setting,
and tasks on the Mathematics Reference Examination are designed explicitly to
assess them. For purposes of score reporting, Standards 1 through 7 are grouped
into three standards clusters: Conceptual Understanding, covering Standards 1-4;
1 The New Standards Performance Standards are built directly upon the consensus content standards

developed by the relevant professional organizations. The Mathematics performance standards are
based on the content standards produced by the National Council of Teachers of Mathematics
[Commission on Standards for School Mathematics (1989), Curriculum and Evaluation: Standards
for School Mathematics. USA: National Council of Teachers of Mathematics]. The Performance
Standards consist of two parts: (1)ÊPerformance descriptions describe what students should know
and the ways they should demonstrate the knowledge and skills they have acquired; (2)ÊW o r k
samples and commentaries are samples of student work selected for their capacity to illustrate t h e
meaning of the performance descriptions together with commentary that shows how t h e
performance descriptions are reflected in the work sample.
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Mathematical Skills, covering Standard 6; Mathematical Problem
covering Standards 5 and 7.

Solving,

The Mathematics Examination calls for three class periods of testing, usually
administered on three successive days. The 1996 NS mathematics exam consisted
of open-ended constructed response tasks that were 2, 5, 15, and 45 minutes i n
duration. There were no multiple-choice items. Table 1 presents the
configuration of the Middle Grades Mathematics Reference Examination.
Descriptions of the nature of tasks that assess competence in the three standards
clusters are provided in technical reports on the New Standards Examinations
(New Standards, 1994, 1996).
Since no single task can adequately represent a standard, reporting a
studentÕs performance against a standard requires summarizing information
from several tasks. The classification rules for determining standards levels are
set through a process that involves qualified content and assessment experts i n
consultation with New Standards staff. There were three steps involved i n
assigning standards levels: The first step was the weighting of the tasks that make
up a cluster. Judges assigned weights to each task on the basis of the taskÕs
centrality to the standard (the taskÕs difficulty or score distribution was not
considered). Each judge assigned weights independently and the weights were
discussed until a consensus was reached. The second step was using the weights
to create a weighted average score for each cluster of tasks. The weighted average
scores ranged from 0.0 to 4.0 in 0.1 increments. The third step was setting
cutpoints, or score levels that determine the absolute classification of the
performance.

Table 1
1996 New Standards Mathematics Reference Examination (Middle Grades)

Number of tasks
Time allotted for each task
Maximum possible score

Skills

Concepts

Problem
solving

Total

8

12

4

24

2 minutes

2 - 5 minutes

5 - 45 minutes

2-45 minutes

32

48

18

98

5

Students receive an examination grade (called a standards level) on each
standards cluster. Grades are reported in five categories: Achieved the Standard
with Honors; Achieved the Standard; Nearly Achieved the Standard; Below the
Standard; and Little Evidence of Achievement. The patterns of task scores
resulting in these categories were established in a standard-setting exercise i n
which judges compared patterns of performance with the specifications in the
Performance Standards. The standard-setting exercise was carried out prior to
exam administration; judges had no access to comparative performance data i n
setting the grading levels.
The reliability of the examination was examined in both the reliability of
the weighted means that were used to produce standards levels for the clusters
and the accuracy and consistency of decisions based on the standards. Estimates of
accuracy and consistency were made for the decision of whether a student had
met the standard (called ÒMeeting the StandardÓ) for each cluster reported i n
Mathematics. A student was said to have met the standard if s/he had achieved
one of the top two standards level categories (i.e., Achieved the Standard with
Honors and Achieved the Standard). A student was said not to have met the
standard if s/he was in one of the bottom three categories (i.e., Near the
Standard, Below the Standard, and Limited Evidence of Achievement). These
definitions were applied to studentsÕ standards levels grades for the Skills,
Concepts, and Problem Solving clusters.
The accuracy of the decisions is the extent to which they would agree with
the decisions that would be made if each student could somehow be tested with
all possible forms of the examination. The consistency of the decisions is the
extent to which they would agree with the decisions that would have been made
if the students had taken a different form of the New Standards Examination,
equal in difficulty and covering the same content as the form they actually took.
Additional analyses were performed to examine the overall reliability of the
Reference Examination as well as the decision accuracy and consistency of the
composite score. The ÒMeeting the StandardÓ cutpoint for this composite was
defined as the sum of the ÒMeets the StandardÓ cutpoints of the clusters within
the composite. For further details of the procedures employed, see the 1996 New
Standards Reference Examination Technical Summary (New Standards, 1997)
and Young and Yoon (1997). Table 2 presents the reliability of the 1996
Mathematics Reference Examination.
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Table 2
Reliability Coefficients, the Decision Accuracies and Consistencies
Meeting the standard
Reliability coefficientsa

