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Introduction
Antibiotic resistance is a major worldwide public health threat (World Health Organisation, 2014). Annually, 700,000 people die from antibiotic-resistant infections, and it is estimated that by 2050 this could reach 10 million deaths a year if no action is taken (O'Neill, 2016). 
There are a number of reasons why antibiotic resistance occurs (World Health Organisation, 2015). Overuse and misuse of antibiotics, and poor hygiene and infection control, that both facilitate resistance, can be reduced through appropriate education. Indeed education is a key part of the UK Department of Health Five year Antimicrobial Resistance Strategy 2013-2018 (Department of Health, 2013). By educating both professionals and the public, we can begin to address these issues and contribute to slowing the continuing emergence of antibiotic resistance.
Young people are our future generation of antibiotic users and prescribers. In addition, young people aged 15-24 years are four times more likely to take antibiotics that were not prescribed for them, than people over the age of 25 (Public Health England, 2014). Instilling important health messages around antibiotic use and hygiene at a young age can set healthy behaviours for life. By targeting young people we can also potentially reach other family members as the messages can be taken home from schools and passed to others in the household. e-Bug is one such programme which educates young people on the important messages around antibiotics (McNulty et al., 2011).
e-Bug, operated by Public Health England, is a health education resource for children and young people, ages 4-18 years, that teaches about hygiene, infection, vaccinations and antibiotic resistance. The e-Bug resources include teaching materials for use in the classroom, such as lesson plans, worksheets and activities, as well as student websites which contain games, revision guides and other materials for students to use at home. e-Bug works with partners in 26 different countries across the world and the resources are available in 23 different languages. All the e-Bug resources are freely available at www.e-bug.eu for educators and students to download. Many of the e-Bug resources have been evaluated and found to significantly improve knowledge in young people (Hale et al., 2017; Hawking et al., 2013; Lecky et al., 2014; Lecky et al., 2010; Young et al., 2017).
The e-Bug Antibiotic Resistance debate kit is part of these resources for young people. It was developed in collaboration with I’m a Scientist, an organisation which runs science outreach events such as online debates with scientists, and develops educational debate kits for use in schools. The aim of the debate kit is to stimulate interest and discussion, about antibiotics, antibiotic use and antibiotic resistance and to increase knowledge of intentions to use antibiotics more appropriately.
The debate kit was launched on the e-Bug England website in 2014, to coincide with European Antibiotic Awareness Day. The debate kit is aimed at students aged 11 and over and is available for download from both the e-Bug teacher webpages and the e-Bug student webpages. In the first two years of launch the activity had been downloaded 739 times with 3332 webpage views. The e-Bug team have also distributed hardcopies of the debate kit at conferences and events. The debate kit is also available for download from the I’m a Scientist webpage, where teachers can also request a hard copy be sent to their school or collect at I’m a Scientist events.
The aim of this study was to investigate the ability of the debate kit to increase knowledge and awareness of antibiotic and antibiotic resistance in secondary school students aged 13-16 years. The study also looked at whether the effectiveness of the kit differed by gender, school type and location of the school. In addition, student and teacher views and opinions on the debate kit were gathered, to inform on any improvements or modifications that could be made.

Methods
Ethics
Ethical approval for the study was granted from the University of the West of England’s Faculty Research Ethics Committee. 
School recruitment
Secondary schools in three regions across South West England were recruited through convenience sampling  to participate. Schools were purposively selected to recruit a range of school type, in rural and urban locations. Schools were approached via letter, email, and phone call to describe the study in more detail. Seven schools ( 5 rural, and 2 city) agreed to participate. Three private schools, three state comprehensive schools and one University Technical College took part.
