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Abstract 

The aim of this study was to examine the impact of Educational Robotics on the cognitive and 

affective development of primary school students in the context of water education and literacy, 

with a specific focus on learning the water cycle and healthy hydration habits. A quasi-

experimental design with a mixed-methods approach was adopted, involving a sample of 158 

students (83 girls and 75 boys). The educational intervention consisted of 12 sessions 

incorporating interactive activities supported by robotics, and data were collected through pre- and 

post-intervention questionnaires. The findings revealed significant improvements in scientific 

knowledge, with students reaching an Excellent level in understanding the water cycle and a 

Sufficient level in hydration-related content. From an affective perspective, positive emotions such 

as Joy and Enjoyment (81.82%) were predominant, especially in relation to methodological and 

content aspects, whereas negative emotions were primarily linked to challenges in teamwork and 

oral communication. The novelty of this study lies in highlighting the value of Educational 

Robotics not merely as a motivational tool but as a meaningful technological support for learning 

scientific content. These results emphasize the importance of further research into Educational 

Robotics potential and the need to address affective barriers to optimize learning outcomes. 
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1- Introduction 

Contemporary education faces the growing challenge of preparing students not only to acquire disciplinary 

knowledge but also to address the complexity of current societal, environmental, and health-related issues [1, 2]. Within 

this context, water education and literacy have become increasingly relevant topics, given the essential role of water in 

sustainable development, human health, and environmental stewardship [3]. Despite this relevance, various studies 

report widespread misconceptions and fragmented understanding among students regarding key scientific concepts such 

as the water cycle, water systems, and water’s role in the human body [3–5]. Additionally, inadequate hydration habits 

among children reveal a gap in public health education during the early stages of schooling [6-8]. Furthermore, the need 

for comprehensive learning of these contents is increased, according to the Sustainable Development Goals (SDGs) that 

are intended to be attained, in which the water is an indispensable and priority resource [9], as well as the new One 

Health strategy to support the public health needs of the community [10].  

Addressing these deficits requires pedagogical approaches that move beyond traditional methods and incorporate 

digital tools capable of promoting inquiry, motivation, and deep conceptual understanding [11]. Among the most 
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promising digital resources, Educational Robotics (ER) has gained increasing attention due to its capacity to integrate 

STEM content, develop 21st-century skills, and enhance cognitive and affective learning outcomes [12-18]. Among 

the most expanding resources, especially in the primary education stage, Educational Robotics (ER) is postulated as 

one of the tools that have received the highest focus in research in recent years. However, research focused 

specifically on ER’s role in water-related scientific learning remains scarce, and there is a lack of evidence linking 

robotics-based instruction to improvements in students’ conceptual understanding of hydration or environmental 

science [19-21]. 

In parallel, the role of emotions in science education has gained recognition, particularly for its impact on students’ 

learning processes, academic decisions, and attitudes toward science [22-24]. While several studies have explored 

motivational aspects and attitudes, fewer have examined the specific emotional responses elicited during learning 

activities that involve science content and digital tools, especially in primary education [25-28]. Given that negative 

emotions can act as barriers to learning, while positive ones such as joy or curiosity can enhance engagement and 

retention, incorporating an affective dimension into science instruction is essential [29-31]. 

1-1- Water Education and Literacy 

Water education and literacy are essential components of compulsory education due to the critical role water plays 

in human existence Issues such as water access and quality remain among the most pressing challenges of the 21st 

century [5]. Research indicates that water education fosters students' critical understanding, attitudes, and behaviors 

regarding water management and conservation [32]. However, despite its centrality in science curricula, persistent 

misconceptions about key hydrological processes continue to be reported. Studies highlight scientifically inadequate 

ideas about water systems, particularly regarding the water cycle, groundwater dynamics, and human-water interactions 

[33–36]. Given these challenges, a multidisciplinary educational approach is needed to improve students' scientific 

knowledge and foster a holistic perspective on water-related issues [3, 37]. 

At the primary education level, the water cycle is a fundamental topic that supports a broad range of scientific 

knowledge related to water systems [38]. However, research reveals persistent preconceptions among students, 

particularly concerning groundwater, the interaction between living organisms and the water cycle, cloud formation, 

and condensation [39–41]. These misunderstandings are often linked to pedagogical methods that emphasize 

memorization rather than conceptual understanding [38]. Furthermore, studies such as that of Romine [42] underscore 

the importance of affective factors in science education, highlighting that students' emotional engagement plays a 

significant role in their learning process. 

Beyond environmental aspects, water education also intersects with health-related topics. Many studies have revealed 

findings not just about students' unhealthy habits but also their lack of scientific knowledge [6-8]. Water, as the main 

component of the human body, is essential for all vital functions and is officially recognized as a critical nutrient by the 

European Food Safety Authority [43]. Consequently, the implementation of educational interventions aimed at 

promoting healthy hydration habits in young populations should be a primary public health concern [44].  Despite this, 

a paucity of scientific literature focusing exclusively on hydration exists, and most of this literature has focused on the 

hospital setting. Previous studies [45, 46] illustrate that appropriate population-based interventions can improve 

scientific knowledge on hydration. 

Recent research has also emphasized the concept of water literacy as an integration of water-related knowledge, 

attitudes, and behaviors [3, 47]. Water literacy is essential to scientific literacy, encompassing earth science and 

environmental literacy [33]. In this context, several studies are addressing the importance of health literacy in bio-health 

learning [48, 49]. A recent review by Imaduddin and Eilks [3] examined the state of water education and literacy in 

formal education, identifying significant limitations in existing teaching practices. Their findings suggest that water 

education is often fragmented across different curricular areas. Through factor analysis, they identified three key 

research clusters: Drinking Water, Knowledge and Environmental Education, and Water Systems, suggesting that future 

research should aim to integrate these topics to provide a more holistic understanding of water-related issues. Therefore, 

future research could focus on the integration of topics from different clusters, allowing for a holistic approach to water-

related learning. In addition, it is important to consider the concept of literacy [50] as a person's ability to seek, 

understand and use information, and as a consequence of the digitalized society, digital literacy plays a crucial factor in 

the acquisition of knowledge [51]. For this reason, water literacy must also include people's ability to search for, 

understand and use water-related information, including information obtained through technological means. This 

concern led to the research lines related to people's competence to search for, evaluate and use the information that 

people consult on the Internet, as it has been shown that students have difficulties searching for and discerning the 

quality of information [52]. Addressing this gap requires the development of educational strategies that enhance students' 

competence in evaluating and using digital resources for water-related learning. 
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1-2- Educational Robotics in Science Learning Outcomes 

With the rapid development of science, mathematics and informatics [53, 54], Educational Robotics (ER) has 

emerged as a powerful tool to support student learning through hands-on, integrated experiences in various contexts to 

improve the quality of teaching and learning. ER encourages the development of computational thinking, logical 

reasoning, problem-solving, and collaborative learning [15–18], aligning with the Next Generation Science Standards 

and the Framework for K-12 Science Education and 21st-century educational goals,  reinforce the value of engaging 

students in understanding the interdisciplinary and interconnected nature of science, mathematics and engineering 

practices [34]. In this context, few studies [19, 53, 55-57] report that ER supports students' learning of concepts in the 

fields of science, mathematics and CT. 

