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Cost-Push Drivers of UK Construction Cost Change: A Machine-Learning Comparison of Macroeconomic, Construction-Sector and Shock Drivers

Hosen A. Zadeh
h.abdollahzadeh@pgr.reading.ac.uk

Extended Abstract Research Problem / Aim
Construction cost uncertainty is a major problem for clients, contractors, consultants and public-sector decision-makers because inaccurate estimates can lead to cost overruns, poor budget control, weaker bidding decisions and reduced project viability (Al-Shanti, 2003; Williams et al., 2005; Akintoye, 2000). This problem has become more important in the UK because construction costs are now exposed to inflation, labour shortages, supply-chain disruption, Brexit-related labour pressures and geopolitical instability (ONS, 2026; Euroconstruct, 2024). Construction Cost Indices (CCI) help stakeholders monitor cost movement and support budgeting, tendering and financial adjustment (Ashuri et al., 2012; Mao and Xiao, 2019; Zhang et al., 2018). However, existing CCI studies often examine individual predictors rather than comparing broader cost-push driver groups. This research therefore aims to examine how explanatory contribution is distributed across construction-sector, macroeconomic and shock-related cost-push drivers in UK CCI-oriented nowcasting, and whether shock indices add value at H6.

Literature Review and Academic Context
The construction cost estimation literature shows that cost outcomes are influenced by both project level and external conditions. Early studies identified building type, size, complexity, location, contract conditions and project characteristics as important cost determinants (Skitmore, 1987; Gunner and Skitmore, 1999; Li, Shen and Love, 2005). However, later work showed that project characteristics alone are not enough, especially for larger or longer-duration projects where market conditions, inflation, labour availability and procurement context can significantly affect cost performance (Akintoye, 2000; Ling and Boo, 2001; Oberlender and Trost, 2001; Lim et al., 2016; Plebankiewicz, 2018). This matters because the groups most affected by poor cost forecasts are clients, contractors, estimators, public authorities and investors, who depend on reliable cost information for budget setting, tendering, procurement and risk allocation.
A second strand of literature focuses specifically on construction cost and price indices. Akintoye, Bowen and Hardcastle (1998) examined macroeconomic leading indicators for UK tender prices, while Ng et al. (2004) used economic, banking and construction-related indicators to forecast tender price indices. Ashuri, Shahandashti and Lu (2012) showed that macroeconomic indicators such as CPI, PPI, money supply and GDP-related variables can provide useful leading information for construction cost index forecasting. More recent studies have extended this work using machine learning. Dong, Chen and Guan (2020) applied LSTM neural networks to construction cost index forecasting and showed that sequential models can capture nonlinear and temporal patterns. Wang et al. (2022) used deep learning and SHAP to examine economic drivers of construction cost estimation. Chen et al. (2025) further demonstrated the value of advanced machine-learning and explainable AI methods in construction cost prediction.
Despite these advances, the literature still has three limitations. First, many studies use variables individually or in small sets, rather than comparing broader theoretically informed groups. Second, construction-sector variables such as labour and material costs are often close to the cost index itself, so their importance is expected and needs to be interpreted as proximate cost signal rather than novel causal evidence. Third, external shock indices remain weakly integrated into construction cost

modelling. Economics and finance research has developed validated measures of geopolitical risk, economic policy uncertainty and global supply-chain pressure (Baker, Bloom and Davis, 2016; Caldara and Iacoviello, 2022; Benigno et al., 2022; Gozgor et al., 2023), but construction studies have mainly focused on domestic political or institutional risks (Bekr, 2017; Niazi and Painting, 2017; Perera and Jayasena, 2022). This creates a clear gap: it is not yet well understood how shock-related indicators contribute alongside conventional construction-sector and macroeconomic drivers in CCIoriented estimation. AlTalhoni et al., (2024) also show that CCI forecasting remains an active research area, with repeated emphasis on macroeconomic factors such as GDP, inflation, exchange rates, money supply and interest rates, but limited direct integration of broader external shock measures.


Research Design
The research uses a staged empirical design based on monthly UK data from February 2000 to November 2020. The empirical target is the BCIS General Building Cost index (GBC), used as a UK proxy for Construction Cost Index-oriented estimation. The predictor set is organised into three literature-informed cost-push groups: macroeconomic indicators, construction-sector economic factors and external shock indices. This grouping is central to the research design because the aim is not only to identify accurate models, but to compare how explanatory contribution is distributed across different types of cost pressure.
The first stage involves data preparation and exploratory diagnostics. Monthly percentage change rates are calculated for the target and predictor variables so that the analysis focuses on short-term cost movement rather than raw levels. Min-max normalisation is applied using training data only to avoid information leakage. Pearson correlation, Spearman correlation and VIF analysis are then used to examine basic association and redundancy.
The second stage applies machine-learning models to nowcasting at horizon 0 (H0), with a supplementary medium-horizon exercise at horizon 6 (H6). Models include LSTM, LightGBM, XGBoost, CatBoost, HistGradientBoosting, AdaBoost, SVM and KNN. Time-ordered train-test splitting and rolling validation are used to preserve chronological order.
The third stage uses SHAP to interpret model behaviour at both variable and grouped levels. Full models are also compared with no-shock reduced models to test whether shock indices add incremental predictive value beyond conventional variables.

Contribution to Knowledge and Potential Impact of Research
The study makes three main contributions. First, it contributes theoretically by applying cost-push inflation theory to construction cost index modelling. Rather than treating predictors as a long list of isolated variables, it organises them into construction-sector, macroeconomic and shock-related layers of cost pressure. This helps explain why proximate construction variables are more important for nowcasting, while macroeconomic and shock-related pressures become more visible at H6.
Second, the study contributes empirically by integrating external shock indices into CCI-oriented cost estimation. These indicators are widely used in economics and finance but remain underused in construction cost modelling. The results show that shocks are not dominant contemporaneous drivers, but they provide complementary upstream information at the medium horizon.
Third, the study contributes methodologically by combining machine-learning models with grouped SHAP analysis and no-shock ablation comparisons. This moves the analysis beyond predictive accuracy and allows the research to examine how different types of cost-push pressure contribute across horizons.
The potential impact is practical. Estimators, planners and commercial teams could use a layered monitoring approach: construction-sector indicators for current cost conditions, macroeconomic indicators for background pressure and shock indices for medium-horizon risk awareness.

Keywords
Construction Cost Index, Cost-Push Inflation, External Shocks, Macroeconomic Indicators, Construction Cost Prediction.

References
Akintoye, A. (2000) ‘Analysis of factors influencing project cost estimating practice’, Construction Management and Economics, 18(1), pp. 77–89. doi: 10.1080/014461900370979.
Akintoye, A., Bowen, P. and Hardcastle, C. (1998) ‘Macro-economic leading indicators of construction contract prices’, Construction Management and Economics, 16(2), pp. 159–175. doi: 10.1080/014461998372466.
Al-Shanti, Y. (2003) A cost estimate system for Gaza Strip construction contractors. MSc dissertation. The Islamic University of Gaza.
AlTalhoni, A., Liu, H. and Abudayyeh, O. (2024) ‘Forecasting construction cost indices: methods, trends, and influential factors’, Buildings, 14(10), 3272. doi: 10.3390/buildings14103272.
Ashuri, B., Shahandashti, S.M. and Lu, J. (2012) ‘Empirical tests for identifying leading indicators of ENR Construction Cost Index’, Construction Management and Economics, 30(11), pp. 917–927. doi: 10.1080/01446193.2012.728709.
Baker, S.R., Bloom, N. and Davis, S.J. (2016) ‘Measuring economic policy uncertainty’, The Quarterly Journal of Economics, 131(4), pp. 1593–1636.
Bekr, G. (2017) ‘Factors affecting performance of construction projects in unstable political and economic situations’, ARPN Journal of Engineering and Applied Science, 12.
Benigno, G., di Giovanni, J., Groen, J.J.J. and Noble, A. (2022) The GSCPI: A new barometer of global supply chain pressures. Federal Reserve Bank of New York Staff Report No. 1017.
Caldara, D. and Iacoviello, M. (2022) ‘Measuring geopolitical risk’, American Economic Review, 112(4), pp. 1194–1225. doi: 10.1257/aer.20191823.
Chen, L. et al. (2025) ‘Transparent and reliable construction cost prediction using advanced machine learning and explainable AI’, Engineering Science and Technology, an International Journal, 70, 102159. doi: 10.1016/j.jestch.2025.102159.
Dong, J., Chen, Y. and Guan, G. (2020) ‘Cost index predictions for construction engineering based on LSTM neural networks’, Advances in Civil Engineering, 2020, 6518147. doi:
10.1155/2020/6518147.
Euroconstruct (2024) ‘Labour in the Construction Sector: Its Image, Young Workers, and the Shortage of Labour’, Briefing on European Construction, December.
Gozgor, G., Yarovaya, L., Demir, E. and Shahbaz, M. (2023) ‘Global supply chain pressure and commodity markets: Evidence from multiple wavelet and quantile connectedness analyses’, Finance Research Letters, 54, 103791.
Gunner, J. and Skitmore, M. (1999) ‘Comparative analysis of pre-bid forecasting of building prices based on Singapore data’, Construction Management and Economics, 17(5), pp. 635–646. doi: 10.1080/014461999371240.
Li, H., Shen, Q. and Love, P.E.D. (2005) ‘Cost modelling of office buildings in Hong Kong: an exploratory study’, Facilities, 23(9–10), pp. 438–452. doi: 10.1108/02632770510602379.
Lim, B., Nepal, M.P., Skitmore, M. and Xiong, B. (2016) ‘Drivers of the accuracy of developers’ early stage cost estimates in residential construction’, Journal of Financial Management of Property and Construction, 21(1), pp. 4–20. doi: 10.1108/JFMPC-01-2015-0002.

Ling, Y.Y. and Boo, J.H.S. (2001) ‘Improving the accuracy estimates of building of approximate projects’, Building Research & Information, 29(4), pp. 312–318. doi: 10.1080/09613210122440.
Lundberg, S.M. and Lee, S.-I. (2017) ‘A unified approach to interpreting model predictions’, in Advances in Neural Information Processing Systems 30. Red Hook, NY: Curran Associates.
Mao, S. and Xiao, F. (2019) ‘A novel method for forecasting construction cost index based on complex network’, Physica A: Statistical Mechanics and its Applications, 527, 121306. doi: 10.1016/j.physa.2019.121306.
Ng, S.T., Cheung, S.O., Skitmore, M. and Wong, T.C.Y. (2004) ‘An integrated regression analysis and time series model for construction tender price index forecasting’, Construction Management and Economics, 22(5), pp. 483–493. doi: 10.1080/0144619042000202799.
Niazi, G. and Painting, N. (2017) ‘Significant factors causing cost overruns in the construction industry in Afghanistan’, Procedia Engineering, 182, pp. 510–517.
Office for National Statistics (ONS) (2026) Construction statistics, Great Britain: 2024. Released 19 February 2026. Available at: https://www.ons.gov.uk/businessindustryandtrade/constructionindustry/articles/constructionstatistics
/2024(Accessed: 10 April 2026).
Oberlender, G.D. and Trost, S.M. (2001) ‘Predicting accuracy of early cost estimates based on estimate quality’, Journal of Construction Engineering and Management, 127(3), pp. 173–182. doi: 10.1061/(ASCE)0733-9364(2001)127:3(173).
Perera, K. and Jayasena, H. (2022) ‘Regularities and patterns of construction costs upon political events’, pp. 103–114. doi: 10.54389/TDAB4937.
Plebankiewicz, E. (2018) ‘Model of predicting cost overrun in construction projects’, Sustainability, 10(12), 4387. doi: 10.3390/su10124387.
Skitmore, R.M. (1987) Construction prices: the market effect. Report for the Royal Institution of Chartered Surveyors Educational Trust. University of Salford.
Wang, R., Asghari, V., Cheung, C.M. and Hsu, S.-C. (2022) ‘Assessing effects of economic factors on construction cost estimation using deep neural networks’, Automation in Construction, 134, 104080. doi: 10.1016/j.autcon.2021.104080.
Williams, T.P., Lakshminarayanan, S. and Sackrowitz, H. (2005) ‘Analysing bidding statistics to predict completed project cost’, in Proceedings of the International Conference on Computing in Civil Engineering 2005, Cancun, Mexico, pp. 1–10. doi: 10.1061/40794(179)157.
Zhang, R., Ashuri, B., Shyr, Y. and Deng, Y. (2018) ‘Forecasting Construction Cost Index based on visibility graph: A network approach’, Physica A: Statistical Mechanics and its Applications, 493, pp. 239–252. doi: 10.1016/j.physa.2017.10.052.

[image: University of Reading]


[bookmark: Ajayi_Abstract]Climate Change Adaptation of Construction Organisations in United Kingdom
Adefolaju Oluwasegun Ajayi a.a.ajayi@pgr.reading.ac.uk
Abstract

Climate change poses increasing risks to the construction industry in the United Kingdom, manifesting through rising temperatures, intensified rainfall variability, flooding, storms, and other extreme weather events that disrupt project delivery, increase costs, and compromise infrastructure resilience. In response to these emerging challenges, construction organizations are required to adopt effective climate change adaptation strategies; however, the extent of preparedness, implementation capacity, and effectiveness of these strategies remains uneven and insufficiently understood. This study investigates the impact of climate change adaptation on the performance of construction companies in the UK, with emphasis on how environmental stressors influence project outcomes and organizational resilience.
The study is guided by resilience theory and institutional theory, providing a dual lens for examining both the technical capacity of firms to withstand climate-related disruptions and the regulatory and organizational pressures shaping adaptation behavior. A mixed-method sequential explanatory design was adopted. The quantitative phase involves a structured survey of approximately 150–200 construction professionals drawn from firms of varying sizes across the UK, assessing relationships between climate variables (temperature changes, rainfall patterns, and extreme weather events) and performance indicators such as project delays, cost overruns, and labor productivity. Data will be analyzed using descriptive statistics, multiple regression, and ANOVA in SPSS. The qualitative phase consists of semi-structured interviews with 15–20 purposively selected industry stakeholders, analyzed thematically using NVivo, to explore organizational experiences, adaptation strategies, and implementation challenges in greater depth.
The study is expected to provide empirical insights into the extent to which UK construction firms integrate climate adaptation practices and how such practices influence operational performance. It also aims to identify key barriers to limiting effective adaptation and propose practical strategies for improving resilience within the sector. Ultimately, the research contributes to advancing knowledge on climate-resilient construction management and supports evidence-based policymaking for sustainable infrastructure development of a changing climate.


Keywords
Climate Change, Adaptation, Construction, resilience, Climate science
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Abstract
This study examines the role of innovation, in particular 3D printing, within Oman’s construction industry, which is a key sector experiencing growth driven by Oman Vision 2024 and recent awarded multimillion-dollar construction projects. Despite this expansion, the industry demonstrates a notable deficiency in technological integration and innovative practices. The forthcoming construction projects present significant opportunities to embed advanced technologies, such as automation and 3D printing, which could address critical industry challenges including workforce shortages, climate resilience, material cost inflation, inadequate labour expertise, and project delays.

The primary objective of this research is to investigate the implications of adopting innovation, with a particular focus on 3D printing, and to identify the opportunities, challenges, and barriers associated with their implementation. A comprehensive assessment of the industry’s current readiness for technological innovation will be conducted by engaging key stakeholders such as government sectors, consultants, contractors and evaluating their understanding of the innovation adoption process within the Omani context. In addition, the existing understanding of the automation adoption process, in particular 3D printing, will be reviewed and analysed through engagement with key authoritative entities such as Muscat Municipality and Sultan Qaboos University. The research will develop a systematic approach to gather stakeholder knowledge and expertise on automation specifically 3D printing adoption in Oman’s construction sector. This framework will facilitate the structured gathering of insights from various stakeholders, including clients and government entities, ensuring a comprehensive understanding of the challenges and opportunities surrounding automation in the industry. The research will also identify practical solutions to overcome technological, regulatory, and workforce challenges and provide recommendations for policy changes, training initiatives, and industry collaborations to facilitate smoother integration of automation particularly 3D printing into the construction sector.

The study will involve engaging with authoritative industry entities to gather qualitative insights into existing practices and perceptions. A stakeholder-centred framework will be developed to systematically collect data, facilitating an in-depth understanding of the factors influencing innovation adoption. This will be undertaken through workshops where 3D printing adoption future scenarios will be discussed. The findings will underscore the importance of capturing stakeholder knowledge to inform best practices and align industry development with Oman’s broader 2040 Vision, ultimately fostering sustainable growth and technological advancement in the sector.
Keywords
Innovation, Construction Industry, Automation, Stakeholder engagement, Oman Vision 2024, 3D printing.
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Extended Abstract

