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Abstract (max 300 words)
Interactive digital technologies have begun to be an increasingly important tool within Higher Education (HE). One example of such technology is that of e-learning, particularly with the growing interest in Massive Open Online Courses (MOOCs). Prospective students would have the benefit of utilising MOOCs to explore potential pathways and subjects’ areas, with Physiology chosen to be developed into a MOOC to raise the profile with a view to improving recruitment into Physiology or Physiology related study pathways.  The course was created in 2017 and to date, 17,986 individuals have enrolled onto the course with an average rating of 4.7 out of 5 stars. Upon reflection, the MOOC reached some of the target audience however, the majority appeared to be those who were in employment and were utilising the resource to enhance their learning. Lessons learnt from the development and implementation of the MOOC include the importance of collaboration and partnerships, particularly with the target audience, to ensure the course is fit-for-purpose. In addition, the planning of the MOOC itself was found to be of great importance, the team discovered the importance of utilising storyboards to develop the scripts and interaction opportunities as well as ensuring the inclusion of demonstrations and animations to help learners visualise key concepts and essential information. Whilst the initial ambition for the Physiology MOOC was targeted at a younger demographic, in preparation for their journey into further or higher education, and potentially a career in the discipline, these data indicate limited impact in this regard. Potential reasons for this could be the platforms to which the MOOC was promoted, the target audience may be better reached through promotion in schools and colleges, there may also be a lack of awareness of the platform within this population. Although it is questionable as to whether a MOOC is the most appropriate vehicle for this purpose, the evidence suggests that a large number of learners across the demographic spectrum benefitted greatly from the learning materials and evaluated them highly.


Background
Interactive digital technologies are an increasingly important tool within Higher Education (HE) 1. Extensive discussion has occurred surrounding the potential to utilise these emerging technologies to allow students with different backgrounds, attributes and skillsets to be able to access courses 2. One example of such technology is that of e-learning, particularly with the growing interest in Massive Open Online Courses (MOOCs) which has the potential to reach prospective students on a global scale. MOOCs are a large-scale, inclusive programme that is delivered online using various platforms such as FutureLearn, Coursera and edX. Much of the current literature surrounding MOOCs focuses on the “global reach” with much less discussion on the potential implications of utilising MOOCs to prepare prospective students for university3. MOOC research is still in its infancy, yet the potential to promote inclusivity and widen access to HE through this technology is beginning to be explored 4. 
With the recent COVID-19 pandemic, education moved to having a more virtual approach with online learning being the only viable option5. For those students who were not prepared for more independent learning due to the nature of their course, this move to online learning saw a decrease in engagement with the course6. Pre-pandemic, reports of learner retention on MOOCS state that retention rates were less than 10% 7. During the pandemic, whilst there was a substantial increase in the number of MOOCs created and in enrolments, it is unclear whether this has impacted retention rates 8 Numerous factors have been found to affect student engagement, social interaction through discussion forums being found to be of particular importance and the use of “nudging strategies” through video-based learning to encourage this peer interaction 9. . Furthermore, shorter videos were found to be more engaging with 6 minute time-frame appearing to be the optimal video length with PowerPoint slides being found to be more effective 10.  Furthermore, the presence of a lecturer within videos created a sense of social presence and therefore increased learning performance10.  In addition, interaction with the instructor has been found to be one of the biggest influences on MOOC retention rates as well as expectations of the instructor prior to starting the course such as reviewing online reviews11. During the pandemic, these factors were still found to affect retention, with a blended learning approach being recommended as the best method of education delivery going forward, to be able to keep the accessibility benefits but to reduce poor engagement 11. It has also been found that, with the correct resources, MOOCs are as valuable as face-to-face teaching for learners, with 95% of participants stating that they would enrol in other MOOCs to acquire new knowledge, following the emergency use during the pandemic 12. 
Currently, the majority of those who are utilising MOOCs appear to be those who are already educated and simply want to expand their knowledge 13. MOOC Platforms such as edX and FutureLearn have both announced initiatives to focus the development of courses that are to be aimed at high school students 14,15. Potential benefits for high school students accessing MOOCs include preparation for examinations, to get a feel of an institution, to explore potential pathways and subjects, to interact with students from different backgrounds and to have a head-start in subject knowledge to be able to perform better at university 16. This would suggest a rationale to design a MOOC to enhance subject knowledge of prospective students and to improve recruitment onto low enrolment study pathways. 
