Running Head: AEQ-ES

Measuring Students’ Emotions in the Early Years:

The Achievement Emotions Questionnaire—Elementary School (AEQ-ES)

Stephanie Lichtenfeld
Reinhard Pekrun

University of Munich

Robert H. Stupnisky

University of North Dakota

Kristina Reiss

Technical University of Munich

Kou Murayama

University of Munich



Running Head: AEQ-ES 2

Measuring Students’ Emotions in the Early Years:
The Achievement Emotions Questionnaire—Elementary School (AEQ-ES)

Emotions are ubiquitous in achievement settings. Students may feel proud about good
grades, worry that they don’t understand course material, get angry about a teacher who treats
them unfairly, or feel bored when dealing with a topic in which they are not interested. Despite
the diversity of emotions students experience in their courses on a daily basis (Pekrun, Goetz,
Titz, & Perry, 2002), research on different achievement emotions has been slow to emerge
(Schutz & Pekrun, 2007). This is especially puzzling because emotions have a large impact on
students’ motivation, learning, and performance, as well as on their health and well-being
(Pekrun, 2006). Specifically, whereas research on emotions in older students has been growing in
recent years (Efklides & Volet, 2005; Linnenbrink, 2006; Linnenbrink-Garcia & Pekrun, 2011;
Schutz & Pekrun, 2007), empirical evidence on the achievement emotions experienced by
elementary school children is largely lacking to date.

One possible reason for the lack of research on elementary students’ achievement
emotions is the limited number of measurement instruments. Exceptions include instruments
assessing elementary school students’ achievement anxiety, such as scales on test anxiety
(Weinert & Helmke, 1997) and mathematics anxiety (e.g., Griitzemann, 2003; Suinn, Taylor, &
Edwards, 1988). In contrast, established measures capturing a range of emotions in addition to
anxiety are lacking. Therefore, the primary goal of the present research was to construct an
instrument that measures a variety of distinct emotions in elementary school students. Pekrun’s
control-value theory of achievement emotions (Pekrun, 2000, 2006; Pekrun, Frenzel, Goetz, &
Perry, 2007) served as the theoretical framework for constructing and validating the instrument.
Previous Research on Elementary Students’ Achievement Emotions

Historically, achievement emotion researchers primarily pursued two lines of research:
test anxiety studies, and studies on the attributional antecedents of achievement emotions

(Hembree, 1988; Seipp, 1991; Zeidner, 1998). Research on test anxiety focused primarily on high
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school and college students; in contrast, studies investigating this construct in the early
elementary school years are scarce. For instance, in Hembree’s (1988) comprehensive
metaanalysis of research on test anxiety, only one study was listed on 11- and 12-year old
students and none on children younger than 11 years of age. Likewise, in a meta-analysis on the
relationship between anxiety and achievement in mathematics, studies conducted in the early
elementary grades were found to be rare (Ma, 1999).

The second commonly pursued line of emotion research addressed the attributional
antecedents of achievement emotions. In his attributional theory of achievement emotions,
Weiner (1985) proposed that emotions such as pride, shame, guilt, etc., depend on students’
causal attributions of success and failure outcomes. Based on Weiner’s (1985) theory, Stipek and
Gralinski (1991) conducted a study in the elementary school context that investigated gender
differences in third graders’ pride and shame in mathematics. The results indicated that girls felt
less proud about success and were more concerned about public humiliation (i.e., shame) after
failure in mathematics than boys.

An additional line of emotions research concerns positive emotions in the elementary
school years. Helmke (1993), for example, investigated the development of enjoyment of
learning from kindergarten to grade five in mathematics and German. Results from this
longitudinal study showed that enjoyment of learning decreased across the elementary school
years, but did so while maintaining a relatively high level. In sum, with few exceptions, research
on this topic is largely lacking, especially so with regard to studies examining a range of different
achievement emotions.

The Control-Value Theory of Achievement Emotions

Pekrun’s (2006) control-value theory of emotions served as a theoretical framework for
the present research. This theory integrates basic principles from attributional theories of
achievement emotions (e.g., Weiner, 1985), expectancy-value approaches to emotions (Pekrun,

1992; Turner & Schallert, 2001), theories of perceived control (Patrick, Skinner, & Connell,
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1993; Perry, 1991), and models involving the effects of emotions on learning and performance
(Fredrickson, 2001; Pekrun et al., 2002; Zeidner, 1998). As part of the theory, Pekrun (2006)
proposed a taxonomy that describes emotions along three dimensions: valence (positive vs.
negative), level of activation (activating vs. deactivating), and object focus in terms of being
related to either achievement activities (e.g., learning) or achievement outcomes (i.e., success and
failure). For example, the experience of enjoyment during a specific class may be characterized
as a positive, activating, activity-related emotion. In contrast, anxiety when facing an exam is
considered a negative, activating, outcome-related emotion.

In his theory, Pekrun (2000, 2006) proposes that control and value appraisals serve as
critical antecedents of achievement emotions. Control-related appraisals involve individuals’
achievement-related competence beliefs, expectancies and attributions. Value appraisals refer to
the perceived value of an activity or outcome (e.g., the perceived importance of success).
Perceived controllability and the positive subjective value of achievement activities are expected
to evoke positive activity emotions, such as enjoyment of learning, and reduce negative activity
emotions, such as boredom and anger. While boredom has traditionally been assumed to be
caused by a lack of challenge (Csikszentmihalyi, 1975), more recent studies have found that
boredom is indeed related to a low self-concept of ability (Goetz, Pekrun, Hall, & Haag, 2006)
and low perceived control (Pekrun, Goetz, Daniels, Stupnisky, & Perry, 2010). The theory further
proposes that low perceived controllability and the negative subjective value of failure outcomes
elicit negative outcome emotions such as anxiety, hopelessness, or shame. For instance, a student
who anticipates failing an important exam and feels incapable of passing it will experience
failure-related anxiety (Pekrun, 1992). In sum, the control-value theory posits that control and
value appraisals serve as proximal antecedents of specific, discrete achievement emotions.
Examining Elementary School Students’ Specific Emotions

Focus on enjoyment, anxiety, and boredom. The present research focused on examining

three achievement emotions that are of primary importance in achievement settings, namely,
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enjoyment, anxiety, and boredom. We analyzed the structures and achievement outcomes of these
emotions with regard to a specific domain (mathematics) and across two cultural contexts. The
three emotions were selected because they are frequently experienced in achievement settings
(Csikszentmihalyi & Larson, 1987; Helmke, 1993; Pekrun, Goetz, Frenzel, & Perry, 2011,
Pekrun et al., 2002). Furthermore, the emotions provide a representation of the major dimensions
of Pekrun’s (2006) taxonomy of achievement emotions. Specifically, they represent both activity-
related emotions (enjoyment and boredom) and outcome-related emotions (anxiety), both positive
(enjoyment) and negative emotions (boredom and anxiety), and both activating (enjoyment,
anxiety) and deactivating emotions (boredom). Furthermore, achievement emotions can be
related to different academic settings, such as attending class, studying, and taking tests and
exams. As these settings vary in respect to their functions, demands, and social structures,
emotions may likewise differ across these settings. For example, students who enjoy attending
class may not necessarily enjoy the challenge of an exam. As a consequence, measurements
investigating achievement emotions should distinguish between emotions related to these
different academic settings (Pekrun et al., 2011).

