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Appraisals, Achievement Emotions and Academic Achievement 

 

 

Abstract 

This study analyzes the relationships between cognitive appraisals, classroom and test 

emotions and math achievement in a sample of 1219 Portuguese students from the 6
th
 and 8

th
 

grades.  Participants completed measures of Perceived Value, Perceived Competence and seven 

Math achievement emotions (boredom, hopelessness, anger, anxiety, enjoyment, pride and 

relief) experienced in two different settings: Classroom and Tests. Math achievement was 

obtained from school records.  

Results showed significant associations between students competence and value 

appraisals, their emotional experiences in test and classroom situations, and their math 

achievement. However, when emotions were considered simultaneously in Structural Equation 

Modelling, only anger in test situations and hopelessness were significant negative predictors of 

students math achievement. Hopelessness appears to play a particular role in the interplay 

between cognitive appraisals, emotions and academic achievement as it is the only emotion that 

relates to math achievement both in test and classroom situations. Furthermore, findings also 

support the existence of differences in the relationships between cognitive appraisals and the 

achievement emotions students experience in these two settings.  

 

Keywords: Achievement Emotions, Cognitive appraisals, Competence perception, Value, Math 

Achievement 
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Introduction 

Educational settings are places where different types of emotions (e.g. social and 

achievement) are experienced (e.g. Meyer and Turner 2006; Pekrun et al. 2007; Weiner 2007). 

The study of achievement emotions in educational settings has burgeoned in the last decade as 

researchers have found that other emotions besides anxiety play an important role in the 

learning processes (e.g. Pinxten et al. 2014; Lichtenfeld et al. 2012; Meyer and Turner 2006; 

Pekrun 2006; Pekrun et al. 2007). Despite these findings, research on math achievement 

emotions still remains strongly focused on the adverse effects of math anxiety on student 

achievement and performance. Relying on the core predictions of  Control-Value Theory of 

Achievement emotions (CVT, Pekrun 2006, 2009), the current research focuses on the interplay 

between some antecedents of emotions (e.g. value and perceived competence), seven different 

achievement emotions, as well as the effects of these emotions on the math performance of early 

adolescents. 

 

The Control-Value Theory of Achievement Emotions 

One of the most comprehensive theoretical frameworks explaining the role played by 

emotions in the learning processes is Control-Value Theory (Pekrun 2006, 2009), which looks 

at emotions as a multidimensional construct, composed of affective, cognitive, motivational, 

expressive, and physiological processes.Within the CVT achievement emotions are defined as 

emotions that are directly related to achievement activities or to achievement outcomes 

evaluated by standards of excellence (Pekrun 2006, 2009). Achievement emotions can be 

conceptualized in two ways: as state-achievement emotions, that is transitory emotional states 

which occur within specific situations and over brief periods of time (e.g. the anxiety 

experienced immediately before starting an exam), or as  trait-achievement emotions which 

refer to the typical emotional states repeatedly experienced in specific situations but for longer 

periods of time, therefore making them more stable (e.g. the general feeling of anxiety towards 

mathematics-related activities). 
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The CVT classifies achievement emotions according to a three-dimensional taxonomy 

(Pekrun 2006; Pekrun et al. 2007): object focus (on the ongoing activities vs. on the resulting 

outcomes, these then being subdivided into prospective vs. retrospective emotions); valence 

(positive vs. negative, or pleasant vs. unpleasant); and degree of activation (activating vs. 

deactivating). 

According to CVT (Pekrun 2006), the kind of achievement emotions experienced at 

school is determined by environmental, situational and individual factors and may produce quite 

different effects on student learning and achievement. This theory asserts that control and value 

appraisals are the proximal determinants of achievement emotions establishing the idea that 

“being in control of, or out of control of, achievement activities and outcomes that are 

subjectively important” leads individuals to experience different emotions (Pekrun 2009, p.99). 

Control appraisals concerning activities and outcomes are determined by causal 

expectations of success or failure and by causal attributions. Among the determinants of causal 

expectations we can take into consideration people’s beliefs about their own competence (e.g., 

self-efficacy, self-concept, competence self-perception) which determine their expectations of 

success or failure. Value appraisals include both the intrinsic and the extrinsic value ascribed to 

achievement activities and outcomes. Higher levels of perceived control are assumed to elicit 

positive emotional experiences such as hope, enjoyment, or pride, while lower levels of 

perceived control are expected to produce the opposite effect, eliciting negative emotional 

experiences such as hopelessness, anger or anxiety (Pekrun 2006). 

Empirical evidence has shown that positive achievement emotions are positively 

associated with  student control and value appraisals (Burić and Sorić 2012; Pekrun et al. 2004; 

Pekrun et al. 2011), self-efficacy perceptions (Artino et al. 2010; Feldman and Kubota 2015), 

competence beliefs (Winberg et al. 2014), competence expectations (Pekrun et  al 2006), grade 

expectations (Levi et al. 2014), and academic self-concepts (Frenzel et al. 2007; Goetz et al 

2010; Pekrun et al. 2006), while the opposite pattern has generally been found for negative 

achievement emotions (Artino et al. 2010; Burić and Sorić 2012; Dettmers et al. 2011; Frenzel 
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et al. 2007; Goetz et al. 2010; Kyttälä and Björn2010; Pekrun et al. 2006; Pekrun et al. 2011; 

Sorić et al. 2013). 

Besides these proximal antecedents (control and value appraisals) CVT also takes into 

consideration more distal antecedents that affect the control and value appraisals, namely 

achievement goals or control and value beliefs. School and social environments can also 

influence individual control-value appraisals through interactions, feedback, quality of 

instruction, expectancies of significant others, etc., as they communicate information related to 

controllability and academic values affecting the individual's achievement emotions (Pekrun  

2006; Pekrun et al. 2007).  Emotions are also influenced by non-cognitive factors including 

genetic dispositions and temperament (Pekrun et al. 2007). 