Research Problem and Aim
Construction 4.0 depends on the convergence of advanced automation (robotic systems) with the current fragmented construction industry, where profit margins typically average between 2% and 3% (CBI, 2020). To work together (despite their differences in language, timeliness and data systems) construction companies must pursue partnerships with venture-capital based advanced tech-companies (Bechky, 2003; Brown and Duguid, 2001). In attempting to replicate manufacturing style efficiencies, the greater differences in the way organisations and their members know the major organisational and knowledge gaps that affect the ability of construction organisations to deliver best practice efficiencies limit an organisation’s ability to adopt and integrate these efficiencies (Green and May, 2005; Carlile, 2004). Digital innovations will fail to be implemented (Dowsett, et al., 2022). This research is focused on how construction firms and robotics manufacturers use prototype robots as “boundary objects” to connect and overcome these differences (Whyte and Harty, 2012; Dowsett, Harty, and Davies, 2017).
Literature Review and Academic Context
Science and Technology Studies, ground the base of this research, along with construction management as its disciplined influences. The goal is to understand how knowledge is transferred among organisations (e.g., various institutions) (Bowker and Star, 1999). The primary concept is the "boundary object," or an artifact that can be adapted locally, while still maintaining its representation across numerous professional domains (Star and Griesemer, 1989; Rogl, and Risku, 2024). In addition to this, Carlile points out that knowledge is embedded in practice, therefore, boundary objects must be able to assist in the interpretation/translation of semantics and political negotiation and should not simply be viewed as a way to transfer informational knowledge (Carlile, 2002; 2004). As a result, these artifacts are typically seen as having a base agenda at their core, when used in the context of professionals, versus non-professionals (Ewenstein and Whyte, 2009).
At the construction research level, Whyte and Harty (2012) analyse what role digital and physical tools play within "unstable ecologies of practice." Such technologies (like BIM or 3D models) can often turn into contentious objects requiring large amounts of teamwork to create stability across multiple
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teams (Boland et al, 2007). When digital tools are brought into the physical construction environment, they also influence how power is distributed among people and how to perform work tasks (Bechky, 2003).
Green and May (2005) critique the utopian language related to technology innovation, arguing linear models (such as industry predictions) do not account for how technology is used at the local level. Instead, technology adoption should be evaluated based on its effect on local operational norms and practices as well as supply chain interactions (see Flyvbjerg et al. 2003). Additionally, Brown and Duguid (2001) have rejected the notion of "top down" information transfer as a model for learning; they claim that learning occurs in communities of practice and as a result of collaborative problem solving.
According to Dowsett et al. (2022), the use of many digital work flows often results in some level of practical friction due to the inability of many advanced representations to adequately represent the situational knowledge required at the job site; leading to a generative dance where manual adjustments and workarounds occur in order to reconcile the use of technology with the operational realities; thus, this project utilises the concept of robotic prototypes as contested physical-digital hybrid boundary objects as opposed to autonomous standalone technologies (Ewenstein and Whyte, 2009).
Research Design
Using a qualitative exploratory case study method, this research looks at socio-material relationships among human beings and physical-digital prototypes in cross-sectoral R&D projects (Flyvbjerg et al., 2003). This study investigates collaborations between high-tech companies, original equipment manufacturers (OEMs), and Tier 1 construction companies to test robot systems in real-world environments (Whyte and Harty, 2012).
The data will be collected using triangulation. There are three different ways of collecting the data described in the literature (Onososen, Musonda, and Ramabodu, 2022). Ethnographic observations of co-design sessions, laboratory tests, and field tests will help provide real-time data about how individuals and teams are working together to solve problems (Whyte and Harty, 2012). Semi-structured interviews with 20-25 subject matter experts will be conducted to understand their perceptions of risk, level of comfort with technology, and what is important to them in their work (Brown and Duguid, 2001). Using a collection of documents and artifacts such as data logs, virtual models, spatial models, and operational processes will provide evidence on how technology-based information is incorporated and used differently across organisations (Boland et al., 2007).
Cross-sectoral problem-solving in construction 4.0
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The findings will then be thematically analysed (Braun and Clarke, 2021) and interpreted using Carlile's relational boundary framework to evaluate how prototypes facilitate knowledge transfer, translation, and political transformation between different construction ecologies of practice (Carlile, 2002; 2004).
Contribution to Knowledge and Potential Impact
The study will provide an important theoretical contribution to the field of organisational studies and construction management by extending the boundary object concept into the world of dynamic Cyber-Physical Systems (CPS). While traditional construction research tends to emphasize static digital data structures (e.g., Building Information Modeling (BIM) or asset spreadsheet), this effort will investigate the unique and dual nature of robotic prototypes and demonstrate that these prototypes exist as dynamic, hybrid, physical-digital artefacts that simultaneously connect abstract cloud computing to unpredictable, tangible conditions found in a manufacturing facility. These concepts further extend Carlile's (2004) boundary object model to explain how a physical object can transform asymmetrical power relations and semantic boundaries dynamically and in real time.
The project will produce an overall socio-technical framework enabling technology vendors, Project Managers and OEM's to determine the best way for them to work together on collaborative ventures. By identifying the root causes of issues that lead to communication failures, translation errors in the technology itself, and adjustment in risk tolerance, the intent of this research is to reduce the high levels of failure and cost overruns associated with investments in Construction 4.0 technology. Ultimately, this study will provide practical recommendations to help improve collective technology fluency and reduce commercial liability while expediting the safe implementation of automation into the built environment.
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Extended Abstract
Research problem/aim:
Mega projects or large-scale infrastructural developments, such as airport constructions, entertainment hubs, and smart city development, are cited as key components of an infrastructural revolution, with a focus on their sustainable implementation and execution (Rizzo, 2017; Klingmann, 2023). The extreme growth rate of urbanization and migration has substantially transformed the infrastructural landscapes of the Gulf nations such as United Arab Emirates, Qatar, and Saudi Arabia converting them into large mega project laboratories of urban innovation and economic diversification that happened over a short period of time replicating the western world’s infrastructural transformation (Zaidan & Abulibdeh, 2021; Arif & Aldosary, 2023; Alogayell et al., 2025). Previous studies have shown that mega projects play a central role in the development of socio-economic well-being by generating social value. The term “Social value” is concerned with the way we contribute positively to the communities in which we work. Moreover, Social value can be defined as the transformation of the community’s quality of life (Eskerod & Ang, 2017; Raidén et al., 2019; Yang et al., 2024; Kashef, 2025). Social value is a contested and multi-dimensional construct shaped by stakeholder interests, institutional pressures, and societal transformation agendas within mega project development (Xiaolong et al., 2021; Klingmann, 2023).
This research aims to understand how social value is framed institutionally in Saudi mega projects and how construction professionals interpret and operationalise social value in practice using a social constructivism lens. There are three research questions (RQs) that will be answered by a systematic literature review, analysis of strategic documents and semi-structured interviews with construction professionals. The first research question is RQ1: How is social value in mega projects conceptualised in the literature? The second research question is RQ2: How is social value defined institutionally in Saudi mega projects? Finally, the final research question is RQ3: How construction professionals conceptualise social value and how do these understandings influence social value practices? The research is expected to provide a contextualised understanding of how social value is interpreted and implemented in Saudi mega projects, generating practical insights to support policymakers and industry practitioners in developing strategies, frameworks and action plans for delivering social value.
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Literature review and academic context:
Based on the review of literature related to social value creation in mega projects, 102 articles were identified using the systematic literature review (SLR) approach following the four phases of the Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) protocol 2020 guidelines. The key observations of the literature review are as follows:
· Mega projects or large-scale infrastructural developments like airport constructions, entertainment hubs, and smart cities development are quoted as substances for infrastructural revolution, focusing more on their sustainable implementation and execution (Rizzo, 2017; Klingmann, 2023).
· Proper execution of such mega projects drives economic growth and enhances the social life of citizens by acting as an influential force of urban innovation and economic divergence on an extraordinary scale in the construction industry (Söderlund et al., 2017; Pitsis et al., 2018; Kashef, 2025).
· Rapid transformation in the construction industry is not only an engineering success but is also a large mega project laboratory for wider social and economic transformation, positioning national economic determinations by implementing sustainable and equitable developmental goals for long-term societal benefits (Pitsis et al., 2018; Arif & Aldosary, 2023; Kashef, 2025).
· Fostering social values and creating societal benefits via large mega projects and their proper execution, pursue the right awareness programs to educate the employees through skill development initiatives or innovation hubs, ensuring knowledge-based evolution (Sadeh et al., 2023).
· Subsequently, diverse types of mega projects were inclined to bring social value creation through diverse ways such as community involvement and wellbeing, environmental stewardship, local job creation, social welfare and cultural protection, etc. (Kumaraswamy et al., 2017; Rahman & Qattan, 2021; Thounaojam & Laishram, 2022; Aldegheiy et al., 2024).

After the review of the literature, the literature review’s notable findings were as follows:
· Four key Social value drivers were identified, namely, community development, job creation and local employment, organisational culture, and environmental sustainability.
· Four key Social value indicators were identified, namely, cultural preservation, effective management practices, quality of life, and sustainable resource management.
Creating Social Value Through Mega Projects in Saudi Arabia
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Several key themes were identified based on the review of literature and were further used to explore 12 Saudi policy documents, and based on this, six key themes were identified. The themes are 1.Social, Economic, and Environmental Value in Mega-Projects, 2. Whole-Life Approach and Wider Impact, 3. Individual and Community Wellbeing Outcomes, 4. Stakeholder Engagement, Co-Creation, and Governance of Social Value, 5. Knowledge Transfer and Technological Innovation, Localisation, and Institutional Support, and 6. Social Value Indicators and Measurement.

Research Approach:
The study performed a systematic literature review using search keywords and also reviewed Saudi policy documents to identify key themes, potential drivers and indicators of social value creation in mega-projects. The next step will be to carry out semi-structured interviews in Saudi Arabia with construction professionals to see how they perceive social value and in what way it is defined and operationalised in mega-projects.

Contribution to knowledge and potential impact:
The key contributions of this PhD study will be to provide a contextualised understanding of how drivers and indicators of social value are institutionally framed, interpreted in the industry and implemented within the construction sector, contributing to knowledge on the socially constructed nature of social value across policy and practice. The outcome of this study might offer a framework that explains social value creation and implementation, providing insights for policy development for the delivery of social value in mega projects.

Keywords
Construction Industry; Drivers and Indicators; Mega Projects; Social Value; Saudi Arabia; Saudi Vision 2030
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Bridging the Net-Zero Performance Gap in Construction: A Social Practice Theory Perspective on Client-Contractor Interactions
Ahmed Al-Saaddy
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Abstract:
The construction sector generates 37% of global carbon emissions, creating intense pressure to meet 2050 net-zero targets. However, a critical performance gap persists; while technical and policy frameworks are well-defined, practical implementation is routinely undermined by the complex, often adversarial dynamics of the client-contractor relationship. This study explores how the interaction between clients and contractors and the perceived practices influence net-zero target implementation in UK construction projects through the lens of Practice Theory. Employing a two-tier framework based on Shove et al. (2012) and Reckwitz (2002), this research analyses semi-structured interviews with seven key UK industry practitioners to start with. The initial findings reveal that early-stage budgets and restrictive contracts act as material "lock-ins" that enforce traditional, high-carbon routines. Furthermore, professionals create a literacy divide between strategic planning and on-site physical execution. This study aims to provide actionable, practice-based recommendations to normalise net-zero from an overcoming, distant ambition into collaborative, manageable daily routines between clients and contractors.
Literature review:
Research emphasises governance instruments, technological options, and procurement levers as the primary means to decarbonise the built environment. Systematic and scoping reviews highlight policy, incentives, and standards as external drivers, alongside diffusion of green building technologies and informed design decisions (Darko et al., 2017; Giesekam et al., 2016; Pomponi & Moncaster, 2017). At the project level, life-cycle accounting and material substitution (e.g., cementitious replacements; timber/steel trade-offs) are routinely positioned as “first-order” strategies for embodied-carbon reduction, supported by digital tools and Environmental Product Declarations (Giesekam et al., 2016; Pomponi & Moncaster, 2017). Parallel research in construction management highlights how collaborative procurement and supply-chain coordination support these initiatives, although collaboration is often treated instrumentally as a means of delivering predetermined technical solutions (Xue et al., 2018).
These studies often emphasise technical solutions, with limited attention to the practical implementation, especially between clients and main contractors. This leaves a critical space in understanding the practical dimensions of net-zero in the construction sector. Current research disproportionately focuses on technological feasibility, neglecting how power dynamics and contractual structures mediate implementation (Kazemian & Shafei, 2023; Makvandia & Safiuddin, 2021). As a result, there remains limited understanding of how net-zero ambitions are negotiated, interpreted, and enacted through the practices that shape project delivery.
While the above advancements are important, the literature often approaches project delivery primarily through the implementation of technical tools, and rules. This leaves a blind spot around the day-to-day social organisation of projects, the interactions, negotiations, and situated decisions through which carbon goals are enacted (or diluted) on sites and in design or planning stages meetings. For example, Foulds et al. (2017) examine how energy-demand reduction is shaped through socially organised practices rather than individual behavioural change, while Gram-Hanssen and Georg (2018) highlight how sustainability transitions are mediated through the routine coordination of socio-material arrangements. Translated to construction, this suggests that carbon accounting,
material “choices”, and procurement clauses cannot travel far enough without attention to the lived practices of client–contractor teams, subcontractors, and consultants and how they interpret carbon
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“costs,” reconcile trade-offs, and build shared understandings and routines under time/cost/quality pressure.
Research design:
The methodology adopts a qualitative research design, chosen to capture the lived practices of clients and contractors in achieving net-zero construction goals. Data collection involves semi-structured interviews with participants, using purposive sampling. For this research, I am targeting contractors' and clients' project managers, sustainability managers, sustainability engineers, and net-zero project managers. A case study will be considered as the main source of data in this research. Guided by Practice Theory by Shove et al. (2012) and Reckwitz (2002), interview questions map onto materials, meanings, and competencies. Thematic analysis with open and axial coding, supported by NVivo 14, is used for data interpretation. Ethical considerations such as informed consent, confidentiality, and secure data storage are fully adhered to. Limitations include potential bias and language barriers, which are mitigated through reflexivity and transparency. The process begins with the identification of the problem within current industry practices, specifically the challenges of embedding net-zero targets in construction projects. To address this, the framework incorporates Practice Theory to critically engage with the research problem. The framework then integrates insights from the existing literature to establish a foundation for examining prevailing routines, interactions, and mechanisms between clients and contractors toward net-zero.
Contribution to knowledge and potential impact:
This study makes an empirical contribution to the net-zero literature by providing in-depth, qualitative insights into the real-world experiences of clients’ and contractors’ attempts in delivering net-zero construction projects. Utilising semi-structured interviews within a few project cases, this research explores the nuanced, context-specific dynamics of collaborative processes.
Applying social practice frameworks of Shove (2012) and Reckwitz (2002) to the critical client-contractor interface, this research avoids viewing interactions as ideal collaborations with smooth paths through l procurement tool and re-theorises it as a highly dynamic, shared social space.
Empirically, this research unpacks the structural realities of the performance gap by exposing the material, organisational, and competence-related friction points that emerge between strategic planning and on-site delivery. Rather than attributing implementation failures to a simple lack of stakeholder effort, the findings suggest that net-zero principles are frequently treated as an additional project requirement rather than as a routine element of construction delivery. This distinction is significant because it reveals how existing project practices remain anchored in historically embedded assumptions, established expertise, and conventional delivery logics. Early-stage administrative artefacts, including budgets and procurement structures, often reinforce these established routines by prioritising short-term certainty, cost stability, and familiar methods of working. As a result, lower-carbon approaches are frequently introduced reactively or retrospectively, rather than being embedded within the normal flow of project decision-making and site practice from the outset
The findings will offer actionable recommendations for improving collaborative practices, especially in the early phases of project delivery. These include strengthening early client–contractor engagement, embedding net-zero considerations within procurement and decision-making routines, and supporting the development of shared competences and sustainability-oriented project cultures across delivery teams. These insights can guide clients, contractors, and policymakers in developing more integrated, sustainability-oriented procurement and delivery strategies. Furthermore, they advocate for the alignment of industry routines with national net-zero commitments.
Place your Title here
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Exploration of ESG Risks in PPP Infrastructure Projects: A PPP Governance Model for Risk Mitigation
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Extended Abstract Research Problem and Aim
Public-Private Partnerships (PPPs) are the dominant model for large-scale infrastructure delivery worldwide, yet their governance structures create risk environments that conventional project management frameworks can hardly handle. Environmental, Social, and Governance (ESG) risks sit at the heart of this problem. Land acquisition disputes stall construction. Weak regulatory oversight invites governance failures. Environmental non-compliance triggers community unrest. What makes these risks particularly difficult is that they do not behave independently; a governance failure can simultaneously produce an environmental violation and social conflict, and financial pressure on a private project partners can create incentives to cut corners on both. Existence of multiple stakeholders responsible for managing ESG risks create a complex ESG risk environment where it becomes difficult to develop mitigation strategies for interconnected risks that can cascade across the entire project system. This research aims to develop an integrated ESG risk governance management framework for PPP infrastructure projects, grounded in empirical evidence from developing countries.
Literature Review and Academic Context
Three bodies of scholarship converge to frame this research: ESG risk theory, PPP governance, and infrastructure risk management in developing countries. Within each, a consistent limitation recurs: researchers tend to study ESG risks in isolation from one another and from the baseline economic, financial, and technical risks retained by different parties such as the contractors, public authority and operators.
The ESG risk literature has moved well beyond the early Corporate Social Responsibility framing. Baldi and Lambertides (2024) show that ESG factors now directly affect the risk and performance profiles of infrastructure projects. Li et al. (2024) demonstrate that conventional project management methods and evaluation metrics fail to capture ESG value creation and risk in PPP water projects.
The PPP governance literature confirms that the structural features of PPP arrangements create distinctive ESG risk conditions: multi-party contractual relationships, long contract durations, performance-based payment mechanisms, and private financing requirements alter how risks emerge and compound (Wang et al., 2020; Tian et al., 2023). Akomea-Frimpong et al. (2024) show that conventional risk mitigation strategies can actively worsen ESG outcomes by incentivising cost minimisation at the expense of environmental and social performance. This tension between conventional project governance and ESG governance is a recurring theme in the literature, but it has not produced a framework that addresses both in a coordinated way.
The developing country dimension adds further complexity. Institutional capacity constraints, weak regulatory enforcement, and limited access to ESG assessment tools create conditions where risks that might be contained in higher-income contexts can cascade rapidly (Ampratwum et al., 2023; Hai et al., 2022). An example is the Accra-Tema Motorway project in Ghana which experienced serious delays tied to inadequate community consultation and unresolved land compensation
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claims. It demonstrates what happens when ESG risk governance is treated as a compliance exercise rather than an integral part of project delivery.
This study is theoretically grounded in Stakeholder Theory (Freeman, 1984). ESG risks in PPP projects are not purely technical phenomena; they emerge from relationships, conflicts, and governance failures among diverse actors including government agencies, private partners, financiers, communities, and civil society organisations. Stakeholder Theory explains how power, legitimacy, and urgency determine which risks receive attention and which are overlooked, and provides the conceptual basis for understanding why certain ESG risks persist despite being well documented. Mitchell, Agle and Wood (1997) demonstrated that stakeholder salience can only be understood through in-depth engagement with how power and urgency are enacted in specific settings, directly justifying the use of case studies and semi-structured interviews as primary data collection tools,enabling exploration of how PPP stakeholders in developing countries experience ESG risks, what governance mechanisms they regard as effective and how risk interactions play out in practice.


Research Design
The research follows a qualitative strategy structured in three sequential phases. Phase One conducts a systematic literature review across PPP governance, ESG risk theory, and infrastructure risk management in developing countries. The review produces a preliminary taxonomy of PPP-specific ESG risks and a conceptual interaction framework that maps how project risks retained and managed independently by different stakeholders may amplify ESG risks if a collaborative risk management strategy at the PPP project level cannot be formulated.This framework guides data collection in subsequent phases.
Phase Two involves document analysis and primary fieldwork in developing countries, examining two PPP infrastructure case projects through project reports, environmental assessments, contract records, and governance documents, supplemented by semi-structured interviews with 20 to 25 stakeholders from five stakeholder groups, including government officials and civil society representatives. The interviews, recorded and transcribed, are analyzed thematically using NVivo to understand how ESG risks emerge and interact within specific project contexts rather than to generalize statistically.This understanding will help development of an integrated ESG risk governance framework for PPP projects.


Phase Three validates the resulting governance framework through scenario-based assessment with a panel of 8 to 10 expert practitioners, policymakers, and academics. Panellists evaluate the framework against realistic PPP project scenarios and assess whether it offers more effective risk management than conventional governance approaches. Their feedback is used to refine and finalise the framework before it is presented as the study’s primary output.
Contribution to Knowledge and Potential Impact
The study makes three connected contributions. Theoretically, it moves beyond the prevailing tendency to manage risks independently, developing instead a systematic account of how these risks interact within PPP governance structures. This addresses a recognised gap in the risk governance literature and offers a more coherent basis for understanding ESG risk dynamics in multi-stakeholder infrastructure settings.Practically, it offers an integrated governance framework for PPP practitioners, enabling them to proactively identify, assess, and manage ESG risks, which can
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mitigate cost overruns, schedule delays, environmental damage, and community conflicts that hinder PPP effectiveness, particularly in developing countries.


From a policy standpoint, the research provides evidence for strengthening regulatory frameworks and institutional capacity for ESG governance in PPP programmes. The findings are positioned to inform PPP policy reform in developing countries.
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Managing heat in UK construction: An analysis of barriers, managerial decisions, and operative behaviour
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Extended Abstract
Although heat-related morbidity is well-established in public health research in the UK, and the susceptibility of construction operatives to risks caused by environmental heat is widely recognised, little is known about how the UK construction industry is reacting to heat and the threat of rising temperatures. This study provides a basis for understanding the barriers to effective heat adaptation on construction sites within the UK's regulatory and operational context. It is grounded in the view that the industry’s adaptive capacity is not only shaped by physical or technical constraints, but also by the institutional logics through which heat risk is interpreted, prioritised, and acted upon across construction projects. To complement this perspective, the Theory of Planned Behaviour is used to examine how individual attitudes, subjective norms, and perceived behavioural control shape the intentions and practices of both operatives and decision-makers in relation to heat risk and adaptive behaviour.
This research responds to a growing body of literature on occupational heat exposure, which has largely prioritised technical, physiological, and environmental analyses. To date, substantial attention has been given to heat stress indices, exposure thresholds, and the clinical characteristics of heat-related illness. While these contributions are essential, they often assume that risks are collectively understood and that mitigation measures can be readily implemented across industry contexts. However, research in health, safety, and behaviour suggests that risks to health are not experienced or managed uniformly, particularly in complex, transient environments such as construction. Research within the fields of construction management and climate change adaptation indicate a loose coupling often observed between safety policies, formal guidance and on-site practices, shaped by competing priorities.
This research addresses the relative lack of UK-specific, sector-focused, and socio-institutional perspectives by drawing on Institutional Logics Theory and the Theory of Planned Behaviour. These frameworks enable an examination of how organisational norms, regulatory expectations, and professional logics influence the framing of heat risk, as well as how individual attitudes, perceived control, and social pressures shape behavioural responses on-site. In doing so, the research moves beyond purely technical assessments to consider the underlying drivers of action. The research generates empirical evidence on awareness and responses to heat-related risks among UK construction decision-makers and site operatives, foregrounding the behavioural and organisational factors that shape adaptive capacity. In doing so, it contributes context-sensitive evidence to inform occupational health and safety policy and industry standards tailored to the UK construction sector’s climatic conditions, workforce characteristics, and project-based nature.
The study advances existing scholarship by reframing heat adaptation as not merely an individual or behavioural concern, but as one embedded within organisational systems and project logistics. By shifting the analytical focus toward social, managerial, and institutional dimensions, it extends current debates and offers a more holistic and practice-oriented understanding of adaptation in the construction sector under a warming climate.
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This study adopts a multi-phase research design to investigate heat exposure, risk perception, and adaptive capacity within the UK construction industry. A mixed-method approach integrating quantitative and qualitative research was applied to ensure a holistic understanding of the research topic and facilitate data triangulation. The first phase involved targeted perception questionnaires for construction operatives and decision-makers (e.g., project managers, site managers, health and safety professionals). This instrument examines awareness of heat-related risks, recognition of symptoms, and existing adaptation practices, providing a broad overview of industry perceptions and behavioural intentions.
The second phase consisted of in-depth site-based data collection across active construction projects. This included semi-structured interviews with construction operatives and professionals to explore lived experiences, organisational constraints, and decision-making processes related to heat exposure. Concurrently, structured field observations were conducted to document observable adaptive behaviours, site practices, and environmental conditions in real time.
To triangulate subjective and objective data, thermal comfort surveys are administered on-site alongside environmental monitoring. Measurements such as air temperature, humidity, and Wet Bulb Globe Temperature (WBGT) are collected using portable instruments, enabling the assessment of heat stress in relation to reported comfort and observed behaviours. By integrating perceptual, behavioural, and environmental data, this research provides a comprehensive understanding of how heat risks are experienced and managed in practice
The study provides grounded insights into real construction site conditions, making the findings directly applicable to practitioners, project managers, and policymakers. Crucially, the study addresses these issues in relation to the contractual and policy dynamics of construction projects in the UK. It specifically highlights how policy ambiguity and unclear responsibility chains within project structures constrain adaptive responses in practice. This raises important concerns for the adaptive capacity of the construction industry as hot weather events become more frequent, prolonged, and severe in the UK under climate change.