Domain specificity of emotions: Focus on mathematics. Previous research has shown
that control- and value-related constructs such as self-concepts of ability, achievement
expectancies, and interest are best examined when considered in specific subject domains (e.g.,
Bong, 2001; Marsh, 1986). In turn, emotions depending on control and value appraisals should
also be considered at the domain-specific level. Empirical evidence supports this proposition in
terms of weak between-domain relations of various achievement emotions (see Goetz, Frenzel,
Pekrun, Hall, & Ludtke, 2007; Goetz et al., 2006). As a consequence, in the present research we
constructed an instrument that assesses emotions in a domain-specific way; specifically, the
questionnaire measured students’ emotions in mathematics.

Achievement outcomes. In his control-value theory Pekrun (2006) suggests that positive

activating emotions generally improve academic achievement by promoting task-related
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attention, strengthening motivation, and enhancing use of flexible learning strategies. For
instance, enjoying a particular school subject will direct attention toward related tasks, which
consequently leads to better student performance. Several studies provide empirical evidence for
the positive enjoyment-performance link (e.g., Helmke, 1993; Pekrun et al., 2002). In contrast,
negative deactivating emotions such as boredom have been found to impair motivation and self-
regulation of learning, leading to shallow information processing and poor student performance
(Pekrun et al., 2010). Negative activating emotions such as anxiety may also impair interest and
intrinsic motivation; however, they may enhance extrinsic motivation to invest effort and avoid
failures. Consequently, the effects of negative activating emotions on achievement outcomes are
more variable (see e.g., Pekrun et al., 2002), although the negative impact of these emotions on
overall academic achievement are generally believed to outweigh any advantageous effects
(Hembree, 1988; Pekrun et al., 2007). Taken together, we hypothesized positive relations of
enjoyment with students’ mathematics achievement and negative relations for students’ boredom
and anxiety.

Cultural context. Elementary school students’ emotions in mathematics may also differ
across different cultural contexts. For example, the German and the American elementary school
systems traditionally differ in a number of aspects that may influence students’ emotions, the
most salient difference being the relative emphasis on tracking or ability grouping. In the United
States, tracking typically takes place within schools. One form of tracking is between-classes,
wherein high achieving students take advanced courses and low achieving students take remedial
classes. Another form of tracking is within-class tracking, implying that students are taught in
different groups within the classroom depending on their achievement level. These forms of
ability grouping are common across the early elementary grades in the United States (Entwisle &
Alexander, 1993; Hallinan & Sgrensen, 1983; Pallas, Entwisle, Alexander, & Stluka, 1994;

Rosenholtz & Simpson, 1984).
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Alternatively, in Germany the entire school system is traditionally based on tracking with
few exceptions. At the end of Grade 4 or 6 when students are about 10 or 12 years of age they are
selected to enter different secondary school tracks. The selection process is based on students’
performance in elementary school. Across the German states, number and quality of these tracks
vary considerably (Baumert, Trautwein, & Artelt, 2003; Mintrop, 1997). The present study was
run in an area with the most common tracking system, which is called the “tri-partite” tracking
system. In this tracking system, students are selected to enter either the least academically
demanding track called “Hauptschule”, the intermediate “Realschule” track, or the college-bound
track called “Gymnasium”. The selection into the different school tracks is important for
students’ subsequent educational and professional career. Those in the lower tracks typically
enter a dual system that combines part-time education at vocational schools with on-the-job
training. Students from Hauptschule generally receive relatively lower paid jobs, while
Realschule students typically aspire to more skilled occupations. Those students who pass the
final Gymnasium examination (Abitur) get the opportunity to enter higher education (Maaz,
Trautwein, Lidtke, & Baumert, 2008).

Clearly, elementary school achievement outcomes have more profound consequences for
German than American students, which in turn may increase the subjective value of these
outcomes for German students. Additionally, there is evidence that American elementary schools
have instituted more self-esteem enhancing and less critical feedback practices compared to
German elementary schools (Little, Oettingen, Stetsenko, & Baltes, 1995). This may also
influence elementary students’ achievement emotions, particularly those related to exams and test
taking.

The Present Research

The present research had three primary aims. The first aim was to develop an instrument

measuring students’ enjoyment, anxiety, and boredom in the early elementary school years

(Achievement Emotions Questionnaire—Elementary School, AEQ-ES). This instrument can be
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used to assess these emotions in various school subjects; however, in the present research the
focus was on students’ enjoyment, anxiety, and boredom in mathematics. The instrument was
analyzed using samples from German (Study 1) and American (Study 2) elementary school
classrooms. Specifically, item and scale statistics including Cronbach’s alpha reliability, internal
test validity, and external test validity (see Slaney & Maraun, 2008, for the distinction of internal
vs. external test validity) were examined.

The second aim of our research was to test central propositions of the control-value theory
of achievement emotions in early elementary school students (Pekrun, 2006). This was
accomplished by examining the links between our emotion measures and critical antecedents and
outcomes of achievement emotions. Specifically, correlations of elementary school students’
emotions with control and value appraisals as well as students’ achievement outcomes were
calculated.

The third aim of our research was to establish the construct equivalence and cross-cultural
utility of the German and American versions of the AEQ-ES. Specifically, we examined the
measurement invariance of the instrument across the two samples using multigroup confirmatory
factor analysis.

Study 1

In Study 1 we examined the psychometric properties of the AEQ-ES in a sample of
German elementary school students. Moreover, we examined linkages between achievement
emotions, students’ appraisals, and their academic achievement.

Method

Participants and procedure. The study involved students of two age groups from 30
different elementary schools in Germany. The sample represented a wide range of students in
terms of ability and socio-economic background, including 678 second-grade students (345
females) from 30 classrooms and 687 third-grade students (330 female) from 30 classrooms.

