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Abstract 17 

This paper aims to understand the critical areas for sustainable behavioural change on a university campus 18 

in order to achieve the net zero-carbon ambition pre- and post-COVID-19 pandemic recovery. For this 19 

purpose, the current empirical study is the first attempt to statistically examine the whole campus as a 20 

system, considering staff and student views (campus users), by developing an index measuring propensity 21 

for sustainable behavioural change to achieve a net zero-carbon campus. The novelty of this study is based 22 

on the following: (i) The impact of environmental sustainability measures due to COVID-19 is examined 23 

on three themes: physical activity routines on a daily basis, research, and teaching and learning, and (ii) 24 

the index that is compatible with quantifying the behavioural change. A multi-indicator questionnaire is 25 

used to collect empirical data for each of the three themes. Based on 630 responses, descriptive statistical 26 

analysis, normality tests, significance tests, and t-tests are performed using statistical and graphical 27 

software, and conducting uncertainty and sensitivity analyses on this quantitative data. The study found 28 

that 95% of campus users agreed to use reusable materials on campus, and 74% were willing to pay more 29 

for sustainable products. In addition, 88% agreed to seek alternative and sustainable transportation for 30 
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short research trips, while 71% prioritised online conferences and project meetings for sustainable hybrid 31 

working. Moreover, the COVID-19 pandemic had a negative impact on the frequency of reusable material 32 

usage among campus users, as indicated by the index analysis, which showed a significant decrease from 33 

0.8536 to 0.3921. The statistical findings show that campus users are more likely to initiate and endorse 34 

environmental sustainability measures in research and daily life than in teaching and learning, and there 35 

is no difference in their propensity for change. This research provides net zero-carbon sustainability 36 

researchers and leaders with a crucial baseline for scientific advances in the sustainability field. It also 37 

offers practical guidelines for implementing a net zero-carbon campus, engaging users from various 38 

disciplines, which has important implications and contributions.  39 

Keywords: Zero-carbon; Sustainable university campus; Sustainable waste management; Renewable 40 

energy; Energy behaviour; Performance index. 41 

1 Introduction 42 

In the last several decades, the commitment of researchers and governments to adopt sustainable 43 

development on university campuses in order to achieve almost zero-energy buildings (NZEBs) has been 44 

rapidly increasing. However, the United Nations Environment Program (UNEP) has issued a Global Status 45 

Report in 2020 (REN21, 2020),  46 

indicating that in 2019, buildings worldwide consumed 35% of the total primary energy and 47 

emitted 38% of the carbon dioxide. 48 

For this reason, higher education institutions are implementing considerable measures to achieve 49 

environmental sustainability, both within the campus and beyond the campuses in the community (Leal 50 

Filho et al., 2021; and Ramakreshnan et al., 2020).  51 

To advance understanding in this area, several critical features of a sustainable system are 52 

identified. These include the provision of education aimed at equipping university students with 53 
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environmental knowledge, student assessments of campus sustainability components, the integration of 54 

sustainability into curriculum and research, efficient campus operations, as well as outreach and 55 

community relations which involve active participation from all stakeholders. 56 

 (Visser & Brundtland, 1987). According to Cole & Wright (2003), a sustainable campus is a 57 

community that “acts upon its local and global responsibilities to protect and enhance the health and well-58 

being of humans and ecosystems”, addressing our present and future ecological and social challenges.   59 

However, the relationship between campus users’ occupant behaviour and energy consumption 60 

remain unclear, and this is attracting considerable attention from academia and industry. In addition, the 61 

COVID-19 outbreak substantially affected the number of operational activities performed by a 62 

college/university student population during and after the lockdowns compared to the pre-pandemic 63 

period. Stakeholder behaviour has been identified as a critical factor influencing the energy performance 64 

of buildings and can be classified into three categories affecting energy consumption (Chen et al., 2021). 65 

To fully utilise this, a list of variables has been produced to identify the social impacts of the campus 66 

user’s behaviour and find those determining influences for future studies towards achieving a net zero-67 

carbon university campus before and after the lockdown. Nevertheless, there are very few studies that 68 

have investigated the impact of the COVID-19 on environmental sustainability and the degree to which 69 

campus users are committed to sustainability at the university campus. 70 

To fill this gap, data analyses and statistical tests based on quantitative methods were conducted 71 

to investigate survey data and insights based on three main themes of sustainable development activities: 72 

daily life, research, and teaching and learning. In addition, creating an index that is compatible with the 73 

responses to the Likert scale questionnaire form is another important and novel contribution from this 74 

research.  75 
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To the authors’ knowledge, no study has yet attempted to simultaneously evaluate the impact of 76 

CCOVID-19 on these three themes. 77 

Drawing on these sustainable development measures, this paper examines: 78 

i. Various levels of knowledge and importance of sustainability by university staff and 79 

students. 80 

ii. Perceived understanding of net zero-carbon campuses and their importance are linked to 81 

different representations of sustainability. 82 

Section 1 discusses the elements that influence sustainable systems and some of the benefits and 83 

characteristics that implementing sustainable universities can provide. Additionally, a review of published 84 

studies on campus energy reduction strategies, especially in pre- and post-COVID 19 contexts, and their 85 

integration into campuses is conducted to identify the research gaps that the current study intends to 86 

address. The research’s primary aims and research questions are described in Section 2. Section 3 presents 87 

and justifies the research methodologies of this study. Section 4 discusses the results and findings. Finally, 88 

Section 5 shows the conclusions, implications, and future research. 89 

1.1. The impact of the pandemic on universities 90 

This paper sets out to examine the nexus between sustainable development strategies and the whole 91 

university campus as a system across the three themes by developing an index measuring the propensity 92 

for sustainable behavioural change to achieve net zero-carbon campuses, linking the literature about zero-93 

carbon campus activities, campus sustainability assessment, and the impact of the COVID-19 outbreak. 94 

The results show a high likelihood that campus users will demonstrate initiative and support for new 95 

environmental sustainability measures. This research aims to examine campus users’ views from diverse 96 

departments and faculties regarding sustainable behaviour measures to achieve carbon neutrality. The 97 

results can be utilised to assist policymakers, university management, and other key stakeholders in 98 
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developing a strategy to engage and promote sustainable practices. The purpose of this work is also to 99 

outline the post-pandemic social impact and engagement with the efforts made toward a zero-carbon 100 

campus and provide recommendations towards improving the sustainable university campus strategy. 101 

Globally, the COVID outbreak has significantly impacted higher education institution’s 102 

operations. In particular, it has impacted the sustainable development of physical, research, and teaching 103 

activities. Therefore, some research has been undertaken worldwide on the impact of the pandemic on 104 

sustainable development. Tleuken et al. (2022) used a rigorous online survey during the COVID-19 105 

outbreak in two countries with different climate conditions to examine the impact of the residential built 106 

environment on student academic achievement. To this end, a structural equation model based on three 107 

variables, which are  safety, health, and comfort of student services, was implemented, and they found 108 

that the architectural environment influences distant learning satisfaction and performance. Leal Filho et 109 

al. (2021) studied a survey to outline future measures that help better utilise existing technologies that 110 

promote the sustainable development of research. The main limitation of this work is that it only 111 

undertakes sustainability research. Whilst Leal Filho et al. (2021) examined how Covid-19, and the 112 

lockdown it prompted, affected teaching on sustainable development and the suspension of presence-113 

based education in universities worldwide using a large-scale survey of 238 academics from 147 114 

institutions. Furthermore, the influence of the epidemic on various routines of physical activity amongst 115 

university students has been evaluated in three studies by (Hudgins et al., 2021), (Bertocchi et al., 2021) 116 

and (Grigsby-Toussaint & Shin, 2022). However, to the best of the authors’ knowledge, there have not 117 

yet been any studies regarding the impact of COVID-19 on these three aspects simultaneously: on-campus 118 

life, research, and teaching and learning. Table 1 outlines the latest research works in the field to highlight 119 

the novelty of the present work. 120 

Table 1: A summary of quantitative studies recently conducted on the sustainable development strategies. 
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Author (s) Study objective Sustainable development 

activity’s themes 

Methodology 

used 

Key findings 

Leal Filho et 

al. (2021) 

Outline future 

measures to 

promote 

sustainable 

research 

Research Questionnaire 

via on-line 

survey 

 There is a need to better 

utilize existing technologies to 

promote the sustainable 

development of research. 

 The limitation is focused 

on sustainability research only. 

 

Leal Filho et 

al. (2021) 

Explore the 

impact of the 

Covid-19 on 

sustainable 

development 

education. 

Teaching and learning Survey based on 

descriptive 

approach 

 The limitation is focused 

on Covid-19 impacts on 

sustainable development teaching. 

 Covid-19 pandemic has 

resulted in the increased utilisation 

of online communication tools as a 

substitute for regular lessons. 

Hudgins et 

al. (2021) 

Evaluate the 

influence of 

Covid-19 on 

physical activity 

Daily life Online survey 

and focus 

groups 

 Covid-19 pandemic has 

resulted in reduced physical 

activity among university students. 

 The limitation is focused 

on Covid-19 impacts on daily life 

routines. 

Bertocchi et 

al. (2021) 

Examine the 

impact of Covid-

19 on physical 

activity routines 

Daily life Online survey 

and statistical 

analysis 

 Covid-19 pandemic has 

resulted in a decrease in physical 

activity among university students. 
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 The limitation is focused 

on Covid-19 impacts on daily life 

routines. 

Grigsby-

Toussaint & 

Shin (2022) 

Investigate the 

socio-environ 

impact of Covid-

19 on physical 

activity  

Daily life Online survey 

and statistical 

analysis using 

secondary data 

sources 

 Covid-19 pandemic has 

resulted in decreased physical 

activity among university students. 

 The limitation is focused 

on Covid-19 impacts on daily life 

routines. 

Tleuken et al. 

(2022) 

Examine the 

impact of 

residential built 

environment 

Teaching and learning Online survey 

and structural 

equation model 

 The architectural 

environment influences distant 

learning satisfaction and 

performance. 

 The limitation is focused 

on Covid-19 impacts on teaching. 

Present study Achieve net zero-

carbon ambition 

pre and post 

Covid-19 

pandemic 

recovery 

Three themes: daily life, 

research, and teaching. 

Multi-indicator 

questionnaire 

and 

mathematical 

equations based 

on statistical 

testing 

hypothesis.  

 This study gives a 

foundation for future campus 

sustainability leaders to advance 

net zero-carbon campuses 

scientifically and practically. 