According to CVT, the overall effects of emotions on academic achievement are 

assumed to depend on the interplay between task demands and a set of motivational and 

cognitive mechanisms triggered by different emotions. Among those mechanisms are the 

cognitive resources available, the kind of learning and self-regulation strategies adopted, student 

effort and motivation (Pekrun 2006; Pekrun et al. 2007), which are directly related to 

achievement and performance (for a meta-analytic review see Richardson et al. 2012). 

Following the assumptions of CVT (e.g. Pekrun 2006; Pekrun et al. 2002; Pekrun et al. 2009), 

research with undergraduate students has shown that positive activating emotions such as 

enjoyment, pride and hope, positively affect learning and performance (Artino et al. 2010; 

Pekrun et al. 2004; Pekrun et al. 2009; Pekrun et al. 2011), by strengthening interest, motivation 

and effort, promoting self-regulation of learning, the use of more flexible and creative learning 

strategies and making cognitive resources available, which allows students to direct their 

attention towards the task (Pekrun et al. 2004; Pekrun et al. 2011).  

Conversely, and in line with the CVT predictions (Pekrun 2006; Pekrun et al. 2002), 

empirical evidence has shown that negative deactivating emotions, such as boredom, sadness, or 

hopelessness, diminish interest and motivation, trigger the use of more rigid and superficial 

learning strategies and lead to external regulation of learning (Pekrun et al. 2004; Pekrun et al. 

2010; Pekrun et al. 2011). Moreover, they reduce the cognitive resources available for task 
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performance, by directing students’ attention away from the task and causing irrelevant thinking 

during learning and taking tests (Daniels et al. 2009; Malkovsky et al. 2012; Pekrun et al. 2004; 

Pekrun et al. 2011). Consequently, data from correlational and longitudinal studies has shown 

that these negative deactivating emotions have a negative impact on the academic achievement 

of both high-school students (Au et al. 2010; Burić and Sorić 2012) and university students 

(Artino et al. 2010; Daniels et al. 2009; Lam et al. 2015; Pekrun et al. 2009; Pekrun et al. 2010; 

Pekrun et al. 2011; Pekrun et al. 2014). 

In CVT (Pekrun 2006; Pekrun et al. 2002) the effects of positive deactivating and 

negative activating achievement emotions are more complex and ambivalent. While positive 

deactivating emotions, such as relief, relaxation, or contentment, may not foster student 

attention focus, or their motivation in the short-term, they may reinforce student motivation to 

invest effort in the long term. Therefore, positive deactivating emotions may have a detrimental 

effect on immediate performance but a beneficial effect in the long term (Pekrun et al. 2002). 

Research on the effects of positive deactivating emotions is almost nonexistent, but it suggests 

that their effect on academic performance is positive (Lam et al. 2015; Pekrun et al. 2011). 

Relief, for example, was found to be positively related to the use of elaboration strategies, self-

regulation, and extrinsic motivation, but unrelated to self-efficacy, effort, or intrinsic motivation 

(Pekrun et al. 2011).  

Negative activating emotions, such as anger, frustration, anxiety or shame, are generally 

considered to be detrimental to student learning and performance since they reduce intrinsic 

motivation and foster task-irrelevant thinking by directing attention towards the object of 

emotions (Pekrun 2006). However, anger, frustration or shame may also produce the opposite 

effect by strengthening student extrinsic motivation and getting them to try harder and invest 

more in order to avoid future failure, therefore having a positive effect on future performance 

(Pekrun et al. 2002). Anxiety, which is traditionally assumed to be negatively related to 

achievement and performance, may also, within certain limits, be beneficial for performance by 

spurring students to action.  
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Empirical evidence on the effects of negative activating emotions comes majorly from 

research on anxiety. Overall it indicates that these emotions are positively related to external 

regulation (Pekrun et al. 2011), attention problems and irrelevant thinking in classes or when 

taking tests (Daniels et al. 2009; Pekrun et al. 2004), and negatively related to student interest, 

motivation, effort, self-regulation and use of elaboration strategies (Artino et al. 2010; Pekrun et 

al. 2004; Pekrun et al. 2011), as well as to achievement and performance (Artino et al. 2010; 

Ahmed et al. 2010; Daniels et al. 2009; Goetz et al. 2012; Pekrun et al. 2004; Pekrun et al. 2004, 

2009, 2011; Villavicencio and Bernardo, 2013). However, these relationships are sometimes 

negative and are sometimes not significant (e.g. Pekrun et al. 2004). 

Although CVT posits that environmental factors, achievement goals and cognitive 

appraisals will elicit certain emotions which will, in turn, affect learning and performance, it 

also acknowledges that student experiences of success and failure regarding their achievement 

and performance will feed back on student emotions, their control and value-appraisals, their 

achievement goals and expectations, and on the social environment (Pekrun 2006; Pekrun et al. 

2002). Therefore, the relations between antecedents, emotions and their effects are complex and 

dynamic processes that are more likely explained by reciprocal causation over time than by a 

simple linear unidirectional causation (Pekrun  2006, 2013; Pekrun et al. 2007), as recent 

empirical evidence is starting to confirm (Pekrun, et al. 2010; Pekrun et al. 2014; Pinxten et al. 

2014). 

 

Math achievement emotions and student performance 

Pekrun and collaborators (e.g. Goetz et al. 2008; Goetz et al. 2007; Pekrun 2006) state 

that, like other control- and value-related constructs (e.g. self-concepts of ability, achievement 

expectancies), achievement emotions should be conceived as domain-specific (e.g. towards 

mathematics, sciences, languages, etc.) instead of generalized personality traits.  

