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Abstract 

This study explains private e-scooter purchase intention through a mechanism-based 

process model that links value cues to performance beliefs and, subsequently, to 

motivational readiness to commit. We argue that hedonic motivation, forward-looking 

expectations about the technology, and lower price sensitivity strengthen perceived 

performance (usefulness, reliability, and access). In turn, perceived performance 

primarily increases purchase intention by enhancing perceived autonomy and com-

petence, while consumer innovativeness plays a limited role in translating beliefs 

into purchase intention. We employ a sequential explanatory mixed-methods design. 

Survey data (n = 338) are analyzed using partial least squares structural equation 

modeling, followed by 26 semi-structured interviews to interpret the pathways and 

identify boundary conditions. The findings show that perceived performance is the 

key appraisal in the model. It is shaped by enjoyment, future expectations, and 

price evaluation, and it influences purchase intention mainly through autonomy and 

competence rather than novelty-oriented exploration. The qualitative findings show 

that infrastructure, safety, parking clarity, service continuity, and transparency in 

ownership cost shape the strength of this mechanism. Overall, the findings support 

a utility-first adoption logic. For managers addressing younger urban consumers in 

emerging-market contexts, the priority is to make performance credibility and own-

ership support visible through reliable product performance and robust after-sales 

assurance. For policymakers in similar settings, protected links and more transparent 

governance can stabilize perceived performance and strengthen confidence in every-

day use..
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1.  Introduction

Urban mobility is rapidly shifting toward electric, point-to-point modes. In North Amer-
ica, shared micromobility trips rose to 225 million in 2024 (+31% year-over-year) 
across 415 cities, and 74% of riders reported using shared bikes and scooters to 
connect with transit [1]. In Europe, 40% to 63% of riders use public transport, under-
scoring micromobility’s role as a feeder that expands network catchment areas and 
strengthens door-to-door connectivity [2] Among Micro-Mobility for Europe members, 
usage in 2024 exceeded 312 million e-scooter trips and 79 million e-bike trips [3]. For 
operators and city managers, this scale and intermodality create meaningful oppor-
tunities for ridership growth, integration, and service innovation while simultaneously 
elevating exposure to risks related to price sensitivity, safety, service quality, and 
regulation. These dynamics sharpen the need for management-oriented evidence 
on adoption drivers, willingness to pay, and service design choices that can sustain 
demand and improve system integration.

Regulatory and business-model headwinds have intensified alongside this growth. 
Paris removed rental e-scooters following a citywide referendum in April 2023, with 
the ban taking effect on 1 September 2023 [4]. Italy adopted stricter national rules in 
2024, introducing mandatory helmet, insurance, and number plate requirements [5]. 
Several operators have restructured, most visibly Bird, which filed for Chapter 11 in 
December 2023 and re-emerged as a private company in April 2024 [6]. These devel-
opments underscore that market viability depends not only on ridership but also on 
unit economics, pricing architecture, and alignment between service operations and 
public governance. In practical terms, consumers’ mobility choices are increasingly 
made within environments where availability, cost, and perceived risk can change 
quickly, elevating the importance of understanding what drives demand and how 
value is formed.

Against this backdrop, an important question remains insufficiently explained: how 
do consumers form purchase intention for a private e-scooter? This question differs 
from shared-use adoption because private purchase requires a stronger commitment 
[7,8] and forces consumers to judge whether the product will be useful, reliable, safe, 
and worth owning in everyday travel. Prior research has mainly examined shared-use 
adoption, continuance, or direct effects of motives such as enjoyment, environmental 
concern, and economic benefit on intention [9–12]. Other studies have focused on 
city-level demand effects, operational viability, or governance [13–20]. What remains 
unclear is the mechanism through which value cues are translated into private pur-
chase intention.

This study addresses that gap by integrating TAM/UTAUT, Self-Determination 
Theory (SDT), and the S-O-R framework. TAM/UTAUT provides the basis for posi-
tioning performance expectancy (PE) as the central appraisal in the model [7,8]. We 
therefore specify hedonic motivation (HM), future expectations (EF), and low price 
sensitivity (LPS) as antecedents of PE. SDT explains how PE is associated with 
purchase intention (PI) through perceived autonomy (PA) and perceived competence 
(PC), while innovative consumption (IC) captures consumers’ tendency to explore 
and experiment with new products. The study contributes in three ways. First, it shifts 
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the focus from shared use to private ownership intention. Second, it explains how value cues operate through perfor-
mance expectancy and then through motivational states rather than as isolated direct predictors. Third, it uses a sequen-
tial explanatory mixed-methods design to identify the practical conditions under which this mechanism is strengthened or 
weakened.

The remainder of the paper is organized as follows. We review the literature on micromobility adoption and develop 
the hypotheses. We then describe the data, measures, and modeling strategy, followed by the empirical results and the 
integration of qualitative evidence. We conclude with managerial implications for product strategy (battery and reliability 
features), pricing and segmentation (heterogeneous price sensitivity), and public-private governance (transit integration, 
parking, and safety standards), as well as limitations and directions for future research.

2.  Study background

This section synthesizes recent peer-reviewed research on e-scooters and micromobility (2022–2025) through a man-
agement lens. We organize the evidence into four complementary strands: consumer motives and acceptance; city- and 
firm-level demand effects; operations and unit economics; and governance and equity. Table 1 summarizes representa-
tive studies across these strands to clarify what is already known, what remains underexplained, and where our study 
contributes.

A first stream examines consumer motives and acceptance. Much of this work identifies hedonic, instrumental, and 
environmental motives as key predictors of intention or continuance, typically estimating relatively direct effects from 
motives to intention. For example, prior evidence highlights the prominence of immediate practical value and enjoyment in 
shaping acceptance, with environmental motives often playing a more nuanced or context-dependent role [9–12]. These 
studies provide strong descriptive insight into what correlates with adoption tendencies. However, they leave open a  
management-relevant question about mechanism: how do such motives become a willingness to commit to ownership, 
and through which psychological resources does that conversion occur?

A second stream shifts from individual motives to market outcomes, showing that micromobility can generate measur-
able demand and spillovers at the city and business level, and that user discourse can reveal actionable reasons for and 
against adoption. City-entry evidence suggests economically meaningful effects on local spending [13], while  
argument-mining approaches demonstrate how structured text analytics can surface prioritized service-improvement 
themes [14]. Related research also points to heterogeneity in who uses micromobility and in how availability is distributed 
across neighborhoods, highlighting demand segmentation and equity concerns [15,16]. This stream strengthens the case 
that micromobility matters operationally and commercially. However, it does not directly resolve the household-level pur-
chase decision that anchors product strategy, after-sales design, and pricing architecture.

A third stream focuses on operations and unit economics, emphasizing that viability depends on logistics, maintenance, 
and the operating model design. Analytical work on battery swapping clarifies how reliability and cost structure are tightly 
coupled through operational decisions [17], and broader viability assessments indicate that field operations and main-
tenance can dominate cost, making utilization and service design central managerial levers [18]. This stream is highly 
relevant for managerial decision-making because it identifies the supply-side constraints that consumers ultimately experi-
ence, including reliability, convenience, and total cost of ownership. However, it is rarely connected explicitly to the psy-
chological pathway through which consumers form performance-related beliefs and translate them into intention.Against 
this literature, this study advances purchase-intention research in three ways. It models HM, EF, and LPS as antecedents 
that shape private e-scooter purchase intention through PE and the motivational resources that make ownership feel 
actionable [9–12]. It aligns the dependent construct with private ownership decisions, including product reliability, safety, 
after-sales support, and pricing architecture [13–16]. It also adds a forward-looking belief component and treats price 
sensitivity as a value-evaluation channel, then uses interviews to identify contextual conditions that shape the mechanism, 
including infrastructure, safety, service access, warranty support, and total-cost transparency [17–20]. This approach 
explains how ownership intention is formed and why its strength depends on practical operating conditions.
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Table 1.  Synthesis of prior research on e-scooters and micromobility.

Study Context & Sample Method Key Constructs Main Findings / Managerial Takeaways

[9] Turkey; 204 e-scooter users 
(emerging economy)

Survey; PLS-PM/SEM Time-saving motivation; environ-
mental awareness; continuance

Immediate/practical benefits dominate; 
environmental motives are secondary. 
In emerging markets, position offerings 
around time savings and convenience.

[13] USA; 98 cities, 391 firms 
(city-level panel)

Quasi-experimental city 
entry; panel econometrics

Micromobility access; consumer 
spending

City e-scooter entry raises restaurant 
spending ~5.2%; boosts discovery and 
repeat visits. Clear demand-creation 
effects at the city/business level.

[10] Turkey; 346 respondents Survey; PLS-SEM (COVID 
moderator; IPMA)

Extended TAM: social influence, 
perceived pleasure, economic 
benefit → PU/PEOU → attitude/
intention

High explanatory power; economic benefit 
increases use. Optimize price–value archi-
tecture to strengthen adoption.

[17] Shared e-scooter service 
production (S3)

Operations economics 
model (swapping tours, 
DoD, BEC, lifespan/energy 
optimization)

Swappable batteries; cost func-
tion; inventory/charging logistics

Swap strategy drives total cost; closed-
form optima for DoD/BEC/tours. Unit 
energy cost is far above grid price → logis-
tics–operations integration is critical.

