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) ABSTRACT

Purpose: Against the backdrop of the transaction costs and theoretical
strands of thought in authors of the strategic logistics management
(SLM), operational performance (OP), and the internet of things (IoT),
the purpose of this study is to verify if the IoT performs a mediating
effect on the relationship between SLM and OP.

Originality/value: The bibliometric study indicated that studies on the
IoT aimed at the business area are still scarce. Therefore, there is a pros-
pect of expansion of the knowledge frontier of the administration field.
This article seeks to show whether the IoT has a mediating influence on
the relationship between SLM and OB, in addition to highlighting the
most significant variables of each construct. This study can help busi-
ness managers and researchers to identify the benefits of adopting IoT.

Design/method/approach: For that, a quantitative research was carried
out. The research collected data through a semi-structured question-
naire with a sample of 76 companies. Data were treated by descriptive
statistics and multivariate statistics with the modeling technique in
structural equations. Before the application of the modeling technique
in structural equations, data were submitted to tests of convergent and
discriminant validity.

Findings: The IoT plays a mediating but partial role in the relationship
between SLM and OP. Implementing the IoT provides better efficiency
by enabling proactive decisions, interconnecting resources, automating,
streamlining, remotely controlling, generating customer information,
and eliminating errors.

KEYWORDS

Strategic logistics management. Internet of things. Operational perfor-
mance. Structural equation modeling. Measurement scale.
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) 1. INTRODUCTION

Logistics is an essential element for commercial activities, as it encourages
the exchange of goods between different producing locations. This process
of trade follows the principle of comparative advantage, which, in Williamson’s
(2007) point of view, is relative. Because of that, managers should focus on
their costs, especially on transaction costs.

To survive in a competitive market, companies need to offer an increasingly
better and more efficient service to their customers. In this context, Strategic
Logistics Management (SLM) becomes necessary to generate better results
(Bowersox, Bowersox, Closs, & Cooper, 2014). Logistics management seeks
to place products and services at the right time and in the right place, in
addition to paying attention to the conditions desired by customers, pro-
moting the company’s OP (Ballou, 2006), as well as significantly reducing
costs (over 60%) and increasing profits by more than 75% (Marquez, Nieto,
& Pardo, 2015). In this sense, SLM can contribute to the OP by improving
delivery speed, delivery consistency, flexibility to meet unusual and unex-
pected customer requests, reducing failures, and increasing availability
(Bowersox et al., 2014). In an extremely competitive landscape, Marques
(2017) suggested that digital transformation has collaborated for the achieve-
ment of the desired performance by companies.

Digital transformation is at the heart of the fourth industrial revolution,
which facilitates the interaction between physical and virtual components
through technologies such as the internet of things (IoT) and artificial intel-
ligence (AI). There are many discussions about the occurrence of this revo-
lution, but for Schwab (2016), it stands out because everything happens
quickly, in depth, and in a way that impacts the whole system. The IoT, an
“arm” of this revolution, changes the global value chain, communication,
planning, logistics, and production arrangements (Porter & Heppelmann,
2015). The IoT is a technological resource that has the combination of sen-
sors, connectivity, and mobility as some of its basic characteristics, being
important for the digitization of the industry. Currently, IoT applications are
varied, permeating almost all activities, such as transportation, construc-
tion, agriculture, and healthcare (Patel & Patel, 2016). A study carried out
by the Gartner Group (2017), the world’s leader in technology research and
consulting, found that, in 2017, 8.4 billion connected devices were used
worldwide, representing an increase of 31% over the number of connected
devices in 2016.
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Regarding logistics, the IoT assists managers in several challenges, such
as rapid decision-making in real-time based on freight cost, average contract
profitability, and on-time delivery rate, in addition to the monitoring of failure
events. Realizing that the IoT allows a quick response to an ever-changing
scenario, reducing operational deficiencies, such as human error and
ill-intentioned activities (Porter & Heppelmann, 2015), as well as improving
overall production efficiency through synergy between processes (Chu,
Chen, & Dang, 2013), this research sought to answer if the application of
the IoT mediates the relationship between SLM and OP.