Mathematics is one of the most important school subjects. However, it is also 

considered to be one of the most difficult and therefore is amongst the most feared by students 

(Dündar et al. 2014). Longitudinal research on math results in some countries has shown that 
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proficiency in mathematics is a strong predictor of positive outcomes for young adults (OECD 

2014). This data is particularly important as it has also been reported that  foundation skills in 

mathematics can have a major impact on individual life chances because “poor mathematics 

skills severely limit people’s access to better-paying and more-rewarding jobs” (OECD 2014, 

p.252). Promoting the development of math skills is therefore critical, implying not only 

accounting for the best ways to teach math competences and skills but also in understanding 

student cognitive and emotional experiences in regard to mathematics.  

Research on achievement emotions related to math has shown that positive activating 

emotions (e.g. math enjoyment and pride) are positively related to student attention in the 

classroom (e.g. Luo et al. 2014), to their use of self-regulated learning strategies (e.g. Ahmed et 

al. 2013) and to math achievement (Ahmed et al. 2010; Ahmed et al. 2013; Goetz et al. 2008; 

Goetz et al. 2007; Villavicencio and Bernardo 2013). However, some studies have found 

contradictory results, such as a non-significant relationship (Luo et al. 2014) or even a negative 

relationship (Pinxten et al. 2014) between math enjoyment and achievement after controlling for 

math competence beliefs, which according to Pinxten et al. (2014) may be due to the strong 

correlations between enjoyment and competence beliefs.  

Empirical research addressing the influence of negative activating or deactivating 

achievement emotions on student math performance is scarce, with the exception of studies on 

anxiety, but it generally indicates that these emotions are detrimental to student math 

performance.  Although Luo et al. (2014) have not found a significant effect of math boredom, 

other studies consistently indicate that this emotion negatively predicts student math 

achievement (Ahmed et al. 2013; Dettmers et al. 2011).The same negative influence was found 

for hopelessness (Burić and Sorić 2012) and for anger reported by students during mathematics 

homework (Dettmerset al. 2011).  

Research on math anxiety is extensive and it strongly indicates that math anxiety has a 

negative influence on student math achievement and performance (e.g. Ahmed et al. 2010; 

Dettmers et al. 2011; Luo et al. 2014; Radišić et al. 2015; Wu et al. 2014). Math anxiety was 

also found to be positively related to classroom disruption (Luo et al. 2014; Radišić et al. 2015) 
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and to attention problems which in turn were negatively related to math performance (Wu et al. 

2014). Despite the strong empirical evidence on the adverse effects of math anxiety, some 

research has either found a positive relationship between math anxiety and performance (e.g. 

Ma and Xu 2004; Macher et al. 2013) or has not found a significant relationship using both 

correlational (Meece et al. 1990) and longitudinal data (Kyttälä and Björn 2010). These results 

are however in line with the CVT argument that the effects of negative activating emotions are 

ambivalent, being in some cases positive but in others negative. According to Keeley et al. 

(2008) these apparently contradictory results may be explained by means of a curvilinear 

relationship between mathematics anxiety and student performance, where anxiety may be 

beneficial to student achievement and performance up to a certain limit after which it starts to be 

detrimental. 

 

Current research 

Following the theoretical framework of the CVT (Pekrun 2006, 2013), the present study 

examined the relationships between the cognitive appraisals, the emotional experiences and the 

performance of pre-adolescents and early adolescents. Although there is some empirical 

evidence on the nature of these relationships, it mostly arises from studies using samples of 

undergraduate (e.g. Artino et al. 2010; Feldman and Kubota 2015; Pekrun et al. 2004, 2006, 

2011) and high school students (e.g. Burić and Sorić 2012; Dettmers et al. 2011; Goetz et al. 

2010; Kyttälä and Björn 2010; Sorić et al. 2013). Studies with younger students are rare (e.g. 

Erturan and Jansen 2015; Frenzel et al. 2007) and studies with pre-adolescents and early 

adolescents are lacking (Huang 2011). 

Since research has shown that achievement emotions, as well as their cognitive 

antecedents, are organized in domain-specific ways (e.g. Goetz et al. 2006,  2007, 2008), the 

current paper specifically addresses the effects of cognitive appraisals and achievement 

emotions in relation to math on pre and early adolescent math performance. The pattern of 

relationships was examined using seven discrete achievement emotions instead of using only 

one emotion as it does in a number of studies (e.g. Erturan and Jansen 2015; Kyttälä and Björn 
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2010; Goetz et al. 2013; Pekrun et al. 2014; Wu et al. 2014) or a composite of positive vs. 

negative emotions (e.g. Dettmers et al. 2011; Lam et al. 2015; Lipnevich et al. 2012; Mega et al. 

2014; Sorić et al. 2013). Thus in this study we tested the following hypotheses (Figure 1): 

Hypothesis 1: Students cognitive appraisals (perceived math competence and perceived 

math value) are positive predictors of pleasant achievement emotions (enjoyment, pride and 

relief) and negative predictors of unpleasant achievement emotions (hopelessness, boredom, 

anger and anxiety). The strength of these associations is however expected to be greater for 

positive activating and negative deactivating emotions.  

Hypothesis 2: Pleasant emotions are positive predictors of student performance in 

mathematics, while unpleasant emotions are negative predictors of math performance. Once 

again, the strength of these relationships is expected to be greater in the case of positive 

activating and negative deactivating achievement emotions. 