Accuracy(%)b

Consistency(%)c

Skills

0.85

90

84

Concepts

0.74

88

83

Problem solving

0.66

91

86

Mathematics composite

0.90

92

89

a

Cronbach Alpha for clusters and stratified Cronbach Alpha for Math Composite were used in
estimating the reliabilities.

b

Accuracy is the percent of agreement between the classifications based on the NS Reference
Examination actually taken and the classifications that would be made on the basis of the test
takersÕ true scores.
c

Consistency is the percent of agreement between the classifications based on NS Reference
Examination actually taken and the classifications that would be made on the basis of an
alternate form of the NS Reference Examination.

Opportunity-to-Learn Questionnaire
In conjunction with the administration of the Reference Examination, a set
of questions was asked of teachers and students. These questions were adapted
from the 1994 CLAS questionnaires (Wiley & Yoon, 1995). Students were asked
about their background information (e.g., socioeconomic status [SES], ethnicity)
and classroom activities. Teachers were asked about their classroom activities,
instructional strategies and participation in staff development. The
questionnaire items and the response patterns appear in Tables 5 through 8. Most
of the questions about classroom activities and instructional strategies were
aimed at identifying reform-oriented activities of the kind that Mathematics
Renaissance aims to promote. The response categories for classroom activities
were ÒNever,Ó ÒOnce or twice per semester,Ó ÒMonthly,Ó and ÒAt least weekly.Ó
The response categories for instructional strategies were ÒNever,Ó ÒSeveral times
a semester,Ó ÒSeveral times a week,Ó and ÒDaily.Ó The response categories for
staff development were ÒNot at all,Ó ÒOnce,Ó Ò2-5 times,Ó and Ò5+ times/
Ongoing.Ó
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Study Design
The data used in this study were taken from the Spring 1996 administration
of the New Standards Mathematics Reference Examination for Middle Grades.
The exam was administered to middle grade students (mostly Grade 8) in a
number of jurisdictions throughout the nation. The sample used for the present
study includes 1,936 students and 105 teachers. Forty-three of the teachers were
participants in California Math Renaissance. Their students numbered 673. The
remaining teachers (62) and students (1,263) came from eight districts in several
states. The students and teachers in the multi-state group form a comparison
population for examining the instructional sensitivity of the New Standards
Reference Examination along with the effects of the Math Renaissance
professional development. The comparison group was formed by selecting, from
among those students who responded to all questions on background
characteristics and whose teachers could be identified, a sample whose
background characteristics matched those of the Renaissance group. Only white,
Hispanic, and African American students from both the Renaissance and multistate groups were included in the analyses. Table 3 presents the description of the
variables used in the study.
Our study design included three sets of data analysis. First, we compared the
Renaissance and multi-state samples on the opportunity to learn (OTL) variables
described earlier. Separate comparisons of student responses and teacher
responses to the OTL Questionnaire items were made. Second, we compared
overall achievement levels of the Renaissance and multi-state student
populations on each of the three standards clusters. Third, we examined the
issue of equity and instructional validity. We applied a Hierarchical Linear
Modeling (HLM) technique in evaluating the effects of factors at both student
and teacher (classroom) levels so that all estimated effects are adjusted both for
individual students and classroom level influences on the outcome.
In education, data structures are often hierarchical. Students are grouped i n
classes and classes are grouped in schools. We have variables describing students
and variables describing classes. When the nested structure of education is
considered, it is important to think of ways in which statistical techniques should
take this hierarchical structure into account. Traditionally, studies of the
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Table 3
Description of the Variables Used in the Study
Variable

Description

Student-level variables
SES (parent
education)

1 = Not high school graduate;
2 = High school graduate;
3 = Some college;
4 = College graduate;
5 = Advanced degree

Minority

African American or Hispanic = 1; White = 0

Skills

Weighted average of task scores in Skills, ranges from 0.0 to 4.0.

Concepts

Weighted average of task scores in Concepts, ranges from 0.0 to 4.0.

Problem solving

Weighted average of task scores in Problem Solving, ranges from 0.0 to 4.0.

Teacher-level variables
Group

Math Renaissance group = 1;
Multi-state group = 0

STAFFDEV

An average of teacher responses on staff development: NCTM Standards,
Group work, Problem Solving, Mathematics Concepts, Use of Technology in
Teaching, Performance Assessment, Portfolio Assessment.
Cronbach alpha = 0.88

TRADIT

An average of teacher responses on traditional teaching strategies:
Lectures, Seat work, and Worksheets or Workbooks.
Cronbach alpha = 0.74.

