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Communication dynamics: Fintech’s role in
promoting sustainable cashless transactions
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The integration of Fintech is revolutionizing global financial engagement, moving away from

traditional payment systems. This study, thus, explores the interaction between commu-

nication dynamics, Fintech use, intentions, cashless transactions adoption, financial literacy,

personal innovativeness, and socioeconomic development in Pakistan. The study employs a

dual methodology, encompassing “PLS-SEM and Probit Model alongside Propensity Score

Matching technique.” The survey targeted small business owners and individuals involved in

informal sectors, encompassing roles such as fruit and vegetable vendors, small shop owners,

taxi drivers, and auto rickshaw operators. A total of 394 responses were analyzed. The

findings highlight the facilitating role of individuals’ intentions to use cashless transactions,

acting as a mediator through which Fintech use fosters actual behavior. Moreover, the study

finds financial literacy and personal innovativeness as critical moderating factors. Adopting

cashless transactions emerges as a pathway to enhanced financial inclusion, particularly

impactful for small business owners. The achieved financial inclusion has the potential for

profound financial inclusion implications, as evidenced by its positive effects on sustainable

livelihoods, living conditions, and social development among small business owners and

individuals operating within the informal sector.
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Introduction

The global landscape of economic transactions has been
undergoing a significant transformation, driven by the
pervasive integration of Financial Technology (Fintech)

services and communication strategies. These advancements have
progressively redefined traditional modes of financial engagement
(Ediagbonya and Tioluwani, 2023), introducing cashless trans-
actions (CLT) as a central facet. In this context, the pivotal role of
Fintech use in shaping the adoption of CLT is a noteworthy focal
point of investigation.

The present study is situated within the interaction of Fintech’s
evolving influence and the growing preference for CLT. Fintech,
in this study, denotes “a variety of technology-enabled business
models, processes, applications or products for providing finan-
cial services effectively (Jagtiani and Lemieux, 2017).” Amidst the
dynamic transition from conventional monetary practices to
digital financial modes, exploring the underlying mechanisms
that facilitate this shift assumes paramount significance (Gos-
wami et al. 2022). A cardinal aspect to be examined is the
mediating role of individuals’ intentions to use cashless transac-
tions (IUCT) in connecting the influence of Fintech use to the
actual use of cashless transactions (AUCT). The backdrop is
enriched by recognizing financial literacy (FL) as a crucial mod-
erating factor that interlaces Fintech use and individuals’ IUCT.
The diverse levels of FL among individuals can heighten or
diminish the impact of Fintech services on their IUCT. Personal
innovativeness (PIN) also emerges as another pertinent moder-
ating factor, elucidating the bridge between individuals’ IUCT
and the AUCT. This factor underscores the inherent disposition
of individuals to exhibit innovation in their engagement with
emerging financial practices (Asif et al. 2023).

The consequentiality of this paradigm shift extends beyond
mere transactional convenience. It manifests in the progression
toward financial inclusion, with the adoption of CLT functioning
as a gateway (Museba et al. 2021). This financial inclusion has the
potential to set into motion a broader socioeconomic transfor-
mation for small business owners within the Punjab province of
Pakistan. As the study condenses the diverse spectrum of small
business owners and individuals in informal sectors, it seeks to
illuminate the multi-dimensional impact of Fintech, intentions,
and adoption of CLT, FL, and PIN on socioeconomic develop-
ment (SED). The study aims to contribute to a comprehensive
understanding of the pathways through which Fintech catalyzes
economic transformation and boosts sustainable CLT within the
specified context.

The ongoing transformation of economic landscapes, driven by
the proliferation of Fintech services, presents a pivotal stage that
necessitates thorough investigation. The shift towards sustainable
CLT has emerged within this context as a significant paradigm
shift, carrying implications for financial inclusivity and SED
(Mhlanga, 2022). However, as the adoption of CLT gains
momentum, there remains a gap in understanding the dynamics
that govern this transition (Niaz, 2022), particularly within the
context of small business owners and individuals engaged in
informal sectors. Despite the increasing prevalence of Fintech
services and the undeniable potential of CLT to reshape the
economic landscape, there persists a lack of comprehensive
insight into the interaction between Fintech use, intentions,
adoption of CLT, FL, PIN, and the subsequent economic growth
within these sectors. Moreover, while financial inclusion has been
identified as a plausible outcome of the growing use of CLT, there
exists a need to scrutinize the precise pathways through which
this inclusion translates into tangible SED (Tay et al. 2022) for
small business owners in the Punjab province of Pakistan. Thus, a
compelling need arises to probe this evolving landscape’s intri-
cacies, assess the mediating role of intentions, the moderating

influence of FL and PIN, and the transformative potential of
financial inclusion. By addressing these gaps in knowledge, the
study seeks to provide a comprehensive understanding of how
Fintech’s role in promoting sustainable CLT can yield SED for
small business owners within the specific context of the Punjab
province of Pakistan.

The selection of small business owners and individuals in the
informal sector within the Punjab province of Pakistan is stra-
tegically grounded in several compelling justifications. Firstly,
small businesses constitute a significant portion of the economic
fabric in the Punjab province (Rehman et al. 2023). These busi-
nesses encompass various sectors, from fruit and vegetable
vending to small shop proprietorship, taxi driving, and auto
rickshaw operation. Given their widespread presence and con-
tribution to the local economy, studying the impact of Fintech
adoption on this segment holds substantial potential for under-
standing broader implications for the socioeconomic landscape.
Second, a significant portion of the population in the Punjab
province depends on the informal sector for their daily survival
(Rabbani et al. 2023). Due to their frequent underservicing and
financial exclusion, these people are particularly relevant study
subjects when examining financial inclusion through CLT.
Understanding how Fintech usage translates into financial
inclusion for people working in the informal economy might
illuminate the best approaches to improve their financial well-
being. Thirdly, the distinct socioeconomic and cultural setting of
the Punjab province offers a fascinating backdrop for this study.
This province includes a wide variety of urban and rural areas
and is one of the most populous in Pakistan (Khan et al. 2023).
Due to its diversity, Fintech may be examined. Finally, small
business owners and individuals in informal sectors often need
more access to formal financial services. The strategic selection of
this sample provides a rich and contextually relevant dataset to
unearth the transformative potential of Fintech in promoting
sustainable CLT and driving SED.

The study represents a pioneering endeavor contributing sig-
nificantly to finance, technology adoption, and SED. This
research undertakes a two-stage investigation, each employing
distinct methodologies. In stage I, using “Partial Least Squares-
Structural Equation Modeling (PLS- SEM),” the study clarifies the
complex relationships shaping the adoption of CLT. Identifying
Fintech use as a predictor and influencing the AUCLT is a
foundational contribution. Furthermore, the delineation of the
IUCT as a mediating mechanism in the Fintech-AUCT rela-
tionship adds depth to our understanding of the psychological
pathways that bridge technological adoption with practical usage.
Introducing FL and PIN as moderators further enriches this stage,
uncovering the nuanced roles these factors play in shaping
individuals’ IUCT. In stage II, through “Propensity Score
Matching (PSM) technique,” the study seamlessly transitions into
investigating the impact of AUCT on the attainment of financial
inclusion. This bridge between actual transactional behavior and
inclusion is a significant step forward in understanding the
potential of Fintech in extending financial services to the mar-
ginalized informal sectors. The subsequent claim that financial
inclusion serves as a catalyst for SED among small business
owners underscores the broader implications of the study’s
findings. Crucially, this research fills a critical gap by examining
the Fintech-CLT path, considering individual intentions, adop-
tion, financial inclusion, and SED within the specific context of
the Punjab province. The study navigates a nuanced landscape to
enhance financial access and uplift economic well-being by
encompassing a diverse spectrum of informal sector roles.