 121 
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1.2. Campus sustainability assessment on behavioural change, transport and waste 122 

reduction  123 

Numerous studies have been conducted to better understand how occupant’s impact building 124 

energy consumption. Previous research has shown that the number of occupants inside a building is 125 

insufficient to accurately assess the occupant’s impact on energy usage. Other factors to consider include 126 

arrival and departure times, stay duration, presence or absence, etc. Menezes et al. (2012) have pointed 127 

out that acquiring comprehensive details on  realistic occupancy information could increase the accuracy 128 

of the energy prediction. 129 

Moreover, the occupants’ interactions with buildings, specifically HVAC, indoor environmental 130 

quality lighting (Wei et al., 2023), electrical appliances, hot water supply, and window opening behaviour, 131 

have been extensively studied. Interestingly, operating building service systems based on realistic 132 

occupancy information can reduce  energy demand. Yun et al. (2012) found that dimming the lighting 133 

system could reduce the amount of light used by 43% in an office building. In addition, behavioural 134 

efficiency has been demonstrated to be effective in reducing energy consumption by increasing occupant 135 

awareness. Therefore, a strategy to encourage energy-saving behaviour is essential (Park & Chung, 2023) 136 

and thus supports the design of potential management measures and electricity savings for higher-educated 137 

buildings (H. Yang et al., 2023). Energy usage feedback to building occupants has been identified as the 138 

most sustainable and efficient educational approach (Chen et al., 2021). Due to its ability to detect 139 

inefficient energy behaviour and make recommendations to occupants on how to proceed, a study 140 

conducted by (Pollock et al., 2009) at the University of Vermont showed that the level of importance and 141 

the focus on sustainability varied across the different subgroups of stakeholders. Using this study as a 142 

starting point, Conner et al. (2018) analysed the stakeholders’ perspectives on the importance and 143 

performance of university sustainability initiatives and the effectiveness of sustainability in the education 144 
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delivered. They concluded that the community lacks a common direction to pursue common sustainability 145 

goals. 146 

 Udas et al. (2018) further confirmed the importance of mainstreaming sustainable actions through  147 

teaching and research in developing a successful sustainability strategy. Pereira Ribeiro et al. (2021) 148 

conducted a study of 1,013 participants using multivariate statistical techniques at four Brazilian 149 

universities to establish a link between knowledge and action on sustainable development. Similarly, 150 

(Sonetti et al., 2021; and Sánchez-Carracedo et al., 2021) have presented sustainable education and 151 

knowledge in a university environment. A successful approach may reorient resource management, 152 

teaching, learning, and the relationships between universities and society, according to Minguet et al. 153 

(2011) of the University of Valencia. All of these factors were considered when developing the study’s 154 

methodology. Moreover, Howell (2021) has demonstrated student perspectives on effective education for 155 

sustainable development courses that included a ‘flipped classroom’ design, and subsequently provided 156 

recommendations for adopting this strategy. 157 

Sustainable transport incorporates numerous strategies for mitigating social and economic 158 

impacts. Universities have implemented different techniques and policies to transition from traditional 159 

single-occupant automobiles into more efficient modes of campus transportation. Unlimited access to 160 

transit, pedestrian and bicycle capital improvements, carpooling programmes with preferential space 161 

assignment, park-and-ride facilities, and traffic calming systems are some of the policies mentioned by 162 

Litman (2003). Daggett & Gutkowski (2003) conducted a university transportation survey at 48 163 

universities across the USA to maximise transit performance. In order to provide cost-effective, efficient, 164 

and effective student transportation, this study outlines some factors that impact transit performance.  165 

Furthermore, increasing the service frequency and offering direct routes from the accommodation 166 

to campus and reducing the wait time for a bus could substantially enhance transport sustainability (Bond 167 
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& Steiner, 2006). Versteijlen et al. (2021) investigated the travel behaviour of Dutch students and 168 

highlighted that many university students commute to their institution every day, contributing to GHG 169 

emissions and air pollution. Some authors have claimed that online learning might decrease these travel 170 

movements, especially in countries with high car dependence, such as Canada, the USA, and Australia.  171 

Nevertheless, in the light of COVID-19 and the post pandemic, the authors have only examined the travel 172 

behaviour of students and have not investigated other sustainable behaviours across university 173 

stakeholders.    174 

Due to depleting natural resources and growing concerns about climate change, solid waste has 175 

become a significant environmental issue. These factors have laid the groundwork for sustainable waste 176 

management. Solid waste management integrates a variety of waste reduction, recycling, composting, and 177 

disposal practices to satisfy a community’s waste management needs and local conditions. Higher 178 

education institutions play a vital role in promoting the development of a sustainable society. Emanuel & 179 

Adams (2011) have investigated the effect of sustainable programmes on students at the Alabama and 180 

Hawaii campuses. According to the survey results, students expressed concern about environmental 181 

problems, including pollution and resource conservation. Additionally, Tiew et al. (2010) studied waste 182 

composition at the Universiti Kebangsaan, Malaysia’s main campus, to determine recycling potential. 183 

Source segregation could alleviate waste containing significant amounts of plastics and organics. Islam et 184 

al. (2021) have evaluated the e-waste consumer behaviour among the educated urban youth. They reported 185 

a significant lack of awareness of pickup locations and current recycling schemes.  186 

Solo-Gabriele et al. (2023) assessed the efficacy of environmental monitoring in predicting 187 

COVID-19 cases by collecting air, surface swabs, and wastewater samples from a dorm housing 500 188 

students from March to May 2021, at the University of Miami. Moreover, Dihan et al. (2023) offered a 189 

comprehensive review of medical waste formation, management practices in Bangladesh, the impact of 190 
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COVID-19 from treatment to testing and vaccination, and the idea of a circular economy for sustainable 191 

waste management. However, to the best of the authors’ knowledge, a multi-sustainable campus 192 

evaluation by creating an index that measures the propensity for change to link behavioural change with 193 

the three themes using empirical data has not yet been an objective of a study.  194 

Furthermore, Mahyari et al. (2022) pointed out the importance of adaptability in waste 195 

management systems during and after the COVID-19 era. In addition, they have emphasised the need to 196 

support and implement a circular economy as a basic strategy for waste management. Ranjbari et al. (2021) 197 

presented research directions for post-COVID-19 sustainable development that are in line with the 198 

Sustainable Development Goals (SDGs) of the United Nations.  199 

1.3 Aim and research questions  200 

In the wake of COVID-19, the UK has a great opportunity to shape its activities and develop new 201 

solutions to long-term sustainability challenges. The UK should seize this opportunity for a green recovery 202 

and entirely use recent changes in behaviour and practices. This study is designed to examine net zero-203 

carbon campus activities, with a focus on campus users’ behaviour, including energy efficiency and 204 

building occupancy. The boundaries of this study are set within a sustainable university aiming for zero-205 

carbon emissions. 206 

The University of Net Zero (UNZ) aims to achieve net zero-carbon neutrality on its campus by 207 

2030. Previous research indicates that community support, engagement in sustainable behaviour, and 208 

empowerment are essential factors in achieving carbon neutrality. This study focuses on the impact of 209 

environmental sustainability measures on two categories of university campus users: students and staff 210 

members, across three themes: day-to-day life, research, and teaching and learning. 211 

Building on the literature, this work is driven by the following overarching research questions: 212 

 213 
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i. What are the primary views and perceptions regarding the adoption of sustainability at the 214 

university from the campus users’ perspective? 215 

ii. What is the level of commitment of the campus users towards sustainability across the three 216 

different themes: day-to-day life, research, and teaching and learning?  217 

iii. What are the main similarities and differences across campus user groups? 218 

iv. What is the current level of commitment of the campus users towards sustainability compared 219 

to their willingness to commit to additional measures in the future? 220 

Regarding these questions, the purpose of this work is to outline the post-pandemic social impact 221 

and engagement with the efforts made towards a zero-carbon campus, and provide recommendations for 222 

improving the sustainable university campus strategy. Thus, this empirical study has carried out a 223 

multiple-indicator online questionnaire survey based on the Likert scale with 630 campus users. The UNZ 224 

campus serves as a case example in this zero-carbon campus research. Appropriate quantitative data 225 

analyses and tests were conducted to investigate the survey data. Herein, the questionnaire is divided into 226 

three main groups of themes of zero-carbon activity based on daily life, research, and teaching and 227 

learning. 228 

The unit of analysis for this study is set at the organisational level for campus users (staff and 229 

students), and not at specific types of staff (e.g., professors, lecturers, etc.) and specific types of students 230 

(e.g., postgraduates, undergraduates, etc.). It is anticipated that all campus users are aware of the 231 

sustainability strategy of UNZ. Awareness of the strategy does not bias the answers because there is a 232 

distinction between awareness and adoption of net zero-carbon activities. This study assesses the 233 

propensity for change amongst campus users across faculties, measuring whether or not campus users are  234 

inclined to sustainable behaviour. 235 

2 Methods 236 
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The methodology applied in this research work includes the following steps: selecting the 237 

university, collecting data through an online questionnaire, performing detailed data analysis using 238 

statistical and graphical software, conducting uncertainty and sensitivity analyses, assessing university 239 

building performance alongside NZEB goals, and suggesting sustainable energy developments. This 240 

methodology is independent of any case study aiming to achieve the net zero-carbon campus ambition. 241 

The stepwise methods for implementation of this research work are shown in Figure 1.  242 

 

Figure 1. Flow chart of the study methods. 
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2.1 Methodological approach and empirical context 243 

     To establish an empirical context for a university campus aiming to become net zero-carbon by 244 

2030, this research focuses on ways that staff and students can support this effort. This chosen university 245 

(referred to as UNZ) was selected  based on convenience sampling (Hu & Qin, 2018), and empirical data 246 

is collected from a university in the UK. 247 

A Likert-type scale survey was administered to garner quantitative data from campus users, 248 

efficiently measuring respondents’ attitudes towards zero-carbon activities (Alan Bryman, 2016). The 249 

online questionnaire was randomly distributed to campus users, including both students and staff.  250 

2.2 Data collection method and design 251 

The most appropriate research method for this study involved gathering empirical quantitative data 252 

for every group of items, with the aim of gleaning more information on campus users’ attitudes and 253 

behaviours towards carbon emissions through an online questionnaire survey. Similar methods have been 254 

employed by (Emanuel & Adams (2011); and Conner et al. (2018)).   255 

   The questionnaire was structured into three main themes or groups of items, namely: (i) Zero-256 

carbon activity in your daily life, (ii) Zero-carbon activity in research, and (iii) Zero-carbon activity in 257 

teaching and learning. The questionnaire format consisted of a series of statements that focused on certain 258 

questions with each respondent asked to indicate their level of agreement with the statement. A five-point 259 

scale, ranging from one being ‘strongly agree’ to five ‘strongly disagree’ was adopted. The middle position 260 

of three represented ‘neither agree nor disagree’ for neutrality. These statements were drawn from the 261 

University’s Sustainability Strategy. As the study is primarily concerned with campus users’ attitudes, and 262 

hence the online questionnaire was randomly distributed to the campus users, which included both 263 

students and staff.  264 
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Moreover, the opinions and attitudes of individuals across different faculties and professional 265 

services have been recorded regardless of their gender, age, and ethnicity. In total, 22 statements, three 266 

open-ended questions, one multiple-choice question, five demographic questions and several questions 267 

regarding stakeholder’s faculty. Focusing on university campus users can be beneficial for two reasons, 268 

firstly, universities are leading the way in developing innovative sustainable practices since they produce 269 

cutting edge research, and secondly, they offer a diverse sample (i.e. staff and students) from various 270 

disciplines and faculties within the university community. Too & Bajracharya (2015) have claimed that 271 

engagement in sustainability requires a paradigm shift towards nurturing a sustainability culture among 272 

diverse groups of people within university campuses, therefore every stakeholders’ efforts is required from 273 

all departments (Anwar et al., 2020). The questionnaire was sent out online to 5000 campus users (staff 274 

and students) randomly at the UNZ.  275 

Due to the online questionnaire survey being administered during the COVID-19 pandemic, it took 276 

approximately a month to collect 630 valid responses and completed questionnaires. Thus, a high and 277 

acceptable response rate of 12.6% (Great Brook Consulting, 2022) was achieved enabling inferences to 278 

be drawn. 279 

 Accordingly, the survey statements have been formulated based on the following: 280 

● Efficiency of the buildings and ensuring effective monitoring and reporting of energy use in 281 

buildings. 282 

● Low-carbon heating options. 283 

● Efficient electricity and energy heating.   284 

● Reducing the sale of high-impact food and reducing single-use packaging and waste. 285 

● Discouragement of flying and encouragement of remote working, when possible, to reduce carbon 286 

emissions when travelling to work or conferences. 287 
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● Reducing food waste. 288 

2.3 Data analysis method                                   289 

After the data collection, data purging was performed, variable columns were organised and re-290 

coded, and the missing values were addressed. The collected data was processed and analysed using 291 

appropriate statistical analysis and performing appropriate statistical tests: such as descriptive statistical 292 

analysis, normality tests and significance tests.  A new index, called the Propensity for Change Index (P), 293 

was developed to measure the overall propensity for adopting sustainable behavioural change, leveraging 294 

the Likert scale themes datasets from campus users on zero-carbon activities in daily life, research, and 295 

teaching and learning.  296 

Appropriate non-parametric tests, such as the Mann-Whitney test and the Kruskal-Wallis test were 297 

used due to the non-normal distribution of the data (Andy Field et al. 2012). The Mann-Whitney test was 298 

used to test for a difference in scoring tendencies between staff and students, while the Kruskal-Wallis 299 

test was conducted to statistically test the difference in scoring tendencies between each faculty for every 300 