Students without achievement data (n = 48) and those who didn’t complete the entire survey (n =
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128) were excluded from the analysis. The final breakdown of the sample was 594 second
graders (mean age = 9.05 years, range 7 to 11, SD =.71) and 595 third graders (mean age = 10.10
years, range 8 to 12, SD = .72).

Students completed the study instruments during regular classroom hours. On the first day
of testing, a one-hour mathematics achievement test was administered. On the following day,
students responded to the AEQ-ES, items pertaining to students’ perceived control and value in
mathematics, as well as several demographic items. Before answering the questionnaire, students
were assured of the confidentiality of their responses. The participants were asked to express their
personal opinion and judgments, and were told that there were no “right” or “wrong” answers.
All items were read to the students to ensure that every student understood the questions.

Measures.

Achievement emotions. The scales of the AEQ-ES were adapted from the Achievement
Emotions Questionnaire (Pekrun et al., 2011). The primary goal of the adaptation was to create
an instrument tailored to the cognitive and language ability levels of elementary school students.
The AEQ-ES consists of 28 items (nine enjoyment, 12 anxiety, and seven boredom items) that
are organized in eight scales. Enjoyment and anxiety are measured with three scales pertaining to
experiencing the emotion when attending class, doing homework, and taking tests and exams.
Boredom is measured with only two scales, relating to class time and doing homework, as
boredom is not typically experienced in relation to taking tests and exams (see Appendix A for
sample items). Items are answered on a 5-point Likert scale anchored by five graphical displays
of faces showing increasing emotional intensity. To ensure that both boys and girls could identify
themselves with the faces, there were different versions for male and female students using male
and female faces, respectively (see Appendix B).

In the present study, the second-grade students only answered scales regarding class- and

learning-related emotions as German students lack experience with taking tests and receiving
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grades during the first two school years. In the third grade sample, all eight scales were
administered.

Parents’ judgment of students’ emotions. Parents were asked to indicate how much
enjoyment, anxiety, and boredom they thought their child would experience in mathematics on a
5-point Likert scale using single items for each emotion (e.g., ““l feel that my child enjoys math”;
second grade sample: enjoyment: M = 3.98, SD = 1.02; anxiety: M = 1.60, SD = .99; boredom: M
= 1.60, SD =.93; third grade sample: enjoyment: M = 3.92, SD = 1.03; anxiety: M = 1.65, SD =
1.01; boredom: M = 1.59, SD =.91).

Perceived control and value. Students were asked to rate their perceived control and
value in mathematics on a 5-point Likert scale. Perceived control was operationalized with three
items (e.g., “I can solve math problems well”; second grade sample: M = 4.05, SD = .87, o = .88;
third grade sample: M = 3.92, SD = .80, o. = .87). Perceived value was assessed with the single
item “I think math is important” (second grade sample: M = 4.46, SD = .97; third grade sample:
M=4.41,SD =.91).

Mathematics achievement. Students’ mathematics achievement was measured with a
standardized mathematics test (second grade sample: M = 9.26, SD = 3.59, a = .77; third grade
sample: M =11.08, SD =4.60, o. = .81). The test contained 18 items for second graders and 24
items for third graders measuring students’ arithmetical and geometrical competencies. It was run
in every Bavarian second and third grade classroom on the same day. Typically the teacher of the
class administers the test; however, the sample for this study was assessed by externally trained
testing personnel in order to ensure objectivity of the test taking procedure.

In addition, teachers were asked to provide students’ mathematics grades. Third grade
teachers provided the students’ grades as documented in the last progress report. Second grade
teachers were asked to judge students’ math performance based on their performance during the
previous school year, as students did not receive any grades until after the end of second grade.

Grades in Germany range from 1 (excellent) to 6 (poor). In order to facilitate interpretation, the
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scores were reverse coded (1 = poor, 6 = excellent; second grade sample: M = 4.62, SD = 1.05;
third grade sample: M = 4.38, SD = 1.02).
Results and Discussion

Item and scale statistics. Findings on response distributions, item-total correlations, and
reliabilities of the AEQ-ES scales are reported in Table 1. Both the anxiety and boredom score
distributions were positively skewed, indicating that these emotions are somewhat uncommon in
elementary school students. Cronbach’s alpha internal reliability thresholds are typically set at
.70 (Nunnally, 1978) or .80 (Henson, 2001). The current coefficients ranged from .71 to .93 for
the second grade sample and from .73 to .92 for the third grade sample, indicating that reliability
was sufficient to excellent for all emotions, in each specific achievement situation, and in both
grades. Also, part-whole corrected item-total correlations were excellent, with none of the
correlations falling below the .30 threshold. Finally, the AEQ-ES scales appeared to yield
sufficient variation in responses, and results support that even children at this young age are able
to reliably answer items regarding different emotions.

Internal validity: Factor structures of emotions. Confirmatory factor analyses (CFAS)
were conducted on the achievement emotion items using AMOS 17.0 (Arbuckle, 2006) to
examine if the instrument displays internal validity with regard to its presumed internal
structures. The analyses were conducted using covariance matrices, and the solutions were
generated on the basis of maximum-likelihood estimation. As recommended by Hoyle and Panter
(1995), in addition to the traditional chi-square test we used several different indexes to evaluate
model fit including the standardized root mean squared residual (SRMR), the comparative fit
index (CFI), the Tucker—Lewis index (TLI), and the root-mean square error of approximation
(RMSEA). The following criteria were used to evaluate the adequacy of model fit: CFI > .90, TLI
> .90 (Browne & Cudeck, 1993), and SRMR < .10 (Kline, 1998). RMSEAs below .05 are
thought to indicate good fit, RMSEAs between .05 and .08 reasonable fit, and RMSEAs between

.08 and .10 mediocre fit (Browne & Cudeck, 1993).
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Three alternative CFA models were tested competitively. Model A assumed one positive
and one negative emotion factor, in which positive and negative emotion items loaded on two
separate latent factors, respectively. Model B postulated three latent factors, in which items from
each emotion loaded on separate latent factors (enjoyment, anxiety, and boredom). Model C was
constructed as a hierarchical model postulating eight latent primary factors with the items for
each of the eight AEQ-ES scales as indicators, and three latent secondary emotion factors (see
Figure 1).