The global landscape of economic transactions is transforming
due to the integration of Fintech services and communication
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strategies, redefining traditional financial engagement and intro-
ducing CLT as a central aspect. This study examines how Fintech
influences the adoption of CLT, focusing on the mediating role of
individuals’ IUCT) and the moderating factors of FL and PIN.
Understanding these dynamics is particularly crucial for small
business owners and informal sector workers in the Punjab
province of Pakistan, where financial inclusion can drive SED.
Building on this foundation, the literature review explores the
theoretical frameworks, specifically the “Unified Theory of
Acceptance and Use of Technology (UTAUT)” model by Ven-
katesh et al. (2003) and its extended version, UTAUT2 (Venka-
tesh et al. 2012), to provide a basis for understanding technology
adoption and the pathways through which Fintech promotes
sustainable CLT. Key factors such as performance expectancy,
effort expectancy, facilitating conditions, perceived usefulness,
and price value highlight Fintech’s impact on IUCT and sub-
sequent actual use. Introducing FL and PIN as moderators aligns
with UTAUT2’s emphasis on individual characteristics influen-
cing technology adoption. The study extends the UTAUT2 model
by connecting Fintech-driven AUCT to financial inclusion and
SED, underscoring the transformative potential of Fintech
adoption. This research enhances the theoretical framework of
UTAUT2 and offers empirical support for its relevance in the
context of cashless transactions.

The study fills crucial gaps and propels transformative insights.
In a swiftly evolving era where technology shapes financial beha-
viors, understanding Fintech’s influence in steering the AUCT is a
central pillar. This insight is pivotal for institutions, businesses, and
individuals navigating the transition to digital financial ecosystems.
The mediating role of IUCT acts as a crucial bridge between Fin-
tech use and actual adoption. Recognizing this intermediary step
enhances our grasp of the psychological dynamics that drive the
conversion from intention to action. The study’s exploration of FL
and PIN as moderators introduces nuanced dimensions to the
Fintech adoption landscape. This comprehension empowers pol-
icymakers and stakeholders to design strategies that align with
users’ readiness to embrace digital financial practices. At a broader
societal level, the study’s emphasis on translating AUCT to finan-
cial inclusion holds transformative potential by fostering financial

inclusion to empower marginalized individuals in informal sectors.
This widening of financial access by fostering financial inclusion
through digital avenues, in turn, lays the foundation for SED,
specifically benefiting small business owners in the Punjab, Paki-
stan. Thus, the study’s significance reverberates across academia,
policy, financial institutions, and the socioeconomic fabric.

Literature review
Theoretical framework. The “Unified Theory of Acceptance and
Use of Technology (UTAUT)” model was proposed by Venkatesh
et al. (2003) through the amalgamation of eight prominent
models and theories about the adoption of information technol-
ogy. The UTAUT framework has four constructs: “performance
expectancy, facilitating conditions, effort expectancy and social
influence.” These components have been derived from several
theories; “the Theory of Planned Behaviour (TPB), the Social
Cognitive Theory (SCT), the Model of PC Utilization (MPCU),
the Theory of Reasoned Action (TRA), the Technology Accep-
tance Model (TAM), combined TAM, TPB (C-TAM-TPB), the
Innovation Diffusion Theory (IDT) and the Motivational Model
(MM).” Venkatesh et al. (2012) expanded the UTAUT model and
introduced the UTAUT2 framework by incorporating three novel
constructs: “hedonic motivation, price value, and habit” along
with moderating factors (gender, experience and age). The
researchers advocated for the model’s refinement and validation
across diverse contexts, such as the case of the present study. By
incorporating FL and PIN as moderators, this study introduces a
novel extension to the UTAUT2 model, emphasizing the influ-
ence of individual characteristics in technology adoption. The
novel aspect also lies in extending the UTAUT2 framework to
connect Fintech-driven AUCT with financial inclusion and SED,
showcasing the transformative impact of Fintech adoption.
Consequently, in alignment with this premise, we have extended
the UTAUT2 model by incorporating additional pivotal con-
structs, as illustrated in Fig. 1.

Development of hypotheses. Performance expectancy (PE) is
frequently invoked within technology acceptance, denoting an

Fig. 1 Conceptual framework.

HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS | https://doi.org/10.1057/s41599-024-03729-4 ARTICLE

HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS |         (2024) 11:1368 | https://doi.org/10.1057/s41599-024-03729-4 3



individual’s confidence level in a specific technology’s capacity to
facilitate the achievement of distinct objectives or enhance their
work performance (Venkatesh et al. 2003). Several studies (like
Venkatesh et. al., 2012; Khechine et al. 2014; Madan and Yadav
2016; Sharif and Raza, 2017; Chao, 2019; Santosa et al. 2021)
evidenced the positive impact of PE on the intention to use
Fintech. In the context of CLT, this concept implies that indivi-
duals exhibit a propensity to engage in such transactions when
they harbor the conviction that doing so will yield advantageous
outcomes. Furthermore, Raj et al. (2023) contend that individuals
perceiving a high level of PE about CLT are more disposed to
adopting such transactional methods. Moreover, a cohort of
scholars has demonstrated through their investigations that a
favorable correlation exists between PE and the IUCT and their
subsequent actual use (Al-Okaily et al. 2022; Sleiman et al. 2022;
Saha and Kiran, 2022; Raj et al. 2023).

H1: PE positively influences (a) IUCT and (b) AUCT.
Effort expectancy (EE) is delineated as “the extent of simplicity

associated with system utilization” (Venkatesh et al. 2003). The
impact of EE on a user’s intention to adopt Fintech is of notable
significance (Venkatesh et al. 2003). Several scholars (Jiang et al.
2013; Teo et al. 2015; Bailey et al. 2017; Giovanis et al. 2019;
Santosa et al. 2021) found positive influence of EE on the use of
Fintech. Substantiated by precedent research in the Fintech
acceptance domain, EE has emerged as a pivotal predictor of both
intention and practical adoption (Al-Okaily et al. 2022; Raj et al.
2023; Donmez-Turan, 2020). It is foreseeable that individuals’
perceptions regarding the effortlessness of CLT hold substantive
influence over the uptake of such systems.

H2: EE positively influences (a) IUCT and (b) AUCT.
Facilitating conditions (FC) are defined as “the degree to which

an individual believes that an organizational and technical
infrastructure exists and will help him/her to use the system
(Venkatesh et al. 2003).” Prior studies (Khechine et al. 2014; Al-
Qeisi et al. 2015; Oliveira et al. 2016; Abdullah et al. 2018;
Sivathanu, 2019) have found a positive influence of FC on the use
of Fintech. The use of CLT typically necessitates specific skills,
resources, and requisite technical infrastructure. Consequently,
the inclination of customers toward adopting CLT could be
heightened when they are furnished with a certain level of
support services and resources (Raj et al. 2023). Aligned with
outcomes from previous investigations (Al-Okaily et al. 2022; Raj
et al. 2023), FC emerges as a pivotal predictor of both intention
and actual use of CLT.

H3: FC positively influences (a) IUCT and (b) AUCT.
Perceived usefulness (PU) is the degree to which individuals

believe that using a specific Fintech would improve their
productivity and effectiveness in achieving specific goals (Venka-
tesh et al. 2012). It is a critical construct in the UTAUT2 model
(Venkatesh et al. 2012) that directly influences individuals’ IUCT.
Past research scholars (Liu and Tai, 2016; Hamid et al. 2016;
Intarot and Beokhaimook, 2018; Grover et al. 2019) observed a
positive relation between PU and CLT. When individuals
perceive that using CLT enhances their efficiency, convenience,
and overall effectiveness in managing financial transactions, they
are more likely to develop positive intentions to embrace and
utilize these technologies (Raj et al. 2023; Sleiman et al. 2022),
thereby driving increased adoption and usage of CLT.

H4: PU positively influences (a) IUCT and (b) AUCT.
Price value (PV) is characterized as the intellectual deliberation

by individuals between the perceived benefits of Fintech and the
cost associated with their utilization (Venkatesh et al. 2012). This
construct resembles the notion of perceived financial cost as
evidenced in contemporary inquiries (e.g., Al-Okaily et al. 2022).
Within this context, various investigations have ascertained PV’s
role as a consequential predictor of both intention and actual use

of CLT. Consequently, individuals tend to accept Fintech services
(Singh and Srivastava, 2020; Al-Okaily et al. 2022).

H5: PV positively influences (a) IUCT and (b) AUCT.
Intention is “an individual’s desire to engage in several distinct

behaviors (Fishbein and Ajzen, 1975).” Intentions to use CLT
refer “to an individual’s willingness or readiness to adopt and
utilize CLT, such as mobile banking (Morgan, 2022)”. This
concept is based on the TPB, which suggests that an individual’s
attitudes, beliefs and perceptions towards using CLT can
significantly impact their actual adoption of CLT (Ajzen, 1991).
Past research (Dapp et al. 2014; Chiu 2017; Leong and Sung,
2018) showed positive nexus between PV and CLT. Thus, an
individual’s intentions to use CLT can be a crucial predictor of
behavior.