Lesson delivery
[bookmark: _Hlk4516784]The e-Bug Antibiotic Resistance debate lesson was delivered in schools by a researcher (MB) in June and July 2016. The lesson was delivered to students in Years 9 and 10, ages 13 to 16 years. The lesson began with a short introduction on antibiotics and antibiotic resistance. Students were then split into groups of 4-6 to use the antibiotic debate kit. The Antibiotic Resistance debate kit focuses around the question: “Should the NHS tell GPs to give back-up prescriptions instead of immediate antibiotics wherever possible?” and includes 8 character cards each with different professional roles, who express different opinions on the topic.  Each student in a group was given a different character card, and asked to take on that persona, presenting their character’s persona and opinions to the group. This included the character’s background and opinion on the topic, a fact around the topic and an issue the character faces. Students were then asked to discuss the questions about antibiotic use and resistance on the bottom of each character card. Through the different characters students questioned and discussed the wider facts, myths and issues relating to antibiotic resistance stated by each persona or on the card, including:  the relationship of antibiotic use to resistance, use of antibiotics in animals, activity of antibiotics against bacteria and viruses such as the common cold,  carriage and transmission of antibiotic resistant bacteria.  Each group fed back their discussions to the rest of the class and voted (if time allowed) whether they considered that “Should the NHS tell GPs to give back-up prescriptions instead of immediate antibiotics wherever possible. »
Data collection 
Students were asked to complete a knowledge questionnaire before the lesson began and again immediately after the lesson. The questionnaire included true/false, multiple choice and open ended questions around the topic of antibiotics and antibiotic resistance. The questionnaire was based on e-Bug evaluation questionnaires used in previous studies (Hale et al., 2017; Young et al., 2017). A copy of the questionnaire is included in Appendix 1. 
Data on students’ enjoyment of the session was collected through Likert scale and open ended questions regarding students’ opinions on the lesson and suggestions for improvement completed immediately after the lesson (Appendix 1).  
Qualitative data was also collected from teachers who observed the lesson through brief interviews. Five teachers took part in the interviews and the data was recorded through researcher notes. The interviews explored teachers’ opinions on the lesson, how well they felt students engaged with the lesson and their suggestions for improvements.
Data analysis
All questionnaire data was entered into Excel. Knowledge data were imported into STATA version 14.2 for analysis. There were 17 knowledge questions, the first fourteen of which were true/false with the last three being multiple choice. Questions for which there were no responses were treated as missing and excluded from the analysis. Question 10 was not analysed, as a minor typographical error was introduced into the final statement, making it open to misinterpretation.  Mixed effects regression with student as the random effect and period (before/after using the debate kit), region, school type and gender as fixed effects and, where necessary, McNemar’s test, were used to address the study aim. Each of the 16 questions and the derived percentage variable were analysed separately. When the outcome was binary, the regression model used was logistic and for the percentage outcome variable it was Normal linear. 
For both sorts of regression, the following modelling procedure was adopted, wherein 5% was taken as the significance level with p-value obtained from the Wald test. Two initial models were formed, each by a three-way interaction, a two-way interaction and their lower order terms. Both of these interactions involved period, the latter either with region (first of the two) or school type (second), while the former was with the remainder of school type, gender and region. These two initial models were simplified in a stepwise manner according to the significance of the interactions and the simplest convergent model reported in which all interactions were significant and produced meaningful results, if any. Where more than one interaction was significant in a model, the p-values were obtained from that model while the ORs and the CIs were obtained from two simpler models each with just one of the two interactions, with the variable in the other interaction as purely a main effect. A measure of association (odds ratio (OR) for binary outcomes and percentage change for percentage outcome), together with the 95% confidence interval (CI) was obtained from either the model or the concordancy table, as appropriate.
Themes arising from the teacher interviews were summarised into a short report with quotesResults
235 students took part in the study across the 7 schools, and 235 completed the survey; nearly all completed all before and after questions with 227-235 answering each question.  Five teachers were interviewed after the session, one from five of the schools who participated.
Quantitative results – students
The results for the true/false and multiple choice questions (Questions 1-17) are shown in Table 1. For the majority of questions there was a significant improvement in knowledge after the debate lesson, as indicated by a p value of <0.05. For example, with the first question “Antibiotics can cure the common cold”, students had over 7 times higher odds of answering correctly after the lesson. One of the largest improvements in knowledge was for question 4, “Only certain types of bacteria can become resistant” (false), with students over 16 times higher odds of answering correctly after the lesson. Other questions with great improvement in knowledge included the question “antibiotics can be used as painkillers” false; with correct answers going from 51 to 80%, and “Antibiotics don’t harm good bacteria”, with correct responses going from 64 to 87%. In the free text 148 students, (63%) reported that antibiotics killed bacteria before the session and this increased to 212 (90%) after. Only one (0.5%) student reported yes that they knew what a back-up antibiotic prescription was before the lesson and were able to explain this in the free text answer, this increased to 136, (58%) after the debate.  