--- Figure 1 about here --- 

To ensure that the associations are not explained by other related variables, gender and 

previous math achievement were controlled. Although gender differences in math achievement 

and performance are frequently nonexistent (e.g. Lindberg et al. 2010), research has shown that 

girls tend to report lower math competence beliefs than boys (Else-Quest et al. 2010; Goetz et 

al. 2013; Kyttälä and Björn 2010). With regard to prior achievement, research has shown that it 

is one of the strongest predictors of subsequent achievement (e.g. Pekrun et al. 2010; Pekrun et 

al. 2014). The models also take into account that perceived competence and value can have a 

direct positive effect on math achievement (Pinxten et al. 2014). 

Some authors have also reinforced the need to examine these emotional experiences and 

other school-related variables taking into account the specific setting in which they occur, 

namely in classes, tests or homework (e.g. Dettmers et al. 2011; Trautwein et al. 2006).  

Previous findings indicate that pre-adolescents differentiate emotions in different situations 

(Peixoto et al. 2015), although research hardly ever compares students emotional reactions in 

different contexts (exceptions Goetz et al. 2012; Lipnevich et al. 2012; Racanello et al. 2013). 

Research has generally taken into account only one context (e.g. Artino et al. 2010; Dettmers et 
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al. 2011; Pekrun et al. 2009; Pekrun et al. 2014), or emotions globally, regardless of the context 

in which they occur (e.g. Frenzel et al. 2007; Lichtenfeld et al. 2012). As such, research 

comparing the structural relationships between control appraisals and emotions in different 

situations is lacking. Goetz et al. (2012) compared the relationships between self-concept and 

emotions across different situations (classroom and homework) and found that these 

relationships were stronger for classroom emotions. Pekrun et al. (2011), despite not addressing 

this issue, presented results showing differences in the strength of the correlations between 

emotions and task value and self-efficacy. For some emotions those differences were higher 

between classroom and test emotions than between learning/homework and classroom 

emotions. Additionally, research showed differences in emotions level between test and class or 

homework situations (Raccanello et al. 2013). Therefore, we also examine early adolescents 

emotional experiences in regard to mathematics in two different settings: classes and tests, 

testing the following hypothesis: 

Hypothesis 3: The relationships between cognitive appraisals and emotions in class 

situations are stronger than in test situations. 

 

Method 

 

Participants 

The participants comprised 1219 students, aged 11 to 16 (M = 12.53; SD = 1.36), 51.5% 

of whom were girls. Those students attended the 6
th
(N = 647, 51.7 % girls, Mage = 10.5, SDage = 

.74) and the 8
th
grade (N = 572, 51.3 % girls, Mage = 12.7, SDage = .88) in 12 public schools in 

Lisbon, and 18.1% had already repeated a school year. The Portuguese educational system is 

organized in 3 cycles: the 1
st
 takes place over four years (1

st
 to 4

th
 grade, corresponding to 

elementary school), the 2
nd

 over two years (5
th
 and 6

th
 grade, called preparatory school) and the 

3
rd

 over three years (7
th
 to 9

th
 grades, corresponding to middle school). Following this students 

enter high school, which is a further three (10
th
 to 12

th
 grades). The 2

nd
 and 3

rd
 cycles are 

organized in a similar way differing only in the number of school subjects (8 in the 2
nd

 cycle and 
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10 in the 3
rd

 cycle), and they share the same physical space, separate from elementary school 

and usually also from high school. 

 

Measures 

Perceived competence and perceived value measures were both taken from the 

Portuguese version of the Intrinsic Motivation Inventory (IMI) (Monteiro et al. 2015).Three 

items were used to measure math perceived competence (e.g. “I think I am quite good at Math’s 

activities”) and another three to measure math intrinsic perceived value (e.g. “Math’s activities 

are valuable to me”).Answers to these two measures were given on a 6-point scale (1 = Never to 

6 = Always).Cronbach’s Alpha for perceived competencewas0.85 and 0.89 for perceived value. 

Achievement emotions were measured using the Achievement Emotions Questionnaire 

for Pre-adolescent students (AEQ-PA, Peixoto et al. 2015), which comprises two scales, each 

one with 24 items, assessing six emotions in two situations: classroom and tests. The classroom 

version assesses: boredom (e.g. “I get bored during math classes”), hopelessness (e.g. “It’s 

pointless to prepare for my math class since I don’t understand the material anyway”), anger 

(e.g. “I feel anger welling up in me during my math class”), anxiety (e.g. “I feel nervous in my 

math classes”), enjoyment (e.g. “I enjoy being in my math class”), and pride (e.g. “I am proud 

of the contributions I have made in my math class”). The test version assesses the same 

emotions but with relief (e.g. “After a math test, I feel very relieved”) instead of boredom. Both 

versions include achievement emotions experienced before, during and after classes / tests, thus 

giving a more complete view of student emotional experiences at different times. Answers were 

given on a 5-point Likert scale (1 = completely disagree to 5 = completely agree) and scores 

were calculated by averaging all the items pertaining to each achievement emotion. Scores for 

classroom and test emotions were calculated separately, as recommended by Peixoto et al. 

(2015). Cronbach’s Alpha ranged from .79 for anxiety to .93 for boredom in the classroom 

version, and from .84 for enjoyment to .88 for anxiety and pride in the test version. 
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Math achievement was obtained from school records and consisted on the average of the 

grades obtained by students in Mathematics at the end of the three school terms, which range 

from 1 (lowest grade) to 5 (highest grade). 

Control Variables. Students’ gender (coded 1 for males and 2 for females) and their 

prior math achievement were included as covariates in the analyses. Prior math achievement 

consisted of students’ final math grade (3
rd

 term) in the previous school year. 

