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Research institutes and universities have strengthened the development of biomedicine outreach activities, constituing a non-formal education system of science literacy, although with little commitment from undergraduate students. However, as a Service-Learning methodology, these outreach activities could work as a tool for the acquisition of skills by students of Health Science Degrees. Described here is the development of the workshop entitled “Exploring the human body” at the Biodonostia Health Research Institute and the pilot experience of its implementation as a Service-Learning activity at the University of Málaga. Firstly, 359 secondary education students were mentored by Ph.D. students through a 5-station workshop with experiments and activities related to the physiology of the human body. Then, 301 undergraduate students of Medicine and Nursing Degrees advised 965 secondary education students. Both groups of students assessed the workshop via questionnaires and a debriefing. The data showed an overall score of 4.6 out of 5 for the workshop. Undergraduate students reported a positive impact on their academic background (4.8 out of 5), mainly due to the improvement of oral communication skills (34%). Therefore, this methodology could be a valid and applicable tool to develop the cross-disciplinary competences of undergraduate students.
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1 INTRODUCTION
The scientific and technological literacy of students, and their knowledge acquisition of scientific terms, laws and theories useful in their daily and work life, and for the consolidation of citizenship, has long been an important goal for teachers (Acevedo et al., 2003).
This knowledge could be obtained through formal or non-formal educational systems. Outreach activities are included in non-formal education. The aim of these initiatives is to communicate scientific advances in a specific field to the general population, using adapted language to set out the ideas at a level suited to the knowledge, interest and needs of the non-scientific audience (Olmedo Estrada, 2011). However, they could also be used as a complementary tool to formal education in schools and high schools, to inspire and encourage professional vocations and develop a scientific culture in children and teenagers (Olmedo Estrada, 2011). Moreover, these activities could be used to address and reduce the STEM gender gap (Levine et al., 2015), which seems to be highly influenced by secondary schools context (Legewie and Diprete, 2014).
In recent decades, the outreach activity programs developed by research institutes and universities have proved essential to build bridges between scientists and society, which include the relationship between lecturers and scientists and both primary and secondary school teachers and students. This type of activity, when organized by universities involve mostly graduate students and to a lesser extent undergraduate students, under the supervision of professors (Demb and Wade, 2012; Curtis, 2017). However, studies suggest that the involvement of undergraduate students in STEM outreach activities allows them to apply their knowledge and acquire skills and cross-disciplinary competences such as oral communication and self-esteem (Brownell et al., 2013; Kompella et al., 2020; Murphy and Kelp, 2023).
Furthermore, the use of the Service-Learning methodology could also contribute to the acquirement of such skills by students of Health Science Degrees. This educational methodology combines academic learning of content, skills and competences with reflection and real-world experiences of service to the Community (Seifer, 1998). Due to the potential benefits of this “learning by doing” or “learning through teaching” methodology, the American Psychological Association (APA) recommended, in 2010, the engagement of undergraduate students in experiences that contribute to applying what they learn, such as volunteer activities and Service-Learning (Halpern, 2010). In fact, several studies describe how significant learning experiences have been successfully developed undertaken with Medicine and Nursing students in the field of physiology, involving a very specific issue such as kidney disease (Reddix, 2023), pharmacology (Husaini et al., 2022), the physiology of drug addiction (Lichtenberg et al., 2020) and the promotion of healthy habits (Glòria et al., 2022). These activities, consisted in the development of lessons and demonstrations, aiming to enhance the interest and understanding of the students on health issues and increase their knowledge and their communication skills, among others.
