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Héctor de Jesús Palala Martı́nez is a doctoral student in Curriculum Studies and new technologies in the
Department of Teaching, Learning and Teacher Education at the University of Nebraska-Lincoln. Héctor
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Empowering Youth to Create a Healthier Future Through STEM 

Education About Antimicrobial Resistance 

 

Abstract 

The iAMResponsible™ project was initiated by a team of US university faculty in 2018 to 

develop and deliver education and outreach programming to address the growing global health 

challenge of antimicrobial resistance (AMR).  This project aims to increase awareness and foster 

responsible behavior towards AMR among food producers and consumers. Expanding its scope, 

the initiative has recently embraced collaboration with school systems to engage young students 

in AMR education. This case study evaluates a specialized summer course offered by the 

iAMResponsible™ team at the University of Nebraska-Lincoln to elementary school students in 

Lincoln, Nebraska, USA. The course employs a free-to-use, 8-lesson plan curriculum 

introducing AMR to upper elementary students (grades 3-5) that integrates interactive tools, 

aiming to enhance students' understanding of microbiological and public health concepts. This 

case study assessment focuses on the curriculum's impact on students' ability to understand and 

disseminate AMR knowledge, as observed by instructors and classroom observers, and on 

curriculum ease-of-use for non-expert instructors. Methods involve interviews and observations 

to gather comprehensive data for a qualitative analysis of the course's design and impact.  

Findings reveal the curriculum's effectiveness in integrating complex scientific topics into early 

education, employing a variety of teaching techniques to cater to different learning styles. The 

study also highlights the curriculum's adaptability to various educational contexts and for 

students with diverse backgrounds and educational needs. However, challenges such as ensuring 

clarity of complex concepts and evaluating long-term behavioral change are acknowledged.  

Continuous refinement, based on stakeholder feedback, is essential for long-term success. The 

study underscores the curriculum's role as a catalyst for change in combating antimicrobial 

resistance, emphasizing the importance of embedding sustainability planning and adopting a 

dynamic, evidence-based approach for maximizing student engagement and impact. 

 

Introduction 

Antimicrobial resistance (AMR) poses a major threat to global health, necessitating creative 

solutions to lessen its effects [1]. In 2018, a team of US university faculty launched the 

"iAMResponsible™" project to address needs for outreach and education to food producers and 

consumers about the pressing global issue of AMR [2]. The project's key goals are to increase 

educational capacity related to AMR through resource development, training, and targeted 

dissemination; and to empower behavioral changes by promoting individual and shared 

responsibility in combating AMR. Educating young people, the future guardians of antimicrobial 

stewardship, is crucial in this effort. Thus, a developing component of the iAMResponsible™ 

team's programming involves active engagement with young people about AMR.  

Evidence demonstrates the potential for embedding AMR education in STEM curricula to spark 

interest in healthcare and STEM [3]-[4]. Early exposure to microbiology can spark a lifelong 

science and health interest. Nevertheless, in STEM health education, simplifying complex topics 



like infection and drug resistance for young audiences is challenging [5]. Previous research in 

this area stressed the need for better microbiology awareness, noting microbes' role in health, 

environmental sustainability, and climate, necessitating educational resources which focus on 

microbiology's impact on personal, societal, and global levels [6].  

Research has identified key approaches for developing engaging educational methods to tackle 

complex issues, such as AMR. Evidence from youth programming to teach AMR suggests that a 

multi-faceted approach, encompassing active learning, storytelling, visual presentations, hands-

on activities, and animations is valuable for conveying AMR knowledge [7].  There is also value 

in utilizing interactive tutorials, 3D models, and group projects to help in understanding 

biomedical topics, increasing motivation, and understanding [8]. Hands-on workshops have also 

been effective in stimulating microbiology interest [9]. Relating STEM to real-life situations, like 

antibiotic discovery, enhances understanding and career interest. These programs also raise 

students' awareness of their role and encourage critical thinking about antibiotic resistance and 

prudent antibiotic use [10]. 

