How to Engage Students with (Open) Science – Make it Relevant, In-Depth, and Proactive 

Peter Branney, Candice Whitaker, Thomas Rhys Evans, Tamara Kalandadze 
Abstract
Critically engaging undergraduate, postgraduate and doctoral students in science means, according to the Structure of Observed Learning Outcomes, developing their relational and extended abstract level scientific literacy. Consequently, we invite the reader to join us - four fellow educators - on a journey as we share and reflect on three case studies from our teaching practice where we have facilitated scientific literacy:  i) introducing students to open science through the use of existing datasets to explore sensitive topics, ii) evaluating the evidence behind bold media claims, and iii) discussing publication bias and its influence on evidence synthesis. In practice, educators can adopt these case studies; but we go further in reflectively outlining a useful set of commonalities and practices across them that can be used by educators in developing relevant, in-depth and proactive teaching and learning activities to promote relational and extended abstract level scientific literacy.
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[a]Introduction
Engaging critically with how knowledge is produced is fundamental to student understanding and ethical engagement in research practice. Beyond this, the ability to use enquiry-based techniques has been positioned by Gray et al. (2015) as a crucial component in the skills repertoire required by graduate employers. These qualities also support students to become influential global citizens, recognising the role of science and evidence, and the importance of using it to effectively challenge emerging social issues (Cranney & Dunn, 2011). Thus, knowledge, practical and critical evaluative skills in research are vital graduate attributes. Furthermore, research norms continue to evolve and as such it is important students hold working knowledge of open science practices to understand, use and create such scientific evidence.
Scientific literacy and the Structure of Observed Learning Outcomes (SOLO; Biggs & Tang, 2011) are useful notions when critically engaging students in open science practices (e.g., data sharing). These allow us, as educators, to communicate across our various specialities and the levels in which we find ourselves teaching.  Consequently, we unpack and connect scientific literacy with SOLO before we ask you to join us on our journey as we – four fellow educators – share and reflect on three case studies from our teaching practice. In our case, these levels are undergraduate, postgraduate and doctoral, although this chapter is also relevant to those at the tertiary level and continuing professional education.
Used internationally, scientific literacy (e.g., Organisation for Economic Co-operation and Development (OECD), 2024) is the ability to explain phenomena using scientific ideas and theories (content knowledge), to use scientific methods and technologies to answer research questions (procedural knowledge), and to interpret and evaluate evidence and conclusions (epistemic) . From at least the 1960s, educators, policy makers and scientists across the globe have argued that 'science is for all', not just the activity of scientists (Fensham, 1985). This takes the form of extolling the importance of, for example, "scientific habits of mind" (American Association for the Advancement of Science, 1989) while decrying either the poor state of public science literacy and/or the education systems’ ability to teach scientifically literate people (American Association for the Advancement of Science, 1989; Millar & Osborne, 1998). Promoted at almost every level of education, scientific literacy is arguably a cornerstone to being influential members of society. Indeed, scientific literacy is (along with reading, mathematics and financial literacy) a key dimension of the triennial programme for assessing 15-year-olds knowledge and skills across OECD countries and partner countries known as PISA (OECD, 2024). The three-part definition of scientific literacy used here – content, procedural and epistemic – is taken from the PISA 2018 analytical framework. 
The SOLO (Biggs & Tang, 2011) is a useful way of thinking about the extent to which a course aims to, and the extent to which students achieve, scientific literacy. SOLO is a five-part taxonomy representing different levels of complexity in students’ understanding. This understanding should be observable (hence, 'observed') in something students can do (i.e. assessment) and should ideally be aligned with the learning outcomes of the course (i.e., at the end of this course, you should be able to ...'). To illustrate, we have mapped the five SOLO levels against the content, procedural and epistemic aspects of scientific literacy in Table 1. Given its brevity, the examples in the table remain abstract, so turning to our case studies should help give them more detail.