INSTACT

An average of teacher responses on instructional strategies and activities:
Homework, Group assignments, Lab work, Field work, Performance
assessment, Portfolio assignments, Draft and revision, Oral presentations,
Portfolios, Student or teacher designed rubrics, Journals and logs, Openended questioning, and Student self-evaluations.
Cronbach alpha = 0.82

correlates of achievement used standard regression techniques to summarize
relationships between variables. Generally, standard regression techniques give
standard errors that are misleadingly small when we fail to take into account the
similarities or dependencies among observations within groups. Furthermore,
we may overlook how relationships between variables of interest vary across
organizational contexts (e.g., schools and classrooms) when we ignore the
multilevel structure of educational data.
Hierarchical linear models help resolve this confounding by facilitating a
decomposition of any observed relationship between variables, such as
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achievement and social class, into separate student-level and school/teacherlevel components (Bryk & Raudenbush, 1992). Hierarchical linear models also
can explore Òcross-level interactionsÓ (Bryk & Raudenbush, 1992), in which a
variable measured at a higher level interacts with a variable measured at a lower
level (Raudenbush & Willms, 1991).
In the HLM analyses, student performance were compared using weighted
means, rather than Standards Levels, for each cluster. The variables used i n
controlling the differences in student background characteristics between Math
Renaissance and multi-state groups were SES (Parent Education; ranged from 1
to 5) and Minority (ethnic group membership, 1 = African American or Hispanic;
0 = White). The variables used to adjust for the differences among classes (or
teachers) were Group (Renaissance or multi-state), STAFFDEV (teacher staff
development), TRADIT (traditional teaching methods), and INSTACT (reformoriented instructional strategies).
Results
Opportunity to Learn: Student Responses
Classroom activities. Table 4 summarizes student responses to the OTL
questions. Substantially more Renaissance students than multi-state students
reported at least weekly activities of writing an explanation of how I solved a
problem (62% in the Renaissance group; 46% in the multi-state), using a
calculator to work on problems (93% in the Renaissance group; 64% in the multistate), and working in small groups (76% in the Renaissance group; 51% in the
multi-state). Neither group reported using a computer frequently.
Most students in both groups reported activities of making an oral
presentation and working on problems or investigations that took from one t o
two weeks at least once or twice per semester; however, one fifth of the multistate students (23% and 20%, respectively) reported having never done these
activities in their math class compared with a small percentage of the
Renaissance students (4% and 6% respectively). Student responses for activities
of work on problems that can be solved in more than one way, solve pr ob l e m s
using tables and graphs, working on projects that took from two t o six weeks,
and judging m y o w n w o r k were similar i n both groups. For the activity of
adding their w o r k t o portfolios, more multi-state students responded
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Table 4
Percentage of Students Reporting on Classroom Activities

Activities in
math class

Math Renaissance

Multi-state

Once or
twice
per
At least
Never semester Monthly weekly

Once or
twice
per
At least
Never semester Monthly weekly

Work on problems that
can be solved in more
than one way

1

5

20

74

2

4

17

77

Solve problems using
tables and graphs

0

11

55

34

4

15

43

38

Write an explanation of
how I solved a problem

1

9

28

62

9

17

28

46

Use a calculator to work
on problems

1

2

5

93

5

11

20

64

Use a computer to work
on problems

58

27

13

2

77

12

6

5

Making an oral
presentation

4

30

64

2

23

42

26

9

Working on problems or
investigations that took
from one to two weeks

6

29

58

6

20

37

33

10

Working on projects that 22
took from two to six
weeks

58

16

4

29

47

20

4

Adding my work to a
portfolio

23

26

32

19

17

21

33

29

0

3

21

76

4

13

32

51

10

21

26

43

20

14

23

43

Working in small groups
Judging my own work

Note. The question in the survey: During this school year, how often have you done or participated
in the following activities?