Design and Implementation
There was found to be a significant lack of physiology content both in GCSE and A-Level specifications in the UK. Furthermore, physiology is a much less defined sub-discipline of biology than its counterparts. Working with The Physiological Society, the University of Liverpool intended to develop a three-week MOOC to support learning of the subject in schools and further education, tailored towards 16–19-year-old A-Level students, to be available as a blended learning resource, and to raise the profile of Physiology with a view to improving recruitment into Physiology or Physiology related study pathways.  
The platform chosen for the MOOC was FutureLearn, created in 2012 by the Open University, which delivers a multitude of courses in partnership with universities across the UK, and it is the most favoured platform for Universities in the UK to deliver MOOCs 17. The course was named “Physiology: The Science of Life” and although specifically targeted at recruiting 16–19-year-old learners, it was open to people of all ages and educational backgrounds. The content and accessibility of MOOCs is important, to increase engagement, enhance learning, fulfilment, and interaction with the course materials. For this MOOC, with it targeted specifically at a younger demographic, and the Physiological Society keen to use this as a resource for recruitment into the discipline, the first point of call was to look at the A-Level syllabi to help shape the course content. Subsequently, scripts and storyboards were carefully created and reviewed in collaboration with students and stakeholders, to ensure that the content was engaging and fit for purpose. The course runs for a total of three weeks and offers an interactive opportunity to develop understanding of how the body works, focusing on the cardiovascular, respiratory, and nervous systems, with links to real life applications and careers in Physiology. A targeted recruitment strategy was developed to promote the MOOC, to attract younger learners who often feel underprepared for university study 18 via a marketing plan including social media channels, School and Governor networks, the Physiology Society UK web site, and University of Liverpool outreach contacts. Registration information and an outline of the course was provided, ensuring prospective learners had relevant information to hand. Course materials were initially ‘tested’ on a convenience sample of secondary school learners, to ensure that the content was in a suitable format and accessible to the target market. The feedback gained was beneficial in ensuring the material was ‘pitched’ at the right level for the intended audience.
With MOOCs having the potential for low engagement, promoting interaction throughout the course was carefully considered. Course materials were crafted in collaboration with colleagues from the University of Liverpool, The Physiology Society UK, subject matter experts, secondary level teachers, digital educationalists and learners. Active learning was a key element of the educational approach taking the learning process beyond simply listening to lectures and passive note taking to active engagement with course materials in order to deeply embed knowledge and understanding 19.  Consequently, materials comprised of educational videos, career case studies, quizzes, interactive tasks, articles, and online discussion boards. One key ambition was to encourage data handling, and this was promoted by learners (who were physically able) being encouraged to undertake an exercise test, the Harvard Step Test, and then to add their results to a shared Google Document, which provided an opportunity for the learners to anonymously compare their results to those of the same cohort.  Likewise, the quizzes included some data interpretation questions, which tested learners understanding of key concepts and principles. At the end of each week there was a review and ‘wrap up’ to allow those taking the course to reflect and check their understanding.
The course was created in 2017 and has had a total of five iterations. The first three were much more ‘hands on’ and had engagement from facilitators of the programme. The more recent iterations, which ran in 2020 and 2022, were treated as a more “on-demand” course with reduced interaction from the facilitators, affording much more flexibility when compared to the first three iterations which had specific time constraints regarding course delivery. To date, 17,986 individuals have enrolled onto the course. The course also currently has 22 reviews, standing at an average of 4.7 stars out of 5. Information on those who entered the course included demographical data such as age, gender, nationality, education level, employment status and sector, achievement levels on the quizzes that were part of the course, the engagement of the learners with the educational videos including information on whether they were fully watched, finally, comments and feedback from the learners in both the comments section of FutureLearn and through pre and post surveys were also collected. However, response rates for the surveys were low and generally below 10%. 
Reflections
As this MOOC was targeted towards those who are currently completing their GCSE’s and A-Levels, which was a different approach to previous MOOCs which tend to be targeted and utilised by those who are already in employment or by those who are retired and wish to expand their knowledge, there has been a number of lessons learnt in both the creation and implementation of the Physiology course. 