However, to our knowledge, no activities have been develop to increase the interest in the study and research of the physiology taking into account different biological levels and that would include hands-on activities for secondary school students. Therefore, to find ways to increase the involvement of undergraduate students, mainly females, in biomedicine outreach activities with a social perspective, we designed a workshop entitle “Exploring the human body.” It is a novel broad program, which includes several hands-on activities, focusing on the physiology of biomolecules, cells, tissues, organs, and systems levels.
This paper sets out its development at the Biodonostia Health Research Institute (San Sebastián, Northern Spain) and therefore, the pilot experience of implementing it as a Service-Learning activity was analyzed, in which undergraduate students of Medicine and Nursing Degrees at the University of Málaga (Málaga, Southern Spain), enrolled in the courses Physiology and Pathophysiology, participate as mentors to secondary education students. The final aim of this activity would be to promote science culture in biomedicine among young people, detect differences between genders, and to palliate the shortage of economic and material resources in high schools, as well as to analyze if it could be useful for the students to develop cross-disciplinary skills.
2 MATERIAL AND METHODS
2.1 Participants
Secondary education students (15 or 17 years old) from high schools in the provinces of Guipúzcoa (northern Spain; school years: 2014–2015 to 2015–2016; n = 359) and Málaga (southern Spain; school years: 2016–2017 to 2019–2020 and 2021–2022 to 2022–2023; n = 965) participated in the workshop. Their sciences teachers accompanied them to the facilities of the institutions.
Undergraduate students of Nursing Degrees at the University of Málaga (n = 301; female n = 248; male n = 53) enrolled in Physiology and Pathophysiology courses were engaged in the workshop as mentors. Student participation was voluntary, and they could obtain an extra 5% on their final score.
2.2 Workshop and Service-Learning methodology
The workshop lasted 4 h and was carried out at the facilities of either the Biodonostia Health Research Institute (San Sebastián, Spain) or the University of Málaga (Málaga, Spain). The secondary education students were divided into 5 groups (five to seven students per group) and mentored by 2 people throughout the 5 stations, each lasting 30 min. The hands-on activities included at each station were designed to teach and learn how the physiology of biomolecules, cells, tissues, organs, and systems can be studied.
Before the workshop, mentors were taught in a 2-hour preparatory session to use active learning strategies to explain the activities and how to facilitate each one.
During the development of the workshop, two lectures or researchers of the institutions supervised the mentors to solve their questions and doubts so the information that the secondary students in every session is uniform and correct.
2.3 Assessment
At the end of the workshop, a questionnaire was submitted to the secondary education students to rate each of the stations (using a numerical scale from 1 to 5, with 5 being the highest score), highlight 3 things they had learnt, and add some suggestions and comments (Supplementary Tables S1, S2). Accompanying science teachers were informally asked to give their opinion about the workshop.
The undergraduate students were also asked to fill out a self-constructed survey created using a Google form, as a way to reflect upon these experiences, rate the activity and each of the workstations, and obtain information about their participation, the academic competences and their personal background (Supplementary Tables S3, S4). This is a self-constructed questionnaire, based on that developed by Solanes Puchol et al., 2012 for generic competencies in undergraduate students. The questionnaire was evaluated by experts in science didactic and assessment systems from the University of Málaga (Cronbach’s alpha yields a value of 0.8377, which indicates a high internal consistency). It included a number of quantitative questions: some were designed to give ‘yes’ or ‘no’ answers, some used a five-point Likert scale, which included the numerical scale from 1 to 5, with 5 being the highest score, and some were open-ended or multiple choice questions.
2.4 Data analysis
The questionaries’ responses were collected using a direct administration procedure, which provided a high response rate (Fraenkel and Wallen, 2009). Data (punctuation values) for each five-points Likert scale question was expressed as mean ± standard error of the mean (SEM). The statistical analysis was performed using GraphPad Prism 9.5.1 (GraphPad Software; La Jolla, CA, United States; www.graphpad.com), setting statistically significant differences at p < 0.05. Data normality was established by the Kolmogorov-Smirnov test. One-way ANOVA on ranks (Kruskal–Wallis test) followed by post hoc Dunn’s test was performed to establish differences between the rating of each station in either total, female students or male students groups. Mann-Whitney U test was used to establish significant differences between male and female answers.
