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Resumen y Abstract IX

Resumen

Evaluacién de la disposicion a cambiar a entregas fuera de horario en economias

emergentes: Percepcién de transportistas y receptores

En respuesta a la creciente demanda de transporte de mercancias, se han hecho
mas evidentes los retos a los que se enfrenta este sector, como la congestion, los retrasos
en las entregas, el aumento de los costes logisticos y el incremento de las emisiones. Ante
esto, se ha explorado la posibilidad de implementar diferentes alternativas para minimizar
las externalidades negativas y hacer mas eficiente el suministro de bienes y servicios. Una
estrategia que se ha destacado en algunas investigaciones es la posibilidad de cambiar
las operaciones de carga y descarga a horarios no convencionales. Este cambio
estratégico implica conocer la disposicién tanto de transportistas como de receptores ya
gue, a pesar de tener el mismo objetivo final dentro del proceso, sus intereses no son los
mismos.

Este estudio utiliza un modelo de ecuaciones estructurales para evaluar qué
variables impactan significativamente la disposicién a adoptar entregas fuera de horario
tanto para los transportadores como para los receptores en Medellin, Colombia.

La incorporaciéon de variables latentes como el riesgo percibido, la resistencia al
cambio y la satisfaccién con la entrega fuera de horario ofrece una visibn mas profunda y
contextualizada del comportamiento de las partes interesadas y de su disposicion al
cambio. Este enfoque conduce a una comprension mas rigurosa, a una toma de decisiones
informada y a estrategias practicas para implementar con éxito cambios en la logistica y

la cadena de suministro.

Palabras clave: entregas fuera de horario, transporte de mercancias,

modelizacién de ecuaciones estructurales.
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Abstract

Evaluation of the willingness to switch to off-hours deliveries in emerging

economies: Perception of carriers and receivers

In response to the growing demand for freight transportation, the challenges faced
by this sector, such as congestion, delivery delays, higher logistics costs, and increased
emissions, have become more noticeable. Given this, the possibility of implementing
different alternatives to minimize negative externalities and make the supply of goods and
services more efficient has been explored. A notable focus in these investigations is the
possibility of shifting loading and unloading operations to non-conventional schedules. This
strategic change implies knowing the disposition of both carriers and receivers since,
despite having the same final objective within the process, their interests are not the same.

This study uses structural equation modeling to evaluate which variables
significantly impact the willingness to adopt off-hours deliveries for both carriers and
receivers in Medellin, Colombia.

Incorporating latent variables such as perceived risk, resistance to change, and
satisfaction with off-hours delivery gives a deeper and more contextualized view of
stakeholder behavior and willingness for change. This approach leads to a more rigorous
understanding, informed decision-making, and practical strategies for implementing

successful logistics and supply chain change.

Keywords: off-hour deliveries, freight transportation, structural equation modeling.
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1.Introduction

Inland freight transportation, a crucial supply chain and logistics activity in the
international context, faces several urgent challenges. These challenges threaten its
operational efficiency and its ability to maintain sustainable practices in the long term due
to the increase in demand. The strategic importance of this sector lies in its role as the
driving force behind a country's economy (Ortazar & Willumsen, 2011). The challenges to
be overcome are identified as insufficient road infrastructure, with consequent delays in
deliveries and higher logistics costs; increased gas emissions and air pollution (Gwilliam et
al., 2004). The identified challenges in inland freight transportation have created an urgent
need to implement effective measures and policies. These measures and policies are
crucial for achieving optimal development and efficiency and reducing freight
transportation's environmental footprint.

When the cargo flow is interrupted for any reason, it generates a disruption in the
supply chain that not only affects stakeholders but can also harm the overall economy. For
instance, shortages can lead to an increase in the prices of goods. Therefore, it is crucial
to establish strategies to maximize the utility of freight transportation and, at the same time,
minimize negative externalities (Holguin-Veras et al., 2015; Kotlji, 2019; Ortlzar &
Willumsen, 2011; Sanchez-Diaz et al., 2017). Countries such as the United States,
Australia, France, Belgium, and other European countries have evaluated whether it is
possible to implement initiatives related to supply, demand, and operational and financial
strategies, for instance, the generation and reception of freight at a non-conventional time,
which has yielded positive results in cities with different social dynamics (Kotzab et al.,
2014; Lindholm, 2013; Savadogo & Beziat, 2021; Stathopoulos et al., 2012; Verlinde &
Macharis, 2016). For lower-middle-income countries, the lack of infrastructure, financial
resources, political stability, institutional capacity, and above all, lack of data and knowledge
about systems operation make it more challenging to implement initiatives to ensure an
efficient freight transportation logistics, safe, and profitable for everyone, considering at the

same time the mitigation of the associated environmental impact. In addition to this, there
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is a lack of research. In the Colombian context, research has been carried out to know how
freight transportation is in some regions and to identify some improvement initiatives that
could be implemented, such as delivering merchandise during hon-conventional hours, one
of the most viable strategies (Grupo de investigacion SEPRO et al., 2016, 2017;
Universidad Nacional del Colombia, 2017). It has been promoted worldwide as an
alternative. Pilot tests were developed to measure logistics performance. However, it's
necessary to understand accurately and simplify not only the benefits of adopting such a
strategy but also the willingness of those involved stakeholders in the supply chain to
change the schedule of their operations.

One of the fundamental characteristics of the freight transportation process lies in
the participation of multiple decision-makers in the same shipment, where one of their
agents can exert a predominance in the process (Holguin-Veras et al., 2019). In this activity,
the most significant participation is held by carriers and receivers, who, depending on the
delivery schedule, find themselves at a disadvantage to each other. In the case of off-hours
deliveries, the greatest beneficiary is the carrier because it has a shorter travel time and a
greater number of deliveries. In contrast, the possibility of incurring additional costs by the
availability of personnel to cover the schedule exists for the receivers (Bertazzo et al.,
2016). Given these complex interactions and the differences in perceived benefits, how can
we determine the willingness of carriers and receivers to adopt a new delivery scheme, and
what variables contribute to its adoption? Knowing that positive results in the

implementation of off-hours delivery depend on this.

1.1 Objectives

e General
To develop structural equation models to assess the willingness of carriers and

receivers to adopt off-hours deliveries in the Metropolitan Area of Medellin.

e Specific
o To identify the latent variables influencing the willingness to adopt nighttime

delivery schedules.
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o To define the observable variables associated with each latent construct and
the explanatory variables related to the willingness to adopt off-hours

deliveries.
o To determine the relationships between the identified latent variables and

willingness to adopt unconventional schedules.






2.Background

The literature review explores three themes: 1) off-hours deliveries to counteract
many of the challenges affecting the freight transportation system, 2) the interactions
between those involved in freight transportation, and 3) the use of structural equation
modeling in the transportation field. These topics have been chosen to identify the factors
that impact the attitude or willingness of receivers and carriers to adopt off-hours deliveries

and how, through modeling, to predict the perception of the same.

2.1 Off-hours Deliveries

Unquestionably, freight transportation plays a fundamental role in communities,
making the necessary products available at the right place and time (dell'Olio et al., 2017).
In the process of supplying these products, the last mile, the last stretch of the delivery of
goods that goes from a distribution center or warehouse to the end user, is the most crucial
part, however it is the one that generates the most cost, absorbing up to 28% of the total
cost and ensuring its efficiency has not been easy either, as the needs of the population
have been increasing and with it the presence of more freight vehicles on the roads
(Encarnacién & Amaya, 2024). These vehicles are considered slower and more polluting
than others (dell’Olio et al., 2017). Urban and metropolitan freight transport has become an
issue of concern because it represents high congestion and pollution levels (Russo & Comi,
2011). In this context, with the support of academia to mitigate these impacts, public
administrations have sought alternatives to introduce public policies to improve freight
transport planning.

In New York, a study revealed a strong correlation between freight trucking activity
and air pollution levels, adversely affecting the population's health. (Lena et al., 2002). This
has also been of interest in European cities, so much so that a study was conducted to

evaluate what logistics measures can be implemented to regulate freight transport and
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logistics within urban areas regarding environmental sustainability and performance.
(Russo & Comi, 2011).

Off-hours delivery is not a topic that has been evaluated recently; many authors
have addressed this concept since the 1990s as a possible solution to the above problems.
For example, Churchill pioneered the delivery of goods off-hours; in 1968, he conducted a
pilot in which four retailers and 21 distributors participated in delivering goods from 6 p.m.
to 10 p.m. Despite the efforts, the project fizzled out after six months. However, this attempt
planted the seed for multiple concepts that would later fuel additional experiments in the
field of off-hours delivery (Churchill, 1970; Kotlji, 2019). Churchill identified the lack of
effective communication among stakeholders and resistance from recipients as the main
challenges to proceeding with the project, problems that persist in current attempts to move
toward off-schedule delivery of goods (Churchill, 1970; Kotlji, 2019).

In 1983, Noel evaluated nighttime delivery as a solution to reduce traffic in dense
urban areas. Data were collected in Washington, DC; Denver, Colorado; Atlanta, Georgia;
and San Francisco, California. It is noted that, although suggested as a practical measure,
it faces institutional resistance, especially from elected officials, police, and unions. This
opposition is primarily due to pre-existing interests, such as concerns about re-election and
the entrenched tradition of daytime delivery. The usefulness of nighttime delivery is
recognized; however, due to varying practices among labor institutions, local governments,
and businesses, a universally applicable nighttime delivery model is not feasible in U.S.
cities (Noel & Asce, 1983).

Campbell (1995) analyzes the impact of restrictions on large truck operations during
morning and evening peak hours on congestion and air quality by estimating changes in
truck emissions, fuel consumption, and utilization (vehicle hours). In that sense, a company
can operate from 9 am to 4 pm or 6 pm to 6 am. However, in that study, they concluded
that for many companies, it was not feasible to move their operations to the night hours
since it implies an increase in costs, and they are not used to this type of delivery (Campbell,
1995).

Holguin-Veras has been one of the researchers who has analyzed off-peak
deliveries the most. In 2006, like Campbell, he focused on off-peak deliveries. He highlights
the importance of implementing comprehensive policies, which could include financial
incentives, regulatory changes, and public awareness campaigns, to shift operations to off-

peak hours for the Manhattan, New York, restaurant sector. This sector was selected
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because of its potential for off-peak deliveries and the large number of establishments that
generate a high volume of daily truck trips. A small survey was conducted to evaluate the
effectiveness of different policies that offer financial incentives to restaurants that accept
off-peak deliveries. Preliminary results show that these incentives can effectively
encourage deliveries at less congested times (Holguin-Veras et al., 2006). The second part
of the research focused on the behavior of transporters, concluding that it is effective given
that there is no congestion, a higher throughput, and a higher number of deliveries per hour.
Still, it is only possible if recipients are willing to receive it at such times. Therefore, if it is
decided to implement deliveries at non-conventional times as a policy, recipients should be
encouraged, possibly with economic incentives, to mitigate adverse effects such as cost
overruns (Holguin-Veras et al., 2008).

Holguin-Veras et al. (2014)presented research on policies to encourage off-hours
delivery (OHD) in New York City. An incentive system for delivery recipients was tested.
The pilot test in Manhattan with 33 firms showed high satisfaction among participants. This
was the first test of financial incentives for recipients as an alternative to road pricing for
carriers. Analyses suggest annual economic benefits of $147 to $193 million, which include
reduced congestion costs, lower fuel consumption, and increased productivity, and
highlight the potential of OHD without assistance.