Keywords
Climate Adaptation, Climatic Heat Exposure, Institutional Logics Theory, Theory of Planned Behaviour, Occupational Health & Well-being, Organisational Risk Management
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Understanding the Emergence and Amplification of Social Risk in Megaprojects: A SARF-Based Knowledge Graph Modelling Approach
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Extended Abstract Research Problem and Aim
Social risk has become one of the most significant challenges affecting the delivery and legitimacy of megaprojects. Unlike technical or financial risks, social risk is shaped by public perceptions, stakeholder interactions, media narratives, and political discourse. Community opposition, environmental concerns, legal disputes, and reputational crises can delay projects, increase costs, and undermine public trust. Traditional risk management approaches in construction primarily focus on technical hazards and probability-impact assessments; however, these approaches are limited in explaining how social risks emerge, evolve, and intensify through communication and stakeholder interaction.
This research aims to investigate the emergence and amplification of social risk in megaprojects through the integration of the Social Amplification of Risk Framework (SARF), knowledge graph (KG) modelling, and AI-supported textual analysis. The study seeks to develop a dynamic analytical framework capable of identifying actor-event-discourse relationships and explaining how risk perceptions evolve over time. By moving beyond static risk assessment models, the research intends to provide a process-oriented understanding of social risk formation and amplification in megaproject environments.
Literature Review and Academic Context

Social risk research in megaprojects has increasingly focused on the effects of stakeholder opposition, environmental activism, governance failures, and media influence on project delivery. Previous studies demonstrate that public reactions can significantly affect infrastructure projects through protests, legal challenges, political pressure, and reputational damage (Yu et al., 2017). Existing research has also examined stakeholder management, public participation, and social licence to operate as critical dimensions of megaproject governance.
Traditional risk management approaches in construction are largely based on technical and probabilistic frameworks that conceptualise risks as measurable hazards controlled through mitigation plans and monitoring systems (Li et al., 2022). While effective for operational and technical risks, these approaches are limited in explaining socially constructed risks that evolve through communication, interpretation, and stakeholder interaction. Li et al. (2021) argue that social risk
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evolves dynamically through interactions among actors, information flows, and behavioural responses rather than through isolated risk events.
[image: function
][image: of][image: that][image: shape][image: public
][image: perceptions][image: by][image: emphasising][image: or]The Social Amplification of Risk Framework (SARF), developed by Roger E. Kasperson et al. (1988), provides an important theoretical perspective for understanding how risks are socially produced and amplified. According to SARF, media organisations, government institutions, NGOs, and local
attenuating risk signals (Binder et al., 2014). Consequently, public responses may diverge significantly from technical assessments of risk. Studies have shown that infrastructure projects with relatively low technical risks may still generate strong public opposition due to uncertainty, distrust, and environmental concerns amplified through communication networks (Fang et al., 2020).
Although SARF provides a useful framework for analysing social risk formation, its empirical application within megaproject research remains limited. Existing studies rarely model how actors, events, and discourses interact over time to shape risk perceptions. This research addresses this gap by proposing a SARF-informed knowledge graph framework capable of analysing the emergence and amplification of social risk in megaprojects.
Research Design

This research adopts a qualitative and computational mixed-methods approach combining documentary analysis, AI-supported textual analysis, and knowledge graph modelling. The empirical focus is on selected UK megaprojects, including High Speed 2, Crossrail, and Heathrow Airport Third Runway. These cases were selected due to their high media visibility, public controversy, and stakeholder complexity.
The study draws on newspaper archives, government reports, planning documents, and local authority records to examine how social risks emerge and evolve across different communication channels. Natural language processing (NLP) techniques and large language models (LLMs) will be used to identify actors, events, and discursive elements from textual data. The extracted information will then be transformed into structured knowledge graphs representing actor-event-discourse relationships. Graph analysis techniques will subsequently be employed to identify influential actors, recurring themes, and amplification pathways within social risk networks.
Contribution to Knowledge and Potential Impact

This research contributes theoretically, methodologically, and practically to the field of megaproject risk management. Theoretically, it advances the application of SARF by conceptualising social risk as a dynamic process shaped through interactions among actors, communication channels, and discourses over time. Methodologically, the study demonstrates how AI-supported knowledge graph
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modelling can be used to analyse complex social risk dynamics using heterogeneous textual data sources.
Practically, the proposed framework has the potential to function as a decision-support tool for project managers and policymakers by identifying emerging risk signals, influential stakeholders, and amplification pathways. The findings may support more proactive and adaptive stakeholder engagement and communication strategies, contributing to more socially responsive megaproject management.
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Extended Abstract
1. Research problem/aim:
The rapid growth of solar photovoltaic (PV) deployment is creating an emerging stream of end-of-life (EoL) PV waste. This challenge is becoming especially critical in developing countries with weak regulatory capacities. Moreover, limited recycling infrastructure, fragmented institutional responsibilities and financial constraints hinder the effective management of PV waste. End-of-life PV modules can release hazardous substances, such as lead and cadmium, if improperly handled, contaminating soil, water, and air. Additionally, they contain valuable materials, including glass, aluminium, silicon, copper, and silver, that would be wasted when collection and recycling systems are inadequate. This study investigates how developing countries can develop sustainable EoL PV waste management strategies that address persistent gaps in regulation, institutional collaboration, recycling infrastructure, and stakeholder engagement. Transitioning to a circular-economy approach requires coherent regulatory frameworks and strengthened recycling and material-recovery capacity to curb PV waste accumulation and retain valuable resources within the production cycle.
2. Literature review and academic context:
Existing literature identifies several challenges related to end-of-life (EoL) PV waste; although these challenges are global, they tend to be more severe in developing countries, where regulatory frameworks are often weak, fragmented, or absent (Gangwar et al., 2025; Huang & Long, 2026).
The lack of enforceable legislation has led to informal disposal practices such as open dumping, uncontrolled landfilling, and incineration (Yu et al., 2020). Such practices increase the risk of leaching and emission from hazardous module components, particularly lead, cadmium, and other toxic substances (Nain & Kumar, 2021a). Institutional constraints, including regulatory ambiguity, poor coordination among stakeholders, limited technical expertise, and low public awareness, hinder the development of organised collection systems, dedicated recycling facilities, and reliable monitoring mechanisms (Sim et al., 2025; Huang & Long, 2026). Another major concern is the inefficient recovery of valuable materials. PV modules contain strategically important resources, including silicon, silver and copper; however, these materials are frequently lost when panels are stored, discarded or processed through low-value recycling routes (Heath et al., 2020).
Comparative studies consistently identify the EU’s Waste Electrical and Electronic Equipment (WEEE) Directive as a comprehensive regulatory model because of its lifecycle-based approach and robust Extended Producer Responsibility (EPR) framework, which has achieved waste collection and
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recycling efficiencies of approximately 80–85% (Serpe et al., 2025; Komoto et al., 2025). However, this model may not be directly applicable to developing countries. Instead of replicating EU policies, locally adapted solutions are needed to address e-waste challenges, as a one-size-fits-all approach is unlikely to be effective given the differing economic, institutional, and social contexts of developing nations (Komoto et al., 2022; Sharma, Mahajan and Garg, 2024).
Forecasts suggest that global PV waste volumes will rise sharply as existing solar installations reach the end of service life and new deployments continue to accelerate (Komoto et al., 2022; Wang et al., 2023). Many developing countries remain unprepared for this transition, with evidence of continued reliance on informal disposal methods, poor stakeholder awareness, and inadequate recycling capacity (Faircloth et al., 2019; Sharma, Mahaja and Garg, 2024). New recycling technologies can recover high proportions of aluminium, copper, silver, and other materials, while Nain and Anctil (2024) report that around 95% of the total solar module mass can be recovered, even though glass and aluminium frames account for more than 80% of the PV module weight. The literature advocates policy frameworks that combine EPR principles with formalised collection systems, incentives for secondary material markets, and targeted investment in appropriate recycling infrastructure (Kabir et al., 2023; Biyouki et al., 2024).
3. Research design:
This research adopts a mixed-methods approach to investigate PV waste management challenges in developing countries, focusing on policy frameworks, institutional structures, technical capacity, and stakeholder collaboration. The study integrates qualitative and quantitative data to generate a comprehensive understanding of systemic challenges and potential solutions. To obtain insights, primary data will be collected through semi-structured interviews with stakeholders across the PV industry value chain. They include regulatory authorities (if accessible), manufacturers, recyclers, consumers and waste management practitioners. These interviews are designed to capture diverse perspectives on existing practices, perceived barriers, and opportunities for improving EoL PV management systems. Secondary data will complement primary data through a systematic review of academic literature, policy documents, industry reports, and relevant case studies.
A comparative analysis forms a central component of the research design, focusing on established PV waste management systems in the European Union. Emphasis is placed on the Extended Producer Responsibility (EPR) model, which has demonstrated effectiveness in organising waste collection systems, financing recycling processes, and ensuring regulatory compliance. Lessons drawn from this model are critically evaluated and adapted to reflect the economic, institutional, and infrastructural realities of developing countries.
The research ultimately develops an integrated management framework that combines coherent regulatory policies, infrastructure development, financing mechanisms, and inclusive stakeholder engagement. This framework aims to align the rapid growth of the PV sector with circular economy principles and long-term environmental sustainability.
End-of-Life Management of Solar PV Waste in Developing Countries
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4. Contribution to knowledge and potential impact of your research:
This research provides a comprehensive analysis of the barriers hindering effective EoL PV waste management in developing countries. The findings highlight how regulatory deficiencies, low stakeholder awareness, and improper PV waste collection and recycling systems lead to improper handling of hazardous materials and depletion of valuable resources.
By synthesising empirical evidence and best international practices, this study proposes a context-specific framework that integrates policy reform, infrastructure development, and institutional collaboration. This framework also offers practical guidance for policymakers and industry actors seeking to develop sustainable PV waste management systems.
The research also advances the application of circular economy principles in the solar industry by demonstrating how recovering resources from PV waste can generate economic value, reduce environmental risks, and support sustainable development goals. Overall, the study provides a foundation for informed decision-making and strategic planning in emerging PV markets. It enables stakeholders to transition from linear disposal practices toward regenerative systems that maximise material efficiency and minimise environmental harm.
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Extended Abstract Research Problem and Aim
The UK construction industry remains one of the most hazardous sectors in the national economy. Of the 124 fatal injuries recorded in all British workplaces in 2024/25, 35 more than a quarter occurred in construction (Health and Safety Executive, 2025). Given the legal responsibility of the Construction Design and Management Regulation 2007/2015 to address accidents, the industry still records high rates. This persistent crisis seems to point to a disconnect between head office mandates and site-level realities. The operational core of modern construction relies on fragmented supply chains where main contractors dictate safety guidelines, yet subcontractors execute the highest-risk tasks on operational site level. Consequently, a misalignment emerges between the main contractor's corporate safety culture and the subcontractor’s daily safety climate, hence the safety culture-climate gap. This study aims to investigate the mechanisms through which this misalignment is fostered and how this interorganisational safety culture-climate misalignment is structurally produced, sustained, and manifested across the construction project lifecycle. This, ultimately establishing how these structural mismatches predict accident and near-miss prevalence among vulnerable operatives.
Literature Review and Academic Context
The contemporary UK construction site is a complex interorganisational arena where multiple independent firms operate in temporal proximity under divergent pressures. Academic literature distinguishes between safety culture, the deeply seated, enduring assumptions and values of an organisation, and safety climate, which represents the dynamic, localized perceptions of how safety is prioritized on the ground (Al-Bayati, 2021). While traditional frameworks evaluate these constructs within single, isolated firms, this study establishes a theoretical synthesis by integrating Schein’s Organisational Culture Model and Principal-Agent Theory to analyse safety across organisational boundaries.
Schein (2010) conceptualises culture as operating across three levels: artefacts (observable systems and practices), espoused values (stated beliefs and policies), and underlying assumptions (deep, often unconscious, taken-for-granted beliefs). This model as adopted by Guldenmund (2000) and extended by Choudhry et al. (2007) positions safety culture as the confluence of these three layers within an organisation. The critical challenge, however, is congruence; genuine safety culture requires alignment across all three levels. However, when espoused values contradict enacted assumptions, a culture–climate gap emerges (Al-Bayati, 2021). This study extends this construct to the interorganisational level. In multi-tiered construction hierarchies, the main contractor’s formal safety expectations are transmitted downward, only to be filtered through the subcontractor’s distinct operational constraints.
This transmission dynamic is fundamentally governed by Principal-Agent relationships. The main contractor (principal) delegates operational tasks to the subcontractor (agent) under conditions of structural goal divergence, contractual dependency, and severe information asymmetry (Eisenhardt,


©University of Reading 2026


1989). According to this theory, the principal maintains a paper-compliant safety culture primarily to satisfy external legal requirements. Notwithstanding, Sherratt (2024) argues that not only does construction 4.0 introduce technical upgrade on safety, but its high-tech digital monitoring systems can also lead to symbolic compliance meaning, workers appear safe on digital platforms while they maintain risky behaviour in practice.
At the structural level, this creates a battlefield where the main contractor’s compliance logic collides directly with the subcontractor’s economic survival logic (Thornton et al., 2012). Meaning, culture-climate misalignment is not accidental but structural: main contractors may formally espouse safety while subtle in prioritizing productivity through managerial actions, thereby signalling underlying assumptions that subcontractor workers readily interpret. Safety climate among subcontractors thus becomes a rational, defensive response to their lived operational experience rather than a reflection of stated policy. This degraded climate actively suppresses the subcontractor workforce's safety voice, creating an asymmetry in risk exposure that drives higher accident rates (Ajayi et al., 2024; Shepherd et al., 2021).
Research Design
To evaluate how these interorganisational tensions unfold, this study adopts a multi-level, sequential exploratory Longitudinal Mixed-Methods Research Design tracking projects across a specific timeline during the project lifecycle. Because underlying cultural assumptions and production trade-offs are deeply context-dependent and tacit, they cannot be captured via static or purely quantitative constructs.
Phase 1 establishes a qualitative baseline across 4–6 main contracting firms and nested subcontractors. Semi-structured interviews ($N = 36-45$) will be conducted with project managers, site supervisors, subcontractor managers/supervisors, and operatives at key project milestones (onboarding, peak structural phase, and fit-out) to capture changing power, contractual, and productivity pressures over the project lifecycle. This is paired with ongoing site observations of safety meetings and document analysis of RAMS and audits.
Phase 2 transitions into longitudinal quantitative hypothesis testing to establish statistical relationships over time. Structured safety climate surveys will be administered to a cohort of 200–300 subcontractor workers and 40–60 main contractor supervisors across three distinct intervals. Misalignment will be mathematically modelled via longitudinal site-level variances between main contractor culture benchmarks and subcontractor climate scores. Lagged longitudinal data on near-misses and accidents will be tracked alongside these intervals to test if fluctuating misalignment scores predict subsequent safety failures. Phase 3 integrates these tracking mechanisms, triangulating qualitative shifts with quantitative trajectories of accident prevalence.
Contribution to Knowledge and Potential Impact
This study makes a significant theoretical contribution by shifting construction safety research away from isolated, intraorganisational compliance models toward a multi-level, interorganisational framework. By synthesizing Schein’s cultural layers with Principal-Agent frameworks, the study provides an explanatory construct demonstrating that while safety culture-climate misalignment is structurally produced, the mechanisms that foster the misalignment are identified as consequence of supply-chain architecture and fragmentation, rather than an accidental byproduct of site behaviour. Methodologically, using a longitudinal mixed-methods design provides empirical evidence of how safety climate dynamically shifts across a project lifecycle.
This study also offers practical value to and potential impact on the UK construction sector. By uncovering the precise managerial, structural, and institutional mechanisms that foster culture-climate misalignment, the findings expose the specific interorganisational practices that undermine
Place your Title here
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safety and drive accident prevalence across the sector. By identifying these exact structural flaws and institutional practices, the findings will clearly inform industry professionals on how daily managerial actions in interorganisational construction projects subtly undermine safety systems and elevate accident rates amongst workers.
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Extended Abstract

Research Problem
Digital twins have been promoted as a technical solution in facility management with its promised benefits of predictive maintenance, data integration, visualisation, energy optimisation and real-time monitoring (Asare et al., 2024). Most research focus on the
technical capabilities of the digital twin, but adoption of the digital twin like most novel technologies is rarely straightforward (Nikolić & Ewart, 2025; Schweber & Harty, 2010).
Practices and processes surrounding digital twin adoption are often fluid and emergent before stabilisation occurs. Little knowledge exists of how different user groups interpret the
technology, how practices surrounding its usage emerge, and factors that enhance or constrain stabilisation. This study addresses that gap by asking how do the digital twin adoption practices- routines, roles and skills, emerge, stabilise and reshape facility
management processes. To answer this question, five sub-questions are used to answer different dimensions of the research, only two of those questions are presented here:
1) How do different stakeholders define and conceptualise the digital twin in facility management?
2) What work methods or routines characterise the use of the digital twin in facility management and how do they emerge?
Literature review
Several qualitative studies have looked into the adoption of DT for FM,(Elyasi et al., 2023;
Shuhaimi et al., 2024), looked into the challenges and benefits of DT for FM purposes
qualitatively,(Ebiloma, 2024; Hou et al., 2024; Madubuike & Anumba, 2023) researched the DT for FM scenario planning using case studies, (Asare et al., 2024; Shuhaimi et al., 2024)
assessed professionals perception of the digital twin by identifying professionals online and



interviewing them. Far fewer studies explore the relationship between the user and the
technology from the lens of emerging practices involved in the usage of the DT. Emerging
practice is explained by (Veletsianos, 2016) as a practice that is in a dynamic state of change and continuously being refined and developed. Emerging practices are practices that involve experimentation and openness and are not yet widely adopted but expected to influence
practices or organizations (Barbour, 2018; Veletsianos, 2016). Hence this study investigates the evolving practices involved in the usage of the digital twin for facility management to establish how users interpret and adopt the DT within their everyday practices.
To study these emerging practices there is a need to mobilize a coherent theoretical framework in exploring the wide range of practices that could unfold while participants are involved in
using the DT for FM. Social Construction of Technology (SCOT) is adopted as a lens for this
study. According to (Humphreys, 2005; Klein & Kleinman, 2002), the concept of SCOT is owed to Trevor Pinch and Wiebe Bijker. Bijker (2015), points out that SCOT can be seen in two different ways- firstly a research approach to study technical change in society, and secondly the study of the development of technology. SCOT (Pinch & Bijker, 1984) argues that
technological development is shaped by relevant social groups whose different interpretations represent interpretive flexibility, with closure occurring when disagreements are resolved and a dominant meaning stabilises. SCOT is adequate for this study because its core concepts of
relevant social groups, interpretive flexibility, technological frame, closure and stabilisation address the research question of how digital twin practices emerge, are negotiated and stabilised in facility management, while avoiding technological determinism.
Research Design
This research views the successful adoption of the DT for FM purposes as a process that involves understanding the relationship between the user and the technology (human-
technology relationship) and also understanding how the social structure shapes the usage of the DT. Hence this research proposes SCOT as an analytical lens. According to, (Schweber & Harty, 2010) SCOT presents the best framework for understanding how context shapes
technological innovation within any system or organisation. Furthermore, (Bijker, 1995; Schweber & Harty, 2010) posit that SCOT is a coherent methodology in investigating the complex relationship between people and technology. It is evident in the work of (Wafai &



Aouad, 2022), where the broad concepts of SCOT is used to study strategic context,
technological characteristics, capabilities, stakeholders and culture. SCOT enables us to study culture by identifying social groups and through interpretive reflexibility examine the meaning made of the digital twin.
Analysis of documents (standards, policies, industry reports and professional bodies playbooks), semi-structured interviews with participants across three user groups (asset
owners, vendors and policy makers) and ethnography are adopted as data collection methods. Data were analysed thematically using NVivo and an analytical lens of Social Construction of Technology (SCOT).
Contribution to Knowledge
This research at this early stage has contributed in different forms. It extends SCOT’s concept of closure, by showing that closure can occur without consensus- a form of ‘agnostic
stabilization’, with different groups having different interpretations of the DT, yet agree that
function and purpose should lead DT discourse ahead of definitions. This study also extends SCOT by identifying processual closure (stabilisation achieved through agreement on
adoption methods (‘start small, bolt on’) rather than on the meaning of the technology itself); revealing that interpretive flexibility can persist while practice stabilises”. Another form of
closure that is revealed could be seen to be procedural, where participants were seen to agree on adoption processes early on in the adoption process without having a clear understanding of what the end product (the digital twin) will be. This closure goes against SCOT’s view of
closure representing an endpoint but presents closure as continuous and layered.

