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Abstract 

The Inventory of Emotions Experienced by Adolescents when Solving Mathematical Tasks (INETAM, for its 
acronym in Spanish), measures four influential emotions related to Math performance: Enthusiasm, Frustration, 
Enjoyment, and Boredom. Content validity, construct validation and item calibration analyses were performed to 
obtain evidence of its validity, using a sample of 448 adolescents enrolled in ninth grade. Factor analysis showed 
adequate reliability coefficients and fit indices. Calibration analysis showed that the items are highly informative 
and discriminate between response levels. Regression analysis indicated that emotions are predictors of math 
achievement. INETAM is solid psychometrically, suitable for measuring academic emotions of adolescents, and 
can contribute to improve our understanding of their influence on academic achievement in mathematics.  
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1. Introduction 

In Mexico, the results of national and international standardized educational assessments have been far from the 
expected. In PISA 2015, Mexican students were on average 77 points below the OECD average in Science; 70 
average points below in reading, and 85 average points below in math. Only 0.6% of students reached the 
highest performance categories (levels 5 and 6), while 33% were at the lowest (0 and 1) levels of achievement 
(OECD, 2016). A similar situation occured in PISA 2018: Mexican students obtained around 80 points less than 
the OECD average in math, reading and science (OECD, 2019). 

The same results are present in national evaluations such as PLANEA (Plan Nacional para la Evaluación de los 
Aprendizajes [National Plan for the Evaluation of Learning]), which is a yearly Mexican assessment program 
that evaluates Mexican students’ achievement in language and comunication, mathematics and social and 
emotional skills (INEE, 2013). The 2017 PLANEA results in mathematics showed that 64.5% of high school 
Mexican students performed at level 1, the lowest achievement level measured by the test, which corresponds to 
an insufficient attainment of the country’s national curriculum’s key learning goals (INEE, 2017).  

In order to better understand the effect of individual, maleable variables, such as emotions in academic learning, 
performance and achievement, researchers around the world have begun to focus on emotions, both positive and 
negative (Villavicencio & Bernardo, 2015), like boredom, hoplessness, anger, anxiety, enjoyment, pride and 
relief (Peixoto et al., 2015). In Mexico, the recent emphasis of the New Educational Model (SEP, 2017) on 
socioemotional skills, has resulted in the need to design valid and reliable instruments to measure social and 
affective variables, such as achievement emotions, that occur in educational contexts (Pekrun, 2006).  

2. Theoretical Background 

2.1 Achievement Emotions 

Emotions are reactions to environmental stimuli, through different response systems, to provide information 
about the environment, and to influence it according to the organism’s needs (Gross & Barrett, 2011). Response 
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systems include: Subjective experience, defined as the appreciation of the situation and feelings; facial, body and 
verbal expression; and peripheral physiological responses, such as heart rate and breathing (Mauss & Robinson, 
2009). 

Depending on the participant’s experience, emotions can be categorized as positive or negative (Levenson, 2011), 
by whether they trigger pleasurable or unpleasant bodily sensations. In addition, an emotion can activate or 
deactivate the peripheral physiological responses (Scherer, 2005); for instance, an increase in breathing 
frequency or heart rate, as well as specific facial configurations (Ekman et al., 2002). These mechanisms both 
prepare the organism and facilitate necessary actions to respond to stimuli and situations of everyday life. 
Because all emotions have three basic characteristics, they are often classified by: their valence, positive versus 
negative; their level of activation, high or low; and/or their specific facial expression (Nielsen & Kaszniak, 2007). 
Psychological development and culture define stimuli that trigger certain emotions as well as what we think and 
do when expressing an emotion (Haro et al., 2013). Thus, the context, understood as the moment and the 
situation in which an emotion occurs, should also be considered as a factor intimately related to emotions’ 
elicitation. Accordingly, emotions can be considered as discrete, as well as domain-dependent phenomena 
(Goetz et al., 2006). 

The emotions experienced in the school context, which influence the learning by and academic performance of 
students have been called academic emotions (Pekrun & Linnenbrink-García, 2012) or achievement emotions 
(De la Fuente, 2014). Other types of emotions that occur in the school context are epistemic emotions, related to 
the information processing and knowledge acquisition; topic emotions, triggered by the content or the subject of 
the academic material; and social emotions, directed to other people who participate in the learning environment 
(Pekrun & Linnenbrink-Garcia, 2012).  

Pekrun and his collaborators (Pekrun et al., 2011) have developed a taxonomy of academic emotions, which 
distinguishes them by object, level of activation, value assigned to the academic activity, and degree of perceived 
control over it (see Table 1).  

