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Abstract

MATHEMATICS SELF-EFFICACY CALIBRATION OF SEVENTH GRADERS

by

Peggy Pei-I Chen 

Advisor: Professor Barry Zimmerman

This study investigated seventh graders’ math self-efficacy calibration and its 

effect on students’ math performance, individual differences, such as gender, as well as 

academic variables, such as previous math achievement, post-performance effort 

judgment, and post-performance self-evaluation. According to Bandura (1986), students’ 

self-efficacy beliefs about their capability to perform affects how they make choices o f 

activities, courses o f action, amount o f effort to exert, and length o f  time engaged on a 

task. To date, the issue o f  the accuracy judgment o f  self-efficacy beliefs, termed 

calibration, has received little investigation. In the present study, it was measured in two 

ways: accuracy, which measures the magnitude o f judgment errors; and bias, which 

measures the direction o f  judgment errors. In addition, the design o f the study enabled 

the researcher to assess the relationship between students’ personal processes (e.g., self- 

efficacy judgments o f  math capability, calibration, effort judgment, and performance 

evaluation) and variations in context (e.g., specific math problems and their difficulty 

level).

The results revealed that students’ calibration accuracy significantly increased the 

predictiveness o f  their self-efficacy beliefs. Path analysis showed that calibration
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accuracy had both direct and indirect effects on math performance, with the indirect 

effects mediated through the students’ self-efficacy beliefs. Self-efficacy played a direct 

role in predicting students’ math performance, post-performance self-evaluation, and 

post-performance judgments o f  effort. The effects o f prior math achievement on math 

performance were mediated largely through the students’ self-efficacy beliefs. 

Unexpectedly, the effect o f self-efficacy on post-performance judgments o f effort was 

negative, indicating that high efficacy students needed to spend less effort in solving the 

math problems than low efficacy students. As for the individual differences in gender, the 

study found no statistical differences on any o f the dependent measures, although boys 

had numerically higher self-efficacy, post-performance self-evaluation, and lower effort 

judgment than girls. In conclusion, the results revealed that students’ self-efficacy beliefs 

play an important role in their acquisition o f mathematical competence. Such 

information can be vital in assisting educators to tailor interventions that will enhance 

students’ beliefs in their capability to learn math and as well as their actual success.
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Chapter I 

INTRODUCTION

Perceived academic self-efficacy has been one o f the most studied constructs in 

the field o f  academic motivation research. It is unique from other related motivational 

constructs such as self-concept because perceived self-efficacy is specific and closely 

corresponds to target behaviors or performance. Research has shown that perceived 

academic self-efficacy positively influences student academic choices, academic 

performance, effort and persistence (Bong & Clark, 1999). The role o f  self-efficacy in 

students’ math performance has also been studied. For example, Pajares and Kranzler 

(1995) used path analysis to examine the effect o f  mathematics self-efficacy and general 

mental ability on the math problem-solving performance o f high school students. They 

found that math self-efficacy and general ability each had strong direct effects on math 

performance. There is also evidence that math self-efficacy predicts mathematics 

performance for middle school students (Pajares & Graham, 1999). Further, math self- 

efficacy predicts math performance better than general self-concept measures, indicating 

the importance o f  its greater specificity. Thus, the convergent and discriminant validity 

o f  perceived self-efficacy has been established, and perceived self-efficacy uniquely 

predicts students’ achievement and motivation to learn (Zimmerman, 2000).

Bandura (1997) stated that the self-efficacy construct has three dimensions: level, 

strength, and generality. Most research on self-efficacy has focused on self-efficacy 

levels and strength dimensions (Ewers & Wood, 1993; Pajares & Miller, 1994; Pajares &
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Valiante, 1999). Recent research focused on the dimension o f  generality o f academic 

self-efficacy among high school students. Using factor analysis, Bong (1997b) examined 

the degree o f generality among perceptions o f academic self-efficacy for different subject 

areas such as English, Spanish, U. S. history, algebra, geometry, and chemistry.

Although task-focused measures o f self-efficacy have been found to be the best 

predictors, the researcher found evidence that self-beliefs generalize to similar skills 

(Bong, 1997b).

Although the three dimensions o f  self-efficacy delineated by Bandura (1977) have 

been well researched, the issue o f the accuracy o f students’ self-perceptions in relation to 

their actual performance, or calibration, has only recently surfaced in the literature 

(Ewers & Wood, 1993; Pajares & Graham, 1999; Pajares & Kranzler, 1995). Bandura 

(1986) stated that reasonably matched self-efficacy judgments and actions are most 

desirable, even though higher self-efficacy judgments can enhance motivation to improve 

future performance. However, recent studies have shown that many students perceived 

high self-efficacy but their performance was not in accordance with this perception; in 

other words, they were overconfident when making judgments about their performance 

(Ewers & Wood, 1993; Pajares & Graham, 1999; Pajares & Kranzler, 1995). Ewers and 

Wood (1993) studied fifth grade gifted and regular students’ math self-efficacy by- 

examining self-efficacy level, self-efficacy strength, and prediction accuracy. They 

found that gifted students made fewer overestimations than regular students, and boys 

made more overestimations than girls. Pajares and Kranzler (1995) studied high school 

students’ math self-efficacy and their general ability in math problem-solving. Most
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students o f either gender were found to be overconfident in their math capabilities. In 

another study o f middle school students, Pajares and Graham (1999) again found that (1) 

students were overconfident in their self-efficacy judgments, (2) gifted students had less 

overconfidence than regular students, and (3) there were no gender differences in 

calibration.

Although a few researchers have examined the issue o f self-efficacy calibration, 

the approach o f assessing calibration has its limitations. For example, in Pajares and 

Graham’s (1999) study, students’ math performance scores (dependent variables) were 

used as one o f the measures o f calibration (independent variables) and this raises the 

possibility o f  confounding. Further, calibration o f  self-efficacy has been measured 

differently by different researchers (Ewers & Wood, 1993; Pajares & Graham, 1999; 

Pajares & Miller, 1997). Thus, the question o f  how to assess self-efficacy calibration 

remains unanswered.

The present research sought to address the measurement issues o f self-efficacy 

calibration. An important question to answer was whether calibration is another 

dimension o f  self-efficacy construct that contributes to its predictive power, as mentioned 

by Bandura (1997). In addition, the question pertaining to sources o f  individual 

differences in calibration was tested. According to Ewers and Wood (1993), boys were 

found to be more overconfident than girls, but Pajares and Kranzler (1995) did not obtain 

the same results. Therefore, it is important to assess student gender to further understand 

how perceived self-efficacy and its calibration differ and contribute to math achievement.
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The present research also sought to determine what influences students’ self- 

efficacy calibration. An important question to explore was whether students’ judgments 

o f  the difficulty levels o f a task influence their calibration o f  self-efficacy. Do students 

misjudge the difficulty levels o f  their tasks, thus misperceiving their capabilities to solve 

the tasks? Another question was: Why do well-calibrated students have higher math 

performance than poorly-calibrated students? One possible explanation is that the self- 

efficacy o f  w ell-calibrated students remains more stable as they actually begin to solve 

math problems. These students are probably not surprised by the level o f  task difficulty 

they encounter, but poorly-calibrated students are surprised, thereby producing 

subsequent declines in self-efficacy. The inability o f poorly-calibrated students to judge 

task difficulty remains an unstudied topic to date.

In summary, the present research attempted to address the following objectives:

1. To determine whether calibration measures o f mathematics self-efficacy are 

an additional dimension o f self-efficacy.

2. To investigate the separate and combined influence o f  mathematics self- 

efficacy, math self-efficacy calibration on motivation factors (effort judgment 

and self-evaluation), and math performance.

3. To examine possible gender differences on math self-efficacy strength, 

calibration, motivation factors, and math performance.

4. To test whether students’ previous math achievements influence their math 

self-efficacy, math self-efficacy calibration, motivation factors, and math 

performance.
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5. To study students’ self-evaluation and effort judgments o f their math 

performance after solving math problems.

6. To investigate students’ math self-efficacy and math self-efficacy calibration 

in relation to levels o f task difficulty (e.g., easy, moderate, and difficult).
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Chapter II 

LITERATURE REVIEW

The literature review consists o f seven sections. The first section provides an 

overview of Bandura’s self-efficacy theory. In this section, the dimensions and 

measurement issues o f  self-efficacy are delineated. The second section, based on 

Bandura’s self-efficacy theory, discusses its uniqueness as a motivational construct and 

its influence on academic learning and achievement. In this section, subtle differences o f 

the self-efficacy construct and its influence on academic motivation and achievement are 

documented. Also in this section, evidence o f  the self-efficacy construct in relation to 

achievement and motivation is quantitatively shown through meta-analysis. In the third 

section, research relating to calibration and accuracy judgments is discussed.

Specifically, differences between measuring accuracy and association as well as 

measurements o f  calibration are examined. In the fourth section, the discussion focuses 

on mathematics and gender differences. Specifically, gender differences in mathematics 

achievement, problem solving, attitudes, and affect are scrutinized. The fifth section 

contains studies on a motivational variable, effort, and its relationship to self-efficacy. 

Specifically, the section examines the positive relationship between self-efficacy and 

effort and their contribution in predicting performance. The sixth section interweaves 

Bandura’s self-efficacy theory and the topics discussed earlier: understanding self- 

efficacy as a unique construct; examining issues o f  calibration; and documenting gender 

differences in mathematics. In addition, specific research studies on mathematics self­
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efficacy and self-efficacy calibration in relation to gender and academic performance are 

discussed. The seventh section presents a synthesis o f  research studies examined in this 

literature review as a foundation for the hypotheses presented in this study.

Overview o f the Self-Efficacy Theory

In this section, self-efficacy is defined and explained. Next, three dimensions o f 

self-efficacy are discussed and delineated. Finally, measurements o f  each self-efficacy 

dimension are described with relevant examples.

According to Bandura (1997), self-efficacy refers to an individual’s judgm ents of 

his or her capabilities to perform tasks at designated levels. O ne’s self-efficacy can affect 

his or her choice o f  activities and environmental settings. People choose to engage in 

activities in which they believe they can succeed. Self-efficacy also affects the amount o f 

effort and length o f  time people will persist when they encounter challenging 

circumstances. For example, a person with high self-efficacy tends to put forth much 

effort on difficult tasks, works hard, and persists to overcome obstacles. By comparison, 

a person with low self-efficacy expresses doubts about his or her capability and is 

unwilling to expend effort and time on difficult tasks.

Self-efficacy is a multidimensional construct (Bandura, 1997). The structure o f 

self-efficacy consists o f  level, strength, and generality. Level refers to one’s perceived 

self-efficacy o f  the task demands within a particular domain. Since self-efficacy beliefs 

are context-driven, a person may not feel competent to successfully complete a task if  he 

or she judges the task to be too demanding. In other words, contextual circumstances are
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the requirements o f one’s performance by which a person makes perceived efficacy 

judgments. Strength refers to the perceptions o f  the amount that one “can do” on a 

particular task. The stronger the perceived self-efficacy, the greater the chance o f 

successfully executing the chosen task. However, Bandura (1997) also asserted that the 

strength o f  perceived self-efficacy was not always linear in relation to one’s chosen 

behavior. “A certain threshold o f self-assurance is needed to attempt a course o f action, 

but higher strengths o f self-efficacy will result in the same attempt” (p. 43). Generality 

refers to one’s transferable perceived self-efficacy across a wide range o f domains or 

among levels o f  functioning on a particular activity. Generality can vary on a number o f  

dimensions which include: the degree o f task similarity; the forms in which competence 

is expressed such as behavioral, cognitive, or affective; the qualitative features o f  tasks; 

and the characteristics o f  the actors toward whom the behavior is directed (Bandura, 

1997).

Bandura (1997) argued that when measuring perceived self-efficacy, the most 

appropriate phrase to be used should be “can do” rather than “will do.” He further 

posited that the tasks for which people are asked to make self-efficacy judgments should 

be constructed with a sufficient level o f  challenge in order to avoid ceiling effects. 

According to Bandura, self-efficacy items are generally measured on a Likert-type scale, 

ranging from 0 to 100 with intervals o f  10. For example, people record their strength o f  

beliefs to complete a task on a scale ranging from 0 (“cannot do”), through 50 

(“moderately certain can do”), to 100 (“certain can do”). Similar measurement structures 

can be used with single-digit ranges and a unit o f one interval. However, Bandura (1997)
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cautioned researchers that a self-efficacy scale should not use short ranges with few 

intervals because it is not sensitive enough to capture people’s efficacy judgments. The 

format o f the scale is usually the same throughout the tasks being assessed. The self- 

efficacy strength scores are then summed across total items and divided by the total 

number o f items. The measure o f efficacy level can be extracted by selecting a cutoff 

value, below which people would judge themselves incapable o f  successfully executing 

the tasks in question. For example, Wood and Ewers (1993) obtained students' math 

self-efficacy levels by counting the number o f  items with a self-efficacy rating o f above 3 

(on a 5-point scale with 1 “not at all sure” to 5 “totally sure” ).

Assessments o f the generality dimension o f  self-efficacy have not been prevalent. 

To better measure the generality o f  self-efficacy, Bong (1997b) used factor analysis. She 

examined the degree o f  generality among perceptions o f  academic self-efficacy for 

different subject areas such as English, Spanish, U. S. history, algebra, geometry, and 

chemistry. Although task-focused measures o f  self-efficacy have been found to be the 

best predictors, evidence indicates that self-beliefs generalize to similar areas o f skills. 

Bong (1997b) found that students’ perceptions o f self-efficacy extended beyond the 

boundary o f  a specific problem to other problems within a subject area. There is also 

evidence that self-efficacy for each school subject formed a first-order factor.

In summary, Bandura (1997) described self-efficacy as the personal judgment o f 

one’s capability to execute a course o f  action in order to complete a task successfully. 

Self-efficacy consisted o f  three dimensions: level, strength, and generality. Much o f the 

research on self-efficacy has focused on its strength and level. Only recently, Bong
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(1997) used factor analysis to test the generality dimension o f academic self-efficacy 

across subject domains and found that the generality o f  academic self-efficacy was partly 

dependent on similarity among tasks.

Bandura (1997) cautioned researchers about the measurement issues o f self- 

efficacy. He posited that self-efficacy should be measured in correspondence to the tasks 

in question and that the tasks themselves should comprise various levels o f  difficulty. 

Scales used to assess self-efficacy should contain a wide range o f intervals, thus 

sensitively capturing people’s judgments.

Uniqueness o f Self-Efficacy and Its Influence on Learning and Achievement

Based on Bandura’s theory o f self-efficacy, Zimmerman (2000) highlighted 

various research studies on the construct, its influence on student learning, and its 

interaction with academic self-regulation processes. Again, self-efficacy pertains to an 

individual’s judgments o f his or her capability to organize and perform tasks in order to 

meet designated goals. Zimmerman (2000) discussed a few unique components o f  the 

self-efficacy construct. Self-efficacy is a measure o f  one’s performance capabilities, not 

personal traits or characteristics. It is multidimensional, yet domain-specific. An 

example o f this is when a student’s efficacy beliefs about performing on a math task 

differ from those for a writing task. Self-efficacy measures are sensitive to various 

performance contexts; thus, performing in a noisy place may be different from learning in 

a quiet place. Self-efficacy measures depend on mastery criteria rather than normative 

criteria. One would be asked to make judgments about his or her capability to
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successfully complete an activity rather than compare his or her capability and success to 

others. Self-efficacy judgments pertain to future functioning and should be measured 

before performing the target tasks.

Zimmerman (2000) differentiated a self-efficacy construct from closely related 

constructs such as outcome expectancies, self-concept, and perceived control. He posited 

that self-efficacy is different from outcome expectancies because it pertains to a 

perceived competence o f performing tasks; on the other hand, outcome expectancies refer 

to attaining certain outcomes. Self-efficacy also differs from self-concept in its focus on 

specific tasks and corresponds to the performance in question; in turn, self-concept 

focuses on a variety o f personal characteristics that can be general in scope. Lastly, 

Zimmerman differentiated between self-efficacy and perceived control. Measures o f 

perceived control focus on general beliefs about whether outcomes are contributed by the 

actor or by external forces. Zimmerman cited evidence from various studies which 

showed self-efficacy to be a better predictor o f  academic outcomes than constructs such 

as outcome expectancy (Shell, Murphy, & Bruning, 1989), self-concept (Pajares &

Miller, 1994), and perceived control (Smith, 1989).

Zimmerman (2000) also discussed the role o f  self-efficacy in relation to various 

motivational variables such as persistence, choice o f  activities, effort, and emotional 

reactions. Self-efficacy beliefs were shown to influence academic motivation and 

learning. Research showed that students with a higher sense o f  efficacy were more likely 

to choose challenging activities, exert more effort when encountering difficulties, 

increase persistence when engaging activities, and experience less academic anxiety.
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Self-efficacy beliefs further influence students to self-regulate their learning process. 

Zimmerman posited that self-efficacy beliefs influence students’ motivation for learning 

by self-regulating their learning processes, including setting goals, monitoring and 

evaluating learning strategies, and using and modifying effective learning strategies. 

Based on this assertion, a high sense o f self-efficacy promotes greater motivation to 

learn, and students become engaged in self-regulated learning that, in turn, produces 

higher academic achievement. Zimmerman provided a summary o f  research on the self- 

efficacy construct and its influence on student motivation and learning. Further, through 

various research studies, the convergent and discriminant validity o f  perceived self- 

efficacy was established, and perceived self-efficacy was found to uniquely predict 

students’ achievement and motivation to leam.

To provide further evidence o f the validity o f the sclf-efficacy construct in 

relation to academic achievement and motivation, Multon, Brown, and Lent (1991) used 

meta-analysis to show the relation between self-efficacy beliefs and academic 

performance and persistence. A meta-analysis is a statistical technique to quantify 

evidence from a number o f studies (Hedges & Olkin, 1985). The researchers 

hypothesized that self-efficacy beliefs were positively related to academic performance 

and academic persistence. In order to select appropriate studies to include in meta­

analysis, three criteria were implemented: (1) a measure o f  self-efficacy, (2) a measure 

o f performance and/or persistence, and (3) sufficient information to calculate effect size. 

Studies published between 1988 to 1997 were considered for the study. A total o f  39
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studies were included; 38 o f  these studies were used for meta-analysis o f  performance 

and 18 o f these 39 studies were used for meta-analysis o f persistence.

For self-efficacy and performance meta-analysis, the results showed an overall 

effect size o f  .38. Across various types o f  student samples, designs, and criterion 

measures, self-efficacy accounted for 14% o f the variance in students’ academic 

performance. The researchers further examined variables that mediate effect size based 

on performance-efficacy meta-analysis. Four sources o f effect size variance were found: 

(1) time o f assessment, (2) students’ achievement level, (3) participants’ age, and (4) 

types o f performance measure. The researchers found that effect sizes o f  self-efficacy 

and performance were stronger when estimated from posttreatment (d = .58) rather than 

from pretreatment (d = .32). One interpretation was that this effect size difference was a 

result o f the self-efficacy-inducing treatments used in experimental studies, not only 

changing efficacy beliefs but also strengthening efficacy-performance relationships. The 

researchers also found that the relationship between efficacy and performance varied 

according to students’ achievement levels, with higher effect size for lower-achieving 

students (d = .56) and smaller effect size for average-achieving students (d = .33). As for 

the influence o f  the age o f  students on performance-efficacy, high school and college-age 

students displayed larger effect sizes (d = .41 and d = .35, respectively) than elementary 

school-age students (d = .21). Finally, measures such as basic skills produced a stronger 

effect size (d = .52), followed by classroom-based performance (d = .36) and 

standardized achievement tests (d = .13).
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For efficacy and persistence meta-analysis, Multon, Brown, and Lent (1991) 

found an overall effect size o f .34, indicating that self-efficacy accounted for 12% o f 

persistence. Interestingly, effect sizes for self-efficacy and persistence differed greatly, 

depending on how persistence was operationalized. When persistence was a measure of 

time spent on tasks, the effect size was . 17, compared to a measure based on number o f 

items/tasks completed or attempted (d = .48). Their meta-analyses showed that self- 

efficacy beliefs were significantly and positively related to academic performance and 

persistence on tasks. Although effect sizes could vary according to different 

experimental designs, time o f self-efficacy and performance, and participant age and 

achievement levels, this study quantitatively demonstrated the unique contribution o f 

self-efficacy in academic achievement and motivation.

In summary, the discussion o f  this section first focused on the uniqueness o f  the 

self-efficacy construct compared to other motivational constructs, and its influence on 

students’ academic achievement and motivation (Zimmerman, 2000). The discussion 

then sharpened its emphasis on the validity o f  the self-efficacy construct. By using a 

quantitative method, meta-analysis, Multon, Brown, and Lent (1991) found self-efficacy 

to have a significant and positive influence on academic achievement and motivation.

Research on Calibration

Thus far, the discussion has attempted to define, explain, differentiate, and 

validate the self-efficacy constiuct, both qualitatively and quantitatively. To understand 

self-efficacy calibration and its influence on students’ academic achievement, a closer

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



15

look at calibration and its measurement issues is warranted. Schraw (1995) discussed the 

different measures o f  feeling-of-knowing accuracy often reported in research. He first 

distinguished two ways to measure feeling-of-knowing: accuracy and association. 

Agreement accuracy was defined as "the degree to which feeling-of-knowing judgments 

and observed events agree,” while association referred to "the degree to which levels of 

one variable covary with levels o f  a second variables” (pp. 322-323). Schraw examined 

two measures: (1) the Hamann coefficient (HC) which measures agreement accuracy, 

and (2) Goodman and Kruskal’s gamma (y) which measures association. The researcher 

showed mathematical derivations and examples to distinguish between agreement 

accuracy and association. Even though the Hamann coefficient (HC) and gamma (y) are 

mathematically similar, they do differ in two ways: (1) observable range value (HC from 

-1 to 1; y from 0 to 1) and (2) HC sensitivity to the number o f incorrect responses (e.g., 

misclassification) in feeling-of-knowing. Schraw asserted that Goodman and Kruskal’s 

gamma (y) is not appropriate for measuring agreement accuracy. Although the Hamann 

coefficient is suitable for measuring accuracy, it is problematic because “it is not 

generalizable to a data array o f unequal dimension (e.g., 2 x 3)” (p. 329).

As an alternative to the Hamann coefficient, Schraw (1995) suggested bias and 

accuracy measures. These two measures o f  agreement accuracy were based on the 

Euclidean distance between predicted and observed performance. Bias refers to the 

measure o f  “the direction o f  judgment errors” while accuracy refers to the measure o f 

“the magnitude o f  judgm ent error” (p. 329). Bias is computed by taking the mean 

differences between predicted and observed scores that range from -1 to I, with scores
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greater than 0 indicating overconfidence and less than 0 underconfidence. Accuracy can 

be computed in two ways: by squaring the bias scores or taking the absolute value of 

bias scores; accuracy scores range from 0 to 1. The following empirical study employed 

measures o f bias and accuracy, along with a coefficient alpha and a point-biserial, to 

assess calibration.

Schraw, Potenza, and Nebelsick-Gullet (1993) studied calibration o f academic 

performance using an experimental design. They were interested in understanding how 

student calibration improved under different experimental manipulations, specifically 

whether feedback and external incentives affected test performance and calibration. One 

rationale they gave was that providing feedback during testing could improve calibration 

for subsequent tests. Another rationale was that one possible way to improve calibration 

was providing learners with external incentives such as rewards, especially since students 

may be unmotivated to engage in experimental tasks.