2.5 Bioethics
The study was reviewed and approved by the Ethics Committee of Research of the University of Málaga (111-2023-H). All the participants provided their written informed consent to participate in this study.
3 RESULTS
3.1 Development of the outreach workshop
3.1.1 Workshop
The hands-on activities of the workshop were designed by senior researchers at the facilities of the Biodonostia Health Research Institute with expertise in physiology and cell biology fields, under the supervision of Dr. Belén Gago and Dr. Ana Aiastui. Fifteen Ph.D. students and young researcher participated as mentors and were instructed in the procedure for each station.
At the first station, which addressed biomolecules, a DNA extraction of buccal cells was performed and the effects that mutations in this structure may have on health are explained, using several diseases as examples. Students are then asked to design an animal eukaryotic cell using pieces of foam as organelles, at the cells workstation, where stem cells were also explained and students performed a simulation of bone-marrow-derived stem cell extraction. At the tissues station, a histological staining protocol using cresyl violet was carried out on rat brain sections, the results of which would be compared under the microscope with Golgi stained brain sections. Historical background on scientists was also introduced by the mentors to the students. After this, at the organ station, the students had to figure out which animal each brain in the collection corresponds to, explaining any differences and similarities they find between them. Moreover, the students mapped their sensory cortical homunculus using the webpage https://brainmapper.org/. At the last station, a reaction time game was performed to explain how both neural and musculoskeletal systems interact, and a simulation of myelinated and non-myelinated axons was made by students to describe the propagation of action potentials in fibers. Photographs of the material used in the different stations can be found in Figure 1.
[image: Figure 1]FIGURE 1 | Photographs of the material used in the stations of the workshop “Exploring the human body”.
3.1.2 Assessments by secondary education students
At the end of the workshop, secondary education students from the province of Guipúzcoa were asked to evaluate it. The analysis of the responses indicated that the overall rating of the workshop was 4.14 ± 0.08 out of 5 points. The scores for each station of the workshop are included in Table 1. The station rated by both male and female students with the lowest significant score compared to all the other stations was the cell station (p < 0.001). The biomolecules, organs and systems stations were similarly rated compared to the cell and tissue stations (p < 0.001). No significant differences were observed between male and female students in the score of each station (Table 1).
TABLE 1 | Score values for each station of the workshop by secondary education students from the province of Guipúzcoa.
[image: Table 1]3.2 Implementation of the workshop as a Service-Learning activity
Since the workshop was positively assessed and after improving some of the activities at the stations, it was tested on a pilot basis as a Service-Learning activity, involving Nursing Degree students at the facilities of the University of Málaga. They mentored students from secondary education schools in the province of Málaga. The assessment provided by the two groups of students was analyzed.
3.2.1 Assessment by secondary education students
Considering the evaluation of the 5 stations of workshop made every year by each participant, the overall rating was 4.6 ± 0.07. The scores for each station of the workshop are included in Table 2. The station rated with the lowest score was the cell station, by both male and female students, and the difference was significant between stations. No significant differences were observed between male and female students in the score of each station (Table 2).
TABLE 2 | Score values for each station of the workshop by secondary education students from the province of Málaga.
[image: Table 2]Among the open comments made by the students, the following should be highlighted: “It should last longer,” “I would like to participate in it again”, “It should be done more frequently, so we could learn from practice,” “The mentors explained everything perfectly,” “More activities like this should be done at the University,” “The workshop has far exceeded my expectations,” “I am thinking of studying a degree related to the biomedicine field.”
It should be added here that secondary school teachers, who supervised and accompanied the students, emphasized that the activities of the workshop have reinforced the knowledge they explain in class and they highly valued that the workshop takes place at the laboratory facilities of the University.