[bookmark: _Ref194396364]Table 1: Examples of scientific literacy according to the Structure of Observed Learning Outcomes
	Level
	Prestructural
	Unistructural
	Multistructural
	Relational
	Extended abstract

	Definitions
	Incompetence
	One relevant aspect
	Several relevant independent aspects
	Integrated into a structure
	Generalised to new domain

	Content knowledge: explain phenomena scientifically
	No knowledge
	Can describe a study that had a null finding
	Can describe a study that supported the hypothesis and another that had a null finding. Can describe the data sharing practices of each study
	Can tabulate statistical significance with data sharing to hypothesise about potential relationships between the two
	Can extrapolate how data sharing practices might vary with the statistical significance of a different area of study

	Procedural knowledge: evaluate and design scientific enquiry
	No knowledge
	Can describe basic principles of data sharing
	Can describe the FAIR principles to data stewardship
	Can compare studies that have identifiable and sensitive raw data with those that do not, with respect to how they meet the FAIR principles
	Can apply the FAIR principles to a study they design and conduct, such as their dissertation

	Epistemic knowledge: interpret data and evidence scientifically
	No knowledge
	Can identify the findings of a systematic style of literature review
	Can describe the methodology of a systematic style of literature review and its findings
	Can assess the extent to which a systematic literature review has, or could have, considered the potential impact of publication bias on its findings.
	Can design and conduct a systematic style of literature review that uses relevant techniques to assess publication bias, in context of the opportunities and challenges of these techniques in interpreting the synthesis of the literature reviewed. 



The case studies that follow show attempts to support students’ scientific literacy, progressing through the stages of the SOLO dimensions, using in-depth, relevant and proactive activities from our practice. The case studies have been structured using the What? So what? Now what? reflective model (Rolfe et al., 2001). Rather than reflecting on an experience, this reflection structure has been adapted so that we outline an issue (the ‘what’), what we did in our teaching practice (the ‘so what’) and an evaluation (the ‘what next’). These case studies serve to represent three distinct examples that could be easily adapted to any discipline and can inspire readers to reflect upon how they can better embed development of different kinds of scientific literacy within their own teaching practices. 
[a]Candice’s Case Study: Using existing research datasets to explore sensitive topics
[b]What? 
Challenges to teaching research methods have been widely discussed (e.g., Wishkoski et al., 2022). However, making training relatable is a key facilitator in engaging students in this domain (McBride, 2024). Open science practices e.g., making some data open, accessible and available for use without restrictions (Branney et al., 2023), can help support enhanced relatability by providing instructors and students access to ‘real-world’, rich, research data. Enabling students to practice data analytic techniques, the use of such data also necessitates critical engagement with open science practices, facilitating understanding and careful consideration of ethical principles and quality assurance.
Designing the qualitative research methods training within a new advanced research methods module, I was motivated by the opportunities utilising open qualitative data posed. For these MSc Forensic Psychology students – a psychological sub-discipline where topical focus and student interests are often inherently sensitive – I needed to be mindful in assessing suitability of data to balance the facilitation of student interest, supporting competent, respectful, responsible and integrity-led engagement with the data, and student wellbeing.
[b]So What?
My aim was to facilitate student scientific literacy development in relation to open science practices and the ethical and practical considerations required for designing and conducting qualitative research exploring sensitive topics. Below, the numbered but inter-related ‘steps’ are highlighted as key activities undertaken during the module to achieve this. 
Step 1 - An interactive lecture introduced the role of open science in planning and conducting ethical applied psychological research. Drawing on examples of replication issues in psychological research and the concepts of credibility and transparency, this lecture introduced The UK Data Service (n.d.) which provides a wealth of authentic and relevant datasets and contextual (or meta) data. This step provided the knowledge and resources for students to critically evaluate ethical and practical issues in the use of existing qualitative and quantitative data.
Step 2 - In an interactive workshop, students were supported to log into The UK Data Service, read and understand the End User License (EUL) and their responsibilities in agreeing to this. Although this step was largely operational, it required students to critically evaluate their prior learning surrounding ethics, integrity, and data protection to understand and reflect on the terms before agreeing to it.
Step 3 – Having been supported over several weeks to access datasets through the UK Data Service repository, students attended an online interactive lecture on qualitative research and the challenges of exploring sensitive topics. 
Step 4 – Student’s post session activities involved accessing the UK data service to search for and access a specified qualitative data corpus and selected dataset (one interview transcript surrounding gender-based violence). Students were offered support to individually source an alternative dataset if engaging with the topic might be upsetting.
