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Abstract 
Global efforts to reduce carbon emissions include endeavors to raise the use of public transport means. 

In rural areas, this poses a distinctive challenge. Demand-responsive transport services are viewed as 

potential solution, but despite the operation of various DRT services as trials or regular public transport 

offers, occupation numbers remain small. Therefore, we investigated psychological latent constructs 

that influence the intention to use DRT services in a rural region in Carinthia, Austria. We adapted and 

translated the scale of the Unified Theory of Acceptance and Use of Technology, tested it independently 

conducting an exploratory factor analysis (n = 284), and subjected the responses collected in the model 

region to a confirmatory factor analysis (n = 56). We found that effort expectancy and performance 

expectancy explain use intention, while social influence holds no explanatory power for that dataset. 

Facilitating conditions explain only a small share of variance. The model explains 31 % of the variance 

of the intention to use DRT services, indicating the existence of other, not yet discovered factors with 

explanatory power. 

Keywords: Demand-responsive transport services, rural areas, user acceptance, Unified Theory of 

Acceptance and Use of Technology 

Introduction 
Global climate conservation efforts concern all economic sectors, including the transport sector. 

Especially for regions with low population density, public authorities and scientific contributions 

position demand-responsive transport (DRT) services as a potential solution, capable of providing a 

demand-satisfying and cost-covering service. Yet, in regions with high access to private cars, raising 

the user acceptance of such services and, hence, the share of public transport services in the modal 

split, appears to be challenging. The anticipated shift of traffic load from individual to public transport 

is not implemented easily: Individual car use is the natural way to travel, and its infrastructure is well-

maintained (Şimşekoğlu et al., 2015). Nevertheless, besides efforts towards a technology shift, the 

expansion of public transport services and their acceptance and adoption by the public is viewed as an 

important contribution to the reduction of the greenhouse gas emissions of the transport sector 

(Hodges, 2010; Mulalic & Rouwendal, 2020; Schwedes, 2019).  

Considering that in the EU, 29 % of citizens live in rural areas – a share that has been rising (Eurostat, 

2018, 2020) – and that the provision of classic public transport in these areas is difficult and, more 

importantly, inefficient, the aim to raise the share of public transport in those regions calls for an 

exploration of possible solutions. While in urban areas, public transport services can be provided in an 

attractive and cost-covering way and, as a result, are well established (Bouwman & Voogd, 2004; 

Mulalic & Rouwendal, 2020; Pucher & Renne, 2005), the situation is more complicated in rural areas, 

where classic public transport network cannot be provided in a demand-satisfying and cost-covering 

way (Stöglehner, 2019). Users are confronted with low accessibility (last-mile problem) and low 

availability. Furthermore, less developed infrastructure for public transport, longer travel distances 

and the lack of private-car-related stress factors typical for urban areas (such as parking, costs, air 

pollution or congestion) are central hindrances for the acceptance of public transport in such areas 

(Mulalic & Rouwendal, 2020; Ostermeijer et al., 2019; Van Ommeren et al., 2011). In an attempt to 

resolve this issue and provide more demand-satisfying public transport in rural areas, DRT services are 

presented as solution for rural areas (Alonso-González et al., 2018; Mulley & Nelson, 2016; Ryley et al., 

2014; Velaga et al., 2012; Vitale Brovarone & Cotella, 2020; Weckström et al., 2018). 

Historically in Europe, public institutions act as providers of public transport, which has made market-

oriented approaches unnecessary. Nowadays however, individual transport dominates the mobility of 

societies in Europe and North America. DRT and public transport in general are required to persist and 
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grow on a competitive market with private cars as the main rival. Therefore, it becomes essential to 

understand mobility demand and transport mode decisions of existing and potential users. This is of 

special necessity in countries where the access to private vehicles is high: In Austria, only 14 % of the 

population live in household without a private car (Statista, 2020). DRT imposes a novel aspect on its 

users: the need to become active in advance. This is why we believe in the necessity for a differentiated 

research on the acceptance of this form of public transport, even more so in regions positioned as 

major beneficiaries of such public transport means. We propose the exploration of the users’ 

acceptance of DRT services to gain understanding as to why this form of public transport is not yet 

established firmly. Acceptance is defined as threefold: “(1) general agreement that something is 

satisfactory or right (2) the act of agreeing to an offer, plan, or invitation (3) the fact of accepting a 

difficult or unpleasant situation” (Cambridge Dictonary, 2020). The International Encyclopedia of the 

Social & Behavioral Sciences outlines acceptance as a change on a meta-level that is willingly conducted 

(Hayes, 2001). Applying this to the context of DRT leads to two propositions: first, users must perceive 

DRT as sufficient means of transport, and second, they must voluntarily choose this form of transport.  