Xie et al. (2015) investigated the safety impacts of moving part of the trucks from
daytime to nighttime hours. Manhattan was used as the study area due to its high
population density and demand for truck deliveries. The authors collected accident data,
traffic volumes, and roadway design features to develop safety evaluation models. It was
found that off-hours delivery programs would not significantly increase the overall risk of
truck crashes, providing a reassuring insight into the safety benefits of off-peak deliveries

Ukkusuri et al. (2016) evaluated the traffic impacts of an off-hours delivery program
in the Manhattan borough of New York City. The analysis shows that, although off-hours
delivery programs can improve traffic conditions, the implementation costs are only justified
by a small share of the recipients.

Another form of off-hours delivery evaluated was unattended off-hours delivery by
vendors registered in a Trusted Vendor Certification Program (TVCP). The survey of 450
recipients located in the New York City metropolitan area (primarily New York City and
northern New Jersey) and the New York Capital Region, NYCR (Albany, NY and
surrounding suburban areas) found that the willingness to accept unattended off-hours

deliveries from certified reliable suppliers depends on many facility attributes and that the
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industry sectors most inclined to take such deliveries are food and beverage and non-
durable goods, wholesalers (Holguin-Veras, Campbell, et al., 2017).

A pilot was conducted in the New York metropolitan area, where the program had
about 400 participating companies (including their suppliers) to assess how feasible it was
to provide incentives to encourage recipients to accept the unsupervised, off-hours. The
incentives were financial, business support services, public recognition, and shipment
discounts. It was evident that the economic incentive was the most effective and that the
word-of-mouth outreach was very beneficial as more recipients requested their suppliers to
deliver off-hours. The program was very successful regarding service times, travel speeds,
economic benefits, and pollution reduction. (Holguin-Veras et al., 2018).

Similar research was conducted to evaluate this off-hours delivery initiative in
different cities, such as Rome (Stathopoulos et al., 2012), Stockholm (Lindholm, 2013),
Denmark, and England (Kotzab et al., 2014). The pilot tests in these cities have been
motivated by different aspects, such as preparing for the London 2012 Olympic and
Paralympic Games, as an alternative to improve their logistics processes. Similarly, they
include studies from a specific commercial sector, such as the cases of England and Rome
(Marcucci et al., 2017) where there was a specific focus on the retail sector, where in
addition to the retail sector, the transportation and logistics of food, hotels, beverages,
books, and flowers intervened; on the other hand, in Colombia, specifically in Bogota and
Medellin, Buenaventura, and Barranquilla pilots were conducted to analyze the impact of
out-of-hours deliveries where logistics, environmental, safety, and mobility performance
were measured (Universidad Nacional del Colombia, 2017).

In Sao Paulo, a pilot based on experience in New York was conducted between
October 2014 and March 2015. All participating companies were volunteers, with no cash
incentives required. The focus in Sado Paulo was on safety and noise issues, in addition to
productivity aspects of travel time, truck speed, and delivery time. The pilot test was very
successful, with no recorded noise complaints or safety incidents, the latter being a

significant concern (Yoshizaki et al., 2018).
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2.2 Stakeholder Perception in Transportation

In transportation, a key factor in ensuring the success of decision-making processes
and the definition of policies is the involvement of all stakeholders. None of them,
individually, can completely solve the most critical freight transportation problems affecting
metropolitan areas (Transportation Research Board, 2015).

Defining policies to promote off-hours deliveries involves both the public and private
sectors. This project focuses on the private sector, comprising five stakeholders: suppliers
or shippers, logistics providers, distribution centers, carriers, and receivers. Researchers
have identified the latter two (carriers and receivers) as key (Holguin-Veras et al., 2005).

In analyzing various pilot programs in different parts of the world, it has been
observed that the interactions between stakeholders present certain complexities.
Decisions about the timing of operations are primarily influenced by the decisions of the
receivers, who are the end customers and have the power to determine when they wish to
receive deliveries. Policies focused solely on shippers have limited effectiveness in shifting
truck traffic to off-peak hours, as receivers often do not consider the additional costs of off-
hours deliveries. Holguin-Veras et al, in 2006, suggest that incentivizing receivers to accept
off-hours deliveries will require financial incentives such as tax deductions and lower
shipping costs. In addition, it is noted that receivers are sensitive to these incentives, but
the sensitivity varies by industry segment (Holguin-Veras et al., 2006). In the second part
of this research, they address the behavior of carriers in the face of this new delivery
scheme; they benefit from the increased productivity associated with faster travel speeds
during off-peak hours and are likely to participate in off-peak deliveries if enough of their
customers request the service. However, carriers indicated that the hours of delivery
depend on customer requirements. This suggests that to shift truck traffic to off-peak hours
in significant numbers, comprehensive policies targeting receivers and carriers must be
implemented (Holguin-Veras et al., 2007).

On the other hand, as part of the off-hours delivery pilot in New York, participants
were surveyed to determine their perceptions. Pilot participants had an overall favorable
impression of OHDs. Drivers indicated much better driving conditions during off-hours and
lower levels of stress. Drivers surveyed indicated that they "strongly prefer off-hours
deliveries”. The only area where carrier management and drivers differed in opinion was
safety. While management indicated that safety was their primary concern, drivers

expressed a greater sense of safety when performing OHD (Brom et al., 2011).
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Through stated preference surveys, Dell'Olio et al. (2017) found that, for Santander
and Barcelona, recipients do not want to change how they receive their goods, as it involves
higher costs. However, acceptance varies across business sectors. Carén and Holguin-
Veras (2022) found that for New York City and the New York State Capital Region, the
business sectors most willing to adopt off-hour service program were Accommodation and
Food, Healthcare, and Entertainment.

In Sau Paulo, despite concerns about public safety and noise, receivers and
shippers prefer OHD because of its ability to control deliveries and avoid routine hassles
during business hours, as they noted reduced time spent searching for loading and
unloading docks, greater certainty about truck arrival times, and improved quality of
customer service (Dias et al., 2019).

Additionally, there are the local authorities, who are not convinced with the
implementation of off-hours deliveries, as it implies changes in regulations and restrictions
in urban areas (Verlinde & Macharis, 2016). Regarding the perception of citizens, in
general, during the pilot tests that were conducted in different cities around the world, there
were very few complaints, and they were only related to noise; this is something that should
be taken into account if the transition to off-hours deliveries is made (Holguin-Veras et al.,
2014b; Verlinde & Macharis, 2016; Visser et al., 2014).

Citizens perceive the long-term benefits of off-hours deliveries, improvements in
quality of life because of reduced CO2 emissions when moving operations, and reduced
conflicts between trucks, cars, bicycles, and pedestrians (Holguin-Veras et al., 2018).

Despite the multiple stakeholders involved in urban logistics and last-mile deliveries,
research has shown that the leading actors are the receivers and carriers. No matter the
benefits of off-hours deliveries, it is difficult for those involved to adopt this initiative after
the pilots have been conducted to maintain the willingness to follow this scheme. For
example, after the London Olympics, only 5% of all companies and 3% of all freight
operators continued with off-peak deliveries (Browne et al., 2014).

The success of off-hours delivery programs depends on a significant number of
receivers willing to request these deliveries from their suppliers, and the additional costs for
both must be offset by the productivity benefits offered by faster deliveries during these
hours. For example, policies related to parking zone costs and times for those making
deliveries during these unconventional hours seek carriers to persuade recipients to adopt

these deliveries (Holguin-Veras et al., 2006).
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2.3 Structural Equation Modeling in the transportation
and logistics field

Structural equation models (SEMs) are a multivariate statistical technique that
combines elements of factor analysis and regression models to model causal relationships
between variables, that is, to evaluate hypotheses and measure effects (R. Hoyle, 1995).
In these models, there are observed variables and latent variables; the latter represent the
constructs that cannot be measured directly but must be inferred through the observed
variables or indicators (R. Hoyle, 1995).

SEMs are made up of two sub-models. The measurement model and the structural
model. This division serves to understand how the underlying variables are related to the
observed ones but also to explore the causal dynamics underlying a phenomenon of
interest (Civelek, 2018). The relationships between latent variables and their observable
indicators are established in the measurement model, such as how the unobservable
variables relate to the variables that we can measure and how measurement error is
captured. On the other hand, the structural model focuses on modeling the causal
relationships between the latent variables, delineating the direct and indirect connections
between them (Civelek, 2018).

Structural equation modeling is widely used to examine the relationships between
latent and observed variables that can influence the perception and behavior of individuals.
In the field of logistics and transportation in general, the structural equation modeling
approach is not new. Wisner, in 2003, developed and analyzed a theoretical framework for
supplier management and customer relationship strategies, supply chain management
strategy, and firm performance using structural equation modeling; data were obtained from
US and European companies. (Wisner, 2003).

Lin et al. (2005) identified the factors influencing supply chain quality management
in Taiwan and Hong Kong through structural equation modeling. The results showed that
guality management is correlated with supplier engagement strategy, and this influences
tangible business results and customer satisfaction levels.

Woo et al. (2013) identified the effects of supply chain structures on port throughput.
Structural equation models were used to evaluate the level of seaport supply chain

integration and the relationship with port throughput based on data from Korean port
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terminal operators, shipping companies, and freight forwarders. Ofia et al. (2013) used
structural equation modeling to evaluate the service quality perceived by the users of a
public transport service. The data were collected through customer satisfaction surveys,
and it was found that the variables of service, comfort, and personnel represented the most
optimal model.

De Abreu e Silva and Alho (2017), implemented a methodology in structural
equation modeling, showed that perceived parking problems in urban freight delivery are a
function of the facility's characteristics, distribution channels, and freight operations
patterns. Shin et al. (2018) used structural equations to model how location, agglomeration,
and other logistics characteristics affect freight volume; the models were estimated from
data from private steel companies in Korea.

On the other hand, Deb et al. (2018) evaluated how various latent factors affect
users' perception of the quality of urban bus service and found that accessibility was the
best evaluated aspect. In parallel, similar research was found but focused on air transport,
Munoz et al. (2019) applied structural equations to evaluate traveler satisfaction in air
transportation; such satisfaction is measured through the perception of service quality:
perceived service quality by airport of departure, airline service, and service at the airport
of arrival. Allen et al. (2020) also assessed overall satisfaction in the medium-sized terminal
area and identified groups of passengers with similar evaluations of services, applying a
Probit ordinal SME-MIMIN approach that captured heterogeneity in passenger perceptions
and assessed 4 constructs: information, control, environment, and food service.

In recent years, research in the field of transportation has advanced significantly.
Through structural equations, Amaya et al. (2021)analyze citizens' perceptions of the urban
freight transportation system, considering the effect of infrastructure and negative
externalities. Cantillo et al. (2022), evaluate the factors that influence companies to choose
to acquire trucks powered by alternative fuels; they use structural equations to measure the
variable "Environmental awareness" and include it in the choice model and how it influences
the choice. Amaya et al. (2023), use structural equations to model safe parking behavior to
analyze how it influences parking choice in urban areas. More recently, Soti et al. (2023)
applied a structural equation-based methodology to identify and evaluate key indicators
that affect the sustainability of freight transportation, with the result that reputation, labor
benefits, and infrastructure and technology are crucial for the development of sustainable

freight transportation. Encarnacion and Amaya (2024) use the SEM approach to analyze
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factors influencing the intention to use last-mile parcel lockers in the United States, such as
perceived utility, ease of use, risk, safety, and location preferences. The main results of this
model are that consumers perceive them as secure, fast, and efficient, although there are
concerns about privacy and loss of parcels.

