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This study investigated the effect of item format on metacognitive and affective
processes of children in the context of a large-scale mathematics assessment program.
Mathematical items were presented in both multiple-choice and open-ended formats
to8th-grade studentSlE 1,032) as part of the California Learning Assessment System.
Metacognition and affect were measured following each format for boys and girls of
various ethnic groups. Results indicate that open-ended and multiple-choice question
formats have differential effects. Open-ended questions induced more cognitive strat-
egy usage, less self-checking, and greater worry than did multiple-choice questions.
These effects did not vary substantially as a function of gender and ethnicity.

In an effort to improve on traditional measures of student performance, educational
researchers have investigated alternate ways of measuring student achievement.
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Referring to these measures as performance assessments, alternative assessments,
authentic assessments, and several other names, researchers hope to better capture
student knowledge by allowing students to express their thinking and problem-solv-
ing strategies—to show what they know, with less emphasis on selecting a correct
response from a set of alternatives (Baker, O’Neil, & Linn, 1993; Baxter &
Shavelson, 1994; Herman, Aschbacher, & Winters, 1992).

Some argue that the performance-oriented question format also challenges
students to think critically and allows students opportunities to draw on prior
knowledge and relevant skills to solve problems (Herman, Klein, Heath, & Wakali,
1994; Miller & Legg, 1993). Another claim is that these assessments stimulate
students to engage in complex thinking and thus reflect higher standards of
excellence than traditional multiple-choice testing formats. However, the introduc-
tion of such assessment approaches brings questions of possible disparate impact
on various ethnic groups (Baker & O’Neil, 1994; Winfield & Woodard, 1994).

With respect to equity, it is a guiding principle (Baker & O’Neil, 1995) that
assessment should promote open access to educational services for all students
without regard to their socioeconomic class, religion, gender, ethnicity, or primary
language. If tests (or other assessments) motivate disadvantaged students less than
others, and the importance and frequency of such assessments increase, then gaps
in performance will also increase. Moreover, for all nonstandard-English speakers,
the dependence of assessment performance tasks on explaining, on writing, and on
extended communication may create added difficulty (Baker & O’Neil, 1994).
Finally, these assessments may interact with differences in students’ instructional
or opportunity-to-learn experiences and with the ethnic backgrounds of learners.

For example, one important equity issue is the extent to which the smaller
number of problems or tasks used in performance assessments (Gao, Shavelson, &
Baxter, 1994) can serve the broad diversity of students. Due to time constraints,
most performance assessments consist of only a few tasks. In a generalizability
context, without such domain specifications such few tasks lead to low reliability
(Gao et al., 1994). An additional cost of a limited set of assessment tasks, the
likelihood is high that the assessment might include content to which some children
may have had low exposure or low interest.

Writers in the area of ethnicity and performance (Miller-Jones, 1989; Steinberg,
Dornbusch, & Brown, 1992) and ethnicity and motivation (Baker & O’Neil, 1995;
Ogbu, 1978, 1992) have cited differences in student motivational characteristics
that may affect their performance. For the most part, these assertions have been
speculative because limited performance assessment data are available as yet on
ethnic or gender differences.

With respect to gender, previous research with high school and college-age
students has found that girls perform better than boys on some performance-based
assessments (e.g., essays) in comparison to multiple-choice formats (Bolger &
Kellaghan, 1990; Breland, Danos, Kahn, Kubota, & Sudlow, 1991; Breland &
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Griswold, 1981, 1982; Bridgeman, 1989; Mazzeo, Schmitt, & Bleistein, 1992;
Peterson & Livingston, 1982).

Explanations for these gender differences vary from genetic to social causes (see
Mazzeo et al., 1992). Although some researchers have argued that males and
females possess different abilities with regard to problem solving (e.g., greater
verbal fluency for females; Breland et al., 1991), it has also been shown that the
varying formats in alternative assessments (e.g., California Learning Assessment
System; CLAS, California State Department of Education, 1993b) induce different
approaches to problem solving (Herman etal., 1994). The ClaSatewide effort
designed to assess student competencies in a variety of content areas and make
comparisons to California’s statewide content standards, used two item for-
mats—performance-oriented (or open-ended) and selection (or multiple-
choice)—in assessing mathematical competency among California students.