This study also reveals that interpretive flexibility applies not on the technological artefact only but also on the method of adoption; participants disagreed on how to adopt the DT-
incremental vs structured, champion led vs distributed ownership, problem led vs solution led. These disagreements were negotiated through local closure mechanisms like steering group, champions, past experience, meetings etc. This extends the scope of interpretive flexibility to the practices.
Practically, this research encourages FM practitioners across all user groups to stop debating definitions but focus on functions. It also emphasis the need to start with a well-defined granular problem and build incrementally in a flexible manner. It further, shows to vendors that



out of the box solutions wont help, but flexible client owned solutions represents the way forward.
These contributions update SCOT for emerging, digitally mediated technologies where rapid change and commercial pressures make full consensus unlikely. They offer a more nuanced vocabulary – agnostic stabilisation, interpretive flexibility over adoption practices, processual closure, procedural closure – for analysing socio-technical change in facility management and other sectors.
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End-of-Life Management of Solar Photovoltaic Systems in Barbados
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Extended Abstract Research problem/aim
Solar photovoltaics (PV) systems have become central to Barbados’ energy transition, driven by a favourable tropical climate and targets of 100% renewable energy and carbon neutrality by 2030. Consequently, Barbados has experienced rapid and widespread adoption of distributed PV systems since the 2010s (Government of Barbados, 2019). Globally, solar PV represents the fastest-growing renewable energy technology and is central to decarbonisation efforts within the country. However, this rapid transition has led to an emerging challenge: the management of PV modules at their end-of-life (EoL).
While large-scale PV waste projections have been examined in developed regions, there remains a critical gap in understanding how Small Island Developing States (SIDS), such as Barbados, will manage increasing PV waste volumes. Given module lifetimes of 25 -30 years and the scale of existing installations, substantial PV waste is expected to be realised within the coming decades.
Nevertheless, Barbados currently lacks a comprehensive regulatory framework and adequate waste management infrastructure to address this impending waste stream, which poses risks to long-term environmental sustainability. This research aims to develop a regulatory framework for the sustainable EoL management of solar PV systems in Barbados, informed by environmental impacts, policy assessment and future waste projections.
Literature review and academic context
The rapid expansion of global solar PV capacity, projected to reach 14.5 terawatt (TW) by 2050, necessitates the need for robust EOL management strategies. The seminal 2016 report by the International Renewable Energy Agency projected cumulative PV waste volumes ranging from 1.7 –
9.8 million tonnes by 2030, increasing to 60 – 78 million tonnes by 2050, under regular loss and early loss scenarios, respectively. These projections, modelled using the Weibull distribution method, underscore the urgency for context-specific regulatory frameworks to support sustainable EoL management (Weckend, Wade and Heath, 2016).
One such regulatory framework is the European Union's Waste Electrical and Electronic Equipment (WEEE) Directive, which addresses the management, collection and recycling of electronic and solar PV waste, through the principle of Extended Producer Responsibility (EPR). Under EPR, producers bear the financial and operational responsibility for the collection and treatment of waste. While the WEEE has international influences in PV EoL regulation, its applicability across different countries and regions remains uncertain due to differences in market scale, projected waste streams, waste infrastructure, policy implementation and enforcement (European Parliament and Council, 2012).
Beyond regulatory considerations, literature also highlights the environmental and human health implications associated with PV waste. Modules contain hazardous materials, including lead, copper, cadmium, and selenium, which may leach into the soil and groundwater due to improper disposal (Nover et al., 2017; Kwak et al., 2020). These risks are particularly significant for Barbados, where
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fragile limestone groundwater and freshwater aquifers serve as the primary source of potable and agricultural water, potentially exacerbating existing water scarcity issues.
Standardised leaching assessments, including the Toxicity Characteristic Leaching Procedure, Waste Extraction Test, European Standard EN 12457-4, and Japanese Leaching Test (JLT-13), are commonly used to assess the mobilisation of contaminants from solid materials into an aqueous phase and support waste classification. However, differences in preparation requirements, agitation conditions and extraction duration may result in inconsistent waste classification outcomes across jurisdictions (Li et al., 2024).
In addition to waste classification, Life Cycle Assessment (LCA) has been widely applied to evaluate the environmental impacts of PV EoL management pathways (Hei Kwok Ka et al., 2024). A recent study conducted within an Indonesian island-context demonstrated that while recycling can significantly reduce the global warming potential compared to landfill disposal, it may also increase ecotoxicity and human toxicity impacts due to additional transportation requirements, energy demand and chemical impacts associated with the off-island recycling process (Adiansyah, Agusdinata and Putra, 2025). These findings highlight the need for context-specific PV EoL management frameworks in SIDS, where limited recycling infrastructure and long-distance transport may introduce additional environmental complications.
Research design
This research combines qualitative and quantitative methods to develop a comprehensive understanding of EoL management practices and challenges in Barbados.
The qualitative components of this research consist of a case study used to investigate the operational practices, lifecycle and EoL management within selected solar PV installation companies in Barbados. Findings from the case study will inform the structure of the semi-structured interviews with key stakeholders, including utility representatives, government agencies, and academics. These interviews aim to capture the institutional practices, policy gaps and stakeholder perspectives on PV EoL management.
Quantitative analysis will include mathematical modelling to determine future PV waste projections using module lifetime-based approaches and the Weibull distribution modelling. Experimental leaching assessments will also be conducted on damaged PV modules, under extended monitoring conditions, to evaluate the release of hazardous materials under disposal scenarios.
Additionally, LCA and Life Cycle Costs (LCC) will be conducted on the country’s sole utility-scale solar farm to compare landfill disposal and recycling scenarios. This assessment will evaluate the environmental and economic impacts associated with each EoL pathway.
Data from these approaches will be analysed using the Drivers-Pressures-State-Impact-Response (DPSIR) analytical framework to examine the relationships between Barbados’ PV deployment, projected waste streams, and associated environmental pressures. The results will inform the development of a context-specific regulatory framework for sustainable PV EoL management in Barbados and the wider Caribbean.
Contribution to knowledge and potential impact of your research
This research seeks to address a significant gap in the literature on solar PV EoL management within Caribbean SIDS. Existing PV EoL studies are predominantly concentrated in larger regions and economies and frequently group the Caribbean within the broader Latin America and Caribbean (LAC) classification, overlooking critical environmental, infrastructural, and logistical challenges faced by island states, such as Barbados. Similarly, LCA research related to PV EoL remains heavily
End-of-Life Management of Solar Photovoltaic Systems in Barbados
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concentrated in Asia, Europe and North America, with limited representations from SIDS and no identified studies specific to Barbados.
As the first comprehensive assessment of solar PV EoL management in Barbados, this study integrates waste projections, leaching analysis, stakeholder perspectives, and environmental and economic assessment approaches. These findings will support the development of a context-specific regulatory framework while exploring circular economy opportunities, through the recovery of materials such as aluminium and glass from decommissioned modules. This study may also provide a methodological foundation adaptable across the Caribbean to support sustainable PV waste management strategies.
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Reimagining urban spaces: Participatory architecture as democratic and epistemic practice
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Research problem/aim
Across the built environment, participation is widely invoked in planning, design, regeneration, infrastructure, and urban governance, yet it often remains procedural. Residents and community actors may be invited to comment on predefined agendas, while professional, institutional, and technical actors retain authority over how problems are framed, what counts as evidence, and how knowledge is carried forward. This can produce consultation fatigue, weak trust, and a persistent gap between lived experience and decision-making.
This practice-based PhD reframes participatory architectural practice as a mode of collective knowledge-making. Centred on the Southampton Way estate in south-east London, the research asks how architectural artefacts, spatial set-ups, and facilitation protocols can help people negotiate shared concerns, disagreement, care, and responsibility. Its aim is to develop and test a methodological framework in which practice operates not simply as design delivery, but as an ethical, democratic, and epistemic form of inquiry. In doing so, the work invites conversation across the built environment about how research might better recognise, hold, and steward diverse forms of knowledge.


Literature review and academic context
The research is grounded in participatory design and co-design, while questioning how these approaches are often instrumentalised in governance and regeneration contexts. Arnstein’s (1969) ladder of participation remains important for exposing unequal power in decision-making, while participatory design scholarship highlights the democratic potential of design processes when users and publics help shape the systems that affect them (Bannon and Ehn, 2012). However, participation can still be reduced to consultation, representation, or consensus-building, leaving deeper questions of authority, evidence, and accountability unresolved.
The work responds by drawing on critical and ethical spatial practice, where architecture is understood as a social, political, and reflective practice rather than simply the production of buildings. Rendell’s work on ethical spatial practice is particularly important for framing positionality, situated responsibility, and ethical uncertainty as part of spatial research rather than as external concerns (Rendell, 2020). The work also builds on practice-as-research, where making, prototyping, drawing, and spatial experimentation are understood as ways of thinking and knowing (Barrett and Bolt, 2019).
The doctoral research develops this position through the concept of practice-as-paradigm: a framing in which practice shapes how people know, act, value, and relate. Architectural artefacts such as maps, tables,
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models, and installations are therefore understood as epistemic and performative devices. They do not merely communicate ideas; they configure who participates, who hesitates, who refuses, what becomes visible, and what remains contested.
More recent debates on democratic design and experimental civics further support this move from participation as engagement to participation as inquiry. DiSalvo (2022), for example, positions design as a means of practising democratic inquiry, rather than simply solving civic problems. This is important for built environment research because questions around housing, maintenance, energy transition, public space, construction disruption, and environmental responsibility often involve unresolved trade-offs, competing forms of expertise, and uneven obligations.
Affective and tacit knowledge are also central. Built environment disciplines frequently privilege evidence that is verbal, measurable, technical, or policy-legible. This work asks how other forms of knowledge might count: atmosphere, hesitation, humour, discomfort, silence, proximity, avoidance, pride, neglect, and care. Rather than treating these as methodological noise, the research approaches them as democratic indicators of how places are experienced and how participation is shaped.
Care, repair, maintenance, and stewardship connect the work to wider built environment concerns. Puig de la Bellacasa (2017) helps frame care as a material, ethical, and relational practice, while Bowker and Star’s (2008) work on classification and knowledge infrastructures supports the work’s understanding of participation as something shaped by artefacts, protocols, categories, and institutional arrangements. This opens a broader question for the School of the Built Environment: how might research design the conditions through which communities, professionals, institutions, technologies, and environments learn together over time?


Research design
The research is a practice-based, interdisciplinary PhD currently moving from conceptual consolidation into pilot testing. The first empirical phase is a low-risk pilot on the Southampton Way estate, framed explicitly as a methodological test-bed rather than a consultation, redevelopment exercise, or promise of physical change.
The pilot is organised around a public drop-in encounter and a follow-up reflection session. It uses three linked artefact-led activities. Affective mapping invites participants to register comfort, discomfort, welcome, exclusion, care, neglect, and conflict in shared estate spaces through marks, annotations, material arrangement, or other low-verbal forms of making. A heuristic table uses a modular kit through which participants move pieces representing issues, priorities, tensions, and responsibilities, making negotiation visible without forcing consensus. Micro-model and prompt-object making invite quick propositions around care, power, harm reduction, maintenance, and shared responsibility.
The unit of analysis is the encounter-with-artefact-in-place: the moment where bodies, spatial arrangements, material devices, facilitation protocols, atmospheres, and institutional conditions interact. Data will include photographed artefact traces, table configurations, participant annotations, anonymised observation notes, reflexive facilitation logs, and follow-up reflections. Ethics is treated as method through staged consent, anonymisation, voluntary participation, and careful distinction between research activity and the researcher’s embedded position as both practitioner and local resident. Analysis will be trace-based
Reimagining urban spaces – Tom Harvey
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and relational, using multiple traces per claim rather than relying on consensus or conventional outcome metrics.


Contribution to knowledge and potential impact
The research contributes a methodological reframing of architectural practice as collective knowledge-making. It expands what may count as built environment evidence by recognising tacit, affective, spatial, and material traces alongside verbal and technical data. It also offers artefact-led methods for making participation more inclusive, contestable, and accountable.
Its potential impact lies in connecting participatory architecture to broader questions of governance, organisational learning, urban living, environmental care, maintenance, and stewardship. A proposed community-facing living archive will act as both method and output, allowing consented artefact traces and reflections to remain revisitable rather than extracted into academic outputs alone. At this stage, the work does not claim resolution. Instead, it invites interdisciplinary discussion about how built environment disciplines might design better conditions for shared inquiry, ethical evidence-making, and democratic stewardship under conditions of inequality.
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Extended Abstract
This research examines the role of Cultural Heritage Buildings (CHBs) in war zones, focusing on how their meanings are shifted, contested, and transformed across different phases of conflict. Existing scholarship on CHBs has predominantly focused on technical concerns such as damage assessment, documentation, and rehabilitation. While these approaches are essential for protecting threatened CH assets, they remain insufficient for understanding the broader social roles CHBs perform during and after conflicts. Even the limited literature focusing on social aspects of CHBs in war zones often portrays CHBs primarily as passive victims of war, while overseeing the socially dynamic roles that CHBs may play within broader political, religious, economic, and identity-related struggles. This study seeks to move beyond these dominant perspectives by reconceptualising CHBs as socially dynamic entities that both shape and are shaped by wars and conflicts. Drawing on Situational Analysis (SA) and the concept of Boundary Objects (BOs), the research investigates how CHBs become arenas of negotiation, contestation, symbolism, and power across changing conflict conditions and wars’ stages. Through an in-depth qualitative case study of Maaloula in Syria, the study explores how meanings attached to CHBs evolve before, during, and after war.
The concept of CH has evolved from static understandings centred on material preservation towards more dynamic interpretations that recognise heritage as a socially constructed and continuously negotiated process. Contemporary scholarship increasingly understands CH not only as collections of monuments, artefacts, or historic buildings, but as systems of meanings shaped through social, cultural, political, and economic interactions. Within this wider conceptual field, CHBs occupy a particularly significant position for they combine physical materiality with symbolic meanings. Therefore, recent scholars emphasise that heritage should be understood as an active process through which identities, memories, and power relations are constructed and contested.
Despite these developments, research concerning CHBs in war zones remains comparatively limited. Existing studies have largely concentrated on technical dimensions of conflict heritage, including recording war damage, digitally documenting endangered buildings, and developing strategies for conservation and rehabilitation. Examples include assessments of destruction in Syria and Iraq, emergency documentation projects using 3D technologies, and analyses of post-war reconstruction challenges. Such work has provided important knowledge regarding the material preservation of CHBs under conditions of conflict. However, the dominance of technical approaches has resulted in comparatively little attention being given to the social dimensions of CHBs in war zones.
Where social dimensions are discussed, scholarship frequently frames CHBs as passive victims of violence whose destruction causes loss of memory, identity, and historical continuity. Existing research demonstrates that CHBs can structure memories, shape identities, and provide symbolic anchors for communities experiencing instability, displacement, or wars’ trauma. CH scholarship also highlights how CHBs become embedded in wider struggles over political legitimacy, religious authority, and economic resources. Consequently, CHBs may acquire contested meanings linked to nationalism, religious narratives, ideological dominance, or territorial claims. Such dynamics help explain why CHBs are often deliberately targeted during wars, as attacks on CHBs can symbolically undermine the identities and historical presence of rival groups.
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Nevertheless, the literature remains incomplete because it insufficiently examines how CHBs may actively contribute to conflict dynamics rather than merely suffer from them. Recent scholars argue that CH can function simultaneously as a source of aggression and reconciliation, yet this perspective remains underdeveloped within empirical and theoretical studies of war zones.
Similarly, although concepts such as memory, identity, religion, politics, and economy are individually explored within heritage scholarship, there remains limited research examining how these dimensions interact to shape changing interpretations of CHBs across different conflict stages.
Therefore, this research situates CHBs within broader debates on CH, conflict, memory, and identity while introducing an inside-out perspective focused on local communities’ experiences and interpretations. Rather than approaching CHBs solely as passive victims of wars and damaged physical structures, the study conceptualises them as contributors to conflicts and socially dynamic entities through which belonging and power are negotiated before, during, and after wars.
To address these approaches, this research adopts Situational Analysis (SA) and the concept of Boundary Objects (BOs) as its theoretical framework. SA, developed from grounded theory traditions, provides tools for mapping complexity, relationality, discourses, silences, and heterogeneous elements within social situations. It enables the analysis of how meanings and relationships evolve over time across interconnected arenas. The concept of BOs complements this approach by conceptualising CHBs as entities interpreted differently across social worlds while remaining recognisable across them. Together, these approaches provide a framework for understanding CHBs not as fixed cultural artefacts, but as relational and contested entities embedded within broader social, political, religious, and economic processes.
Within this context, the Syrian conflict provides a particularly significant setting to explore the dynamic role of CHBs. Informed by SA and BOs, this study adopts a qualitative single case study design centred on the village of Maaloula in Syria. A single case study is particularly appropriate because it enables detailed engagement with the complexity of social, political, religious, and historical processes shaping CHBs. Maaloula was selected through purposive sampling due to its direct experience of the Syrian conflict and its significance as a historic Christian village associated with religious heritage, Aramaic identity, displacement, political contestation, and symbolic violence. The study examines CHBs across three temporal phases: before the outbreak of war in 2011, during the conflict between 2011 and 2024, and following the fall of the Assad regime in December 2024. This temporal structure enables the tracing of shifting meanings, narratives, and relationships over time.
Data collection combines multiple qualitative methods, including semi-structured interviews, participatory visual materials, and secondary data sources. Interviews will be conducted remotely in Arabic with residents, displaced individuals, religious figures, and other participants connected to Maaloula. Participants will also contribute photographs and videos of CHBs to support photo-elicitation and participatory visual analysis. Secondary data, including social media content, news reports, historical records, and institutional publications, will provide broader discursive and political context.
Data analysis will be conducted through the three mapping strategies of SA: situational maps, social worlds/arenas maps, and positional maps. Across all stages, CHBs will be analysed as BOs whose meanings are interpreted differently across social worlds while remaining materially recognisable.
The analysis focuses on five interconnected social dimensions identified within the literature: memory, identity, religion, politics, and economy. Examining these dimensions enables the research to investigate how CHBs in Maaloula were interpreted before the war, reshaped during war, and reinterpreted after the fall of the Assad regime in December 2024.
Place your Title here
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This research contributes to CH scholarship by challenging dominant approaches that reduce CHBs in war zones to damaged material assets requiring technical restoration. Instead, the study reconceptualises CHBs as socially dynamic actors that actively participate in conflict and post-conflict processes through their changing meanings. By focusing on the interconnected five social dimensions, the research develops a more socially embedded understanding of CHBs and their role within war-torn societies. By integrating SA with the concept of BOs, the study develops a novel theoretical and methodological framework for understanding how CHBs become embedded within shifting relations of power, memory, identity, religion, and politics during conflict. In doing so, the research advances existing debates beyond dominant preservation-focused approaches and highlights the relational and contested nature of CHBs in war zones.
The research has broader implications for CH and CHBs practitioners, policymakers, and post-conflict recovery initiatives by encouraging more socially grounded approaches to CHBs that recognise the plurality of meanings attached to CH. It may also contribute to discussions surrounding reconciliation, memory, identity, and coexistence in post-conflict societies.
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Extended Abstract Research Problem / Aim
Climate change and decarbonisation policy are placing increasing pressure on organisations to improve carbon transparency across construction supply chains (HM Government, 2021; UNEP, 2024). The construction sector currently accounts for approximately 37% of global energy-related carbon dioxide emissions (UNEP, 2023), resulting in the introduction of carbon governance frameworks and reporting standards including PAS 2080 (BSI, 2023), SECR (DEFRA, 2019), ISSB standards (ISSB, 2023a; ISSB, 2023b) and the Greenhouse Gas Protocol (GHG Protocol, 2011). While these systems aim to improve accountability and emissions reporting, their implementation within construction remains inconsistent, particularly among small and medium-sized enterprises (SMEs) (Norton et al., 2022). Many construction SMEs operate within temporary, project-based environments shaped by subcontracting structures, commercial pressures and limited organisational capacity (Winch, 2010). Existing reporting systems are frequently structured around the governance arrangements and reporting capabilities of larger organisations, raising questions regarding their practical applicability within SME construction environments (Boakye et al., 2020). This research critically investigates how existing carbon reporting frameworks align with the operational conditions, reporting practices and organisational characteristics of construction SMEs operating within the UK construction industry.
Literature Review and Academic Context
Carbon reporting has become increasingly important within construction due to growing regulatory pressure, investor expectations and supply chain sustainability requirements (Ascui and Lovell, 2011; Sullivan and Gouldson, 2012). Frameworks such as PAS 2080 (BSI, 2023), SECR (DEFRA, 2019), ISSB standards and the Greenhouse Gas Protocol (GHG Protocol, 2011) seek to improve emissions transparency and support carbon reduction across organisational and supply chain structures. Within construction, this has intensified the focus on Scope 3 emissions reporting throughout supply chains (Miller, 2020).
Existing literature identifies construction as a fragmented and operationally complex industry characterised by temporary project teams, decentralised project environments and layered subcontracting arrangements (Winch, 2010). These characteristics create practical difficulties for governance application, information management and environmental reporting (Agyemang and Broadbent, 2015). Although larger contractors increasingly possess specialist sustainability teams, digital reporting systems and formal environmental management procedures, many construction SMEs operate under very different organisational conditions (Loosemore and Lim, 2018). Limited administrative capacity, commercial constraints and short-term project cycles can restrict the ability of SMEs to engage with formal reporting systems in the same way as larger organisations (Revell and Blackburn, 2004).
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Research surrounding SME environmental management has identified barriers linked to technical expertise, organisational capability, adoption complexity and resource availability (Conway, 2015; Johnson, 2015). However, much of the literature relating to carbon reporting remains focused on corporate governance systems and organisational-level reporting structures rather than temporary construction delivery settings. Existing frameworks frequently assume stable organisational systems, centralised data management and specialist sustainability knowledge. These assumptions may not reflect the practical conditions of SME subcontracting environments where reporting responsibilities are often secondary to operational project delivery (Norton et al., 2022; UKGBC, 2023).
The literature also highlights an important distinction between organisational carbon reporting and project-based construction practice. Organisational reporting systems are commonly structured around annual reporting cycles and centralised governance processes, whereas construction projects operate through temporary delivery structures involving multiple subcontractors, changing site conditions and fragmented information flows (Whyte et al., 2016). As a result, tensions can emerge between strategic carbon governance requirements and the practical realities of day-to-day construction delivery (Morrison et al., 2021).
Recent studies have also highlighted increasing procurement pressures relating to carbon disclosure and Scope 3 accountability throughout construction (Cabinet Office, 2021; HM Government, 2021). Despite this, relatively little research has examined how existing carbon reporting frameworks are implemented within SME subcontracting environments or how SMEs engage with existing reporting tools in practice (Yusuf and Osei-Kyei, 2023). It remains unclear whether barriers primarily stem from organisational capability, reporting complexity, resource demands or the broader incompatibility between existing governance structures and project-based construction settings.
This research addresses these gaps by critically examining existing carbon reporting approaches through the lens of construction SMEs and operational project delivery environments within the UK construction industry.
Research Design
This study adopts a qualitative, practice-oriented methodological approach situated within a pragmatic research philosophy. Pragmatism is appropriate due to its focus on investigating real-world operational problems and examining how governance systems function within applied organisational settings (Winch, 2010). The research combines critical literature review, comparative framework analysis and empirical investigation in order to evaluate how existing carbon reporting approaches align with SME construction environments.
The literature review critically examines carbon reporting standards, governance frameworks and reporting tools including PAS 2080 (BSI, 2023), SECR (DEFRA, 2019), ISSB standards (ISSB, 2023a; ISSB, 2023b), the Greenhouse Gas Protocol (GHG Protocol, 2011) and Carbon Trust tools. These systems are evaluated through the lens of construction SMEs, focusing on reporting requirements, usability, scalability and alignment with construction delivery practices.
The empirical phase of the research involves semi-structured interviews with practitioners operating within SME subcontracting environments across UK construction supply chains. Interviews explore current reporting practices, organisational capabilities, operational constraints and practitioner experiences relating to existing reporting systems. Documentary evidence, including procurement requirements, contractual reporting obligations and sustainability guidance, is also reviewed to examine how carbon governance requirements are translated into practice.
Carbon Governance and Construction SMEs. A Critical Investigation of Reporting Implementation within UK Construction Supply Chains
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Data derived from the literature review, framework analysis and empirical investigation will be analysed thematically to identify recurring integration barriers, organisational influences and operational challenges affecting carbon reporting adoption within construction SMEs. The research is additionally informed by discussions surrounding practice theory, agency and structure in order to examine how governance systems interact with day-to-day construction project environments.
Contribution to Knowledge and Potential Impact of Research