Step 5 - Students were required to read the accompanying metadata to develop contextual understanding of the data and prepare this for analysis (Interpretative Phenomenological Analysis (IPA); Smith et al., 2009) following a guide. Students familiarised themselves with the data and made reflective notes. 
Step 6 – Following a short video introducing IPA, students attended an interactive data-analysis workshop. This began with a micro-lecture detailing the process of IPA, followed by individual analysis and group reflection activities. 
Step 7 – The activities undertaken in Step 6 were repeated using Critical Discursive Psychology to guide our approach to analysis.
[b]What next?
Through observation of group discussion activities, it became clear to me that the use of relevant (sensitive) topic data had encouraged student engagement with their research methods training. This appeared to be driven by the authenticity of data and perceived relevance of exploring a sensitive topic in developing transferrable skills. In addition, student assessment evidenced their ability to critically engage in ethical debates about research methods, including open science practices to some extent. Crucial to these outcomes was the collaborative approach to embedding open science across the team-taught module. For example, between Steps 2 and 3 above, students were supported by the module leader to search for quantitative data to use within their sessions. Thus, students were already competent in searching the database and accessing data and meta data when it came to undertaking Step 4 independently. 
Although learning activities were structured around the FAIR (Findable, Accessible, Interoperable and Reusable) principles for scientific data management and stewardship (Wilkinson et al., 2016),  I did not explicitly signpost students to the FAIR principles and how activities explored these. While there was evidence of student understanding of the principles (e.g., students discussed the suitability of repurposing this data to investigate research questions that differ from the original study), to further develop scientific literacy in this area, more explicit signposting is required. Relatedly, the summative assessment – an account of the strengths, limitations and applications of qualitative research for applied psychological investigation – did not specifically require students to discuss the use of open data. Including this requirement may help strengthen student ability to identify the transferability of the activities undertaken within the sessions.
[a]Tom’s Case Study: Evaluating Media Claims
[b]What? 
Occupational Psychology is an applied domain where theories and evidence from psychology are applied to improve organisational practices. The use of scientific evidence to inform decision-making is considered a core dimension of the identity of Occupational Psychologists (British Psychological Society, 2024) and a differentiator between similar roles like management consultants. Unfortunately, Occupational Psychologists (as a result of taking a consultancy-type role) often work at the whim of management priorities and values which often reflect recent trends (Artificial Intelligence, Neurodiversity) more so than established bodies of evidence (Evans, 2025). Furthermore, because of the sensitivities of working with competitive organisations (and a range of other reasons), the uptake of contemporary research practices promoted by the open science movement is low (Evans et al., 2023).
As such, upon developing a new Occupational Psychology MSc course, I embedded a twelve-week module on evidence-based practice (Evans, 2023). One core learning outcome was to “demonstrate competence in the identification, selection and evaluation of evidence”. As Occupational Psychologists continue to engage with new terms, fads and practices, I felt being able to effectively evaluate the evidence behind a popularised claim was an important skill. As such, I found a strong media claim (that was published widely in the mainstream media) and turned this into an example of how to investigate the evidence behind a claim.
[b]So What?
Serendipitously, during module development in July 2022, I stumbled upon several media articles that included titles that claimed eating Marmite (a yeast-based spread) was a successful intervention for improving mental health, and anxiety specifically. These articles all drew upon an article published by Field et al. (2022). This double-blind study compared the average scores on an anxiety questionnaire after consumption of a B6 tablet (100mg of pyroxidine hydrochloride) or a placebo (lactose) tablet. Despite the press release of the work (University of Reading, 2022) making only one reference to Marmite as an example of a B6-rich food with prior research interest, most media entries (Bakar, 2022; Davies, 2022; Goodyer, 2022; Hampson, 2022) pursued a focus on consumption of the Marmite product within the news title.