Participants
As previously stated, the target audience for the MOOC was the 16 – 19-year demographic of GCSE, A-level and equivalent level learners. The aim was to support and enhance learning opportunities in Biology specifically focused on Physiology, which in turn, it was hoped, would enthuse learners to pursue the Physiology discipline in their higher education endeavours. Over the period the MOOC has been running there was an increase in the number of learners from this demographic. However, these were not the majority of the learners. This despite a detailed and targeted age-appropriate recruitment strategy for this age group, which reinforces the need to carefully consider the use of MOOCs as a learning conduit for younger age groups in the future. The MOOC was used by increasing numbers of learners who were in employment, engaging with the resource as an opportunity to enhance their learning in a manner which contributed to their continued professional development. In addition, there were those learners choosing to engage with the MOOC to keep abreast of the field, or to ‘keep their hand in’ an area from which they had retired. The lack of engagement from a younger audience could be due to a lack of awareness of MOOCs from these younger age groups. Online and independent learning is not something which is heavily promoted prior to attending University and therefore, and students may be unaware of their existence and benefits. Furthermore, the promotion of the MOOC itself may need to have been better targeted to schools and colleges to increase engagement from the younger age group. 
It was also apparent that some learners chose to engage with the MOOC by ‘dipping in’ for their particular area of interest and not necessarily “completing” the whole MOOC. Furthermore, the majority of those learners who chose to leave course before completion cited that they simply did not have enough time to complete it or that the course had taken up more time than they had realised. Irrespective of the motivation to engage, it has been a positive experience to see the MOOC providing an environment which facilitated the development of a community of learning, with not only subject specialists engaging with learners, but also learners engaging with other learners in the many discussion boards on the topics covered. 
Partnerships
Producing a MOOC is by no means a simple task, arguably, it is perhaps too large a task for an individual to undertake. A number of experts are required for their construction, from the production team with technology enhanced learning expertise in animation, sound recording, video production; students as co-creators, the subject specialists, the quality assurance team, the project manager, not forgetting the postproduction analysts and moderators. The power of working with a team, the value of bringing experience and expertise together in pedagogy and learning technology coupled with the opportunities for learning were without doubt essential to the production of the successful MOOC. 
A key element in the design of this MOOC was the inclusion of current university students as co-creators of content throughout the process, particularly since the target audience was those who may well go on to study Physiology in further detail at university. It is widely known that such a partnership brings with it several learning opportunities and experiences, the opportunity for students to work as an integral member of the MOOC team not only provided a wealth of authentic experience, but also provided the team with a priceless student perspective 20, 21. Students were not only involved in the design of the MOOC, but also the production of many of its materials and resources, as key members of the development team 22, 23, for example, assisting with the demonstration videos, interactive questions, and timeline resources. These students volunteered because they had an interest in progressing onto education careers following their undergraduate degrees, and as a result, these experiences, the knowledge and confidence gained continue to serve them beyond the completion of a key element of their final year honours project. 
Technology Enhanced Learning (TEL) academics came together with subject academics from the key disciplines in Physiology, to ensure the requirements set out by The Physiological Society were met. This was not without its challenges, nonetheless these partnerships ensured that key knowledge and take-home messages could be conveyed to the learners in the best ways possible in the online environment. An important aspect of this was to involve the TEL academics and the production team early in the project, since without this, the smooth integration of the learning technologies with the discipline content would not have been possible. Developing an early understanding and appreciation of the best methods to provide academic content to the content developer and media specialists aided the translation of information from the mind of a subject specialist to an expertly produced audio-visual resource. 
Planning
The academic project team was naive to understanding what a MOOC was, it’s purpose and how to approach the development and implementation. Lessons learnt include allowing plenty of time and having a clear project plan, plus the value of good project management must not be underestimated. The team discovered that a key aspect to planning is to consider project aims, project content to be delivered, project production, and the roles of individual team members.  Furthermore, the team found that using storyboards to develop the scripts, the audio, the visuals, the style of presentation and the interaction opportunities was vital to project success These aspects were time-consuming, and required a great deal of effort, but were key in developing a successful MOOC. In addition, the utilisation of both demonstrations and animations were integral to help learners visualise the concepts and key information. Bringing these elements together helps to focus and appreciate how to adapt delivery to allow opportunities for interaction. 