Demand-responsive transport services 

As an answer to the need to enhance public transport in sparsely populated regions and accelerated 

by the rise of information and communication technology (Devaraj et al., 2020; Diana, 2010; Jain et al., 

2017; Luiu et al., 2018; Sihvola et al., 2012), demand-responsive transport (DRT) has emerged as a 

novel form of public transport. Its characteristics allow the assignment to the superordinate concept 

of Mobility as a Service (Calderón & Miller, 2020), for DRT services react to actual user demand only: 

DRT does not run any routes without previous bookings (Ambrosino et al., 2004). The service mostly 

utilizes small floor buses and is not bound to fixed courses or timetables.  

At present, 262 different DRT services exist in Austria, 57 % offering a door-to-door service and most 

operating in rural areas (mobyome, 2021). Even though the numbers of active DRT services rise, 

occupation numbers remain low and DRT services strongly depend on public funding (Davison et al., 

2012; Jittrapirom et al., 2019; Sihvola et al., 2012; Weckström et al., 2018; Wright et al., 2009; Wright 

& Nelson, 2014). Often, the applied service designs differ strongly, hindering a common and 

superordinate understanding of this form of public transport. Adding to that, previously published 

literature highlights that the services mostly miss the integration into existing public transport 

information and booking systems (Gilibert et al., 2020; König & Grippenkoven, 2020; Luiu et al., 2018; 

Weckström et al., 2018). 

Unified Theory of Acceptance and Use of Technology 

Until now, various concepts such as willingness to pay or user satisfaction address user acceptance in 

elements. No theory or research method has been established yet for the exploration of the user 

acceptance of DRT services. In other disciplines, the Unified Theory of Acceptance and Use of 

Technology (UTAUT) finds application when researching on user acceptance. It has established itself 

as a method when researching the introduction of new products and technologies (Egger, 2018; 

Königstorfer, 2018; Schäfer & Keppler, 2013), and has previously been adapted for various research 

domains. In the field of public transport, it finds application mainly at the exploration of automated 

vehicles (Chen, 2019; Di Pietro et al., 2015; König & Grippenkoven, 2020; Madigan et al., 2017; Schmitz 

et al., 2016). The theory synthesizes other, previously developed approaches to the exploration of use 

intention, and builds upon a scale that identifies four core latent concepts influencing behavioral 

intention and use, hence, acceptance (Venkatesh et al., 2003, 2016). The scale consists of 18 items that 

measure the four latent constructs performance expectancy, effort expectancy, social influence, and 

facilitating conditions that influence the use intention and subsequently the behavior. 
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Our study focuses on the exploration of psychological constructs that explain the low use of DRT 

services. We justify the application of the UTAUT to explore the use intention of DRT services by the 

distinctive feature of all DRT services: the necessity for advance booking. This marks a main difference 

to classic public transport means, and is novel to potential users. To the authors’ best knowledge, one 

application of UTAUT for the exploration of DRT services in rural areas has previously been published 

(König & Grippenkoven, 2020), the studied areas differ from the current application in two vital aspects 

though: both are close to metropolitan cities (Potsdam, Hannover), and the areas are flat. The 

proximity to urban areas often entail a habit of using public transport (for the above stated reasons), 

and topographic settings were identified as a factor influencing the intention to use DRT and public 

transport in a previously conducted study by the authors (to be published). 