Schraw et al. (1993) used four different measures to assess calibration. First, 

mean bias was used to measure the direction o f judgment errors. Second, mean accuracy 

was used to measure the magnitude o f  judgment error. Third, a coefficient alpha was 

used to measure the internal consistency o f  performance scores. For example, an alpha > 

.70 suggested that students’ judgments about their performances were consistent, 

regardless o f  item difficulty or actual performance. Fourth, a point-biserial correlation 

was made between judged performance and actual performance. Mean bias and mean 

accuracy scores were compared across both easy and difficult tests. On easy tests, 80% 

o f  the questions were answered correctly, while on difficult tests, only 50% o f the
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questions were answered correctly. The researchers thought that by comparing bias and 

accuracy scores across tests with various difficulty levels, they could assess whether 

possible effects on these measures were due to test difficulty level.

Schraw et al. (1993) posed four hypotheses in their study. The first hypothesis 

was that easy rather than difficult questions would lead to less overconfidence and better 

calibration. Second, the researchers hypothesized that the incentive to improve 

calibration would decrease mean bias and increase calibration accuracy. By giving the 

students incentives to improve calibration, they were encouraged to reflect on their 

comprehension and performance (promoted self-generated cognitive feedback during 

testing); thus, this would, in turn, decrease mean bias and increase calibration accuracy. 

The third hypothesis was that the coefficient alpha would be high (e.g., a  > .90) due to 

participants’ subjective estimations o f  their performance versus objective information 

such as test item difficulty. Fourth, the researchers expected that correlations would be 

higher in the incentive groups than in the control group.

Eighty-five undergraduate students participated in the study, which was a 2 x 3 x 

2 experimental design with two types o f feedback (feedback vs. no feedback), three types 

o f  incentives (extra credits for improved performance, extra credits for calibration, and 

control), and two types o f  tests (easy and difficult). The easy test contained 36 multiple- 

choice questions in eight categories regarding reading comprehension (Nelson-Denny 

Reading Comprehension); the difficult test consisted o f  eight math questions (e.g., 

computing simple probabilities and combinatorial problems). The difficulty levels o f 

these tests were based on a pilot study and normed on 10 students per test. The overall

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



18

performance score was 76% for the easy test and 46% for the difficult test. With each 

test question came a rating scale along which students made their perceived accuracy 

judgments. This procedure was a post-hoc procedure: because the accuracy judgment 

was made after solving each question. The confidence scale ranged from no accuracy 

(0%) to perfect accuracy (100%). For feedback conditions, one group o f students 

received no feedback, while the experimental group received correct solutions after 

taking each subtest as a form o f feedback. For the incentive condition, one group of 

students was told they would receive double credits for improving performance if their 

scores were above the group mean. Another incentive group o f  students was told they 

would receive double credits if  they improved their calibration to w ithin 25% o f a perfect 

calibration. The third incentive group was a control group.

The results showed main effect incentives and tests. The researchers found that 

students who received extra credits (incentives) for improving calibration performed 

better than the control group. Post-hoc tests showed that the incentive-calibration group 

had higher confidence scores than the control group. Further, this group, which received 

incentives for improving calibration, made more accurate judgments about their 

performances. As for the test variable, the easy test (reading comprehension) was 

associated with higher performance, greater and lesser overconfidence, and greater 

accuracy. The researchers found a very high internal consistency on judged 

performances (a  = .92), but only a moderately high internal consistency on actual 

performance (a  = .69). In other words, students were more consistent about their judged 

performance than their actual performance on individual items. Finally, the researchers
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used point-biserial correlations between judged and actual performance scores across 

easy and difficult tests for each student. Contrary to the researchers’ hypotheses, these 

six experimental groups did not differ from one another across levels o f test difficulty. 

The researchers concluded that the point-biserial nonparametric correlations were 

insensitive measures o f differences among the groups.

Results o f  this study supported the hypothesis that incentives for calibration do 

affect performance and calibration. Students who received external rewards to improve 

calibration performed better, were less biased, and were more accurate than students who 

received rewards for improving performance. As for feedback, this study found no effect 

on performance, bias, or accuracy scores. The researchers concluded that feedback was 

o f  little value to learners because students self-generated feedback during the testing.

The researchers theorized that incentives were more effective than feedback in improving 

calibration because o f  their motivational importance. The hypothesis that students were 

more accurate when calibrating their performance on easy rather than difficult questions 

was also supported. However, this study has its limitations. First, the self-judgment 

measure was post-hoc (i.e., students made their accuracy judgments after performing on 

questions) unlike self-efficacy measures. The process o f answering in each question can 

provide self-evaluation opportunities and performance feedback. Further, the easy and 

difficult tests came from very different subject matter areas (reading comprehension vs. 

math); thus, the main effect o f  the tests may be due to the subject matter rather than to the 

level o f test difficulty.
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In summary, research on calibration provided several measures o f agreement 

accuracy and association. It is crucial to differentiate, qualitatively and quantitatively, 

between these two classes o f  measures. Calibration was best measured in terms o f bias 

and accuracy (Schraw, 1995). These measures (bias and accuracy) were found to be 

sensitive to variations in external rewards (e.g., received extra credits for improvement).

Mathematics and Gender

Mathematics in relation to gender has been extensively investigated from the 

perspectives o f career options, occupational interest, and educational choice. Various 

theoretical models have been developed to explain any differences in mathematics 

existing between males and females. In the first part o f this section, the importance o f 

mathematics performance, career interests in mathematics, and attitudes and affects 

toward mathematics in relation to gender is discussed (Eccles, 1994; Hyde, Fennema, & 

Lamon, 1990; Hyde et al., 1990). The second part o f this section focuses on one specific 

study regarding gender and cognitive and motivational behaviors during mathematics 

problem-solving (Vermeer, Boekaerts, & Seegers, 2000).

Eccles and her colleagues have studied gender in relation to educational and 

occupational choices for a number o f years. More specifically, they have researched the 

motivational and social factors that influence participants' achievement goals, career 

interests and choices, course selections, persistence and effort across achievement-related 

activities. Eccles (1994) summarized her research in this area over the past 15 years to
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answer an important question: “Why do women choose the particular occupations they 

do?” (p. 604).

Eccles’ (1994) achievement-related model was developed from several theories 

such as decision-making models, achievement theories, and attribution theories. Eccles’ 

model explained achievement-related choices made directly from beliefs in (1) 

expectation o f success and (2) subjective task values (e.g., incentive and attainment 

value, utility value, and cost). Her model depicted a number o f variables that influenced 

these beliefs, such as cultural milieu; socializers’ (parents and teachers) beliefs, aptitudes, 

prior achievement experiences; and children’s interpretations and perceptions o f  the 

culture, socializers’ beliefs, aptitudes, and experiences. Eccles (1994) hypothesized that 

people who make achievement-related choices are often guided by “(a) one’s 

expectations for success in, and sense o f  personal efficacy for, the various options; (b) the 

relation o f  the options both to one’s short- and long-range goals and to one’s core self- 

identity and basic psychological needs; (c) the individual’s gender role schema; and (d) 

the potential cost o f investing time in one activity rather than another” (pp. 591-592). 

Eccles and her colleagues tested many hypotheses delineated in this model.

Eccles (1994) discussed a number o f  empirical studies to better understand why 

women choose the particular careers they do. Using her expectancy-value model, she 

was able to demonstrate that gender differences are linked to differences in individual 

expectations for success and subjective task values regarding educational and 

occupational choices. She concluded that females are less likely than males to choose 

fields relating to mathematics and science because females have less confidence in their
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abilities and place less value on these fields than on other occupational fields. Eccles 

further suggested that gender socialization at home, school, and among peers influenced 

and shaped students’ self-perceptions and task values. She sought to explain gender 

differences in relation to educational and occupational achievement by evaluating 

individual studies according to her model. This comprehensive model included such 

variables as culture milieu, child’s aptitudes, child’s belief system, child’s interpretation 

o f experiences, and child’s affective memories. Thus, Eccles’ (1994) expectancy-value 

model provided considerable guideline for studying cognitive and motivational issues 

underlying gender and mathematics.

To test gender differences in mathematics performance, Hyde, Fennema, and 

Lamon (1990) conducted a meta-analysis. The investigators were interested in the 

following issues: (1) the magnitude o f gender difference in mathematics performance; 

(2) the magnitude o f  gender difference relating to the cognitive level o f  the tasks (e.g., 

computational, conceptual, problem solving or mixed); (3) the magnitude o f  gender 

difference relating to math content (e.g., arithmetic, algebra, geometry, calculus or 

mixed); (4) the developmental (age) gender difference; (5) the magnitude o f  gender 

difference in math relating to ethnicity; (6) the magnitude o f  gender difference in 

mathematics performance across various samples (e.g., national sample, general sample, 

highly selective sample, etc.); and (7) increase or decrease o f  gender difference in 

mathematics performance over the years.

One hundred studies were included for the meta-analysis, yielding 254 

independent effect sizes. Positive effect sizes indicated a favoring o f male participants
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and negative effect sizes a favoring o f  females. Overall, 51% o f the effect sizes were 

positive, 6% were zero, and 43% were negative. However, overall, the effect sizes were 

not homogeneous; thus, the researchers partitioned the effect sizes into more 

homogeneous subsets. In relation to gender difference in mathematics performance, the 

researchers found a small positive mean effect size (d = . 15). However, when the 

researchers looked at only general population samples, they found a small negative mean 

effect size (d = -.05). Females in the general population outperformed males by a very 

small number.

As for gender difference in mathematics in relation to cognitive level, Hyde, 

Fennema, and Lamon (1990) found very small effect sizes. They found females to be 

superior in computation (d = -. 14) and males to be superior in problem solving (d = .08); 

they found no gender difference in understanding concepts (d = -.03). When 

mathematics test content was examined, no gender differences in arithmetic and algebra 

performance were noted. However, males performed slightly better in geometry (d = . 13) 

and mixed math (d = .20). Interestingly, age difference showed only a small superiority 

in math performance among females during elementary (d = -.06) and middle (d = -.07) 

schools. However, there was a larger male superiority in math performance during high 

school (d = .29) and college (d = .41). As for ethnicity, the results showed no to very 

slight gender difference in math performance for Black (d = -.02), Hispanic (d = 0), and 

Asian (d = -.09) Americans. For White Americans, there was a small superiority o f 

males in math performance (d = . 13). The results also showed that gender difference was 

larger for highly selective samples (d = .54) and extremely selective samples (d = .41),
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showing male superiority in math performance. When studies were divided into two 

subsets based on publication date, the results showed that studies published before 1973 

reported a larger mean effect size favoring males (d = .31), compared with the mean 

effect size for studies published after 1973 (d = .14).

Hyde, Fennema, and Lamon (1990) conducted additional regression analyses to 

test the sources o f variance in effect size. They found that 87% o f the variance in effect 

size was explained by subject’s age, selectivity o f the sample, and cognitive level o f the 

test. O f the three variables, age was the strongest predictor o f effect size, followed by 

selectivity o f  the sample and cognitive level. In conclusion, this meta-analysis showed 

that overall gender difference in math performance was small. However, when looking at 

effect sizes within specific educational and task contexts, gender differences can be 

found. For example, during high school and even more so in college, females began to 

perform less successfully than males. Further, females performed less well on 

mathematics problem-solving tasks than males. These findings are critical because it is 

important to sustain female mathematics performance when girls move to high school 

and college. More important, problem solving is critical for success in many math- 

related and science-related educational and occupational fields.

In another meta-analysis, Hyde et al. (1990) compared gender in mathematics 

attitudes and affect. The study attempted to explore the following questions: (1) 

magnitude o f  gender differences in mathematics attitudes and affect; (2) developmental 

and gender differences on mathematics attitudes and affect; and (3) trend o f  gender 

differences in mathematics attitudes and affect over time. Measures o f math attitudes and
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affect constructs were based on Fennema and Sherman’s (1976) scales and the 

Mathematics Anxiety Rating Scale (Richardson & Suinn, 1972). Fennema and 

Sherman’s scales measured confidence in learning mathematics, mathematics anxiety, 

usefulness in mathematics, beliefs about math as a male domain, attitude toward success 

in mathematics, effectance motivation in mathematics, parental attitude reported by 

students, and teacher’s attitude. The Mathematics Anxiety Rating Scale, assessing math 

anxiety in everyday and academic situations, was also examined.

In Hyde et al.’s (1990) meta-analysis, 70 articles were examined, yielding 126 

effect sizes. Similar to Hyde, Fennema, and Lamon’s (1990) study, positive effect sizes 

indicated higher scores for males while negative effect sizes indicated higher scores for 

females. The results showed that all effect sizes were small with one exception: the 

stereotyping o f  math as a male domain (d = -.90). This finding indicated that more males 

than females believed math to be a male domain. When examining age and gender 

differences in math attitudes and affect, the researchers found larger effect sizes for high 

school students’ perceptions o f mother’s attitudes, father’s attitudes, and teacher’s 

attitudes, compared with other age groups. The age trend for attitudes toward 

mathematics was a positive increase o f  effect sizes, which indicated an increase in gender 

differences (males had more positive attitudes as their age increased). There was an 

overall positive effect size when examining mathematics self-concept or confidence (d = 

.16), with the largest effect size in the high school-aged group (d = .26). As for math 

anxiety, gender differences again favored males, indicating a lower math anxiety among 

males than among females. Hyde et al. (1990) conducted regression analyses to
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determine sources that predicted effect sizes; these predictors included age, selectivity o f 

sample, and year o f publication o f studies. Again, gender difference in mathematics 

attitudes and affect was larger with the high school-age group than the other groups. This 

meta-analysis showed that gender differences in mathematics attitudes and affect were 

generally small.

Effect sizes that showed gender differences, however small, indicated a pattern of 

females with more negative attitudes. With the two meta-analyses (Hyde, Fennema, & 

Lamon, 1990; Hyde et al., 1990) o f gender differences in mathematics performance and 

r .itudes and affect, it was interesting to note that the high school-age group o f students 

showed the most gender differences. Further examination is necessary to explain why the 

transition from middle school to high school contributed to such changes.

A study by Vermeer, Boekaerts, and Seegers (2000) sought to understand middle 

school students’ mathematics cognitive processes and affect beliefs. These researchers in 

the Netherlands studied the mathematical problem-solving behavior o f  sixth graders in 

relation to mathematical computation and application. Specifically, the researchers were 

interested in male and female student differences in cognitive and affective changes 

before, during, and after tasks. They measured task-specific variables, students’ 

appraisals, and learning intentions directly before and after task execution. They also 

measured behavior-related variables, student performance, persistence following failure, 

and students’ confidence/doubt during the problem-solving process. The first hypothesis 

o f  the study was that students were expected to have more positive appraisals and higher 

learning intentions with computation than with application problems. The second
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hypothesis was that students were likely to express higher confidence judgments and 

persistence after failing a computation problem rather than an application problem. The 

third hypothesis was the existence o f possible gender differences for variables measured 

with application problems, but not with computation problems. The researchers 

predicted that, compared to boys, girls were likely to express negative appraisals, show 

less confidence while solving application problems, and give up easily after solving an 

application problem incorrectly.

Using stratified random sampling, Vermeer et al. (2000) selected 160 sixth 

graders (80 girls, 80 boys) from 12 schools. After two students left the schools during the 

research period, 158 (79 girls, 79 boys) students remained in the study; they were 

predominantly Caucasian and from middle-class families. In the study, the researchers 

utilized five measures. One measure assessed students’ abstract reasoning ability that 

consisted o f analogies and categories subscales. The second measure, the On-Line 

Motivation Questionnaire (OMQ), assessed students’ task-specific appraisals, learning 

intentions, and attributions. This scale consisted o f two parts: one part was administered 

before students began the task, while the second part was given after the completion of 

the task. The first part consisted o f  appraisal questions (e.g., expectations, self-efficacy 

judgments, and task-difficulty perceptions) and learning intention questions measuring 

students’ commitment to the task (e.g., “How much effort are you going to put into this 

task?”). The second part o f  the scale consisted o f questions that assessed students' 

attributions. Students were asked to judge how well they had done with the task and 

what causes (capability, pleasure, luck, effort, and difficulty level) were attributed to the
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results. The third measure assessed students’ task performance on six computation and 

application question pairs. Vermeer, Boekaerts, and Seegers (2000) constructed these 

questions in pairs so that problems could be solved by using the same math skills for each 

pair. Because the researchers were interested in how students persisted after a failing 

experience, they asked students to solve one difficult problem after another. In other 

words, the first two math problems could be solved by 50% to 75% o f same-age students, 

followed by two difficult questions that could be solved only by 50% o f same-age 

students. The fourth measure was the Confidence and Doubt Questionnaire (CDQ), 

which assessed students’ confidence level during math problem solving. The 

questionnaire consisted o f  drawings o f five faces ranging from very sad (very doubtful) 

to very happy (very confident) expressions. During each problem-solving effort, the 

CDQ was presented to students several times on the test paper in order for them to make 

confidence judgments. The fifth measure assessed persistence, particularly related to 

students’ reactions after failing to solve a problem. The researchers operationalized 

persistence as the “number o f times students tried again divided by the total number o f 

incorrect solutions” (p. 310). Students who answered all computations or all application 

questions correctly were excluded from the persistence data analysis.

The main research procedure was assessing students individually in two separate 

sessions by one o f  the researchers. There was a three-month interval between the two 

testing sessions. In each session, individual students were instructed on testing 

procedures and then pretested. The researcher explained to the children that she was 

interested in how confident students felt before, during, and after they solved
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mathematics problems. When students understood the instructions and tried a few 

examples with the researcher, Part One o f  the OMQ was administered before students 

started the actual problem solving. While the students worked on each math problem, 

they were also asked to complete the CDQ, located on the left side o f each math problem 

worksheet. With each incorrect solution, the researcher asked each student whether he or 

she would like to solve the problem again or go on to the next question. If the student 

decided to try the problem again, he or she received a new worksheet. No feedback or 

help was given until the end o f  the session. At the end o f problem solving, students were 

given Part Two o f the OMQ. The researcher recorded the process o f  each student during 

both sessions (about 40 minutes per session).

Using repeated measures analyses on students’ task-specific appraisals, learning 

intentions, task performance, and perceived confidence, Vermeer et al. (2000) found 

some interesting results for computation/application problems and gender effects. For 

task-specific appraisals and learning intentions, the researchers found a task effect. 

Student scores o f  appraisal and learning intentions were higher for computation problems 

than for application problems. They also found a gender and task interaction. For 

application problems, boys indicated a higher competence than girls; however, girls 

perceived higher personal relevance for the task than boys. There was no gender 

difference in appraisal and learning intentions for computation problems. As for task- 

specific attributions with application problems, girls attributed failure more to lack o f 

capability and difficulty o f  tasks than did boys. Again, no gender differences were found 

with computation problems for attributions.
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Regarding task performance, the authors found that boys’ mean scores on 

application problems were significantly higher than girls’ mean scores. No gender 

difference was found on computation mean scores. Examining individual problems also 

revealed that boys solved all application problems as well as or better than girls did.

When comparing performances across tasks, 41% o f  the students performed better on 

application problems than on computation problems, while 55% o f the students 

performed better on computation problems than on application problems. Using chi- 

square statistics, the researchers found a gender difference in performance across types o f 

tasks. They found that more girls performed better than boys on computation problems, 

while more boys performed better than girls on application problems. For perceived 

confidence, the re se a rc h e rs  aggregated students’ scores across phases o f  the problem­

solving process since no variations were found across these phases. Students showed 

higher perceived confidence for four o f  the computation problems (e.g., problems 1, 2, 5, 

and 6) than their paired application problems. A reverse pattern was found for the other 

two problem pairs (e.g., problems 3 and 4): students’ confidence levels were higher for 

the application than the computation problems. The results revealed that perceived 

confidence was gender- and task-dependent. Post-hoc t-tests showed a gender difference 

in perceived confidence with application problems; boys’ perceived confidence was 

significantly higher than that o f  girls on two o f the application problems (e.g., problems 1 

and 2). As for persistence after failure experience, a gender difference was again found 

for application problems. Even though girls scored lower on application problems, they 

showed higher persistence while solving application problems.
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Vermeer et al. (2000) investigated relationships among behavior-related variables 

such as task performance, perceived confidence, and persistence. Correlation coefficients 

showed a strong relationship between task performance and perceived confidence for 

both application and computation tasks. Interestingly, the correlations were weak for 

persistence and perceived confidence on two types o f tasks. The results implied that 

perceived confidence was inconsistently related to persistence. However, persistence w as 

positively correlated with task performance, suggesting that high performers were more 

likely to persist than lower performers.

Many findings o f  the Vermeer et al. (2000) study had v aluable implications for 

mathematics education and an understanding o f  gender differences concerning students’ 

motivational orientations. This study showed that students had higher task appraisals and 

learning intentions for computation rather than application problems. Further, gender 

differences in task appraisal and learning intentions were especially evident in application 

problems. Boys performed better than girls on application problems and reported having 

higher confidence during problem solving. Contrary to one o f the hypotheses concerning 

persistence, even though girls showed a lower performance on application problems, they 

did show a higher level o f persistence. O f course, the persistence variable measured in 

this study did not examine the quality o f  the effort exerted and that should be o f  greater 

importance when assessing persistence in future studies.

Although the study provided many interesting findings and valuable implications, 

there were several important limitations. First, this study used only 12 problems, so that 

increasing the number o f problems may strengthen some o f the results. Second, the
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persistence measure was questionable because the task was solvable and thus subject to 

ceiling effects for skillful learners.

Thus far. the present discussion focused on the well-researched issue o f  gender 

and mathematics (Eccles, 1994) and showed, quantitatively, gender differences on 

mathematics attitude, affect, and performance (Hyde, Fennema, & Lamon, 1990; Hyde et 

al., 1990). The discussion also centered on gender differences in middle school students’ 

math problem-solving processes and motivational beliefs (Vermeer, Boekaerts, & 

Seegers, 2000). Examples o f interesting findings o f this study included: (1) gender 

differences on mean scores o f  applied problems (e.g., boys scored higher than girls) but 

no gender differences on computational problems; (2) girls showed lower confidence 

than boys did on applied problems; and (3) girls were more likely to attribute negative 

results to lack o f  capability and task difficulty. The next section examines the 

motivational variable o f effort and its relationship to self-efficacy and students learning.

Research Studies on Effort and Self-Efficacy

In this section, the discussion focuses on the positive relationship between effort 

and self-efficacy as well as student performance. Pintrich et al. (1993) developed a self- 

report instrument, Motivated Strategies for Learning Questionnaire (MSLQ), to assess 

college students’ motivational orientations and learning strategies for a college course. 

The MSLQ was then tested with 380 undergraduate students at a Midwestern college for 

its reliability and predictive validity. This instrument contained two main sections: 

motivational scale and learning strategies scale. Even though the MSLQ is a
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comprehensive instrument with 15 subscales, the present discussion here only focuses on 

(1) the self-efficacy for learning and performance, and (2) effort regulation. The self- 

efficacy for learning and performance consisted o f  eight items with questions such as “I 

believe I will receive an excellent grade in this class,” “ I’m certain I can understand the 

most difficult material presented in the readings for this course,” “ I am confident I can 

understand the basic concepts taught in this course,” and so on. The effort scale 

consisted o f four items with questions such as “I often feel so lazy or bored when I study 

for this class that I quit before I finish what I planned to do.” “ I work hard to do well in 

this class even if  I don’t like what we are doing,” “When course work is difficult, I give 

up or only study the easy parts,” and “ Even when course materials are dull and 

uninteresting, I manage to keep working until I finish” (Pintrich et al., 1991, pp. 13 and 

27).

The researchers found the internal consistency o f  these two subscales to be a  = 

.93 for self-efficacy for learning and performance, and a  = .69 for effort regulation. The 

two scales were correlated with each other (r = .44); most important, each scale was 

positively correlated with students’ course grade (self-efficacy, r = .41; effort, r = .32). It 

is important to show that a validated instrument assessing students’ motivation and 

learning strategies has positive correlations and also predicts students’ performance.