Herman etal. (1994) reported that students employed different lines of reasoning
in dealing with the two formats. Generally, students were more likely to use a
trial-and-error or guessing approach for multiple-choice items, whereas for open-
ended items, students much more frequently employed a mathematical line of
reasoning. In addition, students perceived the performance criteria for the two item
formats differently. That s, they indicated different criteria for successful perform-
ance on multiple-choice testitems than they did for open-ended items. For example,
students noted that open-ended questions emphasized the use of explanatory
materials such as graphs and charts, rather than focusing on algorithms and correct
answers. Furthermore, students held different expectations for multiple-choice
versus open-ended test items. For example, more students mentioned the impor-
tance of the quality and depth of their response in the open-ended condition than
in the multiple-choice condition. Understanding these different perceptions and the
cognitive approaches students utilize to solve items of different formats may shed
light on the nature of performance differences hypothesized between boys and girls
and among various ethnic groups.

We have definedhetacognitioras the process by which individuals think about
their own thinking to develop strategies to solve problems. This process has been
broken down further into the subcategories of planning, self-checking, awareness,
and cognitive strategy (O’Neil & Abedi, 1996; O’Neil, Sugrue, Abedi, Baker, &
Golan, 1997; O'Neil, Sugrue, & Baker, 1996; for complementary views of meta-
cognition, see Borkowski & Muthukrishna, 1992; Borkowski & Thorpe, 1994;
Everson, Smodlaka, & Tobias, 1994; Garcia & Pintrich, 1994; Paris, Cross, &
Lipson, 1984; Pintrich & DeGroot, 1990; Pressley & Afflerbach, 1995; Tobias &
Everson, 1995; Zimmerman, 1989; Zimmerman & Martinez-Pons, 1986, 1988,
1990.) Furthermore, we view metacognition, effort, and worry from a state—trait

'As of the writing of this article, the state of California has terminated the California Learning
Assessment System as its statewide assessment system and implemented the Stanford 9 tests.
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perspective (Spielberger, 1975). For examptaie metacognitiois defined as a
transitory state in intellectual situations that varies in intensity, changes over time,
and is characterized by planning, self-monitoring, changing cognitive and affective
strategies, and self-awareness. This study investigates the impact of item format on
state metacognition.

Previous research suggests that cognitive strategies and self-checking behaviors
are part of a series of state metacognitive learning behaviors that can enhance
learning (Yap, 1993). Furthermore, these strategies are all goal-oriented, intention-
ally invoked, require student effort, and are specific to the testing or learning
situation (Weinstein & Meyer, 1991). Given the situational specificity of cognitive
strategies usage, we were interested in how the specific issue of test item format
influences cognitive strategy utilization.

Finally, because metacognitive behavior is an effortful student activity in a
testing situation, we also sought to determine the impact of different question
formats on students’ effort and worry in the context of CLAS math achievement.

HYPOTHESES

Building on previous research, we anticipated several relations between test item
format, gender, ethnicity, and metacognitive activity among students. Each is
explicitly set forth in the following.

Guided by prior research findings (O’'Neil et al., 1997), we anticipated that
student math performance will vary as a function of the student characteristics of
gender and ethnicity. We expected boys to perform better than girls as the content
is mathematics, and we expected Asian and White students to perform better than
African American and Latino students.

In general, we expected levels of cognitive strategy use, self-checking, worry,
and effort to be higher among girls than among boys, and it was expected that Asians
and Whites would exhibit more metacognitive behavior than African Americans
and Latinos (O’Neil et al., 1997).

In addition, we believed test item format would influence students’ state meta-
cognitive activity. We hypothesized that different item formats induce different
levels of metacognitive activity among students. We expected that the open-ended
format would engage students in more cognitive strategy use and self-checking
activity than would the multiple-choice format.

Given students’ unfamiliarity with open-ended performance assessments, we
expected that the open-ended item format would require more student effort and
engender more worry than the multiple-choice format.

Given that researchers in the area have expressed concern about the disparate
impact of novel testing approaches on ethnic minorities (Winfield & Woodard,
1994) and issues of inequitable opportunities to learn tested material among the
disadvantaged groups (Linn, Baker, & Dunbar, 1991), we anticipated differential
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effects among student groups of varying ethnicity. We expected that the influence
of item format on metacognition, effort, and worry would be more pronounced for
African American and Latino students than for White and Asian students.

METHODOLOGY
Participants

The initial sample of participants in this study was comprised of 1,480 eighth-grade
students from 70 classes at 14 California middle or junior high schools. Our
guestionnaires were administered within a few days to a few weeks following
completion of the statewide CLAS math assessment. The CLAS math assessment
administration took the entire math period. Thus, our measures of metacognition,
effort, and worry (see Appendix) were designed to be administered the next time
the math class met. As the CLAS administration days varied from Monday through
Friday, the next administration time varied from a minimum of 1 day (e.g., CLAS
administered on a Monday and our measures administered on Tuesday) to a
maximum 3-day period (CLAS administered on a Friday and our measures admin-
istered on the subsequent Monday).