This research contributes to academic understanding and industry practice by critically examining how carbon reporting frameworks are implemented within construction SME environments. Existing research surrounding carbon governance and emissions reporting predominantly focuses on corporate structures and organisational-level reporting systems (ISSB, 2023a; DEFRA, 2019), with comparatively limited attention given to project-based construction delivery and SME subcontracting environments (Loosemore and Lim, 2018; Morrison et al., 2021). The study contributes to emerging discussions surrounding the compatibility of organisational carbon governance systems within fragmented construction delivery structures.

The research contributes a critical evaluation of existing carbon reporting frameworks through the lens of construction SMEs, identifying organisational, operational and structural factors influencing adoption and operationalisation. In doing so, the study provides greater insight into the disconnect between strategic carbon governance objectives and the operational characteristics of construction delivery (Agyemang and Broadbent, 2015; Miller, 2020).

The findings may also support the development of more practical and operationally appropriate approaches to carbon reporting within construction. By examining reporting implementation within project-based environments, the research aims to contribute towards more accessible, scalable and practically grounded approaches to carbon governance capable of supporting improved carbon transparency across the construction sector.
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Research Aim
The increasing popularity of robotics technology, artificial intelligence (AI), and building information modelling (BIM) is transforming the construction industry and accelerating the development of intelligent building environments. Although previous studies mainly focused on robotics technology, productivity improvement, and implementation risks, there has been relatively less discussion on how human-robot collaboration (HRC) reshapes the roles of labour in construction projects.
This study aims to explore the emerging roles resulting from the integration of human labour and robotic systems in the field of intelligent buildings. A qualitative literature review was conducted based on three key studies - those related to HRC classification, worker productivity, and implementation risks. Through comparative analysis and thematic synthesis, this study examines the evolving relationship between construction workers and robotic systems.
These research results indicate that robot systems have not completely replaced human workers. On the contrary, they are changing traditional labour responsibilities. Emerging new roles include robot supervisors, human-machine coordinators, AI-assisted decision-makers, and workflow managers using BIM. This review further emphasizes that in the future construction industry workforce, the importance of digital literacy, interdisciplinary knowledge, and collaboration skills is increasing. However, there are still challenges in areas such as worker trust, labour re-training, organizational readiness, and the integration of BIM, AI, and robotic technologies.
This study contributes to the increasingly rich knowledge system on human-machine collaboration by proposing a conceptual understanding of the transformation of labour in intelligent buildings. The research results will provide insights for researchers, industry practitioners, and policy makers seeking to support the effective integration of robotic systems into the building environment.
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Extended Abstract Research problem/aim
The decarbonisation of the English housing stock presents a critical policy and delivery challenge, particularly within hard-to-treat housing typologies such as solid-walled, terraced back-to-back properties. While retrofit practices are more technically guided by standards such as Publicly Available Specifications (PAS) 2030 or PAS 2035, their implementation often assumes linear delivery processes and clearly defined actor roles, overlooking the complexity of real-world retrofit environments. In practice, retrofit programmes involve multiple stakeholders operating across fragmented institutional, organisational, and social boundaries, with differing priorities, incentives, and levels of control. This may create coordination challenges, inefficiencies, and tensions between policy ambition and delivery realities.
This research aims to investigate how local authorities facilitate and navigate these complexities within housing retrofit programmes. Specifically, it examines the role of local authorities as boundary spanners in coordinating actors across public and private sectors, managing stakeholder relationships, and enabling the translation of retrofit policy into practice.

Literature review

Housing retrofit implementation is increasingly understood as a complex process requiring the integration of technical standards with collaborative, cross-sectoral practices. As mentioned above, standards such as PAS 2035 and regulatory instruments like Building Regulations Part L provide structured guidance for improving energy efficiency and indoor environmental quality. However, existing literature suggests that these frameworks often assume linear implementation processes, clearly defined actor roles, and stable governance environments. In practice, retrofit delivery occurs within fragmented and dynamic systems shaped by diverse stakeholders, competing interests, and varying institutional arrangements.

To address these limitations, boundary spanning theory offers a valuable lens for understanding how retrofit programmes can be operationalised. Williams (2002) and Gustavsson (2013; 2015) emphasise the importance of actors who bridge organisational, professional, and sectoral divides to facilitate coordination and align interests. In construction and retrofit contexts, these boundary-spanning roles often emerge informally in response to complexity, enabling communication, negotiation, and collaborative problem-solving strategies across fragmented delivery systems. This is particularly relevant in housing retrofit programmes, where local authorities, contractors, landlords, residents and/or property managing agents must work interdependently to achieve programme objectives.
The literature further positions retrofit as a socio-technical system rather than a purely technical intervention. Drawing on systems thinking, Satheesh et al. (2023) argue that retrofit outcomes are shaped by interdependencies between technical, social, and policy dimensions, requiring adaptive governance and iterative learning. Similarly, van Meerkerk and Edelenbos (2018a, b) and van Meerkerk et al. (2024) highlight that boundary spanning behaviour is facilitated by relational governance, leadership support, and adaptive management, particularly in complex public service delivery contexts. These perspectives challenge traditional compliance driven approaches by emphasising the need for collaboration, flexibility, and interaction across governance networks.
Stakeholder engagement and co-production are also central to effective retrofit delivery. Czischke (2018) highlights the importance of trust, shared values, and communication in multi-actor housing processes, while Serin (2023) identifies persistent fragmentation in the retrofit field, with limited integration across technical, behavioural, and policy domains. These challenges are particularly evident in mixed-tenure housing contexts where different motivations and incentives influence participation and outcomes.
Finally, the literature draw attention to the importance of coordination and information flow across project lifecycles. Marchington et al. (2011) and Sackey and Akotia (2017) emphasise that boundary spanners play critical roles in managing interdependencies, facilitating negotiation, and ensuring knowledge exchange across organisational boundaries. Collectively, these studies support a shift towards understanding retrofit as a collaborative, boundary spanning process embedded within complex socio-technical systems, rather than a purely technical or regulatory exercise.
Spanning Public and Private Boundaries: Investigating Local Authorities’ Role in Housing
Retrofit Programmes.
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Research design

Grounded in boundary theory and boundary critique (Czischke, 2018; Midgley et al., 1998), this study examines stakeholder dynamics within local authority-led housing retrofit programmes. It adopts a mixed-methods approach combining semi-structured interviews, secondary data, and autoethnographic reflection to explore boundary-spanning processes such as trust-building, collaboration, and goal alignment across diverse actors.
Boundary theory, originally developed to explain how individuals navigate multiple roles, is applied here to understand how stakeholders including local authorities, tenants, landlords, and contractors interact across institutional, professional, and relational boundaries to enable or constrain retrofit delivery. Drawing on boundary critique (Midgley et al., 1998; Czischke, 2018), the study emphasises the inclusion of plural stakeholder perspectives in both problem framing and solution development.
Semi-structured interviews are used to capture stakeholder experiences and decision-making processes, allowing flexibility to explore emergent themes while maintaining consistency (Adams, 2015; Gill et al., 2008). Participants are recruited through opportunistic sampling based on their involvement in retrofit programmes. Secondary data from UK government and institutional sources provides contextual and policy-level insights, enhancing the robustness of the analysis (Falzon et al., 2024).
Autoethnography complements these methods by drawing on the researcher’s embedded role as a housing professional, offering insight into organisational norms, relational governance, and the lived complexities of retrofit implementation. In line with Ellis et al. (2011), Ellis and Adams (2014) and Koopman et al., (2020) reflexive practices ensure ethical awareness and critical engagement with the researcher’s dual role.

Contribution to knowledge
The study seeks to contribute to academic discourse by framing housing retrofit implementation as a boundary-spanning, socio-technical process rather than a purely technical or compliance-driven exercise. It suggests that boundary spanning practices are embedded within the implementation process, unfolding through everyday activities of coordination, communication, and problem solving involving different actors.

It is also anticipated that the study will contribute to retrofit literature by providing empirical insights into how governance fragmentation, mixed-tenure dynamics, and resident engagement shape delivery outcomes. In doing so, it responds to calls for more integrated and practice-oriented research that bridges technical, behavioural, and policy dimensions to support Net Zero carbon targets.