A recent review by Kyriazopoulos et al. [58] extends previous reviews by focusing on research in primary education. 

Although the results show that ER promotes cognitive and affective outcomes in STEM disciplines, mixed results were 

found in terms of the impact of robotics on attitudes toward and learning of science. Findings reported by Sáez-López 

et al. [59], who tested 93 6th-grade students using mBot and Scratch programming, were statistically significant for 

improved understanding of mathematical and programming concepts but not for science concepts. Cakir & Guven [60], 

to teach the concept of pulse in the 6th-grade science curriculum, developed an Arduino-supported robotics and coding 

activity based on the 5E learning model. 

Regarding water-related content, research on the effectiveness of robotics-based interventions remains scarce. The 

study by Sánchez et al. [20] shows that early childhood education students learn successfully using ground-based 

educational robots. There is already evidence of the benefits of introducing marine robotics into elementary classrooms 

for science and mathematics education [19, 61]. The Hydrobots project, using robotics to introduce students to STEM 

disciplines implementing the Engineering Design Process (EDP), was presented by Bampasidis et al. [62]. Liu et al. 

[63] used underwater robotics (UR) to introduce students into marine engineering, environmental science, and 

sustainability. UR is an interdisciplinary technology integrating underwater communication, engineering, marine 

science, computer science, and robotics. Costa et al. [64] also developed a bio-inspired educational tool for the marine 

environment. With respect to healthy hydration content, the studies by Marcos & García-Peñalvo [21] and De la Hoz et 

al. [65] showed the adaptation of ER materials in students of different educational stages that allow the learning of 

biosanitary content. To address this gap, future research should focus on integrating digital tools and constructivist 

methodologies that enhance students' scientific understanding of water-related topics. Expanding the scope of ER in 

water education could significantly contribute to improving scientific literacy and fostering interdisciplinary learning. 

1-3- Emotions in Science Education 

Affective factors—such as emotions, attitudes, and motivation—play a crucial role in shaping students’ engagement 

and performance in science education [22, 23, 29, 30]. However, an increasing disconnect between society and STEM 

disciplines has been observed, largely due to students' negative perceptions of these fields, which in turn leads to a 

decline in the pursuit of scientific and technical careers [29, 30]. Over the past two decades, the impact that the affective 

domain can represent in the process of science teaching and learning and the consequences have been addressed. Studies 

prove that components such as attitudes and emotions strongly influence science learning [22, 23]. Likewise, studies 

from the field of Neuroscience and Neuroeducation highlight that emotions are a strong factor in the connections of the 

brain to perform cognitive and mental functions that enhance learning [24]. Currently, it is considered that the cognitive 

configures the affective and the affective the cognitive, and it is assumed that emotion has a psychobiological part [24, 

66] but it is also a social construction. 

Research mainly focused on attitudes towards science learning, with emotions occupying a secondary position. 

Currently, numerous studies focus on the affective domain of students at different educational stages [25, 26]. The results 

demonstrate that students in Primary Education present more positive attitudes and emotions than students in higher 

educational stages [27]. Differences according to the content studied, such as living beings, socio-scientific issues or 

human beings and health, have also been observed [23, 28]. One major contributor to students' negative emotions 

towards science is the lack of engaging methodologies that foster curiosity and interest [27]. Science education has 

generally focused on the learning of theoretical content through traditional methodologies and resources, such as 

textbooks, which affect the consolidation of previous ideas [30]. 

In response to these challenges, Bravo et al. [31] highlights the urgent need for interventions that stimulate emotions 

through activities designed to evoke curiosity, motivation, and surprise. In line with this, Yllana-Prieto et al. [30] 

suggested that active methodologies can enhance academic performance, critical thinking, and positive emotions, 

particularly in science education. Educational Robotics (ER) has been identified as a promising tool for fostering positive 

attitudes toward science and mathematics [53, 54, 67, 68]. While previous research has explored motivation and self-

efficacy in ER-based learning, the emotional responses elicited by students during these experiences remain 

underexplored. A review of the literature underscores the need for further investigation into students' emotions during 

the learning process of scientific and mathematical concepts [28]. Therefore, it is crucial to analyze the role of emotions 

in science education, particularly when using digital tools such as ER. 
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The present study aims to examine the effects of an educational intervention involving Educational Robotics on 
primary students' learning about the water cycle and hydration. It focuses on two key dimensions: cognitive and affective 
outcomes. By addressing both domains, the study contributes to filling key gaps in the literature related to water 

education and literacy, ER integration in science, and the affective dimension of learning. The research objectives are 
specified specifically below, followed by the methodology used, the results found, the conclusions obtained, and the 

limitations of the study.  

1-4- Objective and Research Questions 

The present study aims to analyze the learning outcomes of water education and literacy using Educational Robotics 
in elementary school students. The specific research questions of the study are as follows: 

• RQ1: What impact does the use of Educational Robotics present in the learning of scientific knowledge related to 
the water cycle in elementary school students? 

• RQ2: What impact does the use of Educational Robotics present in the learning of scientific knowledge related to 

the habit of healthy hydration in elementary school students? 

• RQ3: What impact does Educational Robotics present on the emotions of elementary school students? 

2- Research Methodology 

2-1- Study DESIGN and PARTICIPANTS 

The study adopted a quasi-experimental design with a mixed approach (QUAN-QUAL) through the use of a 
descriptive and inferential quantitative method and a qualitative approach with the use of a system of categories [69]. 