In the second grade sample, models A and B showed a poor fit (Model A: ¥[169, N =
594] = 1326.93, p < .01, SRMR = .072, CFI = .85 TLI = .84, RMSEA = .107; Model B: y’[167, N
=594] =908.83, p < .01, SRMR =.056, CFIl = .91, TLI = .89, RMSEA = .087). Likewise,
Models A and B showed a poor fit in the third grade sample (Model A: ?[349, N = 594] =
3131.23, p < .01, SRMR =.087, CFl = .75, TLI = .73, RMSEA = .116; Model B: 4?[347, N =
595] = 1889.92, p < .01 SRMR =.063, CFI =.86, TLI = .85, RMSEA =.087). In contrast, the
hierarchical Model C, which accounted for both the different emotions and the different
achievement settings, best described the structure of the instrument (second grade: y?(162, N =
594) = 683.34, p < .01, SRMR = .047, CFI = .93, TLI = .92, RMSEA = .074; third grade: »*(339,
N =594) = 1223.49, p < .01, SRMR = .057, CFI = .92, TLI = .91, RMSEA = .066).2 Factor
loadings were larger than .61 in the sample of second graders and larger than .66 in the third
grade sample, and all of them were significant (ps < .01). In sum, confirmatory factor analyses
corroborated the proposed internal structure of the AEQ-ES and indicated that children
distinguish not only between different emotions, but also between these emotions across different
academic achievement settings.

Internal validity: Correlations between emotion scales. We computed Pearson product-
moment intercorrelations between the emotion scale scores using SPSS. As can be seen from
Table 2, enjoyment correlated negatively with both anxiety and boredom in all three settings. The

correlation between the two negative emotions, in contrast, was positive. The positive correlation
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between boredom and anxiety might indicate that students of this age think of boredom more as
an over-challenging rather than an under-challenging emotion (Acee et al., 2010; Pekrun et al.,
2010). In addition, examining the correlations of each emotion across the different achievement
settings indicates that all three emotions were positively correlated across settings. For example,
children who reported more enjoyment in math class also experienced more enjoyment when
doing homework and taking tests in mathematics. In sum, the scale correlations corroborate the
internal validity of the instrument.

External validity: Linkages with parents’ judgments, students’ appraisals, and
achievement outcomes. To examine the external validity of the instrument, the scale scores were
correlated with parents’ judgments of how much enjoyment, anxiety, and boredom they thought
their child experienced in mathematics. Overall, the answers given by the children correlated
positively with their parents’ views (see Table 3). More specifically, the correlations between
parents’ judgments and their child’s judgments of enjoyment and anxiety showed convergence.
The correlations between parents’ and children’s reports of boredom were smaller, perhaps due to
boredom being an emotion that is less openly expressed as compared with enjoyment or anxiety.
For all three emotions, correlations between parents’ and children’s views were higher in the
third than in the second grade. This may suggest that students provide more valid responses to the
AEQ-ES as they become older. Another possible explanation would be that children better
communicate their achievement related emotions to their parents in third grade.

Additionally, the linkages between emotions and students’ appraisals and mathematics
achievement were analyzed. In line with expectations, the correlations revealed that children who
stated that they enjoyed mathematics also reported more perceived control and value in this
domain. In contrast, boredom related negatively to perceived control and value which is
consistent with previous findings (Pekrun et al., 2010). Likewise, our results provide support for
the proposition that anxiety correlates negatively with perceived control (for similar findings, see

e.g. Pekrun et al., 2004; Zeidner, 1998). Interestingly, anxiety was negatively related to the
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perceived value of mathematics as well. This may be due to the fact that children who experience
anxiety in a subject may start to devalue the subject in order to feel less distressed. Also, in
interpreting this finding it should be noted that anxiety primarily relates to the importance of
failure (Pekrun, 2006), which was not assessed in the present study.

The relationships between emotions and mathematics achievement were also in line with
expectations. With few exceptions, the relationships between the enjoyment scales and both test
achievement and grades were significantly positive. Alternatively, the relationships were negative
for anxiety and boredom with achievement.

Gender differences. Analyses of variance (ANOVAS) were conducted to investigate
mean level differences between boys’ and girls’ emotions in mathematics. To analyze the
relevance of these differences — particularly in light of the large sample size — effect sizes
(Cohen’s d) of the differences were calculated, in addition to the F-values of the ANOVAS (see
Table 4). For second grade students, boys reported more class-related enjoyment, less class-
related anxiety, and less learning-related boredom than girls. Also, second grade girls reported
less perceived control in mathematics than boys. This negative emotional pattern was more
apparent in the sample of third-grade girls. In this age group, girls stated that they experienced
less enjoyment and more anxiety across the three achievement settings. Moreover, girls reported
more class-related boredom and less perceived control and value than boys. These results are in
line with previous findings on gender differences in appraisals (e.g., Eccles, Wigfield, Harold, &
Blumenfeld, 1993; Wigfield et al., 1997) and emotions (see Frenzel, Pekrun, & Goetz, 2007;
Helmke, 1993) related to mathematics. The effects can be considered small in size (Cohen,
1988); however, it should be noted that these differences were larger in the third than in the
second grade sample.

Conclusion
In sum, the present results suggest that our attempt at constructing psychometric scales to

measure achievement emotions in elementary school students was successful. Descriptive
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statistics, confirmatory factor analyses, and relationships with external variables document the
reliability, internal validity, and external validity of the instrument. The findings show that
students at this age can differentiate between discrete emotions, and furthermore between these
emotions across different academic settings. Additionally, they indicate that students’ self-
reported emotions show moderate convergence with their parents’ perceptions of these emotions,
as well as meaningful relationships with control- and value-related appraisals and achievement
outcomes.

Study 2

Study 2 examined the psychometric properties of the AEQ-ES in a sample of American
elementary school students. Furthermore, we sought to establish the cross-cultural equivalence of
the measure across German and American students by comparing the English version of the
AEQ-ES with the German version.

Method

Participants and procedure. The study was run in four different elementary schools in
Minnesota (USA). The sample consisted of 163 third-grade students (95 females; mean age =
8.69 years, range 7 to 10, SD = .42) from a range of socioeconomic backgrounds. Participants
were predominantly white Caucasians (n = 161) and only 2 students were African Americans.®

As in Study 1, students completed the questionnaire during regular classroom hours.
Before completing the questionnaire, students were asked to express their personal opinion and
judgments, were informed that there were no right or wrong answers, and were assured of the
confidentiality of their responses. All items were read aloud to the students.

Measures.

Translation of measures. The translation was carried out in accordance with Brislin’s
(1980) recommendations for pragmatic translation of psychometric instruments. The original

German version of the AEQ-ES, as well as the perceived control and value items, were first
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translated into English by the first author of the present study and then translated back to the
source language by a research assistant as a check for consistency. Next, the original and back-
translated versions were compared to ensure equivalence of content.