Due to a breakdown in communications, some classes experienced up to a
2-week delay between CLAS administration and administration of our measures.
Unfortunately we did not ask for dates of administration on our measures, so a more
precise accounting is not possible. Given the interests of the California Department
of Education (and thus the attention of the school principals) and the fact that we
provided honoraria to teachers for assisting us, we think that our procedures with
respect to time of administration were in general followed.

Some students were excluded from our analysis. Of the initial group of 1,480
students, 56 students either failed to answer the ethnicity question or answered with
a category outside the four major ethnic categories of interest (i.e., White/Anglo;
Black/African American; Hispanic/Latino; Asian or Pacific Islander). In addition,
one school administered the questionnaires in English classrooms, rather than in
math classrooms as prescribed in our instructions. We specified math classrooms
over classrooms of other subjects because in addition to collecting data at the student
level, we were also interested in collecting data at the classroom level as it pertained
to mathematics, so as to consider the multilevel nature of the data (see Burstein,
1980; Seltzer, 1994) in additional analyses not reported here. Consequently, these
participantsii= 107) were not included in this study. Another school administered
the questionnaires to classrooms comprised of limited English proficiency students
(n=18). These students were also excluded from the analyses.

The CLAS math assessment employed several forms. Some multiple-choice
forms were significantly related to higher average scores, indicating that perhaps
some forms were easier than others (see Table 1). There was no form effect for the
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TABLE 1
Mean Performance Measure by Form
Multiple Choicé Open Endeli
Form M SD M SD
1 3.21 1.65 1.79 0.95
2 3.21 157 1.63 0.87
3 3.94 1.72 1.86 1.00
4 4.22 1.72 1.85 0.83
5 3.57 1.88 174 0.89
6 3.40 1.89 2.00 0.95
7 4.07 1.79 1.84 0.83
8 3.57 1.74 179 0.95

¥ =1,032"n=335.

open-ended format. Due to such form effects and the subsequent need to use form
as a covariate in some of the analyses, additional participants with incomplete data
regarding which CLAS math form was used were dropped from the analyses (
267).

The final sample used in our analyses consists of 1,032 participants from 12
schools in 59 classrooms. The sample is comprised of 527 boys (51.1%) and 505
girls (48.9%). The ethnic composition of this sample includes 440 Whites (42.7%),
88 African Americans (8.5%), 267 Hispanics/Latinos (25.9%), and 237 Asians or
Pacific Islanders (22.9%). However, for the analyses concerning the open-ended
math performance scores, the sample size was reduced to 335 because not all of the
participants in the sample were scored by the state on this measure. Participants
were randomly selected within school for open-ended scoring to achieve a school-
level CLAS score. Furthermore, only one item of the two opened-ended items was
chosen for scoring randomly.

Procedure

As part of a planned research and development component for the CLAS, several
junior high schools in California were contacted by California State Department of
Education personnel and asked to participate in this study. Fourteen schools agreed
to participate. Participation was voluntary for the school districts and schools but
not for the students. The test was considered part of the statewide testing program
and thus not voluntary for the students.

Following the statewide CLAS math administration, eighth-grade students were
instructed by a test administrator to rate themselves on state metacognition, effort,
and worry for two types of CLAS math questions: open-ended problems and
multiple-choice questions. The instructions focused on student reactions to the math
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problems of each type on the CLAS math assessment. A CLAS example of both
formats was provided. In most cases, the questionnaires were administered in
students’ math classrooms by their usual math instructor who served as the CLAS
administrator. The administrator read the following directions to the students:

Today you will be participating in a statewide California study of students your age.
To make sure that all students receive the same instructions, | will be reading them
to you from a script.

The intent of the present study is to collect information on your thoughts and
feelings about the CLAS Middle Grades Performance Assessment. The state will use
this information to improve the math assessment.

We are particularly interested in your reactions to the open-ended problems as
compared to the multiple-choice questions. Thus, in today’s questionnaire we will
ask you to respond to the same statements for each type of math question.

As part of this study, you will answer questions about yourself and about mathe-
matics. This will take about 40 minutes. You will not be allowed to ask questions
while you are completing the questionnaire. If you have a question, save it until the
end of the class and | will answer questions then.

By doing the best you can, you will be making an important contribution.

The questionnaire took about 40 min to complete. After students completed the
guestionnaires, the test administrator gathered the study materials and returned
them to the research personnel. Each administrator was provided an honorarium of
$75.00 that could be used for classroom materials as compensation for his or her
participation in the study.

Design

Because we were interested in the differential effect test question format may have
on the learning processes of various ethnic groups as well as between boys and
girls, this study employed a three-factor mixed-model design (Kirk, 1982). The
study included ethnicity and gender as between-subjects factors and each of the
metacognitive measures (cognitive strategy and self-checking) and affective vari-
ables (effort and worry) as within-subjects repeated measures.