Games and activities specifically are key features for engaging learners in a wide variety of 

complex topics. One group, looking to improve antibiotic stewardship developed an online game 

that used a snakes and ladders format with questions and case studies [11]. Participants 

navigating the game were periodically given the opportunity to more quickly progress or regress 

based on their responses to questions and case studies. Players progress by answering correctly, 

advancing up ladders, or face setbacks by descending snakes for incorrect answers, making the 

experience interactive and educational. The game received positive feedback, enhanced 

knowledge, confidence, and promoted referrals and knowledge sharing. Similarly, the Small 

World Initiative (SWICEU), a partnership of communication and health students working on 

outreach related to AMR, includes the development of educational gamification materials as one 

of their primary outputs. The SWICEU team has developed multiple card games, board games, 

and even an escape room type game related to AMR to educate youth and the public about AMR 

and sensible antibiotic use through gamification [12].  

The iAMResponsible™ team sought to incorporate these methods, such as games, videos, 

infographics, online challenges, and storytelling, to make AMR more accessible and engaging 

and improve understanding and management of antimicrobial resources. The iAMResponsible™ 

team developed a curriculum including eight, complete 1-hour lesson plans designed to integrate 

complex scientific topics into 3rd-5th grade elementary education within varied educational 

settings. Each lesson includes:  

• A detailed teacher’s guide for all the student activities and discussions,  

• A short video lesson,  

• A power point slide deck with additional visual aids for lesson components,  

• Instructions and material lists for one or more student activities or games related to the 

lesson materials,  

• Student worksheets for additional learning and assessment,  

• A link for a short instructor survey to provide feedback on the curriculum materials and 

observations of student learning. 



The curriculum components are publicly available via a link from the team’s website 

iamrproject.com. As a part of developing these materials iAMResponsible™ team members from 

the University of Nebraska-Lincoln delivered a one hour twice weekly summer school program 

for students who had recently finished 3rd grade using this curriculum.  

This reflection examines the experiences of curriculum designers and instructors during the first 

use of the materials to understand the efficacy of the curriculum to meet key learning objectives 

related to AMR. This case study reflection also examines the quality of student engagement and 

ease of use to instructors for interactive components developed in this curriculum, like animated 

videos and hands-on activities. All the data and insights presented in this paper are based on the 

perspectives and feedback provided by iAMResponsible™ team members who developed the 

curriculum, summer program instructor, student teaching assistants, and educational observers. 

While each lesson asks student participants to reflect and share their learning in their student 

materials, in the case study students were not required to turn in their reflections, thus all 

statements about student knowledge gains are based on instructor’s observations of student 

responses to discussion questions, group conversations, and the content of their story telling 

projects.  

Methodology 

This reflection examines the curriculum development and delivery through the lens of its 

designers and the experiences of graduate students who assisted as teaching aides. Qualitative 

case studies delve deeply into specific instances or experiences, often centering on an individual, 

group, or event [13]. This approach harnesses qualitative tools such as interviews and 

observations to collect comprehensive data, which encapsulates the subjective viewpoints and 

experiences of the participants [14]. The aim is to unravel the unique nuances and complexities 

of the case at hand, rather than extrapolate these findings to a broader audience. In this instance, 

the case study scrutinizes the reflections of those involved in an AMR awareness course, seeking 

to unearth crucial insights for the enhancement of future program iterations.  

Our assessment approach involves presenting open-ended questions to the summer course 

instructors and the course designers by interviewer Hector Palala and capturing responses in a 

conversational setting [13]. Notably, the subjects of the paper are also contributors to this case 

study reflection.  

The initial development and delivery of the program featured a varied group of participants. It 

consisted of the program development team, made up of individuals with extension appointments 

and backgrounds in public school systems. The team was further supported by three graduate 

students, who contributed as assistants to the instructor in the classroom. Among the 

development and delivery team, four members contributed significant observations to this case 

study reflection: Interviewee 1 was involved only in curriculum design, Interviewee 2 was the 

lead classroom instructor and was involved in curriculum design and revision, Interviewee 3, an 

education researcher was involved as a classroom observer during the delivery phase, and 

Interviewee 4 was one of the graduate student instructors. Student participants in one of the local 

elementary schools’ summer school programs were the student cohort for the first delivery of the 

microbiology program. Fifteen students participated, all after completing their 3rd grade year.  

http://www.iamrproject.com/


Following the interviews, the collected data was analyzed to evaluate qualitative reflections on 

the respective experiences of participants, particularly focusing on their involvement in either the 

creation or instruction of the course aimed at promoting AMR awareness. The insights obtained 

from these interviews provide valuable evidence for the development and delivery of future 

AMR awareness programs within educational settings. 

