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A Norm-Referenced, Performance-Based Mathematics Test Proves to be
Better at Revealing Effects of a Student-Driven Algebra Curriculum

The purpose of this study was to determine whether a standardized, norm-referenced

commercially available test would be sensitive enough to show growth on the part of

students using a student-driven curriculum featuring a problem-solving approach to algebra

in which students are regularly required to explain their thinking in the classroom.

Perspective

The Hawaii Algebra Learning Project (HALP) has produced an Algebra I curriculum

(Matsumoto, Dougherty, Wada, & Rachlin, 1994) that stresses student learning through

problem solving, communication, connections, development over time, and challenging

tasks. The HALP curriculum is used by more than 16,000 students in 13 states. Previous

studies have shown that HALP graduates scored on standardized algebra tests about the

same as students who have gone through a more traditional algebra program. Feedback

from HALP teachers, however, strongly suggested that their students were doing better

than students they had taught using more traditional approaches to algebra.

A project-developed test, while representing a better fit between the curriculum and the

assessment, would always have a taint of possible project bias. Furthermore, without valid

norms, it would be virtually impossible to use such a test to determine whether any gains

were beyond expectation. The other main alternative of using control groups would have

major difficulties such as finding truly comparable classes not using the HALP curriculum.

Method

Conceptually, the solution was simplefind a commercially available test that was

standardized and norm referenced but was capable of showing whether students can better

communicate their mathematical thinking through writing. Practically, the task to find such

an instrument was daunting, especially in the field of algebra, which is laden with

traditional types of problems that are likely to appear on tests. In searching in test reviews

such as Test Critiques (Keyser & Sweetland, 1994) and The Eleventh Mental

Measurements Yearbook (Kramer & Conoley, 1992), we were not able to locate algebra

tests other than those using a multiple-choice format.

We then turned to mathematics tests not designed specifically for algebra. The most

promising was Harcourt-Brace's GOALSTM: A Petformance-Based Measure of
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Achievement, designed to be "a response to the demand that classroom assessment mirror

more closely the kinds of instruction that students receive on a daily basis" (pg. 5). The

test's open-ended format "assesses the integration of content and process necessary in

today's curriculum" (pg. 5). Because GOALS emphasizes justification and explanation for

answers, students must demonstrate their thinking and reasoning (Harcourt-Brace, 1994).

Not only did GOALS seem promising from a curriculum-fit viewpoint, it also had national

norms and was equated scale-wise to the Metropolitan Achievement Tests (MAT7) and

the Stanford 8 (SAT8). Thus the test had the potential to be used to assess learning using

sound designs such as (a) pre-post norm-referenced design or (b) posttest with MAT7 or

SAT8 as a pretest or covariate. Although it is not a true control group, the national norming

group provides an acceptable comparison group for statistical analyses.

Because the test scoring uses rubrics, it was necessary to have scorers (in this case, two

mathematics teachers, who were not part of the project) undergo formal training (provided

by the test publisher). High inter-rater reliability coefficients (greater than 90% exact

agreement and greater than 95% exact or off by at most 1 on the 0-3 scale) verified that the

training had been effective. Reliability checks conducted twice more during the scoring

procedure verified that the high level of reliability had been maintained.

We arranged to have the GOALS test administered in fall and spring to HALP students in

three widely differing sites. Two sites were in Mississippi, and one was in Hawai 1. While

the Mississippi sites included both White and Black students, the Hawai 1 site included an

ethnic mix of students proportionally representative of the diverse population of the State.

In addition to the obvious ethnic differences between the Mississippi and Hawai 1 sites,

there were large differences in mathematics pre-levels of achievement. Mean pretest scores

at the three sites corresponded to the 37th, 50th, and 71st (individual) percentiles.

Complete data were collected from 190 students. All scoring of the tests was done blind as

to whether the tests were pre or post.

To compare the scores, after computing means of the raw scores, we converted the means

to their corresponding scaled scores. These scaled scores each corresponded to a percentile

whose value depended on whether the test was administered in the fall or the spring.

Results
At all sites, large gains beyond normative expectation (see Table 1) were found (normative

gains would have resulted in no changes in percentiles). Corresponding pre-post
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percentiles were as follows (all were statistically significant at p < .001): Mississippi Site 1, '

37th percentile pre to 54th percentile post; Mississippi Site 2, 50th percentile pre to

71st percentile post; Hawai Site, 71st percentile pre to 86th percentile post. A somewhat

remarkable finding was that, even though there were large differences in pretest means at

the three sites, the gains shown at each site were very similar in magnitude (between 15 and

21 percentile points), indicating a significant value-added component.