that they had had the activity in their math class than did the Renaissance
students. In fact, this is the only activity for which more Renaissance students
(23%) than multi state students (17%) reported no experience. OverallÑwith the
exception of portfoliosÑthe Renaissance students seem to have had more
exposure to reform-oriented classroom activities compared with the multi-state
students.
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Opportunity to Learn: Teacher Responses
Instructional strategies and classroom activities. Table 5 reports percentages
of teacher responses o n questions about their instructional strategies. According
to their self-reports, Renaissance teachers used lecture and seat work methods
much less frequently (daily use only 2% and 7%, respectively) than did multistate teachers (daily use 18% for lectures, 35% for seatwork). Renaissance teachers,
on the other hand, reported using several strategies associated with
constructivist mathematics learning more frequently than their multi-state
counterparts did. These strategies included group assignments, lab work, and
field work. Neither group of teachers reported much use of the draft and
revision strategy, but Renaissance teachers used it slightly more frequently.
Thirty-nine percent of the multi-state teachers (vs. 2% in the Renaissance group)
reported that they had never used draft and revision in their math instruction.
Teachers in both groups reported giving homework to their students at least
several times a week. All of the Renaissance teachers reported using
performance assessment at least several times a semester, whereas 15% of the
multi-state teachers reported that they never used performance assessment i n

Table 5
Percentage of Teachers Reporting on Instructional Strategies
Math Renaissance

Multi-state

Several Several
times a times a
Never semester week
Daily

Several Several
times a times a
Never semester week
Daily

Lecture

19

49

30

2

2

15

66

18

Seat work

26

12

56

7

0

16

48

35

Homework

0

7

51

42

0

11

44

45

Group assignments

0

16

49

35

3

60

23

15

Lab work

26

28

47

0

73

24

3

0

Field work (outside of
classroom)

26

74

0

0

73

27

0

0

Performance assessment

0

81

5

14

15

61

23

2

Portfolio assignments

19

70

7

5

39

41

16

3

Draft and revision

2

84

9

5

39

46

10

5

Note. The question in the survey: How often do you use the following instructional strategies?
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multi-state teachers reported that they never used performance assessment i n
their math classes. On the other hand, more teachers in the multi-state group
(19%) reported giving portfolio assignments at least several times per week than
did Renaissance teachers (12%); however, 39% of the multi-state teachers (vs.
19% in the Renaissance group) reported that they had never given portfolio
assignments.
Table 6 reports percentages of teachers reporting on classroom activities
used during their math classes. Renaissance teachers reported higher rates in all
of the activities associated with active, problem-solving classrooms except for
portfolios. All of the Renaissance teachers reported using oral presentations at
least once or twice per semester during their math classes, whereas 26% of the
multi-state teachers had never used them. Portfolio use was a more frequent
classroom activity in the multi-state group than in the Renaissance. Sixteen
percent of the multi-state teachers reported regular portfolio use (at least weekly)
in their math classes compared with 0% in the Renaissance group.

Table 6
Percentage of Teachers Reporting on Classroom Activities
Math Renaissance

Multi-state

Once or
twice per
At least
Never semester Monthly weekly

Once or
twice per
At least
Never semester Monthly weekly

Oral presentations

0

70

19

12

26

47

5

22

Portfolios

19

51

30

0

38

28

18

16

Student or teacher
designed rubrics

0

19

60

21

34

33

26

7

Journals and logs

9

19

37

35

60

15

18

8

Open-ended
questioning

0

0

19

81

2

21

31

47

Worksheets or
workbooks

9

19

44

28

3

8

31

57

Student selfevaluations

0

37

58

5

18

46

18

18

Note. The question in the survey: How often have you used the following instructional strategies or
activities with these students?
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Although they used portfolios more frequently, multi-state teachers also
tended toward heavy use of worksheets and workbooks. Thus, overall, the
results showed that the Renaissance teachers used Òreform-orientedÓ
instructional strategies and classroom activities more frequently during their
math instruction, whereas multi-state teachers were more likely to use
ÒtraditionalÓ instructional strategies such as lecture, seat work, worksheets.
Comparison of Student Responses With Teacher Responses
There were a few overlapping questions between the sets of student (Table
4) and teacher questions (Tables 5 and 6), such as oral presentation, portfolio,
group work (group assignments), student self-evaluations, and homework.
Some discrepancies between student and teacher responses can be expected,
because student responses would be based mostly on their personal experiences,
whereas teacher responses would be based on their teaching plan for the whole
class. Indeed, in both the Renaissance and multi-state groups, students were
more likely to report working in small groups at least weekly than were their
teachers. But a higher percentage of teachers than students reported using oral
presentations at least weekly. A mixed pattern appeared for portfolio use, with a
higher percentage of students than teachers reporting at least weekly use in both
the Renaissance and the multi-state groups; however, a higher percentage of
students than teachers also reported never using portfolio in the Renaissance.
Despite these discrepancies in responses between students and teachers, the
overall pattern is the same for both students and teachers: both students and
teachers gave responses indicating that the Renaissance students were exposed
more frequently to reform-oriented activities.
Opportunity for Teacher Learning
The need for appropriate learning opportunities is not limited to students.
Teachers also need opportunities to learn both the content and the teaching
strategies appropriate to the new, more demanding achievement standards
embodied in the Reference Examinations. A comparison of the learning
opportunities of the Renaissance teachers with those of the multi-state
comparison group reveals some interesting results. Teachers were asked a series
of questions concerning their participation in staff development. Table 7
summarizes their responses.
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Table 7
Percentage of Teachers Reporting Various Categories of Staff Development Activities
Math Renaissance

