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This project is in collaboration with a UK social care provider, hereafter referred to as M&D Care. The organisation offers residential care, high-dependency specialist services, supported living, and domiciliary care. This model is shared by many UK care providers. Each service has distinct scheduling needs: some require travel between clients, others fixed on-site cover, and specialist services often demand higher staffing ratios such as 2:1 or 3:1. Balancing skills, legal compliance, staff continuity, and individual work-life preferences makes rota planning complex and time-consuming.
Commercial scheduling systems mainly enforce “hard” constraints such as minimum staffing, qualified cover, and legal rest breaks. “Softer” priorities, such as, continuity of care, fair weekend distribution, mentor pairing, and realistic travel times, are often treated as optional add-ons rather than core optimisation objectives, despite evidence that they can be integrated without loss of efficiency [1].
Staff shortages across the industry adds further pressure [2] [3], with growing reliance on cross-site working within a single shift. This requires careful planning of travel, fatigue, and workload fairness, yet most systems cannot manage it dynamically. A Care Trends report found 95% of providers still face rostering issues and rely on manual updates [4]. At M&D Care, rota co-ordinators are employed solely to resolve issues current systems cannot address. Similar findings in hospital settings link such manual adjustments to inconsistent schedules, fatigue, and low morale [5]. 
In addition, the rise in international recruitment has introduced another important dimension to rota planning. Due to the staff shortages within the UK, many care providers now employ sponsored workers who are required to meet minimum contracted hours under UK visa rules [3]. Recent data shows that 12.3% of international care staff left their roles due to the inability of employers to guarantee sufficient hours to meet sponsorship requirements [3]. Current scheduling systems offer little automated support for monitoring or enforcing these minimum requirements, which leads to an increased risk of non-compliance and staff turnover [2] [3]. 
These combined challenges highlight a clear gap. While commercial tools excel at meeting baseline compliance, they often lack the adaptability needed to manage the full operational demands of modern, mixed-model care services. As the sector diversifies, there is an urgent need for scheduling solutions that integrate both hard and soft constraints into a single, transparent optimisation process - one that is responsive to service type, staff needs, and evolving workforce pressures.
[bookmark: _Toc207372907]2. Background
Over the past five years, staff-scheduling research has shifted from simple rule-based systems to more advanced multi-objective models that combine legal requirements with staff-centred goals. Early software mainly addressed hard rules, such as meeting minimum staffing levels, verifying qualifications, and enforcing working hour limits. In contrast, softer objectives, such as maintaining continuity between clients and carers and respecting individual preferences were often neglected. To manage these needs, many managers continued to rely on spreadsheets or manual adjustments [5] [6].
The COVID-19 pandemic brought fresh challenges which prompted researchers to extend basic scheduling models with infection-control measures [7]. Moosavi et al, introduced grouping rules for residential care, which assigned staff to a single resident group per shift, which minimised cross-group contacts [7]. Their heuristic solver handled this new rule effectively alongside standard coverage objectives. 
Building on this foundation, recent studies incorporate softer objectives alongside mandatory constraints. Clapper et al. [1] created “blueprint routes” for home care, which focused on using a stable carer-client pairings to improve continuity of care. This approach aimed to ensure that clients regularly saw the same carers, fostering familiarity and stronger care relationships. Their algorithm improved continuity metrics by over 30%, with only a small increase in travel costs, demonstrating that relationship‐based objectives can be integrated into optimised schedules without significantly reducing operational efficiency.
Following on from this idea of integrating relationship-based objectives into scheduling, Mansini et al. [8] proposed a lexicographic heuristic for domiciliary care that first ensured that all hard constraints relating to regulatory compliance were met. Once these essential constraints were satisfied, the model systematically addressed softer objectives, such as accommodating staff preferred working hours. The method works like a ranking system: constraints are ordered by importance, and the algorithm optimises them step by step, moving down the list without ever violating a higher-priority rule. This approach achieved almost double the satisfaction rate for soft constraints compared to manually produced schedules. These results reinforce the view that optimised scheduling can improve both operational efficiency and staff well-being hand in hand. 