Findings 

The findings of this case study assessment reveal a well-considered, innovative curriculum 

development approach and opportunities for continued improvement for subsequent delivery of 

educational materials.  

 

Developing curriculum for student comprehension: Learning models employed. 

In developing the curriculum, the team employed expansive learning models designed to cater to 

the diverse needs of students. Expansive learning models incorporate active learning, 

storytelling, visual presentations, hands-on activities, and animations, all of which assist to 

contextualize microbiology, stimulate meaningful discussions at home, enhance parental 

comprehension, and foster positive attitudes toward the roles individuals can play in combatting 

the spread of AMR. 

Creating accessible learning materials: Games, animation, and demonstrations facilitate 

student engagement. 

The curriculum, Microbes: The Ultimate Survivors, integrates gamification and animation videos 

into traditional instructional styles. During its delivery, this approach yielded observable 

educational advantages, most notably in enhancing student engagement as reported by the 

summer school’s teaching staff. 

 

Based on the course creators’ previous experience in education, gamified components are one of 

the most effective ways to incorporate delivery of complex concepts, such as those found in 

STEM, to students. Indeed, during the course’s delivery, the instructors found that the inclusion 

of gamification was particularly effective in maintaining the interest of students who struggle 

with concentration, behavioral management, and retention. These observations align with 

previous studies which underscore the ability of gamified learning environments to greatly 

increase student motivation and engagement [15].  

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. “Race Against Superbugs” Part 8 of Sofi the Scientist video series. This animated 

series utilized narrative style, humor, and characters appropriate for student self-identification to 

engage students in complex concepts, such as in this example, how the overuse of antibiotics can 

lead to bacterial adaptation.  

 

However, course instructors’ observations were mixed. Reports were that video activities notably 

excelled in engaging participants. However, some hands-on tasks faced implementation hurdles, 

such as limited space, technical dependency, and time constraints. 

 

Engaging multiple learning styles: Promote participation and comprehension. 

The curriculum, Microbes: The Ultimate Survivors, utilized educational scaffolding, a crucial 

method for supporting diverse learning levels and promoting skill acquisition. Examples of this 

are opportunities for small groups and partner learning, student-led modeling and storytelling, 

and frequent alignment to background knowledge through metaphor and visual examples. This 

aligns with research observing improved problem-solving in scaffolded environments [16].  

Incorporating diverse learning approaches was another key aspect employed in the curriculum 

development and delivery. The curriculum catered to various learning styles through workshops, 

visual storytelling, discussion, and music, incorporating both visual and auditory methods 

(Figure 2). This aligns with the research on effective teaching-learning methods in different 

classroom environments [17]. 



 

Figure 2. Examples of curriculum components designed for multiple learning styles. Race to 

survive, a physical activity for learning about the immune system (above), and Microbe 

Jeopardy, a team-based quiz game at the end of the program (below). 

Building knowledge through repetition: Repeated AMR concepts instill foundational 

understanding. 

In examining the role of curriculum in AMR education, insights from structured interviews 

conducted in December 2023 were invaluable. Interviewee 3 highlighted the natural propensity 

of children towards absorbing new information, attributing it to their developmental stage which 

renders their minds more adaptable. They noted, “Children are in a phase of life where they are 

taking in a lot of information, and their minds are a bit more flexible.” This observation 

underscores the curriculum's strategic use of repetition to enhance knowledge retention 

concerning AMR, as depicted in Figure 4. Echoing this sentiment, Interviewee 1 emphasized the 

importance of repeated exposure to health messages from multiple sources for effective 

behavioral change. They suggested that impactful messaging requires that information be 



“received many times and from many directions to have behavioral change,” a principle that 

aligns with the curriculum's approach to teaching about AMR. 

 

Figure 3. Each lesson first introduces concepts in slides with vocabulary, emphasizing 

connections to previous knowledge. Vocabulary is then used in the lesson's video(s) and again in 

lesson activities to enhance understanding in context and provide repetition. 