Achievement emotions. The English version of the AEQ-ES was used to assess
achievement emotions. As in the German AEQ-ES, the measurement consisted of eight scales
pertaining to experiencing different emotions (enjoyment, anxiety, and boredom) when attending
class, doing homework, and taking tests and exams?; once again, boredom during tests was not
assessed. Items were answered on a 5-point Likert scale anchored by the same male and female
graphical displays of faces showing increasing emotional intensity as in Study 1.

Parents’ judgment of students’ emotions. Parents were again asked to indicate how much
enjoyment, anxiety, and boredom they thought their child would experience in mathematics using
single items for each emotion (enjoyment: M = 3.69, SD = .99; anxiety: M = 1.88, SD = .94;
boredom: M = 2.01, SD = .99)

Perceived control and value. Perceived control (M = 11.58, SD = 2.93, o = .85) and value
(M =4.27, SD = 1.14) were assessed with English versions of the same items as in Study 1.

Mathematics achievement. To assess students’ mathematics achievement, teachers were
asked to provide students’ grades of the last progress report. The grades were converted into
numbers (F =1, A+ =13; M =9.54, range 1 to 13, SD = 2.42).

Results and Discussion

Item and scale statistics. Descriptive statistics, item-total correlations, and reliabilities of
the AEQ-ES scales are reported in Table 5. As in the German sample, both the anxiety and
boredom scales showed positively skewed distributions, indicating that these emotions are
likewise less pronounced in American elementary school students. Cronbach alphas ranged from
.75 to .95, indicating sufficiently high reliability for all three emotions in each achievement
setting. Also, part-whole corrected item-total correlations for all items were excellent as none of

the correlations fell below the .30 threshold. Overall, the AEQ-ES scales yielded sufficient
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variation and reliability in the American sample, thus replicating the Study 1 findings for the
German sample.

Internal validity: Factor structures of emotions. As in Study 1, CFAs were conducted
with the achievement emotion items to examine the internal validity of the instrument. Again,
three alternative models were tested competitively: Model A assuming one positive and one
negative emotion factor, Model B including three separate latent emotion factors (enjoyment,
anxiety, and boredom), and Model C as a hierarchical model with eight latent primary factors for
the three emotions in the different achievement situations and three latent secondary emotion
factors. As in Study 1, neither Model A (¥*[349, N = 163] = 1480.07, p < .01, SRMR = .102, CFlI
= .72 TLI =.70, RMSEA = .142) nor Model B (*[347, N = 163] = 1015.31, p < .01, SRMR =
.066, CFI = .84, TLI =.82, RMSEA = .110) yielded a good fit to the data. The findings again
confirmed the hypothesized hierarchical Model C, which accounted for the different emotions
within the various achievement situations ( ¥[339, N = 163] = 721.45, p < .01, SRMR = .062,
CFI =.91, TLI =.90, RMSEA = .084). All of the factor loadings were larger than .54 and
significant (ps < .01). In sum, confirmatory factor analyses supported the eight-factor structure
found in Study 1 and confirmed that elementary school children distinguish not only between
different emotions, but also between these emotions across different achievement settings.

Internal validity: Correlations between emotion scales. The relationships between the
scale scores were again analyzed using Pearson product-moment correlations (see Table 6). As in
Study 1, enjoyment displayed negative correlations with both anxiety and boredom, whereas the
two negative emotions correlated positively. Likewise, the intercorrelations of each emotion
across the different achievement settings were positive, indicating, for instance, that those
children who reported more anxiety in math class also experienced more anxiety when doing
homework or taking tests in mathematics. Overall, scale validities support the findings from

Study 1 and corroborate the internal validity of the English AEQ-ES scales.
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External validity: Linkages with parents’ judgments, students’ appraisals, and
achievement. To investigate the external validity of the English AEQ-ES, children’s scale scores
were again correlated with parents’ judgments regarding how much enjoyment, anxiety, and
boredom they thought their child would experience in mathematics. The expected positive
correlations between parents’ judgments and their child’s self-reported emotions were again seen
in the American sample, although convergence was less pronounced than in Study 1.
Specifically, the strongest positive correlations were between parents’ and their child’s judgments
of anxiety and enjoyment, whereas the correlations were smaller for boredom.

The correlations between American students’ emotions and appraisals displayed a pattern
that was consistent with those in the German sample (see Table 7). Students’ enjoyment
correlated positively with both perceived control and value. In contrast, anxious as well as bored
children reported less perceived control and value in mathematics. As anticipated, enjoyment
correlated positively with math achievement, whereas correlations were negative for anxiety and
boredom.

Gender differences. Mean level differences between boys’ and girls’ emotions were
examined using ANOVAS, and effect sizes (Cohen’s d) were calculated to evaluate the practical
significance of any differences. Interestingly, for the American sample the only significant
gender difference was in learning-related boredom, as boys (M = 6.37, SD = 4.54) reported more
boredom than girls (M = 5.16, SD = 3.20, F[1, 159] = 3.97, p < .05, d = -.32) similar to the
findings for North American university students’ boredom reported by Pekrun et al. (2010; Study
5). Also, boys and girls did not differ with regard to perceived control, F(1, 159) = .38, p = .54, or
value, F9(1, 159) = .11, p = .75. Perceived control and value are central antecedents for students’
emotions (Pekrun, 2006). The fact that boys and girls report equal levels of perceived control and
value may therefore account for the similar emotional patterns across gender in the American

sample.



Running Head: AEQ-ES 19

Construct equivalence across the German and US samples. We tested if the structures
of the American and German versions of the AEQ-ES scales were equivalent across the two
samples. Measurement invariance is seen as a necessary precondition to compare scores between
different groups. If measurement invariance requirements are not met, scores represent
qualitatively different constructs and comparisons are difficult to interpret (Hoyle, 2005). As
Horn (1991) stated, “Without evidence of measurement invariance, the conclusions of a study
must be weak” (p. 119). To examine measurement invariance, a series of multigroup CFAs were
conducted and freely estimated models were compared with models containing increasingly
stringent constraints.