While the existing literature offers a valuable overview of off-scheduled deliveries
and their impact, it has lacked in exploring and, therefore, failed to address the perceptions
held by the involved stakeholders adequately. This is expected to be the first study to apply
this methodology derived from structural equation modeling to assess the receivers’ and
carriers’ willingness to perform Off-Hour Deliveries. This will shed light on the factors that

directly and indirectly affect the implementation process.






3. Methodology

This study uses a structural equation model with a MIMIC (Multiple Indicators,
Multiple Causes) approach to assess the willingness of carriers and receivers to make off-
hours deliveries. This approach allows us to examine the relationships between latent
variables and their indicators and measure the effects of exogenous variables on the latent
constructs.

The methodological process started with an exhaustive review of the literature to
understand the distinct factors that can influence the decision-making of carriers and
receivers and the various estimation techniques that can be applied. This ensures the
selected methodology is consistent with the study's theoretical framework and objectives.

Based on the information found, the hypotheses and expected relationships
between the endogenous (latent) and exogenous (explanatory) variables were constructed,
and a preliminary model was formulated to analyze the direct and indirect effects of the
identified factors.

The approach used to estimate the structural equation model consisted of data
collection and preparation, analysis of the distribution of variables, confirmatory factor

analysis, and estimation of the SEM - MIMIC model.

3.1 Estimation SEM — MIMIC model

Structural equation modeling (SEM) is a statistical technique for multivariate data
analysis that combines factor analysis with simultaneous equations (Amaya et al., 2021).
The advantage of this technique is that it allows the measurement of direct and indirect
relationships between causal variables within a single model and is based on the
covariance matrix (Civelek, 2018).

The MIMIC model (Multiple Indicators, Multiple Causes) is a variant of the SEM that

allows the analysis of the influence of multiple exogenous variables on a latent variable that
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is measured by endogenous variables, thus allowing the study of the perceptions of
different population groups (Joreskog & Goldberger, 1975), Figure 3-1 schematically
presents the structure of this model. This approach is widely used in economics,
psychology, and sociology.

Figure 3-1: Example of a structural equation model with a MIMIC approach.

€10

Y1q

Y2q [ €8

Y3q [ o

Wiq Waq Wsq

€11

Equation (1) shows the structural equations with a MIMIC approach.
Xq = Z,Biniq + Z5meq + Zejyjq + €rq )

Where:
e X, is the principal latent variable for individual g.
e 17,4 are the latent variables that influence X, (view equation (2)).
e p; are the coefficients that capture the relation between X, and variables 7.
e yj, are the observable variables of individual q and function as the
indicators of the latent variable X,.

e ; are the coefficients that capture the relation between X, and variables y;,.
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e Wy, are the explicative variables of individual g, influence in X, variable and

act like causes in the model system.

e 6, are the coefficients that capture the relation between X, and

variables W, .

e &, the error term is assumed to be normally distributed with a zero mean.

Where:

Nig = X%Srq + &g (2)

e §;; are the observable variables of individual g and function as the

indicators of the latent variable 7;,.

e q, are the coefficients that capture the relation between n;, and observable

variables S;,.

e ¢ the error term is assumed to be normally distributed with a zero mean.

Different estimation techniques vary according to the category of variables, their

distribution, and the size of the sample, among other aspects (Guardia-Olmos, 2016). Table

3-1 shows some of the most used ones.

Table 3-1: SEM estimation techniques.

Estimation technique Notation  Observations

Maximum Likelihood ML A_II e_ndo_genous variables are continuous with a multinormal
distribution.

Least Squares LS Some endogenous variables are dichotomous or categorical.

Weighted Least Squares WLS fSome endogenous variables are nominal or result from
requency counts.

Generalized Least Squares GLS It has the same conditions as WLS but with censored data.

Two-Stage Least Squares TSLS The optimal solution for reducing collinearity effects.

Unweighted Least Squares ULS It has the same conditions as TSLS but with a lower

computational cost.
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Distribution-Free Estimation FDE Used in cases of severe violations of normality.

Analysis of estimates between groups, applicable for

Wald Test WT multigroup SEM.

Source: Reproduced from Esquema y recomendaciones para el uso de los Modelos de
Ecuaciones Estructurales (p. 3), by J. Guardia-Olmos 2016.

Measures called fit indices are used to verify how well the model fits the data. The

most used indices in the literature are presented in Table 3-2 (Civelek, 2018).

Table 3-2: Common Fit Indices for SEM.

Indices Notation Observations

Evaluate the discrepancy between the observed and estimated
Chi-square test X2 CMIN/DF  covariance matrix (Amaya et al., 2021). Values of CMIN/DF < 3
indicate an adequate fit (Civelek, 2018).

Index comparing the saturated model with the independent model.

Comparative Fit Index CFl Values above 0.9 and close to 1 indicate a good fit (Civelek, 2018).

Compares the measured differences of each degree of freedom. A
RMSEA value less than or equal to 0.05 indicates a good fit (Civelek,
2018).

Indicates the improvement of the fit of the proposed model relative
Tucker-Lewis Index TLI to a base model (non-normalized fit). A good fit range is between
0 and 1 (Amaya et al., 2021; Civelek, 2018).

Root Mean Square
Error of Approximation

Measure of the degree of variance and covariance that the model

Goodness of Fit Index GFl explains. Values above 0.9 are acceptable (Civelek, 2018)

Fit index based on the independent model. Values greater than 0.9

Normed Fit Index NF are acceptable (Civelek, 2018).




3.2 Sample size and data collection

There are different methods to determine the sample size, but in general, they

combine four main elements (Lopez-Roldan & Fachelli, 2017). A summary of the methods

used is presented in Table 3-3.

The breadth of the universe, differentiating two situations: if the population is finite
(if you have less than 100,000 individuals) or infinite (from 100,000 individuals)
(L6pez-Roldan & Fachelli, 2017).

Confidence level refers to the reliability of our results, i.e., the probability that they
represent the real population. The usual criterion is 95%, which implies considering
1.960, i.e., avalue of 1.96 units of deviation from the mean in the normal distribution,
which is expressed as z=1.96 (L6pez-Roldan & Fachelli, 2017)

The sampling error e is associated with the chosen estimation statistic. In freight
transport, it is tough to obtain information; errors of order of magnitude (20-30%)
are common in these studies due to the significant variability of the data
(Universidad Nacional del Colombia, 2017).

Population variance 2.

P is the proportion (or percentage) of individuals that have a characteristic, and Q
is the proportion (or percentage) of individuals that do not have the characteristic
(L6pez-Roldan & Fachelli, 2017).

Table 3-3: Sample size determination formulas.

. . Population
Size as a function of
error . .
Infinite Finite
7Z? x o 7?2 x 0% X N
Parameter  Average n= n

e? =(N—1)><e2+ZZ><a2
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Z* X P xQ B Z*XPXQ XN
=T o2 "TINCDxe2+722xPxQ

Proportion p

Source: Reproduced from Metodologia de la investigacion social cuantitativa. Parte II:
Produccion (p. 19), by P. Lopez-Roldan & S. Fachelli, 2015.

3.3 Assumptions of Structural Equation Modeling

In structural equation models, multiple regression equations operate
simultaneously, thus applying the same assumptions of regression models, which are
basically: (i) linearity, (i) normal distribution of the error terms (normality), (iii)
homoscedasticity, i.e. the variance of the errors is constant, there is no relationship between
the independent variables and the error terms, and (iv) independence among the errors
(Civelek, 2018; Wooldridge, 2013). In this order of ideas, it is assumed that the relationship
between latent and observed variables is normal, that the independent variables are not
correlated within the structural model, and that the error terms are not correlated (Civelek,
2018). Additionally, it must be verified that the observed variables have a multivariate
normal distribution since this is one of the most critical assumptions defining the estimation
method. The skewness and kurtosis values are examined to determine normality, which
should be between -2 and +2, or a Q-Q plot can also be performed (Civelek, 2018; Sarstedt
& Mooi, 2014).

3.4 Principal Component Analysis (PCA)

Before performing the confirmatory factor analysis and having the structural model,
it is necessary to perform an exploratory factor analysis (EFA). This practice is conducted
to assess whether respondents correctly perceive the questions and how many different
dimensions or latent constructs are perceived by the respondents (Civelek, 2018).

This process is performed through a principal component analysis, a statistical
technique of dimension reduction, which consists of grouping indicators that represent the

same latent variable, ensuring that the relationship between observable variables is
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maximized (Civelek, 2018), specifically, it transforms a set of initially correlated variables
into a new set of linearly uncorrelated latent variables, called principal components (Amaya
et al., 2021).

3.5 Confirmatory Factor Analysis

A structural equation model is a method that consists of two interconnected stages:
1) a measurement model and 2) a structural model. The measurement model evaluates
whether the observed variables correctly represent the latent variables. This model is
performed through a Confirmatory Factor Analysis (CFA), a statistical method used to
assess the validity of the latent constructs (Brown, 2023; Civelek, 2018).

The CFA starts from a predefined theoretical model, which is usually constructed
according to the hypotheses put forward in the study and not only verifies the relationships
between variables but allows the calculation of convergent validity, discriminant validity,

and reliability metrics (Civelek, 2018).

3.5.1 Composite Reliability (CR)

Itis a measure of internal consistency that evaluates the reliability of the indicators
that measure each latent construct and its errors; unlike Cronbach's alpha, it does not
assume equal loads on the indicators. It must be higher than 0.7 to determine good
reliability (in exploratory research, it is acceptable to have a value between 0.6 and 0.7). It

is calculated with the expression of the equation (3) (Hair Jr et al., 2021)

=05 ©
R=Gr+30,

Where:

e J;, are the standardized factor loadings, it is recommended that the value be above

0.5. Otherwise, it is considered a weak relationship (Kline, 2023). and that the critical
ratios of all indicators are greater than 1.96, i.e., statistically significant (Dunn et al.,
1994).

2
e 0;, are the errors of measurement and are calculated as (1 — 4;7).
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3.5.2 Average Variance Extracted (AVE)

It is a measure of convergent validity that indicates the degree to which a latent
construct manages to explain the variance of its indicators (Civelek, 2018).With this, the
aim is to evaluate how well the indicators measure the same concept. It is said to have
good convergent validity when the value is equal to or greater than 0.5 (Civelek, 2018).
This value confirms convergent validity when examined alone (Fornell & Larcker, 1981). It
is calculated with the expression of the equation (4):

A @

AVE =

Where:
e Y%, the sum of squares of factor loadings.

e 1, the number of construct indicators.

3.5.3 Cronbach's Alpha (a)

It is a measure of internal reliability, indicating how well the indicators of a
construct are related to each other. It is based on the premise that if a set of indicators
measures the same construct, they should be correlated, and, unlike the CR, it assumes
equal loadings and does not consider specific measurement errors (Civelek, 2018; Hair Jr

et al., 2021). It is calculated with the expression of the equation (5):

n ZO’iz (5)
a_n—l(l_ a%)

Where:

e 1, the number of constructors.
J O'l-z, the sum of the variance of the indicators.

e 0%, the variance of the sum of the indicators.
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3.5.4 Discriminate validity

Discriminant validity is a measure that assesses how different the latent constructs
are from each other. It allows us to ensure that the constructs do not overlap too much and
that each one measures a specific concept (Brown, 2023; Civelek, 2018).