The design and implementation of the didactic proposal were carried out through a convenience sample with a total of 
158 students (83 females and 75 males) belonging to the 5th-grade of Primary Education, where 88 students (45 females 
and 43 males)  belonged to the experimental group, through the use of Educational Robotics, and 70 students (38 females 

and 32 males) belonged to the control group without Educational Robotics. The selection of the sample was carried out 
under two inclusion criteria, which consisted of students belonging to the 5th grade of primary education and that they 
had no previous experience with ER. The mean age of the students was 11.56 (±0.55). This study was conducted in 

accordance with the principles of the Declaration of Helsinki (WMA) [70] and was approved by the Human Research 
Ethics Committee of the University of Extremadura. Written informed consent was obtained from all participants. 

Questionnaires were anonymized, and participants could opt out of the study whenever they felt uncomfortable. 

The implementation flowchart of this research can be seen in Figure 1. Sun & Liu [71] indicated that learning styles 
must also be considered when introducing Educational Robotics into the educational course. A collaborative group 

approach was considered the most appropriate for robotics projects. Therefore, the students were randomly divided into 
groups of 3-4 people each. However, the gender balance was considered to ensure that each group consisted of male and 
female students. 

 

Figure 1. Flowchart of this research 
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2-2- Intervention 

The educational intervention was performed with a total of 12 activity sessions in the experimental group and 10 

sessions in the control group, of 50 minutes each, with one session before and one session after to complete the 

questionnaires. This intervention was conducted from February to May 2024, to promote water education and literacy. 

All sessions were designed and conducted by the research group, in order to reduce the influence of external variables, 

as in this case, the teacher's knowledge of each classroom. Specifically, concepts that present greater preconceptions or 

learning difficulties about the water cycle were assessed [39, 41, 72-75] and habit of healthy hydration [8, 43, 76-79]. 

Likewise, Figure 2 shows the Water Literacy Framework adapted for the current study. 

 

Figure 2. Water Education and Literacy Framework adapted for the current study 

According to the literature survey, different educational robotics kits were selected, such as the Micro:bit®  and 

Cutebot®  devices, as well as the new Lego Spike Essential® and Prime® kits. Table 1 shows the sessions developed for 

each content and a description of each activity in the experimental group. First, the initial two sessions are focused on 

the knowledge of the characteristics of robotic parts and their first block programming, so the scientific content was not 

addressed in these sessions. The first activities for both the habit of healthy hydration content (session 3) and the water 

cycle (session 8) were focused on the use of robotic boards (Appendix I). In addition, in sessions 4 and 5, students 

continue using the board, although the programming complexity is increased with sensors, increasing the challenge to 

be achieved. As for session 8, as a consequence of the knowledge of the previous sessions, it begins directly with the 

use of sensors. These robotic boards are divided into different cells, corresponding to different contents that encompass 

the general content. Thus, students must respond to different questions or challenges proposed by moving the robot to 

the correct cell. 

Table 1. Description and relation of the Educational Robotics activities performed for each scientific content 

Session 
Content 

knowledge 
Activity Activity Description 

Pre-

session 
WC; HHH  Pre-test questionnaire 

1  Micro:bit®; Cutebot® Initiation to the Micro:bit®  and Cutebot®  devices, their characteristics and functionality  

2  Micro:bit®; Cutebot®  programming  Introduction to block programming  

3 HHH Robotic board  
Board of contents where students must program the Micro:bit®  and Cutebot®  to move to one or 

more of the cells on the board.  

4-5 HHH 
Basic programming of distance and 

sigueline sensors 

Students must employ the distance sensors in order to stop the robot when it approaches an 

obstacle, and the line sensor to automatically follow a specific path marked on a template. Both 

sensors are employed with the use of boards similar to the previous sessions.  

6-7 HHH Remote control 
Control the Cutebot robot by using two Micro:bit® cards, one in the Cutebot®  and one external, 

as a remote control.  

8 WC Robotic board and color sensor 

Students must program a Lego Spike® model to move on a robotic board with content about the 

Water Cycle. In this activity, students use the color sensor to perform different simultaneous 

obstacles, enabling each color to program a different movement to perform the correct route.  

9 WC Lego Essential® y Prime® 
Assembling different Lego robotic constructions (Essential® and Prime®). Each group of students 

must perform a different challenge, corresponding to different contents of the water cycle.  

10-11 WC Programming  Programming of the assemblies, according to the challenge of each group.  

12 WC Programming and exposure Presentation of work to colleagues 

Post-

session 
WC; HHH  Post-test questionnaire 

WC=Water Cycle; HHH=Habit of Health Hydration 
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In sessions 6 and 7, students learn how to use the software radio-related programming block (Figure 3), connecting 

Micro:bit® cards. The objective is to move the robot, allowing it to collect different numbered tokens corresponding to 

different concepts of the habit of healthy hydration. Each group works with different concepts, so they have to collect 

different tokens. In addition, they can stop the robot by means of previously used sensors. 

 

Figure 3. Example of Micro:bit® programming 

In sessions 9 to 12, students were required to assemble and program constructions with the Lego Spike Essential® or 

Prime®. Each group of students must perform a different challenge, which will be presented at the end of the sessions to 

the peers in the classroom to encourage peer learning. The following challenges were proposed for each group: a) 

Assembly and programming of a construction that allows functioning as an indicator of different amounts of water waste 

in actions of living beings; b) Assembly and programming of a construction that allows performing a movement that 

represents the displacement of water during evaporation and precipitation; c) Assembly and programming of 

construction to be used in a manual silhouette of a well, allowing to perform the output of water automatically; d) 

Assembly and programming of construction that can explain the phases of the process of cloud formation in an orderly 

manner. Figure 4 shows examples of the activities carried out by the students throughout the sessions. 

 

Figure 4. Examples of the activities carried out by the students throughout the sessions 

In the same way, all students were guided and instructed in some content by means of infographics, always from the 

same sources of scientific foundation. It should be made clear that all the websites related to health knowledge must 

have the Digital Health Quality Seal: Health On Net Foundation (HON), which ensures their scientific and biosanitary 

rigour, providing them with resources to improve their Digital Health Literacy [65]. Additionally, a custom-designed 

educational website, published on the Procomún platform (https://procomun.intef.es/ode/view/es_2023060712_9123916), 

was presented as a tool for guiding students in Digital Health Literacy [80]. 
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The activities in the control group were conducted using the traditional method, which presented the contents in an 

explicative style. Likewise, the students carried out activities involving challenges and a final exposure; in this case, by 

making manipulative activities such as information sheets, posters or murals. 