3.2.2 Assessment by undergraduate students
The overall rating of the stations of the workshop was 4.64 ± 0.1 out of 5 points. The results of the responses evaluating the stations of the workshop are shown in Table 3. The station rated with the lowest score was the station “cells,” by both male and female students, and the difference was significant compared to the other stations. Meanwhile, the highest rated station was the station “biomolecules,” mainly by female students (Table 3). No significant differences were observed between male and female students in the score value of each station (Table 3).
TABLE 3 | Score values for each station of the workshop by undergraduate students of medicine and nursing degrees.
[image: Table 3]All the students have rated the organization of the workshop and the material used in each station very positively (Table 4), with no significant differences between male and female students.
TABLE 4 | Score values for the structure and organization and the material used in the workshop by undergraduate students of medicine and nursing degrees.
[image: Table 4]To the question about what skill or competence they think they have improved thanks to their participation in the workshop, 38% of the students answered oral communication skills (34% of the female students and 50% of the male students) (Figure 2), followed by self-esteem (28%) and interpersonal relationship (17%).
[image: Figure 2]FIGURE 2 | Competences or skill that undergraduate students believe they have improved because of their participation in the workshop, regarding all (A), male (B) or female (C) students. Values represent percentages of total number of answers for each students group.
The students were also asked about their agreement with different statements (Table 5). They manifested a high level of agreement regarding the positive impact that their involvement in the workshop had on their academic background, and the fact that it far exceeded their expectations, with the response of both genders being very similar. They also considered that similar activities should be offered in other courses of the Degree. No differences between male and female students were found regarding these issues.
TABLE 5 | Score values for questions about the importance of the workshop for undergraduate students of medicine and nursing degrees.
[image: Table 5]Regarding the responses to open questions, 100% of the students answered that they had enough knowledge and information to take part in the workshop, meaning that the preparatory session was a useful resource. On the other hand, even though 71.8% of the students have not previously participated in similar activities (72.2% of women and 69.8% of men), 100% of the students indicated that they would like to participate in the workshop again and that they would recommend it to their colleagues. On top of that, 100% of them stated that they would have liked to participate in a similar activity by the time they were in high school.
Among comments about the workshop, the following quotes stand out: “The activities of the workshop were very interesting,” “This workshop should be carried out with younger students, so it could help them choose their academic itinerary in high school,” “Repeat the activity every year!!,” “Increase the number of sessions so more undergraduate students could participate,” “The cell station should be more interactive,” “We should spend more time with secondary education students so they could ask us more questions related to the university admissions process,” “I really enjoyed it!,” “Explain the physiology of other organs,” “The relationship between university and high schools should be strengthened,” “We should do more activities like these in others courses.”
4 DISCUSSION
The inclusion of undergraduate students of Health Science degrees in the workshop using the Service-Learning methodology had positive effects on them and their academic background.
The workshop that we was designed is a non-formal educational experience for secondary education students. It had a small group format, which allowed for a low-distraction environment for secondary education students and a high interaction between them and the university students. Furthermore, some secondary education students who may not have considered a college education until now may even be contemplating attending university in the future, as happened in other science dissemination activities (Gilbertson et al., 2022).
