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 10 

Abstract: To tackle the increasing use of disposable cups in Taiwan, the government has intro- 11 

duced measures such as a ban on plastics and promoting reusable cups, including through rental 12 

machines for reusable cups, called eco-cup rental machines. We investigated the intention of 13 

university students using eco-cup rental machines on their campus. We analyzed the factors 14 

that influence the decision-making process of the students, based on the unified theory of ac- 15 

ceptance and use of technology (UTAUT) model. The UTAUT model considers these factors, Per- 16 

formance Expectancy (PE), Effort Expectancy (EE), Social Influence (SI), and Facilitating Condi- 17 

tions (FC), affecting individuals' behavior intention (BI) to adopt and use new technologies. In a 18 

survey covering 101 students from the campus, our results showed that PE (r = 0.48), EE (0.35), 19 

SI (0.46), and FC (0.38) had statistically significant correlations with BI. The multivariate relation 20 

and partial least squares structural equation model indicated that PE and SI had the largest rel- 21 

ative importance influence on BI (38% and 41%, respectively). Our findings suggest that eco-cup 22 

rental machines, and similar drives towards reusable cups, need to be nudged forward through 23 
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improving their social acceptance, consequently providing positive social cues to individual users 24 

and designing easy-to-use schemes.   25 

Keywords: UTAUT model; disposable cups; eco-cup rental machines; reusable cups; sustainable 26 

behaviour 27 

1. Introduction 28 

Office workers walking with hot coffee in the winter, passengers on public transport with 29 

drinks in hand, and people walking into beverage stores on the street to beat the summer 30 

heat – such scenes are becoming the norm for Taiwanese people [1]. As of November 2021, 31 

there were 26,000 beverage stores in Taiwan, most serving drinks in disposable cups and 32 

glasses [2]. According to the statistics from the Greenpeace Organization, about 2 billion 33 

disposable cups were used in Taiwan during 2020 [3]. Globally, every year, about 500 billion 34 

plastic cups are used [4]. Most of them end up in landfills and take up to 80 years to decom- 35 

pose [4, 5]. Waste management, including disposable cups, is a burden on resources and 36 

the environment as well as a concern for the move towards circular economy [6].  37 

From April 2021, Taiwan has been enacting bans on single use plastics, particularly targeting 38 

disposable cups [7]. Since July 2022, all stores have been required to provide a discount of 39 

at least NTD 5 to customers with their own cups. Subsequently, from January 1, 2023, all 40 

convenience stores, and fast-food stores were required to provide a renewable cups loan 41 

service for customers [8, 9]. These have been important steps directed towards reducing 42 

use of disposable plastic cups.  43 

Waste handling policies need to include both regulatory and behavioural approaches for 44 

consumers, such as suitable alternatives to single use cups [10]. The renewable cups loan 45 
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service not only encourages the use of reusable cups, but it also has a business model as its 46 

basis. In 2021, Greenpeace Organization launched the reusable cup project Plastic Free Al- 47 

liance at Taichung Calligraphy Greenway. The project was supported by over 20 stores and 48 

the Taichung City Hall. Later in March 2022, the convenience store chain Family Mart an- 49 

nounced that it would be initiating a reusable cup system in up to 400 of its stores in 2022 50 

[11]. With the Taiwanese government actively promoting plastic reduction policies and the 51 

rise of green and sustainable practices [12, 13], eco-cup rental machines are receiving in- 52 

creasing attention [14, 15]. Eco-cup rental machines provide sustainable, reusable cups, as 53 

part of a closed, reusable cycle. Customers can borrow and return reusable cups at these 54 

machines for a small fee, and they do not have to be concerned with cleaning the cups or 55 

remembering to carry one on their person. These steps indicate a rising aspiration to move 56 

towards a circular economy. These aspirations are also in line with United Nations Sustain- 57 

able Development Goals, specifically Goal 12 Responsible Consumption and Production, 58 

Target 12.5 "By 2030, substantially reduce waste generation through prevention, reduction, 59 

recycling and reuse”.   60 

Although the government has implemented corresponding policies and measures, how well 61 

these policies can promote consumer adoption of eco-cup rental machines needs to be 62 

studied. Using disposable cups is a behaviour. Shifting from disposable cups to using eco- 63 

cup rental machines is a change in behaviour and the adoption of new technology. In this 64 

work, we aimed to investigate the intention of students from a university campus to use 65 

eco-cup rental machines on campus and analyse the factors that influence their decision. 66 
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We used the unified theory of acceptance and use of technology (UTAUT) model for our 67 

analysis.  68 

Previous works have taken a gross view of reusable cups or returnable cup services in their 69 

analysis, examining it as a matter of user behaviour [16]. The impact of financial incentives 70 

[17], environmental messaging [18], and institutional green initiatives [19]have been exam- 71 

ined. These studies may be classified under the growing body of works that have been ex- 72 

amining what prompts people to engage in environment friendly and/or sustainable behav- 73 

iours [20]. However, to the best of our knowledge, the role of specific technological inter- 74 

ventions that promote moving away from disposable cups, like the eco-cup rental machines, 75 

has not been analysed.  76 

The success of such technological interventions is not solely a behaviour change; it is also 77 

the adoption of a new technology. The acceptance and successful use of new technolo- 78 

gies/products by consumers is an important consideration. Researchers have proposed dif- 79 

ferent models, such as the Theory of Reasoned Action (TRA) and Technology Acceptance 80 