H6: Users’ IUCT positively influences their AUCT.
Individuals’ IUCT is a mediating mechanism linking Fintech use

variables (PE, EE, FC, PU, PV) and the subsequent AUCT
(Venkatesh et al. 2012). The cognitive dimensions encompassed
within these Fintech use variables shape individuals’ intentions and
beliefs about the feasibility and benefits of using CLT (Rehman
et al. 2023). These intentions, in turn, bridge the gap between
predispositions and actual behavior. The prior studies claimed that
BI is predictive of a subsequent actual behavior (Sripalawat et al.
2011; Harrison et al. 2014; Karjaluoto et al. 2021; Saha and Kiran
2022). Therefore, the interplay between Fintech use variables and
IUCT elucidates the underpinning psychological pathways that
influence the transition from intention formation to effective
engagement, ultimately influencing the actual adoption of CLT
(Saha and Kiran, 2022). This mediating role of IUCT captures the
complex interdependence between cognitive dispositions and
practical behaviors within the context of CLT.

H7: Users’ IUCT mediates the relationship between (a) PE, (b)
EE, (c) FC, (d) PU, (e) PV, and their AUCT.

Financial literacy (FL) denotes individuals’ comprehensive
grasp and knowledge concerning diverse financial concepts,
encompassing aspects such as CLT, facilitating careful decision-
making and the adept management of financial resources
(Morgan, 2022). Financial literacy’s pivotal role in augmenting
CLT acceptance is noteworthy. It is crucial that, though not
inherently derived from the UTAUT2 model, financial literacy
has been suggested as an additional factor by the information
technology literature that might sway users’ inclinations toward
embracing novel technology. Within this context, Ameen et al.
(2020) have empirically demonstrated that users’ financial literacy
significantly influences the adoption of CLT. In parallel, the
domain of Fintech systems research has been inclusive of security
and privacy concerns within its frameworks (Singh and
Srivastava, 2020). However, it is discernible that while security
and privacy concerns constitute a substantial impediment to CLT,
other factors, such as perceived usefulness, user-interface
challenges, and limited awareness, are also cited as noteworthy
barriers (Merhi et al. 2021). Despite extensive global investiga-
tions into the FL of CLT, the findings exhibit incongruities, with
some studies unveiling significant associations while others fail.

H8: FL moderates the relationship between (a) PE, (b) EE, (c)
FC, (d) PU, (e) PV and their AUCT.

Personal innovativeness (PIN) is the phenomenon of an
individual’s inclination to adopt novel information technology
within the Fintech domain (Agarwal and Prasad, 1997). As a
moderating factor in the context of UTAUT2, PIN influences the
strength of the relationship between individuals’ IUCT and
AUCT (Venkatesh et al. 2012). High levels of PIN amplify the
positive impact of intentions on actual use, suggesting that
individuals who are more open to innovation and novel
technologies are more likely to translate their intentions into
actual use of CLT effectively (Chauhan et al. 2022; Raj et al. 2023).
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H9: PIN moderates the relationship between users’ IUCT and
their AUCT.

Demographic characteristics significantly influence the adop-
tion of CLT. Gender disparities may restrict women’s access to
technology and financial services (Amari and Anis, 2021). Age
can influence familiarity with digital tools (Amari and Anis,
2021). Higher education levels can enhance the understanding
and trust in cashless systems (Kandari et al. 2021). Household
income affects the affordability of technology (Mouna and
Jarboui, 2022). Household size and marital status influence
financial decision-making and priorities (Mouna and Jarboui,
2022). Regional disparities in infrastructure and connectivity
affect accessibility to Fintech platforms (Kandari et al. 2021).
Tailoring financial inclusion initiatives considering these char-
acteristics is crucial to address barriers, increase awareness, and
promote the adoption of CLT, thus fostering economic
empowerment and growth in the informal sector.

H10: Demographic characteristics (a. gender, b. region, c.
marital status, d. education, e. age, f. household size, g. household
income) influence the adoption of CLT (financial inclusion).

The adoption of CLT and subsequent financial inclusion yields
substantial socioeconomic benefits. It enhances accessibility to a
broader range of financial services, such as savings, credit, and
insurance, enabling them to manage risks better and invest in
their ventures (Lee et al. 2023). Reducing cash reliance improves
transparency, reduces corruption and facilitates a conducive
business environment (Mhlanga, 2022). Access to digital records
and transaction history enables them to build creditworthiness,
facilitating access to formal financial institutions. Moreover, the
efficiency of CLT saves time and resources, boosting productivity
(Ediagbonya and Tioluwani, 2023). Enhanced financial literacy
through technology educates and empowers them to make
informed decisions (Raj et al. 2023). Thus, adopting CLT uplifts
economic activities, fosters growth, and improves livelihoods and
socioeconomic development in the informal sector.

H11: The adoption of CLT (financial inclusion) influences (a)
sustainable livelihood, (b) growth in living standards, and (c) social
development of small business owners and individuals in the
informal sector.

The hypotheses about the direct relationships explored in this
section were delineated. Subsequently, an analysis of the indirect
relationships involving intentions, FL, and PIN was presented.
Additionally, the hypotheses corresponding to the influential
determinants of CLT adoption (financial inclusion) were
formulated, followed by the hypothesis posited for its subsequent
impact on socioeconomic development. These interrelated
connections are visually depicted in Fig. 1.

Data and methodology
Participants and procedure. A survey methodology employing
questionnaires was used to acquire data to evaluate hypotheses. The
survey targeted small business owners and individuals involved in
informal sectors, encompassing roles such as fruit and vegetable
vendors, small shop owners, taxi drivers, and auto rickshaw opera-
tors. The rationale for selecting these participants is rooted in the
following considerations: (i) The respondents were drawn from
diverse socioeconomic and demographic backgrounds, ensuring a
comprehensive representation. (ii) The surveyed individuals con-
stitute a substantial segment of the informal economy within the
Punjab region, often encountering impediments in accessing formal
financial services. By concentrating on this specific population, the
study seeks to investigate the role of Fintech use in advancing
financial inclusion among those who have conventionally been
underserved by traditional banking establishments. The ultimate aim
is to foster socioeconomic development.

A total of 537 respondents were approached to gauge their
interest in participating in the survey. Regrettably, 89 individuals
declined to partake, reflecting a refusal rate of 16.57%.
Subsequently, the remaining respondents consented to engage
in the questionnaire. A total of 448 questionnaires were
disseminated through direct distribution, a method chosen to
ensure the collection of timely, reliable, and methodologically
rigorous data. Rigorous data curation practices were employed,
including excluding questionnaires containing incomplete or
uniformly identical responses across all variables. As a result of
these efforts, a final set of 394 valid responses was attained,
yielding a conclusive response rate of 73.37%.

Measures. The refinement of the UTAUT2 model was achieved
by adapting established measurement instruments from previous
studies (Venkatesh et al. 2012). In the questionnaire development
process, specific scales’ components were subject to slight lin-
guistic modifications. All constructs within the model were
evaluated using a “5-point Likert scale”. A comprehensive over-
view of the variables, their respective types, and relevant details
are presented in Table 1, including the scale format, item count,
and the source of the measurement instrument (more detalied
measurements are provided in Appendix A and B). Furthermore,
an initial survey was formulated in English to capture respon-
dents’ feedback. It is widely acknowledged that even subtle
alterations in the wording of a single element can exert a sub-
stantial impact on respondents’ perceptions of the scale. To
mitigate this potential, the questionnaire was subsequently
translated into Urdu, thereby accounting for linguistic nuances
and cultural sensitivities.

Analysis method. This research endeavor employed a dual
methodology, encompassing “PLS-SEM alongside propensity score
matching (PSM) technique” through the utilization of the Probit
model. This combined approach was employed to validate and
substantiate the theoretical framework proposed in this study.

PLS-SEM: stage-I. PLS-SEM is employed across a spectrum of
applications. Notably, PLS-SEM possesses the advantage of
addressing diverse modeling challenges without necessitating
assumptions of scarcity (Hair et al. 2019). Its distinctive attribute
lies in the absence of restrictive distribution assumptions, ren-
dering it a straightforward and suitable technique for investigat-
ing mediation and moderation effects (Hair et al. 2019). In this
study, the predictive attributes of Fintech use are coupled with the
anticipated mediating influence of IUCT, leading to AUCT. This
AUCT is then translated into financial inclusion.