Measures

Performance measures. The 1993 CLAS math assessment for eighth-
grade students consisted of two open-ended questions and seven multiple-choice
problems presented in different matrix-sampled forms (California State Depart-
ment of Education, 1993a). According to a report of the Select Committee (Cron-
bach, Bradburn, & Horvitz, 1994), the accuracy of CLAS measures in 1993 as they
relate to individual student scores in general (e.g., language arts or science) was in
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need of improvement. However, our math sample provides very reasonable, esti-
mated standard errors of 0.5 and 0.6 for open-ended and multiple-choice math
achievement scores, respectively. For the statewide data for the measures used in
this study (eighth-grade mathematics), the estimated standard errors were suffi-
ciently small SE= .40; Cronbach et al., 1994). Cronbach et al. stated also that “an
examination of other reports, some of them unpublished, indicates that CLAS
scoring in Mathematics is achieving an accuracy level like that in other projects”
(p. 36).

Statistical analysis revealed that the forms were not equivalent with respect to
the multiple-choice questions (see Table 1). Thus, form was used as a covariate for
all analyses involving the multiple-choice performance measure. Each of the eight
forms had two different open-ended questions, resulting in 16 unique open-ended
items. Performance across all 16 items was quite low, and the choice of which of
the two items would be scored on each form was randomly determined. Thus, for
each student, only one of the two open-ended items was randomly scored by trained
raters on a scale of 1 to 4. We were concerned about differences among the various
forms. Thus, we employed a single-factor analysis of variance (ANOVA) test to
investigate the influence of form on the open-ended response, but the results
indicated no difference in performance as a result of test bodk(ét327) = 0.57,

p > .78. Therefore, the form variable was not used as a covariate in the analysis
concerning open-ended math performance.

The math open-ended problems allowed the students to express their manner of
thinking and the process by which they came up with their answers, rather than
focusing solely on the final answer as the object of assessment. Students were
allowed 15 min to answer each open-ended problem. A sample open-ended problem
is:

Last year Eat It Up Burgers employed 5 workers for 5 hours a day. They
claimed they served 4 million burgers last year. Is this a reasonable claim?
Explain your answer.

By contrast, the seven multiple-choice questions are judged right or wrong
depending on selection of the appropriate answer. Students were allowed 15 min
to answer all seven multiple-choice questions. A sample multiple-choice question

is?

When a number is divided by 7, the remainder is 4. What is the remainder
when twice that number is divided by 7?
A1 ___B. 2 C. 3 D. 4

"The correct answer is A.
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TABLE 2
Mean Raw Score Math Performance
Variable M SD
Multiple choicé 3.64 1.78
Open endel 1.81 .90

¥ =1,032"n=335.

Thus, the CLAS math assessment employed both open-ended problems and
multiple-choice questions to assess math knowledge not only in the traditional
multiple-choice format, but also in the more performance-based open-ended as-
sessment format. Although two open-ended questions (scores ranged from 0—4)
were asked of each student, only one was scored by CTB/McGraw-Hill due to
financial constraints. A multiple-choice performance measure was created by
summing the number of correct multiple-choice responses to the seven multiple-
choice questions (with score totals ranging from 0-7). All items were scored in
accordance with CLAS standards (California State Department of Education,
1993b), and items and scores were provided to us by the California State Depart-
ment of Education and CTB/McGraw-Hill. Mean values for the raw score multi-
ple-choice questions and the open-ended problem are provided in Table 2.

Metacognition, effort, and worry measures. These processes were as-
sessed viaastateinventory comprised of four subscales (six items for each subscale),
scored from 1ifot at all) to 4 (very much spfor each of the two question formats.
Sample questionsinclude “l went over my answers,” and “l reworded the assessment
items so | could understand them better,” for self-checking and cognitive strategy,
respectively. In addition to measures of self-checking and cognitive strategy, the
affective components of effort and worry were also assessed (O’Neil et al., 1997)
under each testing condition. Sample items measuring these constructs include “I
did not give up, evenifthe assessmentwas hard,” for effortand “l was afraid | should
have studied more for this assessment,” for worry. Thus, in total, there are two sets
of four scales: one each measuring cognitive strategy, self-checking, worry, and
effort for each of the two question formats (open ended and multiple choice).

