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Engaging students to help shape their own learning: driving curriculum re-design using a theory of change approach

ABSTRACT
Curriculum review is challenging, although if carried out strategically can be less so. The adoption of a theory of change approach for reviewing a chemical engineering curriculum at a research-intensive university in the UK is discussed. The curriculum review was undertaken as part of an institutional drive to modularise the curricula and align the number of contact and independent study hours for all undergraduate students in the institution. At the heart of our curriculum review is the student experience, which is often ignored in favour of the views of institutional management. The curriculum has been redesigned using a theory of change approach, which has enabled us to establish short and long-term plans based on our efforts to create a less burdensome, student-centred curriculum that incorporates our institutional learning and teaching strategy. As part of the process, assumptions needed to be surfaced, meaningful evidence collated, and a central end-goal identified These plans are evidence-based and include: the provision of a departmental wellbeing advisor, the application and development of interactive pedagogies, appropriate mechanisms that support slow learning through formative assessment and less of an assessment burden, and nurturing links with industry-based partners ensuring a greater emphasis on students’ professional development and their exposure to chemical engineering industries.      
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INTRODUCTION
In this paper we report on a curriculum review undertaken for an undergraduate chemical engineering programme at a research-intensive higher education institution (HEI) in the UK, that adopted a theory of change approach. The purpose of writing this paper is to demonstrate and critically discuss the innovative use of a theory of change approach for conducting a curriculum review - a procedurally complex process given the numbers of drivers involved (institution, accreditation body, students, lecturers, employers etc.), and the skills set students are expected to acquire (Soares et al. 2013). To provide some context, our particular chemical engineering programme has an intake of between 120-150 students per year group, is a 4-year accredited degree with students undertaking laboratory work and design projects in each of those years (assessed as coursework), consists of the following numbers of hours of study for each year group: 1575 (1st year), 1650 (2nd year), 1700 (3rd year), and 1825 (final year), with the majority of learning outcomes assessed through end-of-year exams. Students undertake core subjects in years 1 and 2 (for example transfer processes, thermodynamics, separation processes), and are then presented with some electives to choose from in years 3 and 4 (for example bioengineering, nuclear energy) with a limited number of core modules.    

In our context, curriculum review is a major undertaking encompassing a broad view of curriculum, unlike those that have focused on technical proficiencies, skills and professional identity (Gupta et al. 2008), or on enhancing systems thinking among students and continuing education and life-long learning (McCarthy et al. (2011). Instead, our definition of curriculum is associated with the entire educational programme of an institution (Toombs and Tierney 1993), with the notion of review being a critical examination of this programme for the purposes of optimising student learning experiences. A review of the curriculum was undertaken as institutionally all undergraduate programmes were undergoing modularisation to bring them into line with European programmes of study. As such, this institutional requirement presented the department of chemical engineering with a good opportunity to revisit the current curriculum. As an initial step, a suitable end goal was identified by departmental managers[footnoteRef:1] which was ‘to create a less-burdened, student-centred curriculum that incorporates the institutional learning and teaching strategy (greater engagement with interactive pedagogies) and prepares students for the world of work’. The end goal brought together institutional policies, the mission statement of the department – whilst recognising anecdotally evidenced concerns among students.   [1:  Key decision makers in the department, for example the Head of Department and Director of Operations ] 


METHODOLOGY
The Framework
The methodological framework used in establishing a theory of change model has been presented as Figure 1; the figure reveals how the framework was adapted for use in our curriculum review. 
[image: ]
Figure 1: methodological process for establishing theory of change for curriculum review 
 
A definitive end goal meant that we could determine the type of useful evidence we needed to collate from students which was then analysed to determine a sensible set of intermediate outputs that supported student learning. These in turn led to long-term outcomes, which have been agreed by departmental managers based on (1) the findings from data, (2) prior assumptions made[footnoteRef:2], and (3) a degree of common sense – educational managers made educational decisions in consultation (but not complete compliance) with students’ views. As and when achieving specific outcomes has involved students, they have been engaged in determining how those outcomes could be achieved.      [2:  In this context, assumptions also denote the pre-conditions that have been established for changes to be considered.  ] 