As a first step, we specified a configural invariance model (Model 1) in which the same
pattern of fixed and free factor loadings is specified for each group (Horn, McArdle, & Mason,
1983; Steenkamp & Baumgartner, 1998). This model is supposed to be the “minimal condition
for factorial invariance” (Marsh, 1993, p. 851) and serves as the baseline model for comparison
with all subsequent models (Hong, Malik, & Lee, 2003). As specified in Study 1, the hierarchical
model (Model C) served as the baseline model for comparison across the two samples. Metric
invariance was tested by constraining item loadings to be identical across groups (Model 2).
Next, the scalar invariance model was tested involving invariance of the item intercepts in
addition to metric invariance (Model 3). In the second-order factor invariance model, the loadings
of second-order factors on first-order factors were set to be equal across the groups (Model 4).
The factor covariance invariance model additionally set the factor covariances to be equal across
the groups (Model 5). Finally, we tested the factor variance invariance model (Model 6), in which
factor variances were constrained to be equal across the groups, in addition to the constraints
described for the previous models. When we compared the six nested models we evaluated the
differences in fit using the CFI and the TLI. A loss of fit of ACFI > .01 and ATLI > .05 was

regarded as substantial (Cheung & Rensvold, 2002; Little, 1997).
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Loss of fit associated with the addition of each of the constraints was negligible for each
of the proposed models (see Table 8). This result suggests that all of the parameters tested (factor
loadings, intercepts, means, and covariances) were sufficiently equivalent across the German and
American samples. In sum, the non-significant differences between the models indicate that the
structure of the AEQ-ES is fully equivalent across the German and American samples. By
implication, the findings provide evidence that item and scale scores of the AEQ-ES can be
interpreted in the same way across the German and English versions of the instrument.

Mean differences in emotions between the German and US samples. Comparing the
emotion scale statistics between countries, we found that means were different for the test-related
emotions only. Specifically, German students reported significantly more test-related anxiety (M
=9.79, SD =5.01) compared to American students (M = 8.70, SD = 4.78; t[754] = 2.47, p < .05).
In addition, we found that German students indicated having marginally less test-related
enjoyment (Ms = 10.10 and 10.68, SDs = 3.62 and 4.16 for German and US students,
respectively; t[754] = -1.74, p < .10). There were no significant mean differences for any of the
students’ class-related or learning-related emotions, and no differences with respect to their
perceived control and value.

In interpreting these differences, it should be taken into account that the sample size
between the two samples differed considerably, implying that the results should be interpreted
cautiously. A plausible interpretation is that students are selected into different tracks after
elementary school in Germany, implying that test taking may be more threatening and less
enjoyable for German elementary school students.

General Discussion

The present research had three aims, all of which were accomplished with the current
studies. First, we aimed at constructing an instrument measuring students’ emotions in the
elementary school years. Second, we sought to provide evidence for Pekrun’s (2006) control-

value theory in early elementary school students by investigating the relationships of students’
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achievement emotions with their control and value appraisals, as well as their academic
performance. Finally, we sought to support cross-cultural equivalence of the emotion constructs
as measured by the AEQ-ES scales.
Construction and Psychometric Quality of the AEQ-ES

The results of the present research provide support for the reliability and validity of the
AEQ-ES. Specifically, reliabilities were good or excellent for all emotion scales in each of the
two studies. Moreover, the correlations between the emotion scales provide support for the
internal validity of the measure and are consistent with related findings for university students
(Pekrun et al., 2011). Results of structural equation modeling showed that enjoyment, anxiety,
and boredom differed across the three types of academic settings involved (i.e., attending class,
doing homework, and taking tests and exams), which indicates that elementary school children
can distinguish between emotions in different achievement settings. External validity of the
AEQ-ES scales was also documented in positive correlations between AEQ-ES scores and
parents’ judgments of students’ emotions.

The majority of previous research on achievement emotions has focused only on anxiety
or on the attributional antecedents of these emotions (Bong, 2009; Stipek & Gralinski, 1991;
Zeidner, 1998). Research assessing emotions more broadly focused almost exclusively on student
populations beyond elementary school. A potential reason for this gap in the literature is the lack
of instruments designed to assess elementary school students’ emotions. The current results
therefore represent a critical step forward, as researchers can now study young students’ emotions
and their impact in a more sophisticated manner.
Appraisal Antecedents and Achievement Outcomes of Emotions

In line with recent findings on achievement emotions experienced by college students
(Pekrun et al., 2010, 2011), our research provides evidence corroborating aspects of Pekrun’s
(2006) control-value theory of achievement emotions regarding the linkages between

achievement emotions, students’ appraisals, and their academic achievement. Specifically,
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enjoyment correlated positively with both perceived control and task value, and boredom and
anxiety were negatively related to these variables.

Furthermore, the study findings support the hypothesis that achievement emotions are
significantly related to students’ academic performance. In line with previous research (Helmke,
1993), enjoyment correlated positively with mathematics achievement. In contrast, both anxiety
and boredom were negatively related to mathematics achievement. These results are in line with
the control-value theory of achievement emotions (Pekrun et al., 2011; Pekrun et al., 2002) as
well as the extensive literature on test anxiety (see Hembree, 1988; Zeidner, 1998).

Interestingly, correlations between emotions and achievement, specifically the
correlations for enjoyment and anxiety, were higher in the German than in the American sample.
However, care should be taken when interpreting these differences, because grades in the two
samples were based on different scales and sample size differed considerably between the two
samples. One possible reason for this cross-cultural difference is that German students receive
grades in the context of high-stakes testing early in elementary school, thus making performance
more salient for German students.

Applicability of the AEQ-ES across Cultures and School Subjects

Using multigroup confirmatory factor analysis the present results support the
measurement invariance of the German and American versions of the AEQ-ES. Cross-cultural
equivalence was also suggested by the similarity of relationships between achievement emotions,
control and value beliefs, and achievement in mathematics. These findings provide evidence for
the applicability of the instrument with both German and American students, as well as the utility
of the AEQ-ES for cross-cultural research. The fact that German students reported significantly
more test-related anxiety than American students further suggests that cross-cultural work may be
particularly useful in determining environmental and cultural influences on students’ emotions.

While the present study investigated students’ emotions across two samples from Western

cultures, it would also be valuable to compare the present results with findings from samples of
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other cultures, such as collectivist (e.g., Asian) cultures. A recent study found that achievement
emotions differ considerably between Chinese and German middle school students, with Chinese
children experiencing higher levels of enjoyment, pride, anxiety, and shame, and German
students reporting higher levels of anger (Frenzel, Thrash, Pekrun, & Goetz, 2007).
Consequently, there may also be differences in elementary school students’ achievement
emotions across individualistic and collectivistic cultures.

The present studies provide support for the usefulness of the AEQ-ES scales to assess
emotions in mathematics. However, we anticipate that the instrument can also be used to assess
emotions in other school subjects or academic domains by adapting the items accordingly. This
can be done by simply exchanging the term “mathematics” with terms related to other subjects in
each item. Consequently, an important task for future research would be to assess the
applicability of the instrument in subject domains other than mathematics.