 

Procedure 

After obtaining consent from the school boards, written parental consent was obtained 

for all participants in the study. Students took part on a voluntary basis and were assured of the 

confidentiality of their answers. Data was collected in different sessions along with other 

measures as this study was included in a broader research project. For half of the participants 

the classroom-related emotions were collected jointly with perceived competence and perceived 

value in the same session and the test-related emotions were collected in another session. For 

the second half, test-related emotions were collected jointly with perceived competence and 

perceived value and the classroom-related emotions were collected in a different session. Data 

was gathered by a research assistant and by trained undergraduate students during regular 

classes (except Math classes).  

 

Data Analysis 

Descriptive statistics and correlation analyses were carried out using SPSS version 21 

(IBM 2012). To test differences between the strength of the correlations, the procedure 

implemented in Statistica version 12 (StatSoft 2013) was used. A model of relationships 

between cognitive appraisals (perceived competence and value), emotions and academic 

achievement was analyzed through Structural Equation Modeling using Maximum likelihood 

estimation in Amos version 21.0 (Arbuckle 2012). Taking into consideration that chi-square 

values are highly sensitive to sample dimension, namely when samples are higher than 200 

participants, several other indicators were used to evaluate the models goodness of fit: CFI, TLI 



How do you feel about math? 

 

and RMSEA. Values higher than .90 for CFI and TLI are usually considered as indicating a 

good fit of the models to the data as well as values lower than .08 for RMSEA (Kline 2011). 

However Raykov and Marcoulides (2006) advocate a more conservative approach indicating a 

threshold of .95 for CFI and TLI and values lower than .05 for RMSEA, along with a narrow 

confidence interval (CI).    

 

Results 

 

Descriptive statistics for classroom and test related emotions are presented in Table 1. 

Positive emotions are higher than negative both in classroom and test related emotions. In 

classroom related emotions pride shows the highest value whereas in test-related emotions relief 

is the emotion with the higher score. In both situations anger is the least felt of the emotions.  

 

--- Table 1 about here --- 

 

Correlation analyses between cognitive appraisals (perceived competence and value) 

and emotions (Table 1) show that perceived competence and value are negatively related to 

negative emotions and positively related to positive emotions(except for relief which relates 

negatively despite these relationships being very small). This pattern of relationships occurs 

both for classroom and test-related emotions. However, the magnitude of the correlations was 

stronger between cognitive appraisals and classroom emotions (M|r|=0.51) than between 

cognitive appraisals and test emotions (M|r|=0.36; 0.42 if relief is excluded), and the difference 

between them is statistically significant (p<0.001 including all emotions; p=0.012 when relief is 

excluded). 

In classroom situations positive activating (enjoyment and pride) and negative 

deactivating emotions (hopelessness and boredom) show the strongest correlations with 

cognitive appraisals, whereas in test situations positive activating emotions (enjoyment and 

pride) exhibit the strongest correlations to cognitive appraisals. Moreover the difference in 
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correlations is significantly higher for negative emotions (∆M|r|=0.12 taking into account the 

negative emotions that are common to both situations, p<0.001) than for positive ones 

(∆M|r|=0.02, p=0.692). Additionally this difference is higher for the relationships between value 

and negative emotions (∆M|r|=0.18, p<0.001) than it is for the relations between negative 

emotions and perceived competence. In the relationships between cognitive appraisals and the 

positive activating emotions (enjoyment and pride) there are also differences which arise 

between value and perceived competence. Thus value shows significantly stronger correlations 

with positive activating emotions in class situations (∆M|r|=0.07, p=0.008), whereas the relations 

between perceived competence and positive activating emotions are similar in the two settings 

(∆M|r|=0.03, p=0.146). 

Correlation analyses between emotions and achievement show that positive emotions 

are positively related to grades and negative emotions are negatively related (Table 1). The 

differences observed in the magnitude of the relationships between class-related and test-related 

emotions with cognitive appraisals were also found in the case of grades (M|r|=0.39 for 

classroom emotions and M|r|= 0.27 for test emotions, or M|r|= 0.32 if relief is excluded; p<0.001 

including all emotions and p=0.048 when relief is excluded). Moreover, and similar to what 

occurs in the relations between cognitive appraisals and emotions, here again the difference is  

mainly due to the association between negative emotions and math achievement. The 

association between positive activating emotions is similar in both situations (∆M|r|=0.01, 

p=0.557), whereas negative emotions correlations are significantly stronger for class than for 

test situations (∆M|r|=0.15, p<0.001)   

 

--- Figure 2 about here --- 

--- Figure 3 about here --- 

 

The associations between cognitive appraisals, emotions and performance in 

mathematics were tested in two separate models using SEM. In order to check for 

multicollinearity problems we calculated the means for each latent variable and included them 
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in a regression analysis as predictors of math achievement. As indicators of collinearity we used 

both the variance inflation factor (VIF) and tolerance measures provided by SPSS (IBM 2012), 

taking into consideration the thresholds of 3 for VIF and the corresponding value of 0.33 for 

tolerance (Hair et al. 2009; Kline 2011; Kock and Lynn 2012). Besides these indicators we also 

looked for correlations between the latent variables in the models in order to decide which ones 

to eliminate. Thus, enjoyment was eliminated from the models as well as anger in the class-

related emotions model and hopelessness, anger and anxiety has been tested in three different 

models (all including relief and pride) for test-related emotions. 