I developed an in-depth presentation deconstructing these claims and evidence (a recorded version is available; Evans, 2024). Reflecting upon the ‘evidence behind the claim’ together offered students an opportunity to engage with relevant and relatable themes and develop critical skills for supporting scientific literacy. We used this study and media reporting as a training ground to consider how to critically evaluate different dimensions of the science in-depth, and how to determine whether it is appropriate for informing policy or practice (IJzerman et al., 2020). For example, are we making appropriate comparisons? Is the B6 tablet dosage equivalent to eating Marmite on toast? The answer is, no! Given that Marmite is high in salt (10.8g per 100g; Marmite, 2022), and that 1g of salt per kilogram of body weight can lead to sodium poisoning (Strazzullo & Leclercq, 2014), the equivalent dosage of marmite (~70 jars) is likely to be of greater concern for physical health (via sodium) than likely to improve mental health (via B6). It was an enjoyable exercise to consider alternative foods and their equivalent dosages too: 250 bananas, 69 cans of tuna or 12 Berocca multivitamin tablets. 
The discussion covers multiple critical arguments, particularly about how to appropriately power a research design (due to a small sample size), appropriateness of sample (students), what constitutes a conflict of interest (due to a lack of recognition of a B6 tablet provider ‘donating’ the tablets for use) and the role of trust and transparency in research (due to lack of open data to verify claims). Subsequent to this presentation and discussion, the next activity is for students to find their own scientific claim within the media and critically evaluate it. With support (e.g., by asking awkward questions like “how exactly does this influence our trust in this evidence?”), they can explore the scientific literature and conduct their own investigative inquiry on the claim they found. 
[b]What Now?
These critical discussions have had demonstrable impact upon the quality of critique provided in subsequent assignments, where such themes were more confidently navigated in greater detail. Developments in scientific literacy were most clearly observed when arguments moved beyond the mere description of potential critical considerations to constructing convincing critical positions on why these factors influenced their confidence in the wider evidence/claims.
This experience helped empower students to nurture their own scientific literacy, building confidence in challenging widely adopted practices and claims. Students reflect upon the limitations of the whole research cycle (including the dangerous extension of claims presented to the public by the media) and question many different research practices. As an applied psychology discipline, this work helps encourage criticality when applying evidence to inform policy and practice (IJzerman et al., 2020). As an educator, I work towards nurturing employable and impactful society members, and the experiences detailed here, I hope, helped convince my students of the relevance and importance of this scientific literacy skillset for their personal, professional and academic development.
[a]Tamara’s Case Study: Considering publication bias in primary research and evidence synthesis 
[b]What? 
Understanding the issue of publication bias or the file drawer problem (Rosenthal, 1979), its consequences for what scientific knowledge is available and what is ‘hidden’, as well as what we can trust (or not) plays an important role in both how students apply scientific knowledge and what kind of science they generate. Publication bias refers to the ‘Questionable Research Practice’ of the failure to publish results depending on the direction or strength of the study findings, leading to a disproportionate number of significant findings and inflated effect sizes (Parsons et al., 2022). Raising awareness about publication bias is crucial to improving scientific literacy and critically engaging students with science. By discussing how publication bias leads to the published literature not being representative, students are encouraged to critically engage in the existing research, use it with caution in their practice and avoid it in their future research. 
[bookmark: _Hlk205382508]Applied postgraduate taught programmes give students the opportunity to apply their new knowledge to their practice. Within the MSc Special Education at Østfold University College, Norway, most students are practitioners, working with children, adolescents and/or adults with various developmental differences impacting their language and communication skills. The aim of this programme is to educate qualified practitioners who know how to evaluate and consume research findings to deliver appropriate service to individuals with language and communication needs and their families. In relation to learning outcomes about critical thinking, these capabilities are important as selecting interventions that are not supported by solid evidence might lead to wasting peoples’ time at best and be unethical at worst. Here, we invite students to critically evaluate available evidence and reflect on what evidence should be translated into practice. 
[b]So what? 
My main goal within the ‘Language and Communication Difficulties’ module is to facilitate student learning about language and communication difficulties within various clinical population (e.g., Developmental Language Disorder), and at the same time, create the possibility to critically and reflectively engage students in the scientific literature. To do this, I embedded discussions of publication bias in the module.
The module involves an assignment requiring students to select a topic within language and communication difficulties, formulate a research problem, and write an essay addressing this problem. The assignment brief asks students to find and include a high-quality literature review of any type (e.g., systematic review and meta-analysis, scoping review) on their respective topic. Considering how publication bias in the primary literature can influence the content of literature reviews, preparing students for this assignment provides a prime opportunity to facilitate student scientific literacy in publication bias.