The feedback from secondary education students about the workshop was very positive, as they rated the activities carried out at the different stations highly, and commented on what they had learnt, suggesting that it is a successful methodology for non-formal education. A number of previous studies have proven the positive impact that experimentation outreach programs have on primary and secondary education students, improving their attitude towards mathematics (Fernández-Cézar et al., 2020) as well as physiology (Vargas et al., 2016; Hendrickson et al., 2020). In fact, the American Physiological Society (APS) promotes a great variety of outreach activities, especially those focused on secondary school students (Metz et al., 2018; Elmer et al., 2023). Thus, this helps to continue with the workshop, and provides motivation to try to improve them and reach more students, as in fact was done when it began to be carried out at the University of Málaga. The data suggests that there is still room for improvement, as evidenced by the cell station, which received the lowest rating by students even after changing the material used when the workshop was carried out at the University of Málaga facilities. This may be because the activities included in this station are less interactive than those in the others. However, this could be easily corrected in the future.
Another issue to take into account is that there are no differences on the rating of the stations between male and female students from secondary schools. Therefore, the workshop turns out to be equally interesting for both sexes, suggesting that the participation could contribute to increase attitudes towards sciences of female secondary students as in other outreach programs (Barmby et al., 2008).
Service-Learning programs have proved to have significant benefits for students of Health Science degrees, such as practical learning, improved communication skills, the development of empathy or a better understanding of social determinants of health (Marcilla-Toribio et al., 2022; Demirören and Atılgan, 2023). In line with this, the results showed that the undergraduate students state that they improved their communication skills by participating in the workshop. In fact, in the work by Segarra and Tillery, 2018, most of the students expected and looked forward to improving their science communication skills by engaging in an outreach activity. Moreover, the undergraduate students in this study considered that Service-Learning activities are formative, that they enhance their commitment to citizenship and that activities such as the workshop should be done more often, in accordance with previous studies that emphasize the positive effect that being a mentor in outreach programs has on undergraduate students (Diaz et al., 2019; Adams et al., 2020).
Moreover, the Service-Learning methodology is based on the real needs or challenges that can be found in the immediate context of institutions (Seifer, 1998). The large number of secondary education students and high schools that have participated in the workshop is noteworthy, and has increased over the years, addressing their needs and increasing the cooperation between the university and other educational institutions in terms of community partnerships, collaborative working relationships, and social innovation.
Despite the positive results and the number of both secondary education and undergraduate students that have participated, this study has several limitations. Firstly, the participation in the Service-Learning activity is voluntary, due to limitations on the availability of the facilities, and mentors get an extra 5% on their final score. Thus, not all the students enrolled in the courses are able to participate, and those who do are highly motivated per se. Secondly, although preparatory session for undergraduate students took place before the workshop, and professors and researchers supervised them to guarantee that information is uniformly given in each session, we cannot rule out mistakes in the explanations. To improve this issue, we should include a test to ensure they correctly gain the knowledge and abilities needed and a second preparatory session for those that would require it. Thirdly, written reflections and semi-structured interviews for the undergraduate students could be included, since they have proven to be a good tool to analyze the influence of the Service-Learning activity on students (Pilling et al., 2021). In addition, the participation of undergraduate students in outreach activities has been shown to increase their interest in physiology and improve their understanding of this scientific field (Borges and Mello-Carpes, 2015; Altermann et al., 2016). Based on that fact, it would be possible to work on a greater involvement of these students in the organization and coordination of the workshop and even work on the idea of new activities that explain other physiological issues using new technologies such as 3D printing. On the other hand, although the involvement in the workshop seems to contribute to the acquisition of communication skills, the manner in which students could develop other competences, such as leadership, could be considered (De Juan Pardo et al., 2022).