Models (TAM, TAM2), for user/consumer acceptance behaviour of such products. The 81 

UTAUT model integrated perspectives from TAM and seven other prominent models of user 82 

acceptance, at that time point, to propose a unified model [21]. It proposes four compo- 83 

nents that influence consumer behaviour intention (BI): performance expectancy (PE), ef- 84 

fort expectancy (EE), social influence (SI), and facilitating conditions (FC). Further, there are 85 

four intervening variables (gender, age, experience, and voluntariness) [21].  86 

Eco-cup rental machines can be considered as an evolving technological trend. In this work, 87 

we examined the acceptance of eco-cup rental machines from the perspective of students 88 
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on campus. As part of the developed methodology, we identified the key UTAUT con- 89 

structs—PE, EE, SI, FC, and BI—to align with the context of eco-cup rental machines, devel- 90 

oped a survey, building on prior UTAUT studies and tailored to the specific context of eco- 91 

cup rental machines, and statistical models were created to predict behaviour intention 92 

based on PE, EE, SI, and FC. To obtain feedback from students regarding their behaviour 93 

intention of using eco-cup rental machines, the questionnaire was distributed to students 94 

on campus and responses were collected through the Surveycake online survey platform 95 

(https://www.surveycake.com/en/). 96 

 Using the above methodological approach, we aimed to: (i) Investigate the relationships 97 

among performance expectancy, effort expectancy, social influence, facilitating conditions, 98 

and behaviour intention related to the use of an eco-cup rental machine, and (ii) Develop 99 

statistical models for BI, using PE, EE, SI and FC as predictors, to understand the relative 100 

importance of different factors and provide recommendations related to implementation 101 

of eco-cup rentals. 102 

The study intended to provide insights into the prospects of eco-cup rental machines in 103 

Taiwanese university campuses, based on user intentions. These insights can facilitate the 104 

wider adoption of eco-cup rental machines and similar schemes for the reduction of dispos- 105 

able cup use. The methodology developed in the study can provide guidance on assessing 106 

the user adoption and success of schemes aiming to promote and facilitate reusable cups.   107 

2. Methods 108 

2.1. The UTAUT Model 109 

https://www.surveycake.com/en/
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The Technology Acceptance Model (TAM) was one of the early predecessors of UTAUT. TAM 110 

had two predictors: “Perceived Usefulness” (how much a user’s productivity is enhanced by 111 

the system) and “Perceived Ease of Use” (how free of effort is using the system) [22]. These 112 

two predictors ultimately relate to technology use, through different causal paths. How- 113 

ever, TAM and similar models of consumer behaviour are simple; they state that a system 114 

which is useful and easy to use, is used more [23]. This information cannot help designers 115 

or policymakers improve the system or advance implementation. UTAUT evolved from TAM 116 

and other models like the Theory of Planned Behaviour (TPB), Innovation Diffusion Theory 117 

(IDT) and Social Cognitive Theory (SCT).  118 

The UTAUT model is just over two decades old. It has been successfully applied to infor- 119 

mation systems and technology, as well as to systems like tablet PCs and digital learning. 120 

[24]. It is constructed with four significant predictors – Performance Expectancy (PE), Effort 121 

Expectancy (EE), Social Influence (SI), and Facilitating Conditions (FC) – and four moderating 122 

variables – age, gender, experience, and voluntariness of use. UTAUT theorizes that PE, EE, 123 

and SI influence the Behavioural Intention (BI) of using a technology [24]. The BI for a system 124 

is defined as “the degree to which a person has formulated conscious plans to” engage in a 125 

certain form of future behaviour. Further, BI and FC together determine the usage of a tech- 126 

nology/system. As a model, UTAUT is not just a predictor of technology usage. Based on the 127 

four significant predictors and the four moderators, the construct provides information on 128 

how technology may be introduced and facilitated to improve adoption. Thus, it was a ma- 129 

jor advancement over TAM and similar models.  130 
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Previous works examining the use of reusable cups, as a behavioural change, have used 131 

diverse models to understand user behaviour, such as the theory of planned behaviour [19], 132 

the norm-activation method [16], and the stage model of self-regulated behavioural change 133 

[25]. On the other hand, the UTAUT model provides an ideal framework for understanding 134 

the use and adoption of eco-cup rental machines. It is a relatively new product/technology, 135 

and the intention is to understand its adoption and the improvements in implementation 136 

and policy changes that can bolster this process. To the best of our knowledge, no study so 137 

far has examined the usage of eco-cup rental machines using the UTAUT model. There has 138 

been an implementation of UTAUT in the Taiwanese context related to the adoption of clin- 139 

ical decision support systems by physicians [26]. Hence, we chose the UTAUT model for our 140 

analysis of eco-rental machine technology adoption in a university campus in Taiwan. 141 

2.2. Research Hypotheses 142 

Based on the definition from Venkatesh et al. [21] and other works related to performance 143 

expectancy [8] and effort expectancy [8,9], we posit the following null hypothesis (H0) and 144 

alternate hypothesis (Ha): 145 

H0: Performance expectancy, Effort expectancy, Social Influence, and Facilitating Conditions 146 

do not influence the Behavioural intention regarding the use of eco-cup rental machines. 147 