When designing the assignment, I was inspired by the two excellent examples of Open Educational Resources: 1) an open book by Bishop and Thompson (2023) ‘Evaluating What Works’ and 2) the twelve-week module on evidence-based practice developed by one of the authors of this chapter (Evans, 2023). One of the commonalities between these two resources that inspired me is that both focus on critical evaluation of existing evidence, including evidence synthesis. Given that evidence synthesis is considered the highest level of evidence, it might be tempting to rely on their findings uncritically. However, while meta-analyses are a powerful tool for evidence synthesis to assess the cumulative evidence for a claim, publication bias in the primary literature can compromise validity of meta-analysis because it can lead to overestimating effect sizes (Borenstein et al., 2009; Kvarven et al., 2019; Rosenthal & Gaito, 1964). To mitigate the impact of publication bias, meta-analysts can apply publication bias adjustment techniques such as PET-PEESE and selection models (Bartoš et al., 2022), while other types of reviews (e.g., narrative or scoping reviews) do not apply such techniques. Thus, the goal was to get students to critically evaluate evidence synthesis in terms of the type of review (i.e., meta-analysis or a scoping review) and whether they’ve checked for publication bias properly. 
Bishop and Thompson (2023) argue in the preface of their book: “Good, objective intervention research is vital if we are to improve the outcomes of those we work with, but it is really difficult to do it well...”. Based on this, my first lecture introduced students to the ‘replication crisis’ (Parsons et al., 2022), and open science practices as proposed solutions, with focus on publication bias and why it is important to be aware of this when planning evidence-based interventions. Since the module is meant to provide students with some solutions, so they do not lose trust in science (Pownall et al., 2023), I explained that for example, meta-analysis usually involves methods to check for publication bias, while, for example, scoping reviews do not. So, it is expected that students describe what type of a review they included, and in case of a narrative review, they discuss the caution that a reader needs to take when relying on a narrative review compared with a well-conducted systematic review and meta-analysis.   
[b]Now what? 
My hope was that attending and engaging in this module would contribute to developing students’ science consumption skills. Reading the student assignments, some (but not all) students discussed publication bias when discussing the evidence synthesis they involved in their assignments. Some student assignments clearly explained how they will use this knowledge about publication bias in their practice when deciding how to support individuals they work with. This can be taken as an indication that focusing on publication bias contributed to scientific literacy skill development. However, for the next time, I will make the assignment brief clearer, reinforcing how they could consider publication bias in relation to assessing the quality of evidence synthesis. I’ll also teach more about the publication bias checking techniques in meta-analyses (e.g., provide them with concrete checklist) to ensure they know relevant methods.
[a]Conclusion: Relevant, in-depth and proactive
Looking across these three case studies of different disciplines, dimensions of study, and scientific literacy domains, we believe there have been three commonalities that should be considered to effectively engaging students in (open) science, and which can be considered in any planning of curriculum, assessment or pedagogic approach.
First, ensure activities are relevant for the students. Whether applying broader discussions (like publication bias) to disciplinary-specific domains or giving students autonomy to pick their own foci or resources, it needs to be clear how the activity is relevant for the students. Signposting – such as the skills they are developing or the topics they want to engage in - during these activities can help students recognise the potential benefits to their future learning, whilst the practical aspects of activities will give students the opportunity to experience this as part of their professional development, and their scientific consumption as society members. 
Second, through in-depth focus on one aspect of science, our case-studies emphasise a clear transition from more unistructural components (teaching broad principles) towards more critical and nuanced appreciation and more extended abstract skills in scientific literacy. Our examples represent higher levels of study, however there are opportunities to provide in-depth work at any level of study (e.g., lectures as in Case Study 2, or dissertations) to give students the confidence to break things down and move beyond a mere descriptive or surface-level account. 
Last, the case studies also emphasise the roles of both teachers and students to be proactive to effectively promote scientific literacy. From our experience, this requires purposeful planning towards these outcomes, and opportunities for students to question, reframe and enrich their understanding. The case studies highlight the role of the teacher in structuring initial understanding of principles before students are encouraged to actively explore and apply them. Again, the practical activities allow students to be active in engaging with an aspect of science and making decisions about the material with which they are engaging.
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