 

Table 1. Pekrun Goetz, Frenzel, Barchfeld and Perry (2011), Taxonomy of academic emotions 

Object Activation Value Academic emotions Control 
Prospective Activating Positive (success) Hope Medium 

Anticipatory joy High 
Negative (failure) Anxiety Medium 

Deactivating  Positive (success) Anticipatory relief High 
Hopelessness Low 

Retrospective Activating Joy Irrelevant 
Pride Personal 
Gratitude Other 

Negative (failure) Shame Personal  
Anger Other 

Deactivating Positive (success) Calm Not mentioned 
Relief Not mentioned 

Negative (failure) Sadness Irrelevant  
Disappointment Not mentioned 

Task Activating  Positive (success) Enjoyment High 
Negative (failure) Tension High 

Frustration Low 
Deactivating  Positive (success) Relaxation Not mentioned 

Negative (failure) Boredom High/Low 

Note. Personal elaboration from different sources.  
 

Emotions’ impact on academic achievement depends on the object or focus to which they are directed (Pekrun & 
Linnenbrink-Garcia, 2012). Task emotions (enjoyment, anger, tension, frustration, relaxation and boredom) have 
a stronger impact on learning, performance and achievement of the activity in which the student is engaged at 
that moment in time. Students may experience anticipatory joy, if they know that they will face an academic 
activity that has a positive value, either to achieve their goals or to improve their learning, and over which they 
feel they have high control (Pekrun, 2006). 

2.2 Emotions and Academic Performance in Mathematics 

Several studies have identified a wide range of emotions that have important effects on academic performance 
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(Harley, 2014; Martínez-Sierra & García-González, 2017), indicating that positive emotions tend to improve 
academic performance as well as the reverse (Paoloni & Vaja, 2013). However, it has been found that negative 
emotions can have an ambivalent effect; for example, shame can generate extrinsic motivation oriented to 
achievement and avoidance of failure, improving academic performance in some instances (Sánchez Rosas et al., 
2011), while anxiety might be helpful in focussing attention (Grills-Taquechel et al., 2013). 

Most research on emotions related to math focus on anxiety and the effect of other negative emotions, while 
positive emotions have received little attention (Di Leo et al., 2017; Mars et al., 2017; Pekrun et al., 2014). Most 
findings indicate that positive activating emotions, such as enjoyment and pride, are positively associated with 
math achievement (Ahmed et al., 2013; Villavicencio & Bernardo, 2015), and negative emotions such as 
boredom, anxiety (Ahmed et al., 2013), anger (Peixoto et al., 2015) and hopelessness (Burić & Sorić, 2012) are 
negatively related with math achievement. Kim, Park and Cozart (2014) examined the effect of motivational, 
affective, and cognitive process factors on math achievement in an online mathematic course. They found that 
anger, boredom, and enjoyment were the strongest predictors of math achievement. 

According to Pekrun and Linnenbrink-Garcia (2012), the emotions most associated with academic performance 
in mathematics are enthusiasm, enjoyment, anxiety, frustration and boredom. Enthusiasm and enjoyment are 
considered positive emotions, both inducing pleasurable somatic sensations; the former, with a higher level of 
activation of the peripheral nervous system and bodily responses than the latter. Anxiety, frustration and 
boredom are defined as negative emotions (associated with unpleasant somatic sensations), with boredom being 
considered an emotion of low activation, because it diminishes somatic responses and sensations (Pekrun, 2006). 

The emotions mentioned thus far have been widely studied, especially anxiety and frustration, however, 
researchers have not distinguished them by the object to which they are directed. Goetz et al. (2003) recommend 
considering the distinction between anticipatory and prospective emotions to clarify the effect of these emotions 
on different moments or situations related to learning and achievement. According to this distinction, anxiety is 
considered an anticipatory emotion, and, as such, it would have to be included in studies whose purpose is to 
understand how emotions that appear before the situation occurs affect student’s achievement.  

The effect of academic emotions on performance has also been approached from broader conceptual frameworks, 
treating them as mediating variables. For example, emotions mediate the effect of self-concept beliefs and 
attitudes towards mathematics, over academic achievement in mathematics (Hannula, 2002). Furthermore, 
emotional dispositions can influence the attitudes towards a mathematical task, depending on the student’s 
perceived competence and interpretation of the academic situation (Di Martino & Zan, 2011). Therefore, to 
better understand the impact of emotions on academic performance, it would be necessary to relate emotions 
with other constructs, both affective and cognitive, such as attitudes or self-efficacy beliefs (Zan et al., 2006). 
Relating emotions to other constructs could lead to the development of comprehensive theoretical networks and 
models to explain academic learning, performance and achievement by individual variables that can be both 
meassured and modified in order to develop better educational strategies to improve our student’s achievement.  