Ha: Performance expectancy, Effort expectancy, Social Influence, and Facilitating Conditions 148 

influence the Behavioural intention regarding the use of eco-cup rental machines.  149 

This is based on Neyman-Pearson hypothesis testing, with Type I error (α) set to 0.05. 150 

2.3. Power analysis and participant numbers 151 
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We conducted an a priori power analysis using G*Power [27] to estimate the number of partic- 152 

ipants required for testing correlations (influence) between PE, EE, SI, and FC and the BI. For a 153 

two-tailed test, assuming medium sized effects, Type I error probability of 5% and Type II error 154 

probability of 5% (hence, power of 0.95), we arrived at a required sample size of 42. For exam- 155 

ining multivariate regression relation of PE, EE, SI, and FC with BI (four predictors), assuming 156 

medium-sized effects, Type I error probability of 5% and Type II error probability of 5%, we ar- 157 

rived at a sample of 42 as well. Based on these power calculations, the minimum number of 158 

participants required would have been 42.  159 

The designed survey was web-based. The average response rate for such surveys is just over 160 

40%, with the best results obtained when sending out the survey to a clearly defined group of 161 

intended participants [28]. Since we had a clearly defined population (students at the university), 162 

we targeted to continue response collection until we obtain at least 42 responses, from the 163 

potential participants, i.e., students. Sample sizes used in previous works with UTAUT modelling 164 

varied from 1225 to 18 and several studies have used populations of less than 150 [29]. The 165 

sample size of 42, derived from a priori power analysis, also had a precedence in previous works 166 

that have used UTAUT to understand adoption of new behaviour and technology by a specific 167 

group, such as speech recognition technology for physicians, mobile phone use among seniors, 168 

and information and communication technology in government offices [29]. 169 

2.4. Survey Design 170 

The questionnaire in this study was based on the UTAUT proposed by Venkatesh et al. [21]. 171 

A 5-point Likert scale was used in this study to measure responses. The scale ranged from 172 
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"strongly disagree" to "strongly agree," with scores ranging from 1 to 5. The questionnaire 173 

was divided into three parts: a brief introduction to the eco-cup rental machine, assessing 174 

participants' perceptions of the eco-cup rental machine (16 questions), and basic demo- 175 

graphic information of the participants (3 questions). The questionnaire statements related 176 

to the UTAUT predictors have been provided as part of Supplementary Information (SI).  177 

PE was defined as the degree to which utilization of the eco-cup rental machine contributes 178 

to beneficial outcomes in users' daily lives. EE was the level of ease and user-friendliness 179 

experienced by users when operating the eco-cup rental machine. Three questions each 180 

were used for assessing PE, EE, and FC. Four questions were used for SI, Table S1. BI was 181 

defined as the subjective willingness of consumers to use the reusable cup rental machine 182 

or their willingness to recommend it to others. We used three questions to assess BI, given 183 

below [30],[31]: 184 

BI1. There is a high intention of me using the eco-cup rental machine to obtain the eco-cup in 185 

the future. 186 

BI2. I am willing to use the eco-cup rental machine to get the eco-cup regularly. 187 

BI3. I would like to recommend others to use the eco-cup rental machine to get an eco-cup. 188 

2.5. Survey participants 189 

The participants were university students of the Tunghai University. The university is 190 

located in Xitun District, Taichung. Students could have been in any year of their 191 

undergraduate studies and could be living on campus (in the university’s dormitories), off- 192 

campus housing, or commuting.  193 
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As our study did not involve any invasive procedure, direct contact with respondents, or 194 

privacy concerns, it did not require ethical review or approval under Article 4 of Taiwan's 195 

Human Subjects Research Act. Participants provided informed consent by their 196 

participation in the study, as described in the preamble to the questionnaire.  197 

2.6. Data collection and analysis 198 

The questionnaire was created using the Surveycake online survey platform. Questionnaires 199 

were distributed on the University’s students Facebook page. Responses were collated form 200 

the Surveycake platform into .csv files, through Microsoft Excel. 201 

Responses were collated using Excel into .csv files. Statistical testing and analysis were car- 202 

ried out using R [32] on the RStudio environment. Most applications of UTAUT have focused 203 

on examining the influence of the main effects/predictors on consumer behaviour[22, 24]. 204 

We also focused our analysis on the main effects, viz., PE, EE, SI, and FC, and not the inter- 205 

vening variables like gender and age.  206 

The responses were analysed for internal consistency of the questionnaire, by assessing 207 

Cronbach’s Alpha. Exploratory analysis of the data was used to obtain summary statistics 208 

for the responses and correlations between the different responses for the main predictors. 209 

Exploratory factor analysis (EFA) was used to obtain the factor loadings for the items under 210 

each of PE, EE, SI, FC, and BI. The factor loadings were then used to provide a composite 211 

expression for each predictor. For example, PE had three items associated with it, PE1, PE2, 212 

and PE3.  213 

𝑃𝑃𝑃𝑃 = 𝜌𝜌1𝑃𝑃𝑃𝑃1 + 𝜌𝜌2𝑃𝑃𝑃𝑃2 + 𝜌𝜌3𝑃𝑃𝑃𝑃3  (1) 214 
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The factor loadings ρ1, ρ2, ρ3 in Equation 1 were calculated using EFA on the responses for 215 