Extending this line of work, Zhang et al. [9] treated client and carer time-window preferences as soft constraints in a CP-SAT formulation, assigning penalties when visits fell outside preferred windows rather than blocking the schedule outright. This avoided infeasible rotas while still nudging the solver towards better time matches. On real home-care data, their model produced schedules that respected preferences more often with only marginal changes to efficiency (e.g. travel and idle time). This is directly relevant to a mixed service like M&D Care, where acceptable visit windows and staff availability vary across settings.
Recent studies have also emphasised fairness and fatigue. A review into hospital scheduling highlighted that fairness is central to morale and retention yet is inconsistently handled across tools and studies [10]. Emphasis should be placed on configurable fairness objectives rather than ad-hoc adjustments after schedules have been produced. In a related case study, an integer-programming approach that combined legal rules with individual preferences produced more balanced workloads and higher preference satisfaction in practise, illustrating how staff-centred constraints can be built into the optimisation rather than bolted on later [11].
Given these developments in the research domain, it is important to assess how far commercially available scheduling systems reflect similar priorities. Platforms such as Access Care Rostering and Rotageek both advertise capabilities that go beyond basic compliance, yet their practical focus and implementation vary. Many still treat softer goals as preferences or secondary rules rather than core optimisation drivers. Examining these tools, after reviewing recent studies, makes it possible to identify where they align with research-led approaches, and where significant gaps remain.
Access Care Rostering, one of the most commonly used scheduling systems in UK social care [12], markets itself as a comprehensive solution capable of managing both compliance and operational efficiency. Its travel-time calculations reflects the travel-aware optimisation seen in Clapper et al [1], and uses preferred-worker templates to support continuity. However, unlike academic models that treat continuity as a core objective, Access applies it only as a preference that can be overridden when hard rules take priority. Similarly, fairness and sponsorship-hour tracking are not embedded as solver objectives but are handled, if at all, through separate reporting or manual oversight. Whilst Access incorporates elements of the softer objectives identified in the literature, its optimisation is focused on coverage and compliance rather than a fully integrated, multi-objective approach that balances continuity, fairness, travel feasibility.
Another popular commercial solution is Rotageek, founded by Dr Chris McCullough, an emergency care doctor, as a response to the inflexible and inefficient rota planning he experienced in hospital A&E departments [13]. It presents itself as an “auto scheduler” capable of adapting to changing variables like staffing levels, internal policies, and fairness, and even claims a 25% improvement in shift-demand accuracy [14]. While Rotageek clearly excels at demand forecasting and coverage optimisation, it does not explicitly treat softer objectives such as continuity of care, fairness in shift distribution, or travel feasibility as core optimisation goals. For M&D Care, this means that the system’s automation is powerful, but may still fall short of supporting the balanced, multi-objective scheduling required across varied service models.
In reviewing these platforms, it’s clear that both Access Care Rostering and Rotageek provide strong solutions for compliance, coverage, and, to a degree, preference handling. Their optimisation engines are effective in enforcing hard constraints and improving operational efficiency, with Rotageek offering robust demand forecasting. However, the integration of softer objectives, such as continuity of care, fairness beyond basic rules, adapting to the recruitment crisis in care, and travel-aware routing remains limited or optional rather than core to the solver’s decision-making. For M&D Care, which operates across multiple service types, these gaps require rota coordinators to manually adjust schedules to preserve service quality and compliance. The reliance on manual adjustment highlights a fundamental problem: current systems are not designed to balance the full set of objectives required in complex social care.
[bookmark: _Toc207372908]3. Aim & Objectives
The literature review shows both progress and limitations in current scheduling approaches. Academic research demonstrates that softer objectives, such as continuity of care and fairness, can be built into optimisation frameworks. In practice, however, commercial systems remain focused on compliance and coverage. Because they target a broad market, these systems prioritise regulatory requirements over organisation-specific needs. Softer objectives are rarely embedded as core optimisation goals and, where included, are usually managed through reporting or manual oversight. For providers like M&D Care, this creates a gap between what commercial tools offer and the varied demands of residential, supported living, specialist, and domiciliary care services.