To establish determinant validity, the square root of the AVE of each construct must
be greater than the correlation value between the latent constructs, this suggests that each
construct is more strongly related to its indicators than to any other (Civelek, 2018; Fornell
& Larcker, 1981; Segars & Grover, 1998) . Pearson's correlation coefficient, r, is most often
used to calculate such a linear bivariate relationship between variables and can be
calculated approximately as the mean of the sum of the product of the standard deviations,
as shown in the equation (6) (Leon, 1998).

_ IiV:1 Zny
Where:

e Tyy, Itis the Pearson correlation coefficient between the variables x and y.

It measures the strength and direction of the linear relationship between the

two variables.
e N, total number of observations (sample size).
e Z, and Zy, standardized score deviation of variable x and y, respectively,

which is calculated as shown in equations (7) and (8):

X, — X Y, — ¥

Lo =g () =g 8)

Where X; and Y; are the individual value of the variable X and Y, X and Y are the

mean of X and Y and Sy and Sy are standard deviation.
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4.Case Study

This section details the characteristics of the region where the methodology is
implemented, including the data collection and classification process. The study focuses on
the Medellin Metropolitan Area (MMA) in Colombia, whose Gross National Income (GNI)
per capita in 2023 was approximately USD 6,810 and a Gross Domestic Product (GDP) of
USD 363.54 billion (Trading Economics, 2024). This places Colombia within the category
of middle - high income countries, which typically includes countries with a GNI per capita
between 4,516 and 14,005 USD (World Bank Blogs, 2024).

Figure 4-1: Municipalities of the Metropolitan Area of Medellin.
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The Medellin Metropolitan Area is key to this study, as it is consolidated as a center
of economic growth, innovation, and investment. It is composed of nine municipalities:
Barbosa, Girardota, Copacabana, Bello, Itagli, Envigado, Sabaneta, La Estrella, Caldas,
and the Special District of Science, Technology and Innovation of Medellin (Junta
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Metropolitana, 2024).The MMA is Antioquia’s most important sub-region in terms of wealth
production, accounting for 64.4% of the department's gross domestic product (GDP) (Junta
Metropolitana, 2024). It has a total surface area of 1,158 km?, 95% of which is urban and
5% rural, with a population density of 3,557 inhabitants/ km?2. The distribution by gender
indicates 1'951,650 men and 2'167,358 women (Area Metropolitana del Valle de Aburra,
n.d.).. Figure 4-1 shows the location of the study region.

For data collection, two types of surveys were designed and applied: one aimed at
receivers of goods and another at transporters. Both instruments addressed key variables,
including sociodemographic characteristics, work experience, logistics of operations, and
delivery start times, among others. Additionally, specific items were included to measure
perceptions using 5-point Likert scales. Some questions were formulated on a scale ranging
from “totally agree” to “totally disagree,” while others assessed willingness, from “totally
willing” to “bot willing.”

The development of these survey items was based on three primary sources. First,
a comprehensive review of specialized literature helped identify relevant variables and
measurement scales. Second, experts in logistics and transport were consulted to validate
the clarity, relevance, and completeness of the questions. Third, a focus group was
conducted to refine the content, ensuring that the instruments addressed the most critical
aspects of the analysis and were understandable for the participants. This iterative process
allowed for adjustments in the wording and format of questions prior to their final
administration.

Once the surveys were applied, the collected data underwent a rigorous cleaning
and preparation process. Incomplete or inconsistent responses were removed, variables
were coded into dummy formats where appropriate, and sociodemographic, logistical, and
operational variables were classified systematically. Additionally, some indicators were

reverse-coded to maintain consistency across the scales and avoid bias in responses.

4.1 Research hypothesis

In this section, we describe the hypotheses of this study, which are aligned with the
need to understand the disposition of commercial establishments that play the role of
receivers and carriers with after-hours deliveries. All hypotheses are based on the literature
found on this delivery policy and the factors that directly and indirectly those involved have

mentioned to be their main concern.
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4.1.1 Perceived Risk

One of the main observations made on different pilot programs was the concern of
businesses about security and possible theft during nighttime deliveries. Some not only
feared an increased possibility of theft, especially in areas with less surveillance or public
lighting, but also for the protection of employees during these deliveries, since some places
do not have police presence and the establishments did not agree with unattended
deliveries (Brom et al., 2011; Dias et al., 2019; Holguin-Veras et al., 2019; Yoshizaki et al.,
2018). This last factor was related to the need to verify inventory and ensure the quality of
the products received, especially in supermarkets.

In the context of after-hours deliveries, another aspect associated with risk is the
accident rate. Carriers highlighted the reduction of traffic and, therefore a significant
reduction of interactions with the different actors on the road, which suggests a lower
probability of accidents and a positive effect on road safety (Mommens et al., 2018; Xie,
Ozbay, Holguin-Veras, et al., 2015). While the literature has documented several of these
considerations, it remains uncertain how all of these factors associated with risk perception
influence resistance or acceptance to switching to off-hour deliveries, so the following
hypothesis are proposed:

Hypothesis la. (Positive) perception of the risk of receivers is positively associated
with resistance to switching to off-hours delivery.

Hypothesis 1b. (Positive) perception of the risk of carriers is positively associated

with resistance to switching to off-hours delivery.

4.1.2 Resistance to Change

Kotter and Schlesinger define Resistance to change as the natural reaction of
individuals to new organizational strategies(Kotter & Schlesinger, 2013). According to this
perspective, carriers and receivers would resist changing to off-hour deliveries, this may
arise for different reasons, such as fear of the unknown and therefore are inclined to
continue working under the same scheme, lack of information, specifically the success of
these strategies in other countries or the perception that the change is not beneficial, for
example, in the case of receivers who have stated that this type of strategy involves an
increase in operational costs and on the side of carriers where there are areas that have

restricted hours which makes it difficult to access the establishment. (De Oliveira & De
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Oliveira, 2017; dell’Olio et al., 2017; Holguin-Veras, 2008; Holguin-Veras et al., 2018). In
addition, it has been identified that in these processes, some stakeholders may perceive
greater advantages than others, which generates a difference in the evaluation of the
change, leading to the conclusion that it is not necessary or is not being implemented
correctly. Therefore, the second hypothesis is proposed:

Hypothesis 2a. (Negative) perception of resistance to change negatively influences
willingness to receive deliveries at off-hours.

Hypothesis 2b. (Negative) perception of resistance to change negatively influences

the willingness of carriers to switch to off-hours deliveries.

4.1.3 Satisfaction

Several research studies have found that satisfaction with a product or service
positively influences brand loyalty and that a customer will communicate his or her
experience, whether negative or positive, influencing the behavior of potential future
customers (Hussain et al., 2015; Jean Harrison-Walker, 2001; Suki, 2014).

In this research, we evaluated this same construct, satisfaction, through the
perception that receivers and carriers have about the characteristics and advantages of
after-hours deliveries, to identify if it is a key factor in the willingness to change these agents
involved in the supply chain. Aspects such as environment, economic competitiveness, and
logistics performance were considered (Holguin-Veras et al., 2007, 2008, 2011, 2018;
Holguin-Veras, Wang, et al., 2017; Mommens et al., 2018). The lack of research on this
aspect confirms that the scope of this urban logistics strategy is unknown.

Hypothesis 3a. (Positive) The perception of satisfaction of receivers with night
deliveries is positively associated with willingness to receive off-hours merchandise.

Hypothesis 3b. (Positive) The perception of satisfaction of carriers with night

deliveries is positively associated with the willingness to deliver off-hours merchandise.

4.1.4 Receiver’s characteristics

Some studies have shown that perceptions vary among subpopulations (Allen,
Bellizzi, et al., 2020; Allen, Eboli, et al., 2020; Allen et al., 2018; Arellana et al., 2021; Guirao
et al., 2016). During after-hours delivery pilot programs, it has been identified that recipients
react differently, especially that there are sectors that are likely to be more inclined to

incorporate this delivery strategy compared to others (Brom et al., 2011; Caron & Holguin-
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Veras, 2022; Holguin-Veras et al., 2007, 2011). While this has been evaluated through
guantitative analysis, providing measurable data, it is not sufficient to capture the
complexity of perceptions, so a hypothesis is proposed to allow a deeper understanding of
the characteristics that influence the responses of the interviewed establishments.
Hypothesis 4. The willingness of receivers to switch to off-hours deliveries vary
according to the characteristics of receivers (commercial establishments) and where they

have previously received off-hours deliveries at these times.

4.1.5 Sociodemographic and delivery characteristics

Decision makers must understand stakeholder perceptions before transferring
initiatives to other urban environments, but stakeholder perceptions of freight transport are
not homogeneous and depend on different characteristics (Amaya et al., 2020). Previous
research has classified transporters according to the type of products, number of deliveries,
hours of operation, or whether they are part of a company; however, fewer
sociodemographic characteristics have been studied (Dias et al., 2019; Holguin-Veras et
al., 2008; Yoshizaki et al., 2018). Therefore, the following hypotheses are considered:

Hypothesis 5a. Carriers' willingness to switch to after-hours deliveries varies as a
function of sociodemographic information.

Hypothesis 5b. Carriers' willingness to switch to after-hours deliveries varies as a

function of deliveries characteristics.

4.2 Receiver’s models

By 2021, 138,121 economic units were registered in the Medellin Metropolitan Area,
70.7% of which were in Medellin, 20.2% in the southern municipalities, mainly in Itagui and
Envigado, and the remaining 9.1% mostly in Bello (Bateman et al., 2021).0f the companies
engaged in commercial activities, there are three large groups: retail trade, manufacturing
and services (Bateman et al., 2021).

According to the above, the sample size for the recipients was calculated
considering an infinite population, applying the formula in Table 3-3. A confidence level of
95% was established, which corresponds to a Z value equal to 1.96 and an error of 10%.

Since we did not have more information on the recipients' characteristics, we took the
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values of p and g equal to 0.5. The result suggested that 96 surveys should be conducted,
and 100 were conducted.

The survey consisted of four main sections. The first section included general
information questions (type of establishment, location, number of employees, and service
hours). The second section consisted of questions related to deliveries (number of
suppliers, trucks, delivery schedules, among others).

Table 4-1 shows the socioeconomic attributes of the surveyed establishments. In
terms of economic sectors, 39% of the businesses belong to retail trade, 33% to
manufacturing and wholesale trade, and 28% to accommodation and food services. The
locations are distributed mainly in Medellin (25%), Sabaneta (14%), Envigado (11%), and
other cities in the metropolitan area.

Regarding opening hours, 49% operate every day or from Monday to Saturday,
while of the total, only 36% offer service on holidays. Most establishments have between 1
and 5 full-time employees (62%), and 31% employ part-time staff. In terms of occupied
area, 47% of the businesses have between 51 and 100 m2, while 34% operate in spaces
of up to 50 m2.

Table 4-1: Sample characteristics - Receivers.

