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Abstract  
Emotions have a major influence on motivation, commitment and interest in STEM areas (Science, 
Technology, Engineering and Mathematics). Numerous studies have shown that age is a determining 
factor in the attitude of students towards scientific-technological subjects, and it is the stage of 
secondary education where a large decrease in positive attitudes towards these areas occurs. Some 
of the factors that positively influence the students' attitude towards STEM areas are the relationship 
between science and everyday life and the perception that STEM areas are a useful tool for the 
current scientific-technological society. In this line, the general objective of the research has been to 
analyze the opinions of secondary students (13-16 years) towards the different school subjects and to 
diagnose the emotions expressed by the students towards STEM areas. The design of the research 
has been exploratory, non-experimental and quantitative. The sample consisted of 584 secondary 
students from various high schools. As a measuring instrument, a questionnaire was designed based 
on previous research, to analyze the emotional and attitudinal dimension of the students towards the 
STEM areas in the educational framework. The results obtained in the different emotional variables 
were analysed in terms of gender, academic year, subject and type of activities. The analysis of the 
obtained data reveals a statistically significant decrease (Sig. < 0.05) of positive emotions and a 
statistically significant increase (Sig. < 0.05) of negative emotions when transitioning from Primary to 
Secondary Education. With respect to the typology of activities, it is observed that positive emotions 
decrease significantly in more traditional theoretical activities as opposed to experimental STEM 
activities.  Likewise, negative emotions increase when the task is more formal although this increase is 
not significant. It is concluded that negative emotions arise, to a large extent, when STEM learning 
environments are too passive for students, which requires teachers to combine expository sessions 
with didactic strategies that enhance students' skills in these areas. Therefore, the implementation of 
STEM educational workshops can be very helpful in improving STEM attitudes and vocations in the 
future. 
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1 INTRODUCTION  
Teaching based on emotional practice involving cognitive and affective processes is an approach 
widely accepted by many researchers and educators [1]. Specifically, several authors [2, 3] have 
confirmed that positive emotions increase interest and reinforce students' motivation to learn. 
However, negative emotions lead to a decrease in motivation and discouragement to achieve goals. 
Recent studies [4] confirm that, as students move from primary school to secondary school, their 
attitude toward science becomes less positive and many choose not to continue studying science 
beyond the years of compulsory schooling. Because of this, the ability to use emotion regulation 
strategies in an appropriate way can facilitate the successful fulfilment of daily demands [5]. In order to 
plan the teaching and learning process effectively, it is necessary to pay attention to the emotional 
responses of students [6] because emotions condition scientific learning [7]. For example, positive 
emotions in the classroom are remarkable because they foster the development of positive attitudes 
towards teaching [8] and learning [9]. Along these lines, some studies highlight that it is possible to 
evoke positive emotional responses if active didactic methodologies are used in the classroom, such 
as recreational science workshops [10], flipped classroom [11] or laboratory practices [12]. Other 
authors [2] mention the importance of encouraging intense cognitive activity by establishing 
relationships between different themes or problems, disciplines or theories for the activation of 
emotional states beneficial to students. Thus, as other authors [13] point out, when students perceive 
that the proposed contents have personal relevance and meaning for their lives, they are more likely 
to experience enjoyment and enthusiasm, which in turn impacts favorably on their commitment to their 
learning. The usefulness and pedagogical effectiveness of active strategies is evident in different 
educational levels and disciplines and, taking into account their benefits, it would be especially 
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relevant to generalize their use in the classroom in order to raise the levels of scientific literacy of our 
students [14]. 

On the other hand, the self-efficacy of high school students contributes in many ways to their 
academic performance [15]. Specifically, many studies conclude that high expectations of self-efficacy 
are an element that increases motivation and academic achievement [16, 17]. For some authors [18, 
19], students' academic beliefs are particularly important during high school years. Other studies [20] 
indicate that students with a strong belief in success in scientific tasks and activities will be more likely 
to choose such tasks and work hard to successfully complete them and persevere in the face of 
adversity. The same authors [20] believe that students who do not believe they can succeed in 
science-related activities will avoid them if they can or will make a minimal effort if they cannot avoid 
them, generating tensions and anxieties. For this reason, due to the need to promote the development 
of scientific literacy and to involve students in the learning of science and based on previous studies 
[21, 22], this research aims to know what is the emotional and attitudinal commitment of secondary 
school students towards STEM (Science, Technology, Engineering and Mathematics) areas. 