[14] E-scooter sharing; news & 
user reviews

IS-AM (information-seeking 
argument mining)

Reasons for/against; argument 
salience; service design

Extracts 40 reasons with importance 
ranking; news provide richer arguments 
than reviews. Text mining is actionable for 
service improvement.

[15] Louisville, KY; MDS data Survival analysis (availability 
equity) + distributive equity 
model

Rebalancing equity; 
socio-demographics

Low-income/low-car areas see longer 
availability; minority-dominant areas 
face faster rebalancing, narrowing use 
windows. Embed equity frameworks in 
operations.

[16] Palermo; city-scale 
socio-economic data

Machine learning (MLP best 
classifier)

Socio-economic factors; micro-
mobility use

Middle-income and freelancers are more 
likely users. Not just a low-income/stu-
dent mode → adjust segmentation and 
targeting.

[11] Sweden; users (n = 337) + 
non-users (n = 1,001)

Survey; SEM Eco-innovativeness; instrumen-
tal, environmental, hedonic, 
symbolic motives

Hedonic motivation is strongest; environ-
mental motives negative for current use 
but positive for future intention. Messaging 
should go beyond “green”.

[18] Five shared mobility types 
(incl. e-scooters)

Literature + expert inter-
views → cost modeling

Cost components; ops vs. leas-
ing shares; viability

Operations + leasing >50% of cost/PKM. In 
e-scooters/bikes, field agents & mainte-
nance dominate ops costs. Profitability is 
tenuous; utilization is the key lever.

[12] Shared e-bikes & e-scooters; 
800 users

Survey; SEM (four models) Hedonic vs. environmental 
routes; DSI; green identity

E-bikes follow a cognitive route; e-scooters 
an affective/hedonic route. DSI → positive 
emotions; green identity affects environ-
mental motives only for e-bikes.

[19] US consumers; China & 
Cambodia products; catego-
ries include e-scooters vs. 
refrigerators

Discrete-choice conjoint Mitigating weak COO: store 
image, warranty, third-party cer-
tification, corporate engagement

Retail store image is most effective; 
extended warranty second; certification 
third; corporate engagement least. Effects 
broadly robust across segments.

[20] Hospitality industry; internal 
stakeholders & risks

Picture Fuzzy Sets–based 
MACTOR

Micromobility risks; stakehold-
ers; sustainability

Maps risks (guest inexperience, helmet 
access, storage) and priority stakeholders. 
Managing these risks strengthens sustain-
ability positioning and operations planning.

https://doi.org/10.1371/journal.pone.0341194.t001
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3.  Theoretical framework

We explain e-scooter PI through a process view that links external cues to internal appraisals and, ultimately, to commit-
ment to ownership. We use Stimulus-Organism-Response (S-O-R) as an organizing scaffold: stimuli are evaluative cues 
present before a focal judgment is formed, the organism refers to the internal states that translate those cues into read-
iness to act, and the response captures the focal behavioral tendency [21]. This distinction is important for EF and PE. 
Although both involve expectation-related judgments, EF reflects a broad forward-looking evaluation of the technology’s 
trajectory, including diffusion, sustainability, and functional maturation, and is therefore treated as a stimulus. PE cap-
tures the focal appraisal of whether an e-scooter will improve personal travel performance through time savings, access, 
and reliability, and is therefore modeled as the central organismic appraisal. As shown in Fig 1, HM, EF, and LPS are 
treated as stimuli; PE is the central appraisal within the organism; PA, PC, and IC represent organismic states; and PI 
is the response. We draw selectively from UTAUT/UTAUT2 rather than reproducing the full model. PE is retained as the 
most proximal performance-related appraisal, HM as a salient experiential antecedent, and EF and LPS because private 
ownership decisions also depend on future viability and monetary sacrifice. Accordingly, HM, EF, and LPS are modeled as 
parallel antecedents of PE rather than as causal relations among themselves.

Within technology acceptance research, PE is consistently the appraisal most proximal to intention because it cap-
tures the consumer’s judgment that a technology will improve task performance [22]. For private e-scooter purchase, task 
performance is not an abstract concept; it reflects time savings, trip feasibility, reliability, and uninterrupted access for daily 
travel. We therefore place PE at the center of the mechanism and theorize that the main antecedents exert influence by 
shaping PE first, after which PE becomes consequential because it activates psychological resources that make owner-
ship feel both workable and worthwhile.

HM is expected to raise PE because pleasurable, engaging experiences can heighten perceived task fit and useful-
ness. Technology adoption research links enjoyment to stronger usefulness beliefs through affect-to-cognition spillover 

Fig 1.  Theoretical scaffolding (S–O–R) behind the model.

https://doi.org/10.1371/journal.pone.0341194.g001
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and cognitive absorption [23,24]. In micromobility contexts, the same logic is visible: practical gains and enjoyment jointly 
contribute to favorable acceptance evaluations [9,10], and hedonic routes appear particularly salient for e-scooters rela-
tive to e-bikes [12]. Accordingly, we treat HM as a stimulus that strengthens PE by making benefits more vivid, easier to 
imagine, and more likely to be experienced as personally relevant.

EF captures forward-looking beliefs about whether the option will remain viable and continue to improve as technology 
and its ecosystem evolve. Expectancy and value theory emphasizes that anticipated outcomes shape utility appraisals 
and willingness to invest effort [25,26]. In our context, EF reflects expectations about sustainability relevance,  
diffusion, and availability, and functional maturation such as range reliability and perceived safety. Life-cycle evidence sug-
gests that environmental performance improves with longer lifetimes and optimized logistics, which can rationalize more 
optimistic expectations and higher perceived usefulness [27]. Complementing this, city-level evidence showing spending 
spillovers after e-scooter entry is consistent with rising perceived usefulness of access and convenience [13]. Diffusion 
theory provides the macro-level link by explaining how such expectations influence perceived feasibility and adoption 
thresholds [28]. We therefore conceptualize EF as a stimulus that updates PE by shaping consumers’ beliefs about the 
option’s future task fit rather than merely its current attributes.

LPS is introduced to capture heterogeneity in how strongly consumers foreground monetary sacrifice when forming 
performance judgments. Value evaluation research conceptualizes perceived value as a comparison between expected 
benefits and perceived sacrifice [29]. When price sensitivity is low, the monetary sacrifice becomes less salient, and atten-
tion can shift toward functional benefits, raising perceived usefulness [30]. A closely related logic appears in acceptance 
research through price value, which links benefit perceptions relative to cost with adoption tendencies [31]. In micromobil-
ity, economic benefits and cost architecture are repeatedly highlighted as central to usage and viability [10,18], and opera-
tional accounts of battery swapping further clarify why reliability and range become focal when price concerns recede [17]. 
We therefore model LPS as a stimulus that elevates PE by reducing the weight of monetary sacrifice in evaluation and 
increasing the weight of functional performance considerations.

PE alone, however, does not fully explain why a favorable appraisal becomes a willingness to commit to owner-
ship. We draw on Self-Determination Theory (SDT) to specify the psychological conversion mechanism that turns 
instrumental appraisals into volitional readiness. SDT argues that autonomy and competence are core needs that 
sustain self-endorsed choice and persistence [32]. When consumers believe an e-scooter will reliably deliver time 
savings and access, they should feel greater control over routing and timing, which supports PA, and greater con-
fidence in using the mode effectively, which supports PC. Consistent with this reasoning, evidence in micromobility 
and allied service settings links accessibility and distribution features to autonomy-related experiences [15] and 
highlights the role of self-efficacy and competence for continued engagement [33,34]. In our framework, PA and PC 
are organismic states that transmit the effect of PE to PI because they explain why usefulness is experienced as 
personally actionable.

IC is treated as an approach-oriented organismic state rather than a terminal outcome. Innovativeness research sug-
gests that trait and domain-specific innovativeness fosters exploratory adoption, experimentation, and deeper engage-
ment with new products [35–37]. In micromobility, hedonic and innovative routes can be strong predictors of intention, 
especially for emerging green mobility innovations [11,12]. Building on this logic, we argue that when PE is high, explora-
tion of features, new use cases, and personal routines becomes more attractive because the perceived payoff of exper-
imentation increases and the perceived cost of trial decreases. IC, therefore, complements PA and PC by capturing an 
action orientation through which favorable appraisals can crystallize into purchase intention.The model yields a focused 
process logic. HM, EF, and LPS capture experiential value, future-oriented feasibility, and value evaluation. PE serves as 
the pivotal appraisal. PA, PC, and IC explain how PE is converted into ownership intention, drawing on SDT and innova-
tiveness theory [32,35]. The empirical model tests whether HM, EF, and LPS influence PI through PE and then through 
PA, PC, or IC, as summarized in Fig 1 [21].



PLOS One | https://doi.org/10.1371/journal.pone.0341194  July 6, 2026 7 / 27

3.1.  Hypotheses development

We expect HM, EF, and LPS to raise PE via affect-to-cognition spillovers, expectation updates regarding sustainability/
diffusion/functional maturation, as well as benefit-over-sacrifice value appraisals. HM reliably heightens usefulness beliefs 
in consumer IT and in e‑scooter contexts [8,24,38,39]. EF should lift PE, consistent with lifecycle and city‑level evidence 
[13,27,40]. Low price salience shifts attention from monetary sacrifice to benefits, strengthening instrumental appraisals 
like PE [8,29,30,41].