Multi-state

Not
at all

Once

2-5
times

5+ times/
ongoing

Not
at all

Once

2-5 5+ times/
times ongoing

NCTM standards

0

0

31

69

10

17

43

30

Group work

0

0

21

79

4

4

46

47

Problem solving

5

0

14

81

7

14

29

50

Mathematics concepts

5

0

19

77

9

16

27

48

Use of technology in
teaching

2

5

44

49

12

14

61

12

Performance assessment

5

2

49

44

3

7

53

37

Portfolio assessment

5

5

67

23

17

32

32

19

Note. The question in the survey: How often have you led or participated in the following staff
development during the last 5 years?

The Renaissance teachers reported participating in various professional
development activities focused on the NCTM Standards, group work, problem
solving, mathematics concepts, use of technology in teaching, performance
assessment, and even portfolio, much more frequently than the multi-state
teachers. Over 90% of the Renaissance teachers responded that they had
participated in these activities two to five times or more during the last five
years, whereas many teachers in the multi-state group had participated only once
or never during that time period. Most of these activities appear to be ongoing
and regular for the Renaissance teachers. However, staff development o n
portfolio assessment was the least frequent ongoing activity for Renaissance
teachers. In sum, the Renaissance teachers seemed to have had more
opportunities to participate in various
reform-oriented
professional
development activities.
Student Achievement
Standards-level comparison. Table 8 presents the distribution of overall
student performance for the Renaissance and the multi-state groups i n Skills,
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Table 8
Standards Level Comparison

Skills

Concepts

Problem
solving

Achieved the standard with honors

19

2

0

Achieved the standard

33

18

12

Nearly achieved the standard

25

26

32

Below the standard

16

26

43

Little evidence of achievement

6

28

13

Achieved the standard with honors

17

5

2

Achieved the standard

25

15

8

Nearly achieved the standard

22

19

25

Below the standard

22

22

40

Little evidence of achievement

14

39

25

Standards level
Math Renaissance

Multi-state

Concepts, and Problem Solving. In both groups, more students received
ÒAchieved the Standard with HonorsÓ i n Skills (19% i n the Renaissance group;
17% in the multi-state group) than in Concepts (2% in Renaissance; 5% in multistate) and in Problem Solving (0% in Renaissance; 2% in multi-state group). At
the other end of the scale, fewer received the lowest score, ÒLittle Evidence of
Achievement,Ó in Skills (6% in Math Renaissance; 14% in multi-state) than i n
Concepts (28% in Renaissance; 39% in multi-state) and Problem Solving (13% i n
Renaissance; 25% in multi-state).
The differences in the percentages of students ÒMeeting the StandardÓ (i.e.,
the top two categories) between the two groups were 10% in Skills, 0% i n
Concepts, and 2% in Problem Solving. The differences in the percentages were
examined using z-statistic. In this comparison, significantly higher percentages of
the Renaissance students met or exceeded the Standard (i.e., the top two
categories) in Skills (p < .05), but not in Problem Solving and in Concepts. In
Skills, which is presumably taught in most classrooms, the Renaissance teachers
not only pushed many more students to ÒMeeting the StandardÓ level
(cumulative frequency of 52% in the Renaissance group; 42% in the multi-state
group) but also more successfully pulled students out of the two bottom
categories (ÒBelow the StandardÓ and ÒLittle Evidence of AchievementÓ;
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cumulative frequency of 22% in the Renaissance students vs. 36% in the multistate students, significant at p < 0.05).
In Concepts, the percentages of students ÒMeeting the StandardÓ was the
same for the two groups; however, the percentage of multi-state students who
received ÒLittle Evidence of AchievementÓ was 7% higher than that of the
Renaissance group (p < 0.05). This indicates that the Renaissance teachers were
able to pull students from the bottom two categories (ÒBelow the Standards,Ó and
ÒLittle Evidence of AchievementÓ) to ÒNearly Achieved the Standard,Ó but were
not able to help many of them to actually reach the standard.
For Problem Solving, the difference in the percentages of students ÒMeeting
the StandardÓ was small and not significant. However, as for Concepts, the
greatest success of the Renaissance teachers was in pulling students out of the
bottom achievement categories. The percentage of multi-state students who
received ÒLittle Evidence of AchievementÓ in Problem Solving was almost
double the percentage in the Renaissance group (p < 0.05).
Equity and Instructional Validity: Hierarchical Linear Modeling
The data reported above suggest that, overall, Renaissance teachers are
generally more successful than their multi-state counterparts in producing good
levels of examination performance among their students in Skills and in pulling
students from the bottom two categories to ÒNearly Achieved the StandardÓ i n
Concepts and Problem Solving. We also wanted to know whether Renaissance
professional development experience helped teachers reduce the achievement
gap between white and minority students and whether the differences between
Renaissance and multi-state achievement were indeed due to the differences i n
modes of instruction of the two teacher groups. For this purpose we conducted a
set of hierarchical linear modeling analyses.
Table 9 presents the means and standard deviations of the variables used i n
these analyses, for both the Renaissance and multi-stage samples. Table 10 shows
the intercorrelations among these variables. As can be seen, Group was
positively correlated with STAFFDEV (r = 0.38) and INSTACT (0.48), but was
negatively correlated with TRADIT (r = -0.48). In other words, the Renaissance
teachers participated i n various staff development activities and used ÒreformorientedÓ activities i n their instruction more frequently than the multi-state
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Table 9
Means and Standard Deviations of the Variables Used in the Study
Renaissance
Variable