2.3 Measurement of Achievement Emotions 

The most widely used instrument for measuring academic emotions is the Achievement Emotions Questionnaire 
(AEQ; Pekrun et al., 2011). This questionnaire has been translated to several languages (Frenzel et al., 2007; 
Pekrun & Bühner, 2014), and adapted for different populations, for example, elementary school children 
(Lichtenfeld et al., 2012) and pre-adolescents (Peixoto et al., 2015). These studies have shown empirical 
evidence of its validity and reliability. Spanish adaptations of the AEQ have been tested with samples of junior 
high school, high school and university students, both in Spain (Paoloni & Vaja, 2013) and in Argentina (Paoloni 
et al., 2014). The Spanish adaptations of this test have demonstrated acceptable levels of consistency. 

Studies that explore the influence of emotions, specifically in mathematics achievement, mainly use the 
subscales of the AEQ to measure the emotions of interest and correlate the results with academic scores in 
mathematics (Frenzel et al., 2007; Kleine et al., 2005; Ahmed et al., 2013). Researchers also use the Academic 
Emotions Questionnaire-Mathematics (Math-AEQ), which measures mathematics-related enjoyment, pride, 
anxiety, anger, and shame, for example: “I enjoy my math classes”, “During a math test, I worry that I will get a 
bad grade”, or “I am ashamed that I cannot answer my math teacher’s questions well”, in three different 
situations (instruction, homework and testing) (Frenzel et al., 2007). 

Although AEQ and Math-AEQ have shown strong psychometric properties with Spanish-speaking university 
students, it is important to consider that emotions have a large cultural component (Peterson, 2006). In addition, 
the emotional conciousness needed to recognize, name and report emotions is a developmental achievement 
(Valiente & Swanson, 2012). Furthermore, with the exception of anxiety and frustration, there is a lack of 
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associations between emotions and math, mainly because researchers have focused on negative emotions 
(Villavicencio & Bernardo, 2015), limiting our knowledge of the effect of positive emotions in performance and 
achievement. There are relatively few studies regarding emotion-measurement by self report because of the 
difficulty to theoretically and methodologicaly distinguish between “raw emotions” and “conscious emotions” 
(Northoff, 2012). Finally, studies that aim to measure emotions have to elicit them first, in order to produce a 
correct meassurement (Nielsen & Kasniak, 2007). 

Therefore, when meassuring emotions, it is important to consider the type of emotion (academic, epistemic, topic, 
social, etc.), to take into account the emotional components significant to the aim of the study, and balance those 
components (valence, activation, expression, tendency to action, intensity, etc.), as well as take into account the 
context, age and other caracteristics of the participants.  

The present study was designed to develop and test the psychometric validity of a self-report scale to measure 
four achievement emotions—two positive and two negative, both activating and deactivating: Enjoyment, 
Enthusiasm, Frustration and Boredom—with a sample of adolescent Mexican students. These emotions have 
shown to have an important impact in achievement and performance because they appear while the student is 
solving the task (Pekrun & Linnenbrink-Garcia, 2014). 

3. Method 

3.1 Study Phase I. Development and Pilot Testing 

Based on the review of the literature about the types, components and dimentions of emotions, 80 items were 
developed: five items for each component (valence, activation, tendency to action and intensity) of each of the 
four emotions under study: Enthusiasm, Enjoyment, Frustration and Boredom. To strengthen the psychometric 
properties of the instruments from the beginning, a validation and piloting process was included, which ensured 
that the construct was being measured properly and that the items were clear and consistent with the theory (Van 
Petegem et al., 2008). 

INETAM’s content validation and Revision 

Five experts in psychological development, psychological measurement, and emotions, scored the initial items 
using a Likert-type rating scale with four response options (nothing, something, a lot, and completely), and four 
dimensions: clarity (the items’ question is clearly understadable), relevance (the item is useful to measure the 
dimension), congruence (the item is highly related to the dimension) and sufficiency (the number of items is 
sufficient to measure the dimension).  

Results 

Content validity 

Experts’ validation was performed in presence, which permited the necessary corrections with the judges. 40% 
of the original 80 items were modified to increase their clarity or congruence. 10 items from subscales frustration 
and enjoyment were eliminated because they were considered by the experts as very similar to others or because 
they were not highly consistent, or were rated as irrelevant (two items from enjoyment and eight from 
frustration). A post-content validation version of the scale was integrated with 70 items, 20 for enthusiasm, 12 
for frustration, 18 for enjoyment and 20 for boredom, including the sub dimensions of valence, activation, 
tendency to action and intensity. Items were constructed using a five-point Likert-type response scale: 1 = Not 
like me, 2 = Very little like me, 3 = Like me, 4 = Very much like me, 5 = Exactly like me.  