For a number of the questions in Table 1, knowledge change differed significantly between one or more of gender, school type and region. For example, in question 5 “Farm animals use the most antibiotics”, students from state secondary or university technical colleges demonstrated a significant improvement in  knowledge, whereas students from private schools had a slight decline in knowledge that was not significant.
For questions 15 and 16, all students answered correctly after the lesson and so an odds ratio value could not be estimated.
[Insert Table 1 here]
Qualitative results – students
Likert scale questions were used to assess students’ enjoyment of the debate session, as well as their opinion on the importance of antibiotic resistance and back-up antibiotic prescriptions. On average students scored their enjoyment for the session as 7.13/10 and rated the importance of antibiotic resistance as 7.99/10. Responses to the Likert scale questions are shown in Figure 1. [Place Figure 1 here]
Students were asked what they enjoyed most about the debate session. 217 students answered and 59 responded taking part in group discussions and 46 the character cards. Other commonly occurring responses were learning new things (41) and the debating aspect (36).
When commenting on aspects they least enjoyed about the session, the majority of students (129) either left this question blank or said there was nothing they did not enjoy about the session. 14 students mentioned too much text to read on the cards, and 10 taking part in the debate. However, only 10 students mentioned the debate in a negative connotation, as oppose to 36 students who enjoyed this aspect of the session. Suggestions for improvements included an accompanying PowerPoint or video with more interactivity, and more character cards.
Qualitative results – teachers
Of the five teachers interviewed after the lesson, two had heard of e-Bug prior to the study, but none had previously used the materials. The majority of teachers thought that their students engaged well with the session. One teacher thought a small number of students did not engage well, however this school ran the session as an after school lesson and therefore the setting did not reflect a normal day-to-day lesson. Almost all teachers described running debates in their school ‘occasionally’ and all thought the e-Bug antibiotic resistance debate was useful for their students and would consider running it again. Suggestions for improvements included voting in class, reducing the amount of text on the cards, an accompanying PowerPoint presentation, and a worksheet for students to write down their ideas.
Discussion
Summary of results
The results from student knowledge change questionnaires suggest the e-Bug antibiotic resistance debate kit is able to improve knowledge in students aged 13-16 years about antibiotics, their activity and the use of back-up antibiotics. Knowledge improved around a variety of issues, including misconceptions around antibiotics curing the common cold or being used as painkillers, as well as antibiotic resistance and which bacteria can develop resistance. Students were positive about the lesson and the use of back-up/delayed antibiotics.
When comparing the knowledge change between gender, school type and region, it can be seen that there is no notable difference between these variables. For question 5, state secondary schools and university technical colleges had a greater knowledge change compared to private schools, however this was not replicated for other questions. Likewise with gender and region, where certain questions showed a greater knowledge improvement for one variable over the other, but no theme was replicated across multiple questions. Therefore the results suggest that the debate kit was able to improve knowledge for all students who took part in the study. Differences between school type and regions may be due to previous coverage of the topic in those schools. 