Attribute Obs. (%) Attribute Obs.
(%)

Economic Sectors Suppliers
Accommodations and food service 28% 1-4 16%
Retail trade 39% 5-7 8%
Manufacturing and wholesale trade. 33% 8-10 26%
Location 11-16 22%
Barbosa 3% 17 or more 28%

Girardota 3% Start of product reception

Copacabana 3% Before the start of service hours 4%
Bello 10% During service hours 96%

Medellin 25% End of product reception

Itagui 10% Before the start of service hours 2%
Envigado 11% During service hours 93%
Sabaneta 14% After the service hours have 5%

ended
Estrella 11% Receives night deliveries 33%

(occasionally)
Caldas 10%
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Customer Service Hours Full-time employees
Every day 49% 1 -5 employees 62%
Monday to Friday 2% 6 — 10 employees 27%
Monday to Saturday 49% 11 employees or more 11%
Holiday Service 36% Part-time employees 31%
Full-time employees Area (m?)
1 -5 employees 62% 1-50m?  34%
6 — 10 employees 27% 51 — 100 m? 47%
11 employees or more 11% 101 or more m? 19%
Part-time employees 31%

The third section answered questions to assess 4 latent constructs. Respondents

were asked about their level of agreement with different statements and measured on a

five-point Likert scale. The last section assessed the primary latent variable of this research

and asked the respondents how willing they were to receive after-hours deliveries in

different scenarios. The latent variables and their observable (manifest) variables are

shown in Table 4-2, as shown, willingness was measured by 3 questions.

Table 4-2: Latent variables and observable (manifest) variables - Receivers.

Latent variables  Observables variables Notation
Perceived risk Inspection of the order is necessary to ensure quality assurance PR1
The presence of personnel during delivery reduces order errors PR2
Less cargo theft occurs during the daytime compared to nighttime PR2
Resistance to | am concerned that | must change my operations to receive merchandise RC1
change at night.
It isn't easy to secure trucks on the premises during nighttime hours. RC2
It is more convenient to receive deliveries during the day. RC3
Receiving merchandise at night increases costs. RC4
Perception of Night deliveries help relieve congestion. SAT1
satisfaction  with  Receiving goods at night decreases pollution. SAT2
off-hours Receiving merchandise at night has the advantage of freeing up staff during SAT3
deliveries the day.
| want to receive the goods at night because they will be available at SAT4
opening.
Willingness | would be willing to receive merchandise at night. w1
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I would be willing to receive merchandise at night from a reliable supplier w2
without having staff in the store.
I would be willing to receive merchandise at night if | am offered a discount w3

on my taxes.

In general, establishments (51%) are very willing to receive merchandise after
hours when there is an economic incentive, in this case, a tax discount, while (81%) are a
little or not at all willing to receive merchandise without staff in the establishment, Figure

4-2 illustrates the distribution of responses.

Figure 4-2: Receivers’ willingness to accept off-hours deliveries policy.

w3 9% 20% 20% 30% 21%
1%
W2 53% 28% 16% %
w1 39% 25% 23% 11% 2%
0% 20% 40% 60% 80% 100%

H Bot willing  m Slightly willing  m Indifferent Very willing Totally willing

The conceptual framework for the receivers is shown in Figure 4-3, where the four
hypotheses are summarized. This framework was developed to guide the analysis of the
research, in particular, the variables resistance to change and satisfaction with night

deliveries, which directly influence willingness.
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Figure 4-3: The conceptual framework for receivers.
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To determine the model estimation method, it is necessary to review the
multinormality of the data, since most SEM estimation techniques assume that the variables
follow a multivariate normal distribution. Initially, the univariate skewness and kurtosis of
each endogenous variable (indicators or observed variables) were calculated using Python.
For kurtosis, the Fisher coefficient was used, where the expected value under normality is
0, and values between -2 and +2 are considered acceptable (Sarstedt & Mooi,
2014).However, univariate normality does not guarantee multivariate normality. Therefore,
the multivariate kurtosis was following Mardia’s normalized estimate, with values above 5

indicating a potential violation of multivariate normality (Ullman & Bentler, 2013). For de
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receivers, the multivariate kurtosis value was 2.87, this results indicate that the assumption
of multivariate normality is met, and therefore it is appropriate to use the maximum
likelihood estimation method (Figure 4). Figure 4-4 the results indicate that the criteria
established in the methodology are met. Therefore, it is appropriate to use the maximum
likelihood estimation method.

Figure 4-4: Assessment of Normality: Skewness and Kurtosis — Receivers.
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4.2.1 Confirmatory factor analysis

A confirmatory factor analysis assessed whether the data fit the hypothesized
model. Different criteria were analyzed to determine the quality of the model. The results
include a chi-square value over degrees of freedom of 1.566, a comparative fit index (CFl)
of 0.94, and a root mean square error of approximation of 0.076. Table 4-3 presents the
CFA factor loadings and convergent validity measures. The standardized factor loadings
yielded values above 0.5, and the composite reliability indicators are above 0.7, suggesting
good construct validity. On the other hand, the AVE in two latent constructs is slightly below
the threshold (above 0.5). However, it is within an acceptable range (Encarnacion & Amaya,
2024).

Regarding internal consistency, for constructs that obtained Cronbach’s Alpha
values above 0.8, it is a good reliability range; for those with a value above 0.7, it is an

acceptable range. In general, this suggests adequate coherence between indicators.
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Table 4-3: Results of confirmatory factor analysis for receivers.

Lgtent Unstand_ardized Stand_ardized Standard Cor_npqsite \';“e\l/r?;?]%i Cronbach’s
variables loadings estimate error reliability alpha
extracted
Perceived risk 0.87 0.7 0.864
PR1 1.000 0.910
PR2 0.891 0.920 0.073
PR3 0.556 0.659 0.073
Resistance to change 0.80 0.5 0.713
RC1 1.000 0.664
RC2 0.522 0.501 0.148
RC3 1.041 0.959 0.193
RC4 0.653 0.605 0.199
Satisfaction ~ with  off-hours 0.80 0.5 0.802
deliveries
SAT1 1.000 0.671
SAT2 0.924 0.674 0.176
SAT3 0.881 0.710 0.199
SAT4 0.998 0.748 0.182
Willingness 0.89 0.7 0.874
w1l 1.000 0.980
W2 0.623 0.771 0.065
W3 0.926 0.798 0.092

Note: Coefficient significance p < 0.05

Discriminant validity was assessed to ensure that each construct was statistically
different. Pearson's correlation coefficients were calculated on the mean values of each
construct, and it was verified that the shared variances between latent factors are less than
the squared AVE of the individual factors. The results can be seen in Table 4-4. These

results ensure that each latent variable is unique within the model.

Table 4-4: Results of discriminant validity of receivers.

PR RC SAT W
PR 0.838
RC 0.420 (0.176) 0.680
SAT -0.129(0.017)  -0.293 (0.086) 0.717
W -0.332(0.104)  -0.596 (0.355)  0.340 (0.116) 0.855

Note: Pearson correlation (shared variances); Coefficient significance p < 0.1
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4.2.2 SEM - MIMIC

Explanatory variables were added to capture differences between the analyzed
recipients, specifically characteristics related to the type of establishment such as economic
sector, size, location, and opening hours, represented by categories, leaving one of them
as a reference. For more details, see Table 4-5.

All calculated parameters were found to be significant at 90% confidence, and the
model had a good fit, with CFI and TLI above 0.9. The root mean square error of
approximation (RMSEA) is 0.063, indicating that the proposed structure is consistent with
the observed data.

Table 4-5: Result SEM — MIMIC, receivers.

Measurement Unstandardized Standardized SE Z-Values P - value
estimate estimate

Perceived risk

PR1 1.000 0.916

PR2 0.880 0.914 0.067 12.388 0.000

PR3 0.546 0.651 0.073 7.584 0.000

Resistance to change

RC1 1.000 0.688

RC2 0.451 0.330 0.150 3.002 0.003

RC3 0.934 0.900 0.152 6.119 0.000

RC4 0.617 0.405 0.186 3.308 0.000

Satisfaction with off-hours deliveries

SAT1 1.000 0.758

SAT2 0.874 0.685 0.164 5.314 0.000

SAT3 0.867 0.714 0.194 4.470 0.000

SAT4 0.862 0.694 0.159 5.427 0.000

Willingness

w1 1.000 0.976

w2 0.621 0.736 0.067 9.223 0.000

W3 0.929 0.773 0.093 9.984 0.000
Regressions Unstandardized Standardized SE Z-Values P - value

estimate estimate

Perceived risk

Crime rate 0.197 0.573 0.030 6.459 0.000
Resistance to change

Service  hours 0.212 0.157 0.127 1.671 0.095
(Mon — Sat)

Perceived risk 0.447 0.584 0.095 4.695 0.000
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Willingness
Off-hour 0.960 0.458 0.157 6.121 0.000
deliveries before
Retail trade -0.310 -0.153 0.151 -2.051 0.000
Area over 100 0.706 0.281 0.188 3.763 0.040
Resistance  to -0.565 -0.387 0.133 -4.237 0.000
change
Satisfaction 0.252 0.244 0.089 2.832 0.005
CMIN/DF CFlI TLI RMSEA
1.396 0.929 0.916 0.063

The results of the hypothesis tests are presented in Table 4-6. Regarding the
constructs, hypothesis la, which indicates that risk perception positively influences
resistance to change, shows the strongest impact. The other variables have also been
confirmed. Satisfaction with night deliveries, associated with congestion, pollution, package
availability, and staff release, seems to have a less significant influence than resistance to
change. This could be due to complaints that people tend to prefer the known over the
unknown, especially when the latter requires effort, adaptation and, in some cases, it is
necessary to develop new skills, in the case of receivers to establish new logistics in their
operations, all of which may block the willingness to deliver after hours. At the same time,
satisfaction can be modified more easily if tangible improvements are presented.

On the other hand, hypothesis 4 evaluated whether the characteristics of the
establishment influence the willingness to switch to night deliveries. In this case, having
received merchandise after hours on previous occasions was a very significant factor, as
was the area of the establishment, suggesting that establishments with an area greater
than 100 m? have a slightly greater willingness to make after-hours deliveries, possibly
because they handle a greater quantity of products or high customer demand. A negative
relationship was evidenced between retail establishments and willingness; it is essential to
go deeper to understand the barriers.

The results support the hypotheses on the influence of resistance to change,
satisfaction, and establishment characteristics on the willingness to switch to after-hours
deliveries since their effect was conceptually valid and statistically significant. However, the
analysis also identified that crime rate and opening hours impact risk perception and
resistance to change.
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The crime rate by municipality is a statistic determined by the MMA; It measures the

number of crimes reported per 100,000 inhabitants. the objective of this indicator is to

evaluate the incidence of crime and its impact on public safety (Observatorio de Seguridad

y Convivencia, 2024). When examining the municipalities, Medellin has the highest crime

rate with a value of 8.0. Bello also shows a relatively high rate of 4.5, while municipalities

such as Sabaneta, Envigado, and Barbosa have lower figures, with 2.8, 2.2, and 2.1,

respectively.

According to the results, if a municipality presents a high crime rate, the perception

of risk is high, suggesting that the environment directly influences the experience of owners

and workers of establishments with nighttime hours.

Table 4-6: Hypothesis testing results — receivers.

Hypothesis Coefficient  Supported?
Hla Perceived risk —> Resistance to change 0.584** Yes
H2a Resistance to change — s Willingness -0.387** Yes
H3a Satisfaction —> Willingness 0.244** Yes
Characteristics of receivers (Off-hour .