PE1, PE2, and PE3 and the values were then used to calculate the composite response PE, 216 

as given in Equation 1. Similarly, composite responses were created for EE, SI, FC, and BI3 217 

for correlation analysis and regression analysis.  218 

Between BI and the rest of the predictors, Pearson product moment correlation was calcu- 219 

lated, and bootstrapping was used to estimate confidence intervals for the correlations. To 220 

examine the impact of gender, which year the respondent was in the university, and where 221 

they lived, t-tests (for gender) and ANOVA (for the other two) were used on the BI re- 222 

sponses. Linear regression relations were modelled between PE, EE, SI and BI as well as PE, 223 

EE, SI, FC and BI.  224 

In addition to using multivariate linear regression to model the effect of composite PE, EE, 225 

SI, and FC indices on BI, a partial least squares structural equation model (PLS-SEM) was also 226 

used to model the BI survey data. Certain previous works have used PLS-SEM to model in- 227 

fluential determinants of the behaviour of using disposable cups [16, 19]. More importantly, 228 

the study design and type of data support the use of PLS-SEM in our case. This is an explor- 229 

atory work, applying UTAUT to understand adoption of sustainable technological interven- 230 

tions on campus. The survey responses are on Likert scales (hence, not normally distributed) 231 

and involves multiple constructs (PE, EE, SI, FC, BI), each having multiple indicators/compo- 232 

nents. These characteristics of the data indicate that PLS-SEM would be appropriate for use 233 

in this case. The sample size (101) is also ideal for a method like PLS-SEM [33]. More details 234 

of the developed PLS-SEM have been provided in the Supplementary Information. 235 
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The combination of EFA-linear regression and PLS-SEM complement each other. Using both 236 

approaches, we improved the robustness and validity of our findings. PLS-SEM allowed us 237 

to analyse the complex relationships in the model, while EFA-linear regression provided a 238 

simpler model with a more interpretable view of the data. PLS-SEM's is robust to non-nor- 239 

mal data distributions, can work with small to medium sized data, and can analyse complex, 240 

underlying relationships. EFA-linear regression approach validated the dimensionality of the 241 

constructs, provided the direct relationships between the extracted factors and BI and iden- 242 

tified the key factors influencing BI. 243 

For hypothesis testing, when examining correlations and t-tests, the critical value for Z/t- 244 

distribution was taken as ±1.96, corresponding to α = 0.05. Critical F values were deter- 245 

mined for specific cases, depending on the degrees of freedom for the ANOVA or the re- 246 

gression model.   247 

3. Results 248 

We had aimed to collect at least 42 complete responses based on a priori power analysis. 249 

Over 100 (101) complete responses were collected within four weeks of the survey link be- 250 

ing activated. Since the required number of responses had been gathered, the survey link 251 

was deactivated. Students could voluntarily choose to participate in the survey. Voluntary 252 

participation explained why all 101 responses were complete. 253 

3.1. Exploratory data analysis  254 

The results of Cronbach’s Alpha coefficient analysis for response under each UTAUT 255 

component and for the overall questionnaire has been presented in Supplementary 256 

Information (SI), Table S2. Cronbach’s alpha values of over 0.8 are considered good 257 
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indicators of internal consistency for a questionnaire and values of 0.7 or more are 258 

acceptable. For all components, as well as the combination of factors, the values obtained 259 

were over 0.7 though the 95% confidence interval for FC indicates a possibility of values 260 

going under 0.7.  261 

The background information for the participants – gender, year in college, and living loca- 262 

tion – has been summarized in Table S3. During the survey period, there were 14,931 stu- 263 

dents enrolled in all courses in the university with roughly equal number of students in each 264 

of the four years. At the university level, 53.7% were female. Among our 101 participants, 265 

slightly over half of the participants were male (54.5%) and majority were sophomores 266 

(31.7%). In terms of residential location, more students resided off-campus in rented ac- 267 

commodations compared to dormitories, with 25 individuals (24.8%) and 23 individuals 268 

(22.8%), respectively. 269 

Summary statistics of the responses relevant to the UTAUT model have been provided in 270 

Table S4. The responses were mostly on the “Agreement” side of the Likert scale, as appar- 271 

ent from the median values of 4. Also, effort expectancy items (EE) generated responses 272 

with less spread (2.5th and 97.5th percentile data) and more in agreement than the items 273 

under the other headings. The data distribution has been presented in Figure 1, using a 274 

stacked bar plot, highlighting the higher frequency of response towards the Agreement side. 275 
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  276 

Figure 1. Frequency distribution of responses on the Likert scale for PE, EE, SI, FC, and BI 277 

questionnaire. 278 

Pearson correlation (r) across all individual items in the questionnaire showed that all cor- 279 

relation values were less than 0.9 except for the correlation between SI3 and SI4 (r = 0.91, 280 

p <0.0001). Since such high correlation implies that both items are essentially assessing the 281 

same parameter [34], for all subsequent analysis, we excluded SI4. Excluding SI4, the SI 282 

questions still retained a Cronbach’s alpha of 0.88 (0.83, 0.93).   283 

Exploratory factor analysis (EFA) for PE, EE, SI, FC, and BI, individually, was used to compute 284 

the factor loadings for the composite constructs for PE, EE, SI, FC, and BI, as described in 285 