2-3- Data Collection and Analysis 

In order to determine the level of scientific knowledge, two specific questionnaires were used for each content (water 

cycle and habit of healthy hydration), with a total of 14 questions. Both questionnaires were completed by the students 

both before and after the intervention, in order to verify the background of both groups, and the level achieved after the 

use of ER. The water cycle questionnaire (Appendix II) consisted of a total of 8 multiple-choice questions with 4 options 

and only one correct answer. The pre- and post-tests were devised based on the conceptual framework of water, and 

misconceptions about the water cycle were documented, as previous studies have done [4]. For the validation of the 

questionnaire a Cronbach’s alpha was applied, which obtained a final value of 0.71, which is an acceptable or moderate 

value [81]. 

On the other hand, the habit of healthy hydration questionnaire (Appendix III) consists of a total of 6 open-ended 

questions. The questionnaire has been adapted from previous studies [82] that have analysed the scientific knowledge 

of a similar sample. Likewise, the questionnaire has been constructed based on the most relevant contents that the 

students should know to acquire adequate learning of the habit of healthy hydration contents, according to previous 

studies and recommendations of international entities [43, 76, 77]. To evaluate the students' answers and their level of 

scientific knowledge, an evaluation system and a scale of categories from previous studies have been implemented [65]. 

The evaluation system is based on 3 evaluation categories: correct, semi-correct and incorrect, with scores of 1 point, 

0.5 points and 0 points, respectively, in order to determine the average result from 0 to 4 for the four open questions. 

The scale of assessment is based on the percentage of correct answers assigned to one of the 4 corresponding categories. 

For the validation of the questionnaire, Cronbach's alpha was applied, which obtained a final value of 0.71. 

To analyse the students' emotions, a questionnaire was used at the end of the intervention based on previous studies 

[83]. The questionnaire consists of a total of 6 emotions, with the aim of finding if the students have felt or not each 

emotion, in addition to the following question: In which moment and why did you feel this emotion? For the creation of 

the category system, the Grounded Theory technique was used, which consists of the formation of the category system 

from the sources of information received [84]. 

For data analysis, the Microsoft Office Excel 365® program was used for descriptive analysis using averages (X), 

frequencies (F), percentages (%) and standard deviations (SD). Following the conclusion of the Kolmogorov-Smirnov 

test (p<0.05), which indicated that the data did not follow a normal distribution, nonparametric inferential statistical 

tests were applied. The Mann-Whitney test was used to determine if there were significant differences between 

independent samples of students. As for the specific tests applied, McNemar's statistical test was used to analyse the 

evolution of the correct and incorrect answers to each item in the questionnaire on the water cycle. The Wilcoxon test 

was used to analyse the evolution of the habit of healthy hydration questionnaire, as well as the total averages of both 

questionnaires. To perform these tests, the 'R-Commander' interface of “R” was used to perform the different statistical 

tests [85]. For the qualitative analysis of students' emotions, the WebQDA software [86] was used. 

3- Results 

This section describes the results of the studies. First, the results related to the cognitive domain of the students are 

presented, where the results of the questionnaires on the scientific knowledge of the water cycle and the habit of healthy 

hydration are described. Subsequently, the results obtained in relation to the affective domain through the students' 

emotions are described.  

Table 2 shows the results of the scientific knowledge related to the water cycle before and after the intervention based 

on Educational Robotics. The averages (X), standard deviations (SD), the results of the statistical tests for each item 

(McNemar test) and the total average of the questionnaire (Wilcoxon test) are presented. Likewise, the connection is 

established for each question and the total average with the level of scientific knowledge (LSK) of the categorization 

used in the study.  

As can be observed, there is a significant improvement in most of the items, as well as in the total average, both in 

the control and experimental groups. With respect to the control group, statistically significant differences (p<0.05) were 

observed in items 1, 5, 7 and 8, as well as in the total average of the questionnaire. As for the post-test, these differences 

were observed in all the items of the questionnaire. In addition, some results are observed with signs of significance (p 

≈0.05). In this case, they can be appreciated in items 2 and 6 of the pre-test. Regarding the Level of Scientific Knowledge, 

it is observed that most of the pre-test items are positioned between the Inadequate and Problematic levels, except for 

item 2, which is a Sufficient level in both groups. Regarding the post-intervention results, the items are positioned 

between the Sufficient and Excellent levels, except items 3 and 4, with an Inadequate level of the control group and 
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Problematic level of the experimental group. Figure 5 presents the percentages of success for each item and the total 

average, according to the group, both before and after the intervention. In addition, the limit is established with the 

percentage that limits the Excellent level of scientific knowledge. 

Table 2. Descriptive and inferential results on the knowledge of the water cycle before and after the intervention 

Item Group 
Pre-test 

LSK 
Pos-test 

LSK 
McNemar test 

X SD X SD X2 p 

1 
C 0.23 0.43 I 0.63 0.49 S 10.90 <0.01* 

E 0.29 0.36 P 0.86 0.32 E 19.20 <0.01* 

2 
C 0.54 0.51 S 0.74 0.44 S 3.77 0.05 

E 0.51 0.51 S 0.86 0.36 E 9.00 0.00* 

3 
C 0.06 0.24 I 0.11 0.32 I 0.67 0.41 

E 0.06 0.24 I 0.43 0.50 P 13.00 <0.01* 

4 
C 0.11 0.32 I 0.14 0.36 I 0.20 0.66 

E 0.11 0.32 I 0.46 0.50 P 12.00 <0.01* 

5 
C 0.34 0.48 P 0.80 0.40 E 11.6 <0.01* 

E 0.31 0.50 P 0.91 0.28 E 21.00 <0.01* 

6 
C 0.37 0.49 P 0.60 0.50 S 4.00 0.05 

E 0.43 0.50 P 0.91 0.28 E 15.2 <0.01* 

7 
C 0.20 0.40 I 0.77 0.43 E 16.7 <0.01* 

E 0.29 0.46 P 0.91 0.28 E 20.20 <0.01* 

8 
C 0.26 0.44 P 0.63 0.49 S 9.94 0.00* 

E 0.29 0.46 P 0.89 0.32 E 21.00 <0.01 

  
 