Research objectives 

This article contributes to a deeper understanding of the circumstances current endeavors to expand 

the use of DRT services in rural areas are confronted with. While urban and sub-urban areas are in the 

focus on scientific research on public transport and DRT services, we focus on rural regions. Our goal 

was to (1) survey the modal split of a rural region with active DRT services and compare it nationally, 

using the latest Austrian mobility survey Österreich Unterwegs (Tomschy et al., 2016) and create an 

overview over the region-specific travel habits. Thus, we quantified the contribution of DRT to public 

transport’s share in the modal split. Focusing on DRT, we explored the psychological constructs and 

their influence on transport mode decisions by applying the UTAUT scale. For that, we (2) adapted, 

translated and tested the scale and (3) identified the influence of the latent constructs on transport 

mode decisions in the context of DRT services. 

Methodological approach 
To explore the issue of rural-specific factors influencing travel habits and transport decisions, we 

designed a quantitative survey that consisted of a questionnaire to gather nationally comparable data 

on the travel habits of the population in the model region and of the application of the UTAUT to 

identify latent factors influencing the use intention. 

Data collection and sample 

This article is a result of the project MobiCar – Integrated mobility in Carinthia, focusing on DRT as a 

complement to classic public transport and thus, contributing to the design of Carinthia’s public 

transport network. The region Unteres Drautal is a mountainous region in Carinthia covering an area 

of 325 km2 with a population of 14,000 inhabitants. The sparse population density of 43 inhabitants 

per square kilometer classifies the region as rural. Topographic characteristics dominate the region 

and indirectly influence (public) transport infrastructure and decisions: The river Drau runs at the 

bottom of the valley, the municipalities are located on both sides with four bridges linking them and 

extending far up the mountains. At the time of the study, the public transport network in that region 

consisted of a railway line passing through it at the bottom of the valley with four train stations, and a 

regional bus service that operated five bus lines, spreading to the mountainous settlements. Buses ran 

rather infrequent, connecting mainly the centers of the widespread municipalities with hourly 

schedules at peak times, and reaching distant parts with large time gaps between departure times. To 

complement these classic services, three DRT services operated in the model region with differing 

service areas, pricing structures and booking modes. In this region five municipalities formed a model 

region for climate and energy, encouraged by a national governmental program to realize climate 

conservation measures (Klima- und Energiefonds, 2021) and selected as model region for the project. 

Its specific setting enabled the investigation of rural travel habits and factors that influence (public) 

transport decisions. The presented survey targeted all inhabitants aged over 14 years. 
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The survey was conducted in spring 2021 and was advertised in the municipalities’ periodical 

magazines, and on posters that were attached to the stops of public transport means and at generic 

locations, such as the community office, local inns and information billboards. Additionally, 

pedestrians were actively engaged to participate, and flyers were distributed to mailboxes. To align 

with the COVID-19-restrictions we designed an The online survey, which did not result in the expected 

response rates. We collected 56 complete datasets. Even though the collected sample is small, the 

distribution of age of the participants is typical for the Carinthian population (Land Kärnten, 2019), as 

Figure 1 visualizes.  

 

Figure 1: Age distribution of the sample in comparison to the Carinthian population 

Study design 

A closer investigation of the latest national household survey on travel and passenger transportation 

Österreich Unterwegs (Tomschy et al., 2016) revealed that only 17 responses came from the chosen 

model region. To create more knowledge about public transport and DRT use in rural, mountainous 

regions and obtain comparability, the descriptive part of this survey used questions and structure of 

answer options of this national survey. Thus, demographic data such as household size and access to 

different transport modes was surveyed. 

For the application in the current study, the UTAUT scale was translated to German and adapted. We 

conducted this procedure following previous adaptions of the scale for specific research fields 

(Venkatesh et al., 2016) and adopted the structure of latent constructs König & Grippenkoven applied 

in their publication on user acceptance of DRT services in rural Germany (2020). The construct attitude 

towards private cars was introduced to substitute the construct hedonic motivation of the original 

model, which contains four measurement items. The developed scale was distributed amongst 

students of the university of Klagenfurt, and subjected to an exploratory factor analysis, a method 

suitable for the identification of latent constructs and the translation of existing scales (Behr et al., 