About delimitations, we collected data from Brazilian logistics and retail
companies that applied the IoT in the inventory/storage and transportation
management processes, once logistic activities are the ones that represent
the higher cost (Ballou, 2006).

A bibliometric study was carried out by searching the keywords “logistica”
(logistics) and “internet of things” in the publications (journal) from Coor-
dination for the Improvement of Higher Education Personnel (Capes),
selecting only articles that were peer-reviewed and published in English. It
was possible to identify eight articles published between 2013 and March
2018 in business journals. Thus, we concluded that IoT studies are still
accommodated in their birthplace, which are the fields of knowledge of
computer science and engineering.

This article expands the boundary of knowledge of the application of
IoT in the business area; in addition to that, by demonstrating the mediating
influence of the IoT, a model was created with the significant variables of
each construct, which can be used in future research. This study can also
help logistics managers to see the operational results generated by the appli-
cation of [oT in strategic management.

) 2. THEORETICAL REFERENCE AND HYPOTHESES

2.1 Strategic logistics management

The geographical separation between suppliers, companies, and cus-
tomers has required the construction of an efficient logistics system by com-
panies, essential for trade, as logistics connects production sites to markets
separated by time and distance. In this sense, the definition of logistics was
described by the Council of Logistics Management (CLM) as “the process of
planning, implementing and controlling the efficient, effective flow and
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storage of goods, services, and related information from the point of origin
to the point of consumption for conforming to customer requirements” and
its management makes it necessary to guide activities to predefined func-
tional strategies and to control trade-offs, such as cost and value to the cus-
tomer (Prasad & Singh, 2015; Marquez et al., 2015). According to Ballou
(2006), logistics is strategic because it is intertwined with the general cor-
porate strategy so that the corporation defines a strategy and logistics per-
forms its functional strategic plan based on this guideline. Bowersox et al.
(2014) mentioned the network of facilities, order processing, transport,
inventory, and storage as the main logistics activities, but it was possible to
conclude, in the case study carried out by Marquez et al. (2015), that the
most important were: transportation, commercial and separation of products
(tied to storage).

Inventory/warehouse management is considered a challenge for logis-
tics managers because variations in the demand for finished products con-
stantly occur, which leads to higher storage costs. The objective is always to
provide faster, more objective, and safer decision-making (Saurin, Raupp,
& Trento, 2014) based on the objectives defined by the organizations. For
Martello and Dandaro (2015), warehouse management consists of planning
how to control the materials within the organization, to maintain a balance
between inventory and consumption, which is necessary due to the need
to control inputs from purchases. For Ballou (2006), it consists of: 1. input
of the product; 2. warehousing; 3. management of inventory levels; 4. pro-
cessing of orders and withdrawal of the merchandise; and 5. preparation of
the shipment.

Transportation is the area of logistics that geographically moves and
positions inventory. Therefore, due to this importance, large and small com-
panies allocate managers as responsible for their activities (Bowersox et al.,
2014). According to Ballou (2006), transport management is concentrated
in: 1. modal selection; 2. freight consolidation; 3. routing and scheduling of
shipments; 4. complaints processing; and 5. shipment tracking.

2.2 Internet of things

The IoT rests on the idea of managing processes through connectivity,
mobility, and analysis of data generated by sensors, bringing the real world
closer to the virtual (Abersfelder, Bogner, Heyder, & Franke, 2016). The
concept of IoT was promulgated by Ashton (2009) at the Massachusetts
Institute of Technology (MIT), who predicted the connection of physical
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objects to the internet by means of sensors, such as Radiofrequency identi-
fication (RFID) which allows the gathering of information without human
interference. For Pathak (2016), the term was related to the extent of con-
nectivity through sensors for data collection, analysis, and management,
i.e., it was an interconnected environment of objects that can communicate
with one another. For Presser and Gluhak (2009), the IoT consisted of a
combination of technologies such as RFID, wireless networks, and wireless
sensors. IoT was derived from a things-oriented perspective, which was
beyond RFID because the latter was just a tag that allows the identification
or tracking of an object (Nassar & Horn, 2014). In this sense, the IoT is a
combination of several technologies, which allows not only the simple iden-
tification of objects but also the accomplishment of daily tasks from intense
use of smartphones, laptops, GPS, and networks.