Section 2.5. These factor loadings have been provided in Figure 2. The composite measures 286 

of PE, EE, SI, FC, and BI were thus constructed as weighted combination of the student re- 287 

sponses. These measures were used in subsequent correlations and regression analysis.  288 
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 289 

Figure 2. EFA derived weightings for each of PE, EE, SI, FC, and BI sub-questions used to 290 

construct composite PE, EE, SI, FC, and BI measures. 291 

3.2. Participant background and influence on Behaviour Intention responses 292 

Participant demographics varied across gender, their year in college, and where they lived 293 

(not all living on campus). Hence, we compared their responses based on these demo- 294 

graphic parameters, using the composite BI as the index for comparison.  295 

Gender did not significantly affect BI, t = 1.27, p = 0.21. Since the t value is lower than critical 296 

t value (1.96), at α = 0.05, we conclude that gender did not have a significant influence on 297 

the response for behaviour intention. The ANOVA results for the year in college of the re- 298 

spondent also showed no significant impact on BI: F (4.96) = 0.55, p = 0.7. Similarly, where 299 

the participant lived did not significantly impact BI: F (2.98) = 0.08, p = 0.93.    300 

3.3. UTAUT parameters’ correlations 301 

Pearson product-moment correlations were evaluated for BI with the four significant predictors, 302 

viz., PE, EE, SI and FC. All correlation tests, as per the hypothesis testing scenarios described in 303 
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Section 2.2, were two-sided. We used bootstrapping (resampling the responses to create syn- 304 

thetic datasets) to validate the correlation results. These results have been summarized in Table 305 

1. 306 

Table 1. Correlation between UTAUT predictors and BI 307 

 r (t, p) Bootstrapped correlation coefficient - mean, 

variance, (95% confidence interval) 

PE ~ BI 0.48 (5.42, <0.0001) 0.48 - 0.0001, (0.24, 0.66) 

EE ~ BI 0.35 (3.73, 0.0003) 0.35 - 0.0002, (0.09, 0.56) 

SI ~ BI 0.46 (5.13, <0.0001) 0.46 - 0.0001, (0.23, 0.64) 

FC ~ BI 0.38 (4.13, <0.0001) 0.38 - 0.0002, (0.15, 0.63) 

Since for all the pairs the t-value exceeds the critical t-value of ±1.96, at α=0.05, we reject the 308 

null hypothesis and accept the alternate hypothesis, “Performance expectancy, Effort expec- 309 

tancy, Social Influence, and Facilitating Conditions influence the Behavioural intention regarding 310 

use of eco-cup rental machines.” The mean bootstrapped correlation coefficients also closely 311 

matched the ‘r’ values calculated from our responses and they showed small variances.   312 

3.4. Linear regression analysis 313 

Linear regression equations were developed for BI with two different combinations of ex- 314 

planatory variables. The first model used all four of PE, EE, SI, and FC while the second model 315 

excluded FC. Both these models were using the composite indices developed for BI, PE, EE, 316 

SI, and FC, based on the factor loadings from EFA. For the first model, the following equation 317 

for BI was obtained: 318 
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𝐵𝐵𝐵𝐵 = 0.24 𝑃𝑃𝑃𝑃 + 0.33 𝐸𝐸𝐸𝐸 + 0.26 𝑆𝑆𝑆𝑆 + 0.26 𝐹𝐹𝐹𝐹 − 0.70 (2) 319 

For Equation 2, R2 = 0.36, adjusted R2 = 0.34, F (4.96) = 13.6, p < 0.0001. Studentized 320 

Breusch-Pagan test of model residuals for homogeneity of variances, yielded BP (4) = 8.49, 321 

p = 0.08. Thus, model residuals had homogeneity of variance, an important requirement for 322 

linear regression models. Model parameters were tested for variance inflation factor (VIF). 323 

This test was used to check if the regression coefficients were inflated due to correlation 324 

between the predictor variables (which could lead to unreliable and unstable estimates). 325 

The variance values were 1.53, 1.21, 1.36, and 1.26 for PE, EE, SI, and FC coefficients, re- 326 

spectively, all values less than 5, indicating low multicollinearity between the model param- 327 

eters and model stability. The model coefficients and confidence intervals from Equation 2 328 

have been summarized in Table 2. For the regression model from Equation 2, the plots for 329 

each predictor against the dependent variable, BI, has been provided in Figure S1, in SI.  330 

Table 2. Regression coefficients for Equation 2 331 

 Estimate (std. error) t-value, p 95% CI 

Intercept -0.70 (1.58) -0.44, 0.66 (-3.83, 2.42) 

PE 0.24 (0.11) 2.15, 0.03 (0.02, 0.47) 

EE 0.33 (0.15) 2.15, 0.03 (0.03, 0.63) 

SI 0.26 (0.09) 2.98, 0.004 (0.09, 0.44) 