2016; Hurley et al., 1997). After verifying the adapted scale, we integrated it into the questionnaire 

and fielded the survey. To explore the latent factors influencing transport mode decisions, we 

subjected the results of the UTAUT scale to a confirmatory factor analysis (CFA). This statistical method 

is well established for the verification of latent constructs in a set of observed variables, and for testing 

hypotheses (Brown, n.d.; Hurley et al., 1997; Suhr, 2006). The results were integrated into a structural 

equation model (SEM), a multivariate modeling technique applied to identify the relationships of 

multiple independent and dependent variables (Ullman & Bentler, 2012), inter alia, applied in the field 

of travel behavior research (Golob, 2003). 
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Data analysis 

After a first, descriptive analysis of the data, we generated the modal split and its comparison to the 

national, rural figures. This analysis was conducted in MS Office’s Excel. Both, the preceding test of the 

translation and adaption of the UTAUT scale and the CFA were conducted using the software JASP, 

version 0.14.1. With this software, we also analyzed the SEM to quantify the influence of the latent 

constructs on the intention to use DRT services. 

Results 
Of all participants, 62 % were female, exceeding the share of females in the Carinthian population 

(Land Kärnten, 2019). The higher female participation at surveys is a common observation (Smith, 

2008). 85 % of all participants have constant access to a private car, 5 % partial access. 58 % of the 

participants have care responsibilities to integrate into their daily life. Public transport can be accessed 

by 84 % within 1,000 meters distance, and by 57 % within five minutes. Figure 2 shows that regional 

buses and DRT cover most of the service access points. 83 % of the participants use the public transport 

offer, 32.5 % use it often or very often. Of the frequent users, 52 % are female, aligning with existing 

studies about the gender distribution of public transport users (Maffii et al., 2020). Figure 3 shows that 

the train is most frequently used, buses and DRT services hold about the same share. 

 

Figure 2: Histrogram with public transport means available at closest stops 

 

Figure 3: Use of public transport means 

The comparison of the modal split in the model region and Austrian figures from the national mobility 

survey is depicted in Figure 4. It shows high numbers for walking (18.8 %), which seems characteristic 

for Carinthia. Public transport holds a share of 9.8 %, which is higher than Carinthia’s average (6 %) but 

still lacking behind Austria’s peripheral areas (16 %). 
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Figure 4: Modal split of Unteres Dratual, in comparison 

Adaption and translation of the UTAUT scale 

284 respondents with a mean age of 29 years conducted the verifying survey of the adapted UTAUT 

scale. Literature does not offer any clear suggestions regarding the minimum sample size for EFA 

(Williams et al., 2010), about 300 datasets are generally viewed as good number. Of the participants, 

69.3 % were female and 20.2 % had used a DRT service before. Before conducting the EFA, we 

calculated some suggested fit indices. The Kaiser-Meyer-Olkin test and the Bartlett’s test measure the 

suitability of the gathered data for a factor analysis (Williams et al., 2010), in our case, both values 

exceeded the suggested cutoff values. After analyzing the data according to some guidelines published 

by Matsunaga (2010), Yong & Pearce (2013) and Costello & Osborne (2005) we evaluated the model 

by calculating generally suggested fit indices. Table 1 shows all indicators and the suggested cutoff-

values, the indices indicate model fitness and internal consistency. Cronbach’s alpha verifies the high 

reliability of the scale, underlined by the other presented fit indices (Tavakol & Dennick, 2011).  

Fit index Value recommended value  
(Schreiber et al., 2006; Sharma, 1995; Tavakol & 
Dennick, 2011) 

Cronbach’s alpha 0.808 ≤ .90 
Kaiser-Meyer-Olkin test 0.815 ≤ .60 
Bartlett’s test <.001 < .05 
Chi-squared test 80.294  
df 61  
χ2/df 1.32 ≤ 2 
RMSEA 0.038 < .06 
Tucker Lewis Index 0.969 ≥ .95 

Table 1: Fit indices for the translated UTAUT model 

To extract the factor structure, we decided on conducting an EFA, applying maximum likelihood 

method (rotation method: promax). Systematically, we removed items with weak, double or invalid 

loadings, resulting in the items shown in Fehler! Verweisquelle konnte nicht gefunden werden.. All 

remaining items show factors loadings above 0.4 which is a sign for construct validity, and the majority 

of commonality values lies between 0.4 and 0.7, indicating item validity (Costello & Osborne, 2005). 