Collecting and analysing the evidence
The evidence collated in helping to inform our theory of change was both quantitative and qualitative in nature, and reflective of the student experience, and those of recent graduates where applicable, who were consulted throughout the process. Data was collated using 3 methodological tools to ensure findings were reliable and valid through triangulation (Cohen et al. 2007). These were:
· Focus groups 
· Surveys  
· Individual interviews
During focus group sessions students were initially discuss and agree a priority list of key words they were given to describe their experience; the exact words provided were easy, enjoyable, competitive, challenging, confidence boosting, intense, pressurised, and collaborative. Based on this consensual outcome, students were then asked to explain their responses, for example why had competitive come before collaborative? Students were then asked to expand on their views through examples from their own experiences. Furthermore, they were asked to discuss and articulate any changes they would make to the current curriculum and to explain their reasoning. In preparing and administering the surveys to current students, we focused on 3 main areas of interest to us: wellbeing, interactive pedagogies and assessment practices, and the development of skills and capabilities. Surveys were piloted as they were developed (Wentworth et al. 2017) and made available to students on-line. We recorded a response rate of 34.6% – 189 students completed surveys of which 173 could be used. Additionally, students could add open-text comments on the questionnaire prior to submitting it. Recent graduates were invited to complete a different survey, which required them to answer questions about the application of their skills and knowledge. We received 17 responses from the graduate survey which focused on their perceptions of the skills set they had acquired and the shortcoming of the programme. Interviews were conducted with 16 students (4 across each year group) to help us understand personal perspectives and facilitate an open dialogue between student and researcher (Brinkmann and Kvale 2018). Even though this number may seem small, student interviewees represented meaningful experience-structure links with the interrogation of student perspectives being more detailed with fewer numbers (Crouch and McKenzie 2006). These students were a representative sample (in terms of gender balance, ethnicity, and academic ability) from their respective cohorts and were asked questions about their experiences and how these could be improved. In the next section the key tenants of theory of change and how these were operationalised for our case are described.       

THE THEORETICAL FRAMEWORK
Mapping our curriculum review to theory of change 
The application of a theory of change approach to curriculum review is novel, but equally problematic due to the difficulty of definition (Stein and Valters 2012). It is suggested as a theory of how and why an initiative works and was established in the USA in the early 1990s (Weiss 1995). Put more simply, the central premise is the identification of an end goal, following on from which a series of backwards steps are taken to establish how that end goal is reached (Connell and Kubisch 1998). Other change management models were considered for this undertaking, and to a degree a theory of change approach follows the main principles present in all of these (identifying the change, the details, the approach, implementation, and monitoring) (Galli 2018). However, earlier seminal work carried out by Lewin (1951) was considered too abstract for the process envisioned (unfreeze, change, re-freeze), and even though J.P. Kotter’s 8-step model (Charles and Dawson 2011), published in ‘Leading Change’ gives voice to all the stakeholders and can be useful to maximise buy-in (Kang et al. 2020), it is essentially driven from the top-down, whereas our curriculum review was focused on meaningful student engagement.    

A primary factor of theory of change is evidence, which helps inform the intermediate changes that lead to the end goal. According to literature, the theory of change needs to be plausible, meaning that the outputs are driven by evidence (and a degree of common sense!), leading to the desired outcomes (Connell and Kubisch 1998). Therefore, the selection of appropriate evidence is a central component of the methodological process in establishing a theory of change. A second key facet of theory of change is context, meaning that a unique theory of change is created for a specific proposed end goal, although the underlying principles are transferable across contexts. The approach can also help to sharpen the planning and implementation of an initiative, useful for a potentially complex curriculum review (Ibid.). The specific conditions (or underlying assumptions) that inform the theory of change need to be explicitly identified and critiqued (Stein and Valters 2012) as they provide the foundation for change to be implemented and must be in place prior to any action being taken (Ellis et al. 2011). The accompanying assumptions with respect to our review were: a limited budget for changes to be made, a good degree of buy-in from staff within the department, student engagement and representation in curriculum redesign, and retention of accredited degree status.  