Regarding cognitive appraisals, both models look at value and perceived competence 

and each latent variable is defined by 3 items. Goodness-of-fit indices are good, χ
2
=26.9, df=8, 

p=.001; CFI=0.99; TLI=0.99; RMSEA=0.045 (90% CI: 0.027 to 0.065), and the factor loadings 

are higher than 0.74. In terms of emotions, the models examined the simultaneous influence of 

the discrete math emotions reported in classroom or in test situations with the exception of 

enjoyment both for class and test related emotions and anger in class-related emotions. Each 

latent variable of emotions is defined by the corresponding four items in each. For class related 

emotions the model shows adequate goodness-of-fit indices, χ
2
=415.5, df=98, p<.001; 

CFI=0.97; TLI=0.96; RMSEA=0.052 (90% CI: 0.047 to 0.057) with the factor loadings ranging 

from 0.57 to 0.91. For test related emotions all the three models show adequate fit to the data, 

χ
2
=270.1, df=511, p<.001; CFI=0.97; TLI=0.96; RMSEA=0.059 (90% CI: 0.053 to 0.066 for 

the model including anxiety; χ
2
=262, df=51, p<.001; CFI=0.97; TLI=0.96; RMSEA=0.058 

(90% CI: 0.052 to 0.065), for the model including hopelessness; χ
2
=220.7, df=51, p<.001; 

CFI=0.98; TLI=0.97; RMSEA=0.052 (90% CI: 0.045 to 0.059) for the model including anger. 

The factor loadings for test related emotions ranging from 0.65 to 0.88. The models took into 

consideration the inter-relations between the different emotions and the inter-relations between 

value and perceived competence by correlating the error terms of each latent variable. Given 

that gender can affect value and perceived competence, gender effects were controlled. Also the 

effects of previous achievement on actual Math achievement was controlled as well as the 

effects of this variable on value and perceived competence. The models tested took into account 
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all the possible relationships between cognitive appraisals, emotions and math achievement 

except for the effects of value on math achievement, as these effects were not significant. 

Instead we correlated the error terms of both variables in the class model, because this 

relationship was significant.   

The results obtained show that all models of the relationships between the latent 

variables (Figures 2 and 3), fit the data well: χ
2
=896.9, df=301, p<.001; CFI=0.97; TLI=0.97; 

RMSEA=0.040 (90% CI: 0.037 to 0.043) for the classroom situation; for the test situation: 

χ
2
=770.8, df=213, p<.001; CFI=0.97; TLI=0.96; RMSEA=0.046 (90% CI: 0.043 to 0.050), for 

the model with hopelessness, χ
2
=758.0, df=213, p<.001; CFI=0.97; TLI=0.96; RMSEA=0.046 

(90% CI: 0.042 to 0.049) for the model with anger and χ
2
=784.1, df=213, p<.001; CFI=0.97; 

TLI=0.96; RMSEA=0.047 (90% CI: 0.043 to 0.050) for the model with anxiety. 

The pattern of relationships between cognitive appraisals and emotions is similar to the 

one observed in correlations except for the positive relationship between value and anxiety and 

the negative relationship between perceived competence and relief, both in the test situation. 

Perceived competence is the strongest predictor of achievement emotions both in classroom and 

test situations (M|b|
1
=0.44 in test situations and M|b|=0.41 in classroom situations vs. M|b|=0.15 for 

value in test situations and M|b|=0.34 in classroom situations). However, the pattern of the 

magnitude of the relationships between the cognitive appraisals and emotions is slightly 

different for value and perceived competence. Perceived competence shows slightly higher 

values for the relationships with emotions in test situation whereas value presents stronger 

correlations with class-related emotions. The percentage of variance of achievement emotions 

explained by cognitive appraisals is higher in the case of class-related emotions (MR
2
=0.47) than 

in the case of test-related emotions (MR
2
=0.31 excluding relief).  

From the point of view of emotions, the stronger relationships are from perceived 

competence to pride and hopelessness, both in the test situation. In the class situation the 

relationship between boredom and value is the strongest despite the fact that the relationships of 

pride, anxiety, and hopelessness with perceived competence as well as the relationship between 

                                                 
1
 Mean regression coefficient (absolute value) 
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pride and value show similar values. In the case of relationships between emotions and 

academic achievement, only hopelessness (in both test and class situations) and anger (in test 

situation) were significant predictors of student Math achievement, both negatively.  

 

Discussion 

 

The purpose of this study has been to analyze the interrelationships between cognitive 

appraisals, emotions and Math achievement in early adolescents. Findings showed that 

cognitive appraisals relate positively with pleasant emotions and negatively with unpleasant 

emotions. The same pattern was found for the relationships between emotions and Math 

achievement. A second aim of this study was to test whether there were differences in the 

relationships between cognitive appraisals, emotions and achievement according to the situation 

(test or class). The results support the existence of differences between the two situations for the 

relationships between cognitive appraisals and emotions but not for the relationships between 

emotions and math achievement. The relationships between cognitive appraisals and emotions 

were stronger in class situations, and the differences were mainly due to the association between 

negative emotions and cognitive appraisals. 

 

Cognitive appraisals and emotions 

In line with the main assumptions of CVT (Pekrun, 2006, 2013), we found a strong 

positive relationship between student cognitive appraisals (perceived value and competence) 

and their experience of pleasant emotions (except relief), both in classroom and test situations. 

Conversely, perceived value and perceived competence were negatively related to all negative 

emotions, both activating and deactivating in the two settings, therefore confirming our first 

hypothesis.  

Also as hypothesized we found that the relationship between student cognitive 

appraisals and their positive activating (enjoyment and pride) or negative deactivating (boredom 

and hopelessness) emotions was stronger than the relationship between student cognitive 
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appraisals and their positive deactivating (relief) or negative activating emotions (anger and 

anxiety).  Indeed, according to CVT (Pekrun 2006, 2009), while positive activating emotions 

are consensually considered beneficial and negative deactivating emotions detrimental, the role 

played by positive deactivating and negative activating achievement emotions is more complex 

and ambiguous. In some cases they may produce positive effects, but in other cases negative 

(Pekrun et al. 2002; Pekrun et al. 2009), which may explain the null or very weak correlation 

obtained between cognitive appraisals and relief. 