Limitations and Conclusions

Some limitations should be considered when interpreting the present results and in
designing future research. First, while the present study is consistent with Pekrun’s (2006)
control-value theory and supports the external validity of the AEQ-ES, the study design was
correlational, thus precluding any firm causal conclusions regarding the linkages between
students’ control and value beliefs, their achievement emotions, and their academic achievement.
As yet, longitudinal studies on these linkages are largely lacking. One of the few exceptions is the
study by Helmke (1993), which investigated cross-lagged effects of enjoyment and achievement
across the elementary school years. The findings showed that enjoyment had positive effects on
achievement, but that achievement reciprocally influenced students’ enjoyment. Future studies
should address the reciprocal linkages between elementary school students’ achievement
emotions, their appraisals, and their academic achievement.

Second, self-report instruments are susceptible to response biases (Campbell & Fiske,

1959; Graham, Collins, Donaldson, & Hansen, 1993; Schwarz, 1999; Stone et al., 2000), and
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correlational linkages may be inflated by common method variance caused by these biases
(Borman, 1991; Donaldson, Thomas, Graham, Au, & Hansen, 2000; Spector, 1994). Research on
personality judgment suggests that the self holds unique advantages and disadvantages as a judge
of personality (Funder, 1999; John & Robins, 1993, 1994). As stated by Abe (2004, p. 338), “The
self has access to internal thoughts and feelings and other ‘privileged information” which is not
available to the external observer. On the other hand, the self is also more ego-involved than
others in its assessment of itself and has greater difficulty viewing itself objectively”. In the
present research we aimed at addressing the limitations of self-report by validating children’s
responses to the AEQ-ES items by means of parents’ judgments of their child’s emotions in the
present research. Future research should also link elementary school students’ self-reports of
emotions to physiological indicators and implicit measures of emotions.

Finally, it is important to consider the implications of the present research for educational
practice. Our findings imply that the AEQ-ES can be used to assess elementary school students’
achievement emotions and may be a useful instrument not only for scientific research, but also
for teachers and educators with applied purposes. The linkages of students’ emotions with
achievement outcomes at this very early age further highlight the necessity of research on
achievement emotions in younger age groups. Students who are not performing well may adopt
detrimental emotional patters, which in turn may impair their academic achievement. To gain
knowledge how to prevent such a vicious cycle, it seems highly important to investigate emotions
and implement interventions designed to improve students’ emotions early in the elementary
school years. For this purpose, the instrument developed in this research may serve important
diagnostic functions.

In closing, the present research illustrates the utility of attending to achievement emotions
in the early elementary school years. We believe that studying emotions in this early age group is

an important step for researchers, scientists, and educators alike. We hope that the instrument
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developed and evaluated in the present study serves as a catalyst for future research in this

important area of inquiry.
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Footnotes

! The subset of students who did not provide responses to all emotion items, or did not
take part in the achievement test in second (12.4%, n = 84) or third grade (13.4%, n = 92), did not
differ from the rest of the sample. Paired samples t-tests and chi-square tests indicated that
students with missing data did not differ with respect to age, gender, and sociocultural variables
including the number of books at home and the hours of TV watched per day (ps > .05). Only
students with complete responses to the emotion scales were included in the final analyses to
reduce error from missing responses (Graham, 2009).

2 To examine the potential influence of statistical biases resulting from non-normality of
distributions, we repeated all the structural equation analyses using maximum likelihood method
with robust standard errors (Asparouhov & Muthen, 2005). The results of all these analyses were
very similar to the current results and provided no changes to our conclusions.

3 As in Study 1, students who failed to answer the complete survey (n = 3) were excluded
from the sample. The final sample consisted of 160 students.

4 Although students the US Grade I11 sample were younger than the Grade 11 students in
the German sample, the US students still received grades, so we felt that they should likewise be
able to answer questions related to taking tests and exams. Alternatively, German second graders
in the present study had not received any grades during their first two years of schooling, and

have less experience with taking tests and exams as compared to students in the US sample.
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Table 1
Item and Scale Statistics in Study 1
No. of Possible Observed Skew- Mean
items range range M SD  ness rigip® Alpha
Second grade sample
Class-related emotions
Enjoyment 4 4-20 4-20 16.06 457 -1.02 .83 .93
Anxiety 4 4-20 4-20 6.29 333 184 .60 .78
Boredom 4 4-20 4-20 6.96 428 158 .77 .90
Learning-related emotions
Enjoyment 2 2-10 2-10 712 264 -052 .57 73
Anxiety 3 3-15 3-15 478 269 1.79 .53 g1
Boredom 3 3-15 3-15 529 337 154 .72 .85
Third grade sample
Class-related emotions
Enjoyment 4 4-20 4-20 1536 437 -077 .82 .92
Anxiety 4 4-20 4-20 582 265 206 .59 17
Boredom 4 4-20 4-20 6.85 384 161 .79 91
Learning-related emotions
Enjoyment 2 2-10 2-10 6.31 254 -0.13 .63 a7
Anxiety 3 3-15 3-15 497 261 174 56 73
Boredom 3 3-15 3-15 549 3.02 133 .64 .79
Test Emotions
Enjoyment 3 3-15 3-15 1010 362 -022 .73 .86
Anxiety 5 5-25 5-25 9.79 501 1.18 .70 .87

2 Median of part-whole corrected item-total correlations.
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Table 2
Manifest Intercorrelations of AEQ-ES Scales in Study 1

Second grade Third grade

Enjoyment  Anxiety Boredom Enjoyment  Anxiety Boredom

Correlations within settings

Class-related emotions
Anxiety -.48 -.49
Boredom -.76 57 -70 43

Learning-related emotions
Anxiety -.45 -.43
Boredom -.61 .65 -.60 .55

Test-related emotions --
Anxiety -.60

Correlations across settings

Class vs. learning 12 .64 .75 .69 .66 71
Class vs. test -- -- -- .70 .65 -
Learning vs. test - - -- .62 .66 --

Note. For boredom, class-related and learning-related boredom were assessed only.
p < .01 for all coefficients.
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Table 3
Manifest Correlations of Achievement Emotions with Parents’ Judgments, Appraisals, and Achievement in Study 1

Appraisals Achievement
Emotion Parents’ Judgments Academic control Task value Test Score Grade
Second grade sample
Enjoyment 447 62" 48" A7 23"
34 467 36" 10" 117
Anxiety 377 -53™ -29™ -37™ -31™
26" -52™ -34™ -28™ -26™
Boredom 16™ -48™ -44™ -13™ -24™
14 -46™ -37 -19™ -17
Third grade sample
Enjoyment AT 65" 54 15™ 23"
36™ A48 417 .00 09"
42 617 417 227 28"
Anxiety 49™ -52* =27 -29™ -32™
38" -53™ -29™ -24™ =27
40" -54™ -26™ -30™ -35™
Boredom A7 - 447 - AT -117 -16™
18™ -37™ -41™ -.06 -12™