H4a o —> Willingness 0.458** Yes
deliveries before)

H4b Characteristics of receivers (Retail trade) —> Willingness -0.153** Yes
Characteristics of receivers (Area over -

H4c —> Willingness 0.281* Yes
100)
Crime rate —> Perceived risk 0.573* Yes
Service hours (Mon-Sat) —> Resistance to change 0.157* Yes

Note: Coefficient significance indicated by: *p<0.1, **p<0.05.
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Figure 4-5: Structural equation model diagram — Receivers.
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4.3 Carrier’s models

Although there is no exact figure on how many people work as truck and/or heavy
vehicle drivers, an approximation can be made according to the number of registered
vehicles. According to the National Traffic Registry, the vehicle fleet comprises 19.8 million
vehicles, of which 2.16% (429,205) are trucks, dump trucks, and tractor-trailers (Registro
Unico Nacional de Transito, 2024). These data provide an overview of the significant
proportion of people involved in this sector.

Like the process for the establishments, the sample was determined by applying
formula 1 in Table 1. The result suggested 96 surveys, and 100 were conducted. In the
case of carriers, the survey was divided into 4 parts. First, questions were asked about the
demographic characterization of the respondents. The questions in the second part were
aimed at knowing the logistics of their operations (truck characteristics, operation
schedules, number of deliveries, type of products, among others).

Table 4-7 shows a summary of the main sociodemographic characteristics of the
carriers and key aspects of the logistics of their operations. Additionally, it highlights:

¢ More than half of the respondents (54%) are employees.
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Of the carriers surveyed, 41% traveled in a C2 truck, 32% in C3, 11% in 2-axle
trucks (single and double traction), 14% in 3-axle trucks (single and double
traction), and only 2% in C4.

Of the drivers, 47% typically unload on the street in a non-permitted place
(without a bay), 35% use the bays, 13% in the parking area of the establishment,
and 3% in permitted loading and unloading areas on the street.

77% use diesel-type gasoline.

25% of the vehicles belong to the driver, 22% to the person sending the load,
17% to the owner, 14% to the employer, 10% to a third party, and only 1% to
the person receiving the load.

During a working day, 29% of drivers work a maximum of 8 hours, 59% between
8 and 12 hours, and the remaining 12% work more than 12 hours.

Table 4-7: Sample characteristics - Carriers.

Attribute Obs. (%)  Attribute Obs. (%)
Civil status
Single 25% Income (CSMMW)*
Married 30% Less than 1 4%
Cohabitation 44% 1-2 41%
Divorced 1% 2-3 30%
Age Over 4 7%
18-30 7% Number of deliveries
31-40 50% 1-5 22%
41-50 340% 6-10 21%
Over 50 4% 11-15 23%
Education level 16 or more 34%
Hight School 39% Truck owner
Not complete Hight School 18% Carriers 30%
Elementary School 42% Employer 16%
Not complete Elementary School 13% Cargo owner 22%
Technical Diploma 26 Shipper 31%
Experience (years) Receivers 31%
Less 1 5% Other 1%
1-4 18% Deliveries products
4-8 35% Food and beverages 30%
8-12 24% Non-Perishable products 15%
12-16 11% Textiles and various items 20%
More 16 7% Materials and equipment 14%
Carriers with collaborates 75% Mixed category 11%

Employees 54% Unknown 9%
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Carriers with off-hour deliveries 53%

* Current Statutory Monthly Minimum Wage (CSMMW)

As in the recipient surveys, the third section answered questions to assess 4 latent
constructs. Although the latent variables analyzed were maintained, the indicators used to
measure them differed, depending on each sample, as can be seen in Table 4-8.

Table 4-8: Latent variables and observable (manifest) variables — Receivers.

Latent variables  Observables variables Notation
Perceived risk Delivering at night is more likely to be robbed than during the day. PR4

More traffic accidents occur at night compared to daytime. PR5

| believe some neighborhoods are more unsafe for deliveries at night. PR6
Resistance to | am used to delivering during the day. RC5
change It is difficult for stores to receive merchandise from me during the evening RC6

hours.

I think it would be more convenient to deliver on the same day. RC7
Perception of More deliveries can be made at night than during the day. SAT5
satisfaction with At night, the travel time per delivery decreases compared to the daytime SAT6
off-hours Delivering at night reduces pollution SAT7
deliveries

At night, there is less congestion SATS8

At night, there is more space to maneuver the vehicle for unloading the SAT9

goods

At night, it is easier to find a parking area close to the delivery site SAT10

At night it is easier to find a parking area near the delivery site. SAT11
Willingness I would be willing to make deliveries in the evening hours. W4

Would be willing to make deliveries without the presence of personnel at the W5

facility

| would be willing to deliver between 8:00 pm and 12:00 am. W6

| would be willing to deliver between 12:00 am and 4:00 am. w7

The last part of the survey focused on collecting the perceptions about the provision;
for this case, 4 indicators were evaluated (see Table 4-8). The results show a positive
perception of indicators W4 and W6, related to delivery at night, specifically between 8:00

pm and 12:00 am, where more than 60% of respondents were very willing. On the other
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hand, the most critical indicator is W2, where 56% of the carriers are not willing to make
deliveries without the presence of the establishment's personnel. Figure 4-6 shows the
distribution of responses for each indicator.

Figure 4-6: Carriers’ willingness to accept off-hours deliveries policy.

w7 19% 16% 19% 15%
W6 13% 7% 15% 27%
W5 31% 25% 24% 5%
w4 14% 9% 15% 23%
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

H Bot willing  E Slightly willing B Indifferent  ® Very willing Totally willing

Figure 4-7 summarizes the theoretical assumptions guiding this study. This
represents the main variables analyzed and the proposed relationships between them, this
is like the case of the receivers; the difference lies in the explanatory variables with which

the MIMIC model is constructed.



42 Evaluation of the willingness to switch to off-hours deliveries in emerging

economies: Perception of carriers and receivers

Figure 4-7: The conceptual framework for carriers.
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The skewness and kurtosis coefficients were estimated to evaluate the normality
assumption in the data. presents the results for the carrier indicators, showing that all values
fall within the acceptable ranges reported in the literature (skewness between +2 and
kurtosis between £7). Additionally, the multivariate kurtosis for the carriers was evaluated
using Mardia’s normalized estimate, yielding a value of 2.65. These results confirm that the
assumption of multivariate normality is met, supporting the use of the maximum likelihood

estimation method for the structural model.
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Figure 4-8 presents the results for the carrier indicators, showing that all values fall
within the acceptable ranges reported in the literature (skewness between +2 and kurtosis
between £7). Additionally, the multivariate kurtosis for the carriers was evaluated using
Mardia’s normalized estimate, yielding a value of 2.65. These results confirm that the
assumption of multivariate normality is met, supporting the use of the maximum likelihood

estimation method for the structural model.

Figure 4-8: Assessment of Normality: Skewness and Kurtosis — Carriers.
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4.3.1 Confirmatory factor analysis

Confirmatory factor analysis was performed. An adequate fit was obtained; the
results include a chi-square value over degrees of freedom of 1.683, a comparative fit index
(CFI) of 0.92, and a mean square error of approximation of 0.075.

Table 4-9 presents the results: standardized factorial scores (greater than 0.5),
composite reliability indicators (greater than 0.7), AVE (greater than 0.5), and Cronbach’s
alpha (greater than 0.7). These values do not indicate a coherence between the indicators
for each latent construct, i.e., the indicators correctly measure each latent variable and

converge.
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Table 4-9: Results of confirmatory factor analysis for carriers.

Average

Lgtent Unstand_ardized Stand_ardized Standard Cor_npqsite variance Cronbach’s
variables loadings estimate error reliability alpha
extracted
Perceived risk 0.84 0.6 0.825
PR4 1.018 0.907 0.117
PR5 0.783 0.651 0.112
PR6 1.000 0.825
Resistance to change 0.80 0.6 0.737
RC5 1.000 1.057
RC6 0.522 0.533 0.105
RC7 0.515 0.571 0.104
Satisfaction ~ with  off-hours
deliveries 0.8 0.6 0.835
SAT5 1.000 0.862
SAT6 0.501 0.527 0.121
SAT7 0.515 0.505 0.122
SAT8 0.516 0.494 0.122
SAT9 0.842 0.916 0.156
SAT10 0.738 0.847 0.131
SAT11 0.585 0.537 0.134
Willingness 0.92 0.7 0.918
W4 1.000 0.851
W5 0.598 0.950 1.000
W6 0.969 0.632 0.598
W7 0.899 0.972 0.962

Note: Coefficient significance p < 0.05

As was previously done with the sample of recipients, the discriminant validity
analysis was replicated. The average of the variance extracted and the squares of the
correlations of the constructs were compared. The results are presented in Table 4-10 and
each construct measures a different concept, and the square root of each construct's AVE
is greater than all its correlations with other constructs (the values in bold are greater than

those outside the diagonal).

Table 4-10: Results of discriminant validity of carriers.

PR RC SAT W
PR 0.793

RC 0.141 (0.019) 0.759

SAT 0.162 (0.026) 0.296 (0.088) 0.693

w -0.051 (0.03) -0.254 (0.065) 0.192 (0.037) 0.862

Note: Pearson correlation (shared variances); Note: Coefficient significance p <0.1.
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4.3.2 SEM - MIMIC

Explanatory variables related to sociodemographic information and delivery
characteristics were added. Table 4-11 presents the final SEM- MIMIC model's dummy
variables, estimates, and statistics.

The resulting model has a robust structure, and all the coefficients of the regressors
were statistically significant, with a confidence level of 90%. A Chi-square value over the
degrees of freedom of 1.442 was obtained, which means a reasonable level of fit. As for
the model fit, the CFl and TLI indicators show values higher than 0.9, and the RMSEA a
value lower than 0.07. All these results support once again the robustness of the model.

Table 4-11: Result SEM — MIMIC, carriers.

Measurement Unstandardized Standardized SE Z-Values P - value
estimate estimate

Perceived risk

PR4 0.991 0.882 0.112 8.847 0.000
PR5 0.792 0.658 0.114 6.976 0.000
PR6 1.000 0.837

Resistance to change

RC5 1.000 1.145

RC6 0.445 0.492 0.099 4.484 0.000
RC7 0.476 0.543 0.103 4.610 0.000
Satisfaction with off-hours

deliveries

SAT5 1.000 0.845

SAT6 0.516 0.531 0.125 4.136 0.000
SAT7 0.524 0.504 0.125 4.199 0.000
SAT8 0.495 0.474 0.121 4.108 0.000
SAT9 0.856 0.915 0.161 5.314 0.000
SAT10 0.749 0.846 0.134 5.587 0.000
SAT11 0.591 0.534 0.136 4.331 0.000
Willingness

w4 1.000 0.969

W5 0.586 0.610 0.079 7.410 0.000
W6 0.972 0.948 0.047 20.715 0.000

w7 0.901 0.844 0.065 13.886 0.000
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Regressions Unstandardized  Standardized SE Z-Values P - value
estimate estimate

Perceived risk

Route 0.374 0.222 0.171 2.186 0.029

Resistance to change

Year 0.744 0.198 0.280 2.656 0.008

experience

Perceived risk 0.498 0.263 0.172 2.894 0.004

Willingness

Type of -0.506 -0.173 0.227 -2.235 0.025

products

(perishable)

Number of -0.385 -0.146 0.204 -1.886 0.059

deliveries (1-5)

Age 31-40 0.682 0.267 0.206 3.306 0.000
Resistance to -0.166 -0.192 0.066 -2.503 0.012
change
Satisfaction 0.138 0.130 0.078 1.779 0.075
CMIN/DF CFlI TLI RMSEA
1.414 0.930 0.911 0.065

All hypotheses were tested as shown in Table 4-12. It was found that the perception
of risk is one of the constructs with the most significant impact, as in the model of the
receivers; this could be because the respondents associate the night with scenarios
conducive to insecurity regarding robbery, road incidents, or any crime.