H1a. HM is positively associated with PE.

H1b. EF of e-scooter technology are positively and significantly associated with PE.

H1c. LPS is positively and significantly associated with PE.

Consistent with SDT and post-adoption IS models, PE, the proximal appraisal of task-fit (time, access, reliability), is 
expected to translate into autonomy, exploration, purchase intention, and competence. Higher PE lifts PA in trip planning 
[42], catalyzes IC through lower experimentation costs and competence signals [43,44], predicts PI in micromobility mod-
els [45,46], and nurtures PC when tools are appraised as effective and autonomy-supportive [47].

H2a. PE is positively associated with PA.

H2b. PE is positively associated with IC.

H2c. PE is positively associated with PI.

H2d. PE is positively associated with PC.

Grounded in SDT, PA and PC operate as proximal motivational resources that translate functional appraisals into PI, 
while IC captures consumers’ propensity to trial and champion novel mobility solutions. Cross‑domain evidence shows 
that satisfying autonomy and competence needs significantly lifts PI in digital commerce [48]. In the transport domain spe-
cifically, an EV purchase model demonstrates that PA and PC foster IC, and, critically, IC strongly predicts EV purchase 
intention (β ≈ 0.55), establishing a clear motivational route from PA/PC to PI via IC [49]. Within micromobility, consumer 
innovativeness is a robust driver of use decisions and future behavioral intentions for shared e‑scooters and e‑bikes, 
underscoring the PI‑relevance of IC in this category [11]. Competence‑proximal beliefs also matter for mobility adoption: 
travel‑related self‑efficacy (a competence analogue) significantly increases intention to keep using community‑based elec-
tric ride‑sharing, aligning with a positive PC → PI pathway [34].

H3a. PA is positively associated with PI.

H3b. IC is positively associated with PI.

H3c. PC is positively associated with PI.

Accordingly, we specify serial paths in which HM/EF/LPS elevate PE, which then satisfies psychological levers culmi-
nating in PI. Enjoyable use heightens PE [8,23,24]. In micromobility, higher PE signals tangible functional gains (range, 
time, reliability) that expand autonomy and strengthen competence; PE also catalyzes innovative consumption by lowering 
experimentation costs and signaling competence [34,50,51]. In turn, autonomy, competence, and innovative consumption 
translate into higher PI, consistent with evidence that value/acceptance variables, including PE and enjoyment, enhance 
intentions and continuance [49,52].

H4a. HM positively influences PI through the sequential mediating effects of PE and PA.

H4b. HM positively influences PI through the sequential mediating effects of PE and PC.
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H4c. HM positively influences PI through the sequential mediating effects of PE and IC.

Users’ EF forward-looking assessments of environmental impact, diffusion, and technological maturity update instru-
mental beliefs, most notably PE. Environmental value propositions and functional gains predict adoption and loyalty [40]. 
Recent LCAs show that improvements in durability, range, and logistics materially reduce e-scooters’ carbon footprint, 
rationalizing more optimistic expectations and reinforcing PE [27]. City-scale surveys likewise portray e-scooters as sus-
tainable, efficient last-mile options, with comfort/ease-of-use facets of PE shaping intentions [53]. Higher PE enhances 
PA via perceived accessibility [54], strengthens PC through travel self-efficacy [34], and catalyzes IC as users explore 
advanced features [55]. Consistent with TAM/UTAUT and e-scooter evidence, PE, together with service-quality compo-
nents, predicts purchase and continuance; the PE–loyalty–intention link is pronounced in multimodal contexts (e-scooter–
metro), where perceived service quality and system acceptance drive sustained use [52]. Collectively, these findings 
support our sequential path model.

H5a. EF positively influence PI through the sequential mediating effects of PE and PA.

H5b. EF positively influence PI through the sequential mediating effects of PE and PC.

H5c. EF positively influence PI through the sequential mediating effects of PE and IC.

LPS down-weights monetary sacrifice and shifts attention to benefits/functionality; under benefit-focused apprais-
als, value/quality expectations rise and price salience no longer depresses benefit-based judgments, strengthening PE 
[56–58]. In micromobility, heterogeneous price sensitivity and perceptions of affordability/fairness shape preferences and 
downstream outcomes (e.g., satisfaction/loyalty) [59,60]. Once PE is high, users report greater autonomy via perceived 
accessibility and control, higher competence through reduced performance risk and self-efficacy, and more innovative 
exploration [11,34,54,61]. Consistent with e-scooter evidence, PE and service-quality facets also explain purchase and 
continuance intentions, anchoring the final link to PI [52,62]. Accordingly, we specify three serial paths:

H6a. LPS positively influences PI through the sequential mediating effects of PE and PA.

H6b. LPS positively influences PI through the sequential mediating effects of PE and PC.

H6c. LPS positively influences PI through the sequential mediating effects of PE and IC.

Building on the above theoretical and empirical evidence, we propose the conceptual research model in Fig 2.

4.  Methodology

4.1.  Phase I: Quantitative strand

We employed partial least squares structural equation modeling (PLS-SEM) in SmartPLS 4, as the study is prediction- 
oriented and specifies a complex model with multiple endogenous constructs and serial mediations. Prior to estimation, 
the data were screened for missing values, response quality, and multicollinearity. Path significance was evaluated using 
5,000 bias-corrected and accelerated (BCa) bootstrap resamples and two-tailed 95% confidence intervals. Out-of-sample 
predictive performance was assessed using PLSpredict with 10-fold cross-validation repeated 10 times [63,64].

4.1.1.  Data collection and sampling.  The target population for the quantitative strand comprised adults residing 
in Turkey who were aware of e-scooters and could evaluate private e-scooter ownership as a personal mobility option. 
Because the study examines purchase intention at the pre-purchase stage, prior ownership or regular use was not 
required. Respondents were recruited through an online voluntary participation call using convenience sampling. To 
be included, participants had to be at least 18 years old, reside in Turkey, provide informed consent, and complete the 
questionnaire. After screening for completeness and response quality, 338 valid responses were retained for analysis 
[64]. This sampling frame is appropriate because the study focuses on how consumers form ownership intention 
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before purchase rather than on post-purchase behavior. Participant demographics are presented in Table 2. The study 
protocol was approved by the Yıldız Technical University Social and Human Sciences Research Ethics Committee (02 
January 2025; Meeting No: 2025.01; Report No: 20250104092). Recruitment for the online survey took place from 10 
January 2025–08 March 2025. All participants were adults (≥18 years). Prior to participation, all survey respondents 
were presented with a participant information sheet and provided informed consent electronically before accessing the 
questionnaire (i.e., consent was indicated by actively agreeing and proceeding to the survey). Written consent for face-to-
face interviews and recorded verbal consent for online interviews; consent included permission to audio-record. No minors 
were included; therefore, parental/guardian consent was not applicable. The requirement for informed consent was not 
waived by the ethics committee.

All items were measured on a five-point Likert scale (1 = Strongly disagree, 5 = Strongly agree). The questionnaire was 
pretested to assess wording clarity and completion flow, and the average completion time was six minutes. Constructs 
were adapted from validated multi-item scales, and the exact item wordings with sources are reported in Supplementary 
Table S1 in S1 File. All constructs, including EF and LPS, were modeled as reflective latent constructs. This specification 
is consistent with the measurement design, in which the indicators were treated as manifestations of the underlying latent 
evaluations and assessed using internal consistency, convergent validity, and discriminant validity criteria.

Because the quantitative strand relied on self-reported survey data, procedural and statistical measures were employed 
to address common method bias. Respondents were assured of anonymity, predictor and criterion constructs were sepa-
rated across questionnaire sections, and item order was mixed where appropriate. Full collinearity VIF values ranged from 
1.284 to 2.417, remaining below the conservative threshold of 3.3 and indicating that common method bias was unlikely to 
materially affect the results. Detailed VIF values are provided in Supplementary Table S2 in S1 File.

4.1.2.  Measures and instrument development.  The measurement model demonstrated satisfactory reliability and 
validity across all constructs. As shown in Table 3, Cronbach’s alpha (.738–.892) and composite reliability (.847–.933) 
values were well above the recommended threshold of  .70 [65], while AVE values ranged from  .529 to  .822, surpassing 
the  .50 benchmark and thereby confirming convergent validity [66]. Moreover, the square root of AVE for each construct 
exceeded its correlations with other constructs, indicating adequate discriminant validity under the Fornell–Larcker 

Fig 2.  Research model.

https://doi.org/10.1371/journal.pone.0341194.g002
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criterion. For additional robustness, the HTMT ratios were examined (Table 4), all of which fell between  .184 and  .759, 
below the conservative cut-off value of  .85 [67]. These results confirm the adequacy of the measurement model.

Discriminant validity was examined via cross-loadings (Table 5). Cross-loadings indicated that every indicator loaded 
highest on its intended construct and lower on all non-target constructs, supporting discriminant validity [68]. Item load-
ings and descriptive statistics, which report standardized loadings together with item means and standard deviations; all 

Table 2.  Participant demographics.