The results of SEM analysis revealed that perceived competence was the strongest 

predictor of most achievement emotions, namely pride, hopelessness and anxiety both for class 

and test situations. This finding highlights the importance of feelings of competence for 

emotional experience in Math learning (Frenzel et al. 2007; Goetz et al. 2008; Luo et al. 2014; 

Pekrun et al. 2011). 

 

Emotions and academic achievement 

The second hypothesis tested in this study assumed that student achievement emotions 

would affect Math achievement. Since students experience a wide range of emotions, which do 

not occur separately, several emotions were considered simultaneously in our models to 

ascertain the relative weight of each in explaining student math outcomes.  

Despite correlation analyses showing that all emotions were significantly related to 

Math achievement, when they were simultaneously included in the models, only feelings of 

anger in test situations and of hopelessness in both tests and classes were related to student 

Math achievement. These effects are most likely due to the interrelationships between emotions 

and are consistent with previous findings from Burić and Sorić (2012) which suggest that 

including competing emotions in the same model weakens their effects on achievement 

measures.  Moreover, controlling for previous Math achievement and including Math perceived 

competence in the models makes the emergence of significant relationships between emotions 

and Math achievement more difficult (Ahmed et al. 2013; Ma & Xu, 2004; Pinxten et al. 2014).   
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Among the different emotions considered in the current research hopelessness has 

emerged as the most prominent in its relationship to math achievement. Hopelessness is a 

negative deactivating outcome emotion which is detrimental to learning and achievement (Burić 

and Sorić 2012; Pekrun et al. 2009). Being a prospective outcome emotion (Pekrun 2006), 

feeling hopeless towards Math can lead to a failure cycle culminating in learned hopelessness 

(Au et al. 2010). Indeed, if students believe there is nothing they can do to change their situation 

and they give up trying their effort and involvement in achievement tasks will decrease and that 

will harm their math performance. In turn, the poorer the results obtained the more likely the 

“confirmation” of previous negative competence perceptions will be which will further 

undermine student motivation, reinforcing prior hopeless feelings. So one of the major risks is 

that these relationships which, as suggested in CVT, are likely to be affected by reciprocal 

causation (Pekrun 2006), give rise to a negative feedback loop between student hopelessness 

and their poor math achievements over time.  

 

Relationships between cognitive appraisals and emotions in class and test situations 

In line with our third hypothesis we found stronger associations between cognitive 

appraisals and emotions for class related emotions. These findings are consistent with previous 

research by Goetz et al. (2012) who reported weaker correlations between self-concept and 

homework emotions than between self-concept and classroom emotions. However, in our 

results, the difference between the class and test situations is mainly due to the differences in the 

associations between negative emotions and cognitive appraisals. In other words, the value that 

students ascribe to mathematics and their perceived competence in math are more strongly 

related to the negative emotions they experienced in classroom situations than to the negative 

emotions experienced in test situations.  

According to Pekrun et al. (2011) these settings have different functions and different 

social structures which seem to influence the role of emotions in the interplay between 

motivation and achievement. As such, the differences between classroom and test situations 

may be due to the fact that classes are constant routines in a student’s life, while test situations 
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are more infrequent. In classroom settings students can see their progress or lack of it and their 

skills or difficulties as well as their accomplishments or failures, on a daily basis. This 

continuous input of information that students collect from their interactions with the task, with 

teachers and colleagues in the classroom, is central to their motivational characteristics (Ahmed 

et al. 2013; Furrer et al. 2014) and could support the strong relationship between cognitive 

appraisals and emotions in the classroom. Moreover, in classroom situations there are a lot more 

inputs from social factors and higher emotional investment compared to test situations 

(Raccanello et al. 2013) which may trigger changes in the learning process. This on-going way 

in which students and teachers interact is more noticeable in the classroom and has the potential 

to help students to adapt and regulate their emotions according to the reasons why they do the 

tasks and by helping them to interpret their outcomes in math.  

The results of SEM analysis additionally highlighted the importance of perceived 

competence to the feelings of pride and hopelessness in test situations. Students who feel more 

competent feel less hopeless during tests and prouder of the scores they achieve. The pride or 

hopeless experienced in test settings can be explained by student appraisals of previous similar 

situations. Success in math tests that students perceive to be caused by internal factors will 

reinforce a sense of control over the outcomes obtained (Pekrun 2006; Pekrun et al. 2011), 

while failure can reinforce the lack of feelings of control. These emotions are probably more 

evident in test situations where students are able to control the appraisal of their past outcomes 

in this setting, where assessment is usually based on an objective measure (grades) and results 

can easily be interpreted through self-reference, leading to feelings of control (or lack of control 

in the case of hopelessness) over achievement outcomes. 

 Perceived value showed slightly different patterns in the classroom and test situations, 

relating more strongly to emotions in the classroom than in test situations, with the exception of 

the relation with anxiety which is not significant in the class situation. Here a particular note on 

the relationship between value and anxiety which is positive and in contradiction to that of 

correlation analysis. This positive association in combination with its strength highlights the 

possibility that the effect of value on anxiety is connected to perceived competence. Students 
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who feel confident in their abilities and value the task probably feel less anxious than students 

that equally value the task but lack confidence in their capabilities. CVT supports this idea 

claiming that negative activating emotions, such as anxiety can have ambivalent effects on 

student outcomes (Pekrun 2006, 2009) and can be managed in different ways taking into 

account the level of confidence and perceived competence of the student.  