Research evidence points to the problematic nature of curriculum review with reviews having presented recommendations rather than definitive changes (Heitmann 2005), focused on broad ideas for change (Desha and Hargroves 2010), suggested limited alignment between curriculum and students’ abilities (Litzinger et al. 2013), and failed to deliver a roadmap of proposed changes (Chavez et al. 2016). By employing a theory of change approach, we envisaged being able to move from recommendation and suggestion to implementation of concrete changes to the curriculum. In due course evaluation ought to be simpler as we will have identified markers of change. The less positive aspects of theory of change are that the linearity of the model hides complexities (Rogers 2008), for example the nature of the relationship between staff and students, accommodation of multi-agencies, and equally we expect some of our long-term outcomes to be emergent, ambitious ‘pipe dreams’; we may not have the tools to evaluate their impact (Ibid.). Equally, concerted efforts must be made to guard against claims of causal relationships. Meaningful evidence is key in determining outputs. In developing our theory of change model, evidence from students especially was pivotal as we wanted to include them in the redesign process; the rationale for involving students is provided in the following section.  

Student experience and student voice
Students possess unique perspectives with regards to their learning, assuming the role of both a participant and associate partner (Bovill et al. 2016). For this reason, they are instrumental in driving forward curriculum review as important consultants which empowers students as learners and decentralises power to where the learning occurs (Doll 1993). This notion is considered more workable in theory than in practice (due to institutional regulations and entrusting students to make meaningful decisions about their education), but importantly, recognises the student learning experience as a core driver for change. The student experience is rarely a central factor in curriculum review processes, and by and large, the inclusion of students as useful consultants in relation to curriculum design and development remains under researched (Brooman et al. 2015). Student voice is rarely captured within the core curriculum itself, so fails to be meaningful (Bovill et al. 2011). However, compliancy arises when students drive curriculum reviews (Lac and Cumings Mansfield 2018), and not every student voice is represented (Bovill 2014). Furthermore, there is a caveat in trusting students in that they feel they know what is best for them, but it has been argued that this is not always the case (Kirschner and Merriënboer 2013). Therefore, any curriculum review needs to be tempered with common sense, practicalities, and fairness (to staff and students). Graduates are also a useful source in terms of understanding the student experience retrospectively as connection between learning and doing become more apparent (Itani and Srour 2016) allowing strengths and weaknesses of a program to be identified (Passow and Passow 2017). A summary of the evidence provided from students is provided in the next section.  
    
RESULTS - THE EVIDENCE FOR THE NEED FOR CHANGE
Following on from the first exercise from focus groups, in which students were asked to prioritise the words that best described their experiences, early indications suggested the difficult and demanding nature of the programme:
	Year group
	Source
	Number of students
	Student comments (consensual) 

	1
	Focus group
	4
	Students felt that their experience of the curriculum was fairly collaborative rather than competitive, although did find their experience intense and that it had led to a decreased level of confidence. 

	2
	Focus group
	5
	With respect to their experience to date, students have generally found the curriculum rather intense and their peer group competitive. This has also meant that, in general they find it difficult to make friends with their peers on the programme.   

	3
	Focus group
	4
	There was complete agreement among students that the content of the curriculum ought to be reduced as students do feel pressurised. However, in simplifying the curriculum students did not want the quality sacrificed.  

	4
	Focus group
	6
	It was agreed that the programme is intense and hugely challenging. However, students do not want changes made that would devalue their degree – the programme ought to be less stressful. Students were highly competitive. 


Table 1: Summary of 1st completed task from student focus groups 
An analysis of our data revealed sub-themes within the principal areas of interest. These were: relationships and workload (wellbeing and student support), active learning techniques and assessment mechanisms (interactive teaching and assessment), and skills and career planning (personal and professional development).  

Wellbeing and student support 
Our survey data revealed that overall, 55 students (accounting for 31.8%) agree that their work-life balance is adequate with 13 (7.5%) strongly agreeing with this item. However, a significant proportion of students disagreed, 50 (accounting for 28.9%) and strongly disagreed, 18 (accounting for 10.4%), indicating this is a major cause for concern that requires action. Students were also a little ambivalent about the support they received with respect to wellbeing. Even though most students agreed that measures were in place to support their wellbeing with 64 (37%) agreeing, a very significant proportion of students, 58 (or 33.5%) neither agreeing nor disagreeing with the statement. 
   