The four scales were modified from the state inventory (O’Neil et al., 1997).
The modifications resulted from an item sensitivity review by the California State
Department of Education personnel, and the addition of new items and dropping
of old items. For example, for the cognitive strategy subscale, three new items were
added and two old items were dropped. For the self-checking subscale, four new
items were added and six old items were dropped. For both these scales the new
items reflected the assumed psychological processes of both open-ended and
multiple-choice formats. The items dropped possessed the weakest psychometric
properties of their respective subscales.
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The worry and effort scales (O’Neil et al., 1997) were reviewed in the same
manner. No changes were made in item content to the worry scale, but two old
items were dropped due to the sensitivity review and poor item characteristics. With
respect to effort, two new items were added and five old items were dropped. As
shown in Table 3, the general result of these changes was to improve the reliability
of the scales. The instructions for these scales were as follows:

A number of statements that people have used to describe themselves are given below.
Read each statement and indicate how you thought or felt while doing the multiple-
choice (open-ended) math questions on the California Learning Assessment System
mathematics assessment. Find the word or phrase that best describes your thoughts
or feelings and circle 1, 2, 3, or 4 in your booklet. There are no right or wrong answers.
Do not spend too much time on any one statement. Remember, give the answer that
seems to describe how you thought or felt while doing the multiple-choice (open-
ended) mathematics assessment questions.

The raw score means and standard deviations for the scales are provided in Table
4. In addition, all 24 items on these four scales were subjected to a confirmatory
factor analysis to investigate the validity of each scale. This process was performed
separately for responses under both the multiple-choice and open-ended conditions.
In both conditions, only the six items purported to indicate each of the four latent
constructs were allowed to load on that construct, and each of the latent constructs
was set to be correlated. These analyses were performed using the LISCOMP
structural equation modeling program (Muthén, 1987). Under both item format
conditions, the resulting covariance matrix estimated from the proposed factor
structure reproduced the sample covariance matrix rather REISE= 0.067 in
the multiple-choice conditiorx’(246,N = 1,032) = 1185.3( < .001, andRMSE
= 0.061 in the open-ended conditiggf(246,N = 1,032) = 1016.96p < .001). A
rule of thumb is that root mean square errors of less than .10 are acceptable.

TABLE 3
Reliabilities of Metacognition, Effort, and Worry Measures
Alpha
Number of Items This Study
O’Neil, Sugrue, O’Neil, Sugrue,

Abedi, Baker, & This Abedi, Baker, & Open Multiple
Golan (1997) Study Golan (1997) Ended Choice

Cognitive strategy 5 6 .61 .64 74
Self-checking 5 6 .64 72 77
Worry 8 6 .79 .78 .82

Effort 5 6 .76 .75 .83
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TABLE 4
Mean Raw Score Metacognition, Worry, and Effort

Variable M SD

Multiple choice

Cognitive strategy 15.69 3.66
Self-checking 16.17 3.84
Worry 12.59 4.44
Effort 19.64 3.71
Open ended

Cognitive strategy 16.21 3.35
Self-checking 16.04 3.65
Worry 13.21 4.39
Effort 19.77 3.31
Note. N=1,032.

Scale Reliabilities and Intercorrelations

As shown in Table 3, analyses of the eight six-item scales indicated reasonable
internal consistency reliability for most of the measures. For the multiple-choice
guestion condition, Cronbach’s alphas were .74, .77, .82, and .83 for cognitive
strategy, self-checking, worry, and effort, respectively. For the open-ended condi-
tion, Cronbach’s alphas were .64, .72, .78, and .75 for the same scales, respectively.
Itis of interest that the reliability for each scale is lower in the open-ended condition
than in its multiple-choice counterpart. However, in all but one case the reliability
measures exceeded.70. For the one scale that dropped below this level (open-ended,
cognitive strategy), additional analyses revealed that no specific item on the scale
was especially contributory to the lower overallinternal consistency. Thus, the scale
was retained in the subsequent analyses in its complete form.

The interrelations between the scales with the performance measures are shown
in Table 5. In general, the pattern of correlations is similar for both question format
conditions. The effect of worry was, as expected, negative for both forms and the
effect of effort was positive but low for both forms.

RESULTS
Math Performance Scores
In general, math performance scores were quite low. The overall mean for the
multiple-choice measure was 3.6800= 1.78), and for the open-ended measure

the mean was 1.85D=.90). These scores represent 52.0% and 45.25%, respec-
tively, of the possible total.
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TABLE 5
Reliabilities and Intercorrelations for Metacognition, Effort, and Worry
With Math Performance

Multiple-Choice Open-Ended

Scale 1 2 3 4 Performancé Performanc®
Open endetl
1. Cognitive strategy  1.00 .07* .04
2. Self-checking .63* 1.00 .08* .07
3. Worry 147 .10* 1.00 —.24%** —.20%**
4. Effort S 54r* .01 1.00 13k 22%**
Multiple choicé
1. Cognitive strategy  1.00 .00 .02
2. Self-checking .68** 1.00 .03 .04
3. Worry 23%* 14* 1.00 —.28%** —.20%**
4. Effort 52** 57+ .05 1.00 I el 16%*

n=1,032."n=335.
*p<.05. **p<.01. ***p<.001.