Likert item and identify any significant difference. 301 

Uncertainty and sensitivity analyses were undertaken to understand the impact of potential 302 

variations in the data and identify the key factors driving the results. The uncertainty analysis aimed to 303 

quantify the degree of uncertainty associated with the data, while the sensitivity analysis helped determine 304 

how sensitive the results were to changes in the input variables (Kleijnen, 1994). 305 

Herein, the mathematical equations of the statistical testing hypothesis are presented. Typically, 306 

these numerical equations include measures of the quantitative data, namely, the Shapiro-Test (W), 307 

Kolmogorov-Smirnov-test (D), Mann-Whitney test (U), and Kruskal-Wallis test (H) as expressed in 308 

equations (1)-(4). 309 
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Equation 1 presents the formula for the (W) value, as given from the Shapiro-Test, based on the 310 

work of (Bai & Chen, 2003): 311 

𝑊 =
(∑ 𝑎𝑖𝑥(𝑖)

𝑛
𝑖=1 )

2

∑ (𝑥𝑖 − 𝑥̅)2𝑛
𝑖=1

                                                                                                                                                   (1) 312 

Where: 313 

xi is the ordered random sample values and ai are constants generated from the covariances, variances and 314 

means of the sample (size n) from a normally distributed sample. 315 

The value of the test statistic (D) is calculated as indicated in Equation 2 (F. Wang & Wang, 2010): 316 

𝐷 = 𝑀𝑎𝑥𝑖𝑚𝑢𝑚|𝐹𝑜(𝑋) − 𝐹𝑟(𝑋)|                                                                                                                            (2) 317 

Where: 318 

Fo(X) is the observed cumulative frequency distribution of a random sample of n observations and Fr(X) 319 

is the theoretical frequency distribution. 320 

The Mann-Whitney formula (U) can be written in Equation 3 (Martínez-Murcia et al., 2012): 321 

𝑈𝑎 = 𝑛𝑎𝑛𝑏 +
𝑛𝑏(𝑛𝑏 + 1)

2
− ∑ 𝑅𝑖

𝑛𝑏

𝑖=𝑛𝑎+1

                                                                                                                  (3) 322 

Where:  323 

U is the Mann-Whitney U test, na is the sample size one, nb is the sample size two, and Ri is the rank of 324 

the sample size. 325 

The Kruskal-Wallis test (H) is expressed in Equation 4 as follows (Ostertagová et al., 2014): 326 

𝐻 =
12

𝑛(𝑛 + 1)
∑

𝑅𝑖
2

𝑛𝑖
− 3(𝑛 + 1)                                                                                                                         (4) 327 

Where: 328 
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n is the total number of values, R is the sum of the ranks for each sample, and 𝑛𝑖 is the number in each 329 

sample. 330 

The P per theme is computed by taking the mean over all the responses for all the questions and 331 

then normalising it using the min-max normalisation to obtain a value between 0 and 1, as obtained in 332 

equations (5) & (6) (Austin, 2011; and Rosenbaum & Rubin, 2006): 333 

𝑃 =

∑ 𝑟
𝑛 − 1

4
                                                                                                                                                                (5) 334 

𝑃 = ́
𝑃−𝑚𝑖𝑛(𝑃)

𝑚𝑎𝑥(𝑃)−𝑚𝑖𝑛(𝑃)
                                                                                                                                                    (6)  335 

where: 336 

P is the index of the propensity for change, r is the response for one question, and n is the overall number 337 

of responses for all questions. 338 

Within UNZ, we assumed that all staff and students are involved in research, teaching and learning, 339 

and daily life activities, which can contribute to the net zero-carbon campus ambition; therefore, there are 340 

no biased results in this study. This is a realistic assumption due to the nature of UNZ. Moreover, the 341 

Likert scale’s neutral option allows campus users to express their indifferent views. Therefore, the P 342 

provides a robust mechanism to measure the tendency for change towards sustainability actions, and such 343 

sustainable behaviours are assessed across the faculties and the three themes. In addition, the index has 344 

been validated theoretically and statistically. 345 

3. Results and discussion 346 

The perceptions and attitudes of campus users towards a zero-carbon campus across daily 347 

activities, research, and teaching and learning are presented and discussed in this section, with a view to 348 

explaining how they contribute to the sustainability strategy of UNZ and in comparison with literature or 349 

cases elsewhere. 350 
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3.1. Overall descriptive statistics visualisation  351 

Figures 2-4 show the highest and lowest response scores for each Likert item, and the horizontal 352 

axis indicates the average of the responses. The colours represent the level of agreement, light turquoise 353 

for Agree and shadow turquoise for Strongly Agree, light grey for Neutral, while shadow yellow is 354 

Strongly Disagree and yellow is Disagree. On each graph, the Agree/Strongly and Agree scores are 355 

grouped together on the right-hand side, starting with the statement items that received the highest positive 356 

scores and then going down to the items with the lowest positive scores. The left-hand side of the graph 357 

indicates the statement items with the Disagree and Strongly Disagree scores grouped together, starting 358 

with the item with the lowest Disagree and Strongly Disagree scores and going down to the statement 359 

items with the highest Disagree and Strongly Disagree scores. In the middle, the neutral responses scores 360 

represent the Neutral scores that emerged from the ‘Neither Agree nor Disagree’ option in the 361 

questionnaire.  362 

The first theme or group of items, as shown in Figure 2, was related to the zero-carbon daily 363 

activities that campus users were willing to undertake within the campus on a daily basis. Overall, the 364 

results show a positive attitude towards zero-carbon actions; for instance, 95% of the participants agreed 365 

to use reusable materials on campus, and 88% of the participants responded positively to having fewer 366 

product choices on campus to eliminate waste. Moreover, 74% of the respondents were willing to pay 367 

more if there were sustainable products around the campus. These findings demonstrate that the COVID-368 

19 recovery has not affected all behaviours towards adopting zero-carbon daily activities. 369 
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Figure 2. Zero-carbon daily activities, overall results. 

Results indicate that campus users are willing to adopt sustainable measures to minimise their 370 

carbon footprint and emissions, despite COVID-19. Overall, the results revealed that the standard 371 

deviation is below the mean, indicating that this data is not dispersed out and has a low variance. Campus 372 

users continue to use reusable materials and are putting efforts into living a sustainable life, as indicated 373 

by 52% and 76% of the responses respectively.  374 

To illustrate, the relevant research carried out by Hynes et al. (2021) revealed that the widespread 375 

COVID-19 has caused an upsurge in  environmental awareness and concern, thereby, encouraging more 376 

individuals to adopt sustainable practices. Similarly, an investigation executed by Li et al. (2022) indicated 377 

that people severely affected by the COVID-19 outbreak were more likely to adopt sustainable strategies. 378 

Furthermore, several researchers in literature have proven the new ways of partnership and collaboration 379 

in the academic and research communities. For example, Liu et al. (2020) have demonstrated that the 380 

COVID-19 has notably facilitated online communication and collaboration among researchers. 381 
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Additionally, a study by Wang and Huang (2021) found that the spread of Covid-19 has prompted the 382 

emergence of further research collaborations in multidisciplinary groups. 383 

Figure 3 reveals that campus users are willing to encourage and implement zero-carbon behaviours 384 

and attitudes within research. Supplementary Table 2 presents a summary of the statistics for each Likert 385 

statement, including the low, high, and neutral values, as well as the mean values and the standard 386 

deviation for zero-carbon activities in research. Some interesting patterns and attitudes towards travelling 387 

and online conferencing emerge which warrant further discussion and analysis. Specifically, 94% of the 388 

respondents agreed that the university should work in partnership with its supply chain to become carbon 389 

neutral, which appears to be a sustainable policy for the university to manage its footprint emissions, while 390 

61% agreed that carbon reduction would justify reducing the time that research/lab equipment is kept on. 391 

In addition, 88% agreed with the statement that one should seek an alternative and sustainable mode of 392 

transportation for short research trips, whilst 71% agreed with the statement that university staff and 393 

students should prioritise online conferences and project meetings, indicating that campus users wish to 394 

adopt a sustainable mode of hybrid working.  395 

The findings related to the sustainable supply chain to achieve a net zero-carbon campus for 396 

research extend the work by Koh et al. (2012). This leads to a low-carbon supply chain,  while the findings 397 

related to the energy efficiency of the research equipment are consistent with the x’s campus study 398 

recommendation by Leal Filho et al., (2019). Interestingly, the high percentage of sustainable travel and 399 

increased online and hybrid working methods confirm the evidential impact of the COVID-19 recovery 400 

towards such a new emerging pattern, which  aligns with the findings from Yang et al., (2021).   401 

There have been research efforts that endorse the outcomes of the present study in the areas of 402 

sustainable supply chain and energy efficiency of research equipment. For instance, a research 403 

investigation analysed by Mardani et al. (2020) indicated that using sustainable supply chain techniques 404 
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could mitigate the detrimental consequences on the environment and economic performance. Liu et al. 405 

(2022)  revealed in a subsequent study that energy use and greenhouse gas emissions can be significantly 406 

diminished by utilising energy-efficient solutions in research facilities. Moreover, the overall number of 407 

overseas student flights and conferences has fallen considerably as a result of the coronavirus disease. 408 

Milford et al. (2021) discovered that the unprecedented situations due to the pandemic has declined travel-409 

related emissions while increasing online conferences and meetings, which can have a positive impact on 410 

sustainability.    411 

 

Figure 3. Zero-carbon activities in research overall results. 

Covid-19 enforced new ways of partnership and collaboration between academics, researchers and 412 

professionals, as identified by Filimonau et al. (2021). The new hybrid working mode, with which most 413 

campus users are aligned, appears to be consistent with the trend set globally. This new normal explains 414 

the active encouragement of online conferencing and the re-appraisal of air travel for research purposes, 415 

despite the fact that this might affect the way collaboration within the research spectrum is being achieved, 416 

as suggested by  Paul et al. (2012).   417 
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Figure 4 highlights the overall results of the zero-carbon activities in the teaching and learning 418 

scores. The results indicate some interesting and significant patterns, but it can also be observed that the 419 

neutral scores in this theme tend to be quite high. Campus users were asked to indicate their level of 420 

agreement on possible sustainable measures in teaching and learning. Specifically, campus users were 421 

asked how willing they are to wear extra layers of clothing indoors to help reduce carbon emissions by 422 

saving on heating, and 67% agreed with this statement, 16% disagreed, and 16% neither agreed nor 423 

disagreed. While the majority of the responses agreed with the statement, it is observed that there is a 424 

variety and a mix of feelings regarding the particular statement as well as the rest of the statements. For 425 

instance, the statement regarding the reduced hours of library buildings openings and the 24-hour service 426 

received a higher score on neutrality, ranging from 30%-32%. In this regard, the same study topic 427 

implemented by Marans and Edelstein (2010) discovered that people could endure lower interior 428 

temperatures when dressed in warmer clothes, leading to additional energy savings. 429 

Furthermore, 39% disagreed with the statement ‘carbon reduction would justify increased online 430 

activity and reduced physical interaction on the campus, while 26% of the respondents had a neutral 431 

attitude towards the statement, and 34% agreed. The statement concerning 24-hour opening of library 432 

buildings’ received a significant score of neutrality and disagreement. Therefore, care must be exercised 433 

when considering the library opening hours and heating provision in buildings. The interesting findings 434 

signify the importance of heating in buildings and accessibility to the library by campus users despite the 435 

COVID-19 recovery. As such, it can be deduced that energy efficiency and key infrastructure and facilities 436 

on campus are highly likely to be the main dynamic factors influencing behavioural change towards net 437 

zero-carbon teaching and learning. Roy et al. (2008) support the argument about energy efficiency and 438 

heating on campuses, but no research has explored the innovation in process and service provision for 439 

significant assets, such as campus libraries.   440 
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Figure 4. Zero-carbon activities in teaching and learning overall results. 