[bookmark: _Hlk45037701]Figure 2: Graph showing student survey responses (%) to items on tutorial support and wellbeing 

The survey revealed students experienced problems with the amount of work-life balance and social interaction. Further commentary from the interviews and focus groups shed more light on these concerns. There was general consensus on this in focus groups, and 12 of the 16 students interviewed mentioned the intensity of the workload, and more specifically feeling pressurised/stressed by it. A typical interview response is provided:    
‘The transition from high school was really well done, but then out of nowhere it suddenly changed to a really high workload, which was kind of surprising but expected at the same time … Now it is just constant working even at the weekends, [with] no free time off.’ 
						Student A, Eastern European, male 1st year 

Of those that completed the survey, only 5.8% strongly agreed (10 students) that the peer-to-peer buddying system, whereby second-year students are allocated a small group of first-year students to look after, worked well compared to 20.4% who strongly disagreed (35 students) that it did. Several open-text comments from the survey (9 in total) also reflected this concern about the buddying system, reflecting a lack of meaningful engagement:   
‘There should be much more focus on the [peer-to-peer buddying scheme] … The scheme at the moment does not feel useful as there simply isn’t enough encouragement for engagement.’   
									Open-text comment
A greater number of students (15 in total) felt that their mental health issues were neglected by the staff in the department:      
‘Very little concern for mental health, which is a problem, because a lot of students have problems coping, and not just with the workload, but working together. 
									Open-text comment
This may seem a little unfair as staff have always been implicitly aware that students struggle with finding work-life balance, although may not be able to offer the best support or advice. Students were keen to discuss the next step in terms of safeguarding their mental health, which was particularly revealed in the focus group sessions. Students from 2nd, 3rd and 4th years discussed problems of mental health and wellbeing more specifically during these sessions. An excerpt from one of these focus groups is included:     
· ‘I think for me the thing about wellbeing is that people in the 1st year come at 9am for lectures, stay all day, they are in the library until midnight which is just crazy. 
· I’ve heard rumours of a wellbeing person coming in. Will they be just for us?   
· I think the wellbeing officer idea is a useful one in this respect because we all understand what it feels like.’  
Focus group responses, 3rd year students
[bookmark: _Hlk55549535]There was good agreement among students (as shown from both the quantitative and qualitative evidence), that students had concerns around coping with the workload they are given and were unable to balance these with extra-curricular activity. Additionally, they expressed a lack of support for their wellbeing. 

Interactive teaching and assessment 
According to the survey data collated, a sizable majority of students agree with the amount and level of difficulty of coursework assignments they are given throughout the academic year, with 86 students agreeing (accounting for 50.4%) and 17 strongly agreeing (accounting for 9.9%). Similarly, students agree with the amount and level of difficulty of exams they undertake per annum, with 85 students agreeing (accounting for 49.7%) and 21 strongly agreeing (accounting for 12.3%). Having said as much, 11 open-text comments from the survey suggested that the coursework can feel burdensome or that time management was a concern:  
… Sometimes the coursework can become so time-consuming and challenging, that you end up having to cram through lectures in the holidays and catch up which can be a bit stressful.”
										Open-text comment

Figure 3: Graph showing student survey responses (%) to items on interactive pedagogies in teaching and assessment 

The survey data also suggests that students’ preferred learning strategies that are active rather than passive, with 71 students (42%) agreeing and 63 students (37.3%) strongly agreeing, indicating that interactive pedagogies ought to be developed and applied more routinely by teachers. Additionally, students learning preferences reflected activity with 44.1% of students agreeing that technology helps them learn and 44.4% agreeing that peer learning, and assessment supports their learning. A total of 7 of the 16 students interviewed, commented on peer learning, expressing an understanding of its importance, but also that there were concerns. One such positive comment is included:  
[bookmark: _Hlk73634202]And the second point that I would like to say is that the group projects and the group work. I value teamwork a lot because I understanding that engineering in the real world is not one man’s work, it is teamwork.															Student B, Chinese male, 2nd year
[bookmark: _Hlk24303185]
However, more typical comments reflected a greater need for students to be more collaborative and supportive as peers: 
When I first got here, I was hugely disappointed by how competitive it was. There are always opportunities for us to support each other more. We simply don’t or don’t know how to. 								Student C, British female, 4th year
As alluded to in the focus group summaries, the students can be competitive with one another (often a trait of over-achieving students (Castejon et al. 2016)). An noteworthy link was made between assessment, teaching and learning strategies and peer learning. Recent graduates (with the advantage of hindsight) commented on this relationship (5 responses), highlighting the need for assessment measures to be redesigned, as and where appropriate so that they were more reflective of collaboration rather than competition:  
One recommendation might be some more contextual introduction to chemical engineering course that enables first years to understand broadly how subjects relate … Secondly, there is a right place for competition, but the course grading framework needs to better support peer to peer learning encouragement. 
							Graduate response