Variables Categories N (%)

Gender Female
Male

161
177

47.6
52.4

Age 18-25 256 75.7

26-35 68 20.1

36-45 13 3.8

46-55 1 0.3

Education High school or below 14 4.1

Vocational school 6 1.8

Bachelor’s degree 281 83.1

Master’s/PhD degree 37 10.9

Occupation Student 252 74.6

Homemaker 5 1.5

Private sector employee 40 11.8

Public sector employee 35 10.4

Small business owner / Entrepreneur 4 1.2

Unemployed / Not working 2 0.6

Retired 13 3.8

Average Income −22.104 10 3.0

22.105-35.000 26 7.7

35.001-55.000 26 10.7

55.001-85.000 73 21.6

85.001-120.000 76 22.5

120.001- 117 34.6

n: 338 sample size.

https://doi.org/10.1371/journal.pone.0341194.t002

Table 3.  Fornell-Larcker criterion.

Cronbach’s alpha CR AVE EF HM IC LPS PA PC PE PI

EF .892 .933 .822 .907

HM .738 .851 .659 .387 .812

IC .832 .873 .580 .358 .527 .762

LPS .835 .875 .584 .350 .621 .435 .764

PA .790 .847 .529 .179 .303 .327 .422 .727

PC .814 .871 .576 .316 .452 .615 .299 .408 .759

PE .777 .854 .595 .491 .481 .480 .315 .486 .489 .771

PI .876 .915 .731 .412 .631 .472 .330 .614 .523 .492 .855

https://doi.org/10.1371/journal.pone.0341194.t003
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Table 4.  Heterotrait-Monotrait (HTMT) criterion.

EF HM IC LPS PA PC PE PI

EF

HM .428

IC .357 .715

LPS .284 .325 .345

PA .353 .220 .330 .349

PC .256 .426 .418 .337 .606

PE .237 .437 .300 .343 .459 .609

PI .424 .412 .405 .312 .307 .304 .478

https://doi.org/10.1371/journal.pone.0341194.t004

Table 5.  Loadings and cross-loadings.

EF HM IC LPS PA PC PE PI

EF1 .828 .560 .400 .289 .318 .544 .417 .480

EF2 .874 .440 .418 .277 .272 .559 .404 .477

EF3 .928 .477 .415 .312 .358 .584 .479 .407

HM1 .445 .800 .322 .195 .248 .720 .407 .448

HM2 .617 .908 .370 .315 .261 .342 .451 .606

HM3 .416 .717 .331 .201 .270 .503 .314 .433

IC1 .214 .269 .706 .378 .202 .309 .214 .235

IC2 .236 .307 .710 .447 .198 .333 .168 .239

IC3 .245 .246 .797 .396 .291 .318 .221 .263

IC4 .272 .292 .796 .399 .292 .354 .249 .281

IC5 .247 .207 .793 .124 .100 .221 .229 .255

LPS1 .292 .265 .453 .752 .258 .286 .322 .314

LPS2 .217 .194 .374 .801 .035 .204 .160 .219

LPS3 .295 .274 .435 .857 .175 .272 .298 .297

LPS4 .139 .166 .337 .699 −.011 .140 .101 .119

LPS5 .213 .186 .409 .715 −.045 .167 .175 .197

PA1 .206 .193 .333 .139 .752 .253 .312 .252

PA2 .284 .254 .268 .075 .832 .271 .385 .322

PA3 .127 .151 .106 −.010 .836 .207 .251 .175

PA4 .104 .136 .183 −.022 .781 .171 .147 .135

PA5 .387 .121 .164 −.075 .764 .332 .509 .427

PC1 .445 .300 .322 .105 .248 .720 .207 .248

PC2 .617 .708 .370 .315 .261 .842 .451 .406

PC3 .416 .316 .331 .201 .270 .773 .314 .433

PC4 .458 .470 .407 .225 .266 .806 .319 .482

PC5 .371 .456 .359 .173 .333 .709 .305 .387

PE1 .512 .521 .356 .246 .385 .523 .827 .537

PE2 .298 .284 .264 .149 .454 .287 .769 .351

PE3 .271 .264 .287 .251 .324 .246 .732 .298

PE4 .336 .365 .238 .310 .360 .358 .756 .355

PI1 .657 .560 .400 .289 .318 .544 .417 .874

PI2 .543 .540 .418 .277 .272 .559 .404 .871

PI3 .723 .577 .415 .312 .358 .584 .479 .907

PI4 .501 .428 .367 .234 .458 .467 .482 .764

https://doi.org/10.1371/journal.pone.0341194.t005
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loadings met the  .70 benchmark, and multicollinearity was assessed using VIFs (see Table S3 in S1 File). VIF Diagnos-
tics; all values were below the conservative threshold of 3.3 (max = 2.98), indicating no problematic collinearity [64].

4.2.  Phase II: Qualitative strand

Phase II thematically analyzes 26 semi-structured interviews to contextualize and extend the PLS-SEM findings. Using a 
hybrid deductive–inductive protocol anchored in PE, PA, PC, IC, EF, LPS, and HM, the research team iteratively coded 
transcripts and maintained an audit trail; thematic sufficiency was reached.

4.2.1.  Sampling and data collection.  For the qualitative strand, we used criterion-based purposive sampling of 
survey respondents who were (i) ≥18, (ii) urban residents in Turkey, (iii) aware of e-scooters and either recent users or 
non-users with purchase intention, and (iv) consented to re-contact. To broaden heterogeneity, we applied maximum-
variation sampling across usage status (current, former, potential), gender, age, income, education, urban context, 
commuting patterns, and tertiles of latent scores (PE, HM, EF, PA, PC, IC, LPS). We conducted 26 semi-structured 
interviews (45–60 minutes), either online or face-to-face, according to the participant’s preference.

The study protocol was approved by the Yıldız Technical University Social and Human Sciences Research Ethics Com-
mittee (02 January 2025). Recruitment for the semi-structured interviews took place from 30 May 2025–12 July 2025. All 
interview participants were adults (≥18 years). Prior to the interview, participants received a participant information sheet 
and provided informed consent. For face-to-face interviews, consent was obtained in writing. For online interviews, con-
sent was obtained verbally and was audio-recorded at the beginning of the session and documented by the interviewer; 
consent also included permission to audio-record the interview. No minors were included; therefore, parental/guardian 
consent was not applicable. The requirement for informed consent was not waived by the ethics committee.

The sample size was set a priori using the information-power principle: given a focused aim, a theory-informed guide 
(UTAUT2, SDT), and a bounded frame, 20–30 cases were deemed adequate. We monitored saturation during fieldwork, 
and code saturation emerged around interview 19, indicating saturation by interview 24. Two additional cases (25–26) 
were included to test thematic stability and capture edge profiles (e.g., high innovativeness yet risk-averse).

Recruitment relied on re-contacting permitted survey respondents, as well as outreach to mailing lists, online commu-
nities, and mobility networks. A brief screener verified eligibility and quotas. All interviews were obtained with consent, 
recorded verbatim, transcribed, de-identified, and managed in accordance with approved ethics and confidentiality pro-
tocols. Table 6 summarizes participant characteristics. Detailed participant information (e.g., interview duration, commute 
time, infrastructure access, scooter experience) is provided in Table S4 in S1 File.

4.2.2.  Data collection procedures and analysis.  All interviews were de-identified, transcribed verbatim in Turkish, 
and managed in MAXQDA. We conducted reflexive thematic analysis following Braun and Clarke [69,70]. Our coding 
strategy was hybrid: (i) deductive codes derived from the conceptual model (PE; HM; EF; LPS; PA; PC; IC; PI pathways), 
and (ii) inductive codes capturing unanticipated mechanisms and boundary conditions (e.g., infrastructure & safety 
constraints, perceived regulatory trust, service/repair availability, social norms, environmental identity). The full semi-
structured interview guide, including main questions and probes, is provided as S5 in S1 File.

Two trained researchers double-coded an initial calibration subset (6 transcripts; ~ 23%) to develop and stabilize the 
codebook. During this phase, Cohen’s κ for principal codes ranged  .81–.90 (M = .86) [71]. We report κ only for calibra-
tion purposes to document shared understanding; subsequent analysis followed reflexive TA principles. Discrepancies 
were resolved by discussion and codebook refinement. One researcher then coded the full corpus, with scheduled peer 
debriefs to examine interpretations, track negative cases, and maintain analytic consistency. We kept an audit trail (deci-
sion logs, code changes) and reflexive memos throughout. Because the study was theory-informed, the interviewers 
remained attentive to the risk of imposing prior expectations on the data. Interviews followed a shared semi-structured 
guide, and probing was used to clarify participants’ meanings. Interpretive bias was managed through calibration coding, 
peer debriefing, an audit trail, and reflexive memoing.
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The interview guide was informed by the quantitative findings and the conceptual model. All interviews were audio- 
recorded with consent, transcribed verbatim, and coded in iterative rounds. The analysis moved from theory-driven 
initial codes to inductively refined themes through memoing, peer discussion, and repeated comparison across cases. 
The 26 interviews yielded ~80,700 words of transcribed text. Individual transcripts ranged from ~2,500 to ~4,000 words 
(M ≈ 3,105; SD ≈ 430). This corpus provided sufficient information power and meaning saturation for theme development: 
code saturation was reached by interview 19, and meaning saturation by 24; the final two interviews were retained to test 
thematic stability and probe edge cases (e.g., high-innovation interest but strong safety aversion).