Probit Model: stage-II. The Probit model estimates the likelihood
of embracing CLT (i.e., financail inclusion). The determination to
adopt CLT becomes evident when the latent utility surpasses zero.
This choice to adopt CLT is contingent upon discernible attri-
butes of respondents, including variables such as age, gender,
income, education etc. A method to quantify the influence of CLT
adoption involves dividing individuals into two distinct cate-
gories: “adopters and non-adopters” (Kikulwe et al. 2014), each
possessing shared characteristics. It is essential to recognize that
the adoption of CLT is not randomly distributed among indivi-
duals, implying that adopters and non-adopters may exhibit
systematic dissimilarities.

Modeling CLT adoption: The adoption of CLT is characterized by
a voluntary decision-making process rather than being mandated,
aligning well with the framework of a choice model that suits the
scope of this study. Within the context of a model featuring a
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binary outcome, denoted as CLTi, it signifies whether an indivi-
dual embraces CLT (coded as 1) or opts not to adopt it (coded
as 0):

CLTi ¼
1 if CLT�

i > 0

0 otherwise

�
ð1Þ

Thus,

CLT�
i ¼ φi0αþ εi ð2Þ

where φi denotes CLT’s determinants, α indicates estimated
coefficients, and εi is the error term.

Hence, to maintain the general applicability of Equation 3,
Equation 4 broadens the range of factors to be considered when
examining the determinants of CLT adoption.

CLTi ¼ δωi þ εi ð3Þ

CLTi ¼ δ0 þ δ1agei þ δ2genderi þ δ3regioni þ δ4maritalstatusi
þ δ5educationi þ δ6householdsizei þ δ7householdincomei þ εi

ð4Þ
ωi is a vector of diverse factors that may affect the decision to
adopt CLT, δ is the vector of parameters to be estimated, and εi is
the error term.

Propensity Score Matching (PSM) of CLT on Socioeconomic
Development (SED): This study investigates the effects of
adopting CLT on SED. The research employs the PSM approach.
This approach involves comparing the results of individuals who
have adopted CLT with those who do not. The method is for-
mally specified as:

P Xð Þ ¼ Pr T ¼ 1jXf g ¼ E TjXf g ð5Þ

Where P(X) represents the conditional probability of undergoing
treatment based on pre-existing characteristics denoted by the
vector X. The treatment indicator, T= {0,1}, signifies whether an
individual becomes an adopter of CLT (1) or refrains from
adopting (0). The critical parameter of concern within the PSM
model is the “Average Treatment on Treated (ATT).” Mathema-
tically, the expression for ATT is as follows:

ATT ¼ E½Y1
i � Y0

i jTi ¼ 1 ð6Þ

¼ E �
E½Y1

i jTi ¼ 1; P Xi

� ��
E½Y0

i jTi ¼ 0; P Xi

� ��
jTi ¼ 1

8><
>: ð7Þ

Where P Xi

� �
is the propensity score (p-score), Y0

i and Y1
i are the

outcomes of non-adoption and adoption of CLT, respectively.
Typically, various matching techniques are available to

facilitate the comparison of p-scores between adopters and
non-adopters, subsequently allowing for the estimation of ATT.
This investigation employs radius matching, stratification, and
kernel matching techniques. These techniques are selected due to
their utilization of all comparable units falling within a predefined
radius, contributing to a comprehensive assessment.

Data analysis, results, and discussion
PLS-SEM analysis
Assessment of measurement model (MM). The MM is evaluated
for internal consistency and convergent as well as discriminant
validity. First, we look at indicator loadings, as shown in Table 2.
The advised loadings must be greater than 0.708, which means
that the construct explains more than 50% of the variance in the
indicator (Hair et al. 2019). All factor loadings in our models (for

Table 1 Definitions and measurement of variables.

Variable Type Definition and measurement Reference

Stage-1
Performance Expectancy (PE) Ordinal “4 Items using Likert Scale 1–5” Venkatesh et al. (2012)
Effort Expectancy (EE) Ordinal “4 Items using Likert Scale 1–5”
Facilitating Conditions (FC) Ordinal “4 Items using Likert Scale 1–5”
Perceived Usefulness (PU) Ordinal “4 Items using Likert Scale 1–5”
Price Value (PV) Ordinal “4 Items using Likert Scale 1–5”
Intentions to Use Cashless
Transactions (IUCT)

Ordinal “4 Items using Likert Scale 1–5”

Financial Literacy (FL) Ordinal “5 Items using Likert Scale 1–5” Al-Somali et al. (2009)
Personal Innovativeness (PIN) Ordinal “4 Items using Likert Scale 1–5” Raj et al. (2023)
Actual Use of Cashless Transaction
(AUCT)

Ordinal “3 Items using Likert Scale 1–5” Venkatesh et al. (2012)

Stage-II
Financial Inclusion (FI) Dummy 1= if a respondent adopts cashless transaction, 0= otherwise Peprah et al. (2020)
Gender Dummy 1=Male; 0= Female
Marital Status Categorical 1=Unmarried; 2=Married; 3=Divorced; 4=Widowed
Household Size Continuous Number of people in a particular household
Household Income Continuous Log (Income in Rupees)
Age Continuous Age of the respondents in years Niaz (2022)
Region Dummy 1= If respondent belongs to urban area; 0= If respondent belongs

to rural area
Education Categorical 1=No education; 2= Primary; 3= Secondary; 4= Intermediate;

5=Graduation; 6= others
Sustainable Livelihood (SLD) Continuous “Growth in different dimensions related to SLD, developed using

PCA”
Niaz (2022)

Growth in Living Standard (GLS) Continuous “Growth in different dimensions related to living standard,
developed using PCA”

Social Development (SDT) Dummy “Improvement in SDT: If improved= 1; otherwise= 0”

Note: “Likert Scale: 1(Strongly Disagree) to 5 (Strongly Agree); PCA Principal Component Analysis.”

ARTICLE HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS | https://doi.org/10.1057/s41599-024-03729-4

6 HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS |         (2024) 11:1368 | https://doi.org/10.1057/s41599-024-03729-4



T
ab

le
2
M
ea

su
re
m
en

t
m
od

el
as
se
ss
m
en

t.