3.2 Pilot Study 

Participants 

A total of 354 adolescents participated in the pilot study, of whom 52.8% were males, with ages ranging from 13 
to 16 years (M = 14.03, SD = 0.52). Students were enrolled in the ninth grade in four public high schools in 
Mexico City. 

Data analysis 

Skewness and kurtosis indices were obtained, items with values greater than 2 were eliminated (George & 
Mallery, 2010). Also, the frequencies of the response scale were obtained to assess its relevance (Norman, 2010); 
response points with less than 1% in most of the items of the Inventory were removed. The Kaiser-Meyer-Olkin 
(KMO) test, and the Bartlett’s test of sphericity were used to test the normality of the data distribution. The 
sample was considered acceptable if the KMO value was more than .80 and Bartlett’s test p value was less 
than .05. To determine the construct validity of the instrument, an exploratory Factor Anlaysis (EFA) was 
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conducted to determine internal consistency of the items (Chronbach & Meehl, 1955), by using Cronbach’s 
alpha. Also, items were grouped into factors if they produced factor loadings greater than .40. Groups with two 
or fewer items were eliminated (Williams et al., 2010).  

Result 

Construct validity 

Each scale (Enthusiasm, Frustration, Enjoyment and Boredom), produced high values of sample adequacy (KMO 
= 0.912, 0.890, 0.972, and 0.913; Bartlett’s sphericity test resulted in a value of .000 in all cases), and all 
demonstrated high internal consistency (α = 0.86, 0.85, 0.90, 0.89). 

A more precise factor analysis revealed that most of the items corresponding to the emotion’s intensity were 
empirically grouped within the valence and activation subscales, so the intensitiy subscale was eliminated for all 
emotions. Items from other subscales were eliminated because they produced factor loadings of less than .40, 
mainly in the activation and tendency to action subscales. The strongest subscale was valence for all four 
emotions. Three items were removed from the Frustration Scale because they presented factor loadings less than 
0.40 in absolute value. These items referred to three aspects: breathing, discomfort, and comparison with other 
equally frustrating activities. Also, the subscale tendency to action was not included in the Frustration scale. The 
changes led to the elimination of eight items from the enjoyment, enthusiasm and boredom scales, and four items 
from frustration scale.  

After the pilot validation, the INETAM included 44 items: 12 items for each of the academic emotions of 
Enthusiasm, Enjoyment and Boredom, each with four items for the subscales of valence, activation and tendency 
to action; and eight items to measure Frustration, with four items each for valence and activation.  

Another result to take into account was the skewness for the items: “Due to the frustration I had to get up from my 
seat” and “I wanted to cry”, which presented a strong bias for the low values of the response scale. This could be 
due to the fact that these behaviors, such as getting out of one’s seat or crying are not acceptable behaviors in the 
Mexican classroom context.  

Regarding the response categories, it was observed that the category Exactly like me was almost never selected in 
40% of the items, so it was eliminated, leaving only four response options: 1 = Not like me, 2 = A little like me, 3 
= A lot like me, 4 = Very like me.  

3.3 Study Phase II. Assessing the Psychometric Properties of the Tevised INETAM  

Participants 

A total of 452 ninth-grade high school students, enrolled in two public schools in Mexico City, participated in 
the study. The students’ age ranged between 13 and 16 years old (M = 14.03, SD = 0.341), 53.1% of them were 
male. This sample was different from the one used in the Pilot study.  

Variables measured  

Achievement in mathematics: Mathematics academic task. A mathematical task was included to elicit the 
emotions and experiences reported by students. The task was selected from the ninth-grade teacher’s document 
“Didactic orientations and lesson plans. Block I”, in which students had to solve four algebra problems of 
increasing difficulty. This activity was chosen because it corresponded to the activities in the curriculum at the 
time of the sutdy. The activity chosen had a medium level of difficulty and thus could be solved by most of the 
students. The task was scored using a five-value rubric developed to assess the performance level observed for 
each problem: inadequate, not-sufficient, low, medium, and high.  

Academic emotions in mathematics were measured using the Inventory of Academic Emotions during 
Mathematical Tasks (Revised-INETAM) composed of 44 items: 12 items for each of the academic emotions of 
Enthusiasm, Enjoyment and Boredom, and 8 items to measure Frustration, with a Likert-type response scale of 
four options: 1 = Not like me to 4 = Very like me. To provide concurrent validity for the study, attitudes towards 
mathematics were also measured to correlate these results with those of the pilot test of INETAM, given that 
previous studies have shown that attitudes towards mathematics have a strong relationship with the emotions 
experienced by students when completing math tasks (Zan et al., 2006). This scale has been validated with 
adolescent Spanish-speaking students (Palacios et al., 2014). 