Moreover, choosing the appropriate content is a key aspect of developing a MOOC. Ensuring that they’re both the intended learning outcomes and the overall aim of the MOOC are clear from the outset is vital. For this MOOC it was important to choose content from the GCSE and Biology syllabi, which would be of most use to learners and educators. It was surprising to see for example, the degree of variation between the five major UK A-level exam boards, in respect of Physiology coverage. With only three main Physiological systems (Respiratory, Cardiovascular and Nervous systems) being common to all specifications. There was an unexpected degree of variability between the specifications in their coverage of the Musculoskeletal and Renal systems for example. Mapping the MOOC content to the common activity areas spanning several of the A-level Biology specifications, ensured the MOOC would be useful to the widest reach for the target audience. At the same time aligning with areas covered in the early parts of associated undergraduate degrees, to aid in learner transition to HE, helping to scaffold learning and allow the MOOC to serve as a useful learning resource beyond the target demographic. 
An essential step to include is Quality Assurance (QA). In the initial planning phase, it was intended that the majority of resources would be audio/visual in nature, therefore likely the costliest in their production, and it was imperative that these were reviewed by all interested parties. As the MOOC was being run in discrete weeks for each system, packs were produced for the review teams containing scripts, storyboards, interactive assessment, discussion board topics and feeder questions, historical timelines, and any additional material. Reviewers' comments were then collated and actioned (where possible) by the development team. It is important to ensure continuity throughout the MOOC, which also includes the review team, to ensure a consistency in the final product. Feedback was focused on use of language and its balance between the scientific and that of the target (often lay) audience, at times needing to forgo one to ensure accessibility for the other. A narrative approach was taken to increase the appeal of the MOOC to the target demographic24. Following review, materials were produced and packaged into a ‘learner-ready’ suite of materials, these were to be checked one final time for any clarity and quality issues in audio and visual production. The final QA procedure was via the platform provider (FutureLearn) to check for technological and accessibility issues. Overall, the QA process, was costly in terms of time, nonetheless it provided opportunity for additional discussion and input from a wider panel of experts, in doing so providing valuable insight especially from those who interacted with the target demographic on a regular basis. 
Platform
FutureLearn was chosen as the MOOC platform by The Physiological Society and enabled the University of Liverpool to continue with their already successful partnership agreement with the platform. The FutureLearn platform is also a common choice among UK universities, with 77% of courses provided by a UK university being delivered through the platform 25. From the lead educator perspective this platform was excellent in the facilities it provided and its ease of use. One potential improvement for this platform would be to simplify the navigation process to progress through each step of the course. The presence of two navigation buttons (complete and next) could cause confusion and sadly has the potential to distort the metrics. Only if a student clicks complete is this step recognised as a completed element of the course, irrespective of whether all elements of the step have been completed by the learner. 
Conclusions
As identified in the reflection, some key learning emerged for the members of the MOOC team, elements which were not explicitly considered at the outset. Effective communication with all stakeholders across multiple interfaces ensured that the materials were ‘fit for purpose’. Often this involved some frank and challenging discussion however because everyone was committed to producing the best possible experience for learners, these were accepted in a constructive manner. The team also learnt to ‘expect the unexpected’, despite careful planning and preparation, some aspects did not follow a predictable sequence of events, and this required flexibility and often some ingenuity. In turn, this established some resilience across the team, as they learned to adapt to and work with challenging and unpredictable circumstances.  
Whilst the initial ambition for the Physiology MOOC was targeted at a younger demographic, in preparation for their journey into further or higher education, and potentially a career in the discipline, these data indicate limited impact in this regard. Although it is questionable as to whether a MOOC is the most appropriate vehicle for this purpose, the evidence suggests that a large number of learners across the demographic spectrum benefitted greatly from the learning materials and evaluated them highly. Consequently, for the MOOC team this proved to be a rewarding and worthwhile experience, despite the multiple challenges experienced during the development journey.
We acknowledge the support of The Physiological Society who funded the original MOOC development work through an education grant.
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