To investigate gender and ethnic effects in the multiple-choice condition, we
subjected the data to a 2 x 4 (Gender x Ethnicity) analysis of covariance. We used
test form as a covariate to control for form effects on the multiple-choice perform-
ance measure. For the open-ended performance measure a similar analysis was
performed with minor exceptions. First, test form was not used as a covariate in the
open-ended condition, as no form differences were previously found. Second,
African American children were excluded from the open-ended performance
analyses due to small numbers of African American children with scored values on
the open-ended measures. This is because not all students were graded on the
open-ended responses by the California State Department of Education and
CTB/McGraw-Hill. Only a smaller subset of open-ended responses were randomly
selected for grading, which resulted in insufficient numbers of African American
children having scored values on this measure due to the small numbers of total
analyzed il = 335). Thus, the analyses for this outcome utilized a 2 x 3 (Gender x
Ethnicity) ANOVA approach.

We found no significant gender differences in math performance on the multi-
ple-choice items or the open-ended problems. There were, however, ethnic differ-
ences in both question formak1, 1,023) = 42.90p < .001, and~(2, 327) = 5.93,

p < .01, for the multiple-choice and open-ended measures, respectively. Post hoc
multiple group comparisons (Scheffé procedure) revealed that in the multiple-
choice condition, AsianM = 4.10,SD= 1.67) and WhiteNl = 4.05,SD = 1.65)
students performed significantly better than Latihd £ 2.88,SD = 1.78) and
African American studentd{ = 2.70,SD = 1.56). In the open-ended condition,
Asian studentdV] = 2.10,SD=.99) scored significantly better than Latino students

(M =1.60,SD= .83).
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Metacognition, Worry, and Effort

To determine the influence item format had on these variables, and whether item
format impacts the relations of gender and ethnicity with cognitive strategy,
self-checking, worry, and effort, each of the measures was subjected to a repeated
measures ANOVA with ethnicity and gender as between-subjects factors and item
format (open ended vs. multiple choice) as a within-subjects factor. A specific
interest here is the presence or absence of significant interactions between item
format and gender, and item format and ethnicity. There were no form differences
on these variables; thus, covariance was not used. For the sake of brevity, only
significant findings are discussed.

Cognitive strategy. For cognitive strategy, there was considerable support
for our hypotheses. As expected, there was a significant main effect for gender,
F(1, 1,024) = 14.95p < .001, with girls indicating more use of cognitive strategy
(M =2.73,SD= 0.58) than boysNl = 2.59,SD = 0.58). In addition, there was a
significant main effect for question formé&i(1, 1,024) = 23.52p < .001, with the
open-ended questiond  2.70,SD=0.56) inducing more use of cognitive strategy
than multiple-choice questiond(= 2.61,SD = 0.61). Furthermore, there was a
significant Gender x Question Format interactiéifl, 1,024) = 6.80p < .01.
Inspection of cell means indicated that although girls exhibited more cognitive
strategy usage than boys in both conditions, and although both groups indicated
more in the open-ended condition than in the multiple-choice condition, the
difference between boys and girls was larger in the open-ended condition.

Self-checking.  For self-checking, there was also a significant main effect for
genderf(1, 1,024) = 17.23p < .001, with girls indicating more self-checking (
=2.76,SD=0.63) than boys\l = 2.61,SD= 0.62). Again, there was a significant
effect for question formag(1, 1,024) = 6.37p < .02. However, for this measure,
multiple-choice question$[ = 2.69,SD= .64) yielded greater self-checking than
open-ended problemsvi(= 2.67,SD = .61). This may indicate that different
self-checking behaviors are more functional, or at least more utilized, under varying
testing formats. This may also be a result of the novelty of the open-ended question
type. Students may not know how to check their performance and answers in this
unfamiliar testing format. In addition to gender and question effects, there was a
significant main effect for ethnicity found for self-checkifg3, 1,024) = 3.48p
< .02. Post hoc comparisons for this measure indicate that in the open-ended
condition, Latinos i1 = 2.57,SD = 0.63) showed significantly less self-checking
than Whites i1 = 2.71,SD= 0.59) and Asian American$A = 2.74,SD= 0.60).