FC 0.26 (0.15) 1.72, 0.09 (-0.04, 0.57) 

The estimates for the intercept and FC both had t-values less than the critical value (±1.96) 332 

and the 95% confidence interval (CI) for both include 0. This implies that the null hypothesis 333 
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(that these coefficients are 0) cannot be rejected. Thus, Equation 2 may be simplified to 334 

Equation 3 for the responses obtained in this study. 335 

𝐵𝐵𝐵𝐵 = 0.24 𝑃𝑃𝑃𝑃 + 0.33 𝐸𝐸𝐸𝐸 + 0.26 𝑆𝑆𝑆𝑆 (3) 336 

This simplification is in line with the initially proposed model from Venkatesh et al., which 337 

proposes that PE, EE, and SI influence BI, and through BI, impact usage while FC influences 338 

usage. Modelling BI with PE, EE, and SI resulted in Equation 4, with R2 = 0.34, adjusted R2 = 339 

0.32, F (3.97) = 16.81, p < 0.0001 and BP (3) = 6.51, p = 0.09. 340 

𝐵𝐵𝐵𝐵 = 0.28 𝑃𝑃𝑃𝑃 + 0.40 𝐸𝐸𝐸𝐸 + 0.28 𝑆𝑆𝑆𝑆 + 0.28 (4) 341 

The VIF values were 1.47, 1.12, and 1.33 for PE, EE, and SI coefficients, respectively, indicat- 342 

ing low multicollinearity and model stability. The model coefficients and confidence inter- 343 

vals from Equation 4 have been summarized in Table 3.  344 

Table 3. Regression coefficients for Equation 4 345 

 Estimate (std. error) t-value, p 95% CI 

Intercept 0.28 (1.48) 0.19, 0.84 (-2.66,3.22) 

PE 0.28 (0.11) 2.51, 0.01 (0.06,0.50) 

EE 0.40 (0.15) 2.68, 0.009 (0.10,0.70) 

SI 0.28 (0.09) 3.21, 0.002 (0.11, 0.46) 

As the t-value for the intercept is within the critical values range of ±1.96, Equation 4 can 346 

be further simplified as: 347 

𝐵𝐵𝐵𝐵 = 0.28 𝑃𝑃𝑃𝑃 + 0.40 𝐸𝐸𝐸𝐸 + 0.28 𝑆𝑆𝑆𝑆 (5) 348 

Equations 3 and 5 present similar coefficients for each predictor. 349 
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Relative importance of each contributor to Behavioural Intention of the participants, as re- 350 

lated to using the eco-cup rental machine, were evaluated using the “relaimpo” package 351 

[35], with the recommended metrics ‘lmg’ and ‘pmvd’. The evaluation was done for both 352 

Equations 2 and 4. The “relaimpo” package calculates relative importance of each regressor 353 

along with generating confidence intervals using 1000 bootstrap replicates. The relative im- 354 

portance metrics have been normalized to a sum of 1 (100%).  355 

Table 4. Relative importance metrics for the regressors 356 

Model  Relative importance metrics (95% 

CI) 

BI ~ PE + EE + SI + FC (Proporti

on of variance explained by mod

el: 36.2%) 

Regressors lmg pmvd 

 PE 0.31 (0.08, 0.52) 0.33 (0.01, 0.77) 

 EE 0.18 (0.03, 0.50) 0.17 (0.01, 0.66) 

 SI 0.33 (0.10, 0.59) 0.37 (0.02, 0.75) 

 FC 0.18 (0.02, 0.48) 0.13 (0.00, 0.67) 

BI ~ PE + EE + SI (Proportion of 

variance explained by model: 34.

2%) 

   

 PE 0.38 (0.12, 0.62) 0.38 (0.00, 0.81) 

 EE 0.23 (0.04, 0.58) 0.21 (0.02, 0.70) 



20 
 

 SI 0.39 (0.15, 0.62) 0.41 (0.04, 0.75) 

3.5. Partial least squares structural equation model 357 

Based on our findings in Section 3.3, we did not include gender, residential location, and year in 358 

college into the PLS-SEM model since BI did not significantly differ across the different levels of 359 

these categorical variables.  360 

The blocks’ one-dimensionality results from PLS-SEM provided Cronbach’s Alpha results for each 361 

construct’s block. These values for Cronbach’s alpha were consistent with the values from Sec- 362 

tion 3.1 – detailed results in Table S5 in SI. A summary of the outer model, with weights and 363 

correlations has been provided in Table S6. The weights are the contribution of each indicator 364 

to its respective construct and the correlations are between each indicator and its respective 365 

construct. All correlations were over 0.7, indicating strong relationships between the indicators 366 

and constructs. 367 

The cross-loading correlations between all constructs and all indicators as well as the correla- 368 

tions between the latent variables have been provided in supplementary information, Table S7 369 

and S8. Each indicator had the strongest correlations with its own construct, implying that each 370 

construct is distinct from the others and the indicators are appropriately measuring their in- 371 

tended latent variable.  372 

The inner model of the PLS-SEM, providing the structural relationships between the latent vari- 373 

ables, that is, how PE, EE, SI, and FC contribute to BI, is presented in Table 5. The estimates are 374 

accompanied with their bootstrapped estimates, mean value and 95% confidence interval. The 375 

model had an R2 value of 0.40 (bootstrapped mean value of 0.44, 95% CI 0.24-0.64) and a good- 376 

ness-of-fit measure of 0.55 (over 0.5 indicates a good fit). The estimates are the path coefficients 377 

for each construct, as relating them to BI. All estimates, except for the intercept, have t-values 378 
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greater than 1.96, indicating statistical significance. It may be noted here that in the linear mod- 379 

els, the intercept value was also not statistically significant, indicating a fit through the origin in 380 

both models.  381 

The high levels of block communality also indicate that the constructs capture a large portion of 382 

the variance in their indicators. For example, PE captures 76% of the variance in PE1, PE2, and 383 