5.  Result

5.1.  Quantitative results

We report the structural model estimates from the PLS-SEM analysis. Fig 3 displays standardized path coefficients; sig-
nificance is evaluated with 5,000-sample BCa bootstrapping (two-tailed 95% CIs), and indirect/serial effects are judged by 
the non-inclusion of zero. The original, full-resolution PLS path diagram is provided as S1 Fig.

Table 6.  Sample characteristics of qualitative participants.

ID Gender Age Education Occupation Income * ₺
P01 Female 18-25 Bachelor’s Student 22.501–39.999

P02 Male 26-35 Bachelor’s Sales professional 40.000–59.999

P03 Female 26-35 Master’s Academic professional 22.501–39.999

P04 Male 26-35 Bachelor’s Technology professional ≥ 80.000

P05 Female 26-35 Bachelor’s Design professional 40.000–59.999

P06 Male 18-25 High School Transport worker 22.501–39.999

P07 Female 36-45 Master’s Education professional 60.000–79.999

P08 Male 26-35 Bachelor’s Engineering professional 60.000–79.999

P09 Male 26-35 Bachelor’s Marketing professional 40.000–59.999

P10 Male 26-35 Master’s Managerial professional ≥ 80.000

P11 Male 36-45 Bachelor’s Managerial professional ≥ 80.000

P12 Female 18-25 Associate Service employee 22.501–39.999

P13 Male 26-35 PhD Academic professional 60.000–79.999

P14 Female 36-45 Bachelor’s Healthcare professional 40.000–59.999

P15 Male 36-45 High School Transport worker 40.000–59.999

P16 Female 18-25 Bachelor’s Student ≤ 22.500

P17 Male 26-35 Master’s Data professional 60.000–79.999

P18 Female 26-35 Bachelor’s Human resources professional 60.000–79.999

P19 Male 18-25 Bachelor’s Design professional 22.501–39.999

P20 Female 26-35 Master’s Legal professional ≥ 80.000

P21 Male 26-35 Bachelor’s Business owner ≥ 80.000

P22 Male 36-45 Bachelor’s Administrative employee 40.000–59.999

P23 Male 26-35 Associate Technical worker 40.000–59.999

P24 Female 26-35 Master’s Finance professional 60.000–79.999

P25 Male 36-45 PhD Academic professional ≥ 80.000

P26 Female 36-45 Bachelor’s Business owner ≥ 80.000

* ₺ denotes Turkish lira (TRY).

https://doi.org/10.1371/journal.pone.0341194.t006
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We summarize explanatory power (R²), effect sizes (f²), and out-of-sample predictive performance using PLSpredict 
with k-fold cross-validation; multicollinearity is not a concern (all VIF < 3.3; see Table S6 in S1 File). The accompanying 
tables list R²/Q²_predict values and the complete set of direct and mediated paths (H1–H6) that guide the interpretation 
that follows.

The PLSpredict results yielded positive Q²_predict values for all endogenous constructs (e.g., PI = .568; PE = .409), 
demonstrating that the model exceeds the naïve (IA) benchmark and provides out-of-sample predictive validity [63]. 
Compared to the linear model (LM), PLS produced lower RMSE and MAE values for PA, PE, and PI, whereas PC and 
IC exhibited marginally higher error levels in favor of LM (Table 7). The R² values further indicated moderate explanatory 
power for PI (.587), weak-to-moderate levels for PE (.416) and PA (.305), and weak explanatory power for IC (.242) and 
PC (.230) [64]. When confirmed at the indicator level, the overall predictive performance of the model can be considered 
“moderate.” Nevertheless, the relatively weaker prediction for PC and IC may be improved by considering potential non-
linear effects, interaction terms, or unobserved heterogeneity through advanced procedures such as RESET tests, PLS 
interaction modeling, or segmentation techniques like FIMIX or PLS-POS [68].

Fig 3.  Research model structural path diagram.

https://doi.org/10.1371/journal.pone.0341194.g003

Table 7.  Out-of-sample predictive performance.

Construct R² Q²_predict RMSE P|LM (Δ) MAE P|LM (Δ) Verdict

PA 0.305 .298 .824 | .842 (−.018) .713 | .731 (−.018) Better

PC 0.230 .222 .791 | .780 (+ .011) .625 | .617 (+.008) Worse

PE 0.416 .409 .749 | .758 (−.009) .552 | .560 (−.008) Better

PI 0.587 .568 .776 | .790 (−.014) .626 | .638 (−.012) Better

IC 0.242 .239 .808 | .800 (+ .008) .704 | .695 (+.009) Worse

Note: PLSpredict was conducted using 10-fold cross-validation with 10 repetitions and the fixed-seed option enabled. Q²_predict > 0 indicates predictive 
performance beyond the indicator-average benchmark. Δ = PLS − LM; negative values favor PLS.

https://doi.org/10.1371/journal.pone.0341194.t007
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All proposed direct effects were examined (Tables 8 and 9). H1a was supported (β = .443, p < .001; f² = .201, medium), 
indicating that HM positively predicts PE. H1b (β = .260, p < .001; f² = .178, medium) and H1c (β = .178, p < .001; f² = .097, 
small) were also supported, suggesting that EF meaningfully and LPS modestly enhance PE. Regarding downstream 
effects, H2a was supported (β = .492, p < .001; f² = .318, medium–large) and H2d was supported (β = .479, p < .001; 
f² = .301, medium–large), showing that PE most strongly shifts PA and PC. H2b was supported (β = .376, p < .001; f² = .165, 
medium), while H2c, the direct link to intention, was smaller yet significant (β = .215, p < .001; f² = .109, small), consistent 
with PE’s influence on PI being transmitted largely through the psychological mechanisms. For the outcome stage, H3a 
(β = .103, p = .033; f² = .115, small) and H3b (β = .134, p = .016; f² = .092, small) were supported, whereas H3c emerged as 
the most consequential outcome path (β = .247, p < .001; f² = .233, medium), implying that competence contributes more 
strongly to intention than autonomy or innovativeness.

Turning to the serial-mediation hypotheses, H4a (HM → PE → PA → PI; β = .113, p = .001) and H4b (β = .098, p = .001) 
were supported, while H4c was not (β ≈ .000, p = .987). The same pattern held for EF (H5a supported; H5b supported; H5c 
not supported) and for LPS (H6a and H6b supported; H6c not supported). The IC-related results require a more precise 
interpretation. PE → IC showed a medium effect size (f² = .165), whereas IC → PI showed a small effect size (f² = .092). The 

Table 8.  Results of hypothesis testing.

Hyp. β SD t-value 95% CI (2.5%–97.5%) p-value f²

H1a. .443 .041 10.773 [.328, .558] .000*** .201

H1b. .260 .058 4.442 [.149, .371] .000*** .178

H1c. .178 .051 3.521 [.090, .266] .000*** .097

H2a. .492 .041 12.064 [.412, .572] .000*** .318

H2b. .376 .047 7.992 [.283, .469] .000*** .165

H2c. .215 .046 4.690 [.125, .305] .000*** .109

H2d. .479 .042 11.461 [.396, .562] .000*** .301

H3a. .103 .044 2.325 [.007, .199] .033* .115

H3b. .134 .041 3.250 [.042, .226] .016* .092

H3c. .247 .031 8.098 [.145, .349] .000*** .233

H4a. .113 .031 3.636 [.038, .188] .001** –

H4b. .098 .030 3.246 [.033, .163] .001** –

H4c. .000 .002 0.016 [-.004, .004] .987 (ns) –

H5a. .111 .040 2.810 [.032, .190] .004** –

H5b. .152 .037 4.066 [.079, .225] .000*** –

H5c. .000 .001 0.016 [-.003, .003] .987 (ns) –

H6a. .127 .035 3.673 [.051, .203] .000*** –

H6b. .101 .034 2.976 [.032, .170] .006** –

H6c. .000 .001 .015 [-.003, .003] .988 (ns) –

Note: “Supported” = two-tailed 95% bootstrap CI excludes zero. Significance: p < .05*, p < .01**, p < .001***, ns. = p ≥ 0.05, f² (direct paths): .02/.15/.35 
[72].

https://doi.org/10.1371/journal.pone.0341194.t008

Table 9.  Mediation diagnostics: direct and indirect effects (BCa bootstrap).

Path β SD T-value P-value

LPS → PI .049 .057 .824 .399

HM → PI .168 .133 1.323 .210

EF → PI ,172 ,128 1,345 ,213

https://doi.org/10.1371/journal.pone.0341194.t009
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unsupported serial paths through IC indicate that innovativeness did not transmit the upstream effects of HM, EF, and LPS 
to PI in this model, although IC had a small direct association with PI.. Finally, the complementary direct-effect tests (Table 
9) showed that HM, EF, and LPS do not directly predict PI (p = .210,  .213,  .399), consistent with indirect-only mediation 
via PE→(PA/PC). The f² profile (≈ .09–.33; small ≈ .02, medium ≈ .15, large ≈ .35) underscores a mechanism in which 
antecedents raise PE (moderate effects), which in turn meaningfully boosts autonomy and competence (medium–large), 
thereby elevating PI [72]. These indirect effects should be interpreted as consistent with the proposed process model 
rather than as evidence of temporal causality, because the quantitative strand is cross-sectional and the ordering among 
PE, PA, PC, and PI is theory-driven rather than directly observed.