Initial findings

Early findings suggest that challenges commonly observed in housing retrofit delivery are symptomatic of a broader systemic issue concerning how retrofit transitions are structured, governed, and supported, rather than simply failures of project execution. For example, one response highlighted that delivery is frequently destabilised by incremental enrolment where properties are “pepper potted”…because participants are “being signed up as we go… [and we] have to produce a programme…off the back foot,” requiring continuous reprogramming, sometimes “daily,” and further compounded by funding limitations such that “…you can’t blanket the whole area.” These dynamics are intensified in mixed tenure neighbourhoods (private landlords, owner occupiers and social tenants) where participation is uneven and, at times, reluctant. As one respondent notes, some residents are “not particularly bothered… because it’s not their house,” leading to persistent access and coordination challenges described as “daily challenges… access into properties.”
Within this context, local authorities appear to be engaging in boundary spanning practices between public and private interests, navigating increasingly blurred institutional expectations. Rather than operating solely within fixed mandates, early findings indicate that practitioners may be required to ‘wear multiple hats’, adopting hybrid positions that can involve delivery, facilitation, stakeholder engagement, and, at times, engagement with regulation and compliance. This is reflected in practitioners’ accounts of “tak[ing] on other roles… not within [their] specific job role… in order for the project to succeed.”
Taken together, these early insights suggest a potential misalignment between prevailing policy and programme assumptions often based on stable assets, clear ownership boundaries, and linear delivery models and the realities of retrofit as a boundary spanning, socio-technical process that may unfold across interdependent systems, hybrid governance arrangements, and lived environments.
Spanning Public and Private Boundaries: Investigating Local Authorities’ Role in Housing
Retrofit Programmes.
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Extended Abstract Research aim
Climate change is happening, and there’s the need to consequently design climate resilient infrastructure. Energy projects are especially vulnerable to climate impacts, with repercussions on society and environment. Although Climate Risk Assessments (CRAs) are carried out at the planning stage of these large energy investments to address this, but are they fit for purpose? Do they incorporate the systemic risk of climate change on energy projects?
This research initially seeks to understand how CRAs are currently carried out when planning energy infrastructure projects. The knowledge gained is expected to help identify gaps in traditional CRA practice and evaluate how these limitations may lead to sub-optimal risk assessment or maladaptation, a particular concern as we face an unpredictable climate. The research aims to develop a systems approach using a Socio-Economic and Technical Systems (SETS) framework that better captures interdependencies, cascading effects, and the broader consequences, as a necessary approach when planning for climate risks to energy infrastructure. Furthering the above aims, this research will answer the following questions.
1. How is climate risk assessment currently carried out in energy infrastructure projects?
2. What do professionals think about SETS-based climate risk assessments?
3. What challenges prevent implementing this SETS framework in practice, and how can these be addressed?
Literature Review
This review seeks to provide a deeper understanding of how past CRA approaches were implemented and the risks of continuing them in light of our uncertain future climate. It critically reviews more recent, widely applied approaches to CRAs and identifies challenges to their continued application. Following on from above, first-generation CRAs were identified as more focused on hazard mapping (Roa et al., 2025). They were informed by early findings from bodies such as the Intergovernmental Panel on Climate Change (IPCC), which called for preparedness against climate events (IPCC, 2021). The consequence was that the reliability of physical assets against anticipated climate impacts needed to be guaranteed before, in certain cases, construction approvals are granted. The informing logic here is the flawed assumption that future harm can be accurately anticipated and mitigated if practitioners have sufficient historical knowledge of the climate (Roa et al., 2025).
The IPCC Fourth Assessment Report (AR4) attempted to provide a basis for moving beyond the above siloed thinking. This however, failed as the emphasis in this framework is on vulnerability, defined as a seemingly mathematical outcome that still focuses on the asset (Roa et al., 2025). The shortcoming here is that the AR4 paradigm predominantly views vulnerability as a static, analytically computed endpoint, informed by linear, deterministic models (Roa et al., 2025). Although it provides procedural rationality through its vulnerability approach. This logic, by prioritizing technical focus over impact across other interacting areas, leaves the assessment flawed (Huddleston et al., 2022).
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Following these criticisms, the broader systems would understandably become an immediate focus, and to this end, the IPCC’s Fifth Assessment Report (AR5) introduced the third-generation methods. These methods are characterized by assessments that aim to move beyond prioritizing isolated physical assets (Roa et al., 2025). They suggested a risk propeller framework that combines hazard, exposure, and vulnerability and relies on phased interventions, informed by Decision Making Under Deep Uncertainty (DMDU) thinking. However, while ensuring that today’s small-scale interventions do not preclude scaling up to larger defences, there is a need to consider the consequences of such actions or inaction on the larger system. In reality, if the current systems were already failing, waiting is not strategic flexibility but a maladaptive delay that increases community vulnerability (Park et al., 2013; Dittrich et al., 2016).
Acknowledging the challenges expressed above, mapping interdependence is considered a more informed approach for systems thinking in CRAs and consequent resilience planning (Verschuur et al., 2024; Roa et al., 2025). This is because it recognizes that resilience lies more in preventing compromise to both the connections and the specific components that make them up (Roa et al., 2025). Through this, we reveal cascading and bidirectional relationships (Zhang and Peeta, 2011), and by recognizing this as a critical characteristic of CRAs, we can better address the different scales of uncertainty (Verschuur et al., 2024). The Socio-Economic and Technical Systems (SETS) framework provides a tool for applying this interdependency thinking (Roa et al., 2025). It has been used for different purposes, both related and unrelated to climate risk planning.
Research Design
The research explores current CRA practices using CRA reports and semi-structured interviews with practitioners to understand current approaches, develops recommendations for implementing SETS in practice, and finally demonstrates the benefits of the recommended approach through a case study. It would use both primary and secondary data collection: a desktop review of CRA reports and interviews to understand CRA practices. A purposive sampling strategy will be used to select 15–20 senior professionals from the energy sector, specifically targeting those with experience in design, strategic planning, or regulatory compliance of energy projects. This will be supplemented by snowball sampling, in which initial participants are asked to recommend other experts who can provide deep, systemic insights into Climate Risk Assessment (CRA). Should recruitment targets fail, the research will pivot to a more extensive secondary data analysis. This involves increasing the granularity of the desktop reviews of global energy projects and incorporating alternative data sources such as project white papers, institutional resilience reports, and public climate adaptation disclosures.
This would be followed by a qualitative data analysis to both evaluate findings and develop a systems-based framework. The final stage would involve testing the framework in a case project to demonstrate its benefits and challenges, and to recommend a SETS-based approach for future CRAs.
Intended contributions
This research aims to demonstrate that current CRA methods remain obsolete and highlight the impacts of failing to adopt necessary shifts in line with current realities. It would also propose and operationalize an improved approach to CRAs, ensuring it avoids the current shortcomings identified in the literature review and the pilot study.
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Extended Abstract
Food is a major contributor to global climate change. Globally, food-related emissions are estimated to contribute 31% to total anthropogenic emissions (FAO, 2021). Within the United Kingdom (UK), food-related Greenhouse Gas (GHG) emissions are estimated to be 35% of total emissions (WRAP, 2021). The current interconnected food system presents various challenges and inefficiencies. Trade-offs between environmental degradation for improved yields and agricultural expansion have resulted in increasing environmental cost, while inefficiencies in distribution, storage and consumption can lead to wastage across the food system. Issues with governance and power between actors resulting in poor working conditions and accessibility also exist. This raises questions on the need to reduce the environmental impact of this sector. Globally, the food system faces economic pressure from the increasing cost of food production, periodic economic crisis, and increased corporatisation all contributing to an increase in prices and value/power concentration (Hackforth, 2025). Corporatisation within the food system has increased the barrier for entry for small scale farmers while consolidating power and control towards established larger scale producers (Howard, 2021), thus allowing for fewer competitors and increased price control. The food system has negative impacts on the environment chiefly through emissions into the environment across the system from on-farm activities to food waste and disposal. Within agriculture, emissions to air, water and soil from on-farm activities were estimated to contribute to 34% of global anthropogenic greenhouse gases emissions (ghg’s) with 71% of these emissions resulting from agriculture and land use change (Crippa et. al, 2021). Land use change from natural to agricultural systems leads to loss in soil carbon and increase in atmospheric carbon which further exacerbates wider climate change (Lal, 2019). Furthermore, food production is estimated to contribute 32% of global terrestrial acidification and 78% of eutrophication (Poore and Nemeck, 2018). In relation to biodiversity loss, Burns et. al, (2016) found intensive management of agricultural land to be the largest singular driver of biodiversity loss within the UK, with activities such as use of pesticides and herbicides, intensive grazing regimes and increased fertilizer use contributing to biodiversity loss. The need to transition from the current food system towards a sustainable food system is increasingly evident as the negative impacts of the prevailing food system across the economic, environmental and social spheres discussed earlier are prevalent (Willett et al, 2019; Springmann et. al, 2018). Within the United Kingdom food system transition is gaining increased traction. The current government food system strategy has an aim to deliver “better environmental outcomes on land and sea, enhancing nature and ecosystem services while reducing pollution, waste and greenhouse gas emissions”(DEFRA, 2025). Government backed projects such as Transforming the United Kingdom Food System (TUKFS) is seeking to transform agricultural production towards a regenerative system where economic needs of farmers are met while fostering social and ecological benefits such as cooperation and improved soil health respectively (Bridle et.al, 2025). However, questions remain within the literature on what this transition is and what it should include. This research seeks to explore the role of emerging alternative production systems in reducing the environmental cost of food production and drive sustainable food system transformations.
This research aims to investigate the role of emerging alternative agricultural production systems in sustainable food system transition. By developing a framework for the assessment of the
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benefits and challenges of alternative productions systems and the limitations of current quantification metrics. This will be achieved by reaching the following objectives; to investigate the sources of environmental impact within the UK food system, examine the current approaches to mitigating these within the UK context, to map out the current options for sustainable food system transformation. Conduct ELCAs on case studies of these, to use stakeholder consultation and engagement to identify the challenges to sustainable food system transformation within the UK context and develop a framework to understand the benefits and challenges of alternative production systems and the potential pathways for adoption.
To achieve the research objectives mentioned previously, a mix of qualitative and quantitative methods will be used. Environmental Life Cycle Assessment (ELCA) will be applied to quantify the environmental impacts from agroecological production systems while Participatory Action Research (PAR) will be used to explore the social and economic aspects of agroecological production systems. This research will apply a Multi-Level Perspective (MLP) framework to map the current levels of alternative production system and the potential pathways for food system transformation. MLP will be useful for this research as it considers changes across technology, policy, infrastructure, consumer practices and time. By adopting the perspective of a socio-technical system, it accounts for the interactions and influences of social and technological aspects of a system (Larmine and Marsden, 2023). Participatory action research (PAR) is an approach to research that prioritizes the value of experiential knowledge for tackling problems caused by unequal and harmful social systems, and for envisioning and implementing alternatives (Cornish et. al, 2023). PAR is a helpful tool in engaging with stakeholders and building on their experiences to better understand a phenomenon, map out challenges and develop new knowledge. This is planned to be applied through stakeholder workshops ideally in person or failing that online. These workshops will aim to understand the current state of agroecological practices as a means for sustainable food system transformation and the challenges and opportunities facing practitioners within the UK. Using tools such as causal loop mapping, actor power analysis and scenario analysis, practitioners will be engaged in mapping out the paths forward for sustainable food system transformation using agroecological production systems. Potential participants will be found through contacting agricultural networks such as Linking Environment and Farming (LEAF), Agriculture and Horticulture Development Board (AHDB) and university research networks.
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Extended Abstract Research problem/aim
Artificial intelligence (AI) in construction is increasingly promoted as a tool for improving efficiency, prediction, automation and decision support (Jallow et al., 2023; Chartered Institute of Building, 2024). However, this framing can understate how AI may affect professional judgement. When AI systems generate checks, recommendations, risk assessments or maintenance alerts, they may not only support decisions but also influence how decisions are interpreted, justified and acted upon.
The unresolved issue is how professional judgement is enacted when AI outputs become part of construction decision practices, rather than remaining external sources of information. This study therefore asks how AI-mediated decision practices may reshape professional judgement and agency in construction work.
Literature review and academic context
AI integration in construction is often framed through a promise of transformation: improved accuracy, efficiency, productivity, innovation, data use and automation (Chartered Institute of Building, 2024; Jallow et al., 2023). This promise echoes a recurring pattern in construction digitalisation, where new technologies are positioned as responses to long-standing sector problems before their effects on work practices are fully understood.
BIM research offers a caution against reading technological change as direct disruption. Akintola, Venkatachalam and Root (2020) show that BIM-induced change was gradual rather than revolutionary, emerging through altered workflows, coordination practices, role expectations and organisational routines. Akintola et al. (2021) extend this analysis by showing that change was not produced by implementation alone, but through delegated, conditional and needs-based forms of agency. Their work suggests that digital technologies reshape construction work through changing practices, authority relations and role boundaries, rather than through technical capability alone.
However, BIM also marks the boundary of this comparison. In Akintola et al. (2021), BIM is analysed primarily as a tool and process that mediates professional work. Their reference to BIM as a “mind prosthetic” points toward cognition, and their discussion of professional identity and psycho-social effects identifies areas requiring further analysis. AI brings these questions closer to the centre because its outputs may not only represent, coordinate or structure work; they may also enter the reasoning through which professional judgement is formed.
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Shaw and Nave (2026) conceptualise this through Tri-System Theory, where AI operates as an external cognitive system. This allows a distinction between cognitive offloading, where AI supports reasoning while remaining subject to human evaluation, and cognitive surrender, where AI-generated outputs are adopted with limited scrutiny. Pearson et al. (2026) qualify this by showing that reliance on AI guidance is not uniform, but depends on how guidance is encountered and evaluated. For construction, this raises a practice-based question: when AI outputs enter project decisions, are they treated as information, advice, evidence or authority?
What remains underdeveloped is how AI-mediated decision practices are enacted within construction work, and how they may reshape professional judgement and agency. Activity Theory provides an initial organising lens for examining technology-mediated work change, while leaving open whether tool-mediated accounts are sufficient where AI outputs acquire cognitive and agentic significance.
Research design
This study adopts a qualitative, interpretivist design to examine decision episodes in which construction professionals encounter AI-generated outputs and decide how to interpret, verify, challenge or act on them. The focus is not AI adoption in general, but AI-mediated decision practices: moments where checks, alerts, predictions or recommendations become part of professional work. The study will explore how professional judgement is enacted in these situations, under what conditions professionals defer to or override AI outputs, and how responsibility, influence and role boundaries are negotiated.
A multi-case design is proposed to enable comparison across selected organisational and decision contexts, supporting analytic rather than statistical generalisation (Yin, 2018). Potential cases may include compliance or assurance checking, predictive maintenance and safety monitoring, as these involve different forms of AI output, professional roles and accountability conditions.
The first stage will map the AI-enabled decision practices present in each case and identify the professionals involved. Data collection is expected to include semi-structured interviews with project managers, site managers, digital leads, engineers, planners, asset managers, compliance professionals and safety professionals. Interviews will focus on concrete situations where AI outputs were involved in decision-making. Where feasible, interview data will be supported by project documents, workflows, examples of AI outputs or decision protocols. Activity Theory will provide an initial structure for comparing AI-mediated work practices across roles and decision contexts, while the analysis will remain open to whether AI’s cognitive and agentic characteristics require further theoretical refinement.
Contribution to knowledge and potential impact of your research
This research contributes by reframing AI in construction from a question of technical adoption towards a question of AI-mediated professional judgement. Rather than treating AI outputs as neutral inputs into existing decision processes, the study examines how professionals interpret, verify, challenge or act on those outputs within everyday construction work. This can extend current understanding of digital transformation by showing how AI-supported decision practices may reshape professional agency, role boundaries and informal authority in project-based settings.
At the theoretical level, the study uses Activity Theory as a starting point for examining AI-mediated work practices, while questioning whether this lens is sufficient when AI outputs appear to shift from supporting professional action to redistributing judgement within the decision process.
Practically, the research may help construction firms identify where AI-supported decision-making creates uncertainty around verification, responsibility and professional roles. This is relevant for
Place your Title here
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developing clearer governance arrangements around how AI outputs should be reviewed, trusted and used in construction decisions.
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Extended Abstract

Research problem/aim
Corporate Real Estate (CRE) has increasingly been positioned beyond its traditional role as a cost focused operational function and is now expected to support workplace experience, organisational culture, wellbeing, sustainability, innovation, digital transformation and wider organisational performance. However, this expanded mandate does not always translate into practical strategic influence. Strategic influence is understood here as the capacity to shape agendas, evaluative criteria and cross-functional decisions in practice. Existing CRE alignment models often explain this gap through governance structures, performance metrics or organisational design. This research argues that the issue is more fundamentally about how strategy is enacted, and why agency is enabled or constrained through recurring organisational routines. CRE therefore provides an underexplored and theoretically productive empirical setting for examining the relationship between Strategy as Practice, Structuration Theory and strategic alignment. The study aims to examine how CRE professionals enact strategic agency through everyday practices and organisational routines, and how this shapes alignment outcomes across Transaction, Delivery and Operations/FM stages.

Literature review and academic context
This research uses Strategy as Practice and Structuration Theory to examine how strategic alignment is enacted in Corporate Real Estate management. Strategy as Practice (Whittington, 2006) provides the main lens for understanding how strategy is enacted. Rather than treating strategy as a formal plan, senior management decision or fixed organisational position, it understands strategy as something people do through everyday activities, interactions and routines. This matters for CRE because strategic influence is rarely exercised through direct authority alone. CRE professionals often work through coordination and mediation between corporate strategy, business needs, finance, HR, workplace expectations, project delivery and FM operations.
Structuration Theory (Giddens, 1984) explains why agency is enabled or constrained. It understands structure and agency as recursively connected. Organisational rules, resources, reporting lines, decision rights and governance arrangements shape what actors can do, while everyday action reproduces or gradually reshapes those structures. This helps explain why formal inclusion does not automatically create strategic influence. A function may be described as strategic, but its ability to influence agendas, evaluative criteria and decisions depends on the routines through which strategy is enacted.
CRE provides a useful empirical site for examining this relationship because it is increasingly positioned as strategically relevant, while often remaining structurally dependent on other functions. CRE decisions are shaped through cross functional routines involving Finance, HR, operations, business leadership, consultants, contractors and service providers. These include portfolio reviews, investment approvals, workplace governance, project delivery gates and delivery to FM handovers.
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This makes CRE a strong setting for examining the gap between strategic positioning and practical influence.
Existing CRE literature shows how real estate can support organisational value through cost efficiency, flexibility, productivity, employee experience, sustainability and brand identity. However, much of this literature has approached alignment through models, governance frameworks and performance measures that connect real estate decisions with organisational objectives (Roulac, 1996; Lindholm & Leväinen, 2006; Haynes, 2012). Later critiques suggest that CRE alignment is more complex and practice dependent than individual models imply, especially where decision making is distributed across functions (Heywood, 2011; Heywood & Arkesteijn, 2017).
This research builds on that by examining alignment as something produced, negotiated and constrained through everyday organisational routines. These routines shape who is involved, when CRE is included, what evidence is legitimate, which evaluative criteria dominate and whose interpretation of value carries weight. The issue is therefore not only whether CRE is positioned as strategic, but how and under what conditions CRE professionals can exercise strategic agency.

Research design
The study adopts a qualitative dominant, sequential mixed methods design. A thematic literature review supports the development of a conceptual framework across Strategy as Practice, Structuration Theory, organisational routines and CRE management. In this framework, Strategy as Practice explains how strategy is enacted, Structuration Theory explains why agency is enabled or constrained, and CRE provides the empirical setting through which these dynamics can be examined.
The main empirical phase will use semi structured interviews with CRE professionals and related stakeholders across medium to large organisations. Participants may include individuals involved in portfolio strategy, workplace change, capital projects, facilities management and operations. The interviews will explore how CRE professionals participate in strategic activity, how they influence or fail to influence decisions, how governance routines operate in practice, and how competing priorities are mediated across the CRE lifecycle.
Interview data will be supplemented by relevant organisational documents, governance materials, reporting templates and routine mapping. This will allow the study to examine routine sites such as investment approvals, portfolio reviews, workplace governance forums, project delivery processes and delivery to FM handovers. The analysis will focus on identifying recurring patterns in how routines enable or constrain CRE strategic agency across organisational settings.
A complementary survey will then explore the recurrence of patterns identified through the qualitative phase. It will examine CRE involvement in strategic decision making, structural enablers and constraints, routine participation and perceived alignment outcomes. Qualitative data will be analysed thematically, with attention to agency, routines and structural conditions. Survey data will support descriptive analysis and pattern recognition, rather than serving as the main basis for causal explanation.

Contribution to knowledge and potential impact
This research develops a practice based and structuration informed explanation of strategic alignment. Its main contribution is to explain why CRE’s formal strategic positioning does not always translate into practical strategic influence. Strategy as Practice explains how strategy work takes place through everyday practices and routines, while Structuration Theory explains why agency is shaped by organisational rules, resources and structural conditions. CRE provides an underexplored and theoretically relevant empirical setting where these dynamics can be examined clearly.
Place your Title here
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For Strategy as Practice scholarship, the study extends practice based strategy analysis into the CRE domain, showing how strategic influence is enacted across functions, routines and lifecycle stages. For CRE scholarship, it moves beyond formal alignment models by showing that alignment is not only a matter of structure, governance or performance measurement. It is an ongoing accomplishment produced through routine participation, cross functional mediation and the negotiation of competing organisational priorities. This reframes CRE alignment as an agency and routine problem, rather than only a design problem.
For practice, the research offers insight into how organisations can examine the routines through which CRE strategic influence is enabled or constrained. Rather than focusing only on structural redesign, it highlights everyday governance routines, including participation, timing of CRE involvement, recognised forms of evidence, decision sequencing and the transfer of strategic intent across the lifecycle. This can help organisations better understand decision coherence, ownership clarity and how strategic intent is carried from transaction and delivery into operations/FM.
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Research problem/aim
The UK residential sector requires substantial decarbonisation, and existing dwellings play a central role because much of the current housing stock is expected to remain in use by 2050 (Committee on Climate Change, 2019). Fabric retrofit and low-carbon heating technologies, particularly heat pumps, are key measures for reducing residential energy demand and operational carbon emissions. However, retrofit uptake remains slow, especially in owner-occupied and private rental housing (Climate Change Committee, 2023). One reason is that retrofit decision-making is not determined by energy cost savings alone, as homeowners may also consider comfort, health-related concerns, affordability, disruption, and long-term liveability. This study aims to provide a multi-dimensional quantitative assessment of heat pump and fabric retrofit options in UK housing by evaluating trade-offs between energy use, operational carbon emissions, energy cost, thermal comfort, and mould-risk indicators under different tariff scenarios, and by exploring how the preferred option changes when these outcomes are considered together.


Literature review and academic context
Housing retrofit research has widely examined the potential of fabric insulation, heating-system replacement, and energy-efficiency measures to reduce energy demand and carbon emissions. Many studies evaluate retrofit packages using building performance simulation, life cycle assessment, life cycle costing, or cost-benefit approaches, providing evidence on technical performance, carbon reduction potential and financial payback (Feng et al., 2020; Mohammadpourkarbasi et al., 2023; Piccardo and Gustavsson, 2023; Semprini et al., 2017). However, assessments based mainly on energy, carbon or cost may overlook outcomes that are highly relevant to occupants, particularly indoor thermal conditions and moisture-related risks.
Retrofit decision-making research has shown that homeowners do not act according to purely economic rationality. Upfront cost, expected energy savings and payback period are important, but comfort, health, perceived risk, aesthetics, disruption and property value can also influence willingness to retrofit (Achtnicht and Madlener, 2014; Dolšak, 2023; Liu et al., 2022; Zundel and Stieß, 2011). Environmental benefits such as CO₂ reduction are often secondary motivations rather than primary drivers for homeowners (Achtnicht and Madlener, 2014; Organ et al., 2013). This is particularly important for heat pump retrofit, where operational carbon can be reduced substantially but financial attractiveness depends on electricity prices, tariff structure, system performance and the level of fabric improvement.
There is increasing recognition that retrofit should be evaluated through multiple dimensions rather than single indicators. Existing studies have highlighted the importance of occupant-related aspects, including comfort, health, indoor air quality and well-being (Alabid et al., 2022; Jafari et al., 2016, 2019). Thermal comfort is especially important because it directly affects daily life and is frequently
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identified as a key motivation or benefit of retrofit (Bjørneboe et al., 2018; Galassi and Madlener, 2017; Klockner and Nayum, 2016). Other studies have examined occupant-related indicators such as thermal comfort percentage, monitored post-retrofit temperature, and indoor air quality impacts using simulation or monitoring approaches (Underhill et al., 2020; Vakalis et al., 2021; Vilches et al., 2017; Wang et al., 2015). However, thermal comfort and mould-risk indicators are less frequently integrated with cost and carbon metrics in a retrofit scenario assessment.
Heat pump retrofit also introduces tariff-related financial complexity. Heat pumps shift heating demand from gas to electricity, and UK electricity prices can vary by provider and time of use. Therefore, heat pump running costs depend not only on annual electricity consumption, but also on when electricity is used. Time-of-use tariffs are rarely integrated into multi-dimensional retrofit assessments that also consider carbon, comfort and mould-risk outcomes. This study addresses this gap by assessing heat pump and fabric retrofit scenarios across multiple performance indicators, including tariff-dependent financial outcomes.


Research design
The study is based on an EnergyPlus model of a typical pre-1920 semi-detached dwelling in Reading, UK. The baseline represents the existing condition with a gas boiler and no additional fabric retrofit. Retrofit scenarios combine heating-system replacement and different levels of fabric improvement. These include switching from a gas boiler to an air-source heat pump without additional insulation, and three fabric retrofit levels: loft insulation, loft insulation with external wall insulation, and a deeper package including thicker external wall insulation, floor insulation and triple low-e glazing.
For each scenario, annual heating and domestic hot water energy use are simulated and used to estimate operational carbon emissions and annual energy costs. Energy costs are calculated under a standard electricity tariff and time-of-use tariffs from multiple UK providers, where different unit prices are applied during peak and off-peak periods. The Boiler Upgrade Scheme subsidy is applied to heat pump scenarios to examine its effect on simple payback period. A peak-time-off operation is also tested to assess whether avoiding heating during peak-time periods reduces energy cost and creates a comfort trade-off.
The assessment also includes occupant-related indoor environmental outcomes. Thermal comfort is evaluated for the living room and kitchen using PMV-based cold and hot discomfort hours. Mould risk is represented using the proportion of total hours when surface relative humidity exceeds 80%, weighted by zone volume. The scenarios are then compared across energy, cost, carbon, thermal comfort and mould-risk indicators to identify trade-offs between financial, environmental and occupant-related performance.