 

Limitations  

Some limitations of this study should be mentioned. First the cross-sectional and 

correlational nature of the study involving concurrent data on motivation indicators and 

emotions does not allow for any conclusion on causal relations. Despite the fact that the model 

tested posits that cognitive appraisals indicators predict emotions, which predict Math 

achievement, other paths can be assumed looking at the relationships between emotions and 

cognitive appraisals as dynamic processes sustained by reciprocal causation over time (Pekrun 

et al. 2007). A second limitation is that emotions were assessed as trait-like emotions precluding 

any generalisation for state-like emotions. The model proposed can be conceptually sound for 

trait-like emotions but it makes less sense when we talk about state-like emotions.  

 

Implications 

Despite these limitations our findings suggest that hopelessness plays an important role 

in the interchanges between cognitive appraisals and Math achievement.  This draws attention to 

Math teachers and the learning environments that they set up, as feeling hopeless can lead to a 

cycle of failure (Au et al. 2010) which is something that should be avoided at all costs in 

learning contexts. Teachers should be aware of the value placed by students on the task itself 

and on the outcomes, as well as of their feelings of competence. It is important to understand 

whether the value attributed to mathematical tasks means that students want to learn for pleasure 

and for curiosity or rely on external incentives. In the first case students will be able to 

overcome boredom and/or anxiety, seeking help when they face difficulties and therefore 

feeling less hopeless. As such, it will be important for teachers to think about the strategies used 
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and if they are the more effective in promoting student intrinsic value to the tasks (Tapia and 

Montero, 2004).  

Furthermore it is important to think about the kind of assessment that the teacher 

proposes in order to minimize the detrimental effects that it can have. The positive association 

between value and anxiety in the test situation calls attention to the importance of tests, which 

are probably the main (if not the only) determinant of student grades. This characteristic of tests 

places students under strong pressure, namely those who value Math and/or Math grades and 

particularly those with low perceived competence. Thus if evaluation could have a more 

formative essence instead of summative, assuming its role of learning regulation, which could 

improve student confidence in their math skills and in this way reduce the levels of anxiety 

usually related to tests (Black and Wiliam, 1998; Ugodulunwa and Okolo, 2015). 

Student beliefs about their competence and control regarding the tasks and activities can 

facilitate or hinder achievement. As such, teachers should think about the teaching strategies 

they use and the learning environment they promote in order to contribute to the development of 

students’ positive beliefs and to the self-regulatory processes related to those beliefs. When 

teachers give emotional support, value personal development and show positive expectations of 

students, they promote positive emotional feelings, higher levels of perceived control and 

involvement (Ahmed et al. 2013; Furrer et al. 2014). Via different means, including verbal and 

nonverbal messages, environments shape student interests, competence beliefs and values which 

in turn underpin their achievement emotions (Pekrun et al. 2007). In this context classrooms are 

important settings for these “shaping” processes during the learning process. 
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Table 1 – Descriptive statistics and Correlations for all study variables 

 1 2 3 4 5 6 7 8 9 10 11 M SD 

1. Hopelessness 
.56** .70* .72** .29** -.51** -.53** -.02 -.44** -.57** -.59** -.52** 2.18 1.03 

2. Anger 
.71** .57** .55** .17** -.40** -.40** -.04 -.31** -.45** -.39** -.38** 2.08 .87 

3. Anxiety 
.49** .55** .61** .45** -.33** -.32** .10** -.28** -.16** -.38** -.32** 2.50 .94 

4. Boredom / Relief
a 

.70** .67** .36** ---- 0.00 .09** -.05 -.29** -.58** -.47** -.36** 2.65 1.14 

5. Enjoyment 
-.61** -.50** -.22** -.77** .69** .80** .01 .31** .64** .60** .36** 3.26 .94 

6. Pride 
-.63** -.48** -.24** .77** .65** .63** .02 .38** .62** .64** .42** 3.63 .90 

7. Gender 
.11** .01 .16** .11** -.08** -.11** 1     

  

8. Previous Math Achievement 
-.36** -.26** -.20** -.01 .38** .38** -.03 1    

  

9. Perceived Value 
-.29** -.29** -.07* .09** .60** .51** .07* .30** 1   

  

10. Perceived Competence 
-.50** -.35** -.32** -.03 .65** .66** -.16** .53** .50** 1  

  

11. Math achievement 
-.43** -.31** -.27** -.06* .43** .43** .02 .74** .34** .61** 1 

  

M 
2.42 2.06 2.65 3.48 3.24 3.25 ---- 3.06 4.60 3.44 2.89 

  

SD 
.98 .92 1.04 .93 .94 .94 ---- .89 1.24 1.33 .87 

  

 

Descriptive statistics and correlations between study variables are presented below the diagonal for class-related emotions and above the diagonal for test-related emotions; 

*p<.05, **p<.01; 
a
 Boredom was measured only in class situations relief was measured only in test. 
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Figure 1.   

Hypothesized relationships amongst study variables. Separate models were tested for class and test related emotions.  
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Figure 2.   

Parameter estimates (standardised regression coefficients) for the structural equation models of the relationships between cognitive appraisals, achievement emotions and 

math achievement in class related emotions. Only latent variables are presented. n.s.= non-significant, * p<.05, ** p<.01, *** p<.001 
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Figure 3. 

Parameter estimates (standardised regression coefficients) for the structural equation models of the relationships between cognitive appraisals, achievement emotions and 

math achievement in test related emotions. Only latent variables are presented.The figure represents the three models tested for test-related emotions.When the parameter 

estimates are the same across the three models only one value is presented; when they differ, the first one to be presented is from the model with hopelessness, the second with 

anger and the third from the model with anxiety. n.s.= non-significant, * p<.05, ** p<.01, *** p<.001.  
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