A number of students contributed open-text comments on active learning techniques (21 in total) who mostly viewed it positively in support of their learning:    
Not enough small quizzes to gauge level of understanding. Some lecturers just run through innumerable slides and carry out worked examples without giving students a chance to try.    
										Open-text comment
Students made other, related comments on modes of assessment. Interestingly, focus group responses indicated that the current modes of assessment in place, allow students to strategize, due to the weighting of exams versus coursework and associated projects. An example except is provided:   
· This is a US-UK type of thing, but most of the year is based on end of year exams. That is an issue because if you’ve been working hard and then something happens to you then it’s really bad. 
· If someone was to ask me for advice, I would tell them just focus on your exams because it’s 95% of the marks and frankly I’ve seen many people leaving lab work for everyone else and just revising for the exams. And in the end, they get a better mark. 
Focus group responses, 1st year students
Students from the 3rd year focus group also made similar collective comments about being able to strategize with respect to assessment. Overall, the evidence from students suggested a preference for learning through activity, and for assessment deadlines and the modes of assessment used to be better thought through. Additionally, students discussed peer learning (the importance and difficulty).   

Personal and professional development  
Quantitative analysis revealed that a high proportion of students are extremely satisfied with the skills and capabilities they acquire throughout the course of their degree program with at least 80 students agreeing with each of the statements. Students seemed especially assured in terms of the development of their intellectual skills (63.7% agreeing and 19.9% strongly agreeing) and least assured of the development of their practical skills (51.5% agreeing and 11.7% strongly agreeing).  

Figure 4: Graph showing student survey responses (%) to items on students’ development of skills and capabilities 


With respect to students’ skills, it is perhaps unsurprising that at a research-intensive institution, and with the calibre of students accepted onto the degree course, their intellectual skills are highly developed, although there ought to be a greater balance in developing students’ practical and soft skills. The additional open-text comments from students helped us to clarify what students meant here – they signalled a lack of support with respect to career planning and preparation as part of continual professional development: 
Having a stronger presence of what careers this degree can get you would be good to be told from day one … have strategic partnerships with companies from different sectors to give students an idea of what is out there for them.   
										Open-text comment
Comments from students in interviews pointed to the value of developing soft skills as part of process channelled through academia-industry partnership: 
One of the [important] things … we went to Shell and played the business negotiation game ... And if those could be expanded even within the department, getting companies in not just to give a talk but to engage more actively with students that would be valuable.
						Student D, British, male, 3rd year 
However, the opportunities for students to develop their professional skills in this way were presented as rare. The comment made by Student D was also echoed by a recent graduate who would have welcomed more in the way of a link-up with industry, especially with respect to project work (top-down approach to learning) which ought to have included a number of other chemical process industries:    
More industry focus in projects - e.g. problems experienced in the oil and gas industry, renewables, pharmaceuticals, FMCG etc. [would have been helpful]
								Graduate response
Similar views were recorded in a focus group with final-year students who felt they were being short-changed in terms of their professional/career preparation, especially when they compared themselves with peers attending other universities where there was perhaps a greater focus on preparation for employment:  
· I wrote down some things that I think should be part of the curriculum. So currently we have a module that gives a good outlook to the pharmaceutical industry. I think there should be one similar for other industries. People don’t have the knowledge for knowing where they want to specialise. So we should have one for oil and gas, water, consumer goods. Taught by professionals. 
· I have a point that might not be directly related, but a lot of other unis have a year in industry, and I feel like we’ve really missed out a lot of opportunities because of that. We’ve missed out on a big opportunity. It would be good to have someone from the department encouraging us to do that.
Focus group responses, 4th year students

In general, the evidence obtained from students pointed to a need for greater industrial opportunities and awareness of chemical process industries in addition to more specific career guidance, as this was currently lacking. Students needed further opportunities to develop professional skills.     