 
 Wilcoxon test 

  S p ES 

Total 
C 2.11 0.26 P 4.43 0.26 S 27.00 <0.01* 0.91 

E 2.29 1.36 P 6.26 1.36 E 32.00 <0.01* 0.92 

* Statistically significant differences; C=Control; E=Experimental; I= Inadequate; P= Problematic; S= Sufficient; E= Excellent  

 

Figure 5. Percentage of correct answers to the Water Cycle Questionnaire 

The pretest results reveal that none of the items achieved the Excellent level. In contrast, the posttest results show 

that items 1, 2, 5, 6, 7, 8 and the total average of the experimental group exceeded this limit, while only items 5 and 7 

of the control group exceeded it. Regarding the results related to the scientific knowledge of the habit of healthy 

hydration, Table 3 shows the averages (X), standard deviations (SD) and the results of the statistical tests for each item 

and for the total average of the questionnaire (Wilcoxon test). Likewise, the connection with the level of scientific 

knowledge (LSK) is established.  
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Table 3. Descriptive and inferential results on knowledge of the habit of healthy hydration before and after the intervention 

Item Group 
Pre-test 

LSK 
Pos-test 

LSK 
Wilcoxon test 

X SD X SD S p ES 

1 
C 0.16 0.37 I 0.55 0.51 S 17.00 0.00* 0.75 

E 0.27 0.45 P 0.78 0.42 E 24.00 <0.001* 0.83 

2 
C 0.19 0.40 I 0.45 0.51 P 0.00 0.01* 1.00 

E 0.30 0.46 P 0.51 0.51 S 5.50 0.01* 0.80 

3 
C 0.03 0.18 I 0.26 0.45 P 0.00 0.01* 1.00 

E 0.08 0.28 P 0.62 0.49 S 0.00 <0.001* 1.00 

4 
C 0.60 0.35 P 0.73 0.31 S 13.50 0.08 0.59 

E 0.66 0.29 P 0.81 0.25 E 0.00 0.001* 1.00 

5 
C 0.03 0.18 I 0.03 0.18 I 0.00 NaN NaN 

E 0.00 0.00 I 0.19 0.40 I 0.00 <0.001* 1.00 

6 
C 0.11 0.25 I 0.19 0.31 I 15.00 0.18 0.45 

E 0.19 0.29 P 0.53 0.26 P 0.00 <0.001* 1.00 

Total 
C 1.13 0.76 I 2.21 0.86 P 4.00 <0.001* 0.98 

E 1.50 1.01 I 3.43 1.43 S 9.00 <0.001* 0.97 

* Statistically significant differences; C=Control; E=Experimental; I= Inadequate; P= Problematic; S= Sufficient; E= Excellent  

As can be observed, there is a significant improvement in most of the items, as well as in the total average, both in 

the control and experimental groups, except for the items 5 and 6 in the control group. In this case, the results before the 

intervention show that all the items belong to the categories of the Inadequate and Problematic levels. In contrast, in the 

post-test, the 4 levels (Inadequate, Problematic, Sufficient and Excellent) can be observed. The items 1 and 4 presents 

an Excellent level; items 2 and 3 presents a Sufficient level; item 6 presents a Problematic level; finally, item 5 presents 

an Inadequate level. 

Figure 6 illustrates the percentages of success for each item and the total average as a function of the group, both 

before and after the intervention. In addition, the limit is established with the percentage that limits the Sufficient level 

of scientific knowledge.  

 

Figure 6. Percentage of correct answers to the Health Hydration Questionnaire 

The results indicate that just item 4 is above the limit before the intervention. Subsequently, items 1, 3, 4, 6 and the 

total average of the experimental group exceed the limit. As for the control group, items 1 and 4 are the only ones that 

manage to reach the Sufficient level. Regarding the differences between the control and experimental groups, Table 4 

shows the results of the Mann-Whitney U test for each of the items as well as for the total average, in both scientific 

knowledge.  
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Table 4. Statistical results of the Mann-Whitney U test between the control and experimental groups 

Water Cycle Habit of healthy hydration 

Item Test 
U-Mann Whitney test 

Item Test 
U-Mann Whitney test 

S p ES S p ES 

1 
Pretest 578 0.60 0.06 

1 
Pretest 511 0.29 0.11 

Postest 455 0.01* 0.26 Postest 439 0.04* 0.24 

2 
Pretest 595 0.82 0.03 

2 
Pretest 514 0.33 0.10 

Postest 543 0.24 0.22 Postest 538 0.62 0.06 

3 
Pretest 613 1.00 0.00 

3 
Pretest 546 0.41 0.05 

Postest 420 0.00* 0.31 Postest 365 0.00* 0.36 

4 
Pretest 613 1.00 0.00 

4 
Pretest 523 0.49 0.09 

Postest 420 0.00* 0.31 Postest 499 0.29 0.13 

5 
Pretest 595 0.81 0.03 

5 
Pretest 555 0.29 0.03 

Postest 543 0.18 0.11 Postest 484 0.04* 0.16 

6 
Pretest 578 0.63 0.06 

6 
Pretest 499 0.23 0.13 

Postest 420 0.00* 0.31 Postest 250 <0.001* 0.56 

7 
Pretest 560 0.41 0.09      

Postest 525 0.11 0.14      

8 
Pretest 595 0.80 0.03      

Postest 455 0.01* 0.26      

Total 
Pretest 570 0.61 0.07 

Total 
Pretest 470 0.19 0.18 

Postest 225 <0.001* 0.62 Postest 274 <0.001* 0.52 

* Statistically significant differences   

As can be noted, statistically significant differences can only be found in the results corresponding to the post-test, 

in both questionnaires. Regarding the water cycle, statistically significant differences are found in items 1, 3, 4, 6, 8 and 

the total average. Regarding the habit of healthy hydration, statistically significant differences are observed in items 1, 

3, 5, 6 and in the total average.  

Below are the results related to the emotions felt by the students during the learning process with the ER resource. 

Figure 7 presents the frequencies of each of the emotions based on whether or not the students felt each of the emotions. 

The results show that the emotions most felt are joy and fun (72 students each), followed by surprise (50 students), 

nervousness (35 students), anger (26 students), and finally, boredom (20 students). To clarify, 8 students did not respond 

to any of the emotions, in addition to 2 other students (10 in total) who did not respond to the Boredom emotion.  

 

Figure 7. Frequency of response in each emotion 
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An emergent system of categories has been established through the qualitative analysis of various emotions. Figure 

8 presents the results of the qualitative analysis, displaying the different categories identified for each emotion, which 

explain the underlying reasons for the emotions observed. Additionally, Appendix IV provides the category system, 

including the frequencies of each category, their relative percentage of the total responses within each dimension, and 

examples that justify the creation of each category. 