By and large, these educational tools were effective for building basic microbiological 

knowledge in the first elementary cohort. During the first lesson, instructors observed student 

responses to questions about general microbiological concepts (relative size of microorganisms, 

types of organisms, potential habitats, etc.) and used this discussion as a base to understand 

knowledge gains. Student instructor, Interviewee 4, observed that by the end of the course 

students had achieved an "entry-level" understanding of microbiology, pointing out that during 

the Jeopardy game in lesson 8 most student groups correctly answered questions about types of 

microbes and helpful vs pathogenic effects that microbes can have. However, Interviewee 4 also 

emphasized that some of the complexities and nuances of AMR, such as the inefficiency of using 

antibiotic medication to treat viral infections and connecting microbial evolution to over-use of 

antibiotics, were less well understood by the students, creating potential areas for confusion. 

These challenges present opportunities for iterative improvements that account for team member 

observations and feedback provided in subsequent outings by non-team members. These insights 

enrich the understanding of engagement and learning styles, highlighting the potential for 

tailoring interactive approaches for better outcomes in the future. 



Developing student science-communicators: Narratives for learning, reinforcement, and 

dissemination. 

In previous community engagements, the iAMResponsible™ team applied the value of 

narratives and storytelling to communicate scientific topics to lay audiences in keeping with 

recommendations from communication research that concludes that narratives enhance 

comprehension by exploring cause-and-effect relationships [18].  

Recognizing the potential of storytelling in the youth educational context, the curriculum 

designed by the iAMResponsible™ team aimed to position students as pivotal communicators 

within their communities. As Interviewee 2 mentioned during the interviews, “...they [the 

students] are going to be the messengers that carry the message of AMR forward to their peers, 

into their homes, to their parents.” The curriculum incorporated storytelling elements in the form 

of narrative-based educational videos, retellings of student experiences, and humanizing 

pathogens in story building (Figure 5). 

 

Figure 4. Examples of the curriculum's utilization of storytelling elements. (Left) Discussion 

slides use human-scaling for pathogens to create context, (Right) narrative-based storytelling in 

student activities. 

Preparing the students to become the “messengers” to their communities required the ability to 

articulate the concept of AMR orally. With the goal of fostering communication skills, concept 

articulation, and necessary vocabulary, the curriculum included group discussion with “Heads 

Together” small group discussions, as well as the recuring review activity “Your Turn” (Figure 

7).  

Interviewees 2 and 3 reported observations of a rich environment of peer interactions fostered by 

the above activities and others. However, Interviewee 4 did not observe any substantial instances 

of peer-to-peer teaching of AMR concepts, though he was afforded an alternative perspective to 

observing peer-to-peer interactions than the primary instructor, Interviewee 2. However, 

Interviewee 2’s observations were based on instructing the full 8-lesson course while Interviewee 

4 assisted for four of those lessons. These differing observations highlight the need for further 

study of the curriculum in practice. 



Assessing instructor experience: Developing user-friendly materials.  

Curriculum development emphasized user-friendly materials such as pre-developed videos, 

activity materials, and a detailed teacher’s manual. In the initial development discussions, the 

team concentrated on crafting materials that non-expert instructors would find approachable and 

easy to use. Interviewee 1 highlighted the importance of user-friendliness given that the original 

creators wouldn't always be available to teach the class: "We were concerned because we weren't 

going to be teaching the class every time... it needs to be super, super user friendly." This 

emphasis on simplicity and minimal preparation time for teachers aligns with other researcher 

observations regarding the need for accessible educational resources [19]. 

The team conducted an initial internal testing session to walk through lesson delivery and 

instruction with the undergraduate students participating as classroom assistants. These sessions 

also allowed the designers to observe and adjust the curriculum to meet the needs of instructors 

who were not involved in the initial design process. One major component which was identified 

during the preparation period was the need for a visual presentation to follow along with the 

classroom instruction, which would support the text in the teacher outline and allow for a single 

file which included video links, activity descriptions, and other visual demonstrations into a 

PowerPoint presentation for each lesson (see Figure 6). 