Regarding the statement about shortened library building opening hours, a research paper 441 

published by Noranai et al. (2014) discovered that reducing building operations can result in considerable 442 

reductions in energy use and carbon emissions. Furthermore, a study conducted in 2018 by Abdou et al. 443 

(2018) showed that putting into practice energy-saving strategies, such as limiting building operating 444 

hours, can also result in cost savings. Additionally, the study by Ayeleru et al. (2017) identified a 445 

correlation between carbon reduction and social engagement, which may help explain how carbon 446 

reduction impacts physical interaction on campus. This could be because individuals with similar 447 

environmental values and beliefs are motivated to engage in sustainable behaviours and social 448 

interactions. 449 

Supplementary Table 3 shows the mean values of each Likert statement from the zero-carbon 450 

activities in the teaching and learning theme. The low values represent the disagreement scores, which 451 

tend to be higher than the ones that are encountered in Supplementary Tables 1 and 2. The same mean 452 

value representation is being indicated about the neutral scores; however, the high score for each 453 
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statement, which represents the level of agreement, tends to be high, but it must be considered that the 454 

majority of the respondents are likely to be staff, and this can explain the level of neutrality in some of the 455 

statements. The means and the levels of the standard deviation spread are highlighted. 456 

The unit of analysis for this study is set at the organisational level (faculties) for campus users for 457 

both staff and students in general. Therefore, it does not examine granular differences, such as the specific 458 

categories of staff (e.g., research, academic, full time, and part-time) or students (e.g., postgraduate, 459 

undergraduate, overseas, and home). A valid assumption made is that all staff and students are aware of 460 

the sustainability strategy and have prior knowledge and experience of net zero-carbon activities related 461 

to the three themes. The 22 Likert scale statements in the questionnaire are informed by the sustainability 462 

strategy of the UNZ.  463 

3.2. Normality, significance and uncertainty tests 464 

3.2.1. Normality and significance tests 465 

Table 2 shows the results of the Mann-Whitney test, Kruskal-Wallies test and their corresponding 466 

p-values. The p-values < 0.05 are highlighted with an asterisk (*). 467 

Table 2. Results of the Mann-Whitney test and Kruskal-Wallis test. 

Item p-value of 

Mann-Whitney 

test 

p-value of 

Kruskal-Wallis 

test 

Median 95% 

Range 

Qst1 I try to actively live a sustainable life 0.6742 0.0226* 4 [4, 4] 

Qst2 I am prepared to change how I undertake extra-curricular activities 

on campus and beyond to reduce carbon emissions, e.g. Avoiding 

travel for sports fixtures or single-use giveaways from societies. 

0.9603 0.03804* 4 [4 - 4] 
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Qst3 I would be happy with less product choice from campus outlets if 

this led to less waste. 

0.2741 0.09748 5 [5 - 5] 

Qst4 I would be happy with fewer menu options if it reduced our food’s 

impact on the living planet - for example fewer red meat-based 

options and more plant and poultry options. 

0.568 0.1856 5 [ 5 - 5] 

Qst5 As a rule of thumb, I would pay more money if it meant the product 

purchased is more sustainable. 

0.02193* 0.0344* 4 [4 - 4] 

Qst6 Before Covid-19, I actively used reusable materials on campus 

wherever possible e.g. water bottles, coffee cups, Tupperware etc. 

0.03449* 0.7959 5 [ 5 - 5] 

Qst7 Since the outbreak of Covid-19, I have used reusable materials less 

than before. 

0.2457 0.3832 2 [ 2 - 3] 

Qst8 I would like to continue using reusable materials on campus, 

provided the university introduces systems to ensure this was done 

safely. 

0.7682 0.747 5 [ 5 - 5] 

Qst9 University staff and students must have justification for air travel 

when appropriate whilst no other low carbon transport modes are 

viable. 

1.606×10-06 * 0.00599* 4 [4 – 5] 

Qst10 In principle, carbon emissions from unavoidable business class air 

travel should be offset by other carbon reduction measures, e.g. 

staying in sustainable hotel accommodation. 

0.2301 0.09358 4 [ 4 - 4] 

Qst11 Where short-haul travel is necessary, university staff and students 

should prioritise more sustainable modes of transport for their 

0.1379 0.5883 5 [5 – 5] 
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research trips, e.g. using rail services such as the Eurostar when 

feasible. 

Qst12 University staff and students should start prioritising online 

conferences, project meetings and networking to cut carbon 

emissions from travel. 

8.72×10-05 * 5.48×10-05 * 4 [4 - 4] 

Qst13 Carbon reduction would justify limiting and reducing the time that 

research/lab equipment is kept switched on and made available to 

staff and students (except research/equipment, which needs 

continuous temperature control). 

0.009802* 6.19×10-05 * 4 [4 - 4] 

Qst14 Research funding applications should have energy efficiency and 

carbon budgeting as a part of a standard cost approval process. 

0.3081 0.001075* 4 [4 - 4] 

Qst15 The university should work in partnership with its supply chain to 

become carbon neutral. 

0.786 0.6404 5 [5 - 5] 

Qst16 The 24-hour opening of library buildings encourages unhealthy 

working patterns. 

0.001883* 0.1357 3 [3 - 3] 

Qst17 The 24-hour opening of library buildings is highly important to me 

and would affect my learning if it is discontinued. 

1.062×10-06 * 0.403 2 [2 - 3] 

Qst18 Carbon reduction would justify the reduced hours of library 

building openings. 

0.1538 0.4867 3 [3 - 3] 

Qst19 Large class teaching should continue online post-Covid restrictions 

to support efficient carbon reduction for large spaces on campus. 

0.0689* 0.001483* 3 [3 - 3] 

Qst20 Carbon reduction would justify increased online activities and 

reduced physical interactions on the university campus. 

0.0003432* 2.06×10-05 * 3 [3 - 3] 
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Qst21 On campus, if it were possible, I would be prepared to wear an extra 

layer of clothing indoors to help reduce carbon emissions by saving 

on heating. 

0.7032 0.3569 4 [4 – 4] 

Qst22 As an individual, I wish I had more control over energy use and 

consumption on campus. 

0.0004456* 0.2656 4 [4 – 4] 

Key: * p-value < 0.05 (statistical significance) 

Table 2 includes the p-value results from the Mann-Whitney test for every Likert item, which 468 

tested whether students and staff have the same scoring tendencies or responded differently. The Likert 469 

items: 1, 2, 3, 4, 7, 8, 10, 11, 14, 15, 18, 19, and 21 each produced a non-statistically significant p-value, 470 

meaning that there is >0.05% probability that the H0 hypothesis (Null Hypothesis) is correct. Therefore, 471 

it can be officially stated that students and staff had similar scoring tendencies towards the aforementioned 472 

Likert items. Further, the Likert items: 5, 6, 9, 12, 16, 17, 20, and 22 each indicated a statistically 473 

significant p-value, meaning that there is <0.05% probability that the H0 hypothesis is correct. Therefore, 474 

it would reject the H0 hypothesis and conclude that the H1(Alternative Hypothesis) is correct, i.e., students 475 

and staff do not have the same score tendencies for the mentioned Likert statements.  476 

These findings can be explained and rationalised as follows: For instance, statement 12: 477 

“University staff and students should start prioritising online conferences, project meetings and 478 

networking to cut carbon emissions from travel”, produced a statistically significant p-value, where it 479 

would be rejected that students and staff have the same scoring tendencies H0, and the reason for that can 480 

be due to potential different goals and needs between students and staff. For instance, postgraduate 481 

research students might benefit from travelling and attending conferences for networking in person, 482 

whereas established staff might see less value in such activity in comparison. Statement 5: “As a rule of 483 

thumb, I would pay more money if it meant the product purchased is more sustainable” produced a 484 
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statistically significant p-value, meaning that H0 is not correct, and students and staff indicated different 485 

scoring tendencies for statement 5. 486 

 Students tend to be the ones who are financially reliable on their parents and student loans, and 487 

with part-time employment, they would not favour paying more for sustainable products. Statement “17: 488 

24-hour opening of library buildings is highly important to me and would affect my learning if it 489 

discontinued” indicated a p-value < 0.05, which is a statistically significant result, so it will reject the H0 490 

and conclude that there is a difference in scoring tendencies between students and staff. The differential 491 

in goals and needs between students and staff can be a factor here; libraries are predominantly used by 492 

students. For students, library facilities are essential, and they need full access to them at all times, while 493 

the majority of staff might not frequent the libraries, unless they work in those facilities. From the 494 

perspective of COVID-19 recovery on sustainable actions, these findings suggest increased relevance of 495 

online and hybrid working, reduced opening hours of key facilities, and increased willingness to pay for 496 

sustainable products, all with the aim of improving the net zero-carbon campus. Such views demonstrate 497 

the transformational paradigm shifts  in the behaviours of campus users towards sustainability, despite the 498 

differences between staff and students. This is in alignment with the  initial conceptualization by 499 

Hansmann et al. (2020) . 500 

The p-value results for the Kruskal-Wallis test reveal whether scoring tendencies differ by faculty. 501 

The results show that Likert items 3, 4, 6, 7, 8, 10, 11, 15, 16, 17, 18, 21, and 22 each indicated a non-502 

statistically significant p-value, implying that it can accept the H0: There is no difference in scoring 503 

tendencies between faculties. However, Likert items: 1, 2, 5, 9, 12, 13, 14, 19, and 20 each showed a 504 

statistically significant p-value scoring difference from faculties, meaning that it can reject H0 and accept 505 

H1. These findings are consistent with previous research that has shown differences in environmental 506 
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attitudes and behaviours among different groups, including academic disciplines as reported by Thompson 507 

and Barton (1994) and university departments as found by (Shafiei & Maleksaeidi, 2020).  508 

Statement 12 “University staff and students should start prioritising online conferences, project 509 

meetings and networking to cut carbon emissions from travel” produced a p-value < 0.05, which indicates 510 

that there is a significant difference in scoring tendencies among faculties. This can be explained by the 511 

fact that the UNZ is a research-led university; thus, conferences and research travel are essential for 512 

establishing collaboration and networking. Some faculties can benefit from moving to online conferences 513 

and projects, while others might not. The significant scoring difference for statement 12 is supported by 514 

the growing body of literature on the effectiveness of virtual meetings and their potential to reduce carbon 515 

emissions from travel (Tao et al., 2021). Therefore, implementing this recommendation can not only 516 

benefit the environment but also potentially enhance collaboration and communication among university 517 

staff and students. 518 

Statement 13 “Carbon reduction would justify limiting and reducing the time that research/lab 519 

equipment is kept switched on and made available to staff and students (except research/equipment which 520 

needs continuous temperature control)”, also produced a statistically significant difference (p<0.05). Not 521 

all faculties use research equipment. Campus users from different faculties need different facilities to 522 

perform their research. Additionally, campus users from different faculties might not share the same views 523 

or knowledge with research staff from, for instance, the delta and alpha faculties regarding research 524 

equipment. Comparatively, these findings partially support the recommendations by Roy et al. (2008), but 525 

further research, including Life Cycle Assessment (LCA), is required to examine the environmental 526 

implications of online and hybrid working and the management of research/lab equipment on carbon 527 

emissions. 528 

3.2.2. Uncertainty test 529 
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The Monte Carlo simulation is a computational method that involves running the model or system 530 

multiple times with randomly selected input values from their respective probability distributions, and 531 

then aggregating the results to estimate the uncertainty in the output (Fong et al., 2020). Regarding the 532 

uncertainty analysis for ordinal data, the Monte Carlo method can be used for simulation with 533 

bootstrapping. However, for ordinal data, it is more appropriate to report percentiles instead of confidence 534 

intervals based on means (Qiu et al., 2016). When analysing the uncertainty in the data, it is not necessary 535 

to base it on the Mann-Whitney test results. The goal of uncertainty analysis is to comprehend the range 536 

and fluctuations in the data. In this scenario, the bootstrap resampling method can be employed to 537 

determine the median values and their corresponding percentile ranges for the ordinal data, such as Qst1. 538 