Using the self-efficacy scale from the Motivated Strategies for Learning 

Questionnaire (MSLQ), Bong (1997a) studied the congruence o f  measurement on 

relations between academic self-efficacy, effort, and achievement. The researcher 

posited that students are assessed in various school subjects with diverse tasks, but are
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evaluated based on aggregated (global) performance such as course grades. Thus, the 

academic self-efficacy measure should have equivalent scope and generality to maximize 

its predictiveness (Bong, 1997a). She assessed academic self-efficacy in two ways: (1) 

confidence rating o f  a sample o f  problems typical o f a school subject (problem- 

referenced), and (2) the self-efficacy scale o f  the Motivated Learning Strategies 

Questionnaire (MSLQ) that assesses students’ overall academic confidence in a given 

course (course-referenced).

With 588 high school students, Bong (1997a) asked students to fill out the self- 

efficacy scale o f the MSLQ, which was slightly modified for high school samples. In 

addition, students were asked to rate their self-efficacy judgment (i.e., confidence for 

solving each question correctly) on seven representative questions for six school subjects 

such as English, Spanish, U. S. history, algebra, geometry, and chemistry. Finally, 

students reported their most recent grades and filled out a usual effort expenditure scale 

in each o f the six school subjects. The effort expenditure scale consisted o f  three items 

per school subject; for example, (1) “How hard do you usually work when studying 

English?” (2) “ How hard do you concentrate when studying English?” and (3) “How 

much effort do you invest when studying English?” (Bong, 1997a).

The researcher found that problem-referenced and course-referenced academic 

self-efficacy measures were significantly correlated, ranging from r = .40 (U. S. history) 

to r = .72 (Spanish). Problem-referenced academic self-efficacy was positively and 

significantly correlated with usual effort expenditure in all six school subjects with 

correlations ranging from r = .11 to r = .47. Further, problem-referenced academic self­
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efficacy was positively and significantly correlated with each school subject grade 

(except U. S. history), with correlations ranging from r = .08 to r = .60. The course- 

referenced self-efficacy scale (MSLQ) was also found to correlate positively and 

significantly with effort expenditure (ranging from r = .26 to r = .59) and with course 

grades (ranging from r - .26 to r = .65). Even though both problem- and course-reference 

self-efficacy scales correlated positively and significantly with effort expenditure and 

course grades, the correlations produced from course-referenced self-efficacy had larger 

magnitudes than problem-referenced self-efficacy. Bong (1997a) found that both self- 

efficacy scales correlated positively and significantly with effort and course grades. In 

addition, she advised that the specificity o f self-judgment and performance measures 

should be congruent in order to improve predictiveness o f  the construct.

These studies by Pintrich et al. (1991, 1993) and Bong (1997a) clearly show that 

academic self-efficacy positively influences students' effort regulation or effort 

expenditure and performance such as course grades. To narrow and integrate 

components o f  the discussion thus far, the next section examines the mediating role and 

predictability o f  mathematics self-efficacy on various outcome measures as well as 

calibration o f  self-efficacy in relation to gender.

Research Studies on Mathematics Self-Efficacv

The discussion o f  this section focuses on studies o f  self-efficacy in relation to 

mathematics and accuracy or calibration o f mathematics self-efficacy. Hackett and Betz 

(1989) studied the relationship between mathematical performance and math self­
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efficacy, attitudes toward math, and choice o f majors by gender. Specifically, they 

wanted to examine the correspondence between self-efficacy and performance. One o f 

the objectives was to evaluate self-efficacy and performance relationship at a task- 

specific level. Another objective o f  the study was to investigate possible differences 

between males and females in the math self-efficacy and performance correspondence. 

The last objective was to examine the relationships among variables such as attitudes 

toward math, math self-efficacy, and math performance, and how these variables predict 

students’ educational choices such as academic major.

Participants in the study totaled 262 (153 women, 109 men) undergraduate 

students. Students received five instruments during one experimental session after which 

their ACT scores were obtained from university records. The first instrument was a 

background and career plans questionnaire used to gather demographic information as 

well as career plan information. Specifically, three variables (gender, number o f years o f 

math taken in high school, and math-relatedness o f  students’ college majors) were 

important to this study. The second instrument was the Math Self-Efficacy Scale 

(MSES) with 52 items and three subcomponents: (1) the Math Task Scale (18 items) 

consisting o f items on everyday math tasks such as balancing a checkbook; (2) the Math 

Courses Scale (16 items) consisting o f the number o f  math courses offered in the college; 

and (3) the Math Problem Scale (1S items) consisting o f  arithmetic, algebra, and 

geometry problems. For the Math Task component, students were asked to rate their 

confidence level for successfully solving each everyday task. For the Math Course 

component, students were asked to rate their confidence in completing each course and
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their expected grades. For the Math Problem component, students were asked to read 

each math problem and make a confidence judgment for correctly solving it. The third 

instrument was a mathematics performance scale that consisted o f  18 math questions 

corresponding to the 18-item Math Problem Scale o f the MSES. These 18 questions to 

be solved were similar, but not identical, to the questions for which students made 

efficacy judgments. ACT achievement scores (mathematics only) were also obtained as 

an additional index o f  math performance. The fourth instrument was the Fennema- 

Sherman Mathematics Attitude Scale that consisted o f  50 items assessing math anxiety, 

confidence in learning math, perceptions o f  the usefulness o f math, perceptions o f  math 

as a male domain, and effectance motivation in math. The fifth instrument was the Bern 

Sex-Role Inventory (BSRI), which contains a Masculinity scale and a Femininity scale 

and assesses personality characteristics which are socially desirable for men and women.

Hackett and Betz’s (1989) study showed a moderate and positive correlation (r = 

.44) between self-efficacy and math performance, thereby supporting one o f  their 

objectives. To microanalyze the relation between math self-efficacy and performance, 

the researchers computed deviation scores (D scores) for all 18 items and for each 

participant. A mean D score was then calculated for each student by averaging the D 

scores o f  all items. The D score is a standardized score ranging from -2.00 

(underconfidence in performance) to +2.00 (overconfidence in performance). A D score 

o f  zero indicates congruence between self-efficacy and performance. The researchers 

categorized the D scores into five ranges: overconfident (D score > .8); somewhat 

overconfident (.4 < D score < .8); congruent (.4 > D score > -.4); somewhat
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underconfident (-.4 > D score > -.8); and underconfident (D score < -.8). Overall, 35% of 

students were in the congruent range; however, 48% were in the overconfident range and 

only 18% were in the underconfident range. When the D scores were broken down into 

males and females, 43% o f women were found to be overconfident and 18% 

underconfident, while 54% o f men were overconfident and 16% underconfident. Even 

though more men appeared to be overconfident compared to women, a chi-square test 

showed no statistical difference between the gender and confidence categories.

Hackett and Betz (1989) further investigated math self-efficacy in relation to 

performance and attitudes toward mathematics. The results indicated that students who 

scored higher on math self-efficacy, math performance, and math achievement (ACT) 

tended to report a lower level o f  anxiety and a higher level o f  confidence, and saw math 

as useful, compared with students with lower scores. The researchers also used stepwise 

multiple regression to test variables that predicted students' college majors. They found 

that only math self-efficacy, gender, and years o f  high school math taken were significant 

predictors o f  science-/math-related college majors (R2 = .34). It seems that male students 

who reported a higher self-efficacy and took more years o f math in high school were 

more likely to select a science- or math-related major. To further understand the 

contribution o f  math self-efficacy in predicting declared college majors, a hierarchical 

regression analysis was performed since self-efficacy was correlated with math 

performance variables. The results showed that self-efficacy contributed significantly 

and uniquely to predicting declared college majors.
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In sum, the study by Hackett and Betz (1989) demonstrated the importance o f 

math self-efficacy in predicting the likelihood o f  declaring a science-/math-related major 

in college. A most interesting finding o f  this study was that the majority o f  students 

overestimated their capability for solving math problems. Using the Deviation (D) 

scores, the researchers demonstrated the students’ lack o f congruence in judging their 

confidence and actual performance. It would have been interesting if the researchers had 

included D scores to predict students’ declared science-/math-related majors. As such, 

the researchers were able to establish the important relationship between math self- 

efficacy and performance. Moreover, they were able to incorporate math self-efficacy 

and predict students’ declared majors beyond math performance and achievement. This 

study focused on male and female undergraduate students’ choices o f math- and science- 

related majors; the next study examines high school students’ math- and science-related 

career interests.

O ’Brien, Martinez-Pons, and Kopala (1999) investigated mathematics self- 

efficacy, ethnic identity, and gender in relation to mathematics and science career 

interests. The researchers were specifically interested in examining adolescent girls and 

minority group members for their mathematics and science career interests. They posed 

three hypotheses: (1) gender and ethnic identity will positively influence students’ 

interests in mathematics- and science-related careers; (2) gender and ethnic identity will 

influence students’ career interests when mediated through mathematics self-efficacy; 

and (3) mathematics self-efficacy will be influenced by students’ past academic 

performance in the areas o f mathematics and science.
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The study consisted o f 415 (221 male, 194 female) eleventh graders from two 

high schools. O f these participants, 165 were White, non-Hispanic; 124 were Hispanic; 

95 were Black; and 31 were Asian. The researchers used three measures for the study. 

The first measure was the Mathematics Self-Efficacy Scale (MSES), developed by Betz 

and Hackett (1983), which assessed: (1) the Math Task Scale (18 items) consisting o f 

items on everyday math tasks; (2) the Math Courses Scale (16 items) consisting o f the 

number o f  math courses offered in high school; and (3) the Math Problem Scale (18 

items) consisting o f  arithmetic, algebra, and geometry problems. For Math Task, 

students were asked to rate their confidence level for successfully solving each everyday 

task. For Math Course, students were asked to rate their confidence in completing each 

course with a grade o f  B or better. For Math Problem, students were asked to read each 

math problem and make a confidence judgment. The second measure was the 

Multigroup Ethnic Identity Measure (ME1M), which assessed student ethnic attitudes and 

sense o f  belonging, ethnic identity achievement, and ethnic behaviors or practices. The 

third measure was adapted from the Jackson Vocation Interest Survey (JVIS) to assess 

students’ career interests in engineering and science. The researchers also obtained SES 

information and PSAT scores from participants.

Results o f the study showed a number o f  significant correlations; (1) career 

interest with self-efficacy, PSAT, and gender; (2) self-efficacy with PSAT and ethnic 

identity; and (3) PSAT with SES. The researchers conducted further analyses using a 

path model. The path model explained 24% o f  the variance in interest in pursuing 

science and engineering careers, on which self-efficacy and gender had direct effects.
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This model accounted for 15% o f the variance in mathematics self-efficacy, as 

contributed by PSAT and ethnic identity. The model also explained 2% o f the variance 

in PSAT, contributed entirely by SES. The path analysis showed a significant association 

between self-efficacy with a career interest in science and engineering, self-efficacy and 

prior academic achievement (PSAT), and PSAT-influenced career interest as mediated by 

self-efficacy.

In sum, this study demonstrated that mathematics self-efficacy was a significant 

predictor of mathematics and science career interests among adolescents. Self-efficacy 

was further predicted by past academic achievement and ethnic identity. As the 

researchers hypothesized, gender directly predicted that students’ career interests in 

science and mathematics favored boys. Further, this study demonstrated that self- 

efficacy was influenced by ethnic identity and past academic performance. The findings 

also suggested that the mediating roles o f past academic performance and mathematics 

self-efficacy are important intervening factors that increase the interest o f girls and 

minority students in the fields o f  mathematics and science. However, O ’Brien, Martinez - 

Pons, and Kopala’s (1999) study has limitations. Even though ethnic identity influenced 

career interest as mediated by self-efficacy, it was not clear which ethnic groups were 

more likely to be interested in mathematics- and science-related careers. Similarly, it was 

not clear from the path analysis whether a gender x ethnic identity interaction influenced 

career interests.

Thus far, the present discussion has centered on students’ math- and science- 

related career interests and choice o f  majors, and how these outcomes were influenced by
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perceived self-efficacy, among other variables. The next study tested the mediating role 

o f  self-efficacy and compared it to other motivational variables, such as self-concept, by 

using path analysis.

Pajares and Miller (1994) set out to test Bandura’s hypotheses regarding the 

predictive and mediational role o f self-efficacy in mathematics through path analysis. 

Specifically, the researchers wanted to determine whether students’ self-efficacy 

judgments had a stronger direct effect on their problem-solving performance than did 

other variables (such as self-concept, anxiety, perceived usefulness, and prior experience) 

as related to mathematics and gender. Further, they examined whether self-efficacy 

mediated the effect o f  gender and prior experience on these variables and problem­

solving performance.

In this study, 350 undergraduate students (229 female, 121 male) from a public 

university in the South participated. Students filled out a number o f  scales during 

individual classes. First was a Mathematics Confidence Scale (MCS) which measured 

math self-efficacy. Second was a 20-item instrument that measured perceived usefulness 

o f  mathematics in domains such as social activities, employment, education, family life, 

and citizenship. Third, the Mathematics Anxiety Scale, a 10-item scale adapted from 

Betz (1978), was used to measure math anxiety. Fourth, the Self-Description 

Questionnaire, adapted from Marsh (1992) and consisting o f  academic and course- 

specific self-concepts, was used to measure math self-concept. Fifth, a self-report o f  the 

maximum level o f  math courses attained in high school was used to measure students’ 

prior experience with math. Sixth, a self-report o f semester credits earned in
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mathematics was used to assess students’ college math experience. Seventh, the 

Mathematics Problems Performance Scale, an 18-item multiple-choice test, was used to 

measure students’ math performance.

Using path analysis, Pajares and Miller (1994) showed that self-efficacy had 

significant direct effects on all other variables. Further, both direct and total effects o f 

self-efficacy were significantly stronger than other variables in the path model. 

Participants’ judgments o f  their capability to solve math problems were more predictive 

o f that problem-solving ability than were other factors in this analysis. As for gender, its 

effect on self-concept and performance was largely indirect and mediated by the self- 

efficacy variable. Male students reported higher math self-efficacy than did female 

students. Men also scored higher on performance than did women, even though no 

differences were found on prior math experience. Female students also reported higher 

anxiety than their male counterparts. Path analysis showed that differences in math self- 

efficacy contributed to differences in math performance.

The researchers found that, overall, students overestimated their math 

performance competence. Overestimation was defined as rating a question 4 or 5 (much 

confidence or complete confidence) on the self-efficacy scale but incorrectly solving it. 

Underestimation was defined as rating a question 1 or 2 (no confidence at all or very little 

confidence) but correctly solving it. Pajares and Miller (1994) found that 57% of 

students overestimated their performance (female, 57%; male, 58%), while 20% 

underestimated their performance (female, 21%; male, 17%). However, the researchers
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found no significant difference between males and females on either overestimation or 

underestimation o f  math competence.

The results o f  this study supported the authors’ hypotheses regarding the 

perceived and mediational roles o f  math self-efficacy. Math self-efficacy was more 

predictive o f  math performance than other motivation and math-related variables that was 

studied. Math self-efficacy was found to be an important variable that mediated the 

effect o f gender and prior math experience on self-concept, perceived usefulness o f  math, 

and math performance. Pajares and M iller’s (1994) study demonstrated the importance 

o f  self-efficacy for influencing students’ math performance above and beyond numerous 

motivation and math-related variables.

Thus far, this review has discussed the importance o f the self-efficacy construct 

and its mediating and predictability roles in mathematics performance, choices o f  math- 

and science-related majors and career interests, all in relation to gender. However, as the 

present study attempted to investigate math self-efficacy and calibration o f  self-efficacy 

in relation to gender, the focus o f the review is now narrowed to specific studies that 

examined these particular topics.

Ewers and Wood (1993) conducted one o f  the first studies to examine the 

accuracy o f  self-efficacy judgments. The purpose o f  this study was to investigate gender 

and ability differences between gifted and average-ability fifth graders in mathematics 

self-efficacy and prediction accuracy. The researchers focused on two self-efficacy 

dimensions: level and strength. An equal number o f  students (n = 19) comprised each 

group: average female, average male, gifted female, and gifted male. The criterion for
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average-ability students was based on a general aptitude score (Cognitive Abilities Test) 

which fell between 89 and 111. The gifted students were selected from the gifted 

program.

Students were asked to make self-efficacy judgments on 20 math problems that 

consisted o f 5 easy, 10 moderate, and 5 difficult problems. The students were asked to 

examine each math task and respond to the corresponding certainty question, “How sure 

are you that you will be able to correctly solve this problem?” The certainty scale was a 

5-point scale, with responses ranging from not at all sure (1) to totally sure (5). After 

students made all o f their predictions, they were instructed to solve the math problems. 

Self-efficacy level was measured by counting the number o f  problems out o f 20 (the total 

number o f problems) that had certainty ratings above 3; they calculated self-efficacy 

strength by summing the ratings and dividing by 20.

Using a 2 x 2 (gender by ability) ANOVA, the researchers found a statistical 

difference between the gifted and average groups on math performance, but no statistical 

difference between gender groups. The gifted group indicated a significantly higher level 

o f  math self-efficacy than the average group. However, no significant gender differences 

were found in math self-efficacy levels. Another 2 x 2  (gender by ability) ANOVA 

analyzed self-efficacy strength. The researchers found gender and ability main effects: 

Gifted students showed higher self-efficacy strength than average students. Further, 

regardless o f  ability level, males showed significantly higher self-efficacy strength than 

females, but there were no significant interactions.
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Students’ prediction accuracy was investigated by calculating the number o f 

negative hits for high self-efficacy predictions (ratings o f  4 or 5 for corresponding 

problems solved incorrectly). A 2 x 2 (gender by ability) ANOVA showed ability main 

effect and a marginal gender effect. The gifted group made fewer overestimations o f 

their ability to solve math tasks than the average group, but male students showed more 

overestimations than female students. Another measure o f prediction accuracy involved 

the number o f positive hits for low self-efficacy predictions (ratings o f 1 or 2 for 

corresponding problems missed). A 2 x 2 (gender by ability) ANOVA showed an ability 

main effect: The average group made fewer underestimations than the gifted group. In 

other words, gifted students correctly answered more problems even though they initially 

judged that they would not be able to solve them.

In sum, Ewers and W ood’s (1993) study demonstrated ability and gender 

differences in math self-efficacy among fifth graders, but no gender differences in math 

performance. As for prediction accuracy, gifted students made fewer overestimations 

than regular students, and girls made fewer overestimations than boys. However, average 

students were more accurate than gifted students regarding low self-efficacy predictions. 

This study was an early attempt to address calibration o f self-efficacy and performance; 

the researchers attempted to measure calibration as prediction accuracy and 

operationalize it as negative and positive hits. This study shed light on ability and gender 

differences on math self-efficacy judgments and calibration.

Another study by Pajares and Kranzler (1995) examined the influence o f  math 

self-efficacy and general mental ability on the math problem-solving ability o f  high
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school students. The purpose o f their study was to examine the predictive and mediation 

role o f  self-efficacy, while controlling general mental ability, on math problem solving in 

the high school environment. They hypothesized that (1) self-efficacy mediates the effect 

o f  gender, math level, and ability on math anxiety and math problem solving, and (2) 

self-efficacy independently contributes to predicting math problem-solving outcomes.

To test these hypotheses, the researchers first asked 329 high school students 

(grades 9-12) to complete the Raven’s Advanced Progressive Matrices (APM) general 

mental ability test. Second, students were asked to make math self-efficacy judgments on 

18 mathematics items consisting o f  arithmetic, algebra, and geometry problems. Third, 

students were asked to answer 10 math anxiety items consisting o f  five positively and 

five negatively worded items. Last, students were asked to solve the 18 math problems 

from which their math self-efficacy scores were obtained. In addition to these measures, 

the researchers included students’ math levels as another variable in the study. Math 

levels were operationally defined as students’ highest math course (1 -  applied math; 7 -  

calculus) completed by the time of their participation in the study. The researchers 

attempted to study calibration by examining students’ overconfidence and 

underconfidence. Overconfidence was defined as students’ self-efficacy rating (4, 5, or 6 

out o f  a possible 6) on an item with an incorrect solution; underconfidence was defined as 

a rating o f 1,2 or 3 with a correct solution.

Using path analysis, Pajares and Kranzler (1995) examined the direct and indirect 

effects among variables in order to answer their hypotheses. One o f  the important 

findings from path analysis was that self-efficacy and ability have a strong direct effect
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on math problem solving. Furthermore, self-efficacy has a strong effect on math anxiety, 

demonstrating that math anxiety was a by-product o f low math efficacy judgment. Path 

analysis showed a moderate effect o f math level on self-efficacy, suggesting that 

students’ experience in math courses are important sources o f  self-efficacy information. 

The path model showed that gender had no significant direct effect on self-efficacy; 

however, inclusion o f this path improved the model fit. Thus, gender has a direct and 

significant effect on math anxiety.

The researchers also found that most high school students were overconfident in 

their capability to solve math problems. According to their study, 86% o f the high school 

students overestimated and 9% underestimated their math performance. Only 1% (n = 4) 

o f  the sample accurately predicted their responses on all 18 items. Interestingly, they 

found that students who were overconfident erred more often (an average o f 6.2 

problems) than students who were underconfident (an average o f  3.5 problems).

Because ethnicity was not a variable used in the path model, the researchers 

performed a planned pairwise t-test comparison o f  ethnicity on variables using the path 

model. They found a few differences between African-American students and non- 

Hispanic White students. First, African-American students had significantly lower math 

performance than their counterparts. Second, African-American students also rated their 

self-efficacy significantly lower than White students. Interestingly, more African- 

American students were overconfident about their math capability despite their lower 

math performance. Significant differences were found between African-American (6.8 

problems) and White (5.2 problems) students on the number o f  overconfidence items.
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In sum, Pajares and Kranzler (1995) demonstrated that the math self-efficacy of 

high school students played a predictive and mediational role in math problem solving. 

Using path analysis, the researchers also demonstrated the direct effect o f  math self- 

efficacy on math anxiety and performance when general mental ability is controlled. In 

this sample, most o f the participating high school students, regardless o f  gender, were 

overconfident o f  their math capability. However, students who attained higher math 

levels were more accurate in judging their math capabilities. Although Bandura (1986) 

stated that overestimates o f one’s capability can sustain personal effort and persistence, 

the question remains: how much overconfidence is useful and how much becomes 

detrimental? Other questions are: why are students overconfident and what are the 

sources o f such overconfidence?

A later study by Pajares and Miller (1997) examined the forms o f  assessment that 

influence students’ math self-efficacy judgm ents and the relationships between math self- 

efficacy and performance. Specifically, an objective o f the study was to determine 

whether multiple-choice versus fill-in-the-blank forms o f assessment influenced students’ 

math self-efficacy judgments. A second objective o f  the study was to determine the 

relationship between math self-efficacy judgm ents and performance (calibration) as 

related to the two forms o f assessment. In addition, the researchers were interested in 

how gender may influence math self-efficacy, because this link had not been thoroughly 

studied previously. Three rationales for examining assessment formats included 

understanding: (1) the effects o f the format o f  math problems on confidence judgments;
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(2) the implications o f  these formats for learning and high-stake assessments, such as 

statewide tests; and (3) the effects o f  assessment formats on calibration.

The study included 327 eighth graders (178 girls, 149 boys), 199 o f  whom were in 

algebra and 128 in pre-algebra. Students were divided into four groups: Groups 1 and 3 

made self-efficacy judgments on open-ended math questions, while Groups 2 and 4 made 

self-efficacy judgments on similar math questions with multiple-choice answers. After 

students made their self-efficacy judgments on the questions, they were given the math 

problems in two formats: open-ended and multiple-choice. Groups 1 and 2 received 

multiple-choice while Groups 3 and 4 received the same instrument with an open-ended 

format. The four groups were labeled as follows: OE Eff7MC Perf (Group 1); VIC 

Eff/MC Perf (Group2); OE Eff/OE Perf (Group3); and MC Eff/OE Perf (Group4).