Note. Within each block, upper / middle / lower coefficients are for class-, learning-, and test-related emotions, respectively. For boredom, class-
related and learning-related boredom were assessed only. In second grade, class-related and learning-related emotions were assessed only. Grades
were reverse coded (1 = poor, 6 = excellent). "= p < .05. ™ = p <.01.
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Table 4

Mean Gender Differences in Study 1

M SD
Emotion Girls Boys Girls Boys F-value Cohen's d
Second grade sample
Enjoyment 15.45 16.71 4.60 4.46 11.47 -.28™"
6.93 7.32 2.67 2.60 3.26 -.15
Anxiety 6.67 5.90 3.64 2.93 7.86 23"
491 4.63 2.79 2.58 1.67 A1
Boredom 7.17 6.74 4,28 4.28 1.52 .10
5.58 4.98 3.56 3.15 473 18"
Perceived Control 3.83 4.29 .92 75 45.18 -.55™
Perceived Value 4.45 4.48 1.02 91 16 -.03
Third grade sample
Joy 14.39 16.28 461 3.93 29.18 =44
6.02 6.58 2.56 2.49 7.50 -.23"
9.11 11.04 3.55 3.44 45.41 -.55"
Anxiety 6.34 5.32 2.93 2.25 22.78 .39
5.30 4.66 2.80 2.38 9.19 257
11.06 8.58 5.40 4.29 38.49 51"
Boredom 7.43 6.30 4.01 3.59 13.02 307
5.69 5.30 3.14 2.89 2.46 13
Perceived Control 3.73 4.09 .79 .76 31.65 -ATT
Perceived Value 4.31 4.49 97 84 6.03 =217

Note. Within each block, upper / middle / lower coefficients are for class-, learning-, and test-related
emotions, respectively. For boredom, class-related and learning-related boredom were assessed only. In
second grade, class-related and learning-related emotions were assessed only. “=p <.05. " = p < .01.
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Table 5
Item and Scale Statistics in Study 2
No. of Possible Observed Skew- Mean
items  range range M SD ness riti® Alpha
Class-related emotions
Enjoyment 4 4-20 4-20 1513 517 -0.73 .88 .95
Anxiety 4 4-20 4-20 6.22 3.47 222 .68 .84
Boredom 4 4-20 4-20 7.07 435 1.62 .82 .92
Learning-related emotions
Enjoyment 2 2-10 2-10 6.3 277 -012 .64 .78
Anxiety 3 3-15 3-15 476 2.75 1.88 .58 75
Boredom 3 3-15 3-15 566 3.85 152 .86 .93
Test Emotions
Enjoyment 3 3-15 3-15 10.68 4.16 -048 .82 91
Anxiety 5 5-25 5-25 8.70 4.78 1.80 .69 .86

& Median of part-whole corrected item-total correlations.
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Table 6
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Manifest Intercorrelations of AEQ-ES Scales in Study 2

Enjoyment Anxiety Boredom

Correlations within settings

Class-related emotions

Anxiety -42

Boredom -12 .59
Learning-related emotions

Anxiety -37

Boredom -72 51
Test-related emotions

Anxiety -.55

Correlations across settings

Class vs. learning 74 .69 .79
Class vs. test .79 .70 --
Learning vs. test 73 71 --

Note. For boredom, class-related and learning-related boredom were assessed only.

p < .01 for all coefficients.
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Table 7
Manifest Correlations of Achievement Emotions with Parents’ Judgments, Appraisals, and Math

grade in Study 2

Appraisals
Parents’ Academic Task
Emotion Judgments control value Math grade
Enjoyment 35" 53" 46 14
307 417 36 .07
24" 54 447 A2
Anxiety 23 -41™ -.36™ -24™
25" -38™ -28™ -.14
16™ -43™ -28" -20™
Boredom 207 -.387" -427 -23™
a7 -33" -37™ -15

Note. Within each block, upper / middle / lower coefficients are for class-, learning-, and test-related
emotions, respectively. For boredom, class-related and learning-related boredom were assessed only.
“=p<.01°=p<.05
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Table 8

Tests of Invariance of the Measurement Model and Latent Means: Model Fit Indexes

43

Model Fit

Model X2 df SRMR CFl TLI RMSEA
1. Configural Invariance 1946.34 678 .057 .92 91 .050
2. Metric Invariance 1999.44 698 .056 91 91 .050
3. Scalar Invariance 2115.17 726 .056 91 .90 .050
4. Invariance of Second Order Factors 2132.48 731 .057 91 .90 .050
5. Invariance of Factor Covariances 2147.97 734 .059 91 .90 .051
6. Invariance of Second Order Factor

Variances 2155.70 737 .059 91 .90 .051

Note. df = degrees of freedom; CFI = comparative fit index; TLI = Tucker—Lewis index; RMSEA = root mear
¥The p value for this chi-square test is not significant. All other p values for the chi-square tests are less than .
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Boredom

Leaming-related
Enjovment

Class-related
Boredom

Figure 1. SEM models for structures of achievement emotions. Models on the left and right
represent models for second and third grade students, respectively. The factor structures of
models are depicted, not the exact number of items per factor (see method section for exact item
numbers). E1/ E2, B1/ B2, Al / A2 denote class-related enjoyment, boredom, and anxiety; E3 /
E4, B3/ B4, A3/ A4 denote learning-related enjoyment, boredom, and anxiety; E5 / E6, A5 / A6,
denote test-related enjoyment and anxiety, respectively. Upper models: Model A = two-factor
model consisting of separate latent factors representing the positive and negative emotion
dimensions. Middle models: Model B = three-factor model consisting of separate latent factors
representing each of the three distinct emotions. Lower models: Model C = hierarchical second-
order model distinguishing between different settings for each emotion.
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Appendix A

Emotions Questionnaire—Elementary School (AEQ-ES): Scales and Sample Items

Class-related emotions

Enjoyment | enjoy math class.
Anxiety When | think about math class, | get nervous.
Boredom | find math class so boring that | would rather do something else.

Learning-related emotions

Enjoyment When | do math homework, 1 am in a good mood.
Anxiety When | do math homework, | worry if | will ever understand it.
Boredom Math homework bores me to death.

Test emotions

Enjoyment | look forward to math tests.
Anxiety | get very nervous during math tests.

45
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Appendix B
Sample Items from the AEQ-ES (version for girls and boys)

- I’m looking forward to Math lessons.

not at all a litle s0 mewhat quite