Attitudes towards mathematics: Scale of Attitudes towards Mathematics (EAM by its acronym in Spanish: Escala 
de Actitudes hacia las Matemáticas; Palacios et al., 2014). This 37-item scale uses a five Likert-type options 
(from 0 to 4) to meaure five aspects of attitudes towards mathematics: enjoyment for mathematics, anxiety 
towards mathematics, perception of difficulty, perceived utility and mathematical self-concept. The scale was 
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developed and validated with 4807 Spanish students from primary, junior high and high school. Cronbach’s 
alpha for each factor ranged from .67 to .92, with an overall coefficient of α = .93.  

Procedure 

Principals of each school assigned schedules for the administration of the instruments during class time in the 
two last weeks of November. In the assigned classes, a researcher explained the aim of the study and read the 
instructions out loud, informed consent (which explained that their participation was voluntary, confidential and 
anonymous, and their answers would not affect them in any way) and response example, so that every student 
understood the response process and the importance of their participation. Students were given five minutes to 
solve the mathematical task, which was the mean time students needed to solve it. After completing the math 
task, they answered the INETAM, and during the following class period, approximately 20 minutes after they 
completed the first part, they were administered the EAM.  

Analysis of Data  

The main study data analysis consisted of the estimation of psychometric models using the Classic Test Theory 
(CTT) and the Items Response Theory (IRT) frameworks (Baker, 2001; Muñiz, 1994; Samejima, 1997). Models 
of CTT helped to identify the strength and accuracy with which each construct was measured (Muñiz, 1994). 
Models of IRT permited the estimation of the parameters of the items’ information and difficulty, which offered 
additional information about the scale, in terms of its usefulness in measuring different aspects of the construct 
(Luna Baldazua et al., 2017). Descriptive, Exploratory and Confirmatory Factor Analyses (EFA and CFA, 
respectively) were conducted to explore stronger evidence of validity, assessing the latent structure of the 
Inventory INETAM and its deviation from the perfect model (Hoyle, 2004).  

Correlation and regression analysis were performed following the method from Calleja (2009). First the 
inter-correlations were computed, then, variables with significant correlation indices were introduced into the 
regression analysis equation to evaluate causal relationships. Item calibration was assessed using both (a) 
discrimination and (b) level of difficulty indices (Hambleton, 2004). According to Baker (2001), discrimination 
parameters should be higher than .60, with low standard errors for both a and b parameters (< .30), with ordered 
thresholds for b and no overlap. 

Results 

Math activity 

Descriptive statistics for the mathematical activity used are presented in Table 2. The correlation between the 
score in the math activity and the course grade was moderate and significant (r = .421, p < .01).  

 

Table 2. Descriptive statistics of the Math activity used in the study 

 N Min Max Mean SD Skew Kur 
Score in Math activity 405 0 9 2.8 1.9 .421 -.795 

 

3.4 INETAM 

All indices of skewness and kurtosis ranged from -1.13 to 1.73 and total-item correlation ranged from .017 
to .394, providing evidence of near normal distributions of the variables (Blanca et al., 2013) and no existing 
problems in discriminant validity (Engellant et al., 2016). The items “I was so excited that I wanted to jump” from 
Enthusiasm, and “I felt the urge to punch or throw away something” from Frustration, presented skewness and 
kurtosis indices larger than two. Three items were in the Enjoyment and Boredom scales were eliminated from 
further analysis because they produced negative total-item correlations: “I felt calm during the task” (r = -.016, p 
< .01), “I felt bored while completing the exercise” (r = -.010, p < .01), and “I wanted to do something else less 
boring” (r = -.018, p < .01).  

Construct validity 

EFA showed good indices for every scale and subscales (see Tables 3 to 6). Enthusiasm showed a bi-factorial 
structure: Joy and Perseverance factors, according to the item characteristics. Enjoyment was explained by two 
factors, Pleasure and Commitment; and Boredom also presented a bi-factorial structure: Annoyance and 
Discouragement factors. Frustration was the only scale with a unidimensional structure.  
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Table 3. Enthusiasm’s EFA 

 Factor loadings 

Joy Perseverance 

1. I loved the task .803  
2. I felt very happy while solving the task .792  
3. I experienced a lot of energy while solving the task .776  
4. I felt really good .764  
5. Solving the task was pleasant to me .762  
6. I wanted to know the right result  .805 
7. I wanted more time to continue solving the task  .744 
8. I wanted to make a great effort to solve the task  .728 
Bartlett’s sphericity test 1342.49, p < .001 
KMO .864 
Items 5 3 
Explained variance 38.47 22.00 
Cronbach’s alpha .83 .63 
Eigen values 4.1 1.7 

Note. Extraction method: Principal Component Analysis. Rotation method: Varimax with Kaiser Normalization. Rotation converged in 5 
iterations.  
 