An instrument used in this study was a single-rating self-efficacy scale that 

accompanied each o f the 30 math questions. This 6-point Likert-type rating scale (1 = no 

confidence at all; 6 = complete confidence) measured students’ confidence level in 

correctly solving each math problem. The math performance instrument consisted o f the 

same 30 problems that were used to make self-efficacy judgments. The OE Eff/OE Perf 

and MC Eff/OE Perf groups o f  students received the math test in a fill-in-the-blank 

version, while the OE Eff/MC Perf and MC EflTMC Perf groups received a multiple- 

choice version o f  the test. The multiple-choice version consisted o f the same questions 

with five possible answers for each question; students were asked to circle one correct 

answer per question. To assess students’ calibration, Pajares and Miller (1997) used 

three measures. The first measure was mean bias that revealed the direction o f  the error
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judgments; this was calculated by subtracting actual performance from self-efficacy 

judgment. The second measure was mean accuracy that revealed the magnitudes o f the 

error judgments; this was calculated by subtracting the absolute value o f  each bias score 

from the absolute value o f  the highest range score. The third measure was item accuracy 

that reflected the number o f  math questions for which the self-efficacy judgments and 

performance scores were in accord. For example, an item accuracy score was the number 

o f  questions for which students rated a confidence level o f  4, 5 or 6 and then correctly 

solved, plus the number o f questions with a confidence rating o f  1, 2 or 3 and then 

incorrectly solved.

Using a MANOVA, Pajares and Miller (1997) showed a significant between- 

group effect for dependent variables such as math performance, self-efficacy, mean bias, 

mean accuracy, and item accuracy. To test for group effects on all dependent variables, 

the researchers used an ANOVA and found that students did not differ in self-efficacy 

judgments, but differed in performance, mean bias, mean accuracy, and item accuracy. 

First, students did not differ in their confidence level, regardless o f  the problem format 

presented to them. However, the two groups o f  students who took the multiple-choice 

performance test significantly outperformed those who took the open-ended question test. 

Thus, the groups that took the open-ended tests displayed larger mean bias, revealing 

greater overconfidence.

Using multiple regression, Pajares and Miller (1997) analyzed predictions o f  math 

performance. They found that the form o f  self-efficacy assessment did not predict math 

performance. In other words, students who rated their self-efficacy with an open-ended
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format (OE Eff) did not differ in math performance, compared with students who rated 

their self-efficacy (MC Eff) with a multiple-choice format. As researchers expected, 

there was a main effect for performance format. Students who took the multiple-choice 

format (MC Perf) test scored significantly higher than those who took the open-ended 

format (OE Perf) test. Further, math self-efficacy and math level predicted students’ 

math performance. Students enrolled in the algebra class who demonstrated a higher 

confidence level correctly solved more problems than students with a lower confidence 

level who were enrolled in the pre-algebra class. Regarding the students’ math 

performance predictions, the researchers found a gender by self-efficacy level interaction. 

Interestingly, this interaction indicated that girls with low self-efficacy outperformed 

boys with low efficacy; however, boys with high self-efficacy outperformed girls with 

high self-efficacy.

As for calibration, it was found that students who were enrolled in algebra and 

pre-algebra differed significantly not only in performance, but also in mean bias, mean 

accuracy, and item accuracy. Interestingly, students in algebra or pre-algebra did not 

differ in their self-efficacy levels. They also found that, regardless o f self-efficacy 

formats, students who were later tested with an open-ended question format were more 

poorly calibrated than students who tested with a multiple-choice format. As for gender 

effect, the researchers found no significant gender differences in performance and 

calibration.

Pajares and Miller’s (1997) study attempted to determine whether a traditional 

assessment format (multiple-choice), compared with another format (open-ended),
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influenced students’ self-efficacy judgments. The results showed that student self- 

efficacy was not affected by different assessment formats. However, the calibration o f 

some groups o f  students (MC Eff/OE Perf, OE Eff/MC Perf) was poorer than others 

because the former groups were not informed o f changing formats for subsequent tests.

As a result o f these format changes, the students’ level o f calibration could have been 

adversely affected. The researchers concluded that an open-ended assessment format 

could provide a more accurate measure o f students’ math capability than a multiple- 

choice format. Math performance with an open-ended format would not be inflated by 

guessing, thus worsening calibration due to students' overconfidence.

Pajares and Miller (1997) found no gender differences on math self-efficacy, 

performance, and calibration measures. However, with higher self-efficacy scores, boys 

were better predictors o f  their math performance than their female counterparts. By 

contrast, reverse relations occurred with lower scores o f  self-efficacy; boys were poorer 

predictors o f their math performance than were girls.

Pajares and Graham (1999) studied the influences and changes o f  various 

motivation constructs on the math performance o f  middle school students. Their research 

objectives were to: (1) determine whether math self-efficacy independently contributed 

to the prediction o f  math performance when other motivation variables and previous 

achievements were controlled; (2) discover when math self-efficacy began to change 

during the first year o f  middle school; and (3) examine whether gender and regular/gifted 

education placement varied on a number o f  motivation constructs. The motivation 

constructs examined in this study were: math self-efficacy, math anxiety, math self-
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concept, self-efficacy for self-regulated learning, value judgment o f math, and 

engagement.

The researchers studied 273 sixth graders (123 girls, 150 boys), including 188 

regular and 85 gifted students. Participants were given the measures o f motivation and 

math performance at the beginning (October) and toward the end (April) o f the academic 

year. One measure o f  math self-efficacy was a task-specific assessment o f students’ 

perceptions o f their competence for solving each math problem correctly. The 8-point 

scale ranged from 1 (not confident at all) to 8 (completely confident). To measure 

students’ math anxiety, the researchers adapted 8 out o f  10 items from Betz’s 

Mathematics Anxiety Scale (MAS), on which high scores indicate high anxiety. The 

math self-concept measure contained six items adapted from the Academic Self- 

Description Questionnaire II (ASDQII) (Marsh, 1990, 1992), which measures students’ 

global attitudes and perceptions toward mathematics (e.g., “1 have always done well in 

mathematics”). They also assessed students’ self-regulated learning and strategies used 

with a sub-scale o f  Bandura’s Children’s Multidimensional Self-Efficacy Scale 

(Zimmerman, Bandura, & Martinez-Pons, 1992). The researchers used 7 o f  the 11 items 

that focused on assessing students’ capability judgments about finishing homework on 

time, planning schoolwork, and studying when faced with distractions. The researchers 

also measured students’ value judgments about mathematics such as perceived 

importance, interest, and enjoyment. To assess students’ engagement, Pajares and 

Graham used three items to measure their effort and persistence in math.
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In addition to motivation-related variables, outcome measures o f  students’ 

mathematics performance, previous academic achievements, and calibrations were 

included. The math outcome measures were end-of-unit exams similar to those on which 

students made their math self-efficacy judgments. Previous achievements included 

students’ percentile scores on the Iowa Test o f Basic Skills, and students' grade point 

averages in mathematics for semesters during fifth and sixth grades. To measure 

calibration o f  self-efficacy, Pajares and Graham used two measures: mean bias and mean 

accuracy, as recommended by Schraw (1995). Mean bias, indicating the direction o f the 

error judgments, is calculated by subtracting the actual performance from the self- 

efficacy judgment. Mean accuracy, indicating the magnitudes o f error judgments, is 

calculated by subtracting the absolute value o f each bias score from the absolute value of 

the highest range score.

Pajares and Graham (1999) conducted multiple regression analyses to determine 

whether self-efficacy made an independent contribution when other variables were 

controlled. Separate analyses were done for data collected at the beginning and end of 

the academic year. Simple t-tests were also calculated to determine differences on 

measures taken in October and April. Finally, multivariate analyses were conducted to 

test whether any observed differences in math performance, motivation-related variables, 

and calibration were due to gender, regular/gifted placement, and their interactions.

The results showed that the April math performance test was more difficult than 

the October test. In accordance with math performance, math self-efficacy scores were 

lower in April than in October. As predicted, gifted students outperformed regular
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students on both math tests, but boys and girls demonstrated no gender differences in 

math performance tests. Pajares and Graham (1999) also found that the independent 

variables accounted for 56% (October) and 53% (April) o f  the variance in math 

performance. To fulfill the first objective o f  the study, the researchers compared 

differences between the full model (with self-efficacy as a predictor o f  performance) and 

the reduced model (removing self-efficacy as a predictor o f performance). The results 

showed that self-efficacy made an independent, but modestly significant, contribution to 

predict math performance in both October and April (Pajares & Graham, 1999).

To achieve the second objective, discovering the changes in math-related 

constructs at the beginning and end o f  the academic year, simple t-tests with adjustment 

for multiple comparison were conducted. The researchers found significant differences 

between the two semesters on math performance and self-efficacy scores, but not on math 

anxiety, self-concept or self-efficacy for self-regulation. Interestingly, the researchers 

found that students’ value o f math decreased, and they reported exerting lower effort and 

persistence at the end rather than the beginning o f  the academic year. Further, students 

were more biased and overconfident at the end o f  the school year; their self-efficacy 

beliefs were less in accord with their performance scores.

As for gender and gifiedness differences on math and motivation-related 

variables, the researchers found no gender differences in math performance (for both fall 

and spring). There was also no gender difference in any o f  the motivational constructs. 

However, they found that gified students had higher math performance scores and were 

less biased toward overconfidence. Gifted students were better calibrated than regular
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students and also reported higher math self-efficacy and math self-concepts for both 

October and April administrations.

Although the main objectives o f  Pajares and Graham’s (1999) study did not 

include calibration (the accuracy o f students’ self-perceptions and their actual 

performance), their findings that students’ calibration measures were highly correlated 

with math performance were intriguing. Overall, students were overconfident in their 

self-efficacy judgments, but gifted students had less overconfidence than regular students. 

The mean accuracy measure o f  calibration correlated (fall, r = .88; spring, r = .81) with 

math performance, exceeding the uncalibrated measure o f  self-efficacy (fall, r = .57; 

spring, r = .59). This suggests that calibration may improve the prediction validity o f 

self-efficacy measures. However, Pajares and Graham’s (1999) approach for assessing 

calibration had limitations, namely that students’ math performance scores were also part 

o f  the two measures o f calibration. Thus, the question o f the value o f  self-efficacy 

calibration remains unanswered.

The following study used different methods o f  measuring confidence judgments 

o f  undergraduate students on test questions. Lundeberg, Fox, and Puncochar (1994) 

examined the confidence o f undergraduate students after they answered specific test 

questions. The purpose o f their study was to examine the potential gender differences 

among undergraduates in making confidence judgments on course materials. The 

researchers were interested in answering two key questions: (1) “Are men more 

confident than women that their answers to exam questions are correct?” and (2) “Are 

men better calibrated in confidence than women; that is, do higher confidence ratings
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indicate appropriate accuracy and lower rating inaccuracy?” (p. 115). Furthermore, the 

researchers posed follow-up questions which: (1) tapped into possible gender differences 

in specific content items, (2) compared top-half and bottom-half students’ confidence, 

and (3) compared graduate and undergraduate students’ confidence.

Participants (181 women, 70 men) were drawn from three different psychology 

courses. Two groups o f  students came from psychology laboratory methods sequence 

courses (Lab 1 and Lab 2); the third group came from a learning and memory course that 

consisted o f graduate and upper-division undergraduate students (Memory Group). All 

students in the three groups took pretest and final exams. Pretests consisted o f  quizzes 

given during classes. After answering each question, students were given a 

corresponding rating scale on w hich to indicate their confidence in answering the 

questions correctly. The Lab Groups rated their confidence on a 5-point scale ranging 

from pure guess (1) to very certain (5). The confidence estimates o f  the Memory Group 

ranged from 50% to 100% for true-false items and 25% to 100% for multiple-choice 

items. For final exams, Lab 1 students had to answer 27 multiple-choice questions 

accompanied by 27 confidence ratings. Lab 2 students had to answer 23 multiple-choice 

questions along with 23 confidence ratings. Specific domains assessed in Lab 1 and 2 

final exams were computational skills, experimental design, descriptive statistics, and 

conceptual content (e.g., animal learning, auditory psychophysics, and reaction time). 

Memory Group students had 23 true-false and 17 multiple-choice questions along with 

confidence estimates. Lundeberg, Fox, and Puncochar (1994) only presented data 

collected on the final exams.
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For calibration o f  participants’ confidence accuracy, the researchers calculated 

students’ Confidence Accuracy Quotient (CAQ): mean confidence correct minus mean 

confidence wrong, divided by standard deviation o f  confidence (across both correct and 

incorrect). A zero CAQ indicated that an individual had no calibration o f confidence. A 

positive CAQ score indicated higher confidence when correct than when wrong, and a 

negative CAQ score indicated higher confidence when wrong than when correct.

The results showed that in both Lab 1 and Lab 2, m en’s confidence levels were 

higher than wom en’s when answering questions correctly and incorrectly. The Memory 

Group indicated no gender differences regarding confidence level, but both genders in 

this group overestimated their likelihood o f being correct. The researchers found, in 

general, that both men and women showed a moderate degree o f  calibration in their 

confidence ratings. In other words, participants expressed higher confidence when 

answers were correct than w hen answers were wrong. Significant gender differences in 

CAQ scores were found in Lab 1 and Lab 2, with women obtaining higher scores than 

men. Women in the two groups indicated higher confidence when answers were correct 

than when answers w ere wrong. The Memory Group showed no significant gender 

differences in CAQ scores.

When examining domain-specific gender differences in both Lab groups, the 

results revealed significant gender differences in confidence with items assessing math 

computational skills. Male students displayed higher confidence than female students did 

when correct and incorrect. Similarly, with descriptive statistics questions, male students 

in Lab 2 were more confident than their female counterparts when the answers were
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wrong. However, m en’s higher confidence levels were not shown to be consistent across 

all four content areas. Gender differences in confidence levels were dependent both on 

contexts and on domain being tested. In the domain o f  math computation, men were 

more confident than women, whereas in other domains (psychological science and 

experimental design), there were no significant gender differences. Calibration in 

specific contexts was dependent on gender in the two Lab groups. For example, women 

calibrated 87% o f the time for 7 out o f 8 instances (2 Labs x 4 domains), and men 

calibrated 37% o f the time for 3 out o f 8 instances. In general, the researchers noted that 

when women were wrong, their confidence ratings were closer to 3 (mixed feelings o f 

confidence and uncertainty), whereas when men were wrong, their confidence ratings 

were closer to 4 (reasonably confident) (Lundeberg, Fox, & Puncochar, 1994).

Both men and women in the Memory Group showed overconfidence in the 

accuracy o f their answers, but women in this group were slightly but not significantly 

more confident than men. Since the Memory Group consisted o f  both graduate and 

undergraduate students, separate analyses were also conducted. Among graduates in the 

Memory Group, women were more confident than men about answering correctly and 

incorrectly. As for the undergraduates in the Memory Group, undergraduate men were 

more confident when incorrect than when they were correct.

Overall, Lundeberg, Fox, and Puncochar’s (1994) study showed that although 

both women and men were generally overconfident, undergraduate men were especially 

overconfident when incorrect. Further, the gender differences o f  confidence and 

calibration were dependent on the content o f  the test items. In some content areas such as
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math computation and statistics, men were more confident than women; in other domains 

such as experimental design and psychological sciences, however, no gender difference 

was found. Nevertheless, the methodology o f  Lundeberg, Fox, and Puncochar’s (1994) 

study had its limitations. First, students rated their confidence judgments afier they had 

answered the questions; it was a post-hoc study. The process o f solving questions before 

making confidence judgments provides more information than self-efficacy judgments 

made prior to solving problems. Thus, results may differ if the confidence judgments 

were made prior to answering the questions. Second, the two Lab groups (Lab 1 and 2) 

did not answer the same number o f questions and the Memory Group assessed their 

confidence level differently, making interpretations o f  the results more difficult.

In summary, this section o f the literature review examined studies that tested the 

mathematics self-efficacy construct in relation to a number o f cognitive and motivational 

variables. Hackett and Betz (1989) and O ’Brien, Martinez-Pons, and Kopala (1999) 

investigated mathematics self-efficacy in relation to math- and science-related choices o f 

majors and interests. Both studies showed that math self-efficacy is an important 

motivational variable that positively predicts college and adolescent students’ choices o f 

science- and math-related majors. The discussion then examined the mediating role o f  

math self-efficacy using path analysis (Pajares & Miller, 1994). Compared to self- 

concept and other math-related variables, self-efficacy was more predictive o f math 

performance. Ewers and W ood’s (1993) study was one o f  the first to examine the 

accuracy judgments o f math self-efficacy. Pajares and his colleagues (Pajares & Graham, 

1999; Pajares & Kranzler, 1995; Pajares & Miller, 1997) refined the study o f  the self­
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efficacy accuracy o f  calibration, using measures such as mean bias and mean accuracy. 

Finally, Lundeberg, Fox, and Puncochar (1994) studied the confidence o f  undergraduate 

male and female students by using measures that differed from Pajares and his 

colleagues.

The next and last section o f this chapter presents a synthesis o f the research 

discussed in the literature review as a foundation and rationale for the present study. 

Drawing from these research studies, the hypotheses were then asserted and tested in the 

present study.

Synthesis and Hypotheses

To synthesize research on the calibration o f  mathematics self-efficacy that was 

discussed in the literature review, it is crucial to reanalyze the pertinent points o f each 

sub-section. The sub-sections consisted o f  an overview o f self-efficacy theory, the 

uniqueness o f  the self-efficacy construct in relation to academic achievement and 

motivation, measurement issues o f calibration, mathematics in relation to gender, 

research on self-efficacy and effort, and studies on mathematics self-efficacy.

A theoretical foundation o f  self-efficacy by Bandura (1986,1997) anchored the 

issues o f  calibration o f  mathematics self-efficacy. Bandura (1986, 1997) introduced the 

construct o f  self-efficacy, which refers to one’s judgments o f  his or her capability to 

perform diverse tasks at designated levels. Self-efficacy affects how an individual makes 

choices in his or her environment as well as choices o f  activities, o f  courses o f  action to 

take, o f amount o f  effort to exert, and o f  length o f  time engaged on each task. Bandura
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(1997) asserted that self-efficacy has three dimensions— level, strength, and generality— 

it should be assessed in terms o f  “can do” rather than “will do.” Further, self-efficacy 

should be measured in correspondence to the tasks in question while the tasks themselves 

should be comprised o f various difficulty levels. The theory o f self-efficacy has been 

widely studied in many academic fields including mathematics.

After establishing the theoretical foundation, the focus was on the uniqueness of 

the self-efficacy construct that was summarized by Zimmerman (2000) and quantified by 

Multon, Brown, and Lent (1993). Zimmerman (2000) discussed its uniqueness and 

positive influence on academic learning, achievement, motivation, and self-regulation 

processes. Research showed that students with higher self-efficacy were more likely to 

put forth effort when encountering adverse situations, choose more challenging activities, 

and increase persistence when engaging activities. A high sense o f  self-efficacy 

promotes greater motivation to leant; students become more engaged in self-regulated 

learning and. in turn, produce higher academic performance. The researcher pointed to 

key research studies that demonstrated the uniqueness o f  the self-efficacy construct and 

its positive influence on student motivation and academic learning. To provide funher 

evidence o f  the validity o f the self-efficacy construct in relation to academic achievement 

and motivation (e.g., persistence), Multon, Brown, and Lent (1993) conducted a meta­

analysis to quantify the effects o f research studies pertaining to academic self-efficacy. 

They found that self-efficacy had an overall effect size o f .38 and accounted for 14% of 

the variance in students’ academic performance. As for self-efficacy in relation to 

academic persistence, the researchers found an overall effect size o f  .34 while self-
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efficacy accounted for 12% o f academic persistence. It is clear that self-efficacy is an 

important construct in relation to student academic achievement and possesses a 

mediating role o f academic motivation. Even though self-efficacy, according to Multon 

et al. (1993), accounted for 14% o f the variance in academic achievement and 12% in 

motivation (e.g., persistence), much variance has not been explained. It may be possible 

to increase the predictability o f  self-efficacy to explain academic achievement and 

academic motivation. Although a higher sense o f self-efficacy improves student 

achievement, it is not clear whether a more accurate sense o f self-efficacy contributes 

above and beyond to self-efficacy levels and strength

To understand self-efficacy accuracy or calibration, its measurement issues were 

considered. Schraw (1995) distinguished two ways to measure feeling-of-knowing in 

terms o f agreement accuracy and association. Agreement accuracy was the degree o f 

feeling-of-knowing judgm ent o f  an event and its observed outcome. Measuring self- 

efficacy calibration aligned closely with measuring agreement accuracy. The researcher 

recommended measuring agreement accuracy in terms o f  its bias and accuracy. These 

two measures were based on the Euclidean distance between predicted and observed 

performance. Thus, bias measures the direction o f judgment errors while accuracy 

measures the magnitude o f  judgment errors. Using these two measures as part o f 

measuring calibration, Schraw, Potenza, and Nebelsick-Gullet (1993) studied the effects 

o f feedback and external incentives on academic performance and calibration. They 

found students to be better calibrated and demonstrating lesser overconfidence with the 

easy test than with the difficult test. Further, students who received external rewards to

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



65

improve calibration did better on their performance and were less biased and more 

accurate than students who received rewards for improving performance.

Before shifting the focus to calibration o f  mathematics self-efficacy, measurement 

issues o f calibration need to be examined. The discussion now centers on important 

issues o f mathematics and gender. Mathematics in relation to gender has mostly been 

examined from the perspectives o f career options, occupational interest, and educational 

choices. Eccles (1994) summarized numerous studies on gender in relation to 

educational and occupational choices. She and her colleagues specifically investigated 

motivational and social factors that influence students’ achievement goals, career 

interests and choices, course selections, persistence and effort. Eccles’ (1994) 

achievement-related model was developed based on decision-making models, 

achievement theories, and attribution theories. Eccles concluded that female students 

were less likely to choose fields such as mathematics, science, and engineering than male 

students. She also found that females had less confidence in their abilities and placed less 

value on math-related fields than males did. After examining differences on gender in 

relation to mathematics, the discussion then centered on quantifying these differences. 

Hyde, Fennema, and Lamon (1990) conducted a meta-analysis to test gender differences 

in mathematics performance. They found, overall, that gender difference was small in 

math performance; how ever, more noticeable gender differences in math performance 

were found when considering participants’ age, selectivity o f  sample, and cognitive level 

o f  the test. In another meta-analysis, Hyde et al. (1990) compared gender and 

mathematics attitudes and affect. Overall, they found small effect sizes with one
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exception: the stereotyping o f math as a male domain. This finding indicated that more 

males than females believed math to be a male domain. When the researchers examined 

age and gender differences in math attitudes and affect, they found larger effect sizes for 

the high school-age group; males had more positive math attitudes as their age increased, 

compared to females. Overall, effect sizes were small, but some were worth noticing.

The authors also found positive effect size (favoring males) for math self-concept and 

confidence, with a larger effect size for the high school-age group. Again, for math 

anxiety, males had lower anxiety compared to females. Even though Hyde et al.’s (1990) 

meta-analysis produced, overall, small effect sizes on gender differences on attitudes and 

affect, any statistically significant effect sizes were still worth noting.