The Mann-Whitney test is utilized to compare the distributions of two groups, while uncertainty 539 

analysis focuses on comprehending the variability within the data. These analyses serve distinct purposes 540 

and can be conducted separately. Table 2 displays the outcomes of the uncertainty analysis for all 22 Likert 541 

scale items. It presents the median estimate alongside the 95% percentile range (or 95% simulation 542 

interval) for each item, providing insights into the variability and uncertainty present in the responses. 543 

 When interpreting the findings, it is important for readers to consider the median value as the 544 

measure of central tendency and the percentile range as an indicator of data dispersion. A smaller 545 

percentile range indicates less uncertainty in the responses, while a wider range indicates a higher degree 546 

of uncertainty. The uncertainty analysis conducted for Qst1 yielded a median estimate of 4. The 95% 547 

percentile range (or 95% simulation interval) was determined to be [4, 4]. This narrow range suggests that 548 

the median value for Qst1 remains consistent and stable within the dataset. Since 95% of the simulation 549 

runs resulted in a median value of 4, it can be concluded that there is a low level of uncertainty associated 550 

with the responses for Qst1. 551 
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A narrow percentile range signifies that the values within the 95% range are closely grouped 552 

together (in this case, there is no range since both the lower and upper bounds are 4). This indicates a 553 

reduced level of variability or uncertainty in the responses, as the resampled medians tend to be similar 554 

throughout the simulation runs. Conversely, a wide range suggests greater variability or uncertainty, with 555 

resampled medians that could differ significantly across the simulation runs. Furthermore, for Qst7, the 556 

median estimate is 2, and the 95% percentile range is [2, 3], indicating some degree of variability, although 557 

the range remains relatively narrow. This suggests that the median value for Qst7 is fairly stable and 558 

consistent within the dataset. 559 

The present uncertainty analysis of the resampled medians for the 22 Likert-scale items indicated 560 

that most of the items exhibited a stable median estimate and a limited 95% percentile range. For example, 561 

Item 1 had a median of 4 and a 95% percentile range of [4, 4], and Item 4 had a median of 5 and a 95% 562 

percentile range of [5, 5]. These results suggest that, for most items, the median values are quite stable 563 

and consistent within the dataset. However, some items demonstrated a broader 95% percentile range, 564 

indicating greater variability in the resampled medians. For instance, Item 7 had a median of 2 and a 95% 565 

percentile range of [2, 3], and Item 9 had a median of 4 with a 95% percentile range of [4, 5]. 566 

In summary, most items in this analysis showed consistent median estimates and narrow 95% 567 

percentile ranges, reflecting stability and consistency in the dataset. A few items displayed greater 568 

variability, as indicated by the wider percentile ranges. These findings provide insights into the extent of 569 

agreement and variability in the respondents’ perceptions of zero-waste and sustainable behaviour in the 570 

campus context. 571 
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3.3. Overall tendency for sustainable behaviour adoption: Index development and 572 

measurement 573 

In order to better understand the overall tendency for adopting sustainable behaviour, this study 574 

will leverage the Likert scale data to compute an index measuring the propensity for change amongst 575 

respondents for each of the three themes: daily activities, research, and teaching and learning. This is 576 

termed the Index of Propensity for Change (P). The value of P was calculated considering not only the 577 

whole group of respondents but also dividing the respondents based on their faculty. The results are shown 578 

in Table 3.  579 

Table 3. Value of the Index of Propensity for Change (P). 

 All Epsilon Beta Delta Zeta Gamma Alpha 

Daily life 0.7642 0.7917 0.7495 0.7721 0.7538 0.7698 0.7806 

Research 0.7749 0.7679 0.7149 0.8011 0.8219 0.7427 0.7651 

Teaching & learning 0.5918 0.5833 0.5637 0.6220 0.6023 0.5700 0.6078 

 

The overall results demonstrate a generally lower propensity for change across all faculties 580 

regarding the teaching & learning aspects of the campus use (P=0.5918), compared to 0.7642 and 0.7749 581 

for daily life and research, respectively. Thus, recognising the higher complexity involved in achieving 582 

net zero-carbon teaching and learning activities on campus compared to daily life and research activities. 583 

Thus, it is not surprising to find that its propensity for change is lower. The consistency in the values of 584 

propensity for change across faculties verifies the validity of a unified sustainability strategy at the 585 

organisational/university level.  586 

The authors Too and Bajracharya (2015) argued that changing attitudes and behaviours is a 587 

challenging and complex subject, and they claimed in their study about engaging the university campus 588 
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community in sustainability that it takes more than just information dissemination to influence and close 589 

the attitude behaviour gap. The results can indicate a useful foundation for such behavioural 590 

measurements across university campuses. In order to build an integrated strategy and more effectively 591 

involve the academic community in sustainability projects, knowledge from diverse disciplines and 592 

departments needs to be gathered and synthesised (Anwar et al., 2020). Thus, the novel propensity for the 593 

change index provides a useful foundation for such behavioural measurement across campuses.  594 

In order to ensure the reliability of the presented results, it treats the present data as continuous 595 

and performs a statistical significance test, namely the Paired T-Test. This particular test was chosen since 596 

the answers for each category came from the same set of respondents. The aim of this test is to confirm 597 

whether the calculated indices show a real difference in the propensity to change across the three themes. 598 

A p-value was calculated, and it was within a confidence interval of 0.95, and it was shown that the only 599 

significant differences (p<0.05) are between two pairs: daily life and teaching & learning, and research 600 

and teaching & learning, with both p-values < 2.2×10-16.  601 

Conversely, the p-value calculated for daily life and research is 0.0897 (p>0.05), which proves that 602 

there is no significant difference between the indices for these two categories. In terms of the variation 603 

depending on the faculty, there are no significant differences in the index values. This means that the 604 

views across these different campus user groups are homogeneous, thus indicating that university-level 605 

measures towards sustainability could be more appropriate than separate faculty-level measures. A further 606 

index analysis was performed regarding two different aspects of the daily life theme:  607 

I. The past/current practice of sustainable behaviours vs. the propensity to change. 608 

The results from the index analysis showed that the past/current practice of sustainable behaviour 609 

is weaker than the propensity to change (P=0.6655), in comparison to 0.8235. This indicates that 610 

additional environmental measures within daily life activities would be well received by campus users. 611 
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However, both values lie above 0.5, meaning that some sustainable habits are already ingrained within the 612 

community. 613 

II. The effect of the COVID-19 pandemic on the usage of reusable materials. 614 

The Index analysis showed that the COVID-19 pandemic has greatly affected the frequency of 615 

reusable material usage across campus users, with an index decreasing from 0.8536 to 0.3921. This 616 

indicates that further research into the effect of COVID-19 on-campus sustainable behaviour would be 617 

highly valuable, together with countermeasures. 618 

3.4. Energy control elements by campus users 619 

An element control assessment was completed over five faculties and professional services at the 620 

UNZ to identify the operational energy consumption controllable elements. The analysis has been 621 

conducted at various energy breakdowns for the selected schools to determine where the emphasis should 622 

be placed on energy conservation measures. Supplementary Figure 5 indicates the distribution of energy 623 

elements, which may be controlled by the faculties for staff and students in the 2021 survey. Each pie 624 

chart segment represents the proportion of energy control elements preferred by campus users.  625 

The results show a third of all participants wish they had more control over the energy elements, 626 

with the highest requirement coming from the Zeta Faculty (32.86%), followed by the Beta Faculty 627 

(18.41%), while this proportion was smaller for the Epsilon Faculty (6.67%). The bubble graph elaborates 628 

on the share of each energy control element by the Zeta Faculty, as depicted in Supplementary Figure 6. 629 

These findings are aligned with those of Lefebure et al. (2022), thus further demonstrating the campus 630 

users’ desire to have bespoke control over energy consumption.  631 

However, this study has many limitations that need to be considered in future research, as follows: 632 

 The questionnaires were performed only at UNZ, which may not fully represent the views and 633 

experiences of other universities. Therefore, expanding the study to include other institutions 634 
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would provide a more comprehensive understanding of sustainable behavioural change on 635 

campuses. 636 

 This quantitative study has not fully investigated the roles and experiences of specific campus user 637 

groups (e.g., research staff, teaching staff, technical staff, undergraduate students, postgraduate 638 

students, etc.). Future research could address this limitation by analysing the adoption of 639 

sustainable behaviours and the propensity for change within these distinct groups. 640 

 This study is based on a single survey conducted at a particular point in time. Longitudinal studies 641 

could provide more insights into the adoption of net zero-carbon campus behaviour, activities, and 642 

performance over time, particularly in the post-Covid-19 pandemic recovery phase. 643 

 While the study emphasised the importance of behavioural change in achieving net zero-carbon 644 

campuses, other factors such as leadership, culture, policy, and finance also play crucial roles. 645 

Future research could explore the interplay between these factors and their impact on campus 646 

sustainability. 647 

3.5. Sensitivity Analysis 648 

Sensitivity analysis typically involves assessing the robustness of statistical model results by 649 

considering variations in input data or model parameters (Thabane et al., 2013). However, sensitivity 650 

analysis is not commonly applied to non-parametric tests like the Mann-Whitney U test. In the context of 651 

ordinal data, one approach to conducting sensitivity analysis is to observe how the results change when 652 

manipulating group assignments or modifying scoring schemes. Sensitivity analysis allows for the 653 

exploration of the impact of varying inputs or assumptions on the outcomes of a model or analysis 654 

(Thabane et al., 2013). In our recent case, two groups (staff and students) are compared using the Mann-655 

Whitney test. 656 
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During sensitivity analysis, the main focus is not solely on the outcomes of the Mann-Whitney 657 

test. Instead, the objective is to investigate how the test results may be affected by changes in the inputs. 658 

This can involve actions, such as removing outliers, adjusting the sample size, or considering different 659 

subsets of the data. The goal is to assess the robustness of the findings obtained from the Mann-Whitney 660 

test and gain a better understanding of how sensitive the results are to variations in the input data. 661 

To sum up, although the sensitivity analysis is not directly built upon the Mann-Whitney test 662 

results, researchers utilise these results to examine how changes in input data affect the comparison 663 

between the two groups. It is important to mention that the Mann-Whitney U test is suitable for comparing 664 

two groups when dealing with ordinal data like Likert scale items. The test compares the medians of the 665 

groups rather than the means, and the sensitivity analysis centers around the p-values derived from these 666 

comparisons.  667 

The obtained p-valueis 0.6742, which is greater than the common significance level of 0.05. This 668 

suggests there is no statistically significant difference between the staff and student groups for item 1. The 669 

proportion of significant p-values obtained from the shuffled data is 0.05. This means that only 5% of the 670 

iterations resulted in a significant difference between the staff and student groups in the shuffled data. 671 

This low proportion suggests that the original Mann-Whitney U test result is robust and not sensitive to 672 

potential variations in the group assignments. In other words, the conclusion that there is no statistically 673 

significant difference between the groups for item 1 is reliable. 674 

To summarise, it can be reported that there is no statistically significant difference between the 675 

staff and student groups for item 1 (Mann-Whitney U test, p-value = 0.6742), and this finding appears to 676 

be robust according to the sensitivity analysis (proportion of significant p-values = 0.05). The results are 677 

indicated in Table 4. 678 
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Table 4. Mann-Whitney U Test and Sensitivity Analysis Results for Likert items (By UNZ campus’ 

Stakeholders) 

Item Mann-Whitney p-value Sensitivity results 

1 0.6742 0.05 

2 0.9603 0.07 

3 0.2741 0.02 

4 0.568 0.07 

5 0.02193* 0.02 

6 0.03449* 0.05 

7 0.2457 0.01 

8 0.7682 0.06 

9 1.606×10-06 * 0.05 

10 0.2301 0.04 

11 0.1379 0.04 

12 8.72×10-05 * 0.03 

13 0.009802* 0.07 
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14 0.3081 0.04 

15 0.786 0.05 

16 0.001883* 0.06 

17 1.062×10-06 * 0.02 

18 0.1538 0.06 

19 0.0689* 0.05 

20 0.0003432* 0.09 

21 0.7032 0.07 

22 0.0004456* 0.09 

 

For statistically significant Mann-Whitney U test results, out of 22 items, 10 items (5, 6, 9, 12, 13, 679 