The items that were expected to identify the latent construct attitude towards DRT (AP) loaded on the 

construct effort expectancy instead, which is why we combined the items. 

Construct Item   Factor 1  Factor 2  Factor 3  Factor 4  Factor 5  Communality 

Performance Expectancy PE2           0.676     0.609 
 PE3           0.607     0.487 
Effort Expectancy EE1  0.784              0.627 
 EE3  0.792              0.606 
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 EE4  0.867              0.681 
 AP1  0.468              0.432 
 AP2  0.639              0.387 
 AP4  0.658              0.515 
Social Influence SI1              0.563  0.349 
 SI4              0.527  0.324 
Facilitating Conditions FC1     0.603           0.469 
 FC2     0.943           0.818 
 FC3     0.822           0.655 
 FC4     0.435           0.254 
Attitude towards Private Car AC1        0.758        0.587 
 AC2        0.676        0.588 
 AC4        0.687        0.461 

Table 2: Remaining items after EFA and factor loadings 

The translation and adaption of the UTAUT scale to identify latent constructs that influence the use 

intention of DRT services resulted in 17 measurement items in German language, and the visualized 

model in Figure 5. 

 

Figure 5: Applied UTAUT model for DRT services 

Latent constructs influencing the user acceptance of DRT services 

To analyze the five latent constructs, we subjected n = 56 responses to a confirmatory factor analysis, 

applying the maximum likelihood method to estimate standard errors. We used the translated and 

validated model and respecified it slightly, in consideration with the classic literature on CFA (Brown, 

n.d.). In a first step, we removed the latent construct social influence and the item FC4. Both lacked 

explanatory power for this dataset, justifying their deduction. In a second step, we used the residual 

covariances table and included two residual covariances into the model, resulting in a model with 

acceptable fit indices. Table 3 compares selected fit indices, as suggested by Schreiber et al. (2006), 

also outlining the improvement achieved by the respecification. Cronbach’s alpha of the respecified 

model is 0.865, again indicating the reliability of the scale. 

Model fit 
CFA before 
respecification 

CFA after 
respecification 

SEM explaining 
UI 

recommended value  
(Schreiber et al., 2006)  

Χ² 139.296 52.203 74.699  
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df 71 36 53  

p < .001 0.184 0.026  

X2/df 1.96 1.45 1.41 ≤ 2 

CFI 0.883 0.962 0.959 ≥ 0.95 

RMSEA 0.131 0.090 0.086 < 0.6 

SRMR 0.109 0.054 0.092 ≤ 0.8 

Table 3: Model fit indices before and after respecification 

The results of the CFA are reported in Table 4. All items are significant with a p-value <.001 and show 

path estimates above 0.6, again supporting the validity of the scale. Figure 6 visualizes the results of 

the SEM and the explanatory power of the latent constructs on the construct use intention (UI). For 

our data, the latent construct effort expectancy explains 63 % of the variance, followed by performance 

expectancy (24 %) and facilitating conditions (8 %). attitude towards private car shows a small, negative 

influence, explaining 3 % of the variance.  

 

Figure 6: CFA: Explanatory power of latent constructs to Use Intention 

  95% Confidence Interval   

Factor Indicator Estimate Std. Error Lower Upper Std. Est. (all) 

Performance Expectancy PE2 1.534 0.163 1.215 1.852 0.981 
 PE3 1.415 0.169 1.084 1.746 0.909 

Effort Expectancy AP2 1.266 0.161 0.950 1.581 0.853 
 AP4 1.220 0.146 0.934 1.506 0.884 
 EE1 1.063 0.165 0.740 1.387 0.747 
 EE3 1.209 0.152 0.912 1.506 0.860 
 EE4 1.251 0.152 0.954 1.549 0.879 

Facilitating Conditions FC2 1.441 0.229 0.993 1.890 0.950 
 FC3 1.368 0.241 0.896 1.841 0.830 

Attitude towards Private 
Cars 

AC1 0.526 0.151 0.229 0.823 0.736 

AC4 0.624 0.173 0.286 0.963 0.825 

  

Table 4: Results of the adapted UTAUT model on DRT use in rural areas 
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Discussion 
The modal spilt of the participants of the model region shows a higher share of public transport means 

than in Carinthia. About 85 % of the participants find a public transport access point within 1,000 

meters distance; nevertheless, the majority does not use this offer more than sometimes. The higher 

share of public transport in the modal split might be explained by the active DRT services in the region. 