In summary, the pilot experience of using an outreach event as a Service-Learning teaching methodology facilitates active learning and skills acquisition and community engagement among university students, since both university and secondary education students reported positive benefits. Furthermore, this educational outreach activity is amenable and extensible to all the branches of science.
DATA AVAILABILITY STATEMENT
The raw data supporting the conclusion of this article will be made available by the authors, without undue reservation.
ETHICS STATEMENT
The studies involving humans were approved by the Ethics Committee of Research of the University of Málaga. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants’ legal guardians/next of kin.
AUTHOR CONTRIBUTIONS
LG-D: Writing–original draft, Investigation. SC: Investigation, Writing–review and editing, Conceptualization, Methodology. PZ-G: Investigation, Writing–review and editing, Writing–original draft. MG-G: Investigation, Writing–review and editing. LC-F: Investigation, Writing–review and editing. MP-V: Investigation, Writing–review and editing. BG: Conceptualization, Funding acquisition, Investigation, Writing–original draft, Writing–review and editing, Data curation, Formal Analysis, Methodology. MG-F: Investigation, Writing–review and editing. ML-G: Writing–review and editing, Investigation. AA: Investigation, Writing–original draft, Writing–review and editing, Conceptualization, Funding acquisition, Methodology.
FUNDING
The authors declare financial support was received for the research, authorship, and/or publication of this article. This work was founded by the Publications and Scientific Dissemination Service of the Universidad de Málaga (“Plan Propio” H1 Grant) and Fundación Española para la Ciencia y la Tecnología (FECYT). Funding for open access charge: Plan Propio C1 Grant and Project Grant B4-2023-3a from Universidad de Málaga.
ACKNOWLEDGMENTS
The authors would like to acknowledge all the high school biology teachers and students that participated in the workshop for their support and all the instructors that participate in this activity.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fphys.2023.1268766/full#supplementary-material
REFERENCES
 Acevedo J. A., Vázquez Á., Manassero M. A. (2003). Papel de la educación CTS en una alfabetización científica y tecnológica para todas las personas. Rev. Electrónica Enseñanza las Ciencias 2, 80–111. 
 Adams J., Nelson H., Strong E., Wisco J., Klappa S. (2020). Mentors’ experience in teaching basic science concepts in the community outreach program, anatomy academy: A phenomenological study. HAPS Educ. 24, 27–35. doi:10.21692/haps.2020.017
 Altermann C., Neves B.-H. S., Mello-Carpes P. B. (2016). The inclusion of undergraduate students in physiology outreach activities improves their physiology learning and understanding skills. Adv. Physiol. Educ. 40, 529–532. doi:10.1152/advan.00012.2016
 Barmby P., Kind P. M., Jones K. (2008). Examining changing attitudes in secondary school science. Int. J. Sci. Educ. 30, 1075–1093. doi:10.1080/09500690701344966
 Borges S., Mello-Carpes P. B. (2015). Undergraduate students as promoters of science dissemination: A strategy to increase students’ interest in physiology. Adv. Physiol. Educ. 39, 133–136. doi:10.1152/advan.00120.2014
 Brownell S. E., Price J. V., Steinman L. (2013). Science communication to the general public: why we need to teach undergraduate and graduate students this skill as part of their formal scientific training. J. Undergrad. Neurosci. Educ. 12, E6–E10.
 Curtis K. S. (2017). Science after school: way cool! A course-based approach to teaching science outreach. Adv. Physiol. Educ. 41, 10–15. doi:10.1152/advan.00107.2016
 De Juan Pardo M. Á., Vissandjee B., Guillaumet Olives M., Cerezuela Torre M. Á., Gallart Fernández-Puebla A. (2022). Enhancing perceived leadership of nursing students through a student-led dedicated education unit in a community setting: A feasibility study. J. Prof. Nurs. 43, 152–161. doi:10.1016/j.profnurs.2022.10.009
 Demb A., Wade A. (2012). Reality check: faculty involvement in outreach & engagement. J. High. Educ. 83, 337–366. doi:10.1080/00221546.2012.11777247
 Demirören M., Atılgan B. (2023). Impacts of service learning-based social responsibility training on medical students. Adv. Physiol. Educ. 47, 166–174. doi:10.1152/ADVAN.00049.2022
 Diaz M. M., Ojukwu K., Padilla J., Steed K., Schmalz N. Tullis A., et al. (2019). Who is the teacher and who is the student? The dual service- andEngaged-learning pedagogical model of anatomy academy. J. Med. Educ. Curric. Dev. 6, 2382120519883271. doi:10.1177/2382120519883271
 Elmer S. J., Gohn C. R., Durocher J. J., Sharma N. (2023). Promoting outreach through physiology chapter collaboration. Adv. Physiol. Educ. 47, 373–375. doi:10.1152/advan.00037.2023
 Fernández-Cézar R., Garrido D., Solano-Pinto N. (2020). Do science, technology, engineering and mathematics (stem) experimentation outreach programs affect attitudes towards mathematics and science? A quasi-experiment in primary education. Mathematics 8, 1490. doi:10.3390/math8091490