There were no significant differences among the ethnic groups in the multiple-
choice condition, however.
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Worry.  Results for worry likewise indicated gender and question type effects.
For worry, there was a significant main effect for gendi,, 1,024) = 5.42p <
.02, and for question formak(1, 1,024) = 31.68p < .001. Consistent with the
literature (Hembree, 1988, 1990), girls indicated more wdvty(2.20,SD=0.75)
than boysi =2.10,SD=0.72), and open-ended problems induced greater amounts
of worry (M = 2.20,SD= 0.73) than did multiple-choice questiond € 2.10,SD
=0.74). Additionally, a significant main effect for ethnicity was fouR@3, 1,024)
=16.85p<.001. Post hoc comparisons revealed that Whites exhibited significantly
less worry than all the other ethnic groups in both the open-ended and multiple-
choice conditions. No other comparisons were significantly different in either
testing format.

Effort. Regarding effort, significant differences were found as expected be-
tween boys and girl$;(1, 1,024) = 22.27p < .001, and among the ethnic groups,
F(3,1,024) =5.23p < .01. The main effect of gender indicates that gikMs«{3.37,

SD = 0.55) exhibited more effort than did boyisl = 3.20,SD = 0.60). The cell
means for the four ethnic groups indicate that African Americans indicated they
asserted the least effort among the grougds<3.13,SD = 0.62), followed by
Latinos M = 3.22,SD=0.58), Asian Americans\ = 3.33,SD=0.56), and Whites

(M =3.33,SD=0.59).

The interaction between item format and ethnidi{3, 1,024) = 2.34p = .07,
although not significant at the .05 level, may be regarded as cause for concern
regarding the potential disparate impact alternative assessment procedures may
have on some ethnic minorities. Post hoc comparisons reveal that although no ethnic
group comparisons were statistically significant in the multiple-choice condition,
there were significant differences in the open-ended testing format. African Ameri-
cans M = 3.09,SD=.62) indicated significantly less effort than Whité$ € 3.33,
SD=.56) and AsiansNl = 3.35,SD = .50). Due to the small number of African
American students whose open-ended performance was scored, there were not
equivalent math performance data to compare their results to the effort data.

Relation of Metacognition, Effort, Worry, and Performance

In looking at the correlations between the metacognition, effort, and worry meas-
ures and the performance measures (see Table 5), we see that for both the
open-ended and multiple-choice condition, worry and effort are significantly
related to performance. However, these relations are weak. In the multiple-choice
condition, less worry leads to better performance .28,p < .001) and more

effort leads to better performance< .11,p < .001). The same pattern holds for

the open-ended condition £ —.20,p < .001, and = .22,p < .001 for worry and
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effort, respectively). Neither cognitive strategy nor self-checking was significantly
correlated with performance in either the multiple-choice or open-ended testing
condition. Given the tendency of the open-ended question format to generate more
worry than the multiple-choice format, we may see reduced performance as a
function of increased worry among test takers in the open-ended condition. Like-
wise for effort, if the open-ended condition reduces the effort some African
American students put forth on the assessment, performance deficits may result.

SUMMARY AND DISCUSSION

In summary, we found mixed support for our expectations with respect to gender
and ethnic differences and math performance. There were no gender differences in
performance in either the multiple-choice or open-ended testing condition, but there
were ethnic differences. Asian and White students performed better than Latino
and African American students in the multiple-choice condition, and Asians did
better than Latinos on the open-ended test items. (The reader may recall that there
were too few African American students to conduct this analysis with an African
American sample. White students were not statistically different from either Asian
or Latino students; White students’ performance was midway between these two
groups.)

Consistent with our expectations, the metacognition, effort, and worry measures
showed gender differences, with girls consistently reporting more cognitive strat-
egy, self-checking, effort, and worry than did boys. An explanation of these gender
effects is twofold: Either girls are more open to expressing their thoughts and
feelings than boys in the eighth grade or girls are better students in the eighth grade
in general and thus exhibit greater levels of metacognition and effort. There is
evidence for both explanations. In addition, ethnic differences were found for
self-checking, effort, and worry. Also consistent with our expectations, for both of
the state metacognitive processes (cognitive strategy and self-checking) and for
worry, question format produced significant differences. Only effort did not show
a format difference, although the format and ethnicity interaction approached
statistical significancep(= .07).

Our findings do not indicate simply an elevation on all measures for the less
familiar open-ended question type. Although the open-ended format induced more
cognitive strategy and worry than did the multiple-choice format, the self-checking
measure reflected less of this behavior in the open-ended condition than in the
multiple-choice condition.

In general, open-ended questions generated more cognitive strategy behavior
than did multiple-choice items, but this effect was more pronounced for girls than
for boys. No similar result was found for the measures of self-checking, worry, or
effort. In addition, contrary to our expectations, there were no differential item
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format effects on any of the measures for different ethnic groups (i.e., no interac-
tions with ethnicity were significant), although the effort measure showed some
indication of a possible treng & .07) toward the open-ended format to induce less
effort from African Americans than from the other groups vis-a-vis the multiple-
choice items.