5.2.  Qualitative results

We integrated strands via matrix queries and joint displays that align themes/codes with the PLS-SEM paths. Quotations 
were purposively sampled for heterogeneity (usage status, gender, age, city size), translated by a bilingual researcher, 
and back-checked. The final scheme comprises six themes and sixteen sub-themes; Table S7 in S1 File reports defini-
tions, counts, and links to quantitative paths. In brief, the themes corroborate the serial pathway PE elevates PA/PC and 
fosters IC while price salience and future expectations condition this conversion. We presented each theme with a concise 
definition, one or two quotations, and its connection to the relevant path(s).

5.2.1.  Theme 1: Time as the currency: Function‑first adoption.  Across most interviews (21/26), participants framed 
e‑scooters foremost as time‑saving, door‑to‑door mobility tools. Pleasure and novelty were acknowledged, yet they rarely 
anchored the decision; instead, respondents evaluated scooters through a strict utility calculus: Does it shorten my routine 
trips, reduce waiting, and make arrival times predictable? This function‑first stance clarifies why PE sits at the center of 
the mechanism and why its effect on intention is transmitted primarily via autonomy and competence. Saving time enables 
self‑set schedules (autonomy) and routinized mastery (competence), which together make purchase more likely.

Participants repeatedly described the last 2–3 kilometers after metro or tram as the critical bottleneck. When the 
scooter reliably compresses the “last mile” and removes the need to wait for feeder buses, perceived control over timing 
increases and commuting becomes more consistent day‑to‑day. As one current user put it:

“From the metro to my office it’s about two to three kilometers. With the scooter I stop waiting for a bus, door‑to‑door 
becomes predictable.” (P10)

Utility also hinged on range adequacy and ride comfort (single‑charge coverage; handling uneven surfaces). Where these 
held, scooters were folded into multimodal routines and daily schedules were retimed—consistent with PE → PA → PI.

Counter‑narratives stressed contextual limits: poor surfaces, steep slopes, or aggressive traffic eroded the time 
advantage:

“On my route drivers don’t respect lanes, and the pavement is broken. Some days the scooter is fast; other days I lose 
time dodging risks. If it can’t be consistent, I don’t see the point of buying.” (P26)

Theme 1 shows that purchase intention is catalyzed when scooters consistently convert distance into time saved in 
everyday conditions. The hedonic upside was welcomed but secondary; participants were swayed when the device made 
commutes predictably shorter, thereby raising autonomy (self‑set timing) and consolidating competence (routine mastery). 
Where infrastructure and traffic norms undercut predictability, the same participants withdrew or deferred purchase, under-
scoring that **time predictability—not raw speed—**is the decisive currency in adoption.

5.2.2.  Theme 2: The autonomy dividend: Self‑set schedules and door‑proximity parking.  Participants 
consistently described e‑scooters as a way to decouple daily movement from external timetables (buses, ride‑hailing, 
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carpools) and to park within meters of the destination. Autonomy here was practical rather than abstract: leaving 
exactly when needed, rerouting on the fly, and locking the scooter at the door. This pattern explains why PE translated 
into PA and, in turn, into purchase intention, time saved becomes time controlled. Where rules and parking zones 
were clear, autonomy felt effortless; where signage or enforcement was inconsistent, perceived freedom turned into 
friction.

“On busy days I can’t wait for a car or the feeder bus. With the scooter I leave when I decide, and I lock it right by the 
entrance. That control over timing is what makes it viable.” (P20)

“In this city center is tricky, parking rules aren’t always clear. I loved skipping the wait, but the risk of a fine or conflict 
ate into that freedom. In the end I went back to the bus.” (P22)

Autonomy is the active conduit: when riders can self‑set schedules and park at the door, intention rises (PE → PA → PI). 
Regulatory clarity and parking supply are boundary conditions that either amplify or blunt the autonomy dividend.

5.2.3.  Theme 3: The competence ramp: From hesitation to routine mastery.  A second mechanism was a short 
learning curve that moved participants from cautious trial to confident, routinized riding. Riders described acquiring 
micro‑skills, braking modulation, lane positioning, anticipating drivers/pedestrians, and adopting safety routines (helmet, 
speed discipline, route timing). Once this competence “clicked,” purchase started to feel justified, aligning with the strong 
PE → PC and PC → PI links observed quantitatively. However, competence was context‑sensitive: hostile traffic or poor 
surfaces could reset confidence, even after weeks of practice.

“The first three days I rode like I was holding on for dear life. Then I learned to read the gaps and modulate brakes. 
That was the moment I thought, ‘okay, buying makes sense now.’” (P17)

“I practiced a lot and felt fine, but one close call with a minibus shook me. My skills were there, yet the infrastructure 
wasn’t; I sold the scooter after that.” (P11)

Interpretation. Competence is the proximal driver of intention: as self‑efficacy consolidates, purchase becomes rational 
and safe in the rider’s mind (PE → PC → PI). Still, the competence ramp depends on context, which lane protection and 
surface quality can either reinforce or erode newly formed confidence.

5.2.4.  Theme 4: Price as threshold: Value calculus over novelty.  This theme surfaced in 25 of 26 interviews. 
Participants did not treat price as a lever that pulls intention upward; rather, price set a threshold that either removes 
friction when value is clear or blocks adoption when it is not. The dominant calculus was pragmatic: If the scooter 
reliably saves time and fits my routes, I’ll pay; if not, even cheap is expensive. In practice, willingness‑to‑pay rose 
for performance‑relevant features (range, braking, suspension) that protect the time advantage, whereas cosmetic 
or novelty features carried little weight. Many participants described back‑of‑the‑envelope payback thinking (minutes 
saved × commuting days), but only after the device had proven itself in their actual conditions.

“If it cuts thirty minutes a day and doesn’t fail on my route, the higher trim pays for itself. But if service is spotty and I 
lose time when it’s in repair, the math collapses.” (P21)

Beyond purchase price, respondents weighed the total cost of ownership (TCO) battery longevity, parts/service 
access, depreciation, and theft/insurance risk. For frequent riders, warranty and replaceable‑battery options were 
framed as “time insurance”: paying more upfront to avoid downtime later. For lighter or seasonal use, rental/sub-
scription often outcompeted ownership because it offloaded TCO and theft anxiety, even if the per‑ride price was 
higher.
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“I stretched for the model with better brakes and a replaceable battery; the extra cost felt like paying for reliability. My 
logic wasn’t fancy, just fewer delays, fewer headaches, and I keep using it through the year.” (P25)

Counter‑views cautioned that uncertain TCO, especially battery replacement and winter usage, can flip the equation. 
Several participants preferred to keep renting until usage stabilized; others highlighted that promotions mattered 
only after baseline utility was met. An unfinished thought, voiced by more than one interviewee, captures this risk 
calculus:

“…if the battery needs replacing in year two and the warranty doesn’t cover it, then…” (P18)

Price rarely generates intention on its own; it functions as a value gate. When performance is credible, and the eco-
system (service, parts, insurance) limits hidden costs, participants cross the gate and accept higher upfront prices con-
sistent with LPS influencing intention indirectly via performance expectancy and, downstream, autonomy/competence 
(LPS → PE → PA/PC → PI). When TCO is opaque or context erodes performance (poor surfaces, theft risk, seasonal 
gaps), the same participants defer purchase or remain with rental, aligning with the non‑significant direct LPS → PI path in 
the structural model.

5.2.5.  Theme 5: Innovation ≠ Identity: Utility before novelty.  This theme was evident in 24 of 26 interviews. 
Participants generally enjoyed the novelty and “tech” appeal of e‑scooters, yet they rarely treated innovation as a decisive 
reason to buy. The “cool factor” operated as a secondary amplifier useful only after core utility (time saved, reliable 
range, acceptable ride comfort) was demonstrated. Many also expressed image ambivalence: they did not want to be 
labeled “the scooter person,” and several noted that novelty can attract unwanted attention or social judgment in dense 
urban settings. This helps explain why IC showed at best a small direct link to intention and did not carry the antecedents 
through serial mediation; in practice, function and control outweighed novelty.

“I like trying new devices, but I won’t buy to look like an early adopter. If it doesn’t change my day, it’s just an expensive 
toy.” (P09)

“At work I became the ‘scooter guy’…..fun at first, but the novelty wore off and the lanes weren’t safe on my route. I like 
new tech, yet function didn’t hold, so I sold it.” (P11)

A minority counter‑view acknowledged that innovation can spark trial, but even here, retention hinged on proven utility:

“The first‑of‑its‑kind feeling made me test it. I only kept it when I could cut 20–25 minutes on a normal day. Without that, 
I’d have returned it.” (P25)

IC functions as a curiosity trigger rather than a purchase engine. It can open the door to trial (and indirectly help people 
learn enough to raise PE). However, purchase intention consolidates only when autonomy and competence gains are 
clear, mirroring the PE→(PA/PC)→PI mechanism and the non‑supported IC serial chains in the quantitative model.