2 METHODOLOGY 
The research carried out follows an exploratory, non-experimental research design with quantitative 
and qualitative data processing.  

Bearing in mind the need to promote the development of scientific literacy and to involve students in 
the learning of science, the main objective of this research is to analyse the opinions of secondary 
school students towards school science and the emotions expressed by them towards the subjects 
included in the STEM competences. This objective is broken down into the following specific 
objectives: 

• Specific objective 1 (SO1): To know the emotions expressed by high school students towards 
STEM areas. 

• Specific objective 2 (SO2): To know the emotions and attitudes of secondary school students 
towards different STEM tasks, both formal and informal. 

• Specific objective 3 (SO3): To assess the level of self-efficacy of secondary school students in 
different STEM situations. 

• Specific objective 4 (SO4): To know the academic and methodological preference of secondary 
school students. 

• Specific objective 5 (SO5): To know the existence of statistically significant differences between 
genders in reference to the self-efficacy variable. 

The research hypotheses were: 

• Hypothesis 1 (H1): High school students mostly experience negative emotions toward STEM 
areas. 

• Hypothesis 2 (H2): High school students mostly experience negative emotions toward 
performing STEM tasks. 

• Hypothesis 3 (H3): High school students have low levels of self-efficacy in STEM areas. 

• Hypothesis 4 (H4): There are statistically significant differences in self-efficacy values in relation 
to gender.  

• Hypothesis 5 (H5): High school students show little preference for the STEM subjects of their 
educational stage. 

• Hypothesis 6 (H6): High school students show a preference for practical and innovative 
methodologies and activities. 

The sample, selected in a non-probabilistic manner for convenience, was made up of 584 secondary 
school students from different schools.  

A valid and reliable opinion questionnaire [23] divided into several blocks was developed as a 
measuring instrument. In block 1 the students had to evaluate the degree of expression of 8 positive 
and negative emotions towards the STEM subjects of their educational stage and diverse tasks based 
on these subjects by means of a Likert scale that went from 0 (I never feel it) to 3 (I always feel it). 
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Block 2 involved indicating the order of preference towards the different curricular subjects of the 
secondary stage. Block 3 consisted of a table of methodologies to obtain a qualifying judgement of 
different teaching methods, some of traditional orientation and others more innovative. In block 4 the 
students had to consider their level of scientific competence or self-efficacy before a series of activities 
and tasks related to the STEM areas.   

3 RESULTS 
The results obtained by the students in block 1 on the emotional domain towards the STEM subjects 
of their educational stage (Specific Objective 1) and different recreational and formal tasks related to 
these areas (Specific Objective 2) are presented. Specifically, the students had to grade on a 4-point 
Likert scale the frequency with which they experienced various positive and negative emotions: 0 
(never), 1 (sometimes), 2 (most of the time) and 3 (always). Table 1 shows the emotional results 
referring to the subject of Physics & Chemistry. 

Table 1. Percentages of students expressing different emotions towards Physics & Chemistry. 

Scale Curiosity Fun Confidence Satisfaction Disgust Boredom Concern Displeasure 

0 18.1  28.7  19.4  19.8  41.1  21.1  25.2  41.5  

1 23.3  27.0  25.9  25.7  19.6  27.4  25.2  19.1  

2 22.2  17.0  25.7  25.2  10.0  17.2  15.9  11.5  

3 16.9  7.6 9.1  9.4  9.6  14.8  13.7  8.0  

It can be seen in table 1 that just over 30% of the students point out the items most of the time I feel it 
and I always feel it in the positive emotions. Thus, positive emotions are hardly manifested in this 
group, being Physics & Chemistry the subject that generates the least positive emotions in the 
students. On the contrary, the manifestation of negative emotions such as boredom or concern 
increases in this group, although it is true that they are manifested in less proportion than positive 
emotions.  

Table 2 shows the emotions that students feel towards the subject of Technology. 

Table 2. Percentages of students expressing different emotions towards Technology. 

Scale Curiosity Fun Confidence Satisfaction Disgust Boredom Concern Displeasure 

0 17.8  17.6  17.6  17.8  49.1  27.2  38.7  51.5  

1 15.9  24.3  20.9  22.2  17.2  30.0  23.3  17.4  

2 26.3 22.2 25.9 24.3 6.3 10.6 11.1 5.4 

3 20.4 16.5 15.6 15.9 7.6 12.0 6.5 5.4 

As can be seen in table 2, almost half of the surveyed sample rarely expresses positive emotions. 
However, negative emotions are also exhibited infrequently, with boredom being the most pronounced 
emotion with 22.6% of students. 