[bookmark: _Toc207372909]Aim
Design and evaluate a configurable auto-scheduling prototype for M&D Care, using Google OR-Tools, that balances compliance with softer priorities across residential, supported living, and domiciliary services.
[bookmark: _Toc207372910]Objectives
To achieve this aim, the following objectives are defined:
1. To capture and define scheduling requirements by analysing hard rules (coverage, skills, Working Time Directive, 2:1/3:1 ratios) and softer goals (continuity, fairness, travel buffers, sponsorship hours), and to design a data schema with KPIs to measure continuity, fairness, travel time, and compliance.
2. To design and implement the optimiser in Google OR-Tools, encoding hard rules as constraints and modelling softer goals as weighted, optional objective and to deliver a runnable solver with a configuration file and unit tests.

3. To build and validate datasets by creating synthetic dataset representing typical services and weeks, and build two baseline approaches (coverage-first and greedy).

4. To evaluate the prototype experimentally by generating schedules over at least four test weeks and comparing them against the baseline approaches.

5. To assess explainability and usability by generating per-assignment rationales and change logs for re-scheduling, and by gathering rota coordinator feedback through a short survey to evidence clarity and effort saved.

[bookmark: _Toc207372911]Success Criteria
The success of this project will be judged against clear criteria. First, the prototype must generate feasible schedules with no breaches of compliance rules, including coverage, working time regulations, and staff skills. Second, it should incorporate at least two configurable soft constraints, such as continuity, fairness, or travel feasibility, allowing managers to adapt the optimiser to their service. Third, it should show measurable improvements over baseline methods on at least two KPIs, such as continuity percentage, fairness distribution, or average travel time. The prototype must also provide explainability outputs, showing the rationale for staff assignments. Finally, feedback from rota coordinators at M&D Care should confirm that the system reduces the time needed to produce monthly rotas compared with current tools.
[bookmark: _Toc207372912]MAP
The minimum deliverable for this project is a functioning solver, built in Google OR-Tools, that can generate compliant schedules for a representative dataset. This MVP will implement hard rules such as coverage and qualifications, while also embedding at least two soft objectives, as switchable optimisation goals. A simple front-end interface will also be developed so that non-technical users can run the solver and review results without requiring specialist knowledge of the underlying code.
[bookmark: _Toc207372913]Data
The project will primarily use synthetic datasets that replicate the structure and constraints of M&D Care’s services (these are common amongst many care providers). These datasets will include representative staff numbers, service types (residential, supported living, domiciliary), shift patterns, and regulatory requirements. To ensure realism, the data structures and parameters will be developed in consultation with rota coordinators and managers at M&D Care, so that the synthetic datasets accurately reflect the organisation’s staffing patterns and operational needs. For evaluation, schedules generated by the prototype will be compared against two baseline approaches (a coverage-first allocation and a greedy heuristic).
For the analysis of results, different options for statistical testing were considered. One possibility was to use a paired t-test, a common method for comparing two related sets of numbers (for example, continuity scores from the prototype and from the greedy baseline). This test is widely used in experimental research to assess whether differences are statistically significant [15]. However, the t-test assumes that the dataset is large enough and normally distributed, which may not be the case here given that only a small number of representative rota weeks will be tested.
For the purpose and the scope of this project, a simpler approach would be a wiser choice. The analysis will focus on calculating the differences in Key Performance Indicators (KPIs) between the prototype and the baselines for each test week (continuity, fairness, travel time, compliance). These differences will be summarised using averages and ranges, and supported by simple tests such as the sign test, which only checks whether improvements occur often [16]. This approach is straightforward, easy to explain, and avoids relying on assumptions that may not hold with a small dataset.
[bookmark: _Toc207372914]Ethics
An Ethics approval form will be submitted alongside this proposal, which sets out the use of voluntary participation, use of synthetic data, secure storage, and data retention timelines. 
[bookmark: _Toc207372915]Resources
The project has no direct financial cost. All development will be done in VS Code, using open-source libraries (including OR-Tools), with Git/GitHub for version control. A free tier hosting service will be used for deployment, if required. 