 Fraenkel J. R., Wallen N. E. (2009). How to design and evaluate research in education. New York: McGraw-Hill. Available at: https://www.worldcat.org/title/58386330 (Accessed June 26, 2023). 
 Gilbertson R. J., Hessler E. E., Leff D. J. (2022). ARTICLE active learning and community engagement: pedagogical synergy through the “mobile neuroscience lab” project. J. Undergrad. Neurosci. Educ. 21, A322–A329. 
 Glòria R. G., David C. L., Malagón-Aguilera M. C., Pérez-Jiménez B., Mantas-Jiménez S., Roqueta-Vall-llosera M. (2022). Service learning experience on health habits in high school students conducted by nursing students: A qualitative design. Nurs. Rep. 12, 804–813. doi:10.3390/nursrep12040078
 Halpern D. F. (2010). Undergraduate education in psychology: A blueprint for the future of the discipline. United States: American Psychological Association. doi:10.1037/12063-000
 Hendrickson J. L., Bye T. K., Cockfield B. A., Carter K. R., Elmer S. J. (2020). Developing a science outreach program and promoting “PhUn” all year with rural K-12 students. Adv. Physiol. Educ. 44, 212–216. doi:10.1152/ADVAN.00196.2019
 Husaini D. C., Mphuthi D. D., Chiroma J. A., Abubakar Y., Adeleye A. O. (2022). Nursing students’ experiences of servicelearning at community and hospital pharmacies in Belize: pedagogical implications for nursing pharmacology. PLoS One 17, e0276656. doi:10.1371/journal.pone.0276656
 Kompella P., Gracia B., LeBlanc L., Engelman S., Kulkarni C. Desai N., et al. (2020). Interactive youth science workshops benefit student participants and graduate student mentors. PLoS Biol. 18, e3000668. doi:10.1371/JOURNAL.PBIO.3000668
 Legewie J., Diprete T. A. (2014). The high school environment and the gender gap in science and engineering. Sociol. Educ. 87 (4), 259–280. doi:10.1177/0038040714547770
 Levine M., Serio N., Radaram B., Chaudhuri S., Talbert W. (2015). Addressing the STEM gender gap by designing and implementing an educational outreach chemistry camp for middle school girls. J. Chem. Educ. 92, 1639–1644. doi:10.1021/ed500945g
 Lichtenberg N. T., Thompson A. B., Iguchi M. Y., Evans C. J., Romero-Calderón R. (2020). An undergraduate student-led neuroscience outreach program shows promise in shifting teen attitudes about drugs. Mind, Brain, Educ. 14, 387–399. doi:10.1111/mbe.12261
 Marcilla-Toribio I., Moratalla-Cebrián M. L., Bartolomé-Guitierrez R., Cebada-Sánchez S., Galán-Moya E. M., Martínez-Andrés M. (2022). Impact of Service-Learning educational interventions on nursing students: an integrative review. Nurse Educ. Today 116, 105417. doi:10.1016/J.NEDT.2022.105417
 Metz C. J., Downes S., Metz M. J. (2018). The in’s and out’s of science outreach: assessment of an engaging new program. Adv. Physiol. Educ. 42, 487–492. doi:10.1152/ADVAN.00085.2018
 Murphy K. M., Kelp N. C. (2023). Undergraduate STEM students’ science communication skills, science identity, and science self-efficacy influence their motivations and behaviors in STEM community engagement. J. Microbiol. Biol. Educ. 24, e00182-22. doi:10.1128/jmbe.00182-22
 Olmedo Estrada J. C. (2011). Educación y divulgación de la Ciencia: tendiendo puentes hacia la alfabetización científica. Rev. Eureka sobre enseñanza Divulg. las ciencias. 8, 137–148. doi:10.25267/rev_eureka_ensen_divulg_cienc.2011.v8.i2.01
 Pilling R., Mollaney J., Chandauka R., Barai I., Parekh R. (2021). Bursting the bubble: service learning in schools. Clin. Teach. 18, 163–167. doi:10.1111/tct.13279
 Reddix R. (2023). A population health approach to promote significant learning in an undergraduate Pathophysiology course. Innov. Teach. Learn. Assess. 38. doi:10.1152/PHYSIOL.2023.38.S1.5735037
 Segarra V. A., Tillery M. (2018). Key concepts in developmental psychology and science pedagogy help undergraduates in high school science outreach. J. Microbiol. Biol. Educ. 19, 19.1.57. doi:10.1128/JMBE.V19I1.1508
 Seifer S. D. (1998). Service-learning: community-campus partnerships for health professions education. Acad. Med. 73, 273–277. doi:10.1097/00001888-199803000-00015
 Solanes Puchol A., Núñez Núñez R. M., Rodriguez Marín J. M. (2012). Elaboración de un cuestionario para la evaluación de competencias genéricas en estudiantes universitarios. Apunt. Psicol. 30, 513–522. 
 Vargas L. S., Menezes J. R. de, Mello-Carpes P. B. (2016). Increased interest in physiology and science among adolescents after presentations and activities administered by undergraduate physiology students. Adv. Physiol. Educ. 40, 194–197. doi:10.1152/advan.00064.2015
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2023 García-Durán, Claros, Zamorano-González, González-García, Carrillo-Franco, Ponce-Velasco, Gago, García-Fernández, López-González and Aiastui. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fphys-14-1268766-t003.jpg
Biomolecules Tissues Organs Systems