It
em

s
M
ed
ia
ti
on

A
na

ly
si
s

M
od

er
at
io
n
M
ed
ia
ti
on

A
na

ly
si
s

Fa
ct
or

Lo
ad

in
g

V
IF

α
rh
o_
A

C
R

A
V
E

Fa
ct
or

Lo
ad

in
gs

V
IF

α
rh
o_
A

C
R

A
V
E

A
U
C
T
1

0
.8
27

1.
0
6
8

0
.7
4
8

0
.8
0
8

0
.7
4
3

0
.6
4
4

0
.8
39

1.
0
6
8

0
.7
4
9

0
.8
11

0
.7
39

0
.6
4
1

A
U
C
T
2

0
.7
8
1

1.
21
2

0
.7
9
0

1.
21
2

A
U
C
T
3

0
.7
9
2

1.
26

8
0
.7
71

1.
26

8
A
U
C
T
4

0
.7
53

1.
31
0

0
.8
0
2

1.
31
0

A
U
C
T
5

0
.7
8
4

1.
15
0

0
.7
4
8

1.
15
0

A
U
C
T
6

0
.7
6
8

1.
11
2

0
.7
6
0

1.
11
2

EE
1

0
.7
26

1.
13
1

0
.7
9
5

0
.8
0
4

0
.8
9
3

0
.6
58

0
.7
31

1.
13
1

0
.7
9
8

0
.8
0
5

0
.8
8
9

0
.6
52

EE
2

0
.8
20

1.
20

8
0
.8
13

1.
20

8
EE
3

0
.7
17

1.
0
8
9

0
.7
26

1.
0
8
9

EE
4

0
.7
6
8

1.
0
15

0
.7
36

1.
0
15

FC
1

0
.9
25

2.
55

9
0
.8
4
4

0
.7
36

0
.7
4
7

0
.5
57

0
.9
24

2.
55

9
0
.8
4
2

0
.7
32

0
.7
4
9

0
.5
6
6

FC
2

0
.7
4
1

1.
0
9
0

0
.7
36

1.
0
9
0

FC
3

0
.7
8
3

1.
0
32

0
.7
6
6

1.
0
32

FC
4

0
.8
14

2.
4
15

0
.8
0
5

2.
4
15

IU
C
T
1

0
.7
21

1.
12
4

0
.8
13

0
.8
4
4

0
.7
8
1

0
.6
4
1

0
.7
75

1.
12
4

0
.8
16

0
.8
4
6

0
.7
6
9

0
.6
39

IU
C
T
2

0
.7
8
3

1.
19
6

0
.8
0
1

1.
19
6

IU
C
T
3

0
.8
51

1.
12
5

0
.8
30

1.
12
5

IU
C
T
4

0
.8
34

1.
0
4
1

0
.8
0
5

1.
0
4
1

PE
1

0
.8
76

1.
22

2
0
.8
8
3

0
.8
8
1

0
.8
56

0
.5
8
7

0
.8
9
0

1.
22

2
0
.8
8
1

0
.8
79

0
.8
57

0
.5
9
8

PE
2

0
.7
9
3

1.
30

5
0
.7
72

1.
30

5
PE

3
0
.9
20

1.
23

9
0
.9
19

1.
23

9
PE

4
0
.7
59

1.
18
9

0
.7
4
1

1.
18
9

PU
1

0
.7
20

1.
13
8

0
.7
71

0
.8
0
6

0
.8
71

0
.5
8
9

0
.7
33

1.
13
8

0
.7
6
8

0
.8
0
2

0
.8
0
7

0
.6
0
1

PU
2

0
.8
38

1.
26

4
0
.8
27

1.
26

4
PU

3
0
.8
78

1.
13
4

0
.8
38

1.
13
4

PU
4

0
.8
79

1.
0
33

0
.9
0
8

1.
0
33

PV
1

0
.8
30

1.
23

6
0
.7
9
8

0
.7
6
5

0
.7
18

0
.6
4
5

0
.8
9
4

1.
23

6
0
.7
9
6

0
.7
6
1

0
.8
21

0
.6
37

PV
2

0
.7
29

1.
16
1

0
.7
18

1.
16
1

PV
3

0
.8
17

1.
18
5

0
.8
58

1.
18
5

PV
4

0
.8
57

1.
0
13

0
.8
79

1.
0
13

FL
1

0
.7
8
3

1.
29

7
0
.8
71

0
.8
6
3

0
.7
9
2

0
.6
25

FL
2

0
.8
22

1.
16
8

FL
3

0
.7
6
8

1.
4
23

FL
4

0
.8
32

1.
0
9
7

FL
5

0
.8
26

1.
4
70

PI
N
1

0
.7
6
2

1.
12
6

0
.7
9
8

0
.7
8
9

0
.8
0
1

0
.6
0
9

PI
N
2

0
.8
19

1.
19
6

PI
N
3

0
.8
9
7

1.
17
0

PI
N
4

0
.7
9
9

1.
0
6
5

A
U
C
T
ac
tu
al
us
e
of

ca
sh
le
ss

tr
an
sa
ct
io
n,
IU
C
T
in
te
nt
io
ns

to
us
e
ca
sh
le
ss

tr
an
sa
ct
io
ns
,E
E
ef
fo
rt
ex
pe

ct
an
cy
,P
E
pe

rf
or
m
an
ce

ex
pe

ct
an
cy
,F
C
fa
ci
lit
at
in
g
co
nd

iti
on

s,
PU

pe
rc
ei
ve
d
us
ef
ul
ne

ss
,F
L
fi
na
nc
ia
ll
ite

ra
cy
,P
V
pr
ic
e
va
lu
e,
PI
N
pe

rs
on

al
in
no

va
tiv

en
es
s,
α
:C

ro
nb

ac
h’
s
al
ph

a,
V
IF

va
ri
an
ce

in
fl
at
io
n
fa
ct
or
,
C
R
co
m
po

si
te

re
lia
bi
lit
y,

A
V
E
av
er
ag
e
va
ri
an
ce

ex
tr
ac
te
d.

HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS | https://doi.org/10.1057/s41599-024-03729-4 ARTICLE

HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS |         (2024) 11:1368 | https://doi.org/10.1057/s41599-024-03729-4 7



both mediation and moderated mediation) are more significant
than the required level. The research established the validity of
measurement constructs. Table 2 displays the reliability statistics
for the variables based on Cronbach’s alpha (α), composite
reliability (CR), and rho_A. CR, α, and rho_A test results are
acceptable. The results show that the values exceed the suggested
cut-off value of 0.708 (Hair et al. 2019). Table 2 also shows that all
results obtained from AVE meet the recommended criteria of
“AVE ≥ 0.50” for both mediation and moderation analysis. Thus,
the convergent validity is present in the data. The Fornell Larcker
Criteria are employed to assess discriminant validity (Henseler
et al. 2015). According to this criterion, the square roots of AVE
(bold diagonal values) shown in Table 3 should be greater than
the rest of the values. In our case, all the bold diagonal values are
more significant than the off-diagonal values. Thus, the dis-
criminant validity is confirmed. Overall, the measurement items
have been found to be both reliable and valid by reliability and
validity tests.

Because a single source is used in our case to collect data, prior
researchers (Hair et al. 2019) guidance of full collinearity is
evaluated to tackle the problem of common method bias (CMB).
Moreover, to make the data free from CMB, the VIF scores must
be <3.3 (Hair et al. 2019). In our case, all VIF values are <3.3 for
both mediation and moderated mediation analysis (as reported in
Table 2), implying that the results are free of collinearity
and CMB.

Assessment of structural model (SM). Path analysis is the method
of choice for evaluating the formulated hypotheses in stage I. The
structural model’s validity is evaluated using the bootstrapping
technique, employing 5,000 subsamples. Within this analytical
framework, the path coefficients of the latent constructs, along
with their corresponding levels of significance, are presented.

Model’s predictive capabilities: The performance of our models in
terms of prediction is detailed in Table 4. The study reports
“coefficient of determination (R2) and predictive relevance (Q2)”
(Hair et al. 2019). The R2 value, indicative of the proportion of
variance accounted for, reveals that the comprehensive model
elucidates 57.1% (for the mediation model) and 69.2% (for the
moderated mediation model) of the variability in AUCT. The R2

values of 0.571 and 0.692 for AUCL are high within the present
model. However, in social science context research, the minimum
acceptable value for R2 is 0.10 (Falk and Miller, 1992).

Furthermore, the validation of “predictive relevance” mandates
Q2 values that exceed zero (Hair et al. 2019). The Q2 values for
both mediation and moderation mediation surpass zero, thus
affirming the predictive relevance of the model.

Direct paths analysis: The outcomes derived from the analysis of
direct paths (as illustrated in Table 5) reveal that the constructs
PE, EE, FC, PU and PV exert a positive impact on both IUCT and
AUCT. Additionally, IUCT exhibits a positive influence on
AUCT. These findings support H1-H6. Detailed results can be
found in Table 5 and are visually represented in Fig. 2. The
findings underscore a positive and discernible association
between the engagement with Fintech services and the intentions
and actual use of CLT among individuals. Notably, a range of
determinants encompassing PE, EE, FC, PU, and PV collectively
exert a psotove influence on individuals’ IUCT and subsequently
manifest these intentions through their AUCT. The empirical
substantiation of the constructive implications stemming from
integrating Fintech within individual financial conduct empha-
sizes the pivotal role that perceived advantages and operational
ease associated with digital fintech adoption play in fostering this
transition (Senyo et al. 2022). The ascendancy of Fintech services T
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as vehicles of enhanced performance, user-friendly functionality,
and utility (as summarized in PE, EE, and PU dimensions),
coupled with their alignment with the requisites for their seamless
adoption (as signified by FC), augments individuals’ inclination
to endorse the utilization of CLT (Morgan, 2022). Collectively,
the findings elucidate the nuances of Fintech’s use in orches-
trating the paradigm shift towards CLT. The interaction between
user perceptions, operational seamlessness, utility, and economic
feasibility finds its expression in the affirming impact of multiple
factors on anticipatory intentions and substantive utilization
(Guermond, 2022). The growing prominence of CLT necessitates
a holistic grasp and adept cultivation of these determinants,
pivotal for navigating the route toward pervasive digital financial
practices.