Recently, Vermeer, Boekaerts, and Seegers (2000) conducted a study to examine 

middle school students’ motivation and gender differences. Specifically, the researchers 

were interested in male and female student differences in cognitive and affective changes 

before, during, and after mathematics tasks (computations and applications). They found 

no gender differences on solving computational tasks, but some gender differences on 

solving applied problems (boys scored higher than girls). When examining perceived 

confidence, the researchers found that students had higher confidence with computational 

tasks than with applied tasks. However, they also found girls to have lower confidence 

on applied tasks compared to boys; girls were more likely to attribute their failure to lack 

o f  capability and to task difficulty. Girls also showed a higher persistence rate than boys 

on applied tasks. Vermeer et al.’s (2000) study is a recent effort to investigate gender 

differences on math problem-solving behaviors and motivation. Even though this study
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was conducted in the Netherlands, it lends support for further research on gender 

differences in mathematics problem-solving behaviors and achievement motivation.

Next, the discussion focuses on the relationship between self-efficacy and motivational 

variable, effort, and its contribution to predicting performance.

Pintrich et al. (1991, 1993) developed the Motivated Strategies Learning 

Questionnaire (MSLQ) to assess students’ motivational beliefs and learning strategies. 

Working with college population, they found that students’ self-efficacy was positively 

and significantly correlated with effort regulation. In addition, effort positively 

influenced students’ course grades. It was clear that effort is an important motivational 

variable and highly correlated with self-efficacy. Bong (1997a) compared the self- 

efficacy measure from the MSLQ (which she termed course-referenced self-efficacy) and 

item specific self-efficacy scale (which she termed problem-referenced self-efficacy) to 

test the predictiveness o f students’ effort expenditure and course grades. She found that 

the course-referenced self-efficacy measure had a higher and significant correlation with 

students’ effort expenditure as well as their course grades. She cautioned researchers that 

measures o f  students’ self-perceptions such as self-efficacy and performance such as 

course grades should be congruent with their globalness or specificity. Next, the 

discussion interweaves the self-efficacy theory, research studies on calibration, and issues 

on gender and mathematics.

Mathematics self-efficacy has been shown to predict math performance; it is more 

highly predictive than other common motivation and math-related variables (Pajares & 

Miller, 1994). In addition to being a unique and important construct in achievement
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motivation, a great contribution o f self-efficacy was an understanding o f gender 

differences in the occupational and educational fields o f  mathematics. While math self- 

efficacy has great predictability for math performance, it also predicts the likelihood o f 

college students choosing majors in the field o f mathematics and science (Hackett &

Betz, 1989). Furthermore, math self-efficacy is a good predictor o f  high school students’ 

interests in pursuing math and science careers (O ’Brien, Martinez-Pons, & Kopala,

1999).

The focus o f  self-efficacy studies also shifted to an examination o f  self-efficacy 

calibration—the accuracy o f students’ self-efficacy and their actual performance. Ewers 

and Wood (1993) examined the accuracy o f  self-efficacy judgments o f  fifth graders.

They found gifted students to be more accurate about their capability for solving math 

tasks than average students. They also found that boys made more overestimations o f 

their capability to solve math problems than did girls. However, their measure of 

accuracy was not optimally sensitive. They counted the number o f  negative hits for high 

self-efficacy predictions (rating 4 or 5 for corresponding problems solved correctly) and 

the number o f  positive hits for low self-efficacy predictions (rating 1 or 2 for 

corresponding problems missed). Such measurements o f  accuracy were not sensitive 

enough to capture a self-efficacy rating o f  3. A similar objective o f  Pajares and 

Kranzler’s (1995) study was to study calibration by examining students’ overconfidence 

and underconfidence. Overconfidence was measured as students’ self-efficacy ratings (4, 

5 or 6 out o f a possible 6) on items with incorrect solutions, while underconfidence was 

measured as ratings o f 1, 2 or 3 with correct solutions. They found, overall, high school
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students were overconfident in their capability for solving math problems. The 

researchers found no gender differences on calibration; however, they found ethnic 

differences: African-American students had lower math performance and lower self- 

efficacy ratings compared with their White counterparts. However, more African- 

American students were overconfident about their math capability despite their lower 

math performance.

Using different methods o f measuring confidence judgments (Confidence 

Accuracy Quotient—CAQ), Lundeberg, Fox, and Puncochar (1994) examined 

undergraduate students’ confidence after answering test questions. They found, overall, 

that both male and female students were overconfident, with males surprisingly 

overconfident when wrong. The gender differences o f confidence and calibration were 

dependent on the content o f  the test items. In some content areas such as math and 

statistics, men were more confident than women; in other domains such as experimental 

design and the psychological sciences, no gender difference was found. Even though 

studies have measured calibration or accuracy judgments in many different ways, mean 

bias and mean accuracy were more appropriate, according to Schraw (1985).

Self-efficacy calibration was not the main objective studied by Pajares and Miller 

(1997) and Pajares and Graham (1999), but they did find that both measures o f 

calibration (mean bias and mean accuracy) were significantly correlated with math 

performance. Pajares and Graham (1999) found that mean accuracy measure (fall, r =

.88; spring, r = .81) and mean bias (fall, r = -.63; spring, r = -.68) correlated with math 

performance, exceeding the uncalibrated measure o f self-efficacy or self-efficacy strength
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(fall, r = .57; spring, r = .59) in magnitude. They found students were, overall, 

overconfident in their self-efficacy judgments; however, gifted students had less 

overconfidence than regular students. However, the data collection approach taken by 

Pajares and his colleagues assessing calibration had its limitations: namely, that students’ 

math performance scores were also part o f the mean bias and mean accuracy measures. 

Thus, the question o f the value o f self-efficacy calibration remains unanswered.

It is important to note that various studies have shown that students were 

generally overconfident and inaccurately calibrated in their math performances (Ewers & 

Wood, 1993; Lundeberg, Fox, & Puncochar, 1994; Pajares & Graham, 1999; Pajares & 

Kranzler, 1995; Pajares & Miller, 1997; Vermeer, Borkaerts, & Seegers, 2000). Further, 

it is important to understand why students are inaccurate in assessing their confidence 

judgments and performances. Moreover, some o f  the studies (Ew ers & Wood, 1993; 

Lundeberg, Fox, & Puncochar, 1994; Vermeer, Borkaerts, & Seegers, 2000) found 

differences between male and female students’ calibration. Thus, it is important to seek 

out the sources that possibly influence students’ inaccurate self-efficacy calibrations.

Objectives and Hypotheses

Objective and Hypothesis 1. The first objective o f  the current study was to 

determine whether calibration measures o f  mathematics self-efficacy are separate 

dimensions o f  the self-efficacy construct. Calibration measures o f mathematics self- 

efficacy were termed self-efficacv calibration bias and self-efficacv calibration accuracy 

(Pajares & Graham, 1999; Schraw, 1985). Self-efficacv calibration bias was
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operationally defined as direction o f  judgment errors and self-efficacy calibration 

accuracy was defined as magnitude o f  judgment errors. Pajares and Graham (1999) 

found that these self-efficacy calibration measures had higher correlations than the 

uncalibrated self-efficacy measure (self-efficacy strength). Pajares and Graham (1999) 

found self-efficacy calibration bias and accuracy are significantly correlated in both data 

collection terms (fall, r = -.39; spring, r = -.56). In the present study, bias and accuracy 

correlated much higher (r = -.87), which indicated that the two calibration measures were 

assessing the same construct. To avoid colinearity, only one measure o f  self-efficacy 

calibration was used in the path analysis. Self-efficacy accuracy rather than bias was 

used in the path model because the former measured strength akin to self-efficacy 

strength. Further, self-efficacy accuracy is a positive value, unlike self-efficacy bias, 

which can be either a positive or negative value; when the mean was calculated, self- 

efficacy bias could deflate its predictability. Therefore, it was hypothesized that the self- 

efficacy calibration measure (accuracy) would increase the predictability o f math 

performance above and beyond self-efficacy strength.

Objective and Hypothesis 2. The second objective o f  this study was to investigate 

the influence o f  mathematics self-efficacy strength and self-efficacy calibration accuracy 

on academic motivation such as effort. Self-efficacy has been shown to have a positive 

influence on students' motivation (Bong, 1997a; Multon, Brown, & Lent, 1993; Pajares 

& Graham, 1999; Pintrich et al., 1991, 1993). However, the issue o f  whether self- 

efficacy calibration influences students’ motivation has not been tested to date. In 

addition, the present researcher asked students to judge effort after solving each math
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problem and thus were item-specific judgments. It was hypothesized that self-efficacy 

and calibration accuracy measures would positively influence students’ academic 

motivation such as effort.

Objective and Hypothesis 3. The third objective was to investigate possible 

gender differences on math self-efficacy, math self-efficacy calibration, motivation 

(effort), and math performance. Some evidence exists for gender differences in 

calibration. Ewers and Wood (1993) found boys to be more overconfident than girls, as 

did Vermeer, Borkaerts, and Seegers (2000), although Pajares and Kranzler (1995) did 

not find such results. Vermeer, Borkaerts, and Seegers also found girls to be more 

motivated when solving applied math tasks than boys were. Since the gender issue has 

been contested, further understanding and testing o f  gender on mathematics self-efficacy, 

mathematics self-efficacy calibration, motivation, and math performance are worth 

pursuing. It was thus hypothesized that, overall, students o f both genders would likely be 

overcalibrated on their math self-efficacy, while males would be higher than females. 

Further, it was hypothesized that there would be no gender difference on math 

performance; however, females would be more likely to report more motivation (e.g., 

exert more effort) than boys.

Objective and Hypothesis 4 . The fourth objective was to test whether students’ 

previous math achievements influenced their math self-efficacy, math self-efficacy 

calibration, and math performance. According to Bandura (1996), students’ previous 

mastery experiences provide them with information to gauge their capability for future 

events. Students' prior math achievement also provides an important statistical control in
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the present study o f  math self-efficacy and math self-efficacy calibration. It was 

hypothesized that prior math achievement would have a positive influence on math self- 

efficacy, math self-efficacy calibration, and math performance.

Objective and Hypothesis 5. The fifth objective o f this study was to investigate 

students’ self-evaluation judgments o f their math performance after solving math 

problems. Schraw et al. (1993) and Lundeberg et al. (1994) studied students’ post-hoc 

performance accuracy judgments after solving tasks; however, no comparison has been 

conducted to date on self-efficacy judgments (before performance) and self-evaluation 

judgments (after performance). It was hypothesized that self-efficacy strength and self- 

efficacy calibration (accuracy) would be predictive o f  post-performance self-evaluation.

Objective and Hypothesis 6 . The sixth objective of this study was to investigate 

students’ math self-efficacy and math self-efficacy calibration in relation to levels o f task 

difficulty (e.g., easy, moderate, and difficult). It was unclear why many students were 

poorly calibrated. Thus, it was important to examine whether task difficulty was an 

influence on students’ math self-efficacy calibration. Although Schraw et al. (1993) 

found that students had higher performance and higher accuracy o f  judgments on the easy 

tasks, their measures were post-hoc, and thus are not generalizable to self-efficacy 

judgments, which are made prior to performance. It was hypothesized that with easy 

math problems, students would likely have higher math self-efficacy strength and be 

better calibrated on their math self-efficacy (accuracy).
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Chapter III 

METHODOLOGY 

Participants

This study was conducted in May 2001; the participants were seventh graders 

recruited from four Catholic parochial schools in the state o f Tennessee near the 

Nashville metropolitan area. A total o f  163 seventh graders’ parents were given letters of 

invitation and consent forms, asking them to permit their children to participate in the 

study. One hundred twenty-three (75.5%) parents returned the parental consent form and 

121 (73.3%) signed and granted permission for their children to participate. O f the 121 

children whose parents granted permission, 120 (72.7%) students signed the assent form 

and agreed to participate. The present study required students to participate in two 

sessions; those who were absent for a session were dropped from the data analysis. The 

final sample included in the data analysis was 107 students.

Instruments

Math Performance Test

The Math Performance Test items were adopted from the 1995 TIMSS (Third 

International Mathematics and Science Study) set o f mathematics items specifically 

designed for seventh and eighth graders. For this particular set o f  math problems, TIMSS 

released 102 problems in multiple-choice, short-answer, and extended-response formats.
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The item content represents the subject matter covered in schools in countries that 

participated in the 1995 TIMSS study, which also included schools in the United States. 

These items covered the content categories o f (1) fractions and number sense, (2) algebra,

(3) geometry, (4) data representation, analysis, and probability, and (5) proportionality. 

Further, the items were designed to meet performance expectations such as knowing, 

performing routine procedures, using complex procedures, and solving problems that are 

instituted in school mathematics. Even though the questions on the TIMSS were mostly 

multiple-choice, the present study adapted the questions to an open-ended format.

Pajares and Miller (1997) studied both forms o f assessments in math self-efficacy 

judgment and math performance. They concluded that an open-ended assessment format 

for math performance provides a more accurate measure o f  students’ math capability and 

is less affected by guessing. Thus, an open-ended format increases the sensitivity o f 

assessing calibration and math performance.

In order to choose the most appropriate items for the present study, selections 

were based on meeting the math curriculum guidelines provided by the Tennessee 

Catholic Archdiocese, and based on the content and difficulty codes o f  the TIMSS (Third 

International Mathematics and Science Study). The 15 math items covered all content 

areas pertaining to seventh grade mathematics: (1) fractions and number sense, (2) 

algebra, (3) measurement, (4) geometry, (5) data representation, analysis and probability, 

and (6) proportionality. In terms o f  performance expectation, 12 o f  the items involved 

solving problems and 3 involved performing routines and procedures. These 15 math 

problems were then presented in an open-ended format and as Form 1 o f the math
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performance tests. For this present study, a parallel form or Form 2 o f  the test was 

constructed. The 15 items in Form 2 were similar to math items in Form 1, with the 

modification o f  numerics to be computed. The main reason for keeping the two forms 

nearly identical was so that the math concepts, skills, and language o f  the items would 

not vary between forms. For example, Form 1, Question 5: A class has 28 students.

The ratio o f  girls to boys is 4:3. How many girls are in the class? and Form 2, Question 

5: A class has 28 students. The ratio o f  girls to boys is 5:2. How many girls are in the 

class? Because the math problems were modified into an open-ended format and a 

parallel form was constructed, these math performance tests were then pilot-studied 

before being administered to the participants in Tennessee.

Pilot Study. The main goals o f  the pilot study were to gather both reliability and 

validity evidence for the math tests. The purpose o f the pilot study was fourfold: (1) to 

obtain altemate-form reliability, (2) to measure the research procedure time, (3) to test 

the modified math items from the TIMMS, and (4) to assure that the math tests were 

appropriate for the students. The pilot study was conducted with seventh graders in a 

Catholic parochial school in New York City in March o f 2001. The school has two 

seventh-grade classes in which 35 students obtained parental consent and agreed to 

participate in the study. O f the 35 students, 32 showed up for both testing sessions. 

Students in one class were given Form 1 o f the math test on the first day while the other 

class received Form 2. On the second day o f  testing, a reversed order o f  the test forms 

was administered.
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Alternate-form reliability showed that the two math test forms had a correlation o f 

equivalence o f  r = .88. The test procedures for both testing sessions were identical; the 

first testing session took an average o f  40 minutes o f class time and the second testing 

session took an average o f  35 minutes. In the beginning o f each testing session, the 

researcher read the directions and procedures verbatim, and asked the students if they 

understood the procedure and whether they needed any clarification. The researcher then 

went through examples with students in both sessions in order to ensure their 

understanding o f  the rating scales and familiarity with math problem layouts or formats. 

After students indicated they understood the purpose o f the study and the procedures, the 

study continued.

For the math items, 15 paired t-tests between items in Form 1 and Form 2 w ere 

calculated. The results revealed that only two pairs o f  items showed statistical 

differences at p < .05, which indicated that students scored significant differences on 

those items between Forms 1 and 2. Those math items were then modified to improve 

their comparability for the main study conducted in Tennessee. To obtain their content 

validity evidence and appropriateness, the test items were selected on the basis o f  the 

TIMMS table o f  content specification. The table o f  content specification provides lists o f 

seventh- and eighth-grade math content that are covered in most schools, including 

performance exceptions. Further, the TIMMS research office in Michigan provided the 

investigator with a chart o f  instructional time for each mathematical topic and concept 

taught in most seventh- and eighth-grade classrooms across the United States. Thus, the 

15 math items selected for the pilot study proportionally represented the math content
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areas covered in most middle schools, the performance expectations o f  students, and the 

instructional time devoted to those topics. In addition to gathering content validity 

evidence for the math items, in the first testing session while students were engaged in 

the study, the seventh-grade teacher was given a rating scale regarding the 

appropriateness o f  30 math questions, which included the 15 items used in the pilot study. 

The teacher was asked two questions on each math problem: “How many o f your 

students can solve this math problem?” with a scale ranging from 1 (none) to 4 (all), and 

“ Is this an appropriate math problem for your students?” with a “yes” or “no” scale. If 

the teacher responded “no,” she was instructed to explain her reasons. O f the 30 items, 

including the 15 on the pilot study, five were judged to be inappropriate; the teacher gave 

the same reason that those topics had yet to be covered in her class. Based on the 

teacher’s rating, the math items used in the pilot study were appropriate lor the grade 

level. At the conclusion o f the second session, the researcher debriefed the participants 

o f  the study and answered any questions. As a result o f  the pilot study, Form 1 and Form 

2 o f the math performance tests were developed for the main study conducted in 

Tennessee.

Mathematics Self-efficacv Measure

The second instrument used in this study measured mathematics self-efficacv by 

asking students to indicate their confidence in solving each math question. Students then 

solved the questions for which they made self-efficacy judgments This scale is a task- 

specific, corresponding assessment o f  students’ perceptions o f  their capability to solve
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each problem. According to Bandura (1997), such assessments o f self-efficacy can 

increase predictions o f academic performance. The math self-efficacy measure was 

worded as follows: “How confident are you about solving this math question correctly?” 

with a scale ranging from 1 (not at all) to 8 (completely).

Academic Motivation Measure— Effort Judgment

The third instrument measured students’ post-performance effort judgment, which 

measured students’ perceived effort exerted when solving a particular math problem. 

Bandura (1997) posited that students’ self-efficacy influences their academic motivation, 

students who are efficacious are likely to persist longer and exert greater effort when 

encountering challenging tasks. Self-efficacy beliefs play an important mediating role in 

students’ academic motivation which, in turn, influences academic achievement 

(Zimmerman, 2000). To measure effort judgment, students were asked to judge the 

amount o f effort they exerted after they solved each math problem; this was a task- 

specific assessment o f  students’ effort level. As Bong (1997a) suggested, the specificity 

o f measures should be congruent between students’ self-judgments and their 

performance. The effort judgment measure was worded as follows: “How much effort 

did you put in to solve this math problem?” with a scale ranging from 1 (none) to 8 (all).

Self-evaluation Measure

The fourth measure was the post-performance self-evaluation, which assesses, 

after problem solving, students’ confidence in solving a problem correctly. Since Schraw
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et al. (1993) and Lundeberg et al. (1993) asked participants to make accuracy judgments 

after the events, it was argued whether such a post-hoc process would provide 

information about performance and serve a self-evaluation purpose. In the present study, 

students were asked to make self-evaluation judgments on the math performance 

questions. The self-evaluation scale was specific and corresponded to each math 

problem. Accompanying each math problem was a self-evaluation measure worded as 

follows: “How confident are you that you solved this math problem correctly?” This 

measure had a scale ranging from 1 (not at all) to 8 (completely).

Previous Math Achievement

The fifth measure used in this study was students’ previous math achievement 

scores. The participating schools used the ITBS (Iowa Tests o f  Basic Skills) as a 

measure o f  students’ academic achievement. The students’ previous (sixth grade) ITBS 

math scores in the forms o f grade equivalence and national percentile were provided.

Procedures

Students participated in this study for two class periods. The bctween-test time 

interval was 3-4 days. The rationale for this time period between testing sessions was to 

prevent students from becoming “test-wise” since the two testing materials were similar 

(Gall, Borg, & Gall, 1996). Pajares and Graham (1999) found a high correlation between 

calibration measures and math performance; however, students’ math performance scores 

were also part o f the calibration measures. Thus, to overcome one limitation o f  Pajares
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and Graham’s (1999) study, two testing sessions were necessary. The data gathered from 

Session 1 were used to calculate calibration accuracy and bias, while the data gathered 

from Session 2 were used to obtain students’ self-efficacy, post-performance self- 

evaluation, and effort judgment as well as the dependent measure, math performance. In 

this study, measures were administered in each math class as a group.

In Session 1. students were given Form 1 (see Appendix A), which contains (1) an 

answer sheet on which students circled their math self-efficacy responses; (2) an 

example; (3) 15 math problems with an effort judgment scale and a self-evaluation scale 

accompanying each math problem; and (4) three general persistence questions on the last 

page. First, the researcher used an overhead projector to show students a math question 

as an example; students were instructed to read the example on the screen and make a 

self-efficacy judgment without solving the example on their answer sheets. Once two 

examples were given and students understood the procedures, the researcher presented 

the 15 math questions one at a time. As each math problem was shown on the screen, the 

researcher also read the problem aloud to students. Once a question was read aloud, the 

researcher covered that question and instructed students to circle a rating o f  their 

perceived math self-efficacy corresponding to the particular math problem. The brief 

exposure to each question allowed students to assess the difficulty o f  the question without 

having time to actually solve it. After the researcher went through the 15 math problems 

and students made their self-efficacy judgments, students were informed they would have 

a chance to solve the math problems. Second, students were shown a math example on 

the screen, which had the same layout as the actual 15 math problems. The researcher
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reviewed one math example with the students and instructed them to rate their effort and 

self-evaluation scales located at the bottom o f the page. Accompanying each math 

problem was an effort judgment scale to assess students’ perceived effort exerted when 

solving the math problem. In addition, students were asked to rate a self-evaluation scale 

to assess their performance on that particular math problem. Third, once students 

understood what they were asked to do with the math example, they began to solve the 

actual 15 math problems and rate the accompanying scales. Students were given one 

class period to solve the problems and rate the scales accompanying each. This 

concluded Session 1.

In Session 2, students were given Form 2 (see Appendix B). The procedures o f 

Session 2 were exactly the same as those o f Session 1. The only difference was that the 

math problems contained different numerals from those in Session I. First, the 

researcher showed each math problem on the screen and students were asked to make 

self-efficacy judgments about each math question without solving it. Second, the 

researcher went over the example page with students to familiarize them with the layout 

o f  the math problems and the accompanying effort judgment and self-evaluation scales. 

Third, students were instructed to solve each math problem, to rate the amount o f effort 

involved in solving each math problem, and to make self-evaluations on each math 

problem. This concluded Session 2. Since Session 2 had same procedures as Session 1. 

students were able to complete this session in less time. After completing Session 2, each 

participant was given a pencil as a token o f appreciation. The researcher provided a copy
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o f the math questions and answers to the participating teachers who, in turn, made the 

questions and answers available to all students.

Each student was identified by an assigned case number. During the collection o f 

the participants’ previous math achievement scores, only the authorized school personnel 

and the researcher knew the participants’ names and corresponding numbers. Once the 

participants’ demographic information, such as gender, ethnicity, and previous math 

achievement scores, was recorded, participants’ names were removed. Students’ case 

numbers were then used to link to the data collected during the two testing sessions for 

data analysis.

Data Analysis

First, demographic information, which was gathered from school records, was 

categorized. As for ethnicity, the students were 98% Caucasian American, and as a 

result, ethnicity was not included in data analysis.