Table 4. Enjoyment’s EFA 

 Factor loadings 
Pleasure Commitment  

1. I realized I was enjoying solving the task .831  
2. I enjoyed solving the task .805  
3. The task made me feel good .805  
4. I enjoyed solving the excercise the same as when solving task I like .755  
5. The task caught my attention  .692  
6. I set out to solve the task correctly  .749 
7. I set out to solve the whole task  .720 
8. I had to make an effort to understand what I had to do  .689 
9. I wanted to solve the task correctly  .618 
10. I experienced enough energy to solve the task  .496 
Bartlett’s sphericity test 1726.69, p < .001 
KMO .883 
Items 5 5 
Explained variance 34.19 23.99 
Cronbach’s alpha .86 .73 
Eigen values 4.9 1.3 

Note. Extraction method: Principal Component Analysis. Rotation method: Varimax with Kaiser Normalization. Rotation converged in 5 
iterations.  

 

Table 5. Boredom’s EFA 

 
Factor loadings 
Annoyance Discouragement 

1. I felt bored while solving the exercise  .822  
2. Solving the task made me feel weak .783  
3. I wanted to do something less boring .772  
4. I wanted to fall asleep  .740  
5. Others may have noticed I was bored .679  
6. I wanted to leave the task incomplete .478  
7. I felt like I had no strength in my body   .838 
8. I felt really tired while solving the task  .699 
9. I felt completely without energy   .664 
Bartlett’s sphericity test 1303.54, p < .001 
KMO .835 
Items 6 3 
Explained variance 36.74 20.24 
Cronbach’s alpha .85 .67 
Eigen values 4.9 1.2 

Note. Extraction method: Principal Component Analysis. Rotation method: Varimax with Kaiser Normalization. Rotation converged in 3 
iterations.  
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Table 6. Frustration’s EFA 

 Factor loadings 

1. The task made me feel frustration .749 
2. I felt tension while solving the task .695 
3. I felt a knot in my stomach while solving the task .691 
4. I had the urge to do something to stop feeling so bad .658 
5. I crunched my fists or teeth while solving the task .634 
6. I wished I was solving an easier task .576 
7. I experienced unpleasant sensations in my body .573 
8. I felt the urge to hit or throw something while solving the task .495 
Bartlett’s sphericity test 653.37, p < .001 
KMO .862 
Items 8 
Explained variance 40.75 
Cronbach’s alpha .79 
Eigen value 3.26 

Note. Extraction method: Principal Component Analysis, 1 component extracted.  
 

The factor loadings and p-values shown in Table 7 indicate that all items have a positive significant relationship 
with their corresponding latent factor. No factor loading was smaller than 0.3 in absolute value, implying that the 
measurement component of the latent variables in the models adequately represent the relationship between 
observed and latent variables (Hooper et al., 2007). 

 

Table 7. Summary of CFA indices for each scale (asymptotically distribution, N = 448) 

Scale (model) X2 (df, p-value) CFI RMSEA (90% interval confidence) SRMR 

Enthusiasm (bifactorial model) 39.848 (df = 19, p = .003) .979 .050 (.028, .071) .035 
Frustration (unifactorial model) 35.124 (df = 19, p = .013) .979 .044 (.020, .066) .026 
Enjoyment (bifactorial model)* 37.639 (df = 21, p = .014) .990 .042 (.019, .063) .019 
Boredom (bifactorial model) 38.312 (df = 23, p = .024) .989 .039 (.014, .060) .028 

Note. *It was necessary to eliminate item two of the commitment subscale: “I was prepared to do the complete exercise”, because it 
presented a factor loading smaller than .40 and its elimination resulted in a better fit.  
 

Items Calibration 

The information and difficulty indices obtained showed that all items were highly informative of their latent 
variables, because all difficulty indices were greater than 1 (Hambleton, 2004). Further, they measured low, 
medium and high levels of the variable, as seen in b values that range from -2.23 to 3.65, corresponding to the 
response scale from 0 (not like me) to 4 (very like me) (see Table 8).  

 

Table 8. Ranges of discrimination (a), difficulty (b) indices, and standard error (SE) corresponding to INETAM 
subscales, obtained by the method of maximum marginal likelihood 

  Index range  

Scale Subscale a b1 b2 b3 SE 

Enthusiasm Joy 2.62 to 1.94 -1.40 to -0.44 0.33 to 0.98 1.69 to 2.15 .08 to .19 
Perseverance 2.24 to 1.38 -2.05 to -1.13 -1.00 to 0.98 0.29 to 1.30 .08 to .39 

Frustration 2.32 to 1.04  -1.31 to 1.47 0.35 to 2.38 1.49 to 3.65 .08 to .55 
Enjoyment Pleasure 3.16 to 1.22 -1.06 to -0.53 0.36 to 0.72 1.36 to 1.96 .07 to .31 