Total 485 £ 002" 423 £ 005% 464 £ 004 473 003 460 £ 0.04 14647+
Male (53) 481 % 0.06 asron | 4e2+009 4.68 % 0.07 455 £ 0.09 20,07
Female (248) 486 £ 002" insoos | agsso0n 475 004 462 0.04 12767
U (male vs. female) 625p =034 657p=0.1 643p =076 599p =017 623p =046

AN, o6 ik ol v host e Diiaia's. kot anll Mlain- St 1 teot, 0 2 DIBHL 6. collls, insmes, avetentis: 5 2 O . Bisnsolacles; Hience. droutia. spsieis;





OPS/images/fphys-14-1268766-t004.jpg
Structure, organization

Material used

U (male vs. female)

Total 466 +0.03 482+ 003
‘ Male (53) 4.68 + 0.07 646 p = 0.84 4.77 £ 0.06 6.03 p=0.14
‘ Female (248) 4.65 +0.03 4.83 £ 0.03

Mann-Whitney U test. Non-significant differences were found between male and female.






OPS/images/fphys-14-1268766-t001.jpg
Biomolecules Cells Tissues Organs Systems

Total | 440 £ 0.04° 367 £ 005 401 £ 0.05* 433 £ 005° 443 £ 008 1772 p < 0001 ‘
Male (132) \ 439 £ 0.06° | 3sx00st 3.98 + 0,08 424 £008° 437207 69.26 p < 0.0001 ‘
Female (227) ‘ srzoos | 371 zo0n 401 £ 0.06* 437 £ 006° 445 £ 005° 1097 p < 00001
U (male vs. female) | 1445 p = 053 1389 p =023 1468 p =073 13.65 p = 0.12 1429 p = 041

ANOVA, on ranks followed by post hoc Dunn's test and Mann-Whitney Utest. p < 0.001 vs.cells, tissues; “p < 0.001 vs.
systems; *p < 0.001 vs. biomolecules, cells, organs, systems; ®p < 0.001 vs. cells.

iomolecules,tissues, organs, systems; *p < 0.001 vs. biomolecules, cells,






OPS/images/fphys-14-1268766-t002.jpg
Biomolecules Tissues Systems

Total 469 £ 0.02 422 £0.03% 462 £ 0.03 463 £0.03 468 £ 0.03 235.7 p < 0.0001
Male (411) 463 £ 003 424 £ 0.04% 458 + 0.03 461 +0.04 | 468 £ 0.03 s P < 0.0001
Female (554) 472 £ 002 ‘ 4.12 £ 0.04% 465 + 0.02 465 £ 0.02 467 £0.02 [ 1487 p < 0.0001
U (male vs. female) 10864 p = 0.10 ‘ 11299 p = 083 10854 p = 0.12 11037 p = 029 11250 p = 068

ANOVA, on ranks followed by post hoc Dunn’s test and Mann-Whitney U test. *p < 0.001 vs. biomolecules, tissues, organs, systems.





OPS/images/fphys-14-1268766-t005.jpg
My enrolment in this activity U (malevs. The workshop has far U (male vs. Similar activities U (male vs.

has a positive impact in my female) exceeded my female) should be developin  female)
academic background expectations our faculty
‘ Total ‘ 480 + 0,03 478 +003 484 £ 003
Male 490 + 0.04 593 p = 007 477 £0.06 635 p = 0.56 4.89 £ 0.06 617 p=025
(53)
Female 478 + 003 478 +003 483 £ 0,03
(248)

Mann-Whitney: 17 test Non-éignificant differences: were found bétween male-and fernile:





OPS/xhtml/nav.xhtml
Contents

		Cover

		Teaching the physiology of the human body in non-formal spaces: pilot experience of a Service-Learning methodology and the interaction between students of different educational levels		1 Introduction

		2 Material and methods		2.1 Participants

		2.2 Workshop and Service-Learning methodology

		2.3 Assessment

		2.4 Data analysis

		2.5 Bioethics





		3 Results		3.1 Development of the outreach workshop

		3.2 Implementation of the workshop as a Service-Learning activity





		4 Discussion

		Data availability statement

		Ethics statement

		Author contributions

		Funding

		Acknowledgments

		Publisher’s note

		Supplementary material

		References









OPS/images/cover.jpg
, frontiers | Frontiers in Physiology

Teaching the physiology of the
human body in non-formal
spaces: pilot experience of a
Service-Learning methodology
and the interaction between
students of different
educational levels





OPS/images/fphys-14-1268766-g001.gif





OPS/images/fphys-14-1268766-g002.gif
i o
I









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
,frontiers ‘ Frontiers in Physiology