Figure 5. Excerpt from Lessons 1 and 2 of the Instruction PowerPoint Presentations which 

introduce a student activity from the student worksheets (left) and a “Heads Together” small 

group discussion (right). 

Moreover, the team continued to improve the curriculum materials to meet instructor needs 

during the pilot summer program. Classroom observers noticed a gap in the curriculum regarding 

student recall of past lesson concepts that was hindering long-term concept retention. As such, 

instructors revised the curriculum to include various review elements including peer-led class 

reviews, gamified reviews, and heavy use of visual learning (Figure 7). After the inclusion of 

these elements, Interviewee 2 stated, “The lesson reviews worked wonders, helping the students 

connect the dots between one lesson and the next. This was one of the reasons, I believe, the 

course was so successful in building the concept ladder from ‘What is a Microbe?’ to ‘What is 



AMR?’.” Interviewee 1 felt that the adjustments made to improve instructor experience were 

positive, and illustrated why continued success of the program would require feedback from 

subsequent classroom instructors, “I’m glad we were able to make that pivot quickly... it was one 

of the reasons we included lots of opportunities for users to submit feedback through the online 

platform, but we haven’t had any outside user feedback yet...we will have to get more creative 

with how we connect with classroom instructors who are not iAMResponsible team members.” 

Figure 6. Examples of lesson review activity. The teacher’s manual outline includes space for 

review of previous materials in lesson plans. 

Furthermore, during the creation process, the curriculum's creators identified socioeconomic 

accessibility factors as a high priority. Interviewee 2 articulated this commitment in the 

interviews, expressing a desire for widespread accessibility: "We wanted to make it available to a 

diverse audience...we wanted to make it as affordable as possible, so that the expense is not a 

barrier in its [the curriculum’s] ability to be used." In alignment with this vision, the curriculum 

was designed to be freely accessible, with activities crafted to minimize costs. Interviewee 1, 

providing further details during the interviews, estimated the expense for materials at about 

$100.00 US dollars for a standard class size of 25-40 students. They noted that many of these 

materials are readily available in typical school, household, and art supply settings. 

Considering diversity: Emphasizing diverse populations and perspectives in teaching. 

Microbes: The Ultimate Survivors embraced diversity and inclusion as core principles, aligning 

with work on communicative literacies in K-12 engineering education. Previous work has 

identified issues of access for underrepresented populations in engineering as one of the core 

themes for improving engineering education [20]. 

The team’s emphasis on inclusion is evident in the deliberate portrayal of characters within the 

educational materials. As noted during the post interviews discussion, Interviewees 1 and 2 

shared their vision which involved showcasing a variety of different people from different races 

and ethnicities in the animations and videos. They were conscious about ensuring that the 

characters in the videos would not only represent a single demographic but wanted to create 

characters with whom everyone in the audience could relate. 



Figure 7. Example of diversity in the curriculum's design. Sofi meets Alan in the second 

instalment of the ‘Sofi the Scientist’ series: What Are Pathogens and How Do We Stop Them 

from Making Us Sick? (From https://www.youtube.com/watch?v=4.) Sofi, the protagonist of the 

Sofi the Scientist video series, was designed to be ethnically ambiguous. While Alan, another 

protagonist in the series, was designed with less ambiguity but with the history of East Asian 

stereotypes in mind. Alan possesses a lighthearted, jock personality and fills the role of the 

learner.  

This aligns seamlessly with the growing emphasis on representation in educational resources and 

gamified learning experiences [15]. By celebrating diversity through its characters, the project 

not only fosters a sense of belonging and cultural awareness, but also empowers young learners 

to see themselves reflected in the world around them, potentially boosting engagement and 

fostering a more inclusive learning environment. This emphasis on representation stands as 

another testament to the project's well-rounded approach to education and solidifies its potential 

to inspire and educate young minds effectively.  