[bookmark: _Toc207372916]4. Methodology

The following section will explain the philosophical stance, research approach, strategy, and methods that will guide the design and evaluation of the project. Using the research onion framework described by Saunders et al. [17], each layer is outlined and justified to show why these choices are appropriate. The aim is to give a clear account of how the study will be carried out and why the selected methods are best suited to achieving the project goal: the design and evaluation of a configurable auto-scheduling prototype for M&D Care, built with Google OR-Tools, that balances compliance with softer priorities.
[bookmark: _Toc207372917]Philosophy
This study takes a positivist philosophy, as it focuses on objective and measurable outcomes. Positivism views reality as something external that can be observed and measured [18], which fits this project because the prototype will be judged using quantifiable Key Performance Indicators (KPIs) such as continuity percentage, fairness measures, and travel time. An interpretivist philosophy, which is more concerned with subjective meaning and lived experiences [19], would be better suited to research looking at how carers or clients feel about continuity or fairness. Although this project does include a small interpretive element through coordinator feedback, the main emphasis is on quantitative data and objective results.
Building on this positivist stance, the research will use a deductive approach, which begins with established theory and tests whether it holds true in a specific context [17]. Due to the already established body of work on optimisation and scheduling, it is possible to begin with existing theory and test its applicability in the context of M&D Care. Prior studies demonstrate that softer objectives, such as continuity and fairness, can be integrated into scheduling models without major reductions in efficiency [1]. This project applies that theory by implementing established optimisation algorithms, specifically constraint programming and CP-SAT through Google OR-Tools, which is an open-source library that provides tested implementations of these methods. An inductive approach, which would generate new theory directly from observations, was considered but not selected, as the scheduling literature already offers strong theoretical foundations to build upon.
From this deductive position, the research naturally adopts a combined strategy of software development and experimentation. A software development strategy involves designing and building a novel system and then testing that it works effectively in practice [17]. With the plan being to build a configurable, automated scheduling prototype using Google OR-Tools, this project clearly aligns with that strategy. Although testing is part of software development, this is primarily concerned with verifying that the prototype runs correctly and produces valid schedules. The experimentation strategy goes further, focusing on systematically manipulating variables and measuring their effects [17]. By creating soft constraints and applying them to the scheduler, we can observe how these factors influence the resulting schedules, by using our pre-defined KPIs as a baseline. As a result, this experimental element will ensure that the system is not only developed but also rigorously evaluated against key indicators, which in turn, allows the research to demonstrate the added value of multi-objective optimisation in comparison to simpler scheduling approaches. 
Other strategies were considered but not adopted. A survey could be used to capture staff opinions about fairness and usability; however, this strategy wouldn’t prove whether optimisation methods could improve rota outcomes. A case study, traditionally used to provide detailed insights into a single organisation or process [17], could have described M&D Carre’s scheduling practises in depth. This, in turn, could provide a software developer with rich contextual understanding of the challenges involved. However, while this might generate valuable background information, it would not provide the controlled, measurable comparisons required to evaluate the performance of a new optimisation system.
Whilst the chosen strategy of combining software development and experimentation feels like the natural fit for this project, it does present some potential disadvantages. One limitation of a software development strategy is the risk of focusing too much on writing the code and building the system, and not enough on contributing to theory [20]. To avoid this, the prototype will be based on existing optimisation theory and tested with clear KPIs, so the project provides both practical and academic value. Another disadvantage of the experimental element is that it may lack realism if testing relies on synthetic datasets rather than live rota data. To minimise this risk, we will be working closely with the rota coordinators at M&D Care so that the synthetic data closely mimics real staffing levels, shift patterns and care package requirements. 
[bookmark: _Toc207372918]Software Development Methodology
This project will use an Agile approach, taking ideas from Feature-Driven Development (FDD). FDD is designed for small projects and works well for a single developer, because it breaks the work into small “features” that can be designed, built, and tested one at a time [21]. In this project, the features are the scheduling functions, such as rules for coverage and employee qualifications, or the templating for care packages, and softer objectives like continuity and fairness.