OUR THEORY OF CHANGE – PRESENTATION AND CONCLUDING REMARKS
The evidence obtained from students revealed that: (1) students fail to manage their work-life balance (2) assessment measures and deadlines negatively affect students’ mental health (3) students feel they benefit from active learning techniques (4) there is a lack of clarity about careers’ choices available to the students. Our theory of change model is shown in Figure 5. The numbers 1, 2, 3 and 4 denote the four pieces of evidence which correspondingly align with outputs and long-term outcomes. The long-term outcomes are decided on what looks feasible going forward (based on outputs and evidence).            
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Figure 5: An outline of our proposed theory of change model  
Achieving the outputs 
Figure 5 is indicative of the stepwise process of change and implementation that were needed for us to achieve our desired long-term and intermediate outcomes. Beginning in March 2018, student data was collated during Spring and Summer 2018 with changes being introduced gradually (for example recruiting a wellbeing advisor), and a revised curriculum in place by Autumn 2019. Thus far, a few notable outputs are in place, whilst progress is being made with others. The number of contact and independent study hours were reduced to 1499 for each year group. Institutionally, numbers of contact hours had already been pre-determined in line with European programs of study. Having said as much the weightings of those hours was decided following the curriculum review (for example the appropriate balance of lectures, academic tutorials, practical work, project work, and independent study). As an example, the assessment measure for the 1st year chemistry module was 100% closed exam prior to curriculum review, and is now 80% closed exam and 20% coursework. Academic tutorials were also compulsory for this module and have been replaced by timetabled, optional-attendance sessions instead. A wellbeing advisor was recruited who specifically supports students in the department with their concerns and who has held over 100 meetings with students since being appointed in September 2019; recent research highlights the importance of having such an individual in place (Chadha et al. 2020). Furthermore, a departmental working group has been established to explore issues and concerns associated with assessment such as individual accountability in group work and the use of multi-modal assessment, employing assessment dialogue with students as a means to make this happen (Dolin et al. 2018). Teaching staff were actively encouraged to emphasise active learning and innovative assessment mechanisms when creating module specifications for the revised curriculum. 

Long-term outcomes: work in progress 
Having established our immediate outputs, and in light of Covid-19, preliminary discussions are currently taking place in determining what long-term outcomes might be considered (or re-considered) and how these should be evaluated, for example in exploring how a blended-learning approach may serve us going forward. The ensuing recommendations/goals informing our long-term outcomes are based on our immediate outcomes and student response to spot-check surveys during extended periods of lockdown. As a department, we have especially focused on learning and assessing through technology, and how this may become a more established feature of the curriculum (encouraging further active learning), so that students can access material and support in more innovative and informal ways off-campus. An ‘Atrivity’ gaming app was introduced into the curriculum two years ago for three core modules - chemistry, thermodynamics and mathematics in the 1st year. Multiple choice quiz (MCQ) questions were designed for these subjects, enabling students to play independent games and challenge one another through use of the app. The app was widely used during lockdown as a revision tool for students and was adapted for use in supporting student wellbeing. Similarly, the undergraduate teaching team is further exploring the lessons learnt about assessment through remote, distance learning, and whether there is greater scope for engaging with it going forward. Open-book exams which have rarely featured in traditional teaching might be beneficial in reducing stress levels among students going forward (Hatzipanagos et al. 2020). Data collected from our students suggested that of 124 that completed an internal departmental survey, 65 students would prefer open-book exams (37 students strongly agreeing and 28 agreeing) as opposed to 36 who would not prefer an open book exam (12 students strongly disagreeing and 24 disagreeing). Additionally, 23 students had no preference. 
 
Mental health issues have also been brought to the fore (as denoted from the student-based evidence), and we are actively considering how we might better manage and support our cohorts who have missed out on important social interactions. In order to reduce content and workload for students, over the last two years, we have held subject group discussions between teaching staff (for example all those teaching thermodynamics). These meetings have been instrumental for establishing where content is superfluous, repeated or not needed (for accreditation). Equally, these fruitful and ongoing discussions help us concretise how the 1499 hours allocated to each year of the degree programme are managed. For example, we were keen to reduce contact time (and reduce content), and provide students more space for independent learning and small-group tutorial (increase reflection on learning). Additionally, curriculum mapping software designed and developed by the institution, is being used as a tool to enable students and staff to identify cross-over and gaps in content, visualise the curriculum in a more holistic way (as previously discussed by Mazurat and Schӧnwetter 2008), and facilitate module revision and curriculum reduction to support learning gain. Easy wins that can also be included here are the additional/different activities taken up by the student-led chemical engineering society. For example, some social activities organised by the society could be better directed towards wellness and wellbeing (evidence:1) – students had previously organised a pet therapy session. Equally, the society could take on greater responsibility for inviting the champions of industry they wish to hear from address their peers and support their career aspirations (evidence: 4).    
 