 

Figure 8. Solar projection graph for each response category 

Regarding the emotion Joy, almost half of the students (32) did not answer about the causes of this emotion. It can 

be highlighted that 18.06% of the students have expressed that they have felt this emotion with respect to the functioning 
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start of the activity, mainly as a consequence of the novelty of the activity. On the other hand, the Fun emotion was 

more focused on the initial construction of the robots (20.83%). Although more than half (54.17%) of the students did 

not respond, causes such as teamwork (4) and the programming itself (10) can be found. On the other hand, only 5.56% 

of the students did not specify. An example of this is the following: 'When the robot functioned thanks to my 

programming” (student 17).  

Considering the Surprise emotion, both the Start and Functioning categories account for 20% of each student 

response. In this case, the Start category reflects the surprise felt by the students both before starting: “When I found out 

I was going to use robots” (student 11), during the first day: “The first day, not knowing what we would do” (student 

21), and the first time they programmed the robot: “When I was able to move the robot the first time” (student 70). Other 

causes observed are the construction of different models (7), the learning of content (5) or the ability to solve the 

problems encountered (5). In this case, 26% of the students did not answer the reasons for the emotion. 

Conversely, Anger presents only one category (Partners), except those who did not specify an answer. In this case, 

61.54% of the students who felt this emotion expressed that it was a consequence of teamwork: “When classmates did 

not let a girl in the group do something” (student 49).  

Boredom shows that 50% of the students felt this emotion because they had nothing to do for a period of time, either 

because they were waiting for their partner to finish his part of the work: “Because I have to wait for my partner to 

assemble the robot” (student 9) or when they all had to wait for the rest of the group to do the following activity: “When 

we already had the work and we had to wait for the others” (student 65). The other reason is teamwork (6), while 4 did 

not specify the causes of the emotion they felt. 
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Finally, the emotion of Nervousness reflected the presentation that the students had to make to the rest of the group 

to show the project, accounting for 34.29% of the total. Other causes are the Ignorance (6): “At the beginning. I didn't 

know if I was going to be bored or entertained” (student 32) and the Functioning (5): “When we had to finish and the 

program was not going well” (student 77). Finally, 12 students did not respond. 

4- Discussion 

In a global environment mediated mainly by science, technology and mathematics, Educational Robotics (ER) is 

presented as a powerful pedagogical tool that not only allows the development of essential skills such as problem solving, 

critical thinking and collaborative work - crucial skills for the formation of creative and adaptable citizens - but also 

fosters positive attitudes towards the fields of science and mathematics [13, 87]. The integration of this active 

methodology encourages a change in the traditional way of teaching, allowing students to acquire knowledge through 

practical, hands-on, specific experiences based on the resolution of challenges. In this line, the present study aimed to 

analyze the impact of the use of ER on the scientific knowledge and emotions of elementary school students, through 

the development of activities focused on water education and literacy, with content on the water cycle and the habit of 

healthy hydration. 

In response to RQ1: What impact does the use of Educational Robotics present in learning scientific knowledge 

related to the water cycle in elementary school students? The results of the study show that the incorporation of 

Educational Robotics had a significant and positive impact on the learning of the water cycle. 

In the pretest, both the experimental and control groups showed a Problematic level of knowledge, with no significant 

statistical differences between them, which confirms the initial homogeneity of the samples. Specifically, all items, 

except item 2 (Sufficient level), show an Inadequate or Problematic level. In this sense, the results coincide with previous 

studies [39-41] that show those contents of more difficulty in learning and that usually involve strong preconceptions in 

the students, such as groundwater, the influence of Living Beings, and especially in items 3 and 4, being the lowest 

averages, belonging to the cloud formation. However, after the intervention, while the control group reaches a Sufficient 

level of scientific knowledge, the experimental group presents an Excellent level. As shown in Figure 5, items 1, 2, 5, 

6, 7, 8 and the total average of the experimental group reach an Excellent level, with only items 5 and 7 of the control 

group achieving it. This coincides with previous studies [88], where students reached a similar level of scientific 

knowledge after interventions based on digital literacy and the use of active learning methodologies. Likewise, it is 

reflected that students present higher assimilation ability on contents related to living beings, since they belong to the 

items in which both groups reach the Excellent level. 

After the intervention (Table 2), there are statistically significant differences between pretest and posttest results. The 

results reflect that, although both groups have shown significant learning after the intervention, the students who have 

learned through Educational Robotics have more successful results. These results are in line with previous studies which 

demonstrate improved learning after ER-based interventions on science and mathematics content in water education and 

literacy [20, 61, 89, 90], as well as on the teaching of various science and mathematics content in elementary school [59, 

91-93]. Thus, ER has allowed higher learning of the contents related to the differences between oceanic and continental 

crust, the understanding of the directionality of the water cycle and groundwater, being these contents of a high scientific 

value in the understanding of the water cycle [38, 73]. 

However, there were items that presented major challenges, even after the intervention. Examples are cloud formation 

and condensation (items 3 and 4), where both groups maintained low levels of achievement. This indicates that these 

concepts, due to their level of abstraction, continue to be complex for the students, coinciding with previous studies that 

emphasize this barrier in the teaching of natural sciences in elementary school [39, 41]. Nevertheless, the experimental 

group showed significant progress, showing a higher level of knowledge (Problematic) than the control group 

(Inadequate) in both items. Thus, ER allowed students to visualize and interact with processes that would otherwise be 

difficult to represent. 

With respect to RQ2: What impact does the use of Educational Robotics present in the learning of scientific 

knowledge related to the habit of healthy hydration in elementary school students? The results also indicate a positive 

effect of the use of robotics, although of a lower scale than in the water cycle. Similarly to the scientific content of the 

water cycle, the pretest results show that there are no statistically significant differences between the control and 

experimental groups, but, after the intervention, these differences are statistically significant (Table 4). 