The reason for choosing FDD is that the project needs to be iterative. Each feature can be added, tested, and improved without waiting for the whole system to be finished. This makes errors easier to spot early and ensures everything works together as it grows. Agile methods like FDD also give flexibility, which is important here because constraints and KPIs may need adjusting once testing begins.
Other methods, such as Waterfall, were not chosen because they assume all requirements are fixed at the start and then follow a strict step-by-step process. This makes changes hard to manage, so it would be too rigid for a project where the system will develop gradually.
Scrum, on the other hand, is another Agile method but it is built for bigger teams. It uses short development cycles called “sprints,” with roles such as Scrum Master and Product Owner to manage the work [22]. Because this project only has a single developer, Scrum is not appropriate here.
[bookmark: _Toc207372919]Workflow and Prototype 
The design of this project centres around creating a configurable prototype scheduling system that rota coordinators and managers can use without technical expertise. The workflow has been designed to balance technical optimisation and practicality. The system contains two key components: the solver core which is built with Google OR-Tools, and a lightweight, friendly, user interface that allows rota coordinators and managers to enter data, configure the constraints and review the results. 
The workflow itself is iterative: coordinators upload rota and staff data, choose relevant constraints, run the solver, review KPIs, tweak weights (e.g., fairness/continuity), and rerun. This reflects the FDD approach adopted for the project i.e. features will be added incrementally and tested in practise, with feedback loops at each stage. 
The sequence diagram below shows data upload and validation, the solver applying hard/soft rules, KPI review, optional re-runs with adjusted settings, and export of the rota and KPIs.
[image: ]
Figure 1: Sequence diagram explaining the scheduling workflow 
The next diagram below outlines the evaluation process. A dataset is run through three schedulers: coverage-first, greedy heuristic, and the prototype. Each produces a schedule that is measured on the same KPIs, including continuity, fairness, travel, and compliance. The results will then be compared by calculating the difference in KPI scores between the prototype and the baselines for each test week. These differences will be summarised using averages and ranges, and supported by simple non-parametric checks such as the sign test to see whether improvements occur consistently across weeks. 
[image: ]
Figure 2: Evaluation workflow sequence
The wireframe diagram below shows the simple UI design. It has options to configure the constrains, a section that explains the reasoning, and a calendar view of the rota. 
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Figure 3: Wireframe
[bookmark: _Toc207372920]Project Planning 
The project has been broken down into a series of phases, with each phase divided into smaller tasks that can be managed and tracked. Using the MoSCoW method [23], each task has been prioritised in a way that helps us distinguish what’s required to complete the minimal viable product and what can be deferred if time is limited. Dependencies between tasks, such as completing solver features before running evaluations, are also built into the plan. Contingency time has been allowed within each phase to account for delays. Using Monday.com (a project planning software), the board below illustrates this structured process. 
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Figure 3 – Monday.com board demonstrating the project timeline
[bookmark: _Toc207372921]Project Impact
This project addresses the gap identified between research and current scheduling software. Studies show that objectives such as continuity and fairness can be built into optimisation without major losses in efficiency, yet commercial systems tend to focus mainly on compliance. By producing a configurable prototype that embeds these softer objectives as part of the optimisation process, the project demonstrates how these research findings can be applied in practice. For M&D Care, the tool has the potential to reduce manual rota adjustments, improve fairness in staff allocation, and strengthen continuity of care.
The project does have limitations. Synthetic datasets are used for confidentiality, which may not capture all of the variation and unpredictability of real rota data. Evaluation will be limited to a small number of representative weeks, meaning that long-term outcomes such as staff morale, retention, or financial performance cannot be tested. The prototype is also deliberately scoped as a minimum viable product, with a simple front end and no integration into payroll or care management systems.
Future development could extend the solver to larger and live datasets, include features such as real-time re-rostering, and build a more advanced interface. There is also scope to add objectives such as fatigue management or actions for infection-control. In the longer term, the system could be developed into a full application for care providers or adapted for use in other scheduling contexts such as healthcare wards or other front-line timetabling.
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