Table 3 shows the emotional data obtained in Biology & Geology. 

Table 3. Percentages of students expressing different emotions towards Biology & Geology. 

Scale Curiosity Fun Confidence Satisfaction Disgust Boredom Concern Displeasure 

0 13.3  24.6  15.6  18.1  54.3  28.5  34.4  54.4  

1 20.0  28.1  26.5  25.4  23.1  37  29.4  23.5  

2 31.5  24.6  33.5  32.6  9.8  15.7  17.4  8.3  

3 28.3  15.4  17.0  16.5  5.2  11.1  11.1  6.1  

0726



Table 3 indicates that 40% of the students mainly express positive emotions such as confidence, 
curiosity or satisfaction towards learning the contents of Biology & Geology. However, the percentage 
of students who do not exhibit these emotions is also high, reaching 52.7% of students in the emotion 
fun. Consequently, negative emotions appear less frequently in the students at this stage, since more 
than 50% of the sample indicated manifesting them sometimes or never. 

Table 4 shows the emotional results in Mathematics. 

Table 4. Percentages of students expressing different emotions towards Mathematics. 

Scale Curiosity Fun Confidence Satisfaction Disgust Boredom Concern Displeasure 

0 17.8  31.9  20.2  19.8  48.1  25.2  26.5  45.9  

1 33.7  29.3  27.8  28.1  24.3  34.4  30.0  28.3  

2 26.1  23.5  29.8  30.2  13.3  18.7  19.3  10.4  

3 18.7  11.3  18.0  17.4  10.2  17.4  20.0  10.9  

When analyzing the data shown in table 4 it is found that the subject of Mathematics generates a low 
frequency of positive emotions in high school students since the percentages obtained in the items I 
never feel it and I sometimes feel it in these emotions, reaches 50% in some cases. As a 
consequence, the number of students who indicate to manifest the negative emotions in many 
occasions with respect to the rest of subjects increases, reaching 35% of students in the boring or 
concern emotions. 

The above results allow us to partially accept H1 “High school students mostly experience negative 
emotions toward STEM areas”, since the emotional domain of high school students depends to a 
great extent on the scientific content being dealt with. On average, students' attitudes towards STEM 
areas were positive, with mathematics and biology being the most favored subjects [24]. 

Table 5 presents the emotional results of the various STEM tasks (Specific Objective 2) shown in 
Figure 1.  

 
Figure 1. STEM tasks proposed in block 1 of the questionnaire. 
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Table 5. Percentage of secondary school students' emotions about STEM tasks. 

 Curiosity Fun Confidence Satisfaction Disgust Boredom Concern Displeasure 

T1 33.7  67.0  56.4 59.6  10.8  16.8  24.5  9.1 

T2 48.9  34.8  45.7  42.2  16.7  27.1  20.5  14.2 

T3 50.0  46.1  40.0  41.8  15.3  22.6  20.9  11.5  

T4 43.9  27.6  43.2  40.9  22.4  32.0  31.8  18.2  

T5 48.4  27.9  44.0  35.9  21.3  37.6  24.1  15.6  

T6 67.6  66.3  50.9  61.1  8.1  12.6  19.6  8.7  

T7 36.8  26.5  30.6  40.0  23.9  34.4  40.0  19.4  

T8 58.9  58.9  51.3  55.9  14.2  20.7  15.4  11.5  

T9 74.3  73.4  59.5  63.9  5.5  11.3  21.7  8.9  

T10 59.5  62.0  51.9  53.2  11.3  16.5  18.5  9.0  

T11 43.2  42.2  34.8  36.8  18.9  26.8  32.1  17.4  

The descriptive analysis of the data shown in table 5 reveals that the high school student most 
frequently manifests positive emotions when faced with tasks with a playful and practical component, 
such as task 6 (creating robots), task 8 (laboratory sessions), task 9 (doing experiments in class) or 
task 10 (sessions in the technology workshop). Also, negative emotions in these attractive tasks are 
exhibited less frequently. The expression of positive emotions such as curiosity, confidence or 
satisfaction with these playful tasks can be associated with a high quality learning experience, as 
several authors confirm [25]. On the other hand, positive emotions decrease when proposing less 
active tasks such as doing a project (T1), solving problems (T4) or doing science expositions alone 
(T7) and, consequently, negative emotions increase. These results suggest rejecting H2 “High school 
students mostly experience negative emotions toward performing STEM tasks”, since high school 
students mostly express positive emotions about the proposed tasks, the most favored being those set 
in experimentation. 