Contribution to knowledge and potential impact of your research
This study contributes to housing retrofit research by demonstrating that the preferred retrofit option depends strongly on the performance indicators considered. Switching to a heat pump alone can substantially reduce operational carbon emissions, but without fabric improvement it does not improve thermal comfort or mould-risk indicators. Fabric insulation reduces heating demand, carbon emissions, cold discomfort and mould risk, but deeper retrofit packages can have longer payback periods and may increase hot discomfort. Time-of-use tariffs improve the cost performance of heat pump scenarios without changing energy use, carbon emissions, thermal comfort or mould risk, but the magnitude of cost reduction varies by provider and tariff structure. Peak-time-off operation can reduce annual cost further, but increases cold discomfort during occupied periods.
Beyond Energy Cost Savings: A Multi-Dimensional Assessment of Heat Pump and Fabric Retrofit Strategies in UK Housing
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These findings provide indicative insights for retrofit decision-making. For homeowners and landlords, the results show that comfort and mould-risk reduction may be important benefits alongside energy bill savings. For policy discussions, the study suggests that subsidy design and tariff structures should be considered alongside indoor environmental outcomes, rather than assessed only through cost savings or carbon reduction. More broadly, the study highlights the value of multi-dimensional retrofit assessment while recognising that further analysis across additional dwelling types is needed.
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Extended Abstract Research problem / Aim:
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The Internet of Things (IoT), which can be defined as interconnected sensors and intelligent management systems digitising the physical environment for real-time response (Jia et al., 2019); with devices projected to reach 170 billion in smart buildings by 2050 (Sharma and Panwar, 2020). With the rapid growth in usage, IoT in smart buildings is under-managed, not under-deployed with deployment having outpaced operational practice (Adesina et al., 2025). Baharetha et al. (2024) added the perspective that reported IoT failures might be organisational in nature rather than technical, further supporting the call for greater scrutiny over IoT management.
This research, therefore, uses the Socio-Technical Systems (STS) theory to examine how technical, organisational, social and external factors interact across the IoT lifecycle in Singapore’s smart buildings; and how governance structure and processes can help support effective management of these factors that influence IoT management outcome. The aim is to develop a deep, explanatory understanding of these socio-technical interactions and to derive a practitioner-centric management framework.
Literature review and academic context.
Three mature but largely separate topics frame the study. First, lifecycle management (Soós et al., 2018) structures the IoT problem into planning/deployment, operation/maintenance, and decommissioning stages, with academics such as Adesina et al. (2025) and Elkhayat et al. (2024) suggesting that the study of IoT is concentrated on sensing, deployment and analytics, with operations and whole-lifecycle management comparatively under-represented. Unmanaged IoT estates accumulate measurable security, interoperability and operational debt over service life (Mokhtari et al., 2025; Wang et al., 2025); these are first-order, not residual concerns.
Next, the STS theory (Trist, 1981; Mumford, 2000; Münch et al., 2022) holds that performance depends on the joint optimisation of organisational, social, technical and external-environment factors. Field studies by Baharetha et al. (2024) suggest that organisational and expertise factors are at least as decisive as technical ones in IoT adoption outcomes.
Lastly, Governance frameworks such as COBIT and ITIL add control, accountability and strategic-alignment overlays, but are generally IT-centric rather than IoT-specific.
Each literature alone is incomplete. Lifecycle approach is sequential but silent on human dynamics. STS theory explores the complexity but is unstructured and provides little practical guidance.
Governance is provide structure and guidance but not it is not built for the IoT context and can be too complex to adopt.
The contribution of this work is to provide an integrated approach across these three theories to examine how the interplay between factors shifts as a device moves through its lifecycle, with governance running through each stage as the line of accountability to produce a management framework that provide IoT management guidance to practitioners.

Research design
This research adopts a qualitative, three-phase design grounded in a critical-realist orientation. Phase one consist of 20–25 open-ended interviews with Singapore IoT professionals. Phase two utilises the interviews from Phase 1 for thematic analyses (Braun and Clarke, 2006) to synthesise STS factors and understand their relationship and interplay. From there, the management framework is derived and proposed. Phase three adopts a multiple case-study approach with 10 practitioners where they will work on the case study with and without the framework to validate the relevance and usefulness of the framework, with the feedback being used to refine the framework.
A hybrid Large Language Model (LLM)-assisted reflexive thematic analysis (Naeem et al., 2025; Goyanes et al., 2025; Vikan et al., 2026) is adopted, while still retaining the six phases of Braun and Clarke. In this approach, the LLM supports first-pass coding, candidate-theme suggestion and cross-transcript pattern search. Thereafter, the researcher will own the tasks for familiarisation, code definition, final theme generation and reflexive interpretation.
Three safeguards against blatant LLM usage apply: personal familiarisation will be undertaken before any LLM-assisted pass. Second, every quotation must be verifiable against a specific line in the source transcript. Lastly, the identification of the final themes will be synthesised by the researcher rather than relying purely on LLM.
Contribution to knowledge and potential impact.
This research contributes to the knowledge by integrating the perspectives of lifecycle, governance and STS theory into a single management framework, in an attempt to address the current fragmented nature of IoT management. The contribution is expected to come in three ways. First, the study demonstrates how STS theory can serve as a useful and practical lens for understanding and managing the complexities of IoT implementation in smart buildings by capturing the dynamic interdependencies between technology, people and organisational structures. Second, this research also serves as evidence of how socio-technical perspectives can support digital transformation efforts in the built environment with insights that can extend beyond IoT to other emerging technologies. Lastly, by translating complex academic concepts into clear processes and considerations to build an actionable management framework for professionals involved in IoT management, it can help standardise practices, mitigate risks and enhance the operational effectiveness of IoT systems in smart buildings.
Preliminary findings
In the CoR literature review, an initial set of 17 sub-factors across four themes were identified. The four themes are: fragmented ownership, technical silos and integration deadlock, competency gaps and demand for practical guidance. To date, 16 interviews in phase one has been completed and the preliminary analysis of these interviews indicates a broad alignment with the originally identified themes and sub-factors. However, several new sub-factors have emerged from the interviews.
First, the original sub-factor of data management has been further refined into two sub-factors consisting of “data management” and “data semantics and interoperability”. This is because the interviews indicates that despite the presence of open standards, significant effort are still spent on integration because each vendor adopts and organise technology differently. Second, funding and subsidy are added as a sub-factor under external to capture the importance of government funding or compliance schemes in the management of IoT in smart building. Third, governance and proper usage of AI in IoT data analysis has also been added as a sub-factor captures the emerging requirement to govern how AI and LLMs are deployed to analyse and interpret data from IoT systems to manage cyber and operational risks rather than treat it as a “magical box” that produces unverifiable responses. Lastly, knowledge management and continuity has been promoted from an
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implicit consideration to a theme given the importance that knowledge management across vendors, contracts and staff is a persistent and systemic issue rather than a stage-specific one.
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Organisational Implication of Robotics and Automation in Construction Supply Chain
Pratikshya Tamang
p.tamang@pgr.reading.ac.uk

Extended Abstract
Background and importance. The construction industry contributes approximately 5% in developing countries and 8% of GDP across developed countries. There are labour shortages, productivity stagnation, safety risks, and sustainability imperatives which can be solved through robotics and automation.
Construction projects are labour intense and accomplished through unified quasi firms, which have limited resources. Construction is uniquely complex due to uncertainties, interdependencies and inefficiencies (Gidado, 1996; Dubois and Gadde, 2002; Winch, 1998). However, adopting robotics and automation can help SMEs improve productivity which can help in construction.
Literature review and theoretical frameworks. Prior research characterises construction as a unified quasi-firms (Eccles, 1981). Dubois and Gadde, (2002) further explain on quasi-firms are tightly coupled with projects and weakly coupled within permanent network. Delgado et al., 2019 and Hu et al., 2021 study on robotics adoption identified decisive barriers - contractor-side costs, client constraints, and uncertain returns. SMEs project-based temporariness shortens investment horizons and limits opportunities for repetition (Hobday, 2000). This study combines four theoretical framework: Socio-Technical Systems (STS) theory (Trist and Bamforth, 1951) for work-system design and joint optimisation; Diffusion of Innovation (DOI) (Rogers, 2003) for adoption patterns across social systems; socio-materiality (Orlikowski and Scott, 2008; Leonardi, 2011) as the primary lens, asserting constitutive entanglement of social and material elements; and selective Actor-Network Theory (ANT) concepts of translation (Callon,1984) - problematisation, interessement, enrolment, mobilisation—to trace innovation pathways across organisational boundaries.
Problem statement and research gap. Despite these theoretical resources, no empirical study has systematically examined the translation pathways of robotics and automation across SMEs dominated construction supply chains in the U.K. Quasi-firm structure implies that SMEs investing in automation may not capture impact, yet process facilitates or limit structural coordination, inter-organisational learning, and value capture remain unexamined. This gap is critical because SMEs lack capital buffers and face fragmented coordination, integrating processes decisive for adoption outcomes.
Research question. 1) What is the current state of robotics and automation adoption among SMEs in UK construction supply chains? 2) How does industry fragmentation shape robotics and automation adoption in UK construction supply chains? 3) How do procurement arrangements influence SME decisions to adopt robotics and automation? 4) How do cost constraints limit robotics and automation investment among construction in SMEs? 5) How is robotics and automation knowledge transferred across UK construction supply chain boundaries?
Methodology. A qualitative case study captures variation across supply-chain position, adoption status, and procurement context. Semi-structured interviews with implementation actors are supplemented by documentary evidence (procurement specifications, business cases, training materials, lessons-learned reports) supports the analysis of translation pathways across supply‑chain actors. Reflexive thematic analysis, guided by socio-material principles, examines how material artefacts (robotic systems, digital
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platforms) and social elements (roles, decision-making, trust) co-constitute practices across SMEs boundaries.
Timeline. Total 6 years. Year 1 conduct initial literature review and identify research gaps; Year 2 refine theoretical framework and finalise methodology; Year 3 begin primary data collection, write and submit methodology chapter; Year 4 complete data collection, analyse data using NVivo and draft findings chapter; Year 5 draft full thesis and submit journal papers based on findings; Year 6 prepare for viva, address feedbacks, finalise and submit the thesis.
Thesis usefulness. This research provides (1) evidence-based guidance for policymakers and industry bodies on procurement interventions that account for quasi-firm incentive misalignments; (2) actionable insights for SME managers on coordination and workflow redesign; and (3) theoretical advancement by integrating STS, DOI, socio-materiality, and ANT translation to study innovation in project-based, fragmented industries.

Keywords
Construction robotics; automation adoption; socio-materiality; quasi-firm; supply chain; SMEs; innovation translation; UK construction
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Recovering head office overheads and profit in construction claims: A multi-disciplinary study
Rowland Ward
rowland.ward@pgr.reading.ac.uk

Extended Abstract Research Problem / Aim
Construction projects frequently suffer critical delay, often due to variations or other causes for which the employer is responsible. Contractors consequently make claims for losses incurred, including unrecovered overheads and lost profit. The law and practice governing these claims' quantification is open to multiple interpretations. Standard construction contracts permit formulaic claims (e.g., the Hudson formula), producing contentious, hard-to-predict outcomes (Wilmot-Smith and Darling, 2021). Whilst the common law requires proof of actual loss (Robinson v Harman, 1848) capped at reasonably foreseeable losses at contract formation (Hadley v Baxendale, 1854). A deep conflict exists between assessing claims using contract pricing versus sums extracted from statutory financial statements. This research quantifies this conflict, defined here as an 'Ascertainment Trap', arising from the strict requirement in standard forms (e.g., clause 4.20 of the JCT SBC/Q 2024) to precisely 'ascertain' rather than 'assess' loss (Property and Land Contractors Ltd v Alfred McAlpine Homes North Ltd, 1995). Examining the disconnect between historical legal doctrines (1963–2012) and contemporary reporting evaluates the sector's ability to comply with modern evidentiary demands. Ultimately, this thesis determines the extent to which overhead recovery law requires reform, targeting specific problems and rationales.


Literature Review and Academic Context
Framed by Lewin's (1947) forcefield analysis for planned change, overhead and profit claim law and practice is viewed as a quasi-equilibrium. Entrenched, opposing driving and restraining forces maintain this stasis, even though judicial incoherence allows claimants and defendants to commercially 'cherry-pick' whichever methodology best suits their adversarial position (Zack, 2001). Historically, quantifying unrecovered overheads relied on approximation. The earliest example, the Hudson formula, utilized tender rates (Wallace, 1970), providing a practical but theoretically flawed mechanism (Mastrandrea, 1991) that prioritised administrative convenience over financial accuracy. UK courts subsequently required strict empirical proof of actual loss. Modern judicial guidance deems audited administrative expenses the most robust evidence for such formulae (Walter Lilly and Co Ltd v Mackay, 2012), proxying head office overheads (SCL, 2017).
Given low UK construction profit margins, successful off-site overhead recovery frequently determines supply chain solvency (Pickavance, 2010). Despite this judicial shift, literature reveals a profound disconnect between legal expectations and contemporary statutory financial reporting. Standard contract legal frameworks have failed to adapt to modern company accounting complexities governed by the Companies Act 2006. Academic debate treats legal rules and financial accounting as isolated disciplines, creating a closed intellectual loop (Belbin, 1981). Judges and contract draftsmen assume universal corporate financial transparency, frequently ignoring overhead percentages' commercial sensitivity.
However, statutory frameworks and industry critiques highlight two distorting factors undermining these legal assumptions. At one extreme, the Companies Act 2006 permits small and micro
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companies to forgo auditing and shield administrative expenses via filleted accounts, omitting profit and loss statements (FRC, 2024). Conversely, complex financial reporting obscures indirect cost allocation to delayed projects for Tier 1 contractors (Champion, 2021). Literature lacks comprehensive empirical evaluation of whether the sector can bridge this gap (Mastrandrea, 2024). Synthesising damage ascertainment doctrines with statutory accounting realities fills a critical gap, demonstrating contemporary judicial guidance is misaligned with diverse supply chain financial practices.


Research Design
To unfreeze this institutional stasis, the research employs a sequential, mixed-methods empirical design triangulating qualitative legal analysis with quantitative big data. First, doctrinal analysis is integrated with archival studies of historical project and dispute records to trace off-site overhead claims' evolution. This maps the trajectory from early approximation formulae to current judicial demands for strict statutory accounting evidence.
Second, building upon Hardman and Ramirez Santos (2023), this research longitudinally extends their corporate data analysis, narrowing its focus strictly to the UK construction sector. This involves extracting and analysing over 3 million Companies House iXBRL records across a 10-year period. A Python script isolates construction and off-site manufacturing entities, extracting specific financial components. First, this empirically tests the longitudinal significance of administrative expenses and profit to justify this research. Second, it tests construction companies’ ability to provide audited administrative expenses constituting the strong evidence required by modern case law, without waiving statutory privacy veils.
Third, to contextualise financial statement submissions, a construction accounting professional survey interrogates internal practices, specifically how indirect costs are allocated to projects for potential overhead claims.
Finally, the research utilises a two-round eDelphi panel (Linstone and Turoff, 1975) comprising legal and construction professionals. Prior to round one, participants receive the preceding triangulated empirical results to illuminate Lewin's field and unfreeze institutional stasis, a sequential mixed-methods preparatory sequence justified by Creswell and Plano Clark (2018). In round one, the panel provides qualitative details of problem areas in overhead claim law and practice, confirming the field's parameters. In round two, participants attach a weight, or valence, to this qualitative list. This iterative process delivers answers, grouped by stakeholder cohort, identifying key problems upon which reform must focus and why.


Contribution to Knowledge and Potential Impact of Research


The primary knowledge contribution is the unprecedented empirical quantification of the 'Ascertainment Trap'. Analysing this quantity of iXBRL records reveals a severe V-shaped distribution in compliance capacity, definitively proving that companies capable of satisfying strict court criteria for overhead recovery, without disclosing key competitive ratios, comprise less than 0.1% of the sector. This rebuts the legal assumption that actual loss can be universally ascertained via audited accounts. Methodologically, integrating these archival studies is distinct, as historical standard form development records are rarely interrogated for this purpose. Theoretically, deploying Lewin's (1947) framework of planned change as a proxy for law reform provides a new paradigm for diagnosing and unfreezing incoherent legal stasis.
Recovering head office overheads and profit in construction claims: A multi-disciplinary study
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The practical impact proves the current legal framework is incompatible with the financial reporting realities of 99.9% of the industry, providing an empirical mandate for immediate contractual reform. Utilising the eDelphi weightings, the thesis establishes actionable pathways. These include replacing the strict contractual requirement to 'ascertain' loss, a standard that incentivises contract administrators to protect their employer's purse and limit their own due diligence exposure, with a more flexible power to 'assess'. A systemic re-engineering model (Donohoe, 2020) would abandon head office overhead claims entirely by utilising gross profit as a proxy for loss (Wraight Ltd v P.H. &
T. (Holdings) Ltd, 1968).

Keywords
Head Office Overheads; Ascertainment Trap; iXBRL Financial Reporting; Forcefield analysis; eDelphi Methodology.
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Evaluating the Potential Role of Artificial Intelligence as Decision Support Tool in Compensation Event Assessment under NEC Contracts
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Research Problem / Aim

The assessment of compensation events (CEs) under NEC contracts remains a complex and judgement-intensive process (Javed et al., 2020; Yeung et al., 2023). This complexity arises from the need to reconstruct event timelines, review extensive communications and records, interpret contractual provisions, determine whether entitlement exists and evaluate possible cost and time effects. CE assessment therefore requires contractual, technical and commercial judgement under conditions of accountability, audit and potential adjudication. Delays or inconsistencies in assessment may affect quotation agreement, project cash flow, entitlement, valuation and time-impact outcomes. Although Artificial Intelligence (AI) technologies are increasingly applied in construction management, limited research has examined how AI could support the structured procedural stages of CE assessment under NEC contracts. Accordingly, this research aims to evaluate AI as a bounded decision-support tool within CE assessment, distinguishing technical feasibility from professional adoptability, while preserving procedural requirements, collaborative principles, accountability and professional judgement.

Literature Review and Academic Context

The existing literature on NEC contracts provides valuable insights into their design philosophy, operational mechanisms and the contextual factors that influence how effectively they operate in practice. Early studies explain the underlying principles of NEC and its emphasis on proactive risk management, while empirical investigations identify administrative challenges associated with CE administration. Additional research examines the cultural, legal and institutional conditions that affect NEC adoption. However, across these strands, the literature remains fragmented, context-specific and largely descriptive. Previous studies have identified issues such as interpretive complexity, administrative burden and governance pressures within CE assessment (Eggleston, 2006; Hughes, 2016; Eggleston, 2019; Hughes, 2021). Nevertheless, relatively little attention has been given to systematic approaches that could improve the analytical processes involved in evaluating compensation events.

At the same time, a growing body of research has examined the application of AI in construction management. Much of this work focuses on predictive and analytical applications, including delay forecasting, productivity estimation and risk modelling (Choi et al., 2021; Elmousalami, 2021). While these studies demonstrate the technical capabilities of AI, they rarely engage with the procedural logic and contractual constraints embedded within formal contract administration processes. Existing models are often retrospective, relying on historical datasets to generate probabilistic predictions. By contrast, CE
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assessment under NEC is prospective, rule-bound and undertaken through defined contractual procedures in which notification, quotation and assessment are linked to cost, time and entitlement decisions.

A further limitation is that many AI studies assume the availability of structured and reliable project data. In practice, construction information is often fragmented, incomplete or inconsistent, with relevant evidence dispersed across communications, reports, programme records and cost data. Furthermore, issues of explainability, accountability and professional acceptance receive limited attention, despite their importance in contractual environments where assessment decisions may later be subject to audit, challenge or dispute resolution.