5.2.6.  Theme 6: Context & safety constraints: Infrastructure, governance, and norms.  This cross‑cutting 
theme appeared in all 26 interviews. Participants repeatedly emphasized that infrastructure quality, regulatory clarity/
enforcement, and the mobility ecosystem (parking supply, service/repair access, theft/insurance) condition whether 
performance gains translate into felt autonomy and competence. Where protected lanes and clear parking rules 
existed, riders described “gliding” routines and predictable door‑to‑door times. Where roads were uneven, traffic norms 
aggressive, or rules ambiguous, the same riders reported fragile autonomy, confidence, and time advantages collapsed 
unpredictably.
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“On the coastal lanes it feels like gliding; in the center, cobblestones and parked cars break the flow. Some days you’re 
fast, other days the time advantage disappears.” (P08)

“After the municipality put scooter racks and signage near the tram stops, conflicts dropped. I’m more comfortable lock‑
ing it and walking away; before that I was always expecting an argument.” (P12)

“I don’t leave it outside unless there’s a camera; theft risk is real, and insurance is pricey. For work days or heavy rain, I 
switch to rental or bus ownership only makes sense when the ecosystem protects the time gain.” (P06)

Context acts as a boundary condition: supportive infrastructure and governance amplify the PE → PA/PC → PI chain by 
making time savings predictable and confidence durable; adverse conditions dampen it by injecting risk and variability. 
Decisions about ownership vs rental are often context‑responsive hedges against uncertainty in total cost (repairs, theft, 
weather), consistent with participants’ pragmatic emphasis on value preservation rather than novelty.

6.  Discussion

This study explains private e-scooter purchase intention by linking value cues to PE and then to the motivational 
resources that make ownership feel feasible in everyday travel. PLS-SEM identifies the supported pathways; interviews 
explain why those pathways appear and where they weaken. The evidence indicates a process in which upstream cues 
shape usefulness beliefs, which are then associated with purchase intention mainly through perceived control and capa-
bility in urban settings. Table 10 connects the path estimates with interview themes, so the coefficients can be interpreted 
as a mechanism rather than as isolated effects..

The findings support a utility-first decision logic. HM, EF, and LPS strengthen PE, while PE is translated into PI chiefly 
through PA and PC rather than IC. This pattern aligns with acceptance research that positions PE as the proximal cogni-
tive driver of intention [8,22] and with evidence that enjoyment elevates usefulness appraisals by increasing engagement 
and perceived task fit [23,24]. The interviews add an important qualification: hedonic cues matter when the practical 
promise is credible. Participants repeatedly framed time as a scarce resource, which explains why HM works through PE 
and why PE has pronounced paths to PA and PC [9,10]. Table 10 shows where the qualitative evidence corroborates the 
coefficients, introduces boundary conditions, or explains why PA and PC carry the conversion from PE to PI..

The EF → PE path indicates that future-oriented beliefs can raise perceived performance. Life-cycle evidence on dura-
bility and logistics supports the view that sustainability expectations may strengthen utility beliefs [27], while city-level evi-
dence suggests that e-scooter access can create perceived convenience value [13]. This interpretation requires caution 
because EF is a broad forward-looking construct that may combine sustainability expectations, technological maturation, 
and market diffusion beliefs. The coefficient should therefore be read as evidence of a general future-oriented evaluation 
rather than as the effect of one specific expectation dimension. The interviews show that expectations about range, safety, 
availability, and regulation are discounted when infrastructure is fragmented or enforcement is unclear. This credibility filter 
helps explain the moderate EF → PE effect despite favorable narratives about sustainability and diffusion [26,28].

The LPS → PE relationship is positive but modest, which is consistent with a value-evaluation account in an  
emerging-market context. When price salience decreases, evaluative attention shifts from monetary sacrifice toward 
functional benefits, which should raise PE [29,30]. The qualitative evidence, however, indicates that this shift is fragile. 
TCO ambiguity, including battery health uncertainty, parts availability, and repair downtime, together with perceived risk 
premiums in everyday use, can reactivate price focus, particularly among first-time buyers. Supply-side analyses reinforce 
this interpretation by showing that operations and leasing dominate cost structures and that swapping logistics impose 
binding constraints that ultimately surface as reliability and downtime concerns for users [17,18]. In practical terms, lower 
price sensitivity facilitates higher PE only when performance signals are credible and when the ownership cost envelope 
is sufficiently transparent for consumers to evaluate value with confidence.
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The strong PE → PA and PE → PC relationships, together with the modest direct PE → PI effect, are consistent with 
SDT: performance expectations appear to foster felt control and competence, and these need-relevant states carry inten-
tion [73]. The interviews provide a concrete behavioral interpretation of this mechanism. Participants described schedule 
control, including reduced waiting and point-to-point travel, and routine mastery, including micro-skill development and 
situational awareness in traffic, as the levers that make purchase feel viable, especially when parking proximity and 
protected links reduce day-to-day friction. At the same time, the qualitative evidence indicates clear boundary conditions. 
Where infrastructure is perceived as hostile or enforcement is perceived as inconsistent, competence becomes fragile, 
and the direct translation from PE into PI weakens, consistent with the quantitative pattern and echoing accessibility and 
equity findings documented in shared systems [15,34].

Table 10.  Joint display: Integration of PLS‑SEM paths with qualitative themes.

Path Quan. Evi-
dence(effect 
size)

Qual. theme (explanatory 
lens)

Representative 
quotation ID*

Integration 
judgment

Explanatory insight / boundary condition

HM → PE β + , sig. 
(medium)

Enjoyment raises usefulness 
when time predictability is 
credible

[P05], [P12] Confirm Hedonic cues translate into PE only if ride 
quality/range reduce uncertainty (“time as 
currency”).

EF → PE β + , sig. 
(medium)

Future value is conditional 
on infrastructure, safety, and 
availability

[P03], [P18] Confirm 
(contingent)

Favorable LCAs and diffusion cues lift 
expectations, but gaps in lanes/parking/reg-
ulation discount EF.

LPS → PE β + , sig. 
(small)

Price salience returns when 
TCO is opaque or downtime 
is likely

[P07], [P21] Explain 
(attenuated)

Lower price focus helps, yet repair access/
battery health/insurance risk re‑activate sac-
rifice, capping effect size.

PE → PA β + , sig. 
(medium–
large)

Schedule control and 
door‑to‑door proximity drive 
felt autonomy

[P02], [P14] Confirm Predictable access and near‑destination 
parking convert utility into control.

PE → PC β + , sig. 
(medium–
large)

Routine mastery 
(micro‑skills, route knowl-
edge) builds competence

[P09], [P16] Confirm Short learning curve + safety cues lower 
performance risk and increase self‑efficacy.

PE → PI (direct) β + , sig. 
(small)

Utility must be consistent 
across days, not episodic

[P01] Explain 
(modest)

Users need reliability, not peak specs; 
inconsistency weakens the direct channel.

PA → PI β + , sig. 
(small–
medium)

“No waiting” and route free-
dom tip the decision

[P10] Confirm Autonomy matters more where transit wait 
times and parking frictions are salient.

PC → PI β + , sig. 
(medium)

Confidence reduces 
perceived risk and unlocks 
commitment

[P08], [P20] Confirm 
(stronger)

Hostile traffic or vague rules erode PC; sup-
portive design/policy stabilizes intention.

PE → IC β + , sig. 
(medium)

Novelty sparks trial and 
feature exploration

[P06] Partial Exploration rises with PE, but it remains a 
trial‑phase response.

IC → PI β + , sig.(small) Identity ambivalence; novelty 
insufficient for purchase

[P11], [P19] Confirm(weak) IC has a small directassociation with PI, but-
does not carry the serialmediation chains.
Purchase remainspragmatic and risk aware.

HM → PE → PA → PI 
(serial)

sig. indirect Hedonics matter through 
utility → control

[P05], [P02] Confirm Affective value converts to purchase via 
PE → PA.

HM/EF/
LPS → PE → PC → PI 
(serial)

sig. indirect Utility builds capability, then 
intention

[P09], [P20] Confirm Competence is the workhorse channel.

HM/EF/
LPS → PE → IC → PI 
(serial)

n.s. Trial ≠ purchase under utili-
ty‑first logic

[P06], [P11] Explain (not 
supported)

IC energizes exploration but does not carry 
ownership decisions in this context.

https://doi.org/10.1371/journal.pone.0341194.t010
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The unsupported serial mediation paths through IC clarify the role of innovativeness in this purchase context. Prior 
evidence indicates that hedonic and innovative routes can be influential in sharing markets, where trial is low-commitment 
and novelty is easier to express behaviorally [11,12,27]. In the present model, PE significantly increased IC with a medium 
effect size, and IC had a small direct association with PI. Yet IC did not transmit the effects of HM, EF, or LPS to PI. The 
interviews explain this pattern: novelty can spark trial and feature exploration, but ownership decisions depend more on 
reliable gains in control and capability. Participants also described image ambivalence, weather exposure, theft concerns, 
and uneven lanes, which reduced the purchase relevance of innovativeness. Consistent with Table 10, IC appears to sup-
port exploration, whereas PA and PC carry the main conversion from performance appraisal to ownership intention..