The coefficient of resistance to change is lower in carriers compared to
establishments. Among the results, it was notable that there was a higher percentage of
carriers who made deliveries or worked during non-conventional hours than establishments
that received merchandise after 8:00 pm and in general.

Although respondents recognize the benefits of this delivery scheme and reflect this
through their perception of satisfaction, their willingness is more influenced by the negative
impacts that this strategy may generate. This position is more evident when the change
requires modifying habits, which is why analyzing acceptance or resistance to change is
necessary.

Among the sociodemographic variables evaluated, only age was significant, in the
range of 31 and 40 years, a stage of early adulthood; in general, drivers in this age range
tend to be more willing. Regarding hypothesis 5b, two characteristics stand out: the number

of deliveries and the product type. Carriers who make few deliveries on a typical day (1-5)
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are less willing. This night’s delivery scheme optimizes time and number of deliveries as
higher speeds are achieved and less time is lost in traffic, which is not advantageous for
those who have a low number of deliveries in the day. Perishable foods tend to deteriorate
faster, so it is necessary to ensure that the establishment has staff to receive the delivery
and access the area where it is located, as they may be less willing to deliver these products
after hours.

Given the lessons learned in the recipient model, we evaluated which dummy
variables explained the perception of risk and resistance to change. The most significant
variable was the route, if when making the route for deliveries they take any of the main
corridors: Autopista Norte, Avenida Regional, Autopista Sur or Avenida Oriental, the
perception of risk is higher, this is assumed because they are catalogued as the road
corridors with the highest flow of vehicles, accident rate and where not only cargo vehicles
but also passenger transport converge (Universidad Nacional del Colombia, 2017). In the
case of resistance to change, carriers with less experience in this occupation are more

resistant to switching to off-hours deliveries.

Table 4-12: Hypothesis testing results — carriers.

Hypothesis Coefficient  Supported?
H1b Perceived risk —> Resistance to change 0.374** Yes
H2b Resistance to change — Willingness -0.166** Yes
H3b Satisfaction —> Willingness 0.138* Yes
Sociodemographic information (Age of 31- .

H5a —> Willingness 0.682** Yes
20)
Characteristics of deliveries (Number of .

H5b1 —> Willingness -0.385* Yes
deliveries)
Characteristics of deliveries (Type of .

H5b2 —> Willingness 0.506** Yes

product)
Route —> Perceived risk 0.374** Yes
Year experience —> Resistance to change 0.744** Yes

Note: Coefficient significance indicated by: *p<0.1, **p<0.05.
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Figure 4-9: Structural equation model diagram — Carriers.

PR4 Delivering at night is more
likely to be robbed than during
the day.

SATS5 More deliveries can be made at night ‘

than during the day.

PRS5 More traffic accidents
occur at night compared to
daytime

SAT6 Atnight, the travel time per delivery
decreases compared to the daytime

SAT7 Delivering at night reduces pollution l

PR6 | believe some
neighborhoods are more unsafe
for deliveries at night.

SAT8 At night, there is less congestion l

RC5 | am used to delivering
during the day.

SAT9 At night, there is more space to
maneuver the vehicle for unloading the goods

RC6 Itis difficult for stores to
receive merchandise from me
during the evening hours.

SAT10 At night, it is easier to find a
parking area close to the delivery site

Experience

(4-8years)

SAT11 At night it is easier to find a parking ‘

area near the delivery site.

RC7 | think it would be more
convenient to deliver on the
same day.

‘W4 | would be willing to make
deliveries in the evening hours

W5 Would be willing to make

without the presence of
personnel at the facility

W6 | would be willing to deliver
between 8:00 pm and 12:00 am

|

Type of
products
(perishable)

Number of
deliveries (1-5)

Age
31-40

W7 | would be willing to deliver
between 12:00 am and 4:00 am.

|




5.Conclusions and recommendations

This study was conducted to understand receivers' and carriers' perceptions of the
willingness to switch to after-hours deliveries in the Medellin Metropolitan Area. The
objective was to analyze the relationship between perceived risk, resistance to change,
satisfaction with after-hours deliveries, and the general willingness to switch to this delivery
scheme.

An integral SEM-MIMIC model was obtained, allowing the analysis of perception
heterogeneity among carriers and receivers. This application is particularly novel because
it explores off-hour delivery adoption in the context of an emerging economy, where such
models have rarely been applied. By doing so, the study provides unique insights into how
latent variables such as risk perception and resistance to change differ across stakeholder
groups.

Beyond its methodological contribution, this study adds to the literature on
transportation planning strategies, specifically off-hour deliveries, by providing empirical
evidence on the relationships between willingness, satisfaction, and resistance to change.
These aspects had not been previously addressed in the literature through structural
equation modeling from the perspective of the main stakeholders receivers and carriers.

The results confirm the importance of knowing the thinking of these stakeholders
for responsible decision-making in the freight planning process. First, they indicate that
readiness for both carriers and receivers will increase if issues that generate resistance to
change are improved or addressed, rather than if satisfaction is improved. Therefore,
ensuring that establishments receive the merchandise and that trucks can access the
location would reduce the perception of resistance to change, which implies a greater
willingness or acceptance of night deliveries. This is very much aligned with what has been
exposed in different studies (Caron & Holguin-Veras, 2022; De Oliveira & De Oliveira, 2017;
Dias et al., 2019; Holguin-Veras et al., 2014b). It has been shown that people fear the
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unknown, so it is also necessary to provide information that allows them to understand the
strategy and the benefits and involve these agents in its implementation.

Second, the more carriers and receivers perceive risk, the greater the resistance to
change. Personal, commercial, and motor vehicle theft are among the main concerns of
respondents (Brom et al., 2011; Liang et al., 2022; Yoshizaki et al., 2018). This was
reflected in the impact of the crime rate per municipality; the higher this value, the higher
the risk perception of the establishments located in that municipality to participate in these
initiatives. Therefore, in the Metropolitan Area of Medellin, security resources should be
strategically allocated to those municipalities and sectors with higher crime rates,
particularly where establishments reported stronger resistance due to safety concerns. This
recommendation not only aligns with the SEM-MIMIC results but also provides a concrete
guideline for public policy design. Evidence from pilot projects has already demonstrated
that improving security reduces conflicts between road users and lowers incident rates,
suggesting that coordinated actions between the Area Metropolitana, local governments,
and law enforcement agencies could play a decisive role in the successful implementation
of off-hour deliveries in emerging urban contexts (Brom et al., 2011; Holguin-Veras et al.,
2008).

Regarding willingness on the part of the recipients, financial incentives are key,
specifically tax reduction, which was the indicator with the greatest impact, a result that was
expected given how significant it had been in the literature (Holguin-Veras, 2008; Holguin-
Veras et al., 2006, 2014b; Holguin-Veras, Wang, et al., 2017). One of the advantages that
this guild perceives is the increase in logistics costs. Therefore, they seek compensation
that balances the additional investment they should make. The establishments with the
greatest disposition are those with an area of more than 100m?, i.e., large warehouses,
which require a high volume of goods and therefore optimize delivery times.

It has been demonstrated that night deliveries guarantee efficiency and reduce
delivery times, therefore, those drivers who make a greater number of deliveries during
their routes, would be among the most benefited since they would increase the accuracy of
the arrival time and decrease the time lost in traffic, therefore, those who make few
deliveries will not be so willing, since they do not recognize this type of benefits.

This initiative can be applied in different ways, one alternative is that transport
companies and drivers in general schedule the start of their activities in the early hours of

the morning and the unloading process is performed just at the time of opening of the
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establishment, this very focused on those recipients who start activities very early and thus
avoid the rush hour in the morning slot.

The results of the SEM-MIMIC model indicate that receivers show significantly lower
willingness to adopt off-hour deliveries compared to carriers. This reluctance is primarily
driven by resistance to change and perceptions of increased risk, particularly related to
urban safety and operational costs. These findings underscore the need for targeted and
actor-specific public policies that address the distinct concerns of each stakeholder within
the freight logistics chain.

This study focused on only two of the main stakeholders involved in after-hours
delivery operations. Future research could evaluate citizens' perception of these practices,
as they would be directly affected by negative externalities such as noise pollution, and
disruption of residential areas during non-standard hours. Additionally, incorporating the
perspective of local authorities would provide valuable insights into regulatory challenges
and policy implications for urban logistics management.

One of the main limitations encountered during data collection was the difficulty in
accessing both carriers and receivers, as these populations proved challenging to reach
due to limited knowledge of survey questions, internal company policies restricting
participation in external research, or reluctance to share operational information. Future
studies could address these access barriers through alternative data collection methods,
such as partnerships with logistics associations, incentive schemes for participation, or
mixed-method approaches combining quantitative surveys with qualitative interviews to

gain deeper insights into stakeholder experiences and perceptions.



A. Appendix: Survey

Table A- 1: Survey instrument applied to participating establishments

Pregunta

Opciones de respuesta

1. Nombre de la persona que responde
la encuesta

2. ¢Cual es el nombre de
establecimiento en el cual se
encuentra laborando?

3. ¢ Qué tipo de establecimiento es?

Alimentacién y Bebidas
Ropa y Moda
Electronica

Salud y belleza
Hogar y decoracion
Entretenimiento
Tecnologia

Juguetes y Hobbies
Automotriz

Artes y Manualidades
Libreria y Papeleria

Deportes
Ferreteria y Construccion
Otro

4. ¢Cudl es el cargo de quién

responde la encuesta?

5. ¢Cudl es la direccion del

establecimiento?

6. ¢ En qué sector se encuentra?

7. ¢En qué municipio se encuentra Barbosa

ubicado el establecimiento? Girardota
Copacabana
Bello
Medellin
Envigado
Itagui
Sabaneta
Caldas

La Estrella
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8. ¢ Cudles son los dias en donde el
establecimiento presta servicio
comercial?

Todos los dias
Lunes

Martes
Miércoles
Jueves
Viernes
Sabados
Domingo

¢ Prestan servicio los festivos?

Si
No

10. ¢A qué hora suele iniciar la
atencion a clientes en dias de semana
(Lunes a viernes)?

06:00 am
07:00 am
08:00 am
09:00 am
10:00 am
11:00 am
12:00 pm (Medio dia)
01:00 pm
02:00 pm
03:00 pm
04:00 pm
05:00 pm
06:00 pm
07:00 pm
08:00 pm
09:00 pm
10:00 pm
11:00 pm
12:00 am (Media noche)
01:00 am
02:00 am
03:00 am
04:00 am
05:00 am

11. ¢A qué hora suele finalizar la
atencion a clientes en dias de semana
(Lunes a viernes)?