Conclusions, Implications and Future Directions 

This reflection yielded several notable conclusions about the curriculum's development and 

potential impact. Firstly, collaboration among the multidisciplinary team enabled the 

incorporation of diverse abilities into an engaging curriculum that resonated with elementary 

students. Various teaching techniques were integrated to appeal to different learning styles and 

maintain student interest. The curriculum incorporates adaptability to diverse backgrounds and 

educational contexts and ease of implementation for educators. These strengths underscore its 

future promise as a user-friendly tool to educate elementary school students on issues related to 

antimicrobial resistance.  

https://www.youtube.com/watch?v=4


The study team acknowledges limitations in the curriculum’s development process and 

evaluation. Assessing the curriculum's long-term success is a complex problem for educational 

programs of this kind to demonstrate linkages between the program and behavioral change. 

Similarly, evaluating the curriculum's impact on student interest in STEM fields across different 

educational contexts continues to be an evolving process with gaps to be addressed through 

future research. The team identified two groups of potential participants which should be 

included in subsequent assessments of curriculum delivery to explore and more fully understand 

educational impacts: students and regular classroom teachers. This initial offering was part of a 

summer school, but subsequent offerings in classroom settings should incorporate feedback from 

the students’ regular classroom instructors. The curriculum, as originally designed included a 

link to an online form where instructors could provide feedback on their experiences using the 

materials and, on their students’, learning of the materials based on aggregate performance in 

graded materials and end-of-program questionnaire. However, as of this writing the team has not 

received input from curriculum users who were not iAMResponsibleTM team members. As a 

result, the development team is pivoting to scheduled phone interviews and hopes to have more 

rigorous feedback on instructor experience and student learning, based on further classroom 

observations and on reported student performance.  

The design and delivery of this elementary level program on microbiology and antimicrobial 

resistance was deeply considered and creatively constructed. The program goals of substantially 

increasing 3rd-5th grade students’ knowledge of microbiology and awareness of AMR are lofty 

and some were met by this first delivery of the program, but opportunities for refinement remain. 

The authors and program participants clearly envision the product (the publicly available lesson 

plans and materials – Microbes: The Ultimate Survivors) to be iterative in nature and look 

forward to its wide-ranging use and evolution across a diverse educational landscape.  

 

References 

[1] R. Laxminarayan, D. Sridhar, M. J. Blaser, M. Wang, and M. E. J. Woolhouse,                                         

“Achieving global targets for antimicrobial resistance,” Science, vol. 353, no. 

6302, pp. 874–875, Aug. 2016, doi: 10.1126/science.aaf9286. 

[2] M. Zelt and A. Millmier-Schmidt, “The?IAMResponsible?ProjectTM: Building a 

communication network to motivate broad action on antimicrobial resistance?,” 

2020 ASABE Annual International Virtual Meeting, July 13-15, 2020, Jan. 2020, 

doi: 10.13031/aim.202001042.  

[3] E. Castro-Sánchez, P. Chang, R. Vila‐Candel, Á. A. Escobedo, and A. Holmes, 

“Health    literacy and infectious diseases: why does it 

matter?,” International Journal of Infectious    Diseases, vol. 43, pp. 

103–110, Feb. 2016, doi: 10.1016/j.ijid.2015.12.019. 

[4] S. W. Olesen, M. Lipsitch, and Y. H. Grad, “The role of ‘spillover’ in antibiotic 

resistance,” Proceedings of the National Academy of Sciences of the United 



States of America, vol. 117, no. 46, pp. 29063–29068, Nov. 2020, doi: 

10.1073/pnas.2013694117. 

[5] M. Marvasi, L. Casillas, A. Vassallo, and D. Purchase, “Educational activities for 

students and citizens supporting the One-Health Approach on antimicrobial 

Resistance,” Antibiotics, vol. 10, no. 12, p. 1519, Dec. 2021, doi: 

10.3390/antibiotics10121519. 

[6] K. N. Timmis, “A Road to Microbiology Literacy (and More): an Opportunity for 

a Paradigm Change in Teaching,” Journal of Microbiology & Biology Education, 

vol. 24, no. 1, Apr. 2023, doi: 10.1128/jmbe.00019-23. 

[7] B. Appiah et al., “The impact of antimicrobial resistance awareness interventions 

involving schoolchildren, development of an animation and parents engagements: 

a pilot  study,” Antimicrobial Resistance and Infection Control, vol. 11, no. 1, 

Feb. 2022, doi: 10.1186/s13756-022-01062-6. 