Commitment 2.73 to 1.20 -2.23 to -1.59 -0.96 to -0.35 0.57 to 1.57 .07 to .34 
Boredom Annoyance 2.61 to 1.13 -.085 to -.018 0.34 to 1.25 1.11 to 2.36 .07 to .26 

Discouragement 2.16 to 1.81 -0.34 to 0.26 0.96 to 1.20 1.88 to 2.11 .07 to .30 

 

Discriminant validity  

Enthusiasm and Enjoyment subscales demonstrated a very strong correlation: r = .792, (p < .001). Furr and 
Bacharach (2013) recommend suppressing one dimension if a strong covariance index appears. Thus, only the 
Enjoyment scale was considered in further analysis because it presented greater factor loadings and fit indices.  
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Frustration and Boredom (r = .537, p < .001), showed that, as expected and in congruence with the theory, 
significant moderate positive correlations, as well as the subscales of Annoyance and Discouragement (r = .548, 
p < .001) and Pleasure with Commitment (r = .576, p < .001). Likewise, factors integrated by positive emotions 
had significant moderate negative correlation with factors belonging to negative emotions, for example: Pleasure 
and Discouragement (r = -.353, p < .001) or Commitment and Annoyance (r = -.380, p < .001). 

Convergent validity 

Differences by sex 

Average scores of males and females in the math academic task showed no significant differences between sexes. 
Regarding the academic emotions experienced by students, women reported experiencing greater Annoyance 
than men (t(395) = 18.279, p < .001). 

Emotions and scores in mathematics 

All emotions showed significant moderate correlations with the student scores in the math task, ranging from 
-319 to .433, with p-values less than .05. The largest correlations with scores in the math task were produced for 
Frustration (r = -.362, p < .01), Commitment (r = .433, p < .01) and Discouragement (r = -.319, p < .01). 

Emotions, attitudes towards mathematics and scores 

A correlation analysis was conducted between the measure of attitudes towards mathematics and the scales 
measured by the INETAM; the results produced, in most cases, significant correlations with p-values less than 
0.01. Negative correlations were obtained between Pleasure and Commitment with the Perception of 
mathematical incompetence, as well as between Frustration, Annoyance and Fatigue with Enjoyment for 
mathematics and Mathematical self-concept. The strongest correlations were found between Pleasure and 
Enjoyment for mathematics (r = .661, p < .01), as well as Frustration with Perception of mathematical 
incompetence (r = .556, p < .01). 

Math achievement, emotions and attitudes towards mathematics 

Regression analysis was used to determine which attitudes towards mathematics and emotions significantly 
predict the performance in the mathematical academic task. The results of the analysis indicated that Frustration 
and Commitment were significant predictors of the student’s performance meassured by the grades in both the 
activity and the subject, as well as Perception of mathematical incompetence, Mathematical self-concept and 
Perception of utility (see Table 9). 

 

Table 9. Significant predictors of emotions and attitudes towards mathematics over the Score in mathematics 

 Beta (SE) T F (df) R2 (SE) 

Frustration -.199 (.139) -4.589 *** 69.657 (3,444) 
*** 

.32 (1.56) 
Commitment .501 (.131) 11.109 *** 
P. of mathematical incompetence -.449 (.147) -9.18 *** 40.842  

(3,444) *** 
.21 (1.67) 

Mathematical self-concept .149 (.133) 3.40 ** 
Perception of utility .113 (.162) 2.35 * 

Note. ***= p < .001. 
 

4. Discussion 

The goal of this study was to explore the psychometric properties of a new self-report scale, INETNAM, to 
assess the academic emotions experienced by adolescent Mexican students while solving mathematical tasks, in 
order to provide a powerful contextualized instrument to evaluate the relationship of emotions in mathematics 
and performance among Mexican students. INETNAM has solid psychometric properties; it can be used with 
confidence to evaluate the emotions that Mexican high school students experience while performing 
mathematics tasks, either as a unit or separately, depending on the research focus, and can easily be adapted to 
assess emotions in other subjects or academic contexts. Pekrun and his coleagues have used the AEQ with 
students of different levels and in various academic conditions, showing the wide range of emotions that can be 
experienced in an academic context by university students (Pekrun, 2006). Other authors have used the AEQ 
subscales separately, especially the in class subscale, improving our understanding of the role that emotions play 
during academic performance, with younger students (Paoloni & Vaja, 2013). 

Mexican high school students experience various emotions when underaking mathematics activities, both 
negative and positive, activating and deactivating. The correlations between emotions and scores in mathematics 
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showed that Frustration (negative activating), Commitment (positive deactivating) and Discouragement 
(negative deactivating) have stronger relationships with academic achievement. The regression analysis showed 
that it is Commitment, a positive deactivating emotion, that had the largest impact on academic achievement (B 
= .501, p < .001). 