05:00 pm
06:00 pm
07:00 pm
08:00 pm
09:00 pm
10:00 pm
11:00 pm
12:00 am (Media noche)
01:00 am
02:00 am
03:00 am
04:00 am
05:00 am
06:00 am
07:00 am
08:00 am
09:00 am
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- 10:00 am
- 11:00 am
- 12:00 pm (Medio dia)
- 01:00 pm
- 02:00 pm
- 03:00 pm
- 04:00 pm

12. (A qué hora suele iniciar la | - 06:00 am
atencion a clientes en los fines de | -  07:00 am
semana (sdbado y domingo)? - 08:00 am

- 09:00 am
- 10:00 am
- 11:00 am
- 12:00 pm (Medio dia)
- 01:00 pm
- 02:00 pm
- 03:00 pm
- 04:00 pm
- 05:00 pm
- 06:00 pm
- 07:00 pm
- 08:00 pm
- 09:00 pm
- 10:00 pm
- 11:00 pm
- 12:00 am (Media noche)
- 01:00 am
- 02:00 am
- 03:00 am
- 04:00 am
- 05:00 am

13. ¢A qué hora suele finalizar la | - 12:00 am (Media noche)
atencion a clientes los fines de | - 01:00 am

semana (sabado y domingo)? - 02:00 am

- 03:00 am

- 04:00 am

- 05:00 am

- 06:00 am

- 07:00 am

- 08:00 am

- 09:00 am

- 10:00 am

- 11:.00 am

- 12:00 pm (Medio dia)
- 01:00 pm

- 02:00 pm

- 03:00 pm

- 04:00 pm

- 05:00 pm

- 06:00 pm
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07:00 pm
08:00 pm
09:00 pm
10:00 pm
11:00 pm

14. ;Cuantos empleados trabajan de

tiempo completo en el

establecimiento? (nimero)

15. ¢Cuantos empleados trabajan de

tiempo parcial en el establecimiento?

(nimero)

16. Aproximadamente, ¢Qué &rea

tiene su establecimiento (metros

cuadrados)?

17. ¢Cuentan con bodega para el Si

almacenamiento de productos? No

19. NUmero de proveedores que tiene 1-4
5-7
8-10
11-16
Mas de 16

20. Generalmente, ¢En qué momento
inicia la recepcion de los productos
para el establecimiento?

Antes del horario de atencion
Durante el horario de atencion
Después del horario de atencion

21. Generalmente, ¢En qué momento
finaliza la recepcion de los productos
para el establecimiento?

Antes del horario de atencion
Durante el horario de atencion
Después del horario de atencion

22. ¢ Cuales son los dias habituales en Lunes

los que reciben sus productos? Martes
Miércoles
Jueves
Viernes
Sabado
Domingo

23. ¢ Cuantos camiones con

mercancia reciben ustedes en una

semana tipica? (himero)

24. ;Con cuantas zonas autorizadas Ninguna

para carga y descarga de los 1-2

productos dispone? 3-4
Mas de 4

25. ¢ Alguna vez ha recibido entregas Si

durante la noche? No

26. Indique qué tipos de productos
estaria dispuesto a recibir durante las
horas de la noche:

Alimentos procesados, bebidas y enlatados
Alimentos, productos agricolas y perecederos
Ropa, calzado y productos textiles

Productos farmacéuticos y suministros médicos
Productos de limpieza y cuidado personal
Equipos electrénicos y accesorios




56 Evaluation of the willingness to switch to off-hours deliveries in emerging

economies: Perception of carriers and receivers

Productos de vidrio y ceramica

Combustibles y productos derivados del petréleo
Articulos de papeleria, suministros y mobiliario de
oficina

Herramientas y materiales de construccién

Otras

27. Indiqgue qué tan de acuerdo o
desacuerdo se encuentra con las
siguientes afirmaciones:

Escala: Totalmente en desacuerdo (1),
En desacuerdo (2), Indiferente (3), De
acuerdo (4), Totalmente de acuerdo

®)

Es necesario inspeccionar el pedido para
asegurarse de la calidad

La presencia del personal durante la entrega
reduce errores en los pedidos

En el dia se presenta mas robo de carga en
comparacion con la noche

Es dificil asegurar el ingreso de los camiones
durante las horas de la noche al establecimiento
Me preocupa que para recibir mercancia en horas
de la noche tenga que hacer muchos cambios en
mis operaciones

Es mas cémodo recibir entregas en el dia

Recibir mercancia en horas de la noche
incrementa los costos

Recibir mercancia en la noche tiene la ventaja de
que liberan al personal durante el dia

Recibir mercancia en la noche disminuye la
contaminacion

Las entregas en la noche ayudan a aliviar la
congestion

Me gustaria recibir la mercancia en la noche
porque va a estar disponible a la hora de abrir

En la noche podria existir mas quejas por parte de
los vecinos por el aumento de ruido

28. Indique qué tan dispuesto esta con
recibir mercancia:

Escala: Nada dispuesto (1), Poco
dispuesto (2), Indiferente (3), Muy
dispuesto (4), Totalmente dispuesto

©)

En la noche

En la noche por un proveedor de confianza sin
contar con personal en la tienda

En horas de la noche si me ofrecen un descuento
en mis impuestos

29. Observaciones
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Table A- 2: Survey instrument applied to participating carriers

Pregunta

Opciones de respuesta

1. Género:

Femenino
Masculino
Otro

2. Estado civil

Soltero
Casado
Union libre
Divorciado
Otra

3. ¢ Cuantos hijos tiene?

O~NO Ol WNPEFEO

9
Mas de 9

4. ¢ Qué edad tiene?

Entre 18 y 30 afios
Entre 31 y 40 afios
Entre 41 y 50 afios
Entre 51 y 65 afios
Mas de 65 afios

5. ¢, Cual es el nivel educativo mas alto
alcanzado?

No estudié

Primaria

Primaria incompleta
Bachillerato
Bachillerato incompleto
Técnica

Tecnologia
Universitario

Posgrado

Otro

6. Ocupacion

Independiente
Empleado
Otro

7. Si es empleado ¢En qué empresa
actualmente trabaja?

8. Si es empleado (Qué tipo de
contrato tiene en la empresa en la que
actualmente trabaja?

Prestacion de servicio
Definido

Indefinido

Otro

9. ¢Cuéantos afios tiene trabajando
como conductor de camién?

Menos de 1 afio
Entre 1y 4 afios
Entre 4 y 8 afios
Entre 8 y 12 afios
Entre 12 y 16 afios
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Mas de 16 afios

10. ¢Cudles son sus ingresos
mensuales? (1 SMMLV = $1.300.000
pesos)

Menos de 1 SMMLV
Entre 1y 2 SMMLV
Entre 2 y 4 SMMLV
Mas de 4 SMMLV

11. ¢Generalmente, cuenta con
colaboradores o ayudantes durante
las entregas?

Si
No
Algunas veces

12. ¢;Con cuantos colaboradores
cuenta?

13. De acuerdo con laimagen, marque
el tipo de camion que conduce con
més frecuencia cuando realiza
entregas en zonas urbanas:

C4
C2s1
C2S2
C3s1
C3S2
C3S3
Otra

14. ; Qué tipo de combustible utiliza el
camion?

Gasolina

Aceite Combustible para Motores (ACPM) o Diesel
Gas Natural Vehicular (GNV)

Gasolina y GNV (hibrido)

15. ¢ El camién cuenta con GPS? Si
No
No sé
16. ¢ Quién es el duefio del camion? Conductor

Empresa duefia de la carga
Empresa que envia la carga
Empresa que recibe la carga
Particular

Otras

17. Teniendo en cuenta la ruta mas
comun que usted realiza, ¢ De qué sitio
sale (barrio o sector)?

18. Teniendo en cuenta la ruta mas
comun que usted realiza, ¢ En qué sitio
realiza la entrega (barrio o sector)?

19. ¢Realiza entregas fuera del Area
Metropolitana del Valle de Aburra?

Si
No

20. ¢Qué tipo de producto transporta
con mayor frecuencia?

Bebidas

Productos quimicos

Informatica / Electrénica
Materiales de construccion
Equipamiento / Electrodomésticos
Alimentos perecederos
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Productos no perecederos
Mobiliario

Productos de limpieza
Articulos de cuidado personal
Medicamentos / Productos farmacéuticos
Maquinaria

Metal

Suministros de oficina
Papeleria

Plasticos / Caucho

Textiles / ropa

Madera

Otra

21. ¢A qué hora aproximadamente
suele empezar su jornada de reparto?

12:00 am (Media noche)
01:00 am
02:00 am
03:00 am
04:00 am
05:00 am
06:00 am
07:00 am
08:00 am
09:00 am
10:00 am
11:00 am
12:00 pm (Medio dia)
01:00 pm
02:00 pm
03:00 pm
04:00 pm
05:00 pm
06:00 pm
07:00 pm
08:00 pm
09:00 pm
10:00 pm
11:00 pm

22. ¢A qué hora aproximadamente
suele terminar su jornada de reparto?

12:00 am (Media noche)
01:00 am

02:00 am

03:00 am

04:00 am

05:00 am

06:00 am

07:00 am

08:00 am

09:00 am

10:00 am

11:00 am

12:00 pm (Medio dia)
01:00 pm
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02:00 pm
03:00 pm
04:00 pm
05:00 pm
06:00 pm
07:00 pm
08:00 pm
09:00 pm
10:00 pm
11:00 pm

23. Numero de entregas en un dia
tipico

1-5

6-10
11-15
Mas de 15

24. ¢En promedio cuanto tiempo le
toma realizar el cargue de Ila
mercancia que mas suele transportar?
(en minutos)

25. ¢En promedio cuanto tiempo le
toma realizar el descargue de la
mercancia que mas suele transportar?
(en minutos)

26. De acuerdo con la imagen, ¢En
qué lugar suele estacionar el vehiculo
cuando realiza entregas en zona
urbana?

Calle sin bahia

Calle con bahia

Doble parqueo

Zona de parqueo del establecimiento

Otra
27. Cuando hace entregas en zona
urbana, ¢Cuanto tiempo suele pasar
buscando  estacionamiento?  (en
minutos)
28. ¢ Alguna vez ha realizado entregas Si
en horas de la noche? No

29. Indiqgue qué tan de acuerdo o
desacuerdo se encuentra con las
siguientes afirmaciones:

Escala: Totalmente en desacuerdo (1),
En desacuerdo (2), Indiferente (3), De
acuerdo (4), Totalmente de acuerdo

(®)

Hacer entregas en la noche tengo mas riesgo de
gue me roben en comparacién con el dia

En la noche ocurren mas accidentes de transito en
comparacion con el dia

Yo creo que hay barrios mas inseguros para
realizar entregas en la noche

Yo creo que seria mas comodo realizar entregas
en la noche

Es dificil que los establecimientos me reciban
mercancia durante las horas de la noche

Estoy acostumbrado a realizar entregas durante el
dia

En la noche puedo realizar mayor nimero de
entregas en comparacion con el dia

En la noche el tiempo de viaje por entrega se
disminuye en comparacion con el dia

Realizar entrega en la noche disminuye la
contaminacion
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En la noche hay menos congestion

En la noche se dispone de mayor espacio para
maniobrar el vehiculo para el descargue de la
mercancia

Realizar entregas en la noche aumenta los niveles
de ruido

En la noche es mas facil encontrar zona de
parqueo cerca a lugar de la entrega

30. Indique qué tan dispuesto esta con
realizar:

Escala: Nada dispuesto (1), Poco
dispuesto (2), Indiferente (3), Muy
dispuesto (4), Totalmente dispuesto

(5)

Entregas en horas de la noche

Entregas sin la presencia de personal en el
establecimiento

Entregas entre las 8:00 pm y 12:00 am (media
noche)

Entregas entre las 12:00 am (media noche) y 4:00
am

31. Observaciones
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