Within the literature reviewed in this study, the gap is not the absence of AI applications in construction, but the limited conceptual, empirical and applied understanding of how AI could assist CE assessment while preserving procedural compliance, professional accountability and judgement. This study addresses that gap by evaluating AI as a bounded decision-support tool within NEC CE assessment.

Research Design

This study adopts an applied, theory-informed qualitative research design to address practical challenges in CE assessment under NEC contracts. Rather than developing new algorithms or proposing automated contractual decision-making applications, the research examines how existing artificial intelligence capabilities may function as a bounded decision-support tool within stages of the CE assessment workflow.

First, the CE assessment process is decomposed into key tasks, including notification review, clause identification, evidence collation, Defined Cost checking, programme impact analysis and assessment justification. The characteristics of these tasks are then examined using the Task–Technology Fit (TTF) framework to evaluate where AI support may be technically appropriate and where professional judgement must remain central.

Based on the TTF analysis, a conceptual AI-supported CE assessment workflow will be developed. The proposed workflow will be explored through simulated scenarios constructed from NEC contractual procedures. These scenarios are simplified for analytical consistency and exclude commercially sensitive information, while retaining relevant contractual, documentary and assessment features. They are used to compare traditional and AI-supported assessment approaches qualitatively in terms of efficiency, consistency and traceability of reasoning.

Practitioners are involved in reviewing the task classifications and evaluating the usefulness, trustworthiness and professional acceptability of the proposed workflow. The Technology Acceptance Model (TAM) is used as an interpretive lens for this practitioner evaluation. By integrating TTF and TAM, the study assesses both the technical feasibility and professional adoptability of AI-supported CE assessment without developing a bespoke automated decision system.
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Contribution to Knowledge and Potential Impact of Research

This research contributes to knowledge by moving beyond general discussions of AI in construction management and examining its application within a specific, procedurally governed contractual process. Its principal conceptual contribution is a task-oriented framework that aligns AI capabilities with the requirements of CE assessment under NEC contracts. By integrating TTF and TAM, the study links technical suitability with practitioner acceptance.

The research also makes a methodological contribution by combining CE task decomposition, scenario-based qualitative validation and practitioner evaluation to examine bounded AI support without claiming autonomous decision-making system implementation. Practically, the study is expected to identify where AI may improve the efficiency, consistency and traceability of CE administration and where human judgement must remain decisive. The findings may inform Project Managers, contractors, clients and technology developers seeking responsible uses of AI in construction contract administration.
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Experiental Mapping of Istanbul’s Historical Peninsula: Applying the Propositional Walking Map Methodology
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Extended Abstract

Research Problem/Aim
Istanbul’s Historical Peninsula is a dense urban environment where monumental structures, sensory atmospheres, material traces, everyday practices, and informal spatial occupations coexist simultaneously. While conventional approaches to urban memory and cartography often prioritise permanence, monumentality, and visual stability (Lynch, 1960; Rossi, 1982), many lived and sensory dimensions of urban experience remain difficult to represent. Weathered surfaces, inscriptional residues, culinary rituals, multispecies encounters, and temporary interventions contribute to urban memory, yet these conditions are frequently marginalised within dominant heritage narratives and static mapping practices.

This research addresses how layered urban memory can be engaged and articulated without reducing its multiplicity. In response, the study develops the Propositional Walking Map (PWM) as a structured methodological framework that positions walking as an epistemological practice for generating urban knowledge (de Certeau, 1984; Ingold, 2011). Through prompt-based walking, thematic observation, and multi-modal documentation, the research explores how relational, sensory, monumental, and everyday urban conditions can be encountered, interpreted, and articulated through propositional.mapping practices.

Literature Review and Academic Context
This research positions itself at the intersection of walking studies, urban memory, sensory urbanism, and critical cartography. Existing scholarship has extensively explored the relationship between cities, memory, and representation, yet these discussions often remain separated across disciplinary boundaries. The present study brings these domains together through the development of the Propositional Walking Map (PWM), a methodological framework that operationalises urban memory through walking.

Walking has long been understood as an interpretative urban practice. Michel de Certeau (1984) conceptualises walking as a tactical negotiation of urban systems through everyday movement, while Tim Ingold (2011) frames movement as relational wayfaring shaped through continuous engagement with material environments. Rebecca Solnit (2001) similarly situates walking within broader philosophical and cultural traditions, emphasising its role in perception and spatial experience. Building on these approaches, the present research treats walking not as informal exploration, but as a structured methodological process capable of generating comparable and interpretable urban knowledge.

Urban memory studies have frequently focused on monumentality and permanence. Kevin Lynch (1960) positions landmarks as cognitive anchors organising spatial orientation, while Aldo Rossi (1982) conceptualises monuments as enduring artefacts carrying collective memory through time. Walter Benjamin (1999) complicates these stable readings by foregrounding fragmentation and simultaneity within urban perception, while Henri Lefebvre (1991) shifts attention toward lived space and everyday spatial practice.
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Within this framework, the research develops seven interrelated conceptual themes functioning as analytical lenses within PWM: Monuments as Anchors of the City, Culinary Atmospheres and Everyday Anchoring, Care and Control, Following Bricks, In-Between Spaces, Chasing Decay, and Multispecies Urban Life. These themes structure how urban conditions are selectively observed, interpreted, and related through walking.
Monuments are understood not as totalising centres of meaning, but as orientation points interacting with sensory and everyday practices. Culinary atmospheres and multispecies encounters foreground recurring forms of everyday anchoring, while Following Bricks and Chasing Decay emphasise material transformation, repair, and temporal layering. In-Between Spaces and Care and Control further reveal how urban space is continuously negotiated through overlapping practices of regulation, appropriation, and everyday use.

The research also engages critical cartography through Denis Wood (1992), James Corner (1999), and Oliver Froome-Lewis (2007), who challenge the neutrality of mapping and emphasise its interpretative and propositional nature. Rather than treating maps as stable representations, PWM positions mapping as a relational and experiential process through which layered urban memory can be articulated without reducing complexity.

Research Design
This research develops the Propositional Walking Map (PWM) as a prompt-based methodological framework structured around repeated walking encounters within Istanbul’s Historical Peninsula. PWM positions walking as an epistemological practice through which urban knowledge is generated through embodied movement, sensory engagement, and inscriptional observation (de Certeau, 1984; Ingold, 2011).

The methodology is organised through structured walking routes anchored at key urban locations such as Sultanahmet, Saraçhane, Eminönü, Süleymaniye, and the Grand Bazaar. Starting points are treated as methodological decisions rather than neutral choices. Routes beginning from monumental spaces foreground dominant historical narratives, while walks beginning from everyday locations prioritise sensory atmospheres and social practices. This enables the research to compare how framing conditions shape urban interpretation.

A central component of PWM is the use of propositional prompts that direct participant attention toward specific urban conditions including material repair, inscriptional layering, sensory atmospheres, multispecies encounters, and in-between spatial negotiations. This approach resonates with Rendell’s (2010) understanding of site-writing and with Froome-Lewis’s (2007) propositional engagement with urban space. Data collection is multi-modal and includes written reflections, photographs, sketches, sensory annotations, and spatial observations. These materials are analysed through the thematic framework developed within the research rather than as isolated records.

The methodology also incorporates reflexive translation between Turkish and English as part of the interpretative process, recognising translation as a condition shaping how urban experience is articulated and analysed.

Contribution to Knowledge and Potential Impact
The primary contribution of this research lies in the development of the Propositional Walking Map (PWM) as a methodological framework for engaging layered urban memory through walking. The study contributes to urban studies by repositioning walking as a structured epistemological practice rather than an informal or purely experiential activity (de Certeau, 1984; Ingold, 2011).

PWM expands discussions of urban memory beyond monumentality and official heritage narratives by foregrounding sensory atmospheres, material transformations, everyday rituals, inscriptional traces, multispecies encounters, and in-between spatial negotiations. Through themes such as Chasing Decay, Following Bricks, Culinary Atmospheres, and Care and Control, the research proposes a relational
Place your Title here
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understanding of urban memory based on simultaneity and coexistence rather than fixed spatial categories (Benjamin, 1999; Lefebvre, 1991).

The research also contributes to critical cartography by challenging static and representational approaches to mapping (Corner, 1999; Wood, 1992). Rather than producing a definitive representation of the city, PWM organises interpretative encounters through prompts, repeated walks, and thematic observation. In this sense, mapping becomes propositional, experiential, and relational.

Finally, the methodological structure of PWM offers potential transferability to other historically dense urban environments beyond Istanbul, contributing to broader discussions within walking methodologies, sensory urbanism, and urban memory research.
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An accessibility-prioritised green and blue corridor network framework for overheating mitigation and equitable urban design
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Research Problem/Aims
The connection between cooling supply, defined as cooling effects provided by urban green and blue infrastructure (UGBI), and socially differentiated demand, shaped by inequalities in accessibility of vulnerable populations to UGBI, motivates the development of a framework that integrates these two aspects. Therefore, the aim of this study is to establish an accessibility-integrated urban cooling network framework for heat health risk improvement to mitigating urban overheating, enhancing accessibility of vulnerable people to cooling network, and improving their outdoor thermal comfort. To achieve this aim, the objectives are as follows:
1. To improve the method of identification of cooling corridors defined as linear features that connect cooling sources, taking into account both thermal and ventilation considerations;
2. To explore the effectiveness/impact of the cooling corridor’s characteristics (e.g. width, length, vegetation cover and height) on thermal exposure;
3. To optimise the design for cooling corridors in the context of thermal exposure;
4. To identify optimal routes for vulnerable people to the cooling network/green and blue areas taking into account accessibility and thermal exposure;
5. To delineate a comprehensive framework that describes how to create an accessibility-integrated urban cooling network.

Background/Academic Context
The convergence of urbanisation and urban overheating has fundamentally altered urban thermal environments and intensified urban thermal stress, posing significant risks to urban public health and overall well-being (Revi et al., 2014; Gasparrini et al., 2015). These health impacts are not experienced uniformly across urban populations. Spatial heterogeneity in thermal environments, when combined with socioeconomic disparities, produces pronounced patterns of environmental injustice, with vulnerable populations, such as the elderly, socially isolated individuals, and people with pre-existing health conditions, facing higher heat burdens while having limited adaptive capacity (Harlan et al., 2006; Jesdale et al., 2013).UGBI have been widely recognised for its ability to mitigate the UHI effect and enhance outdoor thermal comfort (Gunawardena et al., 2017; Kumar et al., 2024). However, rapid urbanisation has resulted in the reduction and fragmentation of green and blue spaces, undermining their overall cooling effectiveness (Dong et al., 2022). Although existing studies have primarily examined the cooling benefits of individual landscape patches, far less attention has been given to their spatial connectivity and collective thermal performance (Gao et al., 2022; Mokhtari et al., 2022). Compared to isolated landscape patches, connected green and blue spaces can provide more efficient cooling services (Debbage & Shepherd, 2015). Comprising of cooling sources and corridors, cooling networks offer advantages over isolated UGBI by preventing the
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spatial merging of UHI patches, stabilising and enhancing cooling efficiency through integrated system-level design, and facilitating cooling air flow (Peng et al., 2022; Qian and Li, 2023).
Despite limited approaches explicitly designed to establish and enhance functional connectivity within UGBI, recent studies apply systematic approaches that model connectivity among green and blue patches: for example the Circuit Theory (CT), studies physical systems as interconnections of discrete, idealized components using fundamental electrical laws such as Ohm’s and Kirchoff’s laws (Qian and Li, 2023; Liu et al., 2024; Guan et al., 2025). Despite CT’s potential to delineate cooling networks, its application has remained largely confined to the study of the physical characteristics of the thermal urban environment and airflows, with little extension to evaluating the accessibility of these corridors for vulnerable populations.
This gap is particularly significant given well-documented inequities in UGBI accessibility: areas of higher social vulnerability consistently exhibit a strong negative correlation with access to cooling resources, indicating that those most at risk are simultaneously least able to reach thermal relief (Rao et al., 2022; Kar et al., 2025).


Research Design
The Research Design consist of four phases. In Phase 1, cooling source areas are identified using Morphological Spatial Pattern Analysis (MSPA) and evaluated based on their cooling capacity, landscape connectivity, prevailing winds, and ventilation potential. Indices for green and blue spaces include Normalised Difference Vegetation Index (NDVI) and Modified Normalised Difference Water Index (NDWI), which are calculated using remote sensing satellite data obtained from Landsat 8 and Sentinel-2. Cooling capacity is assessed for candidate cooling sources using metrics including cooling intensity, cooling distance, and cooling area. In Phase 2, the influence of cooling corridor characteristics on thermal exposure is explored using ENVI-met and SOLWEIG simulations, then analysed by statistical analysis. In Phase 3, circuit theory is applied to construct an integrated resistance surface that accounts for both heat diffusion and air advection, enabling the delineation of optimal cooling corridors, pinch points, and barriers. The most important step in this phase is the construction of integrated resistance surface, which might be influenced by resistance factors such as land cover types, land surface temperature, and sky view factor. Pinch point map and barrier map will be generated to identify prioritised locations. Finally, in Phase 4, the cooling network is refined by incorporating accessibility considerations, identifying heat-vulnerable and underserved populations through a HHR framework, and evaluating the combined network’s thermal effectiveness and equity in access. The map of thermally vulnerable population serves as both the demand basis for network optimisation and the reference layer against which equity performance is subsequently evaluated. The evaluation of the thermal performance of the accessibility-integrated network will use metrics including total corridor length, mean current density values, and effective resistance between source and destination nodes. The evaluation of the accessibility equity will use metrics including coverage equity, accessibility Gini coefficient and justice-deficit index. A pilot study has been conducted in Bristol, UK in the context of Phase 1. The NDVI map and MSPA map have been generated to test the feasibility of relevant methodology. The NDVI map illustrates the spatial distribution of vegetation cover across the Bristol urban area: higher
values represent areas with denser and healthier vegetation. MSPA map illustrates the spatial configuration of green and blue infrastructure, highlighting core areas, edges, connectors, and isolated patches.
The classification provides a structural basis for assessing landscape connectivity and identifying potential ecological corridors within Bristol. The next stage of this research will involve a more comprehensive exploration of the feasibility of the proposed methodology. Specific attention will be given to
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methodological optimisations and development of the overall framework for achieving the intended aim and objectives.

Contribution to knowledge and potential impact
By linking HHR with the planning of green and blue corridors, cooling networks can be designed not merely to promote airflow and distribute thermal relief beyond isolated patches, but to target interventions in areas of greatest risk. Thereby, this framework enables more effective reduction of heat exposure disparities, strengthens community adaptive capacity, and advances climate-resilient urban development.


Keywords
Cooling network, urban green and blue infrastructure, urban overheating, inequality, vulnerable population, accessibility
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Research problem/aim
Airborne hyperspectral reflective band imagery provides valuable information for analysing urban land surfaces because it captures the spectral variation of multiple surface elements. However, its analytical value depends heavily on spatial accuracy. In dense urban environments, even a small geometric displacement can cause a pixel to be assigned to the wrong surface type. This is particularly problematic where tree canopies, building edges and roads occur in proximity.
This study therefore focuses on assessing and improving the geometric offsets defined as the planimetric displacement between image-derived ground positions and real corresponding reference positions of THERMOPOLIS airborne hyperspectral reflective band imagery (4m spatial resolution) over Athens, Greece. The THERMOPOLIS data used in this study were acquired over Athens, Greece, during the ESA Thermopolis 2009 campaign using the Airborne Hyperspectral Scanner (AHS). The objective is not to achieve a perfect geometric correction, which is unlikely through manual georeferencing alone, but to apply a careful and transparent workflow that examines and improves the magnitude of geometric offset and provides a more reliable spatial basis for subsequent urban land surface interpretation.

Academic context
Detailed urban land surface analysis relies on very-high-resolution remote sensing data to characterise the spatial structure of urban areas. Airborne hyperspectral reflective band imagery provides a rich spectral description of the urban underlying surface’s elements (e.g. tree canopy, grassland, bare soil, asphalt, concrete, tiled roofs and other materials), and is used for land classification. Such information is of great significance for studies of urban surface materials, urban infrastructure and urban climate studies when combined with other data such as land surface temperature (Kamaraj et al., 2021; Qian et al., 2024).
Despite these advantages, airborne imagery often presents greater geometric challenges than satellite imagery. In airborne hyperspectral imagery, spatial displacement may result from aircraft motion, sensor viewing geometry and local terrain variation within urban areas (Avbelj et al., 2015; Yu et al., 2024).
Therefore, in dense city applications, accurate spatial alignment is especially important when linking airborne image pixels’ location to real location. A positional error of only a few metres may shift a pixel from a tree canopy to a roof, from a road to a pavement, or from a park edge to an adjacent built surface.
Consequently, geometric misalignment is not simply a visual or cartographic issue, and it directly affects the reliability of spectral interpretation and any subsequent spatial analysis.
Manual georeferencing is regarded as a useful approach when combined with an airborne hyperspectral sensor model and the digital elevation model (DEM) to correct geometric offset when it is not available (Schläpfer and Richter, 2002). QGIS Georeferencer provides a practical tool for this purpose. By selecting ground control points on clearly identifiable and stable features, such as building corners, the image can be transformed to better match a reference spatial layer. The quality of the correction depends on the number, distribution and reliability of control points, as well as the transformation model and resampling method used.
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Although manual georeferencing has limitations and it cannot fully remove all distortions in airborne imagery, particularly where local distortions vary across the scene. Therefore, this study adopts a reference-based georeferencing, combining Esri imagery with the LoD1 GeoJSON building data to assess the geometric offsets of THERMOPOLIS airborne hyperspectral reflective band imagery before and after geometric correction. It can reduce the obviously visible spatial mismatch and improve the usability and accuracy of the imagery for further analysis.

Research design
This study evaluated the geometric offsets of THERMOPOLIS airborne hyperspectral reflective band imagery over Athens, Greece, to reduce this offset. The emphasis was on comparing spatial agreement before and after correction, rather than on the use of georeferencing as a standalone technical procedure.
The airborne hyperspectral reflective band imagery was first displayed as suitable RGB combinations to enhance visual separation between building roofs, trees, roads and other urban surfaces within the urban area, and Esri imagery was also used to support the visual identification of ground surface types. Based on the QGIS Georeferencer tool, this airborne hyperspectral reflective band imagery was treated as the target imagery to be corrected, while the LoD1 GeoJSON building data derived from GlobalBuildingAtlas was used as the geometric reference. The LoD1 GeoJSON building data was obtained following the workflow described by Zhu et al. (2025). The detailed steps were as follows: building polygon data, LoD1 building footprints and building height data were downloaded and combined to produce a complete LoD1 GeoJSON building data for the study area. This layer provided building polygons, height information and LoD1 3D building models, allowing reliable building features to be used as the reference.
The georeferencing process followed the standard QGIS Georeferencer workflow. The target image was first loaded into the Georeferencer, and the transformation settings were then defined. Stable and clearly identifiable urban features were identified using the LoD1 GeoJSON building data together with Esri imagery, and these urban features were used to select ground control points. The control points were selected mainly from building corners and road intersections. In line with standard georeferencing practice, ambiguous surfaces, shadowed areas, vegetation edges and visually unstable locations were avoided.
Based on these spectral and visual checks, 50 ground control points were selected across the study area in Athens, Greece. Points were mainly placed at building corners, with one or two additional points inside larger building footprints where appropriate. The points were uniformly distributed across the full correction area where possible, rather than concentrated in one local section, to reduce localised warping. The corrected output was evaluated by comparing the spatial accuracy of the THERMOPOLIS imagery before and after correction. The evaluation was based on residual error, a visual overlay comparison and a feature-based inspection of the building and road areas.

Contribution to knowledge and potential impact
This study aims to assess and improve the geometric offset present in THERMOPOLIS airborne hyperspectral reflective band imagery, and to quantify this offset can be reduced through a reliable and transparent geocorrection approach. The workflow combines spectral visualisation of reflective bands, LoD1 building data, Esri imagery, ground control point selection to improve the geometric offset. The corrected imagery can support more reliable interpretation of urban surface types, including building roofs and roads. Although manual georeferencing cannot remove all geometric offsets, it can reduce the most obvious displacement and improve confidence in subsequent exploratory analysis. The study highlights its importance for interpreting fine-scale urban surfaces, particularly valuable for historical and complex airborne datasets.
Improving the geometric offset in Airborne Hyperspectral Reflectance Band Data by Manual
Georeferencing
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