Regarding the level of scientific knowledge (Table 3), there is an Inadequate level in both groups before the 

intervention. However, the level after the intervention of the experimental group is Sufficient, while the control group 

presents a Problematic level. Although both groups present statistically significant differences between the pretest 

and posttest results, the differences between groups demonstrate the positive effect of Educational Robotics in learning 

scientific content. These results coincide with previous studies where their students have experienced improved 

learning due to interventions based on health literacy [88, 94, 95], through active methodologies and based on digital 

resources [6-8] and specifically in studies illustrating the impact of Educational Robotics in the teaching of biosanitary 

contents [21, 65]. 
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It can be noticed (Table 3 and Figure 6) that only item 4 achieved a Sufficient level before the intervention in both 

groups. However, after the intervention, items 1, 3, 4, 6 and the total average of the experimental group reach this level, 

in contrast to the control group, where only items 1 and 4 achieve it. This indicates that the students demonstrate greater 

assimilation of scientific content in relation to the daily intake of water they should consume, since item 1 is the only 

one that coincides in both groups. On the contrary, the most difficult item is still related to the main function of water 

in the organism, where the control group does not present improvements in the post-test values. In this context, ER has 

allowed better learning of contents related to the water intake of food, the differences between natural and bottled juices 

and the benefits of hydration, which are contents of vital importance in Health Education and Promotion [44, 78, 79]. 

Specifically, item 5, referring to the function of water in the body, was the most complex for the students, even after 

the intervention. The experimental group, although it improved, only reached a mean of 0.44, while the control group 

did not exceed 0.28. This difficulty can be explained by the more abstract nature of this content and its minor 

representation in the traditional school curriculum, as previous research has shown [94, 95]. Likewise, there are very 

low averages on the hydration contribution of food for the human body (item 3) in both groups. These values coincide 

with previous studies [94, 95] that demonstrate the existing problem of the low scientific knowledge of students in the 

initial educational stages about the habit of healthy hydration. 

It is remarkable that, when comparing both contents (water cycle and healthy hydration), a higher performance is 

observed in the first one. This difference may be attributed to multiple factors: (1) the water cycle is a content more 

frequently addressed in primary education curricula; (2) teachers are more familiar with adapting robotics to natural 

content than to health content; and (3) the water cycle assessments were based on multiple-choice questions, while the 

hydration assessments included open-ended questions, which may have had a negative influence on student performance 

[96]. 

Regarding RQ3: What impact does Educational Robotics present on the emotions of elementary school students? 

The qualitative results show that the ER generated mainly positive emotions, which is a key finding in the promotion of 

positive attitudes towards scientific learning thanks to Educational Robotics. 

The emotions of Joy and Fun were the most frequently reported, with a significant number of students (72 for Joy 

and 72 for Fun) reported feeling these emotions during the activity with ER. If we attend specifically to the different 

categories of the qualitative analysis conducted on the causes of each emotion (Appendix IV), some reasons that made 

the students feel Joy can be pointed out. A considerable percentage of students (18.06%) expressed this emotion due to 

the robot's function. This fact does not refer only to the fact that students are joyful because of the movement of the 

robot, but to the close relationship that students establish when they work with a tangible robot, in which an action is 

reflected because the student has programmed it themselves, as can be seen in the following response from a student: 

“When the robot worked thanks to my programming” (student 17). Previous studies [53, 54] have shown that students 

increase their positive attitude about scientific and mathematical areas through ER activities, just as previous studies 

have shown that students feel positive emotions during the learning of scientific content thanks to STEM methodologies 

or digital resources [30]. 

The Surprise emotion also shows a positive effect of the integration of ER in the content learning. Among some 

reasons observed, we can find the construction of different models (7) or the ability to solve the problems encountered 

(5). Thus, it is reflected that the use of Educational Robotics allows addressing important aspects such as creativity or 

problem solving, especially in Challenge-Based Learning methodologies [97]. These results reflect the positive 

emotional value that ER provides, which allows to approach in a more significant way the learning of scientific contents. 

Likewise, the students reflect that they have felt this emotion during the learning of content (5), which coincides with 

the better learning in the students of the experimental group, since the students have had greater involvement in the 

learning of the content. 

It should be highlighted that students refer to the difference in learning methodology, emphasizing that learning 

content “is better than using the textbook” (student 59). In this sense, a clear link is established between the learning of 

scientific content and methodologies distanced from the use of textbooks, and particularly in the content of the Water 

Cycle, where studies [38] highlight that textbooks incite a lack of scientific understanding of the processes of this 

content. In parallel, it is highlighted that students felt Surprise, not only as a consequence of the methodology, the 

construction of the robot or its functioning, but also of the learning of the content itself: “Because by using the robot I 

learned that natural juice had less sugar” (student 8), which coincides with studies [15, 17] that reflect that the ER 

motivates students to carry out activities in the areas of science and mathematics, allowing learning in a more playful 

way. 

Regarding Anger and Nervousness, the main causes do not allude to the ER, but belong to other aspects during the 

intervention, such as teamwork or project exposure. Under this perspective, there are multiple studies [87, 98] that have 

demonstrated the use of ER as a means of improving cooperation skills among students and that determine that ER-

based activities should be carried out in groups to encourage these skills. Given this, it would be appropriate to continue 

promoting activities with the same methodology that allows the development of cooperation and group work skills. 
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As for Boredom, students felt this emotion because they were not doing the robotics activities for a certain period of 

time, either because they were waiting for their partner to finish his part of the work: “Because I have to wait for my 

partner to assemble the robot” (student 40) or when they all had to wait for the rest of the groups to do the next activity: 

“When we already had the work and we had to wait for the others” (student 65). In this sense, similarly to the emotion 

Anger, it reflects a problem in collaboration and teamwork abilities. This may be a consequence of the activities in which 

each group of students performed a different challenge, so there were challenges that were easier to solve than others. 

In view of all the results, Educational Robotics can be considered as an effective tool of teaching scientific and 

mathematical content. The results demonstrated a significant improvement in scientific knowledge level, notably in 

those students who have performed activities based on robotics and programming. At the same time, the affective domain 

results show that ER promotes positive emotions in the science education process that usually corresponds to negative 

emotions and learning difficulties. For all the above, it is advocated for more studies that analyze ER's cognitive and 

affective impacts on multiple scientific and mathematical contents. 

5- Conclusion 

This study highlights the significant educational potential of Educational Robotics (ER) as an active methodology 

for learning scientific content and promoting positive emotional experiences in elementary education. The results 

demonstrate a clear cognitive impact: students who participated in the ER-based intervention significantly improved 

their understanding of both the water cycle and healthy hydration habits. The experimental group reached an Excellent 

Level of Science Knowledge (LSK) in water cycle content and a Sufficient level in hydration, outperforming the control 

group in both areas. While certain abstract concepts, such as cloud formation and the role of water in the human body, 

remained challenging, ER supported greater conceptual progress even in these cases, aligning with prior research 

emphasizing the importance of tangible, visual learning tools in science education. 