PE3. A 50% or greater value is considered acceptable. The mean bootstrapped estimates show 384 

good consistency with the original model estimates, indicating the PLS-SEM model provided re- 385 

liable results. 386 

Table 5. Summary of PLS-SEM inner model, with bootstrapped estimates 387 

 Esti-

mate 

Bootstrapped mean (95% 

CI) 

Std. Er-

ror 

t-value, p Block communal-

ity 

Inter-

cept 

0.00  0.079 0.000, 1  

PE 0.22 0.21 (0.00, 0.44)  0.099 2.22, 0.03 0.76 

EE 0.18 0.18 (0.04, 0.40) 0.086 2.07, 0.04 0.73 

SI 0.29 0.28 (0.09, 0.49) 0.093 3.06, 

0.003 

0.81 

FC 0.20 0.20 (0.02, 0.40) 0.090 2.17, 0.03 0.64 

 388 
4. Discussions 389 

Eco-cup rental machines are a new technology. We used the unified theory of acceptance 390 

and use of technology (UTAUT) model to understand the acceptance of this new technology 391 
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among students in a university campus. Unlike previous works that have examined con- 392 

sumer intentions of moving to reusable cups based on aspects like social norms and envi- 393 

ronmental concern [25] [36], we focused on the adoption of a specific technological inter- 394 

vention that aims to provide a reusable cup alternative. Such interventions nudge consumer 395 

behaviour, going beyond an environmental awareness and altruistic perspective (Yang et 396 

al., 2024). This is an important addition to the repertoire of examining interventions to- 397 

wards sustainable growth. Not just user attitude towards a generic sustainability challenge 398 

but also their usage intention for specific technological solutions to the challenge need to 399 

be examined.  400 

Post-hoc power calculation, based on 101 participants and effect sizes calculated from the 401 

correlation values and R2 values obtained in the study, indicated a power of 0.91 for the 402 

correlation calculation and 0.99 for the multivariate regression. These values are close to 403 

the power of 0.95 we had aimed for in a priori calculations for deciding the number of par- 404 

ticipants (Section 2.3). The correlation values and R2 values in UTAUT model lead to medium 405 

and large effect sizes. Hence, even with a small to medium sample size, the UTAUT model 406 

can be accessed with low probabilities of Type I and Type II error. This is one of the reasons 407 

why previous studies have successfully used a wide range of sample sizes when using UTAUT 408 

[29]. 409 

Our questionnaire indicated good consistency with Cronbach’s Alpha test (> 0.7). The lowest 410 

Cronbach’s Alpha was for the Facilitating Conditions questionnaire. The developed ques- 411 

tionnaire can thus be useful for similar future studies, with some modification to framing of 412 

the Facilitating Conditions questions.   413 
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 414 

Figure 3. The UTAUT model of behaviour intention of university studnets’ intention to use 415 

eco-cup rental machines, with the correlation coeffieicnts. 416 

We showed that PE, EE, SI, and FC influence BI regarding use of eco cup rental machines, 417 

thus rejecting our null hypothesis. The correlations and the R2 value of the multivariate re- 418 

gression model have been summarized in Figure 3.  419 

Behavioural intention (BI) is the most direct determinant of individual behaviour [37]. We 420 

obtained the relative importance of PE:EE:SI for BI to be 38:21:41 (pmvd method). Thus, 421 

social influence and performance expectancy had the maximum influence on behaviour in- 422 

tention of using eco-cup rental machines. This implies that user behaviour is guided greatly 423 

by social cues from friends, peers, and family, along with the operational efficiency of the 424 

machines and user friendliness of the program. Similar observations have been made by 425 

studies related to adoption of smart waste sorting technologies [37, 38].  426 

The PLS-SEM subsumed the individual steps we went through in the EFA-linear regression 427 

approach. But, like the EFA-linear regression approach, the PLS-SEM also indicated that SI 428 

had the greatest relative importance for BI, followed by PE – path coefficients of 0.29 and 429 