Multi-state

Mean

SD

Mean

SD

Skills

2.74

0.75

2.50

0.89

Concepts

2.03

0.78

1.93

0.91

Problem solving

2.00

0.62

1.84

0.68

SES

3.43

1.25

3.32

1.19

Minority (Percentage of
minority students)

0.37

0.48

0.45

0.50

STAFFDEV

3.53

0.51

3.02

0.62

TRADIT

2.50

0.71

3.20

0.53

INSTACT

2.61

0.28

2.15

0.46

Student-level variables
Mathematics performance

Teacher-level variables
Group

Table 10
Correlations of Teacher-level Variables and Outcome Variables
Variables

Group

STAFFDEV TRADIT INSTACT Minority

Skills

Problem
Concepts solving

Group

0.15***

0.05*

0.12***

STAFFDEV 0.38***

0.21***

0.21***

0.19***

-0.10***

0.01

0.17***

0.15***

0.21***

-0.34***

-0.39***

-0.32***

0.19***

0.22***

0.21***

TRADIT

-0.48***

-0.23***

INSTACT

0.48***

0.54***

Minority

-0.09***

-0.16***

0.08**

0.10***

SES

-0.50***
-0.04
0.08**

-0.16***
0.11***

-0.21***

-0.06*

***significant at p < 0.001; **significant at p < 0.01; *significant at p < 0.05.

teachers. STAFFDEV and INSTACT were positively correlated (r = 0.54) while
TRADIT was negatively correlated with STAFFDEV (r = -0.23) and INSTACT
(r = -0.51). The relationship between STAFFDEV and INSTACT implies that the
more teachers were aware of the reform-oriented goals and practices through
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various staff development activities, the more likely they would implement the
practices in their classrooms. Reflecting what we have reported earlier,
participation in staff development and the use of ÒreformÓ methods of
instruction were positively associated with achievement (ranged from 0.15 to
0.21). The use of traditional modes of instruction was negatively associated with
achievement in Skills (r = -0.10) and Problem Solving (-0.06), but no association
was found with achievement in Concepts. SES was positively associated with
achievement while Minority status was negatively associated with it. There were
also significant associations of student background with staff development and
the two modes of teaching: SES was positively related to STAFFDEV, TRADIT,
and INSTACT while Minority was negatively correlated with STAFFDEV and
INSTACT, but not with TRADIT. This indicates that minority students received
ÒreformÓ methods of instruction less frequently then white students and their
teachers participated in staff development less frequently than white studentsÕ
teachers.
Equity. Table 11 shows results of the HLM analysis that examined the effects
of Group (whether the class was taught by a Renaissance or a multi-stage
teacher), minority status of students and SES on student achievement. In this
analysis, the adjusted mean achievement in each class was allowed to vary across
classrooms (random effect) while the slopes of Minority and SES were not (fixed
effect). The variance of mean achievement across classes ( t 00 ) was modeled with
Group (g01) and an interaction effect (g11) between Minority and Group was also
examined.
Class mean achievement (g00) is an adjusted mean achievement in the
multi-state group. The Group effect (g01) indicates the estimated mean difference
between the Renaissance and the multi-state adjusted for student background
(0.23 in Skills; 0.08 in Concepts; 0.16 in Problem Solving). This difference was
significant for Skills and Problem Solving, but not for Concepts. For Skills and
Problem-Solving, in other words, class means were, on average, higher i n
Renaissance than in multi-state classrooms.
Minority (g10) indicates the gap between minority and white studentsÕ
performance. On all three standards, minorities performed significantly less well
than white students (-0.38 in Skills; -0.45 in Concepts; -0.29 in Problem Solving),
with the largest gap for Concepts and the lowest for Problem Solving. Group (g11)
is a cross-level interaction that estimates the difference i n the minority gap
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Table 11
Results of HLM Analyses: Group Effect
Skills
Variables