16, 17, 19, 20, and 22) were found to have statistically significant differences between the staff and student 680 

groups according to the Mann-Whitney U test (p < 0.05). This implies distinct preferences or attitudes in 681 

these areas. For these items, it is reasonable to conclude that the two groups differ meaningfully, and 682 

further investigation or interpretation is warranted to understand the reasons for these differences. 683 

For non-significant Mann-Whitney U test results, the remaining 12 items (1, 2, 3, 4, 7, 8, 10, 11, 684 

14, 15, 18, and 21), no statistically significant differences were observed between the staff and student 685 

groups (p >= 0.05). This implies that there could not be a substantial difference between the staff and 686 

student groups with regard to these specific preferences or attitudes. The aforementioned information can 687 

be used to narrow on the areas where the differences are more noticeable and investigate possible reasons 688 

for the similarities in the irrelevant elements. 689 
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Based on the findings of the sensitivity analysis, the proportion of significant p-values for each 690 

item varies, ranging from 1% (item 7) to 9% (items 20 and 22), with the majority of items having 691 

proportions below 7%. These results suggest that the outcomes are not heavily influenced by the particular 692 

sample data employed, instilling confidence that the observed disparities or resemblances between the 693 

staff and student groups are trustworthy and not likely a result of the specific data used. 694 

To conclude, these findings offer valuable information regarding areas where the staff and student 695 

groups exhibit significant distinctions, shedding light on their unique preferences or attitudes. The results 696 

of the sensitivity analysis further validate the reliability of the Mann-Whitney U test results, bolstering 697 

confidence in the interpretation of these disparities and similarities within the study. 698 

It is appropriate to use the Kruskal-Wallis test in the context of comparing the distributions of the 699 

responses between different faculty groups for each item. This sensitivity analysis helps assess the 700 

robustness of the Kruskal-Wallis test findings by shuffling the Faculty group assignments and calculating 701 

the proportion of significant p-values after multiple iterations. Using the Kruskal-Wallis test, coupled 702 

performing a sensitivity analysis, is suitable when dealing with non-parametric data and when comparing 703 

more than two independent groups. In this case, comparing different faculty groups for each item, the 704 

Kruskal-Wallis test is a valid choice, and performing a sensitivity analysis will provide further insight into 705 

the stability of the results. The results are presented in Table 5. 706 

Table 5. Kruskal Wallis Test and Sensitivity Analysis Results for Likert items (By UNZ campus’ 

Faculties) 

Items Kruskal Wallis p -value Sensitivity Analysis 

1 0.01879 0.05 

2 0.05244 0.08 
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3 0.129 0.01 

4 0.2619  0.03 

5 0.02405  0.01 

6 0.7667 

 

0.07 

7 0.3934  0.06 

8 0.7129 0.03 

9 0.0003641 0.06 

10 0.1287 0.07 

11 0.6069 0.07 

12 0.0001027 0.06 

13 8.79e-05 0.04 

14 0.0009118  0.07 

15 0.777 0.05 

16 0.1052  0.04 

17 0.3449 0.03 

18 0.5184 0.07 

19 0.001507 0.02 
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20 4.012e-05 0.05 

21 0.3359  0.04 

22 0.2148 0.04 

 

In Table 5, 6 out of 22 items, (1, 5, 9, 12, 13, and 19) were found to have statistically significant 707 

differences among the faculty groups according to the Kruskal-Wallis test (p < 0.05). For the remaining 708 

16 items (2, 3, 4, 6, 7, 8, 10, 11, 14, 15, 16, 17, 18, 20, 21, and 22), no statistically significant differences 709 

were observed among the faculty groups (p >= 0.05). The sensitivity analysis results indicate that the 710 

Kruskal-Wallis test findings are generally robust. The proportion of significant p-values across all items 711 

in the sensitivity analysis ranges from 1% (items 3 and 5) to 8% (item 2), with most items having 712 

proportions below 7%. 713 

These results suggest that for 6 out of the 22 items, there are significant differences in the responses 714 

among different faculty groups. The sensitivity analysis adds further credence to these findings, indicating 715 

they are not likely due to random chance or small variations in the dataset. For the non-significant items, 716 

there are no clear differences in responses among the faculty groups, and the sensitivity analysis also 717 

supports these results. 718 

3.6. Results Validation  719 

The results obtained from this study have been compared with the findings reported in three other 720 

published studies (Mushtaha et al., 2022, Nordhagen et al., 2021, and Emanuel & Adams, 2011) on various 721 

parameters. The key parameters and metrics measured in this article and the selected previous published 722 

studies, include attitudes towards zero-carbon actions, preferences for remote work/conferencing, 723 

willingness to adopt sustainable measures in teaching and learning, and attitudes towards energy 724 

efficiency. Table 6 presents a comparison of the present outcomes with the relevant previous study. Based 725 
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on the analysis, the recent results are consistent with (Nordhagen et al., 2021 and Emanuel & Adams, 726 

2011) demonstrating reliability and validity compared to this previous investigation. In addition, this 727 

comparison is essential for identifying potential limitations and areas for future research. 728 

Table 6. Comparison of the obtained results with published data.  

Comparison 1 

Parameter/Metric Present study (Mushtaha et al., 2022) 

Online conferences 71% 77.2% 

Increased online activity 34% 75% 

Propensity for change (Teaching) 0.5918 0.83 

Comparison 2 

Parameter/Metric Present study (Nordhagen et al., 2021) 

Carbon-neutral supply chain 94% 94.3% 

Comparison 3 

Parameter/Metric Present study (Emanuel & Adams, 2011) 

Waste elimination 88% 85% 

Zero-carbon actions 95% 90% 

Sustainable products 74% 51.4% 

 

 729 

4. Conclusions and implications 730 

This research has been statistically carried out to examine the whole campus as a system, 731 

considering staff and students’ views (campus users), by developing an index measuring the propensity 732 

for sustainable behavioural change to achieve a net zero-carbon campus under pre- and post- COVID-19 733 

pandemic recovery by 2030. A total of 630 responses from campus users (staff and students) of the UNZ 734 

were collected through an online questionnaire survey, and the data was analysed quantitatively and 735 

statistically. 22 Likert scale statements across 3 themes, namely zero-carbon daily activities, zero-carbon 736 
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research activities, and zero-carbon teaching and learning, were investigated. The questionnaire and its 22 737 

statements assessed were set within this context, where COVID-19 recovery is occurring. This real case 738 

example of the UNZ is a ‘living lab’ demonstrator, which showcases the current and future behavioural 739 

change towards sustainability on campus.  740 

The mathematical equations the statistical testing hypothesis, including the descriptive statistical 741 

analysis, normality test, significance test, and t-test, have been implemented to calculate the new index 742 

measuring propensity for sustainable behavioural change to achieve net zero-carbon campuses. 743 

Uncertainty and sensitivity analyses have been performed to assess the impact of potential variations in 744 

the data and to identify the key factors driving the results. Overall, the key highlights of the findings due 745 

to the campus sustainability assessment and the COVID-19 outbreak results are as follows: 746 

● Campus users demonstrate a very positive attitude towards zero-carbon actions. For instance, 95% of 747 

the participants agreed to use reusable materials on campus, and 88% of the participants responded 748 

positively to having less product choice on campus to eliminate waste.  749 

● Results from p<0.05 show different campus users have diverse professional goals and needs, thus, 750 

when planning for policy and promoting sustainable behavioural change, different components of the 751 

campus users’ needs should be taken into consideration to achieve inclusivity.  752 

● A third of all the participants wish they had more control over the energy elements, with the highest 753 

requirement from the Faculty of Zeta (32.86%), followed by the Faculty of Beta (18.41%), and this 754 

proportion was smaller for the Faculty of Epsilon (6.67%).  755 

● The Index of Propensity for sustainable behavioural Change (P) across all groups of respondents and 756 

averaged over the three themes of zero-carbon activities considered in this study is 0.71. It can be 757 

concluded that campus users are highly likely to show initiative and willingness to adopt new 758 

environmental sustainability measures. 759 
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●  The sensitivity analysis results provide confidence in the robustness of the Mann-Whitney U test 760 

findings, with most items having a proportion of significant p-values below 7%. 761 

● Most items in this analysis showed consistent median estimates and narrow 95% percentile ranges, 762 

reflecting stability and consistency in the dataset. 763 

The four overarching research questions and gaps were answered through: (i) It has been identified 764 

that campus users’ main views and perceptions on adopting sustainability at the university were influenced 765 

by the impact of COVID-19 recovery; (ii) The level of commitment of the campus users towards 766 

sustainability is much higher in daily life and research activities, than in teaching and learning activities; 767 

(iii) There are various statistical significant differences (p<0.05) between staff and students campus users 768 

groups in the adoption of measures to achieve a net zero-carbon campus; and (iv) The level of commitment 769 

of the campus users towards sustainability currently, compared to their willingness to commit in the future 770 

to additional measures (i.e. P), is higher for both daily life and research activities, and lower for teaching 771 

and learning activities, while there is no major difference amongst faculties. This research aims to provide 772 

the next generation of net zero-carbon sustainability leaders with a framing baseline to make further 773 

scientific advances and practical guidelines on campus sustainability.  774 

The findings on sustainability measures and the index provide a novel lens to guide future research 775 

in sustainability operational change, clean energy, and net zero operations management. They also support 776 

key decision-makers in making appropriate zero-carbon campus interventions. This study highlights 777 

several research limitations to guide future research directions: (a) The questionnaires were administered 778 

only at the UNZ; the study can be extended to other universities; (b) Further empirical studies can be 779 

conducted to expand the unit of analysis from the faculties or organisational level to the individual level 780 

(e.g., research staff, teaching staff, technical staff, undergraduate students, postgraduate students, etc.); (c) 781 

Longitudinal studies can be performed to assess the adoption of net zero-carbon campus behaviour, 782 
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activities and performance on the campuses post COVID-19 pandemic recovery; and (d) Behavioural 783 

change is one of the requirements to achieve a net zero-carbon campus. Other requirements, such as 784 

leadership, culture, policy, and finance, can also be considered.   785 

5. Future work 786 

The current study only performs the mathematical equations based on quantitative methods from 787 

statistical testing hypotheses, such as the normality test, significance test, and t-test based on three main 788 

themes of sustainable development activities simultaneously: daily life, research, and teaching and 789 

learning. As a consequence, a new index evaluating the probability of sustainable behavioural change 790 

leading to net-zero-carbon campuses and suggesting sustainable energy developments has been created. 791 

The advanced net-zero-carbon campus analysis techniques based on machine learning methods are scarce 792 

in the literature. As a future study, it can be adopted to give detailed analysis, thereby improving the output 793 

accuracy. 794 

In addition, the use of advanced sustainability assessment tools, such as life cycle assessment and 795 

exergy analysis, is crucial for evaluating the sustainability of waste reduction and management efforts on 796 

campuses. Current research works, including by Ranjbari et al. (2021) and Mahyari et al. (2022), have 797 

highlighted the importance of these tools suggesting directions for future studies. By incorporating such 798 

assessments, researchers can provide a more comprehensive analysis of sustainability in campus waste 799 

management and identify areas for improvement to promote a more sustainable future. 800 

6. Acknowledgements   801 

This research is funded by a philanthropy donation from the alumni and supporters. We thank all 802 

respondents to the survey (campus users from staff and students). We acknowledge the contribution from 803 

the Students Union, the University of Net Zero and the sustainability project teams from the University 804 



47 
 

 
 

and the Institute. We thank the proofreaders, reviewers and editor for their excellent comments and 805 

handling of the paper, respectively. 806 

7. References  807 

Abdou, A. A., Abd El Gwad, I. O., & Mahmoud, A. A. A. (2018). Reducing Energy Consumption 808 

Strategies in University Buildings in Egypt. The Academic Research Community Publication, 2(3), 809 

112–125. https://doi.org/10.21625/archive.v2i3.351. 810 

Andy Field, Jeremy Miles, Z. F. (2012). Discovering Statistics Using R (1st ed.). Sage. 811 

https://doi.org/https://doi.org/10.1111/insr.12011_21. 812 

Anwar, N., Nik Mahmood, N. H., Yusliza, M. Y., Ramayah, T., Noor Faezah, J., & Khalid, W. (2020). 813 