[8] A. Molnar and I. Molnar, “Learning Theories in games that Teach Responsible 

Antibiotic Use: A Literature review,” Sustainability, vol. 15, no. 5, p. 4643, Mar. 

2023, doi: 10.3390/su15054643. 

[9] D. Scalas et al., “The Microbiological@mind project: a public engagement 

initiative of Turin University bringing microbiology and health education into 

primary schools,” International Journal of Antimicrobial Agents, vol. 50, no. 4, 

pp. 588–592, Oct. 2017, doi:  10.1016/j.ijantimicag.2017.05.008. 

[10] M. J. Fonseca, C. L. Santos, P. Costa, L. Lencastre, and F. Tavares, “Increasing 

Awareness about Antibiotic Use and Resistance: A Hands-On Project for High 

School Students,” PLOS ONE, vol. 7, no. 9, p. e44699, Sep. 2012, 

doi:10.1371/journal.pone.0044699. 

[11] D. Ashiru‐Oredope et al., “Development of and user feedback on a board and 

online  game to educate on antimicrobial resistance and stewardship,” Antibiotics, 

vol. 11, no. 5, p. 611, May 2022, doi: 10.3390/antibiotics11050611. 

[12] A. Tarín-Pelló, E. Marco-Crespo, B. Suay-García, C. Galiana, J. I. Bueso-Bordils, 

and M. T. Pérez‐Gracia, “Innovative gamification and outreach tools to raise 

awareness about antimicrobial resistance,” Frontiers in Microbiology, vol. 13, 

Sep. 2022, doi:10.3389/fmicb.2022.977319.  

[13] S. B. Merriam, “Qualitative Research and Case Study Applications in Education. 

Revised and Expanded from ‘Case Study Research in Education.’.” 

https://eric.ed.gov/?id=ED415771 

[14] J. W. Creswell and C. N. Poth, Qualitative inquiry and research design: Choosing 

Among Five Approaches. SAGE Publications, 2016. 

https://eric.ed.gov/?id=ED415771


[15]  J. F. Vermeir, M. J. White, D. Johnson, G. Crombez, and D. Van Ryckeghem, 

“The Effects of Gamification On Computerized Cognitive Training: Systematic 

Review and Meta-Analysis,” JMIR Serious Games, vol. 8, no. 3, p. e18644, Aug. 

2020, doi: 10.2196/18644. 

[16] I. Scheel, G. Verdi, and L. Letaw, “Novel multimodal framework for embedding 

social justice education in technical engineering coursework,” Aug. 23, 2022. 

https://peer.asee.org/novel-multimodal-framework-for-embedding-social-justice-

education-in technical-engineering-coursework 

[17] T. Shukla, D. Dosaya, V. S. Nirban, and M. P. Vavilala, “Factors Extraction of     

Effective Teaching-Learning in online and conventional classrooms,” 

International Journal of Information and Education Technology, vol. 10, no. 6, pp. 

422–427, Jan. 2020, doi: 10.18178/ijiet.2020.10.6.1401. 

[18] M. F. Dahlstrom, “Using narratives and storytelling to communicate science with 

nonexpert audiences,” Proceedings of the National Academy of Sciences of the 

United  States of America, vol. 111, no. supplement_4, pp. 13614–13620, Sep. 

2014, doi: 10.1073/pnas.1320645111. 

[19] M. A. Fuentes, D. G. Zelaya, and J. W. Madsen, “Rethinking the course syllabus: 

Considerations for promoting equity, diversity, and inclusion,” Teaching of 

Psychology, vol. 48, no. 1, pp. 69–79, Sep. 2020, doi: 

10.1177/0098628320959979. 

[20] K. N. Silvestri, M. E. Jordan, P. Paugh, M. B. McVee, and D. L. Schallert, 

“Intersecting Engineering and Literacies: A review of the literature on 

communicative literacies in K-12 engineering education,” Purdue e-Pubs. 

https://docs.lib.purdue.edu/jpeer/vol11/iss1/1/ 

 

https://peer.asee.org/novel-multimodal-framework-for-embedding-social-justice-education-in
https://peer.asee.org/novel-multimodal-framework-for-embedding-social-justice-education-in
https://docs.lib.purdue.edu/jpeer/vol11/iss1/1/