Mediation analysis: The methodology prescribed by Hair et al.
(2014) has been adhered to meticulously to conduct the media-
tion analysis. Notably, Table 6 provides a comprehensive display
of the statistically significant indirect (mediation) effects. The
outcomes underscore that IUCT effectively serves as a mediator
in the interrelationship between PE and AUCT (β: 0.199), EE and

AUCT (β: 0.198), FC and AUCT (β: 0.221), PU and AUCT (β:
0.283), as well as PV and AUCT (β: 0.244). Moreover, the extent
of mediation is gauged through the “variance accounted for
(VAF)” score. Following the VAF criteria established by Hair
et al. (2014), whereby “VAF index >80%, between 20% and 80%,
and <20% indicates full, partial, and no mediation, respectively” it
is observed that IUCT serves as a partial mediator between the
predictor variables and the outcome. This conclusive finding
validates our mediation hypothesis (H7). The comprehensive
mediation analysis findings are systematically presented in
Table 6, with a graphical representation in Fig. 2.

The study’s findings underscore the pivotal role of IUCT as a
mediator within the relationship involving fintech use and
AUCT. This mediating function underscores that users’ IUCT
serves as a conduit through which the impact of fintech use
permeates towards the actual incorporation of these transactions.
Empirical evidence highlights that when individuals perceive
enhanced performance, user-friendliness, enabling circumstances,
utility, and favorable cost attributes within fintech services, these
aspects collectively stimulate a favorable disposition toward
accepting CLT (Chen and Jiang, 2022). This inclination functions
as an intermediary mechanism through which the influence of
fintech adoption transmits to the practical execution of CLT. The
study elucidates the cognitive process through which the
advantageous attributes of Fintech, coupled with their operational
convenience, motivate individuals to adopt CLT (Coffie and
Hongjiang, 2023). This intention-driven disposition subsequently
materializes as actual behavior, specifically in the form of the
effective implementation of CLT.

Moderation mediation analysis: In this study, FL and PIN func-
tion as moderators. Prior to evaluating the significance of the
moderation effect’s structural pathways, the newly introduced
constructs (FL and PIN) undergo measurement to ascertain their
reliability and convergent validity, as evidenced in Table 2
(moderated mediation analysis). The newly incorporated con-
structs exhibit satisfactory outer loadings for their respective
items, surpassing the established threshold of 0.70. Additionally,

Table 4 Models’ predictive relevance and explanatory power.

Variables Q2 (Predictive relevance) R2 (Explanatory power) Q2 (Predictive relevance) R2 (Explanatory power) Δ in R2

Panel A: Mediation analysis Panel B: Moderated mediation analysis

IUCT 0.208 (>0) 0.463 (moderate) 0.291 (>0) 0.570 (high) 0.107*
AUCT 0.257 (>0) 0.571 (high) 0.306 (>0) 0.692 (high) 0.121*

* indicates significant change (Δ) in R2.

Table 5 Direct paths analysis.

Path Coefficient Std. Err. T-value Effect Size (f2) Remarks

PE→ IUCT 0.145a 0.041 3.526 0.302 (moderate) H1a: ☑
PE→AUCT 0.199b 0.095 2.089 0.345 (moderate) H1b: ☑
EE→ IUCT 0.122a 0.028 4.295 0.219 (moderate) H2a: ☑
EE→AUCT 0.198a 0.052 3.801 0.135 (weak) H2b: ☑
FC→ IUCT 0.207b 0.093 2.223 0.446 (strong) H3a: ☑
FC→AUCT 0.221b 0.106 2.076 0.363 (moderate) H3b: ☑
PU→ IUCT 0.298b 0.147 2.032 0.288 (moderate) H4a: ☑
PU→AUCT 0.283a 0.082 3.445 0.360 (strong) H4b: ☑
PV→ IUCT 0.272a 0.074 3.656 0.405 (strong) H5a: ☑
PV→AUCT 0.244a 0.082 2.973 0.532 (strong) H5b: ☑
IUCT→AUCT 0.356a 0.102 3.477 0.460 (strong) H6: ☑

“a= p < 0.01; b= p < 0.05; ☑ indicates acceptance of hypothesis.”

Intentions to 

Use Cashless 

Transactions 

(R2: 0.570)

Actual Use of 

Cashless 

Transactions 

(R2: 0.692)

Performance 

Expectancy

Fintech Use

Effort 

Expectancy

Facilitating 

Conditions

Perceived

Usefulness

Price Value

0.145

0.122

0.283

0
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6

Fig. 2 Structural model: mediation.
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indices such as α, rho_A, CR, and AVE consistently exceed their
respective thresholds (Hair et al. 2014). Furthermore, the Fornell
Larcker Criteria analysis, as depicted in Table 3 (moderated
mediation analysis), confirms the existence of discriminant
validity. The VIF levels of FL and PIN, as presented in Table 2,
remain comfortably below the 3.3 threshold.

Moving forward, Table 7 outlines that FL yields a positive
influence on IUCT (β: 0.358). The moderating impact of FL
(FL×PE: 0.263; FL×EE: 0.215; FL×FC: 0.116; FL×PU: 0.220;
FL×PV: 0.344) on the connection between Fintech use variables
and IUCT is significant (R2Δ for IUCT: 0.107). Additionally,
Table 7 highlights that PIN significantly affects AUCT (β: 0.131).
The moderating influence of PIN (PIN×IUCT) on the relation-
ship between IUCT and AUCT is significant (β: 0.245; R2Δ of
AUCT: 0.121). This significant moderating effect facilitates the
exploration of indirect effects. Furthermore, employing

bootstrapping with 5000 samples reveals that both FL and PIN
considerably enhance all indirect relationships between Fintech
use variables and AUCT, as depicted in Fig. 3 (coefficients and
R2Δ). The explanatory power of these effects amplifies with the
rise of the moderators.

The original UTAUT2 model accounted for 57.1% of the
variance in AUCT, as illustrated in Fig. 2. The expanded
UTAUT2 model, which incorporates FL and PIN as moderators,
elevates the explained variance by 12.1% (R2: 69.2% - R2: 57.1%).
The R2 values (alongside R2Δ) for both mediation and moderated
mediation analyses are presented in Table 4 and Fig. 3.
Consequently, H8 and H9 receive empirical support.

Compared to a previous study by Venkatesh et al. (2012),
which found that including FL and PIN in the UTAUT2
framework augmented the explained variance by 5%, our study
showcases a more substantial increase of 12.1%. Moreover, within

Table 7 Mediation moderation analysis.

Path Coefficient (T-value) Conf. Inter. (Bias Corrected) Effect Size (f2) P values Remarks

FL→ IUCT 0.358 (4.425) [0.070–0.307] 0.364 (strong) 0.000a —
PIN→AUCT 0.131 (5.260) [0.093–0.201] 0.410 (strong) 0.000a —
FL x PE→ IUCT 0.263 (3.921) [0.063–0.189] 0.315 (moderate) 0.000a H8a: ☑
FL x EE→ IUCT 0.215 (4.359) [0.046–0.249] 0.292 (moderate) 0.000a H8b: ☑
FL x FC→ IUCT 0.116 (3.626) [0.054–0.238] 0.512 (strong) 0.000a H8c: ☑
FL x PU→ IUCT 0.220 (5.237) [0.166–0.448] 0.342 (moderate) 0.000a H8d: ☑
FL x PV→ IUCT 0.344 (4.611) [0.034–0.196] 0.463 (strong) 0.000a H8e: ☑
PIN x IUCT→AUCT 0.245 (3.669) [0.057–0.243] 0.564 (strong) 0.000a H9: ☑

“a= p < 0.01; ☑ indicates acceptance of hypothesis.”
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Fig. 3 Structural model: mediation moderation.

Table 6 Indirect paths (mediation) analysis.

Path Direct Effect (T-value) Indirect Effect (T-value) Total Effect (T-value) VAF (%) Mediation Level Remarks

PE→ IUCT→AUCT 0.199b (2.089) 0.162a (3.517) 0.361a (5.606) 0.449 Partial H7a: ☑
EE→ IUCT→AUCT 0.198a (3.801) 0.079a (4.293) 0.277a (8.094) 0.285 Partial H7b: ☑
FC→ IUCT→AUCT 0.221b (2.076) 0.154b (2.050) 0.375a (4.125) 0.410 Partial H7c: ☑
PU→ IUCT→AUCT 0.283a (3.445) 0.206a (3.023) 0.489a (6.468) 0.422 Partial H7d: ☑
PV→ IUCT→AUCT 0.244a (2.973) 0.136a (3.678) 0.379a (6.651) 0.358 Partial H7e: ☑

“a= p < 0.01; b= p < 0.05; ☑ indicates acceptance of hypothesis; VAF is variance accounted for, (VAF index >80%, between 20% and 80% and <20% indicates full, partial and no mediation,
respectively).”
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the finance domain, Venkatesh et al. (2012) observed that
incorporating moderators as supplementary predictors contrib-
uted to a variance explanation of financial inclusion ranging from
1 to 10%. In contrast, our study demonstrates a more significant
improvement in explained variance (12.1%) beyond the antici-
pated value. This integration of additional components illumi-
nates intricate aspects that significantly enrich the model’s
comprehensiveness, capturing previously unexplored nuances
within the interplay between Fintech use and AUCT.