Benefits and disadvantages of adopting a Theory of Change approach
In reflecting on our own experiences and what a theory of change approach might constructively offer others, the approach enabled us to produce a roadmap for change (as presented in Figure 5), allowing us to continually make and evaluate definitive changes. Importantly, and in response to the concerns associated with adopting a more random approach to curriculum review, we have made concerted efforts to align our outputs and outcomes with concerns expressed by students – collating meaningful evidence from them (Figure 5: evidence). The process was altogether simplified, with students proving effective associate partners in directing change. There is also transparency around how and where in the review process the student voice was informative. Equally, by surfacing our assumptions we were able to determine the length we could go to in implementing changes and ensure that our students were adequately involved in the process. Furthermore, a blueprint has been created that we are now expected to continually revisit to evaluate the impact of the outputs and intermediate outcomes proposed. Bearing this in mind, evaluation strategies themselves will need to be carefully considered, as tangible impact for some of these outcomes is potentially difficult to measure. Moreover, and as mentioned earlier, an issue in adopting a theory of change approach is that the model itself suggests linearity which was certainly not the case. For example, our institutional response to Covid-19 created complexities with respect to teaching, learning and assessment which had to be incorporated into this model, and the evidence provides a glimpse of student experience (meaningful evidence) - which ideally must be balanced with the experiences of other students, staff, and institutional policies and practices. Admittedly the number of student participants is fairly small and the strength of our conclusions are limited by the quantity and quality of evidence we obtained from our student cohort. However, by employing a theory of change approach to our curriculum review, we have managed to create a reasonable and systematic plan of implementation using meaningful evidence in a constructive way. Most importantly, this work illustrates how a theory of change approach can be adapted for use in a curriculum review (a somewhat novel application of it) if the key principles are understood and followed; we hope to highlight the utility of a theory of change approach to curriculum review both within chemical engineering and beyond.   
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                      To create a less - burdened, student- centred curriculum that incorporates  the institutional learning and teaching  strategy and prepares students for  work.  End Goal  Constructive meetings between  subject leads to pare back the content  and eventually create a visual map for  students to emphasis links between  content.  Long term outcome 1  Reduction in contact and reduced  contact/independent study hours  - as  part of an ongoing discussion.  Output 1  Students feel over- burdened with  work, and do not engage in extra - curricula activities.  Evidence 1  The student- led chemical engineering  society to add more social events to  their calendar of activities that focus  specifically on wellbeing  Long term outcome 1  Provision for departmental wellbeing  advisor.  Output 1  Assessment through open - book  exams to be considered going forward  (currently due to Covid), along with  recorded group presentations (labs  and projects)  Long term outcome 2  Setting of sensible assessment  deadlines so as not to bunch  assessment, reconsideration of types  of assessment, and the  exam/coursework balance.  Output 2  The current assessment unduly adds  stress to students.  Evidence 2  On - going research and development  centred on the benefit of gaming apps  and digital quizzes for use in teaching  and assessment.  Long term outcome 3  Encouragement for lecturers to make  greater use of active learning  techniques e.g. TEL and peer learning  activities.  Output 3  A majority of students would learn  better if more active learning  techniques were employed in their  education.  Evidence 3  Increase number of industry experts  who deliver on the curriculum and  greater collaboration with the careers  service to deliver targeted support to  students.  Long term outcome 4  Engagement with captains of industry  to support students’ professional  development.  Output 4  Students would benefit from a better  understanding of the careers options  available to them.  Evidence 4  Assumptions (pre - conditions) • There is an institutional/departmental budget to support any changes  proposed  • There is a good degree of buy - in from academic and professional  services staff and students for changes to be made to the curriculum • The student voice will be heard, and changes made with students  acting as consulted associate partners in the process.  • Irrespective of changes made, the degree would retain its accredited  status   
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