Strengths and limitations of the study
235 students took part in this study from seven schools of differing types and locations. Therefore data was collected from a wide range of students. Delivery of the lesson by one researcher ensured a consistent teaching approach was used across the different schools; however this may not reflect a day-to-day lesson given by the normal teaching staff. Having an external visitor deliver the lesson in school could have increased student interest and attention to the lesson. In addition, one school ran the lesson as an after school session which could have affected student perceptions on the lesson. The debate kit was evaluated over two year groups, with an age range of 13 to 16 years, so results may not be transferable to other age groups, as knowledge gain may be greater in younger students, or less in older students.  However older students over 16 years may find the debate more interesting as they are learning to self -care, and visit the health professional more often without a parent or guardian.  As the debate kit is designed for a wider age range, it would be useful to evaluate it in younger and older students, or even in the community or under graduate students, as we have had anecdotal feedback to say the resources would be useful in pharmacy, nursing and medical students, and community groups. The results showed an increase in knowledge before and after the lessons, but the debate question asking if GP staff should use back-up prescriptions were only used after the lesson, so we cannot know if opinions had changed. However we do know that only one student answered that they knew  a back-up antibiotic was before the lesson. All the classes that did vote on the debate question with a show of hands had a majority indicating that GP staff should use back-up prescriptions wherever possible. Their main reasoning was that the students would prefer potentially a few days of discomfort before taking the antibiotics to bacteria becoming resistance due to over and improper use.   Unfortunately we do not know about long term knowledge retention as it was not possible to do long -term follow up as students were not available to the researcher at a later date. A few questions may have been misinterpreted by students leading to higher or lower results than expected.  For example over 94% of males answered question 11 (“People can carry antibiotic resistant bacteria without symptoms”) correctly before the lesson which is very high. This maybe that they did not understand the phrase “without symptoms” or missed the word as it appeared on its own on the second line. The learning for this question and question 8 on carriage of resistant organisms was only on one of the character cards and the wording was not exactly as in the question.  If not all the cards were discussed fully by participants, and/or the facilitator did not discuss fully all the facts in the debate cards, less able pupils may not have been able to interpret the questions correctly. 

Comparison to other literature
The I’m a Scientist company who developed the debate kit in collaboration with e-Bug undertook a short teacher evaluation of the Antibiotic Resistance debate kit between September 2015 – November 2015 (I'm a Scientist, 2015). A random sample of 100 teachers who had requested a hard copy of the debate kit was asked if they had used it. From those who responded 33% (20/61) said they had used the debate kit with their students. In a larger survey of all teachers who had requested the debate kit, 51 teachers who had used the debate kit completed feedback questions. Of these 65% of teachers had used the kit more than once and 94% planned to use it again in the future. 63% rated the debate kit overall as ‘excellent’, with the remaining 37% rating it as ‘pretty good’. All teachers said that their students were now more aware of the issues surrounding antibiotics. These results are similar to those we obtained in this study, with all teachers interviewed saying they thought the kit was useful and that they would consider using it again.
Other studies have also assessed the use of debating as an educational tool. Koklanaris et al. compared teaching through lectures with teaching through debates and found that students who took part in debates had a higher knowledge gain compared to those who attended lectures on the same topic (Koklanaris et al., 2008). This suggests students learn more effectively through active participation rather than passive learning.
The majority of published studies around debating have investigated the benefits of competitive debating and debating teams, however the study by Kennedy evaluated self-assessed knowledge change following an in-class debate with university students training to be teachers (Kennedy, 2009). Over half of the students were nervous about taking part in the debate, but following the debate 86% said they would consider using debating as a teaching method with their students. Participants reported an increase in knowledge following the debates.
In a 2005 study, debating was evaluated in a secondary school in London with students aged 12-15 years through questionnaires and interviews (Jerome, 2005). As with our study, these students enjoyed taking part in a debate with most citing the opportunity to develop skills and build confidence as the main reason. Teachers interviewed in this study also spoke positively about debating.
Future work 
[bookmark: _Hlk4613458]Student and teacher feedback suggests the e-Bug Antibiotic Resistance debate kit was received well and that the lesson was enjoyed by those who took part. Suggestions for improvements included an accompanying PowerPoint presentation and worksheet for students to record notes and ideas. These modifications will be made and the materials made available on the e-Bug website for educators to use. With debating now included in the England National Curriculum for Citizenship and English, it is likely to become a more popular learning tool in schools for a range of subjects. Future work could look more broadly at the use of debating in schools, investigating not just knowledge change, but also behaviour change as a result. When using the resources to maximise learning the educators should give an introduction to the session about antibiotic resistance including  the meaning of any difficult concepts such as without symptoms, and carriage. Educators should also try to ensure all the cards and their content are discussed fully in the class.  It would be useful to provide a short questionnaire with the debate kit, so that educators or community leaders can assess knowledge and intentions changes after its use.
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