While most studies have focused on negative emotions, like boredom (Pekrun et al., 2014), frustration (Di Leo et 
al., 2017) and anxiety (Mars et al., 2017), this and other studies show that positive emotions also have a strong 
influence on academic achievement (Villavicencio & Bernardo, 2015) and so they should be considered in 
learning and teaching. 

Correlation analyses corroborated other findings about the relationship between positive and negative emotions, 
their connection with both mathematical achievement and attitudes towards mathematics (Ahmed et al., 2013). 
Another clear-cut result of this study is that attitudes towards mathematics and the emotions experienced when 
learning mathematics are closely related, which has also been found in previous studies (Hannula, 2002).  

On the other hand, positive relationships (Frustration and Discouragement with Perception of Mathematical 
Incompetence; Pleasure and Commitment with Enjoyment for Mathematics), as well as negative ones 
(Frustration, Nuisance and Delay with Mathematical Self-concept) are congruent with the literature (Di Martino 
& Zan, 2011) and provide a greater understanding of mathematics performance. Students who feel incompetent 
are more likely to experience negative emotions when performing tasks and have a worse performance; in 
comparison with students who have positive attitudes, positive self-concept and enjoy the activities (Nuria et al., 
2006).  

The results regarding gender differences are consistent with recent research studies indicating that the difference 
in math performance between men and women emerge in high school or college, once students begin to choose 
career based on their abilities and interests (Cheema & Galluzzo, 2013). Furthermore, the nuisance experienced 
by women, can largely explain why they are less likely to choose careers related to mathematics (Zeldin et al., 
2007). 

It should be noted that the lowest correlations and with the least statistical significance were between emotions 
and perceptions of utility. This may be because this latter aspect of attitudes towards mathematics has more of a 
cognitive rather than an affective component. It would be worth exploring the relationship between the 
perception of utility and other cognitive variables related to the performance of mathematical activities, such as 
self-efficacy beliefs. 

5. Implications and Future Research 

In the future, it would be useful to test the Inventory with other Spanish-speaking populations, in concert with 
other instruments, to assess its convergent and discriminant validity with other variables, which could be related 
to different cognitive aspects, as well as to evaluate the weight of each one on academic performance in 
mathematics and in other subjects or academic activities. Also, it would be useful to explore which emotions 
have the greatest impact on academic performance and achievement, considering both their valence and 
activation, across different academic contexts: with younger and older students, and different subjects, such as 
math, science, and reading. For example: Studies are needed that explore the emotions that students experience 
when engaging in different school activities and how managing these emotions in class, specially, positive 
emotions such as enjoyment and enthusiasm, improves academic performance and achievement. 

By identifying the effects of different emotions on achievement, researchers and educators can work together to 
develop strategies that enhance students’ academic performance by encouraging positive emotions and 
minimizing the negative emotions that affect students’ learning and performance in diverse contexts.  
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Appendix A 

Inventory of Emotions Experienced by Adolescents When Solving Mathematical Tasks (INETAM, For Its 
Initials in Spanish). Translated to English 

 Not like me A little like me A lot like me Very like me

E4. I felt really good     
B7. I felt like I had no strength in my body      
N4. I enjoyed solving the task the same as when solving tasks I like     
B8. I felt really tired while solving the task     
N5. The task caught my attention      
E5. Solving the task was pleasant to me     
F5. I crunched my fists or teeth while solving the task      
E8. I wanted to make a great effort to solve the task      
F2. I felt tension while solving the task     
N9. I wanted to solve the task correctly     
B6. I wanted to leave the task incomplete     
B3. I wanted to do something less boring     
E1. I loved the task     
N3. The task made me feel good     
N8. I made an effort to understand what I had to do     
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E2. I felt very happy while solving the task     
F1. The task made me feel frustration     
N6. I set out to solve the task correctly     
E7. I wanted more time to continue solving the task     
N2. I enjoyed solving the task      
B9. I felt completely without energy      
N10. I experienced enough energy to solve the task     
F3. I felt a knot in my stomach while solving the task     
F8. I felt the urge to hit or throw something while solving the task     
F4. I had the urge to do something to stop feeling so bad     
B4. I wanted to fall asleep      
N1. I realized I was enjoying solving the task      
B5. Others may have noticed I was bored     
N7. I set out to solve the whole task     
F6. I wished I was solving an easier task     
F7. I experienced unpleasant sensations in my body     
E6. I wanted to know the right result     
B1. I felt bored while solving the task      
B2. Solving the task made me feel weak     
E3. I experienced a lot of energy while solving the task     
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