Table 1

Pre-Post Raw Scores and Corresponding Percentiles by Site

Site

Pretest

Mean

Posttest

Mean

Pretest

Percentile

Posttest

Percentile

Statistical

Significance

Level

1 (MS) 9.1 13.2 37 54 ***

n= 95 (SD = 3.7) (SD = 6.4)

2 (MS) 11.5 16.6 50.5 71 ***

n = 46 (SD = 4.7) (SD = 7.0)

3 (HI) 16.0 20.9 71 86.5 ***

n = 49 (SD = 5.5) (SD = 4.6)

N = 190 students

***p < .001

Our subsequent investigation of race and gender subgroups turned up several interesting

results. At Mississippi Site 1 (see Table 2), Black and White males scored on the pretest at

exactly the same level, corresponding to the 35th percentile. On the posttest, White males

were more than 10 percentile points higher than Black males, who themselves showed a

gain of more than 10 percentile points from pre to post.

White females had pretest scores more than 14 percentile points higher than did Black

females, with an even larger difference (27 percentile points) seen on the posttest. It should

be noted that Black females also gained in percentile points beyond normative expectation.

In the subgroup pre-post analyses in which race and gender were kept constant, all
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differences at this site were statistically significant at p < .05 except for Black females

(p < .08).

Table 2

Means and Corresponding Percentiles for Mississippi Site 1 Pretests and Posttests

Site 1
Pre

Raw

Post

Raw

Pre

Percentile

Post

Percentile

Percentile

Gain

9.1 13.2
Site total N 95 37.5 54 16.5***= (SD = 3.7) (SD = 6.4)

8.6 11.7
Black Males n= 15 (SD = 3.7) (SD = 6.2) 35 46.5 11.5*

8.6 13.8
White Males = 28 35 57 22***n (SD = 3.8) (SD = 5.6)

8.0 10.2
Black Females n =20 (SD = 3.3) (SD = 6.3) 31 38 7

10.5 15.4
White Females 45.5 65 19.5***n=32 (SD = 3.8) (SD = 6.4)

*p < .05. ***p < .001.
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At Mississippi Site 2 (see Table 3), White males scored noticeably higher on the pretest

than did Black males, and White females scored noticeably higher on the posttest than did

Black females. On the posttest, even though Black students gained on the average more

than 12 percentile points beyond normative expectation, the White students gained even

more and were therefore even further ahead of the Black students. In the subgroup pre-post

analyses in which race and gender were kept constant, all differences at this site were

statistically significant at p < .05 except for Black females (p < .052).

Table 3

Means and Corresponding Percentiles for Mississippi Site 2 Pretests and Posttests

Site 2
Pre

Raw

Post

Raw

Pre

Percentile

Post

Percentile

Percentile

Gain

11.5 16.6
Site total N 46 50.5 71 20.5***= (SD = 4.7) (SD = 7.0)

9.4 12.7
Black Males n = 9 (SD = 5.2) (SD = 6.6) 39 51.5 12.5*

11.6 19.1
White Males 10 51 80.5 29.5**n= (SD = 4.0) (SD = 7.3)

9.8 13.2
Black Females n = 12 (SD = 4.8) (SD = 5.2) 41 54 13

13.9 19.9
White Females 15 62.5 83.5 21**n = (SD = 3.9) (SD = 6.3)

*p < .05. **p < .01. ***p < .001.
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The students from the Hawail site (see Table 4) were so ethnically diverse that ethnic

comparisons would not have much meaning. At that site, females were slightly ahead of

males on the pretest and about equal on the posttest, where their mean corresponded to a

remarkable 86.5 percentile. In the subgroup pre-post analyses in which gender was kept

constant, the differences at this site were statistically significant at p < .001.

Table 4

Means and Corresponding Percentiles for Hawai`i Pretests and Posttests

Site 3
Pre

Raw

Post

Raw

Pre

Percentile

Post

Percentile

Percentile

Gain

16.0 20.9
Site total N 49 71.5 86.5 15***= (SD = 5.5) (SD = 4.6)

15.4 21.0
Males = 26 69 87 18***n (SD = 5.9) (SD = 4.7)

16.7 20.9
Females 74 86.5 12.5***n=23 (SD = 4.9) (SD = 4.5)

***p < .001.

Conclusions

We have shown that a commercial standardized, norm-referenced performance-based test

can reveal large gains beyond normative expectation, even though virtually no gains were

shown on a more traditional standardized, norm-referenced test. The conclusion is clear: In

order to properly assess the effects of an algebra program that reflects the new paradigms

of curriculum such as recently espoused by the National Council of Teachers of

Mathematics (1989), the commonly used algebra tests available commercially may not be

valid. Whether the results would replicate in mathematics areas other than algebra needs to

be investigated.
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Those interested in evaluating curricula claiming to be constructivist or student driven

should seriously consider investigating using tests like GOALS, which also has tests

addressing reading, language, science, and social studies. If it turns out that such tests are

successful in showing learning beyond expectation in cases where multiple-choice tests fail

to show such a level of learning, then the field can use GOALS-like tests to become notably

more knowledgeable about which programs as well as which instructional methods are

effective.
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