Second, calibration o f  self-efficacy was calculated using data gathered from 

Session 1. Even though only the calibration accuracy was used in the path analysis 

portion o f  the data analysis, both measures (bias and accuracy) o f self-efficacy calibration 

were computed. Mean bias and mean accuracy were computed for each participant 

following the procedures suggested by Schraw (1985) and Schraw, Potenza, and 

Bebelsick-Gullet (1993). To compute self-efficacy calibration bias, each correct answer 

was scored an 8 and each incorrect score a 1. These 1 or 8 scores corresponded to the 

self-efficacy scores ranging from 1 to 8. Thus, a student who expressed “not at all
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confident” (1) in solving the problem correctly but indeed missed the problem (1) 

indicated a zero bias (1 minus 1). On the other hand, a student with the same lack o f 

confidence who actually correctly solved the problem received a bias score o f  -7  (1 

minus 8), indicating underconfidence. Thus, self-efficacy calibration bias scores could 

range from -7  to +7. Self-efficacy calibration accuracy scores were computed by 

subtracting the absolute value o f each bias score from 7, indicating the magnitude o f  the 

judgment error, with a range o f  0 (complete inaccuracy) to 7 (complete accuracy).

Third, from Session 2, item difficulty was computed for all 15 math problems 

used in the study. The item difficulty in percentage was equal to the number o f students 

who solved the item correctly divided by the number o f  students who tried the item. The 

higher the percentages, the easier the items; the lower the percentages, the more difficult 

the items. The 15 math items were then ranked according to the percentage o f 

participants answering correctly. Easy items were those which were answered correctly 

by approximately 65% or more o f  students, while difficult items were those which were 

answered correctly by less than 30% o f students. The rest o f the items were considered 

to be moderately difficult items.

Fourth, also from Session 2, each student’s self-efficacy ratings, which 

accompanied the 15 math items, were averaged in order to calculate self-efficacy. The 

same calculation procedure was also used to obtain post-performance self-evaluation and 

effort judgment scores. Fifth, from Session 2, each student’s math performance scores 

(dependent variable) were collected.
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Descriptive and correlational statistical analyses were conducted in this study. 

Descriptive statistics o f  self-efficacy strength, self-efficacy calibration bias, self-efficacy 

calibration accuracy, motivation measure (effort judgment), self-evaluation, math 

performances, and previous math achievement were presented according to the category 

o f  gender. A General Linear Model (GLM)— Repeated-Measure Design— was 

performed to test any significance between gender and within item difficulty level (3 

levels) on the five measures: self-efficacy strength, self-efficacy calibration bias, self- 

efficacy calibration accuracy, effort judgment, and self-evaluation. The “repeated 

measure1' option was used in analyzing the data because all participants were exposed to 

the same math problems o f varying item difficulty and the same measures that 

accompanied those math problems. Following the GLM (repeated measures), post-hoc 

analyses were performed to further identify specific mean differences among item 

difficulty levels. Correlations were calculated to examine associations among the 

following measures: self-efficacy calibration bias, self-efficacy calibration accuracy, 

self-efficacy strength, effort judgment, self-evaluation, math performance, previous math 

achievement scores, and gender. A linear regression was also performed to assess the 

independent contribution o f calibration accuracy beyond the uncalibrated self-efficacy in 

predicting math performance. Finally, using LISRHL 8 (Joreskog & Sorbom, 1996), path 

analysis was performed to test the influence o f  calibration accuracy, self-efficacy, and 

previous math achievement (ITBS) on math performance, post-performance self- 

evaluation, and effort judgment.
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To answer Objectives 1, 2 ,4 , and 5, a path analysis was conducted to test the 

direct and indirect effects among variables: self-efficacy calibration accuracy, self- 

efficacy strength, gender, previous math achievement (ITBS), math performance, post- 

performance self-evaluation, and effort judgment. In addition, a regression analysis was 

conducted to answer Objective 1.

Objective 1—To determine whether self-efficacy calibration measure (accuracy) was an 

important dimension o f self-efficacy construct.

Objective 2— To investigate the influence o f  mathematics self-efficacy and self-efficacy 

calibration accuracy on academic motivation such as post-performance effort judgment. 

Objective 4— To test whether students' prior math achievement influenced their math 

self-efficacy, calibration, and math performance.

Objective 5—To examine students’ post-performance self-evaluation judgment.

To answer Objectives 3 and 6, a GLM with repeated measures was conducted to 

examine the effect o f  gender and level o f  item difficulty on the following dependent 

variables: self-efficacy calibration bias, self-efficacy calibration accuracy, self-efficacy 

strength, post-performance self-evaluation, and effort judgment. Post-hoc analysis, 

Bonfenoni, was performed to identify specific differences among three levels o f  items. 

Objective 3—To investigate possible gender differences on math self-efficacy, 

calibration measures, post-performance effort judgment and self-evaluation.

Objective 6— To examine students’ math self-efficacy and calibration measures in 

relation to levels o f  task difficulty (e.g., easy, moderate, and difficult).
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Chapter IV 

RESULTS

Reliability o f Test Forms

First, the results showed that the correlation between the two Forms was .84. 

Second, the split-half reliability was computed to determine the equivalence between two 

parallel forms. The Guttman split-half reliability coefficient o f  the overall test was .91. 

Since both Forms had the same number o f  items, both equal-length Spearman-Brown and 

unequal-length Spearman-Brown reliabilities were also .91. Third, the internal 

consistency o f all 30 items was a  = .88. Split-half reliability (Guttman split-half = .91) 

showed that the two Forms were highly equivalent and the internal consistency o f  each 

Form was nearly identical (Form 1, a  = .784; Form 2, a  = .780), indicating that the 

means and variances in each scale did not differ much (George & Mallery, 2001).

Difficulty Level o f  the Test Items

Since students’ math performance was based on Form 2, item difficulty 

(percentage o f students answering the item correctly over all those attempting the item) 

was computed for each math question. Math items were categorized into three levels: 

easy, moderate, and difficult. Based on Form 2 questions, the easy items were questions 

1, 2, 8, and 12, with about 65% or more students solving the items correctly. The 

moderately difficult items were questions 3, 5, 7, 9, 13, and 15, while the difficult items 

were questions 4 ,6 ,1 0 ,1 1 , and 14, with less than 30% o f the students answering
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correctly. The math questions were constructed with various item difficulty levels in 

accordance with TIMSS results and the results from the pilot study. Thus, the rationale 

for the 65% and 30% cutoffs was to separate the items into three approximately-equal 

groups (4 easy, 6 moderate, and 5 difficult questions).

Role o f  Gender and Item Difficulty on Dependent Measures

This study had six dependent measures: math performance, self-efficacy 

calibration accuracy and bias, self-efficacy, and post-performance self-evaluation and 

effort judgment. As a group, students scored approximately 7 out o f 15 questions 

correctly (M = 6.64, SD = 3.29), with girls (M = 6.28, SD = 3.22) scoring slightly lower 

than boys (M = 7.19, SD = 3.36). ANOVA was computed to compare means between 

the genders in the dependent variables. No statistical difference was found on math 

performance between genders, F (1 .105) = 1.99, p = . 16. For other dependent measures, 

a breakdown by gender and three levels o f item difficulty (easy— Level 1, moderate— 

Level 2, difficult— Level 3) is shown in Table 1.

The General Linear Model (GLM) with a repeated measure design was performed 

to test how gender and item difficulty levels influenced students’ self-efficacy strength, 

calibration accuracy, calibration bias, and post-performance self-evaluation and effort 

judgment. Item difficulty was a within-subject measure while gender was a between- 

subject measure. Nested under the three levels o f  item difficulty were repeated measures 

o f  self-efficacy (e.g., mean self-efficacy for Level 1 items, mean self-efficacy for Level 2
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Table 1

Means and Standard Deviations for Calibration Accuracy. Bias. Self-efficacv. Effort 

Judgment, and Self-evaluation as a Function o f  Gender and Level o f Item Difficulty

Item Difficulty Levels

Easy Moderate Difficult
Level 1 Level 2 Level 3 Combined

Group Measures3 n M SD M SD M SD M SD

Girls 65

Accuracy*5 5.14 1.56 3.56 1.29 2.97 1.61 3.78 0.97

Bias' 0.99 1.66 2.42 1.93 3.48 2.02 2.46 1.28

Self-efficacy 7.66 0.72 6.06 1.29 5.94 1.42 6.45 1.07

Effort judgment 2.31 1.35 3.01 1.44 3.10 1.66 2.85 1.39

Self-evaluation 7.49 0.80 5.88 1.47 5.63 1.65 6.23 1.20

Boys 42

Accuracy 5.01 1.42 3.54 1.39 2.96 1.45 3.74 1.17

Bias 1.07 1.77 2.25 2.09 3.51 1.92 2.39 1.55

Self-efficacy 7.68 0.61 6.78 1.28 6.33 1.60 6.87 1.12

Effort judgment 2.15 0.76 2.39 1.00 2.50 1.30 2.36 0.91

Self-evaluation 7.63 0.58 6.63 1.48 6.17 1.75 6.75 1.22

Note. N = 107.
These measures (self-efficacy, effort judgment, and self-evaluation) ranged from 1 to 8, with 8 
being the highest possible number.
bAccuracy ranged from 0 through 7, with 7 being the highest accuracy.
'Bias ranged from -7  to +7, with negative numbers indicating underconfidence and positive 
numbers indicating overconfidence.
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items, and mean self-efficacy for Level 3 items). Similarly, nested under the three levels 

o f item difficulty were repeated measures o f  calibration accuracy, calibration bias, effort 

judgment, and self-evaluation.

An overall multivariate test o f  significance showed no gender effect on the array 

o f dependent variables: calibration accuracy, bias, self-efficacy, effort judgment, and 

self-evaluation, W ilks’ lambda = .94, F (5, 101) = 1.30, g > .05. There was a significant 

item difficulty level effect on the dependent measures: calibration accuracy, bias, self- 

efficacy, effort judgment, and self-evaluation, W ilks’ lambda = .26, F (10,412) = 40.17, 

g < .01. Univariate tests o f significance showed an item difficulty level effect for each 

dependent variable: calibration accuracy, F (2, 210) = 74.69, g < .01; bias, F (2, 210) = 

61.76, g < .01; self-efficacy, F (2, 210) = 128.66, g <  .01; effort judgment, F (2, 210) = 

19.27, g <  .01; and self-evaluation, F (2, 210) = 100.81, g < .01.

Bonferroni multiple-comparison analyses were performed to compare dependent 

measure means among three levels o f  item difficulty (easy, moderate, and difficult) (see 

Table 2). With regard to calibration accuracy, students were significantly more accurate 

on easy items than on moderate items and, in turn, were significantly more accurate on 

moderate items than on difficult items. Students were significantly more biased on 

difficult items than on moderate items and, in turn, were significantly more biased on 

moderate items than on easy items. As for post-performance self-evaluation, students 

were significantly more confident o f  their performance on easy items than on moderate 

items and, in turn, were significantly more confident on moderate items than on difficult
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items. Students were significantly higher in their math self-efficacv on easy items than 

on moderate items and, in turn, were significantly higher on moderate items than on

Table 2

Post-hoc Analysis on Dependent Measures o f  Calibration Accuracy, Bias. Self-efficacv. 

Effort Judgment, and Self-evaluation as a Function o f Level o f Item Difficulty

Measures

Easy 
Level (1 )a

Item Difficulty Levels

Moderate Difficult 
Level (2V Level (3)a

Multiple
Comparisons1"

M SD M SD M SD

Accuracy 5.09 1.50 3.55 1.32 2.97 1.54 1>2>3

Bias 1.02 1.70 2.35 1.99 3.50 1.97 1<2<3

Self-efficacy 7.67 0.67 6.34 1.33 6.09 1.50 1>2 >3

Effort Judgment 2.25 1.15 2.77 1.32 2.86 1.55 1 <2, 1<3, 2=3

Self-evaluation 7.55 0.72 6.17 1.51 5.84 1.70 1>2>3

Note.
aThe numbers are used to illustrate significant differences in the last column titled 
“Multiple Comparisons." 
bBonferroni, p < .01
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difficult items. Interestingly, with regard to effort judgment, students judged that 

significantly less effort was put forth on easy items than on moderate items, but effort 

judgment was not significantly different on difficult items (2 = .63).

Polynomial contrasts were further conducted to test the trends o f the dependent 

measures as item difficulty increased. The analyses showed that all five dependent 

measures (calibration accuracy, bias, self-efficacy, effort judgment, and self-evaluation) 

had significant linear trends as item difficulty levels increased (£ < .01). In other words, 

for each dependent measure, the means increased proportionately and significantly as the 

items became more difficult.

Influence o f  Calibration Accuracy and Item Difficulty Levels on Self-efficacv. Post- 

performance Self-evaluation, Effort Judgment, and Math Performance

Separate analyses were conducted to test how students with different calibration 

accuracy levels rated on their self-efficacy, and post-performance self-evaluation and 

effort judgment. The calibration accuracy scores could range from 0 (complete 

inaccuracy) to 7 (complete accuracy). Students were divided into two groups based on 

the calibration accuracy scores midpoint o f the scale. Students who had average 

calibration accuracy scores below “4” were in the low calibration group, and those whose 

scores were higher than or equal to “4” were in the high calibration group. O f all the 

participants (N = 107), S1 were in the high calibration group and 56 were in the low 

calibration group.
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Three separate GLM repeated-measure designs were conducted for self-efficacy, 

self-evaluation, and effort judgment, with calibration groups (high, low) as a between- 

subject factor and item difficulty levels (easy, moderate, difficult) as a within-subject 

factor. For the self-efficacv measure, there was no significant calibration effect, F (1,

105) = .83, g > .05. The item difficulty main effect was also significant, F (2. 210) = 

141.28, g < .01, and interaction between calibration and item difficulty levels nearly 

attained statistical significance, F (2, 210) = 2.79, g = .06. Figure 1 depicts the 

interaction between calibration and item difficulty levels on self-efficacy. Both low' (M = 

7.71, SD = .09) and high calibration (M = 7.61, SD = .09) groups reported very similar 

self-efficacy with easy items, but as items became moderately difficult, both low 

calibration students (M = 6.34, SD = .18) and high calibration students (M= 6.34, SD = 

.19) dropped their self-efficacy to the same level. Interestingly, as items became 

difficult, the self-efficacy o f low calibration students (M = 6.31, SD = .20) dropped only 

very slightly, compared to the high calibration group (M = 5.86, SD = .21).

As for effort judgment, the performance o f the two calibration groups was 

statistically comparable, F (1 ,105) = 3.11, g = .08. However, there was a significant item 

difficulty effect on effort judgment, F (2, 210) = 23.02, g < .01. No interaction was found 

between calibration and item difficulty levels, F (2,210) = .15, g > .05. In other words, 

as item difficulty levels increased, both calibration groups increased their effort when 

solving the problems.
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Figure 1

Means o f Self-efficacv o f High- and Low-Calibrated Students according to Item

Difficulty Levels
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For the post-performance self-evaluation measure, the performance o f  two 

calibration groups was statistically comparable, F (1, 105) = .20, g > .05. However, there 

was a significant item difficulty effect, F (2, 210) = 111.54, g < .01, as well as a 

significant interaction between calibration groups and item difficulty, F (2, 210) = 3.30, g 

< .05 (see Figure 2). The low-calibrated students (M = 7.62, SD = .10) had a slightly 

higher mean on self-evaluation than the high-calibrated group (M = 7.47, SD = . 10) on 

easy items. Both groups dropped their post-performance self-evaluation on moderate 

items, with the low-calibrated group (M = 5.96, SD = .20) doing so more than the high- 

calibrated group (M = 6.41, SD = .21). Both groups had very similar post-performance 

self-evaluations on difficult items (low group, M = 5.84, SD = .23; high group, M = 5.85, 

SD = .24).

For math performance, the scores o f  the high and low calibration groups differed 

significantly, F (1, 105) = 40.85, g < .01. There was a significant item difficulty effect, F 

(2, 210) = 130.77, g < .01, as well as a significant interaction between calibration groups 

and item difficulty, F (2, 210) = 16.46, g < .01 (see Figure 3). With easy items, the low- 

calibrated group scored almost three items (M = 2.89, SD = .12), while the high- 

calibrated group scored more than three items (M = 3.28, SD = .13). With moderate 

difficulty items, the low-calibrated group scored much lower (M = 1.64, SD = 2 1 )  than 

the high-calibrated group (M = 3.53, SD = .22). Again, with difficult items, the low- 

calibrated group (M = .45, SD = .15) scored lower than the high-calibrated group (M =

1.65, SD = .16).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



96

Figure 2

Means o f Post-perfonnance Self-evaluation o f  High- and Low-Calibrated Students

according to Item Difficulty Levels
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Figure 3

Means o f Math Performance o f High- and Low-Calibrated Students according to Item

Difficulty Levels

Item Difficulty Levels
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Correlations

Pearson correlation coefficients for the measures are reported in Table 3. The 

following significant correlations were o f  particular interest for the present: math 

performance with calibration accuracy (r = .63), self-efficacy (r = .50), and prior math 

achievement (r = .65). Self-efficacy was highly, yet negatively, correlated with the 

motivational variable, post-performance effort judgment (r = -.49). Post-performance 

self-evaluation was highly and positively correlated with self-efficacy (r = .77).

Table 3

Correlations among Measures

Measures 2 3 4 5 6 7 8

1. Math Performance -.62** .63** .50** -.28** .50** .65** -.14

2. Bias  .87** .05 .12 -.10 -.40** .03

3. Accuracy  .01 -.16 .09 .44** .02

4. Self-efficacy  .49** .77** .42** -.19

5. Effort Judgment  .47** -.26** .19*

6. Self-evaluation   .37** -.21**

7. 1TBS3  .12

8. Genderb -----

Note.
*Iowa Test o f Basic Skills (national percentile scores: males, M = 68.90, SD = 25.67; 
females, M = 65.57, SD = 21.35) 
bCoding (male = 1; female = 2)
* £> < .05
** g  < .01
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Regression Analysis

The purpose o f  the regression analysis was to discover if calibration (accuracy) 

added to an improved the prediction o f  the uncalibrated self-efficacy measure. Math 

performance was the dependent measure, while self-efficacy and calibration accuracy 

were the independent variables. Self-efficacy first entered the equation, followed by 

calibration accuracy. As expected, self-efficacy (P = .51) and calibration accuracy (P = 

.63) significantly predicted math performance. Both variables accounted for about 65% 

o f the variance in math performance, with self-efficacy accounting for 25.4% and 

calibration accuracy accounting for 40%. The significant change in R2 revealed that 

calibration accuracy made an important and independent contribution to predicting math 

performance beyond the uncalibrated self-efficacy, R2 change = .40, F (1, 104) = 117.98,

E < .01.

Path Analysis

To test the implied causal role o f students’ calibration (accuracy) on their self- 

efficacy, math performance, and post-performance self-evaluation and effort judgment, a 

path model was proposed (see Figure 4). In addition, gender was included in the model 

to test whether it had a direct effect on predicting calibration accuracy, self-efficacy, 

math performance, and post-performance scif-evaluation and effort judgment. Prior math 

achievement was also included in the model to test its direct effect on calibration 

accuracy, self-efficacy, math performance, and post-performance self-evaluation and 

effort judgment. Historically, previous performance on a measure is the best predictor o f
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subsequent performance, and the relative influence o f previous performance in the path 

model provides a useful standard o f  comparison for the other variables. Because o f  the 

extremely high correlation between calibration bias and accuracy, and the greater ease o f 

interpreting the latter measure, only calibration accuracy was included in the path 

analysis.

Figure 4

Proposed Path Model

Gender

Previous Math 
Achievement 

(ITBS)
Math Performance

The proposed model was evaluated using LISERL 8 (Joreskog & Sorbom, 1996). 

Estimation o f the proposed path model revealed a nonsignificant value, x" (1. N = 107) 

= 2.59, p = . 11; a GF1 adjusted for degree of freedom (AGFI) o f .81; and a comparative 

fit index (CF1) o f .99. Although all indices showed a reasonable goodness o f  fit, nine o f
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the paths were nonsignificant: (1) from calibration accuracy to post-performance self- 

evaluation, (2) from gender to calibration accuracy, (3) from gender to self-efficacy, (4) 

from gender to effort judgment, (5) from gender to post-performance self-evaluation. (6) 

from gender to math performance. (7) from previous math achievement to effort 

judgment, (8) from previous math achievement to self-evaluation, and (9) from math 

performance to effort judgment. After removing those nonsignificant paths, the final 

model (see Figure 5) again revealed a nonsignificant y~ (5, N = 107) = 5.10, p = .40; a 

GFI adjusted for degree o f freedom (AGFI) o f .93; and a comparative fit index (CF1) o f 

1.00 .

Figure 5 presents the significant paths (standardized coefficients) resulting from 

the LISERL analysis. Standardized path-coefficient P’s are denoted outside parentheses, 

while Pearson-Product correlation coefficients are denoted inside parentheses. As 

expected, students’ calibration accuracy (P = .52), self-efficacy (P = .40), and prior math 

achievement (P = .25) had direct effects on math performance. Further, students’ math 

performance (P = .15) and self-efficacy (P = .69) had direct effects on post-performance 

self-evaluation. Interestingly, students’ self-efficacy (P = -.49) and calibration accuracy 

(P = -. 17) had negative direct effects on their effort judgment. Also worth noting was 

that calibration accuracy (P = -.24) had a negative direct effect, while prior achievement 

(P = .53) had a positive direct effect on self-efficacy. Prior achievement also had a 

positive direct effect (P= .44) on calibration accuracy. Table 4 depicts the decomposition 

o f  effects from the path analysis.
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The predictor variables (self-efficacy, calibration accuracy, and prior math 

performance) accounted for 69% o f the variance in math performance, while 61 % o f the 

variance in the post-performance self-evaluation was explained by all measures in the 

path model. Further, calibration accuracy and prior math achievement accounted for 22% 

o f the variance in self-efficacy, and 27% o f the variance in students’ effort judgment.

Prior math achievement accounted for 20% o f the variance in students’ calibration 

accuracy.

Figure 5

Final Reduced Path Model

Self-efficacy 
R2 = .22 ‘

Calibration
Accuracy
R2 -  20

.44 (.-14)

.52 (.63)

Math Boiammce
R: --.69

- 49 (-.49) Filar Judjjrent
 R2 = .27

Previous Mith 
Achievement 

(TIBS)

Self-evaluation 
R2 = .61

Note. All path coefficients are significant at .05 level.
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Table 4

Decomposition o f  Effects from the Path Analysis

Effect
Standardized 
estimate (P)

Standard 
error (SE) £ R:

On accuracy 
oflT B S3 .44 .087 5.06

.20

On self-efficacy 
o f accuracy -.24 .096 -2.48

.22

oflTB S .53 .096 5.49

On effort judgment 
o f accuracy -.17 083 -1.99

.27

o f self-efficacy -.49 .083 -5.92

On self-evaluation 
o f self-efficacy .69 .071 9.73

.61

o f math performance .15 .071 2.14

On math performance 
o f accuracy .52 063 8.27

.69

o f self-efficacy .40 .062 6.49
oflTB S .25 .069 3.65

Note.
aITBS (Iowa Test o f Basic Skills) previous math achievement (N = 107) 
hp < .05
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Previous math achievement (ITBS) had a significant indirect effect on post­

performance self-evaluation, also mediated by self-efficacy (P ~ .39). Self-efficacy had 

both direct and indirect effects (P = .06) on post-performance self-evaluation. Calibration 

accuracy had a significant positive direct effect yet a significant negative indirect effect 

on math performance, which was mediated by self-efficacy (P = -.10). As for previous 

math achievement, it had a significant direct effect, and a large indirect effect < P = .40) 

on math performance via self-efficacy. Calibration accuracy had a negative direct effect, 

yet a positive indirect effect (p = .12) on effort judgment mediated through self-efficacv. 