These results indicate that open-ended and multiple-choice question formats
have differential effects on metacognition, effort, and worry processes in student
math achievement, and furthermore that the open-ended format, in general, leads
to more cognitive strategy activity and increases worry. However, the results of this
study do not show that these formats are differentially penalizing members of
gender or ethnic subgroups. None of the interaction effects between ethnicity and
format were significant, indicating that the differential influence of item format
does not operate differently among members of ethnic subgroups. Although open-
ended items induce more worry and cognitive strategy use, they do so for Whites,
Asians, African Americans, and Latinos alike. A note of caution, however, may be
in order. The interaction between item format and ethnicity with regard to the effort
variable did suggest the possibility that open-ended items may induce less effort
from African American children relative to their White and Asian counterparts.
More research with a larger sample of various ethnic minorities is encouraged to
investigate further whether alternative assessment formats treat all students equi-
tably and fairly.

These findings must be viewed within the limitations of this study. First, the
performance measures are quite limited in their length, as only seven multiple-
choice items and one open-ended item were scored. Further, the observed range of
scores on these performance measures was very restricted, thus impacting observ-
able correlations between metacognition, effort, and worry with math performance.
Second, the sample is limited to only eighth-grade students and is quite small,
specifically in dealing with the open-ended math performance meafire335).

This could limit the generalizability of findings and result in the study failing to
have the power to detect all but large effects within and among the various ethnic
groups. Furthermore, the study does not consider the disparate opportunitiestolearn
and demonstrate math knowledge in the open-ended format among the various
ethnic groups. Third, the effects, although significant, are relatively small in
magnitude. Thus, their practical significance should be thoughtfully considered.
Many of the differences are of slight to moderate magnitude, with effect sizes
frequently ranging from .25 to .50 standard deviation units. However, we would
expect that if the state measures were given simultaneously with the math perform-
ance measures, the effects would increase in magnitude as well as significance.

Nevertheless, the importance of this research is clear. Alternative approaches to
assessment may well induce different cognitive and affective processing by stu-
dents, but these effects may also operate differentially across gender and ethnic
groups. With continuing advances and recent implementations of various perform-
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ance assessment techniques, it is imperative for educational researchers to investi-
gate the influence the form of the assessment has on the experience of all students
during the assessment process.
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APPENDIX
Scoring Key
State Post Thinking Questionnaire—Open-Ended

Scales Items
Cognitive Strategy 3, 7,9, 12,15, 20
Self-Checking 2,5,10,14, 18,21
Worry 4,8,13,17, 19,23
Effort 1,6,11, 16, 22,24

Student Questionnaire

Directions for Open-Ended Problem&:number of statements that people have used to describe themselves are
given below. Read each statement and indicate how you thought or felt while doing the open-ended math problems
on the California Learning Assessment System mathematics assessment. Find the word or phrase that best describes
your thoughts or feelings and circle 1, 2, 3, or 4 in your booklet. There are no right or wrong answers. Do not spend
too much time on any one statement. Remember, give the answer that seems to describe how you thought or felt
while doing the open-ended mathematics assessment problems.

Very
Not At Moderately Much
All Somewhat So So
1. I concentrated as hard as | could when taking the 1 2 3 4
assessment.
2. | checked my work while | was doing it. 1 2 3 4
3. When solving a problem, | tried more than one 1 2 3 4
way to do it.
4. |thought my score was bad, so everyone, 1 2 3 4
including myself, would be disappointed.
5. | went over my answers. 1 2 3 4
6. | worked hard on the assessment even though it 1 2 3 4
did not count.
7. | reworded the assessment problems so | could 1 2 3 4
understand them better.
8. | was afraid | should have studied more for this 1 2 3 4
assessment.
9. | selected and organized relevant information to 1 2 3 4
solve the assessment problems.
10. |judged the correctness of my work. 1 2 3 4
11. | put forth my best effort. 1 2 3 4
12. Ithought through the meaning of the assessment 1 2 3 4
problems before | began to answer them.
13. | felt regretful about my performance on the 1 2 3 4
assessment.
14. | asked myself, how well was | doing, as | 1 2 3 4

proceeded through the assessment.



15.
16.
17.
18.
19.
20.
21.

22.
23.

24.
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On difficult problems, | spent more time trying
to understand them.

| kept working, even on difficult assessment
problems.

I wasn’t happy with my performance.

| corrected my errors.

| was concerned about what would happen if |
did poorly.

When solving a problem, | translated the
problem into a different form.

As | did the assessment, | asked myself questions
to stay on track.

| tried to do my best on the assessment.

| did not feel very confident about my
performance on the assessment.

| did not give up, even if the assessment was
hard.