Green Human Resource Management for organisational citizenship behaviour towards the 814 

environment and environmental performance on a university campus. Journal of Cleaner Production, 815 

256, 120401. https://doi.org/10.1016/j.jclepro.2020.120401. 816 

Austin, P. C. (2011). An introduction to propensity score methods for reducing the effects of confounding 817 

in observational studies. Multivariate Behavioral Research, 46(3), 399–424. 818 

https://doi.org/10.1080/00273171.2011.568786. 819 

Ayeleru, O. O., Adeniran, J. A., Ntsaluba, S., & De Koker, J. J. (2017). Comparative study on energy 820 

consumption at the University of Johannesburg residences. Proceedings of the 25th Conference on 821 

the Domestic Use of Energy, DUE 2017, 67–75. https://doi.org/10.23919/DUE.2017.7931826. 822 

Bai, Z. D., & Chen, L. (2003). Weighted W test for normality and asymptotics a revisit of Chen-Shapiro 823 

test for normality. Journal of Statistical Planning and Inference, 113(2), 485–503. 824 

https://doi.org/10.1016/S0378-3758(02)00110-6. 825 



48 
 

 
 

Bertocchi, L., Vecchio, R., Sorbello, S., Gentile, L., Gaeta, M., & Odone, A. (2021). Impact of the 826 

COVID-19 pandemic on physical activity among university students in Pavia, Northern Italy. Acta 827 

Bio-Medica : Atenei Parmensis, 92(S6), e2021443. https://doi.org/10.23750/abm.v92iS6.12232. 828 

Bond, A., & Steiner, R. L. (2006). Sustainable campus transportation through transit partnership and 829 

transportation demand management: A case study from the University of Florida. Berkeley Planning 830 

Journal, 19. https://doi.org/10.5070/bp319111492. 831 

Chen, S., Zhang, G., Xia, X., Chen, Y., Setunge, S., & Shi, L. (2021). The impacts of occupant behavior 832 

on building energy consumption: A review. Sustainable Energy Technologies and Assessments, 45. 833 

https://doi.org/10.1016/j.seta.2021.101212. 834 

Cole, L., & Wright, T. (2003). Assessing sustainability on Canadian University Campuses:Development 835 

of a Campus Sustainability Assessment Framework. In Handbook of Sustainability Research. 836 

Frankfurt (GE). Royal Roads University, Victoria, BC, USA. 837 

Conner, D., Falkner, A., Lantieri, N., McGavisk, B., & McShea, B. (2018). Stakeholder perceptions of 838 

campus sustainability efforts: Lessons from Vermont. Sustainability (Switzerland), 10(11). 839 

https://doi.org/10.3390/su10113849. 840 

Daggett, J., & Gutkowski, R. (2003). University transportation survey: Transportation in university 841 

communities. Transportation Research Record, 03, 42–49. https://doi.org/doi: 10.3141/1835-06. 842 

Emanuel, R., & Adams, J. N. (2011). College students’ perceptions of campus sustainability. International 843 

Journal of Sustainability in Higher Education, 12(1). https://doi.org/10.1108/14676371111098320. 844 

Filimonau, V., Archer, D., Bellamy, L., Smith, N., & Wintrip, R. (2021). The carbon footprint of a UK 845 

University during the COVID-19 lockdown. Science of the Total Environment, 756, 143964. 846 



49 
 

 
 

https://doi.org/10.1016/j.scitotenv.2020.143964. 847 

Fong, S. J., Li, G., Dey, N., Crespo, R. G., & Herrera-Viedma, E. (2020). Composite Monte Carlo decision 848 

making under high uncertainty of novel coronavirus epidemic using hybridized deep learning and 849 

fuzzy rule induction. Applied Soft Computing Journal, 93(December 2019), 106282. 850 

https://doi.org/10.1016/j.asoc.2020.106282 851 

Great Brook Consulting. (2022). Survey Statistical Confidence: How Many is Enough. 852 

https://greatbrook.com/survey-statistical-confidence-how-many-is-enough/%3E. 853 

Grigsby-Toussaint, D. S., & Shin, J. C. (2022). COVID-19, green space exposure, and mask mandates. 854 

Science of the Total Environment, 836(July 2021), 155302. 855 

https://doi.org/10.1016/j.scitotenv.2022.155302. 856 

Howell, R. A. (2021). Engaging students in education for sustainable development: The benefits of active 857 

learning, reflective practices and flipped classroom pedagogies. Journal of Cleaner Production, 858 

325(October), 129318. https://doi.org/10.1016/j.jclepro.2021.129318. 859 

Hu, Z., & Qin, J. (2018). Generalizability of causal inference in observational studies under retrospective 860 

convenience sampling. Statistics in Medicine, 37(19), 2874–2883. https://doi.org/10.1002/sim.7808. 861 

Hudgins, B. L., Kurti, S. P., Edwards, E. S., & Hargens, T. A. (2021). The impact of the COVID-19 862 

pandemic on physical activity habits at a residential university. Journal of American College Health, 863 

0(0), 1–6. https://doi.org/10.1080/07448481.2021.2016772. 864 

Hynes, S., Armstrong, C. W., Xuan, B. B., Ankamah-Yeboah, I., Simpson, K., Tinch, R., & Ressurreição, 865 

A. (2021). Have environmental preferences and willingness to pay remained stable before and during 866 

the global Covid-19 shock? Ecological Economics, 189(July). 867 



50 
 

 
 

https://doi.org/10.1016/j.ecolecon.2021.107142. 868 

Islam, M. T., Dias, P., & Huda, N. (2021). Young consumers’ e-waste awareness, consumption, disposal, 869 

and recycling behavior: A case study of university students in Sydney, Australia. Journal of Cleaner 870 

Production, 282, 124490. https://doi.org/10.1016/j.jclepro.2020.124490. 871 

Kleijnen, J. P. C. (1994). Sensitivity Analysis Versus Uncertainty Analysis: When to Use What? In 872 

Predictability and Nonlinear Modelling in Natural Sciences and Economics (pp. 322–333). Springer. 873 

https://doi.org/10.1007/978-94-011-0962-8_27. 874 

Koh, S. C. L., Ganesh, K., Chidambaram, N., & Anbuudayasankar, S. P. (2012). Assessment on the 875 

adoption of low carbon and green supply chain management practices in Indian supply chain sectors 876 

- Manufacturing and service industries. International Journal of Business and Globalisation, 9(3), 877 

311–345. https://doi.org/10.1504/IJBG.2012.050368. 878 

Leal Filho, W., Azul, A. M., Wall, T., Vasconcelos, C. R. P., Salvia, A. L., do Paço, A., Shulla, K., 879 

Levesque, V., Doni, F., Alvarez-Castañón, L., Mac-lean, C., Avila, L. V., Damke, L. I., Castro, P., 880 

Azeiteiro, U. M., Fritzen, B., Ferreira, P., & Frankenberger, F. (2021). COVID-19: the impact of a 881 

global crisis on sustainable development research. Sustainability Science, 16(1), 85–99. 882 

https://doi.org/10.1007/s11625-020-00866-y. 883 

Leal Filho, W., Frankenberger, F., Salvia, A. L., Azeiteiro, U., Alves, F., Castro, P., Will, M., Platje, J., 884 

Lovren, V. O., Brandli, L., Price, E., Doni, F., Mifsud, M., & Ávila, L. V. (2021). A framework for 885 

the implementation of the Sustainable Development Goals in university programmes. Journal of 886 

Cleaner Production, 299. https://doi.org/10.1016/j.jclepro.2021.126915. 887 

Leal Filho, W., Price, E., Wall, T., Shiel, C., Azeiteiro, U. M., Mifsud, M., Brandli, L., Farinha, C. S., 888 



51 
 

 
 

Caeiro, S., Salvia, A. L., Vasconcelos, C. R., de Sousa, L. O., Pace, P., Doni, F., Veiga Avila, L., 889 

Fritzen, B., & LeVasseur, T. J. (2021). COVID-19: the impact of a global crisis on sustainable 890 

development teaching. Environment, Development and Sustainability, 23(8), 11257–11278. 891 

https://doi.org/10.1007/s10668-020-01107-z. 892 

Leal Filho, W., Salvia, A. L., Paço, A. do, Anholon, R., Gonçalves Quelhas, O. L., Rampasso, I. S., Ng, 893 

A., Balogun, A. L., Kondev, B., & Brandli, L. L. (2019). A comparative study of approaches towards 894 

energy efficiency and renewable energy use at higher education institutions. Journal of Cleaner 895 

Production, 237, 117728. https://doi.org/10.1016/j.jclepro.2019.117728. 896 

Lefebure, N., Khosravi, M., Hudobade Badyn, M., Bünning, F., Lygeros, J., Jones, C., & Smith, R. S. 897 

(2022). Distributed model predictive control of buildings and energy hubs. Energy and Buildings, 898 

259, 111806. https://doi.org/10.1016/j.enbuild.2021.111806. 899 

Li, X., Hui, E. C. M., & Shen, J. (2022). Institutional development and the government response to 900 

COVID-19 in China. Habitat International, 127(August 2020), 102629. 901 

https://doi.org/10.1016/j.habitatint.2022.102629. 902 

Litman, T. (2003). The Online TDM Encyclopedia: Mobility management information gateway. 903 

Transport Policy, 10(3). https://doi.org/10.1016/S0967-070X(03)00025-8. 904 

Liu, J., Hao, J., Shi, Z., & Bao, H. X. H. (2020). Building the COVID-19 Collaborative Emergency 905 

Network: a case study of COVID-19 outbreak in Hubei Province, China. In Natural Hazards (Vol. 906 

104, Issue 3). Springer Netherlands. https://doi.org/10.1007/s11069-020-04379-w. 907 

Liu, J., Tian, J., Lyu, W., & Yu, Y. (2022). The impact of COVID-19 on reducing carbon emissions: From 908 

the angle of international student mobility. Applied Energy, 317(March), 119136. 909 



52 
 

 
 

https://doi.org/10.1016/j.apenergy.2022.119136. 910 

Mahyari, K. F., Sun, Q., Klemes, J. J., Aghbashlo, M., Tabatabaei, M., Khoshnevisan, B., & Birkved, M. 911 

(2022). To what extent do waste management strategies need adaptation to post-COVID-19? Science 912 

of the Total Environment, 837(February), 1–12. https://doi.org/10.1016/j.scitotenv.2022.155829. 913 

Marans, R. W., & Edelstein, J. Y. (2010). The human dimension of energy conservation and sustainability: 914 

A case study of the University of Michigan’s energy conservation program. International Journal of 915 

Sustainability in Higher Education, 11(1), 6–18. https://doi.org/10.1108/14676371011010011. 916 

Mardani, A., Kannan, D., Hooker, R. E., Ozkul, S., Alrasheedi, M., & Tirkolaee, E. B. (2020). Evaluation 917 

of green and sustainable supply chain management using structural equation modelling: A systematic 918 

review of the state of the art literature and recommendations for future research. Journal of Cleaner 919 

Production, 249, 119383. https://doi.org/10.1016/j.jclepro.2019.119383. 920 

Martínez-Murcia, F. J., Górriz, J. M., Ramírez, J., Puntonet, C. G., & Salas-González, D. (2012). 921 

Computer Aided Diagnosis tool for Alzheimer’s Disease based on Mann-Whitney-Wilcoxon U-Test. 922 

Expert Systems with Applications, 39(10), 9676–9685. https://doi.org/10.1016/j.eswa.2012.02.153. 923 

Menezes, A. C., Cripps, A., Bouchlaghem, D., & Buswell, R. (2012). Predicted vs. actual energy 924 

performance of non-domestic buildings: Using post-occupancy evaluation data to reduce the 925 

performance gap. Applied Energy, 97, 355–364. https://doi.org/10.1016/j.apenergy.2011.11.075. 926 