Athough almost all people know about the DRT services (96.75 %), 75 % have never used them. This 

points towards the existence of other factors explaining the high rate of non-use, even more when 

considering the high density of service access points (see Figure 2) and the flexible time scheduling of 

the active DRT services (all active services offer individual pickup times). Interestingly, the most 

frequently used public transport means is the train, even though most participants have closer access 

to regional bus and DRT services. Again, this points towards unidentified factors that influence the 

intention to use public transport and, up to present, lack exploration.  

To contribute to the understanding of the low use of DRT services, we integrated a translated version 

of the UTAUT scale in the survey. As Figure 6 shows, the participants’ expectancies of performance and 

effort have the highest impact on the use intention of DRT services, which is in line with other studies, 

on DRT (König & Grippenkoven, 2020), on automated driving (Bernhard et al., 2020), and with the 

original study by Venkatesh proposing the theory (2003). Analyzing a longitudinal study, he elaborated 

that effort expectancy loses significance after a prolonged use of the novel technology at study. In our 

study, this latent construct explains a large amount of variance, thus, effort expectancy acts as 

potential access barrier to DRT services. Concluding, we suggest local operators and policymakers to 

use this knowledge and create interventions that foster first tryouts and use this as a lever for the use 

intention of DRT services. Interestingly, social influence held no explanatory power. One explanation 

for this might lie in the selection of the items testing this latent construct. In the EFA of the adapted 

and translated scale, their communalities were below 0.4, leaving a large amount of variance 

unexplained. Previous studies show different findings for that construct. While some studies present 

highly significant results, such as Curtale et al. who researched the user acceptance of electric car 

sharing services (2021) , others also had to dismiss this construct because of insignificance, such as 

Soares at el.’s article on the use intention of Uber (2020). Other authors concentrated on the two main 

constructs, and refrained from testing social influence at all (Curtale et al., 2021; Di Pietro et al., 2015). 

The latent construct attitude towards private car held little explanatory power, which aligns to the 

findings of König & Grippenkoven (2020). This came as a surprise, because the private car is often 

positioned as a status symbol (Steg, 2003). Facilitating conditions explained a small share of the use 

intention. This might be explained by a lack of existence of facilitating conditions, or a lack of their 

perception by the participants. The model explained 31 % of the variance, again indicating the 

existence of other factors that influence the use intention of DRT services. We suggest the inclusion of 

other explanatory factors into the model, representing contextual settings and demographic facts. 

We derive two main practical implications from our study: First, existing effort and performance 

expectations hinder the use intention of DRT services. This information allows the design of several 

marketing actions aiming at overcoming this barrier. For instance, policymakers could raffle free access 

to some people of the region, and allow them an influencer position, or operators might allow a 

number of free rides to get accustomated with the operating mode and overcome the entry barriers. 

Second, we suggest elaborating the facilitating conditions for the use of DRT services. Furthermore, 

we suggest conducting further research in rural areas, with a focus on the adaption of classic research 

approaches. 



 10 

Limitations 

The collected sample shows a typical distribution regarding age; nevertheless, the results must be 

interpreted carefully. We assume that the participants do not represent the public in the region, based 

on the experience when distributing the flyers and people’s reaction to it. When at first contact, they 

were eager to tell their stories about (public) transport, when asked to participate in the survey, most 

withdrew and clearly showed their refusal of this form of expressing their opinion. It would be 

interesting to further research on the reason for this aversion, and to reach a larger portion of the 

population for a more comprehensive sample. 

Conclusion 

In this article, we applied the UTAUT to explore latent constructs influencing the use intention of DRT 

services in a rural, mountainous area in Austria. We found the participants’ effort and performance 

expectancy to be most influential on their use intention of DRT services, and propose the design of 

measures that address this fact. The latent construct facilitating conditions lacks explanatory power, 

which is why we propose further exploring the existence of such conditions. The low response rate on 

the online survey indicates the need for combined survey methods when exploring rural areas. 
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