Interestingly, the total effect o f  calibration accuracy on effort judgment (P = -.05) did not 

reach statistical significance (t_( 107) = -.49, g > .05). Previous math achievement had a 

significant negative indirect effect (P = -.28) on effort judgment mediated by self- 

efficacy. Previous math achievement had a significant direct effect and an indirect effect 

(P = -. 11) on self-efficacv mediated through calibration accuracy. As the path analysis 

shows, self-efficacy and calibration accuracy are key mediating variables affecting 

dependent measures such as math performance, effort judgment, and post-performance 

self-evaluation. Table 5 depicts all direct, indirect, and total effects o f the final path 

model.
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Table 5

Direct. Indirect, and Total Effects on Math Performance, Self-evaluation, Effort 

Judgment, and Self-efficacv

Effect
Direct
effect

Indirect
effect

Total
effect

On accuracy
oflTBS" .44 .00 .44

On math performance
of accuracy .52 -.10 .42
oflTBS .25 .40 .65
o f self-efficacy .40 .00 .40

On self-evaluation
o f accuracy .00 -,10b - 10h
oflTB S .00 .39 .39
o f self-efficacy .69 .06 .75
o f math performance .15 .00 .15

On effort judgment
o f accuracy -.17 .12 -.05h
o f self-efficacy -.49 .00 -.49
oflT B S .00 -.28 -.28

On self-efficacy
o f accuracy -.24 .00 -.24
oflT B S .53 -.11 .42

Note. N = 107
MTBS (Iowa Test o f  Basic Skills) indicates students’ previous math achievement. 
bThese effects are not statistically significant at the p > .05 level.
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Chapter V 

DISCUSSION 

General Discussion

The primary aim o f the present study was to test whether the math self-efficacy 

calibration o f  seventh graders was an important dimension o f  the self-efficacy construct 

by examining its role as a predictor o f  math performance and post-performance self- 

evaluation and effort judgments. In addition, the present study explored the sources that 

contributed to students’ self-efficacy calibration. To answer this question, high- and low- 

calibrated students were compared across three levels o f task difficulty. Finally, 

individual differences in students’ gender and previous math achievement were taken into 

account. To answer these questions, a path analysis was used to test a model based on 

social-cognitive theory (Bandura, 1986, 1997), prior research on self-efficacy (Ewers & 

Wood, 1993; Hackett & Betz, 1989; Pajares & Graham, 1999; Pajares & Kranzler, 1995; 

Pajares & Miller, 1994), issues o f gender and math (Eccles, 1994; Hyde, Fennema, & 

Lamon, 1990; Hyde et al., 1990), motivational factor (effort judgment) (Bong, 1997a; 

Pintrich et al., 1991, 1993; Schunk, 1983, 1991; Vermeer et al., 2000), and calibration 

(Lundeberg et al., 1994; Schraw, 1995; Schraw et al.. 1993). Further analysis using the 

General Linear Model repeated-measure designs was conducted to answer questions 

regarding task difficulty levels as well as differences between calibration groups.

Findings from the path analysis revealed that the proposed model fit the obtained 

data very w ell (CFI = 1.00), and accounted for 69% o f the variance on math performance
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as well as 61% of the variance on post-performance self-evaluation. Most important, the 

path model indicated that self-efficacy calibration accuracy was empirically found to be 

an important dimension o f self-efficacy. Calibration accuracy had contributed to 

predicting and mediating math performance, and post-performance self-evaluation and 

effort judgment. As for self-efficacy, it was also found to have both predictive and 

mediational effects on math performance, and post-performance self-evaluation and 

effort judgment. Clearly, the findings o f this study showed that math self-efficacy was a 

crucial variable in predicting students’ math performance, and post-performance self- 

evaluation and effort judgment. As in other studies (Pajares &. Kranzler, 1995; Pajares &. 

Miller, 1994), self-efficacy also played an important mediational role. It mediated both 

calibration accuracy and previous achievement in predicting math performance and post­

performance self-evaluation. As for how students varied in their calibration, the present 

study found that high-calibrated students were significantly more sensitive to the various 

levels o f task difficulty, compared to low-calibrated students. The following section 

discusses in detail each variable tested in this study and addresses each hypothesis 

presented here.

Hypotheses

Hypothesis 1

The first hypothesis asked whether self-efficacy calibration was an important 

dimension o f  the self-efficacy construct that contributes to its predictive power.

Following Bandura’s recommendations, the measures o f  self-efficacy in the present study
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assessed differences in self-efficacv strength ( from no to complete confidence) and level 

(three difficulties o f items), but not differences in generality (to other domains o f  tasks). 

Bandura (1997) had, however, discussed the role o f  calibration in self-efficacy by 

cautioning that an individual should have reasonably matched self-efficacy judgments 

and actions. The present findings showed, in fact, that self-efficacv calibration 

(accuracy) improved the predictiveness o f students’ math performance above and beyond 

uncalibrated measures. A regression analysis showed that calibration accuracy 

significantly and independently explained nearly 40% of the variances in predicting math 

performance beyond the uncalibrated self-efficacy. In addition, path analysis showed 

that calibration accuracy had a direct influence on predicting students’ math performance 

as w ell as an indirect influence via self-efficacy. Interestingly, the mediating role o f  self- 

efficacy minimized some o f the direct effects o f calibration accuracy on math 

performance due to the negative relationship between calibration accuracy and self- 

efficacy (see Table 5 for effects o f  accuracy on math performance). As much self- 

efficacy research has indicated, a higher sense o f  self-efficacy positively influences 

student achievement (Multon, Brown. & Lent, 1991); however, the present study 

indicated that a higher sense o f self-efficacy, coupled with better calibration o f one’s self- 

efficacy, enhanced predictiveness o f performance, compared to higher self-efficacy 

alone. In other words, self-efficacy calibration “trimmed” away some inflated self- 

efficacy, w'hich improved the predictiveness o f  math performance. As Schunk (1991) 

stated, high self-efficacy will not produce competent performance if students lack the
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necessary skills. Thus, it was very possible that calibration adjusted for inflated self- 

efficacy and accounted for lack o f necessary skills.

In the present study, the correlations between calibration accuracy and self- 

efficacy (r = -.01), and calibration bias and self-efficacv (r = .05) were insignificant. 

However, Pajares and Graham (1999) found otherwise; the correlations between accuracy 

and self-efficacy (fall, r = .67; spring, r = .48), and bias and self-efficacy (fall, r = .28; 

spring, r = .18) were statistically significant. However, Pajares and Graham (1999) used 

the same self-efficacy measure to compute accuracy and bias, which confounded these 

measures. When the present investigator used the same confounded methodology as did 

Pajares and Graham (1999). she found the correlation between calibration accuracy and 

self-efficacy to be significant (r = -.19, p = .05), as was that between calibration bias and 

self-efficacy (r = .28, p < .01). Thus, it appears that future research on calibration should 

not use the same measure o f  self-efficacy to avoid confounding.

In addition to having an effect on math performance, calibration accuracy also 

affected post-performance self-evaluation. Although calibration was hypothesized to 

have a direct effect on self-evaluation, it was found to have only an indirect effect 

mediated through self-efficacy; this negative indirect effect indicated that the higher the 

calibration accuracy, the lower the students' post-performance self-evaluation. This 

indicated an adjustment in students’ perceived confidence after solving the problems. 

However, this negative indirect effect narrowly missed statistical significance at the .05 

level (see Table 5). As for effect o f  calibration accuracy on effort judgment, it was 

directly negative, yet indirectly positive when mediated through self-efficacy beliefs. In
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other words, the better-calibrated students exerted less effort, but those students with 

lower self-efficacv exerted more effort when solving math problems than high self- 

efficacy students. Since the total effect o f calibration accuracy on effort judgments did 

not reach statistical significance (see Table 5), it was not a major contributing variable to 

effort judgment.

Hypothesis 2

The second hypothesis stated that self-efficacy and calibration accuracy had a 

positive influence on effort judgment. It was found, however, that self-efficacv had a 

negative direct effect on and negative correlation with effort judgment, thus 

disconfirming this hypothesis. This finding was contrary to prior self-efficacy research 

(Bong, 1997a; Pintrich et al., 1991, 1993; Schunk, 1983), indicating that perceived effort 

promoted higher self-efficacy and achievement. One possible explanation for this 

difference was that, in the present study, students reported self-perceptions o f expended 

effort when they struggled with their performance rather than when they performed 

without difficulty. In supporting this interpretation, a linear effect o f  item difficulty on 

perceived effort was found in the present study.

The complex nature o f post-performance effort judgment is also evident in prior 

research. Schunk (1983) measured perceived effort expenditure by asking students about 

their expended effort during their training sessions. Such a measure differed from that o f 

the present study because the perceived effort was related to implementing training 

strategies (e.g., subtraction operations), whereas the present study measured students’
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perceived effort for solving each math problem afterward. In Pintrich et al.'s (1991) 

Motivated Strategies for Learning Questionnaire (MSLQ), effort measures were also 

found to be positively correlated with academic self-efficacv (r = .44). However, the 

effort measure on the MSLQ was a set o f four questions targeting students’ global 

intended effort to complete study goals. Thus, it appears that performance context, such 

as judging effort intentionally before rather than after performance, greatly influenced the 

role o f this variable.

Additional evidence indicated that effort judgments were influenced by other 

variables. For example. Brookhart and DeVoge (1999) found no relationship between 

self-efficacy and perceived mental effort. They examined the relationship between 

classroom assessments and student motivation and achievement. In their study, third 

graders were asked to self-report the amount o f  mental effort exerted with a number o f 

language arts tasks (e.g., spelling test, vocabulary test, verb worksheet, language test, and 

so on) that eventually were used to assess their achievement and motivation. Students 

were asked about their perceived mental effort after completing each assessment task and 

before receiving teacher feedback. The effort questions, on a five-point Likert-type scale, 

consisted o f  the following: “How hard did you try ..., How easy to understand.... How 

much did you concentrate...” (p. 412). Correlations between self-efficacy and perceived 

mental effort on the assessment tasks were mostly small and insignificant (Brookhart & 

DeVoge, 1999). Interviews were conducted with a number o f subjects for each 

assessment task to further understand students’ perceptions o f the assessment. Based on 

the interviews, the researchers found that those students with extremely high self-
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efficacy, who worked on unchallenging tasks, reported low perceptions o f mental effort; 

the present study found similar results. It is possible that because their study did not 

quantitatively analyze task difficulty, the effect o f self-efficacy and perceived effort was 

not shown.

Other evidence showed a negative relationship between self-efficacy and post- 

performance effort judgments. Zimmerman and Kitsantas (1999) found a negative 

relationship between post-performance effort attribution for negative performance 

outcome and self-efficacy in a study o f  high school students’ writing/revision and self- 

regulatory processes. They found that students who attributed their rewriting deficiency 

to effort had lower self-efficacv. self-reactions, and intrinsic interest, whereas attribution 

to strategy use was positively related to these dependent measures. Thus, the present 

study’s finding, that perceived effort was negatively correlated with self-efficacy, is not 

without historical precedent.

Although post-performance effort judgment was hypothesized to be influenced by 

self-efficacy and calibration accuracy, the present study showed that math performance 

had neither a direct nor an indirect effect on effort judgment. Prior research (Bong, 1997; 

Schunk, 1982, 1983; Vermeer et al., 2000) has shown that perceived effort and 

persistence (closely related to effort) have a positive relationship with performance. For 

example, using the MSLQ (Pintrich et al., 1991, 1993) to study high school student 

motivation and achievement, Bong (1997a) found that the effort measure correlated 

positively with students’ reported course grades and academic self-efficacy. As 

mentioned earlier, the effort measure in the present study may have revealed the amount
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o f  “struggle” or “frustration” students experienced on specific math problems rather than 

their willingness to expend effort beforehand. In addition, measuring effort has been 

shown to vary from global (Bong, 1997a; Pintrich et al., 1991; Schunk, 1993) to item- 

specific, as in the present study. In order to measure effort expenditure in future studies, 

the measure used needs to be refined and closely linked to testing situations and 

outcomes.

The main issue regarding the difference in findings between the present study and 

prior research (Bong, 1997a; Pintrich et al., 1991; Schunk, 1993) is timing— when the 

effort measure was assessed. Prior studies on effort generally reported a positive 

correlation with self-efficacy when effort is assessed before performance. These 

researchers assessed students’ willingness to exert effort prior to engaging in 

performance. Such a predictive measure o f  effort produced a positive relationship with 

self-efficacy, which was also assessed prior to performance. However, in the present 

study, as well as in Zimmerman and Kitsantas (1999), effort judgment was measured 

after students had the opportunity to perform the math task. Students who had higher 

self-efficacy solved the problem more quickly, and thus were not required to exert all o f 

their effort; this resulted in a negative correlation between self-efficacy and post- 

performance effort judgment.

Hypothesis 3

The third hypothesis investigated a possible gender difference on math self- 

efficacy, self-efficacy calibration, math performance, and post-performance self-
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evaluation and effort judgment. The present study did not find support for this 

hypothesis from any o f these measures. Although the present study found that, overall, 

boys rated themselves numerically higher in self-efficacy and post-performance self- 

evaluation, lower in effort judgment, and less calibrated than the girls (sec Table 1), these 

differences in gender did not attain statistical significance. In addition, path analysis 

showed that the paths from gender to self-efficacy, self-evaluation, and effort judgment 

were not significant and were not included in the final path model. However, prior 

research on gender has been equivocal (Ewers & Wood, 1993; Pajares & Graham, 1999; 

Pajares & Kranzler, 1997).

With regard to calibration accuracy and calibration bias, both genders were 

equally overconfident or biased. Overconfidence was also found by Lundeberg, Fox, and 

Puncochar (1994) for both genders. However, they also found that males were 

significantly more overconfident than females, even when they had the wrong answers.

By contrast, in the present study, although boys’ self-efficacy was much higher than 

girls’, this difference did not reach statistical significance. These findings concurred with 

prior studies conducted by Pajares and colleagues (Pajares & Graham, 1999; Pajares & 

Kranzler, 1995), showing that no gender differences were found regarding calibration 

accuracy or bias.

As for math performance, the present study did not find gender differences. Even 

though Hyde, Fennema, and Lamon (1990) found very slight gender differences in math 

performance, their meta-analysis showed that large differences between gender on math 

performance existed with older-age groups (high school and college-level), but not with
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elementary or middle school groups. Ewers and Wood (1993) also found no gender 

difference with fifth graders on math performance. The present study concurred with the 

meta-analyses by Hyde, Fennema, and Lamon (1990) and Ewers and Woods (1993); no 

gender differences in math performance were found with this seventh-grade group. 

Although Pajares and Miller (1994) found gender differences in math performance, their 

study involved an older population, namely undergraduate college students.

Hypothesis 4

The fourth hypothesis stated that prior math achievement has a positive influence 

on math self-efficacy, self-efficacy calibration, and math performance. Previous math 

performance was based on students’ sixth grade Iowa Test o f Basic Skills (ITBS) scores. 

Path analysis revealed that students’ previous math achievement had a significant direct 

effect (P = .25) on math performance, and indirect effects (P = .40) mediated via self- 

efficacy and calibration accuracy, roughly in equal magnitude. It appears that prior math 

skills primarily influenced self-efficacy beliefs and calibration o f self-efficacy regarding 

subsequent math learning rather than math performance directly. Further, previous math 

achievement negatively correlated with self-efficacy calibration bias (r = -.62), 

suggesting that students with higher prior math achievement were less likely to be biased 

in their judgments. Similarly, students with higher previous math achievement were 

significantly higher on their self-efficacy calibration accuracy (r = .63).

Pajares and Graham (1999) revealed similar significant findings: students’ 

previous achievement correlated positively with self-efficacy, calibration accuracy, and
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math performance, and negatively with calibration bias. The present findings confirmed 

Bandura’s (1986) social-cognitive hypothesis that students’ previous mastery experiences 

provide them with information to gauge their perceived capability for future events. 

However, the present study went a step further to show that prior math achievement 

provided information for students not only to make future capability judgments (self- 

efficacy), but also to make more accurate and less biased ones.

Hypothesis 5

The fifth hypothesis stated that self-efficacy and self-efficacy calibration accuracy 

predicted post-performance self-evaluation. This hypothesis was partially confirmed 

(self-efficacy predicting post-performance self-evalnation was confirmed; calibration 

accuracy predicting post-performance self-evaluation was not confirmed). From the path 

analysis, self-efficacy was predictive o f post-performance self-evaluation, with both 

direct and indirect effects mediated through effort judgment and math performance. 

Students who judged themselves capable o f solving problems correctly were also likely 

to judge themselves the same w ay once they had the chance to solve the problems.

Hacker et al. (2000) found similar results. Their study focused on undergraduate 

students’ ability to predict and postdict a number o f  test performances in a classroom 

setting throughout an academic semester. The results showed undergraduate students’ 

prior performance judgments had more weight in predicting their post-performance 

judgments than the actual performance itself. As shown in the present study, students’
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self-efficacy beliefs had greater impact on their post-performance self-evaluation than the 

math performance itself (see Figure 1).

However, self-efficacy calibration accuracy did not have a direct effect on post­

performance self-evaluation, as hypothesized: thus, the path was removed from the final 

path model. Interestingly, self-efficacy calibration accuracy had a negative indirect effect 

(which did not reach statistical significance) on post-performance self-evaluation 

mediated through self-efficacy. One possible explanation for this, based on the path 

analysis, was that better-calibrated students had slightly lower self-efficacy to begin w ith 

and, in tum, had slightly higher post-performance self-evaluation. On the other hand, 

students who had lower calibration accuracy rated their self-efficacy higher and, in tum, 

their post-performance self-evaluation lower. To test this hypothesis, the self-efficacy 

scores o f high- and low-calibrated students were compared. With easy and moderately 

difficult items, both high- and low'-calibration groups did not differ much on their self- 

efficacy scores (see Figure 1). However, as items became more difficult, better- 

calibrated students lowered their self-efficacy and became more sensitive to changes in 

difficulty level, but poorly-calibrated students were less likely to do so. Thus, the 

indirect effect o f calibration accuracy on self-evaluation, which was mediated through 

self-efficacy, was negative.

Hypothesis 6

The sixth hypothesis stated that students have higher math self-efficacy and more 

accurate calibration on easier rather than more difficult problems. The findings o f  the
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present study confirmed this hypothesis. Schraw et al. (1993) found that students had 

higher performance and more accurate judgments on easier tasks than on more difficult 

ones. However, their study measured calibration bias and accuracy using post­

performance judgments. In addition, the easy items in Schraw et al.'s (1993) study 

included reading comprehension questions, whereas the difficult items included math 

solution questions. Thus, the comparison between easy and difficult items was, in fact, 

confounded between two different academic content areas rather than different items 

within one subject matter area. To avoid such measurement limitations, the present study 

tested students only with math problems ranging from easy to difficult. The multivariate 

repeated-measure analyses showed that students’ ratings o f their self-efficacy differed 

significantly according to levels o f item difficulty. Item difficulty levels also affected 

students’ calibration (accuracy and bias), effort judgment, and self-evaluation. Students 

were more accurate and less biased in their self-efficacy on easier math items than on 

moderately difficult or difficult items.

There w ere also calibration group and item difficulty level interactions. In terms 

o f post-performance self-evaluation, the high-calibrated group w'as slightly low'er than the 

low-calibrated group when the items were easy. However, with moderately difficult 

items, both groups’ self-evaluation scores dropped, with the low-calibrated group 

dropping more than the high-calibrated group. With difficult items, both groups’ self- 

evaluation scores dropped even more, but did not show much difference (see Figure 2). 

Since the self-evaluation was measured after math performance, it was possible that knv- 

calibrated students’ self-evaluation scores reflected their poorer math performance. To
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test this hypothesis, both calibrated groups’ math performances were calculated 

according to item difficulty level (see Figure 3). Figure 3 showed that the difference 

between the two groups was most noticeable on moderately difficult items, which might 

explain why the low-calibrated group’s post-performance self-evaluation scores dropped 

more than the high-calibrated group’s on moderately difficult items. It is important to 

note that even the low-calibrated group’s self-evaluation scores decreased, reflecting a 

reaction to item difficulty levels.

Summary

This study advanced an understanding o f how students perceive their capabilities 

according to task difficulty level and judge their effort in solving math problems. First, it 

was important to establish self-efficacy calibration as a separate dimension o f  self- 

efficacy. Calibration measures improved the predictivcness o f self-efficacy beliefs. 

Students who expressed a higher sense o f capability performed better (Bandura, 1986); 

however, the present study showed that more accurate perceptions o f capability were 

associated with improved math performance. Second, this study revealed that students 

who had a high sense o f  self-efficacy actually performed better. However, students who 

were poorly calibrated overestimated their self-efficacy. Although higher self-efficacy is 

desirable, as the self-efficacy research has well documented (Bandura, 1986; Schunk,

1991), accurately calibrated beliefs are also important to promote in students. By 

investigating students’ self-efficacy and calibration in terms o f task difficulty level, the
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present study identified that students were more sensitive to their performance on easier 

tasks than on more difficult ones.

Third, boys and girls did not differ, overall, on measures such as math 

performance, self-efficacy judgments, post-performance self-evaluation and effort 

judgement, and calibration accuracy and bias. Although numerical differences were 

found based on gender, they were not statistically significant.

Fourth, this study revealed important information on the effort judgments made 

by students while solving math problems. Such task-specific information revealed how 

students judge their effort across particular problems. Unfortunately, in the present 

study, effort judgment proved to be a measure o f the “amount o f  struggle” rather than a 

measure o f intended effort on each math problem. The latter meaning was attributable to 

the fact that the present study was a first attempt to measure students' perceived effort on 

an item-per-item basis.

Educational Implications

This study indicated that higher self-efficacy was desirable, but calibration 

accuracy combined with self-efficacy was ideal. This research does not mean to 

minimize the importance o f  students’ confidence in their capability; rather, it poses the 

important question that when confidence does not correspond with high capability, how 

can educators improve students’ self-efficacy calibration? Zimmerman, Bonner, and 

Kovach (1996) provided a cyclical model to guide educators in assisting their students to 

become more self-regulated learners. To improve students’ self-efficacy judgments o f
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their academic skills, these researchers asked them to estimate their efficacy before 

undertaking brief class quizzes. Students then graphed their self-efficacy judgments 

along with the actual scores they obtained. Once noted, the disparity readily guided 

students to adjust their subsequent self-efficacy judgments to attain greater accuracy. An 

educational implication here is to use self-recording to help students better assess their 

math skills and to adjust studying appropriately.

Another educational implication is the importance o f  measurement issues 

regarding research on concepts o f self-perception. The results o f the present study 

regarding the negative correlation between self-efficacy beliefs and effort judgment were 

not consistent with prior research (Bong. 1997; Pintrich et al., 1991;Schunk, 1982, 1983) 

which reported a positive correlation. An attempt was made to resolve this discrepancy 

by reviewing differences in how effort was measured; the measurement issue seemed to 

be the most reasonable one to explain the difference in findings. The implication here for 

educational researchers is that methods for measuring and interpreting effort judgments 

as well as self-efficacy beliefs need careful attention.

Directions for Future Research

One future research topic would be to examine how students develop their self- 

efficacy calibrations. A cross-sectional developmental study could shed light on how 

students’ self-efficacy calibrations vary by age o f  student. Another future research topic 

could compare students’ self-efficacy calibration to their learning strategies. Are students 

aware o f  the learning strategies they use? Students who overestimate their strategy use
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might also overestimate their self-efficacy levels. For future research on the motivational 

measure o f effort in relation to self-efficacy, one should consider how effort is measured. 

When students were assessed on their perceived effort expenditure, timing greatly 

influenced the results and interpretations, as demonstrated in the present study. Finally, 

for future studies, one could develop and assess the effectiveness o f training protocols 

designed to assist students in developing highly-calibrated self-efficacy.