Milford, K., Rickard, M., Chua, M., Tomczyk, K., Gatley-Dewing, A., & Lorenzo, A. J. (2021). Medical 927 

conferences in the era of environmental conscientiousness and a global health crisis: The carbon 928 

footprint of presenter flights to pre-COVID pediatric urology conferences and a consideration of 929 

future options. Journal of Pediatric Surgery, 56(8), 1312–1316. 930 



53 
 

 
 

https://doi.org/10.1016/j.jpedsurg.2020.07.013. 931 

Minguet, P. A., Martinez-Agut, M. P., Palacios, B., Piñero, A., & Ull, M. A. (2011). Introducing 932 

sustainability into university curricula: An indicator and baseline survey of the views of university 933 

teachers at the University of Valencia. Environmental Education Research, 17(2), 145–166. 934 

https://doi.org/10.1080/13504622.2010.502590. 935 

Musfekur Rahman Dihan, S.M. Abu Nayeem, Hridoy Roy, Md. Shahinoor Islam, Aminul Islam, 936 

Abdulmohsen K.D. Alsukaibi, M. R. A. (2023). Healthcare waste in Bangladesh: Current status, the 937 

impact of Covid-19 and sustainable management with life cycle and circular economy framework. 938 

Science of the Total Environment, 162083. https://doi.org/10.1016/j.scitotenv.2023.162083. 939 

Mushtaha, E., Abu Dabous, S., Alsyouf, I., Ahmed, A., & Raafat Abdraboh, N. (2022). The challenges 940 

and opportunities of online learning and teaching at engineering and theoretical colleges during the 941 

pandemic. Ain Shams Engineering Journal, 13(6), 101770. 942 

https://doi.org/10.1016/j.asej.2022.101770. 943 

Noranai, Z., Mohamad, M. H. H., Salleh, H., & Yusof, M. Z. M. (2014). Energy saving measures for 944 

university public library: A case study of UTHM library. Applied Mechanics and Materials, 660, 945 

1072–1075. https://doi.org/10.4028/www.scientific.net/AMM.660.1072. 946 

Nordhagen, S., Igbeka, U., Rowlands, H., Shine, R. S., Heneghan, E., & Tench, J. (2021). COVID-19 and 947 

small enterprises in the food supply chain: Early impacts and implications for longer-term food 948 

system resilience in low- and middle-income countries. World Development, 141, 105405. 949 

https://doi.org/10.1016/j.worlddev.2021.105405. 950 

Ostertagová, E., Ostertag, O., & Kováč, J. (2014). Methodology and application of the Kruskal-Wallis 951 



54 
 

 
 

test. Applied Mechanics and Materials, 611, 115–120. 952 

https://doi.org/10.4028/www.scientific.net/AMM.611.115. 953 

Park, B. R., & Chung, M. H. (2023). Analysis of the additional energy-saving potential of residential 954 

buildings after mandatory zero-energy buildings to achieve carbon neutrality in South Korea. 955 

Building and Environment, 228(October 2022), 109908. 956 

https://doi.org/10.1016/j.buildenv.2022.109908. 957 

Paul, J. A., Baker, H. M., & Cochran, J. D. (2012). Effect of online social networking on student academic 958 

performance. Computers in Human Behavior, 28(6), 2117–2127. 959 

https://doi.org/10.1016/j.chb.2012.06.016. 960 

Pereira Ribeiro, J. M., Hoeckesfeld, L., Dal Magro, C. B., Favretto, J., Barichello, R., Lenzi, F. C., Secchi, 961 

L., Montenegro de Lima, C. R., & Salgueirinho Osório de Andrade Guerra, J. B. (2021). Green 962 

Campus Initiatives as sustainable development dissemination at higher education institutions: 963 

Students’ perceptions. Journal of Cleaner Production, 312(May). 964 

https://doi.org/10.1016/j.jclepro.2021.127671. 965 

Pollock, N., Horn, E., Costanza, R., & Sayre, M. (2009). Envisioning helps promote sustainability in 966 

academia: A case study at the University of Vermont. International Journal of Sustainability in 967 

Higher Education, 10(4), 343–353. https://doi.org/10.1108/14676370910990693. 968 

Qiu, S. F., Poon, W. Y., & Tang, M. L. (2016). Confidence intervals for an ordinal effect size measure 969 

based on partially validated series. Computational Statistics and Data Analysis, 103, 170–192. 970 

https://doi.org/10.1016/j.csda.2016.05.006. 971 

Ramakreshnan, L., Fong, C. S., Sulaiman, N. M., & Aghamohammadi, N. (2020). Motivations and built 972 



55 
 

 
 

environment factors associated with campus walkability in the tropical settings. Science of the Total 973 

Environment, 749, 141457. https://doi.org/10.1016/j.scitotenv.2020.141457. 974 

Ranjbari, M., Shams Esfandabadi, Z., Zanetti, M. C., Scagnelli, S. D., Siebers, P. O., Aghbashlo, M., 975 

Peng, W., Quatraro, F., & Tabatabaei, M. (2021). Three pillars of sustainability in the wake of 976 

COVID-19: A systematic review and future research agenda for sustainable development. Journal of 977 

Cleaner Production, 297, 126660. https://doi.org/10.1016/j.jclepro.2021.126660. 978 

REN21. (2020). Renewables 2020 global status report. https://www.ren21.net/wp-979 

content/uploads/2019/05/GSR2021_Full_Report.pdf. 980 

Rosenbaum, P. R., & Rubin, D. B. (2006). The central role of the propensity score in observational studies 981 

for causal effects. Matched Sampling for Causal Effects, 70(1), 170–184. 982 

https://doi.org/10.1017/CBO9780511810725.016. 983 

Roy, R., Potter, S., & Yarrow, K. (2008). Designing low carbon higher education systems: Environmental 984 

impacts of campus and distance learning systems. International Journal of Sustainability in Higher 985 

Education, 9(2), 116–130. https://doi.org/10.1108/14676370810856279. 986 

Sánchez-Carracedo, F., Sureda, B., Moreno-Pino, F. M., & Romero-Portillo, D. (2021). Education for 987 

Sustainable Development in Spanish engineering degrees. Case study. Journal of Cleaner 988 

Production, 294. https://doi.org/10.1016/j.jclepro.2021.126322. 989 

Shafiei, A., & Maleksaeidi, H. (2020). Pro-environmental behavior of university students: Application of 990 

protection motivation theory. Global Ecology and Conservation, 22. 991 

https://doi.org/10.1016/j.gecco.2020.e00908. 992 

Solo-Gabriele, H. M., Kumar, S., Abelson, S., Penso, J., Contreras, J., Babler, K. M., Sharkey, M. E., 993 



56 
 

 
 

Mantero, A. M. A., Lamar, W. E., Tallon, J. J., Kobetz, E., Solle, N. S., Shukla, B. S., Kenney, R. J., 994 

Mason, C. E., Schürer, S. C., Vidovic, D., Williams, S. L., Grills, G. S., … Kumar, N. (2023). 995 

Predicting COVID-19 cases using SARS-CoV-2 RNA in air, surface swab and wastewater samples. 996 

Science of the Total Environment, 857(October 2022). 997 

https://doi.org/10.1016/j.scitotenv.2022.159188. 998 

Sonetti, G., Sarrica, M., & Norton, L. S. (2021). Conceptualization of sustainability among students, 999 

administrative and teaching staff of a university community: An exploratory study in Italy. Journal 1000 

of Cleaner Production, 316(July), 128292. https://doi.org/10.1016/j.jclepro.2021.128292. 1001 

Suzanne C. Gagnon Thompson and Michelle A. Barton. (1994). Psychology. Journal of Environmental 1002 

Psychology, 14, 149–157. https://doi.org/https://doi.org/10.1016/S0272-4944(05)80168-9. 1003 

Tao, Y., Steckel, D., Klemeš, J. J., & You, F. (2021). Trend towards virtual and hybrid conferences may 1004 

be an effective climate change mitigation strategy. Nature Communications, 12(1). 1005 

https://doi.org/10.1038/s41467-021-27251-2. 1006 

Thabane, L., Mbuagbaw, L., Zhang, S., Samaan, Z., Marcucci, M., Ye, C., Thabane, M., Giangregorio, 1007 

L., Dennis, B., Kosa, D., Debono, V. B., Dillenburg, R., Fruci, V., Bawor, M., Lee, J., Wells, G., & 1008 

Goldsmith, C. H. (2013). A tutorial on sensitivity analyses in clinical trials: The what, why, when 1009 

and how. BMC Medical Research Methodology, 13(1). https://doi.org/10.1186/1471-2288-13-92. 1010 

Tiew, K. G., Kruppa, S., Basri, N. E. A., & Basri, H. (2010). Municipal solid waste composition study at 1011 

Universiti Kebangsaan Malaysia campus. Australian Journal of Basic and Applied Sciences, 4(12). 1012 

Tleuken, A., Turkyilmaz, A., Unger, K., Tokazhanov, G., El-Thalji, I., Mostafa, M. Y., Guney, M., & 1013 

Karaca, F. (2022). Which qualities should built environment possess to ensure satisfaction of higher-1014 



57 
 

 
 

education students with remote education during pandemics? Building and Environment, 207(PB), 1015 

108567. https://doi.org/10.1016/j.buildenv.2021.108567. 1016 

Too, L., & Bajracharya, B. (2015). Sustainable campus: engaging the community in sustainability. 1017 

International Journal of Sustainability in Higher Education, 16(1), 57–71. 1018 

https://doi.org/10.1108/IJSHE-07-2013-0080. 1019 

Udas, E., Wölk, M., & Wilmking, M. (2018). The “carbon-neutral university” – a study from Germany. 1020 

International Journal of Sustainability in Higher Education, 19(1), 130–145. 1021 

https://doi.org/10.1108/IJSHE-05-2016-0089. 1022 

Versteijlen, M., van Wee, B., & Wals, A. (2021). Exploring sustainable student travel behaviour in The 1023 

Netherlands: balancing online and on-campus learning. International Journal of Sustainability in 1024 

Higher Education, 22(8), 146–166. https://doi.org/10.1108/IJSHE-10-2020-0400. 1025 

Visser, W., & Brundtland, G. H. (1987). Report of the World Commission on Environment and 1026 

Development: Our Common Future. In United Nations. https://doi.org/10.9774/gleaf.978-1-907643-1027 

44-6_12. 1028 

Wang, F., & Wang, X. (2010). Fast and robust modulation classification via Kolmogorov-Smirnov test. 1029 

IEEE Transactions on Communications, 58(8), 2324–2332. 1030 

https://doi.org/10.1109/TCOMM.2010.08.090481. 1031 

Wang, Q., & Huang, R. (2021). The impact of COVID-19 pandemic on sustainable development goals – 1032 

A survey. Environmental Research, 202(July), 111637. 1033 

https://doi.org/10.1016/j.envres.2021.111637. 1034 

Wei, P., Fu, N., Lv, X., Jia, Y., Zheng, X., & Guan, J. (2023). Indoor volatile organic compounds in 1035 



58 
 

 
 

existing densely occupied education buildings of four universities: Source apportionment. Building 1036 

and Environment, 227(P2), 109808. https://doi.org/10.1016/j.buildenv.2022.109808. 1037 

Yang, H., Ran, M., & Zeng, P. (2023). Patterns and influencing factors analysis of electricity consumption 1038 

in university dormitories based on balance point temperatures. Building and Environment, 1039 

228(August 2022), 109679. https://doi.org/10.1016/j.buildenv.2022.109679. 1040 

Yang, Y., Cao, M., Cheng, L., Zhai, K., Zhao, X., & De Vos, J. (2021). Exploring the relationship between 1041 

the COVID-19 pandemic and changes in travel behaviour: A qualitative study. Transportation 1042 

Research Interdisciplinary Perspectives, 11(August), 100450. 1043 

https://doi.org/10.1016/j.trip.2021.100450. 1044 

Yun, G. Y., Kim, H., & Kim, J. T. (2012). Effects of occupancy and lighting use patterns on lighting 1045 

energy consumption. Energy and Buildings, 46. https://doi.org/10.1016/j.enbuild.2011.10.034. 1046 

 1047 