Table 6 shows the results for block 2 referring to the order of academic preference of high school 
students (Specific Objective 4). 

Table 6. Academic preference ranking proposed by high school students. 

Rank Subject 
1st Physical Education 
2nd Plastic Arts 
3rd Music 
4th English (foreign language) 
5th Language & Literature (Spanish) 
6th Geography & History 
7th Biology & Geology 
8th Mathematics 
9th Physics & Chemistry 

10th Technology 

The ranking shown in table 6 confirms once again that in the high school stage there is a clear 
emotional decline towards the STEM areas since, specifically, these subjects are placed in the last 
positions. The data shown are in line with the emotional results shown previously and with previous 
studies [26] since the participating sample indicated that it experienced positive emotions more 
frequently in Biology & Geology and less frequently in Technology or Physics & Chemistry, so the 
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ranking established between these subjects is coherent. In addition, these results allow us to accept 
H5 “High school students show little preference for the STEM subjects of their educational stage”. 

Table 7 presents the results on the methodological preferences referred to block 3 (Specific Objective 
4). 

Table 7. Ranking of methodologies preferred by high school students. 

Rank Methodology 

1st Gamification 

2nd Guided laboratory practices 

3rd Project Based Learning 

4th Slide shows 

5th Pencil and paper activities 

6th Problem solving and exercises 

Table 7 reveals that the participating sample shows a preference for active teaching strategies such 
as gamification or laboratory practices. In contrast, strategies such as slide shows or problem solving 
are mostly rejected by students at this stage. These results confirm the importance of practice-based 
teaching strategies for the acquisition of meaningful and enjoyable learning in the students, as some 
authors point out [10]. Likewise, these results make it possible to confirm and accept H6 “High school 
students show a preference for practical and innovative methodologies and activities”. 

The results of block 4 on self-efficacy and STEM competence (Specific Objective 3) are shown in table 
8. Figure 2 presents the statements from block 4 on self-efficacy and STEM competences that 
students were to assess. 

 
Figure 2. Statements from block 4 on self-efficacy and STEM competences to be assessed by students. 

The percentages shown in table 8 reveal that students show positive self-efficacy in those tasks of a 
recreational type (items 9, 11, 13 or 18). With respect to those tasks that could be posed in 
educational contexts, the percentage of capable students decreases (items 2, 3, 15, 16 or 17). 
However, some students suggest that they might be able to solve these more formal activities with 
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some external help. On the other hand, it should be noted that a large part of those surveyed showed 
a positive attitude towards the proposed tasks, since the percentages referred to the item It is fun / I 
would try exceed 70% in most cases. Nevertheless, the favorable attitude declines in those tasks that 
are considered more formal (item 16 or 17), coinciding these results with those obtained in the 
variable self-efficacy. In this line, H3 “High school students have low levels of self-efficacy in STEM 
areas” has to be accepted partially, since the level of self-efficacy manifested by the students depends 
on the methodological character of the tasks posed, with positive self-efficacy on those tasks that are 
more attractive and negative on those with traditional character.  

 Table 8. Percentages obtained in the self-efficacy and attitude variables. 

 Indicate your level of capability in each case Indicate your preference in each 
case 