Effect

Concepts

(SE)

Effect

(SE)

Problem solving
Effect

(SE)

Class mean achievement, g00

2.57*** (0.04)

1.95*** (0.05)

1.88***

(0.03)

Group, g01

0.23**

0.08

0.16*

(0.07)

-0.29***

(0.03)

Minority, g10

(0.08)

-0.38*** (0.04)

(0.10)

-0.45*** (0.04)

Group, g11

0.21*

(0.08)

0.07

(0.07)

0.03

(0.06)

SES, g 2 0

0.05**

(0.01)

0.04**

(0.01)

0.05***

(0.01)

Estimates of variances:
Variance of class mean, t00
(between-class variance)

0.126

0.230

0.098

Within-class variance, s 2

0.510

0.432

0.294

Note. All variables were Grand-mean centered; ***significant at p < 0.001; **significant at p < 0.01;
*significant at p < 0.05.

within Renaissance and multi-state groups. This interaction effect was significant
for Skills, but not for Concepts or Problem Solving. The interaction effect i n
Skills indicated that the difference in student performance between white and
minority students depended on group membership (i.e., whether the student
was in the Renaissance or the multi-state sample). Minority students in the
Renaissance group were somewhat less disfavored than those in the multi-state
group. Overall, the greater minority gap in Skills in the multi-state group and
the Group effect in Problem Solving suggest that the Renaissance program had
an impact on student performance, particularly beneficial effect for classically
underserved students (low SES and minorities).
Instructional validity. In the next analysis, teacher - level variables
(STAFFDEV, TRADIT, and INSTACT) were added to the model in order to
examine the effects of staff development and instructional strategies on class
means (student performance). Among the teacher-level variables, only TRADIT
and INSTACT were included in the model in Table 12 because STAFFDEV was
not significant and the model was improved after deleting it in all three clusters.
The results are reported in Table 12.
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Table 12
Results of HLM Analyses: Effect of Classroom Instruction
Skills

Concepts

Variables

Effect

(SE)

Class mean achievement, g00

2.58***

(0.04)

1.95*** (0.05)

1.88*** (0.03)

Group, g01

0.15

(0.10)

0.01

(0.12)

0.07

(0.08)

TRADIT, g02

0.02

(0.07)

0.15

(0.08)

0.01

(0.06)

INSTACT, g03

0.21*

(0.10)

0.37**

(0.13)

0.22*

(0.09)

Minority, g10
Group, g11
SES, g 2 0

Effect

(SE)

Problem solving

-0.45*** (0.04)

Effect

(SE)

-0.37***

(0.04)

-0.29*** (0.03)

0.21**

(0.08)

0.08

(0.07)

0.03

0.05**

(0.01)

0.04**

(0.01)

0.05*** (0.01)

(0.06)

Estimates of variances:
Variance of class mean, t00
(between-class variance)
Within-class variance, s 2

0.123

0.214

0.093

0.510

0.432

0.294

Note. All variables were Grand-mean centered; ***significant at p < 0.001; **significant at p < 0.01;
*significant at p < 0.05.