Equally important is the affective impact observed. The emotions most frequently reported were Joy, Fun, and 

Surprise, which were closely linked to hands-on programming and the robot's functioning—moments when students 

felt agency over their learning. Notably, emotions such as Surprise were also related to content discovery, 

suggesting that ER not only facilitates learning but enriches the emotional experience of acquiring knowledge. 

Negative emotions like Boredom and Anger were mostly associated with organizational issues or teamwork 

dynamics. These findings reinforce the value of ER in creating engaging, emotionally positive science learning 

environments, while also underlining the need for thoughtful classroom design to optimize group work. Altogether, 

the study supports the integration of ER in science curricula to enhance both cognitive and affective domains. It 

also calls for further research into ER's broader cognitive and affective benefits across diverse scientific and 

mathematical domains in elementary education. 

5-1- Study Limitations and Future Lines of Research 

This study presents a series of limitations that can be used in future studies. Regarding the questionnaires, it would 

be recommendable in future research to use questionnaires with the same nature of questions and answers, which would 

make it possible to verify whether the differences between both contents a consequence of this diversity are or of the 

characteristics of each content. In addition, it is necessary to evaluate the gender variable as an important factor in the 

learning of scientific content, so that future research should analyze this variable. 

Similarly, future research should address the negative emotions presented by students in Educational Robotics-based 

interventions in order to mitigate them. In the same way, it would be advisable for future research to analyze scientific 

and mathematical knowledge in a qualitative manner, complementing the quantitative results, in order to determine the 

difficulties implicit in the relationships of the contents worked on. It also should be extended to longitudinal studies in 

order to provide a better generalization of the results obtained.  
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Appendix I. Robotic Boards 

 

Appendix II. Water Cycle Questionnaire 

1. What is the difference between the oceanic zone and the continental zone? 

a) In the continental zone, there is less precipitation than evaporation. 

b) In the oceanic zone, there is less precipitation than evaporation. 

c) Both in the oceanic and continental zones there is the same amount of precipitation and evaporation. 

d) There is no relationship between evaporating and precipitating water. 

2. In the Water Cycle: 

a) The water circulates in one direction only until the cycle is completed. 

b) The Water Cycle starts in the mountains and ends in the oceans. 

c) The Water Cycle has many directions, and water changes state and phase throughout the cycle 

d) The water in the ocean grows every day because the water in the rivers flows into the ocean 

3. What are clouds composed of? 

a) Water vapor 

b) Water droplets 

c) Other substances (ice crystals, dust...) 

d) All are correct 

4. Cloud formation occurs: 

a) After evaporation, when water vapor rises into the atmosphere. 

b) After evaporation, when the water vapor gathers together 

c) líquida After condensation, when liquid water droplets are brought together 

d) After condensation, when water droplets are formed and concentrated with other elements such as ice crystals, 

dust, water vapor...   

5. In the Water Cycle, we can say that plants: 

a) Like people, have no influence on the Water Cycle. 

b) Influences the Water Cycle thanks to transpiration. 

c) They perform transpiration, but it does not affect the Water Cycle 

d) Plants alter water quality. 
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6. To what extent do living things affect the water cycle? 

a) Plants influence the storage of water and produce changes in the state of absorbed water. 

b) Humans, although we use water, do not change the path or quantity of water. 

c) Human activities and constructions alter the natural water cycle 

d) A and C are correct 

7. Which of these actions affect water availability? 

a) Buying a lot of clothes 

b) Cutting down a lot of trees 

c) Frequently changing phones, computers... 

d) All are correct 

8. Where is groundwater found? 

a) Only in humid climates 

b) Only where there is soil, since water cannot move through rock 

c) Groundwater can exist in rock or soil, but is not found below the earth's surface. 

d) Almost anywhere below the earth's surface. 

 

 

Appendix III. Habit of Healthy Hydration Questionnaire 

a) How many glasses of water should you drink at least once a day? 

b) How much water is recommended to drink daily? 

c) Through the intake of solid foods, how much percentage of water do we obtain for hydration of the body? 

d) Are there any differences between natural and bottled juice? Explain the differences between the two and how 

much of each you can drink per day. 

e) What is the main function of water in the body? 

f) Indicate 5 benefits of hydrating correctly 
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Appendix IV. Category System of Emotions Questionnaire 

Dimension Category F % Example 

Boredom 

Timing 

Partners 

Not specified 

10 

6 

4 

50% 

30% 

20% 

When we already had the job and had to wait 

When colleagues were unhelpful or annoying 

Sometimes, but few times 

Surprise 

Start 

Functioning 

Construction 

Learning 

Resolution 

No response 

10 

10 

7 

5 

5 

13 

20% 

20% 

14% 

10% 

10% 

26% 

The first day, not knowing what we were going to do. 

When I saw what the robot was doing and it was working 

When I assembled the robot 

Because I thought the natural juice had less sugar in it 

When we did not know how to assemble the robot and I put that piece that held the paper 

- 

Anger 
Partners 

No response 

16 

10 

61.54% 

38.46% 

When colleagues would not allow a girl in the group to do anything 

- 

Fun 

Construction 

Partners 

Programming 

Not specified 

No answer 

15 

4 

10 

4 

39 

20.83% 

5.56% 

13.89% 

5.56% 

54.17% 

While assembling the robot 

When we were working as a group 

When we started with Micro:bit® 

Almost every day 

- 

Nervousness 

Ignorance 

Exposure 

Functioning 

No response 

6 

12 

5 

12 

17.14% 

34.29% 

14.28% 

34.29% 

At the beginning. I didn't know if I was going to be bored or entertained. 

When we had to expose our colleagues 

When we had to finish and the program was not going well. 

- 

Joy 

Start 

Functioning 

Exposures 

Partners 

Methodology 

Not specified 

No response 

5 

13 

6 

4 

4 

8 

32 

6.94% 

18.06% 

8.33% 

5.56% 

5.56% 

11.11% 

44.44% 

In the beginning 

When the robot did what we wanted 

When we presented as a group very well 

For working with my classmates 

It's better than the book 

Doing robotics 

- 

* F=Frequency; %=Percentage of each emotion. 