Notably, the empirical evidence underscores the salient role of
FL as a potent moderator in defining the nexus between Fintech
use and the IUCT. This revelation underscores that the sway
exerted by Fintech adoption in shaping individuals’ tendency to
embrace CLT is contingent upon their level of FL (Arner et al.
2020). Individuals endowed with higher FL tend to evince an
amplified sensitivity to the benefits that Fintech services confer,
encompassing high operational convenience, utility, facilitating
circumstances, trustworthiness, and perceived value (Moon et al.
2022). This resonance concludes in an amplified IUCT. The PIN
is a crucial moderator in shaping the relationship between IUCT
and AUCT. This insight underscores the importance of
individuals’ innovativeness in navigating their tendency to
actualize the adoption of CLT. Individuals characterized by
elevated PIN are more apt at effectuating the transformation of
intentions into actual behaviors (Banna et al. 2022), thereby
elevating the likelihood of AUCT. The findings collectively clarify
the complex combination of these moderating variables within
the realm of Fintech adoption and the path towards embracing
CLT. These outcomes emphasize the indispensability of tailored
approaches that factor in individuals’ gradients of FL and PIN.
Such strategic alignments can play a contributory role in
electrifying both the IUCT and the subsequent AUCT. The
perpetual evolution of digital financial services thus contributes to
a more comprehensive comprehension of the tricky determinants
underpinning the progression toward an increasingly cashless
economic paradigm.

Propensity score matching (PSM) analysis
Distribution of CLT adoption. The data presented in Table 8
demonstrates that individuals who have chosen to adopt CLT
exhibit an obviously higher degree of socioeconomic development,
as indicated by SLD, GLS, and SDT measurements, compared to
those who have not adopted CLT. The application of the t-test
reveals a significant difference in the levels of SLD, GLS, and SDT
between the two groups, adopters and non-adopters. Moreover,
these differences are also evident across gender, household income,

and education categories, each displaying statistically significant
variation at a 1% significance level. However, no statistically sig-
nificant distinctions are observed concerning the age of respon-
dents, geographical region, marital status, or household size
between small business owners who have opted for CLT and those
who have not. These findings accentuate the substantial correlation
between CLT adoption and elevated socioeconomic development
metrics, mainly encompassing SLD, GLS, and holistic SDT.

Factors influencing the adoption of CLT (financial inclusion). The
correlations concerning the adoption of CLT are outlined in
Table 9. Among these associations, educational attainment
emerges as a significant determinant. Findings demonstrate a
positive correlation between higher education levels and the
likelihood of CLT adoption, ranging from approximately 18% for
secondary education to 37% for graduation. This finding aligns

Table 9 Correlations of cashless transactions’ adoption.

Variables Marginal Effect Standard Errors Remarks

Gender H10a: ☒
Male 0.068 0.203
Female 0.014 0.022

Region H10b: ☑
Urban 0.096a 0.026
Rural 0.044b 0.022

Marital Status H10c: ☒
Unmarried 0.124 0.123
Married 0.082 0.126
Divorced 0.069 0.079
Widowed 0.021 0.284

Education H10d: ☑
No education 0.056 0.081
Primary 0.088 0.067
Secondary 0.176a 0.047
Intermediate 0.249a 0.054
Graduation 0.367a 0.025
Other 0.046 0.851
Age 0.284b 0.122 H10e: ☑
Household Size 0.037 0.034 H10f: ☒
Household Income 0.046 0.101 H10g: ☒
Log Likelihood −248.468
LR chi2 89.542
Prob.>chi2 0.000a

Pseudo R2 0.216
N 394

ap < 0.01; bp < 0.05; ☑ (☒) indicates acceptance (rejection) of hypothesis.

Table 8 Distribution of cashless transactions’ adoption.

Variables Full Sample Cashless Transactions Significance

Adopters Non-Adopters

Sustainable Livelihood (SLD) 32.86 38.54 27.21 4.68a

Growth in Living Standard (GLS) 65.34 88.32 58.33 5.22a

Social Development (SDT) 54.28 72.31 48.62 8.31a

Age 41.57 42.22 41.30 0.28
Gender 43.08 65.37 39.51 7.52a

Region 29.61 33.50 47.69 0.67
Marital Status 69.38 58.34 74.28 0.81
Education 38.49 42.09 51.87 9.38a

Household Size 05.67 04.18 06.04 0.67
Household Income 78.34 62.33 81.12 6.58a

N 394 158 236 —

“Figures for continuous (discrete) variables are means (percentages); t-test (Pearson chi-square) for continuous (discrete) variables; a= p < 0.01.”
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with the expected link between education and financial literacy, as
educated households are better positioned to engage with finan-
cial products and services, enhancing the propensity for CLT
adoption (Peprah et al. 2020). Interestingly, primary education
does not yield a significant impact on CLT adoption when
compared to individuals with no formal education. This diver-
gence may stem from limited exposure to mobile phone usage at
the primary education level. Moreover, the level of education
significantly impacts CLT adoption differs from those without
formal education, and primary education may not exert sub-
stantial influence over CLT adoption and utilization.

Furthermore, a distinct urban-rural divide is evident in CLT
adoption rates. Urban locales offer greater access to technological
infrastructure, including internet connectivity and financial
services. This favorable environment heightens the likelihood of
CLT adoption among urban small business owners, leading to a
discernible difference in adoption rates between urban and rural
settings (Kara et al. 2021). Evidence underscores a significant
correlation between respondents’ age and the adoption of CLT.
This pattern implies that younger individuals are more inclined
towards CLT usage, potentially stemming from their high
familiarity and ease with digital technology. Conversely, older
individuals may manifest reduced adoption rates due to potential
challenges related to technology adaptation (Tay et al. 2022).

Besides, an extensive inquiry into the potential impacts of
gender, marital status, household size, and household income on
the adoption of CLT reveals that these variables do not yield
statistically significant effects. This outcome suggests that, within
the contextual confines of this research, attributes such as gender,
marital status, household size, and household income may not
exert substantial influence over the adoption dynamics of CLT
within the cohort of small business owners subject to examination
(Mpofu, 2022). The findings are summarized in Fig. 4. Thus, H10

is partially acknowledged.

Impact of CLT’s adoption (financial inclusion) on socioeconomic
development. Table 10 presents the outcomes of the average
treatment effect of CLT adoption on small business owners’ SED.
The findings indicate that using any of the PSM techniques leads
to a notable increase in the SLD of small business owners, ranging
between 39.7% and 52.1%, with statistical significance at the 1%
level. Furthermore, the adoption of CLT is associated with a
significant increase in the GLS, ranging from 59.3% to 74.4%.
Similarly, the adoption of CLT is shown to positively influence
the SDT of small business owners, yielding gains between 42.5%
and 47.6%, although at varying levels of statistical significance.
Hence, H11 is supported. Moreover, the summary of the findings
is visually presented in Fig. 4.

These results provide valuable insights into the adoption of
CLT and the economic well-being of small business owners

within the specific context of Punjab, Pakistan. This study uses
CLT to emphasize the importance of including small business
owners in financial activities. The results show a noticeable
improvement in SLD from 39.7% to 52.1%. Using digital financial
methods can benefit businesses in Punjab by giving them access
to formal financial systems and enhancing their overall sustain-
ability. This change can be attributed to relying less on physical
money, gaining better financial access, and managing cash flow
more effectively, all of which contribute to better well-being for
small business owners (Niaz, 2022). The study also looks at how
adopting CLT affects the GLS. The substantial increase, ranging
from 59.3% to 74.4%, highlights a strong and meaningful
connection between using CLT and improving the living
conditions of small business owners. This growth can be linked
to various factors, including earning more income, better
financial planning, and spending more money (Mhlanga, 2022).
The findings suggest that using CLT simplifies business
operations and directly impacts the quality of life for these
business owners. Furthermore, the study also examines the
impact of using CLT on SDT. The reported increase (42.5% -
47.6%) underscores the potential of digital financial inclusion to
bring about comprehensive improvements among small busi-
nesses in Punjab. It includes progress in the economy,
empowerment in society, and awareness about the environment.
Although differences in the strength of these connections might
explain the varying levels of statistical significance, the overall
trend indicates that adopting CLT has significant potential to lead
to long-term improvements across different aspects (Lee et al.
2023).
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Table 10 PSM results of CLT’ adoption on socioeconomic
development.