When teacher-level variables were added in the model, Group (g01) effect
disappeared in Skills and Problem Solving; however, there was no change in the
effect of Minority (g10). The lack of a positive Group (g01) effect means that once
teacher-level variables are taken into account, the difference between
Renaissance and multi-state achievement levels disappeared. In other words, the
overall higher achievement of Renaissance students on Skills and Problem
Solving seen in Table 11 is due to the specific kinds of teaching they experienced.
More specifically, there was a positive effect of reform-oriented instructional
strategies and activities (INSTACT, g03) on class means for all three standards
after controlling for student background characteristics. The reported use of
traditional teaching strategies (TRADIT, g02), on the other hand, did not affect
achievement.
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Discussion
This study examined the relationship between professional development
opportunities for teachers, the kinds of instruction offered to students, and
student performance on a mathematics examination the New Standards
Mathematics Reference Examination designed explicitly to function as a tool for
reforming instruction and making high level instruction more equitably
available to different groups of students. By comparing teachers (and their
students) who had participated in the California Mathematics Renaissance
professional development program with teachers and students elsewhere we
were able to evaluate both the effectiveness of the Renaissance program and the
instructional validity of the Reference Examination.
Our results showed that Renaissance teachers had more opportunities to
participate in reform-oriented professional development activities than teachers
in a multi-state comparison group and that Renaissance classroom practice
reflected these teacher learning opportunities. As reported by both teachers and
their students, Renaissance teachers were more likely to engage their students i n
problem-solving, explanation of problem solutions, small group work and other
activities associated with the kinds of challenging content advocated by the
NCTM Standards and embodied the New Standards Performance Standards.
Thus, the enhanced teacher learning opportunities offered by the Renaissance
appeared to have the intended effect on student opportunity to learn.
The differential opportunity to learn for students was, in turn, reflected i n
student performance on the New Standards exam. Renaissance students showed
significantly higher levels of performance on Skills and Problem Solving clusters
of the New Standards examination compared to students in the multi-state
group, after adjusting for student background characteristics. The ÒreformorientedÓ instruction also showed a positive effect on student performance after
controlling for student background characteristics. The New Standards exam
composed of constructed response tasks, some of which were quite extended i n
length and required complex problem solutions and explanations was well
matched to the kind of instructional goals and methods espoused by the
Renaissance. The generally higher performance of Renaissance than comparison
group students and the effect of instruction thus confirms the instructional
validity of the New Standards Reference Examination. The examination is
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sensitive to broad differences in instruction and is able to register the effects of
particular kinds of instructional strategy and content.
An instructionally valid test is particularly useful in examining the equity
effects of educational programs. A fundamental strategy for improving minority
and low SES academic performance is to end the practice of providing de facto
different, lower demand curricula to poor and minority students than to those
who are more privileged. This strategy, while it will not alone eliminate
achievement differences between social groups, should at least narrow the gap.
Assessments used to evaluate such equity-oriented education efforts need to be
able to register the effects of the different instruction students receive. The New
Standards Reference Examination was able to do this for the Renaissance
program, at least in Skills. The achievement results in Skills cluster showed a
smaller performance gap between white and minority students in the
Renaissance group than the multi-state group. The Renaissance program was
apparently effective in bringing more demanding instruction and learning
opportunities to minority students and this, in turn, was helping to reduce the
minority-white performance gap. A reduction in the performance gap, while
controlling for level of SES, suggests that the Renaissance program was having a
generally positive effect on equity of educational opportunity.
Instructional validity is a necessary, but not sufficient, attribute of the
consequential validity of an assessment aimed at influencing the character of
instruction and its equitable distribution. Establishing the consequential validity
of an assessment would require also showing what causal effects the assessment
has on educational practice of its users or on student opportunities. Can the
assessment stimulate new forms of instruction? Can it improve the quality of
professional development? Can it be used as a positive part of an equity program
actively encouraging teachers to provide the same demanding curriculum for all
students? On the negative side, does it unduly narrow the focus of instruction?
Does its use create barriers for some students that the educational program as a
whole is not able to overcome?
The positive effects of the Renaissance program on overall achievement
levels and its reduction of minority and SES achievement gaps cannot, of course,
be causally attributed to the introduction of the New Standards exams.
Renaissance had been working toward the NCTM Standards for several years
before the New Standards exams became available. Instead, the directors of the
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Renaissance program selected the New Standards Reference Examination
because they needed an assessment that would be sensitive to the instructional
goals they were already promoting and at the same time provide comparative
information for a larger, national sample of students. They were, in other words,
ÒbettingÓ on the instructional validity of the New Standards exams with respect
to the learning opportunities for teachers and students that they were already
providing.
In other jurisdictions, the New Standards exams are often chosen as a tool
for initiating instructional change. In these cases, jurisdictions provide
professional development aimed at informing teachers about the nature of the
performance standards to which the exams are referenced and about curriculum
and instruction that will prepare students to meet the standards. These districts,
in other words, encourage active Òteaching to the standards.Ó Since examinations
are systematically referenced to the standards, such teaching can be expected to
yield measured achievement gains without the narrowing effect of rehearsing
students on specific test items. Evaluation of this claim would require examining
both New Standards exam results and results on other tests within a jurisdiction
that has adopted the New Standards assessments in order to implement a
Òteaching to the standardsÓ strategy. We will be reporting on studies of such
districts in later papers in this series.
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