0.22, respectively. The PLS-SEM model did present a slightly better R2 value (0.36 vs 0.40) 430 

than the multivariate linear regression model, involving all four of PE, EE, SI, and FC. This 431 
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could relate with the PLS-SEM model being effective at analysing complex models with mul- 432 

tiple constructs and relationships [39]. The consistency in results obtained using two differ- 433 

ent statistical models of different complexity, provides us cross-validation and improves 434 

confidence in our results.        435 

A campus is a small community where peers and friends play a significant role, underlining 436 

the importance of social influence. Operators and policy makers can leverage word-of- 437 

mouth marketing to engage students. In addition to peers, social influence can also be built 438 

through the university collaborating with celebrities and social media influencers to pro- 439 

mote a message. The importance of social influence in changing behaviour towards forego- 440 

ing disposable cups has also been found in previous works [16, 19].   441 

Performance expectancy, in different forms, has been found to have an important influence 442 

on moving towards reusable cups, aspects such as a convenient return process and per- 443 

ceived control over the process [16, 19, 38]. To aid on the performance expectancy front, 444 

high-traffic locations for students, e.g., libraries, student cafeterias, and sports facilities, can 445 

be chosen for deployment of the eco-cup rental machine. Such locations ease access. In- 446 

centives from operators, such as rewards and loyalty programs can also help improve per- 447 

formance expectancy. To influence effort expectancy, operators can enhance the usability 448 

of the eco-cup rental machine, simplify the rental and return processes. This can ensure 449 

that students' intention to use is not hindered by cumbersome procedures.  450 

Overall, our findings suggest that the use of such small “nudges” [36] targeting PE and SI 451 

can influence student behaviour intention to using eco-cup rental machines. The nudges 452 

can relate to the user’s environment and thus PE, as in convenient locations for the eco-cup 453 
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rental machines. Or a nudge could target the user’s self, through SI, such as university work- 454 

ing with an influencer. While the impact of each, individual “nudge” can be small, they tend 455 

to add up [18]. This can work in the long run, without making it appear as sudden transition 456 

for users, closing the intention-behaviour gap [20]. As shown from prior studies, a move 457 

towards reusable cups, even with a small usage fee, like an eco-cup rental, would not impact 458 

the value of drink sales in the longer run (Poortinga & Whitaker, 2018).  459 

Our findings on the importance of social influence and performance expectancy is echoed 460 

by existing literature on modifying consumer behaviour towards reducing use of disposable 461 

cups. The important difference being we explored a specific technology’s acceptance in- 462 

stead of a generic evaluation of the acceptance of reusable cups. 463 

4.1 Study limitations and future research 464 

This work is a regional case study, and the findings cannot be generalized to a wider popu- 465 

lation. By the design of the study, we were limited to a relatively homogeneous participant 466 

population who were well educated, education being one of the important explanatory fac- 467 

tors for use of reusable cups [17]. This could be one of the reasons why we obtained con- 468 

sistent responses. However, this also means the results may not be extrapolated to larger, 469 

more non-uniform groups. Limiting respondents to students on a campus was by choice, to 470 

focus on the largest and most active demographic in any campus. Considering students are 471 

the conceived sustainability leaders of the future, they are an important, though narrow, 472 

demographic.  473 

Though the number of responses met requirements from statistical power calculations, it was 474 

still a small number to represent a whole campus population. Hence, to ensure reliability of 475 
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results, we used two different statistical models, and we used boot strapping for resampling. 476 

The numbers were not enough to explore gender or other demographic impacts on responses. 477 

Our findings did indicate though that for our respondents, the BI did not significantly differ 478 

across the levels of gender, residential location, and year in college. This allowed us to analyse 479 

all the responses together.  480 

The use of UTAUT can prove to be useful for evaluating specific technological interventions can 481 

aid the move towards sustainable development. This goes beyond user attitude, altruism, and 482 

environmental concern to examine if a suggested intervention is likely to be adopted by users. 483 

Future multi-centre, collaborative studies can be designed to investigate adoption of this and 484 

similar technology at multiple campuses, in different regions, and with larger participation, to 485 

provide a more global picture and examine demographic influences. 486 

The study gave us a view of consumer perspective at one time point. Future works can try to 487 

examine the consumer perception at different time points, before and after interventions, for a 488 

clearer picture of what impacts consumer adoption of eco-cup rental machines and similar tech- 489 

nology and what steps can help improve such adoption. Our questionnaire and data analysis 490 

methodology can be a useful starting point for such works.          491 

5. Conclusion 492 

Analysing responses from university students in Taiwan, we found social influence and per- 493 

formance expectancy had the greater relative importance in determining behaviour inten- 494 

tions towards using the eco-cup rental machine technology. The results obtained through 495 

this study can facilitate the smoother implementation of policies related to eco-cup rental 496 

machines and other similar incentives trying to limit the use of disposable cups.  497 
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Our results are specific to the region and the demographic. They suggest that focusing on 498 

reducing user effort, providing a high performing service, and ensuring social acceptance 499 

are the key to successful adaptation of reusable cups and related policies. In a university 500 

campus, user acceptance can be influenced by social media campaigns, aided by influencers 501 

and encouraging acceptance across student clubs and societies. The eco-cup rental ma- 502 

chines and the overall lending program need to be organised by university management, 503 

and at a higher level by policymakers to have an easy-to-use interface, convenient return 504 

process, and rewards and loyalty programs. For such campuses, the locating of the rental 505 

machines will also be an important decision. High traffic locations libraries, student cafete- 506 

rias, and sports facilities should be preferred and the logistics of making suitable space avail- 507 

able needs to be handled by management. Finally, university management and government 508 

policy makers can organise these steps small nudges to reliably close the intention-behav- 509 

iour gap. 510 

 511 
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