The quantitative and qualitative strands point to the same pattern. Consumers first evaluate whether e-scooter 
ownership offers credible everyday utility. PI is then associated mainly with autonomy and competence, while this 
interpretation depends on supportive conditions such as infrastructure quality, rule clarity, and after-sales access. 
This convergence suggests that the model captures a practical mechanism for understanding ownership interest in 
this setting.

7.  Contributions and implications

This study advances micromobility adoption research by demonstrating that a mediated mechanism better explains 
private purchase intention than do direct motive-to-intention links. Across PLS-SEM and pattern-matching analyses of 26 
interviews, the evidence converges on a central pivot: PE as a cognitive value appraisal that translates upstream cues 
into downstream commitment. HM, EF, and LPS primarily matter insofar as they strengthen PE, while interview accounts 
clarify why credibility of practical benefit and perceived control dominate the purchase narrative.

The findings refine the adoption logic by specifying how PE becomes consequential. Rather than operating mainly 
through novelty-oriented exploration, PE is transmitted to PI chiefly through PA and PC, which positions autonomy and 
competence as the critical hinge between appraisal and commitment. This distinction also clarifies stage specificity: nov-
elty may support trial and early exploration, yet enduring purchase intention rests on predictable utility and rapid mastery 
that sustain PA and PC.

Methodologically, the study strengthens inference by triangulating serial mediation testing in PLS-SEM with qualitative 
pattern matching. The quantitative results establish the structure and relative strength of the pathways, while the inter-
views provide contextual explanations and boundary conditions that indicate when the mechanism is likely to hold, and 
when it is discounted.

The findings offer actionable implications for firms and city managers, particularly in relation to younger urban consum-
ers in emerging-market contexts. For firms, the evidence suggests prioritizing value credibility and mastery over novelty 
positioning when addressing this segment.. Product and service design for this segment should emphasize reliability, 
safety, and service continuity, supplemented by risk-reducing assurances such as warranty visibility, fast repair access, 
and practical onboarding that accelerates competence. Pricing actions are likely to be most effective when younger urban 
consumers can evaluate value with confidence, which underscores the managerial importance of transparent total cost of 
ownership and credible performance signals.

For policy and governance, the findings should be interpreted within the study context. Among younger urban consum-
ers in an emerging-market setting, infrastructure quality, rule clarity, parking supply, theft risk, and service access shape 
whether PE is viewed as credible and whether PA and PC can be sustained in everyday travel.. Public-private coordina-
tion that improves lanes, parking, and repair coverage amplifies the returns on firm-level investments. Where conditions 
remain weak or uncertain, rental and subscription options can function as transitional arrangements that lower commit-
ment barriers while the ecosystem matures.

The overall contributions are summarized in Table 11, which links theoretical refinement, empirical support, boundary 
conditions, and managerial actions in a compact map.
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8.  Limitations and future research directions

This study has several boundaries of inference. First, the serial mediation results are theory-consistent but are estimated 
from cross-sectional survey data, so temporal ordering is assumed rather than observed. The proposed mechanism 
should therefore be interpreted as a process-consistent account rather than as a verified causal sequence. Longitudinal, 
panel, diary, or event-based designs would be better suited to test whether PE develops before autonomy and compe-
tence and whether these states precede purchase intention over time.

Second, the outcome is PI rather than realized purchase, leaving the intention-behavior gap untested; future work that 
links surveys to registrations, transaction data, or follow-up panels would strengthen behavioral validity. Third, constructs 
are self-reported; although bias checks were satisfactory, incorporating telemetry, service records, or objective perfor-
mance indicators would further reduce common-method concerns. Finally, EF was operationalized as a broad future- 
oriented reflective construct covering sustainability expectations, technological maturation, and market diffusion, which 
may mask differences across these facets. The EF coefficient should therefore be interpreted as the effect of a general 
future-oriented evaluation rather than as evidence for any single expectation dimension. LPS was also modeled reflec-
tively, but it may still capture both trait-like and situational responses to monetary sacrifice in this context. Future research 
may separate these dimensions more explicitly and use experimental manipulations of price salience and assurance cues 
to isolate their effects more precisely.

The framework is deliberately parsimonious. It centers on PE and SDT-related needs and therefore omits constructs 
that may be influential in dense urban settings, such as perceived risk, social influence, and habit [74]. Adjacent  
digital-platform research also points to intermediate states such as perceived benefits, satisfaction, attachment, identifica-
tion, and belongingness as potentially relevant mechanisms in post-adoption behavior [75–77]. Future research may test 
whether these constructs add explanatory power in private micromobility ownership contexts. The limited role of IC in the 
present model may also conceal heterogeneity; mixture models or latent-class SEM could test whether specific segments 
exhibit novelty-driven purchasing.

The data come from a young, student-dominated urban sample in Turkey, which limits the breadth of generalization. 
The reported mechanism should therefore be interpreted primarily in relation to this segment rather than to all private 
e-scooter consumers. Age, employment status, commuting routines, household responsibilities, and established car 

Table 11.  Contribution map: Theoretical, managerial, and contextual insights.

Insight Theoretical contribution Evidence (PLS-SEM + interviews) Boundary conditions and managerial 
move

PE is the pivotal 
appraisal

Frames adoption as 
a mechanism driven 
by cognitive value 
appraisal, not a predic-
tor list

HM, EF, LPS primarily raise PE; 
indirect effects dominate; inter-
views stress predictable utility and 
time savings

Credibility depends on infrastructure 
and rule clarity; demonstrate reliability 
and access continuity with concrete 
proof points

PA and PC con-
vert PE into PI

Specifies an SDT- 
consistent conversion 
pathway from appraisal 
to commitment

Strong PE → PA/PC; substan-
tive PA/PC → PI; direct PE → PI 
comparatively small; interviews 
emphasize control and mastery

Enable autonomy and competence 
via onboarding and service support; 
improve lanes and parking to reduce 
friction

EF and LPS 
are conditional 
inputs to PE

Explains forward-looking 
beliefs and value evalu-
ation as contingent, not 
universal, drivers

EF → PE moderate; LPS → PE 
small; interviews show discount-
ing under unclear rules and TCO 
ambiguity

Reduce EF discounting with governance 
clarity and ecosystem readiness; make 
TCO calculable via warranty, repair 
speed, and transparent service pricing

IC supports 
exploration, but 
is not themain 
purchasepathway

Distinguishes trial and 
exploration from owner-
ship commitment

PE → IC is medium;IC → PI is 
small;IC-based serial chainsare 
not supported;interviews framepur-
chase as pragmaticand risk aware

Use short trials for high-IC segments; for 
the mainstream, emphasize predictabil-
ity, control, and competence building

https://doi.org/10.1371/journal.pone.0341194.t011
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ownership may alter the relative importance of performance expectancy, autonomy, competence, price sensitivity, and 
safety-related concerns. The findings may therefore not transfer directly to older adults, full-time workers, parents, or more 
car-dependent populations. The Turkish setting may also limit transferability. As an emerging-market context, Turkey com-
bines uneven micromobility infrastructure, evolving regulatory and enforcement conditions, and high consumer attention to 
cost and value. These features may strengthen the practical salience of performance expectancy, ownership frictions, and 
price-related evaluations relative to settings with more mature infrastructure and governance.

Although PLS-SEM was selected for prediction and mediation, robustness checks using CB-SEM or Bayesian SEM, as 
well as tests of non-linearity, would be valuable. Future research should also incorporate contextual enablers and con-
straints, including objective infrastructure measures, enforcement intensity, theft risk, and supply-side assurance levers 
such as retail channel quality and warranty access, to identify when the utility-to-autonomy and competence pathway is 
strengthened or disrupted.

9.  Conclusion

This study contributes to micromobility research in three ways. First, it shifts the focus from direct motive-to-intention 
explanations to a mechanism-based account of private e-scooter purchase intention. Prior work has largely emphasized 
shared-use adoption, continuance, or direct effects of motives and evaluations on intention [9–12,45,46]. In contrast, 
our findings show that hedonic motivation, future expectations, and low price sensitivity matter mainly because they 
strengthen performance expectancy, which then increases purchase intention. Second, the study shows that performance 
expectancy is translated into intention primarily through autonomy and competence, which extends technology- 
acceptance research by identifying the motivational route through which performance beliefs become commitment [22,32]. 
Third, the findings indicate that innovative consumption plays a more limited role than the literature on novelty-oriented 
adoption might suggest [11,12]. This points to a utility-first ownership logic in which consumers prioritize reliable everyday 
value over experimentation.

The results support a utility-first logic. HM, EF, and LPS strengthen PE, but purchase intention is carried mainly through 
autonomy and competence rather than novelty-oriented exploration. The qualitative findings show when this mechanism 
holds and when it weakens. Infrastructure quality, regulatory clarity, and after-sales access shape whether PE becomes 
durable autonomy and competence in everyday travel. For firms targeting younger urban consumers in emerging-market 
contexts, the main implication is to make performance credibility visible through reliability, service continuity, warranty 
support, and transparent ownership cost. For policymakers in similar contexts, safer infrastructure and clearer governance 
can strengthen confidence in daily use..
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