Methods ATT Std. Err. T-value Remarks

Sustainable Livelihood (SLD)
Stratification 0.413a 0.073 5.674 H11a: ☑
Radius Matching 0.397a 0.057 6.950
Kernel Matching 0.521a 0.136 3.843

Growth in Living Standard (GLS)
Stratification 0.593b 0.253 2.347 H11b: ☑
Radius Matching 0.744a 0.131 5.661
Kernel Matching 0.682a 0.140 4.872

Social Development (SDT)
Stratification 0.476b 0.231 2.062 H11c: ☑
Radius Matching 0.480a 0.129 3.711
Kernel Matching 0.425b 0.181 2.354

“PSM propensity score matching, ATT average treatment on treated; a= p < 0.01; b= p < 0.05;
☑: acceptance of hypothesis.”
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Considering the specific context of Punjab, Pakistan, it is
essential to acknowledge how this can influence the results. The
study does not just present statistical patterns but also highlights
how technology advancements can change local businesses.
However, challenges like technology limitations, accessibility
issues, and the need for targeted training should be addressed to
ensure that the benefits of CLT reach all small business owners
relatively. This study strongly advocates for the widespread use of
CLT among small businesses in Punjab, Pakistan. The docu-
mented improvements in SLD, GLS, and SDT clearly show how
digital financial inclusion can bring about positive changes in the
socioeconomic landscape. Policymakers and stakeholders should
consider the unique context of Punjab to maximize the
advantages and promote inclusive economic growth for all small
business owners in the region.

Conclusion and implications
Conclusion. This study highlights the potential of Fintech ser-
vices and communication strategies to promote sustainable CLT
practices, advancing the economic landscape. By integrating
Fintech, global financial engagement is shifting away from tra-
ditional payment systems. This research enhances the under-
standing of modern financial ecosystems, emphasizing CLT’s
critical role in replacing conventional financial practices during
this transformative phase. The study explores the mechanisms
driving the transition from traditional to digital financial systems,
highlighting how individuals’ IUCT serves as a key channel
through which Fintech use promotes AUCT. The study scruti-
nizes the psychological processes that bridge the gap between
intention and action, with a specific focus on the influence of
cognitive factors on tangible behavioral outcomes. Moreover, the
research highlights the significance of FL as a critical moderating
variable interacting with Fintech use and individuals’ IUCT. The
varying levels of FL shape the effectiveness of Fintech services in
influencing their intentions to embrace CLT. Similarly, PIN
emerges as a moderating factor, elucidating the connection
between individuals’ intentions and their subsequent AUCT. This
dimension taps into the innate human inclination to adopt novel
financial practices in their interactions. Beyond its immediate
transactional convenience, this paradigm shift holds profound
implications for financial inclusion. The adoption of CLT emer-
ges as a pathway to enhanced financial inclusion, particularly
impactful for small business owners in Punjab, Pakistan. The
achieved financial inclusion has the potential for profound
financial inclusion implications, as evidenced by its positive
effects on sustainable livelihoods, living conditions, and social
development among small business owners and individuals
operating within the informal sector. Conclusively, this study
elucidates the interplay between Fintech use, intentions, CLT
adoption, FL, PIN, and SED. It contributes to the debate on
Fintech’s role in shaping economic landscapes, highlighting the
complex dynamics driving the transition to sustainable CLT and
its broad implications for socioeconomic development.

Theoretical contribution. The study is firmly based on the
UTAUT2 model, offering a comprehensive framework to under-
stand technology adoption. It examines Fintech adoption, inten-
tions, FL, PIN, and SED. By investigating Fintech’s impact on
IUCT and AUCT, the study empirically supports the UTAUT2
model, highlighting the roles of PE, EE, FC, PU, and PV. Intro-
ducing FL and PIN as moderators enriches the model, empha-
sizing individual characteristics in technology adoption. The study
extends UTAUT2 by linking Fintech-driven AUCT to financial
inclusion and SED, underscoring Fintech’s transformative

potential and advancing the theoretical understanding of tech-
nology adoption and its broader socioeconomic implications.

Policy implications. The study’s findings offer valuable insights
for policymakers, financial institutions, small business owners,
and individuals in the informal sector, highlighting the role of
Fintech in promoting sustainable CLT and driving SED. The
positive impact of Fintech on IUCT and AUCT underscores the
need for user-friendly interfaces that enhance performance, ease
of use, facilitating conditions, perceived usefulness, and attractive
pricing. Financial institutions and Fintech providers should
prioritize these aspects to foster positive perceptions and moti-
vations, encouraging the adoption and use of CLT.

The mediating role of IUCT emphasize the importance of
targeted interventions to shape users’ attitudes and beliefs.
Policymakers and financial educators can design awareness
campaigns and training programs that emphasize the benefits of
CLT, addressing practical advantages and contributions to financial
well-being. This can stimulate greater CLT adoption and support
the digital economy’s growth. The moderating roles of FL and PIN
highlight the need for tailored approaches: financial institutions
should offer educational resources to enhance FL, and managers
should promote a culture of openness to technological innovations
to encourage innovative thinking in financial practices.

The findings also point towards regional disparities, education
levels, and age influencing the likelihood of CLT adoption.
Policymakers can utilize this information to design targeted
initiatives for regions with lower adoption rates and implement
educational programs that cater to different educational back-
grounds and age groups. These efforts can contribute to more
inclusive and equitable adoption of CLT. The study’s revelation of
CLT adoption’s potential to improve SED holds substantial
implications for small business owners and individuals in the
informal sector. Policymakers can foster financial inclusion by
ensuring that digital financial services are accessible to individuals
in remote areas and informal sectors. It can stimulate economic
growth, enhance living standards, and contribute to social
development in marginalized communities.

The study’s findings also have profound societal implications.
The foremost societal implication of this study revolves around
the potential for enhanced financial inclusion. The positive
Fintech-IUCT-AUCT relationship highlights the importance of
fostering an environment conducive to adopting digital financial
services. The shift towards CLT promises to dismantle historical
barriers that have excluded certain individuals from formal
financial systems, ultimately leading to increased economic
empowerment and livelihoods. Moreover, the study highlights
the significant roles of FL and PIN in driving societal change.
Policymakers can bridge the knowledge gap in Fintech services by
addressing discrepancies in FL levels and promoting financial
education, facilitating a more informed adoption of CLT, and
narrowing the digital divide. Recognizing individual innovative-
ness as a moderating factor emphasizes the need to cultivate an
environment that encourages innovation and embraces techno-
logical advancements, fostering inventive approaches that benefit
personal financial well-being and societal progress. The study’s
findings also shed light on the potential positive outcomes of
embracing CLT concerning SED, indicating the possibility of
broader societal transformations. The adoption of CLT among
individuals and small business owners in the informal sector can
enhance financial inclusion, leading to sustainable livelihoods,
better living conditions, and community-level social develop-
ment. This Fintech-driven financial inclusion can contribute to
regional growth and positively impact the broader socioeconomic
landscape.
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Limitations and future recommendations. The study’s primary
focus on the Punjab region of Pakistan limits the generalizability of
its findings to other regions with different socioeconomic contexts.
Future research should broaden its geographical scope to provide a
more comprehensive understanding of CLT adoption and its
implications for SED. Additionally, the study’s emphasis on small
business owners and individuals in informal sectors may introduce
sampling biases, as their motivations and challenges might differ
from those in formal sectors. Future research should include a
more diverse range of economic sectors to validate and expand the
findings. Moreover, exploring cultural, sociological, and psycho-
logical factors influencing Fintech and CLT adoption through
qualitative methods like interviews or focus groups could provide
deeper insights into individuals’ perspectives, motivations, and
barriers. Besides, other moderating mechanism, such as financial
empowerment and perceived Fintech quality, could be examined.

Data availability
The data that support the findings of this study are available from
the corresponding author upon reasonable request.
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