Conclusion

This study provided a detailed assessment o f a range o f self-regulatory processes 

or beliefs that was hypothesized to underlies students’ sense o f agency about acquiring 

math competence. It explored the critical relationship between variations in context (e.g., 

specific math problems and their difficulty level) and students’ personal processes (e.g., 

judgments o f their math capabilities, self-efficacy calibration, effort judgment, and 

performance self-evaluation). The results revealed clearly that students’ self-efficacy 

beliefs play a pivotal role in their acquisition o f  mathematical competence. Such 

information can be vital in assisting educators to tailor interventions that will enhance 

students’ beliefs on their capability to team math and as well as the actual success.
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Appendix A 

Form 1 o f Student Packet
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ANSWER SHEET

Please circle your response  by choos ing  a n um ber

Form 1:

Example

How confident are you about solving this math problem correctly'.’

I 3 4
(som ew hat  I

5

(m ostlv  I(not at all)

Example 2

How c o n f id e n t  a re  you abo u t  s o lv in g  t h i s  math p ro b lem  c o r r e c t ly ?

7 8
(com plete ly)

I
(not at all)

2 3 4
( som ew hat)

5 6
( m o s t l y )

7 8
• complete ly)

1. How c o n f id e n t  a re  you a b o u t  s o l v in g  t h i s  m ath p ro b lem  c o r r e c t ly ?

1 5
(mostly)(not at all) (som ew hat)  (mostly)  (completely)

How c o n f id e n t  a re  you  ab o u t  s o lv in g  t h i s  m ath p ro b lem  c o r r e c t ly ?

I 5
(mostly)(not  at all) (som ew hat)

3. How c o n f id e n t  a re  you  a b o u t  s o lv in g  t h i s  m ath p ro b lem  c o r r e c t l y

7 8
(completely)

I S
(mostly)(not  at al l)  (som ew hat)

4. How c o n f id e n t  a re  you a b o u t s o lv in g  t h i s  m ath p ro b lem  c o r r e c t  ly ?

7 8
(completely)

I 3
(mostly)(not at all) (som ew hat)

5. How c o n f id e n t  a re  you a b o u t s o lv in g  t h i s  m ath p ro b lem  c o r r e c t ly ?

7 8
(completely)

I 5
(mostly)(not at all) ( som ew hat)

6. How c o n f id e n t  a re  you  a b o u t s o l v in g  t h i s  m ath p ro b lem  c o r r e c t l y ?

7 8
(com plete ly)

I
(not  at all)

3 4  5
(som ew hat)  (mostly)

7 8
(completely)
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How  c o n f i d e n t  a r e  you a b o u t  solving  t his math problem correctly?

1 2 3 4 5 6  7 8
(not at al l)  ( som ew hat)  (mostly)  (com plete ly)

8. How c o n f i d e n t  a r e  you a b o u t  so lv in g  th is  math problem co rrec tly?

I 2 3  4  5  6 7 8
(not at al l)  ( som ew hat)  (mostly)  (completely)

9. How co n fiden t are you a b o u t  so lv in g  t h i s  math problem co rrec tly?

I 2 3 4  5 6 7 8
(not at al l)  ( som ew hat)  (mostly)  (completely)

10. How co n fiden t are you about so lv in g  th is  math problem co rrec tly?

I 2 3 4  5 6  7 8
(not at a l l)  ( som ew hat)  (mostly)  (com plete ly)

11. How co n fiden t are you a b o u t  so lv in g  th is  math problem co rrec tly?

I 2 3 4  5 6  7 8
(not at al l)  ( som ew hat)  (mostly)  (com plete ly)

12. How co n fiden t are you about so lv in g  th is  math problem co rrec tly?

I 2 3 4  5 6  7 8
(not at al l)  ( som ew hat)  (mostly)  (completely)

13. How c o n f i d e n t  a r e  you a b o u t  so lv in g  th is  math problem co rrec tly?

I 2 3  4  5  6  7 8
(not at al l)  (so m ew h a t)  (mostly)  (completely)

14. How co n fid en t are you a b o u t  so lv in g  th is  math problem co rrec tly?

I 2 3  4  5 6  7  8
(no t  a t  al l)  ( som ew hat)  (mostly)  (com ple te ly)

15. How co n fid en t are you a b o u t  so lv in g  th is  math problem co rrec tly?

1 2 3 4  5 6  7  8
(not at  al l)  ( som ew hat)  (mostly)  (com plete ly)
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Form I

Please solve each math problem in the space provided. When you finish a 
problem, please write the answer on the blank line indicated and circle your 
responses fo r  the 2 questions on the bottom o f  each page.

Example I

W hat is 35 p lus 5 .5?

Answer:

A. How much effort did you put in to solve this problem?

1 2 3 4 5 6 7 8
(none) (a little) (a lot) (all)

B. How confident are you that you solved this math problem correctly?

1 2 3 4 5 6 7 8
(not at all) (somewhat) (mostly) (completely)
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Form I

P lease solve each math prob lem  in the space provided. W hen you  finish a 
problem , p lease write the answer on the blank line ind icated  and circle your  
responses for the 2 q u estion s on  the bottom  o f  each  page.

1.

A  new spaper reported that about 18 ,189  trees had b een  planted in the park. 
W hat is the num ber o f  trees rounded to the nearest hundred?

Answer.

A. How much effort did you put in to solve this problem?

1 2
(none)

3 4
(a little)

5 6
(a lot)

7 8
(all)

B. How confident are you that you solved this math problem correctly?

1 2 3 4 5 6 7 8
(not at all) (somewhat) (mostly) (completely)
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2.

In a d iscu s-th row in g  com p etition , the w in n in g  throw  w as 6 1 .6 0  m. The  
secon d -p lace  throw  w as 5 9 .7 2  m. Howr m uch lon ger  w as the w inn ing throw  
than the secon d -p lace  throw?

Answer

A. How much effort did you put in to solve this problem?

1 2
(none)

3 4
(a little)

5 6
(a lot)

7 8
(all)

B. How confident are you that you solved this math problem correctly?

1 2 3 4 5 6
(not at all) (somewhat) (mostly)

7 8
(completely)
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3.

T w o groups o f  tourists each  have 60  peop le. If 3 /4  o f  the first group and 2/3  
o f  the secon d  group board buses to travel to a m u seum , h ow  m any m ore 
p eop le  in the first group board buses than in the secon d  group?

Answer.

A. How much effort did you put in to solve this problem?

1 2
(none)

3 4
(a little)

§ 6
(a lot)

7 8
(all)

B. How' confident are you that you solved this math problem correctly?

1 2 3 4 5 6 7 8
(not at all) (somewhat) (mostly) (completely)
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4.

A nna had a bag o f  m arbles. She gave  h a lf o f  them  to Jam es and then a third 
o f  the m arbles still in the bag to Pat. She then had 6 m arbles left. H ow  
m any m arbles w ere in the bag to start w ith?

Answer.

A. How much effort did you put in to solve this problem?

1 2 3 4 S 6 7 8
(none) (a little) (a lot) (all)

B. How confident are you that you solved this math problem correctly? 

1 2 3 4 5 6 7 8
(not at all) (somewhat) (mostly) (completely)
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5.

A  c la ss  has 28  students. The ratio o f  girls to b oys is 4  : 3. H ow  m any girls  
are in the class?

Answer.

A. How much effort did you put in to solve this problem?

1 2 3 4 5 6 7 8
(none) (a little) (a lot) (all)

B. How confident are you that you solved this math problem correctly? 

1 2 3 4 5 6 7 8
(not at all) (somewhat) (mostly) (completely)
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6.

In a quadrilateral, tw o  o f  the a n g les each  have a m easure o f  110°, and the  
m easure o f  a third a n g le  is 9 0 ° . W hat is  the m easure o f  the rem aining angle?

Answer.

A. How much effort did you put in to solve this problem?

1 2 3 4 5 6 7 8
(none) (a little) (a lot) (all)

B. How confident are you that you solved this math problem correctly?

1 2 3 4 5 6 7 8
(not at all) (somewhat) (mostly) (completely)
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A  shaded rectangular picture is pasted on  a sheet o f  w hite paper as show n  
a b ove . W hat is  the area o f  the w hite paper not covered  by the picture?

Answer

A. How much effort did you put in to solve this problem?

1 2 3 4 5 6 7 8
(none) (a little) (a lot) (all)

B. How confident are you that you solved this math problem correctly?

1 2 3 4 5 6 7 8
(not at all) (somewhat) (mostly) (completely)
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W hat does 6 0 0 0  m inus 2 3 6 9 .4  equal? P lease sh ow  your work.

Answer:

A. How much effort did you put in to solve this problem?

1 2 3 4 5 6 7 8
(none) (a little) (a lot) (all)

B. How confident are you that you solved this math problem correctly?

1 2 3 4 5 6 7 8
(not at all) (somewhat) (mostly) (completely)
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9.

A  group o f  students has a total o f  29  p en cils  and everyon e has at least on e  
p encil. S ix  students have 1 pencil each , 5 students h ave 3, and the rest have  
2. H ow  m any students have o n ly  2 pencils?

Answer:

A. How much effort did you put in to solve mis problem?

1
(none)

3 4
(a little)

5 6
(a lot)

7 8
(all)

B. How confident are you that you solved this math problem correctly?

1 2 3 4 5 6
(not at all) (somewhat) (mostly)

7 8
(completely)
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10.

I f the p rice o f  a can o f  beans is raised from 6 0  to 75 cen ts, w hat is the 
percent increase in the price?

Answer

A. How much effort did you put in to solve this problem?

1 2 3 4 5 6 7 8
(none) (a little) (a lot) (all)

B. How confident are you that you solved this math problem correctly?

1 2 3 4 5 6 7 8
(not at all) (somewhat) (mostly) (completely)
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11.

Janis, Maria, and their m other w ere eatin g  a cake. Janis ate 1/4 o f  the cake. 
M aria ate 1/3 o f  the cake. T heir m other ate 1/3 o f  the cake. H ow  m uch o f  
the cake is left?

Answer.

A. How much effort did you put in to solve this problem?

1 2 3 4 5 6 7 8
(none) (a little) (a lot) (all)

B. How confident are you that you solved this math problem correctly?

1 2 3 4 5 6 7 8
(not at all) (somewhat) (mostly) (completely)
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12.

The num bers in the seq u en ce 2, 7, 12, 17, 2 2 , . . .  increase by fives. The 
num bers in the seq u en ce  3, 10. 17, 24 , 3 1 , . . .  increase by seven . The 
num ber 17 occurs in both seq u en ces. I f  the tw o seq u en ces are continued , 
w hat is the next num ber that w ill occur in both seq u en ces?

Answer

A. How much effort did you put in to solve this problem?

1 2
(none)

3 4
(a little)

5 6
(a lot)

7 8
(all)

B. How confident arc you that you solved this math problem correctly?

1 2 3 4 5 6 7 8
(not at all) (somewhat) (mostly) (completely)
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13.

Four children m easured the w idth  o f  a room  by counting the num ber o f  
p aces it took them  to cross it. The chart sh ow s their m easurem ents. W ho  
had the lon gest pace?

N am e N um ber o f  P aces

Stephen  
A rlene  
A na  
C arlos

10
7I
9
8

Answer.

A. How much effort did you put in to solve this problem?

1 2  3 4 5 6 7 8
(none) (a little) (a lot) (all)

B. How confident are you that you solved this math problem correctly?

1 2  3 4 5 6 7 8
(not at all) (somewhat) (mostly) (completely)
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14.

T h ese triangles are congruent. T he m easures o f  som e o f  the sid es and an gles  
o f  the triangles are show n. W hat is the va lu e o f  x  ?

Answer

A. How much effort did you put in to solve this problem?

1 2 3 4 5 6 7 8
(none) (a little) (a lot) (all)

B. How confident are you that you solved this math problem correctly? 

1 2 3 4 5 6 7 8
(not at all) (somewhat) (mostly) (completely)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



141

15.

A  drawer contains 28 pens: so m e w hite , som e blue, som e red, and som e  
gray. I f  the probability o f  se lec tin g  a b lue pen is 2 /7 , h ow  m any b lue pens  
are in the drawer?

Answer.

A. How much effort did you put in to solve this problem?

1 2
(none)

3 4
(a little)

5 6
(a lot)

7 8
(all)

B. How confident are you that you solved this math problem correctly?

1 2 3 4 5 6 7 8
(not at all) (somewhat) (mostly) (completely)
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ANSWER SHEET

Please circle your response  by choo s in g  a number.

Form 2:

E xam ple

How confident are you about solving this math problem correctly'!

I 3 4
( s o m e w h a t )

5 6
(most ly I(not  at all)

Exam ple  2

How con fidan t are  you a b o u t  so lv in g  t h i s  math problem co rrec tly?

(completely)

I
(not at all)

2 3 4
( som ew hat  I

5 6
( m o s t l y )

7 8
(c o m p le te ly )

1. How co n fid en t are you about so lv in g  th is  math problem c o rre c tly ?

I 5
(m o s t ly )(not at all)  ( som ew hat)

2.  How co n fid en t are you about so lv in g  th is  math problem c o rrec tly?

7 8
(completely)

I 5
(m ostly)(not at all) ( som ew hat)

3.  How co n fid en t are you ab o u t  so lv in g  th is  math problem c o rre c tly ?

7 8
(completely!

I 5
(m ostly)(not at all)  (som ew hat)

4.  How co n fid en t are you ab o u t  so lv in g  th is  math problem co rrec tly?

7 8
(completely)

1 5
(m ost ly )(not  at all) ( som ew hat)

5. How co n fid en t are you ab o u t  so lv in g  th is  math problem c o rrec tly?

7 8
(com plete ly)

1 5
(m ost ly )(not at all) ( som ew hat)

6.  How c o n fid en t are you ab o u t  so lv in g  th is  math problem c o rrec tly?

7 8
(completely)

1
(not at all)

3 4 5
(so m ew h a t)  (m ostly)

7 8
(completely)
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7.  How con fiden t are you about 3o lving  th is  math problem correc tly?

1 2  3 4 5 6 7 8
(not at all) ( som ew ha t)  (m ostly)  (completely)

8.  How co n fiden t are you about so lv in g  th is  math p rob l em co rrec tly?

1 2 3 4 5 6 7 8
(not at all) ( so m ew h a t)  (m ostly)  (completely)

9.  How co n fiden t are you about so lv in g  th is  m ath p rob lem  correc tly?

1 2 3 4 5 6 7 8
(not at all) ( so m ew h a t)  (mostly)  (completely)

10. How con fiden t are you about so lv in g  th is  math problem correc tly?

1 2 3 4 5 6 7 8
(not at all) (so m ew h a t)  (mostly)  (com ple te ly)

11. How co n fiden t are you about so lv in g  th is  math problem correc tly?

1 2 3 4 5 6 7 8
(not  at all)  ( so m ew h a t)  (m ostly)  (com ple te ly)

12. How co n fid en t are you about so lv in g  th is  math problem correc tly?

1 2 3 4 5 6 7 8
(not at  all) (so m ew h a t)  (m ostly)  (completely)

13. How co n fid en t are you a b o u t so lv in g  th is  m ath p ro b lem  c o r r e c t ly ?

1 2 3 4 5 6 7 8
(not  at all) ( so m ew h a t)  (m ostly )  (completely)

14. How co n fid en t are you a b o u t so lv in g  th is  math problem correc tly?

1 2 3 4 5 6 7 8
(not  at all) ( som ew ha t)  (m ost ly )  (completely)

15. How co n fiden t are you a b o u t s o lv in g  t b i a  m atb problem correc tly?

1 2 3 4 5 6 7 8
(not at  all) ( som ew ha t)  (m ost ly )  (completely)
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Form 2

Please solve each math problem in the space provided. When you fin ish  a 
problem, please write the answer on the blank line indicated and circle your 
responses fo r  the 2 questions on the bottom o f  each page.

Example I

W hat is 44  plus 7 .3?

A n sw er _________________________________

A. How much effort did you put in to solve this problem?

1 2 3 4 5 6 7 8
(none) (a little) (a lot) (all)

B. How confident are you that you solved this math problem correctly ?

1 2 3 4 5 6
(not at all) (somewhat) (mostly)

7 8
(completely)
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Form 2.

P lease solve each  m ath problem  in the space provided. W hen you  fin ish  a 
problem , p lease w rite the answer on the blank line indicated and circle your  
responses for the 2 q u estion s on the bottom  o f  each  page.

1.

A  new spaper reported that about 19 ,179  trees had been planted in the park. 
W hat is the num ber o f  trees rounded to the nearest hundred?

Answer:

A. How much effort did you put in to solve this problem?

1 2
(none)

3 4
(a little)

§ 6
(a lot)

7 8
(all)

C. How confident are you that you solved this math problem correctly?

1 2 3 4 5 6
(not at all) (somewhat) (mostly)

7 8
(completely)
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2.

In a d iscu s-th row in g  com p etition , the w in n in g  throw w as 62 .50  m. The  
secon d -p lace  throw  w as 59 .63  m. H ow  m uch  lon ger w as the w inn ing throw  
than the secon d -p lace  throw?

Answer.

A. How much effort did you put in to solve this problem?

1 2 3 4 5 6 7 8
(none) (a little) (a lot) (all)

C. How confident are you that you solved this math problem correctly?

1 2 3 4 5 6 7 8
(not at all) (somewhat) (mostly) (completely)
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3.

T w o groups o f  tourists each have 6 0  peop le. If 4 /5  o f  the first group and 2/3 
o f  the seco n d  group board b u ses to travel to a m useum , h o w  m any m ore  
p eop le  in the first group board b u ses than in the secon d  group?

Answer:

A. How much effort did you put in to solve this problem?

1 2
(none)

3 4
(a little)

5 6
(a lot)

7 8
(all)

C. How confident are you that you solved this math problem correctly?

1 2 3 4 5 6 7 8
(not at all) (somewhat) (mostly) (completely)
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4.

A nna had a bag o f  m arbles. S he g a v e  h a lf  o f  them  to Jam es and then a 
quarter o f  the m arbles still in the b ag  to Pat. S h e then had 6 m arbles left. 
H ow  m any m arbles w ere in the b ag  to  start w ith?

Answer.

A. How much effort did you put in to solve this problem?

1 2 3 4 5 6 7 8
(none) (a little) (a lot) (all)

C. How confident are you that you solved this math problem correctly?

1 2 3 4 5 6 7 8
(not at all) (somewhat) (mostly) (completely)
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5.

A  cla ss  has 28  students. T he ratio o f  girls to b oys is 5 : 2 . H ow  m any girls  
are in the class?

Answer.

A. How much effort did you put in to solve this problem?

1 2  3 4 5 6 7 8
(none) (a little) (a lot) (all)

C. How confident are you that you solved this math problem correctly?

1 2  3 4 5 6 7 8
(not at all) (somewhat) (mostly) (completely)
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6.

In a quadrilateral, tw o  o f  the a n g les each  have a m easure o f  110°, and the 
m easure o f  a third an gle is  8 0 ° . W hat is  the m easure o f  the rem aining angle?

Answer.

A. How much effort did you put in to solve this problem?

1 2 3 4 5 6 7 8
(none) (a little) (a lot) (all)

C. How confident are you that you solved this math problem correctly?

1 2 3 4 5 6 7 8
(not at all) (somewhat) (mostly) (completely)
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A

40 cm

v

A  shaded rectangular picture is pasted on a sheet o f  w hite paper as show n  
above. W hat is the area o f  the w hite paper not covered  by the picture?

Answer.

A. How much effort did you put in to solve this problem?

1 2 3 4 5 6 7 8
(none) (a little) (a lot) (all)

C. How confident are you that you solved this math problem correctly?

1 2 3 4 5 6 7 8
(not at all) (somewhat) (mostly) (completely)
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8.

W hat d oes  7 0 0 0  m inus 2 4 7 9 .6  equal?  P lease sh ow  your w ork.

Answer.

A. How much effort did you put in to solve this problem?

1 2  3 4 5 6 7 8
(none) (a little) (a lot) (all)

C. How confident are you that you solved this math problem correctly?

1 2  3 4 5 6 7 8
(not at all) (somewhat) (mostly) (completely)
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9.

A  group o f  students has a total o f  29  p en cils  and everyon e has at least one  
p en cil. E ight students have 1 p en cil each , 5 students have 3 , and the rest 
h ave 2. H o w  m any students have o n ly  2 p en cils?

Answer

A. How much effort did you put in to solve this problem?

1 2 3 4 5 6 7 8
(none) (a little) (a lot) (all)

C. How confident are you that you solved this math problem correctly? 

1 2 3 4 5 6 7 8
(not at all) (somewhat) (mostly) (completely)
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10.

If the price o f  a can o f  beans is  raised from  60  to 72 cen ts, w hat is  the 
percent increase in the price?

Answer

A. How much effort did you put in to solve this problem?

1 2 3 4 5 6 7 8
(none) (a little) (a lot) (all)

C. How confident are you that you solved this math problem correctly?

1 2 3 4 5 6 7 8
(not at all) (somewhat) (mostly) (completely)
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11.

Janis, M aria, and their m other w ere eatin g  a cake. Janis ate 1/3 o f  the cake. 
M aria ate lA o f  the cake. T heir m other ate 'A o f  the cake. H ow  m uch o f  the 
cake is  left?

Answer.

A. How much effort did you put in to solve this problem?

1 2 3 4 5 6 7 8
(none) (a little) (a lot) (all)

C. How confident are you that you solved this math problem correctly?

1 2 3 4 5 6 7 8
(not at all) (somewhat) (mostly) (completely)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



157

12.

The num bers in the seq u en ce 6 , 11, 1 6 , 2 1 ,  2 6 , . . .  increase by fives. The  
num bers in the seq u en ce  3, 9, 15, 21 , 2 7 , . . .  increase by six . The num ber 21 
occurs in both  seq u en ces. I f  the tw o seq u en ces are continued , w hat is the 
next num ber that w ill occu r in both seq u en ces?

Answer:

A. How much effort did you put in to solve this problem?

1 2 3 4 5 6 7 8
(none) (a little) (a lot) (all)

C. How confident are you that you solved this math problem correctly?

1 2 3 4 5 6 7 8
(not at all) (somewhat) (mostly) (completely)
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13.

Four children m easured the w idth o f  a room  by counting the num ber o f  
p aces it took them  to cross it. T he chart sh o w s their m easurem ents. W ho  
had the lon gest pace?  

N am e N um ber o f  Paces

Stephen 12
A rlene 9
Ana 7
C arlos 8

Answer

A. How much effort did you put in to solve this problem?

1 2 3 4 5 6 7 8
(none) (a little) (a lot) (all)

C. How confident are you that you solved this math problem correctly?

1 2 3 4 5 6 7 8
(not at all) (somewhat) (mostly) (completely)
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14.

T h ese triangles are congruent. The m easures o f  som e o f  the sid es and an g les  
o f  the triangles are show n . W hat is the va lu e o f  x  ?

/  6-; ° \
/  x ' cm

/  i l ° \
I  _________

Answer:

A. How much effort did you put in to solve this problem?

1 2 3 4 5 6 7 8
(none) (a little) (a lot) (all)

C. How confident are you that you solved this math problem correctly?

1 2 3 4 5 6 7 8
(not at all) (somewhat) (mostly) (completely)
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15.

A drawer contains 28  pens: som e w hite, som e b lue, som e red. and som e  
gray. If the probability  o f  se lec tin g  a b lue pen is 4 /7 , h ow  m any b lue pens  
are in the drawer?

Answer.

A. How much effort did you put in to solve this problem?

1 2
(none)

3 4
(a little)

5 6
(a lot)

7 8
(all)

C. How confident are you that you solved this math problem correctly?

1 2 3 4 5 6 7 8
(not at all) (somewhat) (mostly) (completely)
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