I'm not qualified I am able with 
some help 

I am fully 
capable 

It bores me /  
I wouldn't even try 

It is fun /  
I would try 

1. 5.2 50.6 41.5 9.3 84.1 

2. 17.2 57.6 22.4 13.9 79.3 

3. 15.7 52.0 28.7 16.1 76.7 

4. 22.0 45.4 28.5 30.7 61.3 

5. 11.9 40.7 43.9 14.8 78.0 

6. 10.0 40.0 46.3 21.9 70.2 

7. 11.1 35.2 49.6 11.7 81.3 

8. 17.4 46.3 32.0 26.1 67.0 

9. 3.3 20.6 72.0 21.1 71.9 

10. 24.3 43.1 28.3 37.4 55.7 

11. 7.4 24.1 63.5 14.6 78.3 

12. 6.1 18.7 72.2 42.2 50.6 

13. 4.6 16.5 75.4 26.9 66.5 

14. 8.9 26.7 61.1 19.4 72.4 

15. 23.0 41.9 30.2 45.4 47.4 

16. 30.7 45.7 18.1 52.2 40.2 

17. 16.0 41.7 37.0 49.4 43.5 

18. 8.3 20.2 68.5 15.0 77.6 

19. 18.1 40.9 37.8 35.9 56.3 

Regarding the gender variable (Specific Objective 5), an inferential analysis was performed to verify 
the existence of statistically significant differences, taking into account the multiple stereotypes 
associated with this topic [27, 28]. The results are shown in table 9. The results shown in table 9 
reveal the existence of statistically significant differences in some of the statements of the 
questionnaire, favoring the scores of the boys. This leads to the acceptance of H4 “There are 
statistically significant differences in self-efficacy values in relation to gender”. 
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Table 9. Student's t-test on self-efficacy as a function of gender. 

 t 
Sig. (2-
tailed) 

Mean 
Difference 

Std. Error 
Difference 

95% Confidence Interval of the 
difference 

Lower Upper 

2 4.347 0.000* 0.230 0.053 0.126 0.334 

3 4.051 0.000* 0.226 0.055 0.116 0.336 

4 4.465 0.000* 0.269 0.060 0.151 0.388 

9 4.687 0.000* 0.204 0.043 0.118 0.290 

10 5.802 0.000* 0.358 0.061 0.237 0.479 

12 -2.447 0.015* -0.121 0.049 -0.218 -0.023 

15 2.574 0.010* 0.162 0.063 0.038 0.286 

16 2.743 0.006* 0.167 0.061 0.047 0.287 

17 4.652 0.000* 0.281 0.060 0.162 0.399 

18 4.535 0.000* 0.242 0.053 0.137 0.347 

19 2.632 0.009* 0.162 0.061 0.041 0.284 
*Sig. < 0.05 

4 CONCLUSIONS 
The results obtained in the different emotional variables were analyzed in terms of gender, academic 
year, subject and type of activities. The analysis of the obtained data reveals a statistically significant 
decrease (Sig. < 0.05) of positive emotions and a statistically significant increase (Sig. < 0.05) of 
negative emotions when transitioning from Primary to Secondary Education. With respect to the 
typology of activities, it is observed that positive emotions decrease significantly in more traditional 
theoretical activities as opposed to experimental STEM activities. Likewise, negative emotions 
increase when the task is more formal although this increase is not significant. It is concluded that 
negative emotions arise, to a large extent, when STEM learning environments are too passive for 
students, which requires teachers to combine expository sessions with didactic strategies that 
enhance students' skills in these areas. Therefore, the implementation of STEM educational 
workshops can be very helpful in improving STEM attitudes and vocations in the future. 

The results obtained in the study offer new perspectives on how students' emotions can impact their 
interest, motivation, commitment and learning of science. Specifically, the data reveal that the most 
positive emotion manifested by students in all STEM areas is curiosity, although the emotion 
satisfaction also carries great weight in the areas of Physics & Chemistry and Biology & Geology. 
Nevertheless, although certainly the emotional percentages are somewhat better in the positive 
emotions than in the negative emotions in all cases, the positive feeling towards these areas is far 
from being considered ideal [21]. With respect to the results in the self-efficacy variable, we agree with 
other studies [16, 29] that the coming of adolescence implies a progressive decrease in self-efficacy 
because it is a period of transition with strong personal changes. However, taking into account the 
unfavorable results obtained in the self-efficacy variable, we agree with other authors [30, 31] on the 
importance of feedback in increasing perceived self-efficacy in the students. According to the 
literature, feedback informs that errors are part of learning, links the progress of students towards the 
goal with the efforts made, favors the recognition of the control that students have over their learning 
and suggests a vision of the skills as something that can be improved. 

At the same time, with respect to the influence of the gender variable, we agree with previous studies 
[32-34] that gender is an important personal factor that influences students' choice of course and 
career expectations. According to these authors, boys show better competency levels in STEM areas 
and, in addition, boys prefer more technical science subjects such as mathematics or physics & 
chemistry, while girls prefer biology & geography. 
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Finally, it is concluded that personal factors such as gender, academic beliefs about self-efficacy, and 
interest and attitudes towards different STEM subjects are important aspects for generating motivation 
and orienting higher education towards STEM areas. However, school-related factors, such as the 
personality and attitudes of the science teacher, teaching methods, learning environments, and 
scientific career orientation [24], will also be decisive. Likewise, implementing a stimulating and active 
methodology can be useful to improve STEM education in the school stage, thus promoting scientific 
literacy and STEM vocations. 
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