2.3 Operational performance

The OP is fully related to supply chain and logistics management capacity,
and it is an indicator of competitive advantage (Bowersox et al., 2014). In
this way, its evaluation is indispensable for a company that intends to remain
in the market, as it controls the operational activities, identifies problems
that need the interference of the managers, provides feedback to guide plan-
ning, among other functions. This evaluation is common in companies’ daily
routines, but it is not a simple task since it is necessary to establish what is
intended to be measured and establish adequate parameters that evaluate
what one wants to measure (Paiva et al., 2014). Regarding the importance
of performance indicators, Bititci (2015) portrayed that they are used to
measure how well the company is evolving in relation to its goals and tar-
gets set in strategic planning and creating favorable conditions for the elimi-
nation of wastage.

The OP is a multidimensional construct composed of various opera-
tional aspects, such as cost, flexibility, and quality, and it can be compared
to the effectiveness of the requirements of the clients and to the efficiency
of the activities (Duong & Paché, 2015). For Ballou (2006), considering the
many dimensions of customer service, finding a measurement that was suf-
ficiently comprehensive to ensure effective performance evaluation is not a
simple task.

The performance measures mentioned by Bowersox et al. (2014) that fit
the operational process are cost, customer service, productivity, and quality.
Complementarily, Rodrigues, Lynch, and Stank (2004) employed six multi-
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dimensional indicators to evaluate logistics performance: cost, delivery
time, delivery reliability, order comprehension capability, inventory turno-
ver, and customer satisfaction. The authors also concluded that the logistics
manager seems to have difficulty in dealing with “real-time delivery confir-
mation” and with the “high rate of return of goods”, making it limited to
serve different customers, recipients, and regions.

2.4 Conceptual model and hypotheses

Considering the diversity of possibilities of applying IoT in business,
this study sought to understand how this technology can be used to mediate
the relationship between SLM and OP. In addition, revenues were inserted
into the model as a control variable in order to verify whether companies
with higher or lower revenues presented different results because, based on
the theoretical reference, the application of the IoT requires that the com-
pany invest a considerable value in sensors, (Yu & Bai, 2013). Evdokimov
et al. (2019) created a pricing model for IoT projects and observed that the
IoT generates several benefits to the organizations, and this makes a com-
pany with high revenue have a greater chance of implementing an IoT pro-
ject. So, the control variable “revenue” was inserted in the model to examine
this force (Tu, 2018; Brous, Janssen, & Herder, 2019). The base model,
therefore, is represented in Figure 2.4.1.

(Figure 2.4.1)

CONCEPTUAL MODEL
° H,: Mediation (if both SLM — loT and loT — OP
coefficients are significant).
H H,

Revenue
H,
SLM > «

Source: Elaborated by the authors.

Based on the theoretical framework of this research, it was identified
that SLM is composed of decisions made to obtain a greater OB, and that is
divided into short, medium, and long term. However, OP may not be
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achieved in its entirety, affected, for example, by the exaggerated mismatch
in the trade-off between cost and better customer experience — the pursuit
of low cost may lead the company to offer a poor-quality service (Bowersox
et al., 2014). Macaulay, Buckalew, and Chung (2015) found that logistics
management requires more transparency, integrity control, detailed shipment
tracking, and constant optimization of assets to generate OP. Transportation
management has always been a point of attention for managers because it
directly impacts productivity, safety, and operational costs (Machline, 2011).
Kazimirova, Busa, and Puskas (2015) complemented the functions of the
manager, who always seeks to reduce expenses with fuel and maintenance
of vehicles, as well as to offer a quality service to customers because the
activity was classified as one of the largest in logistics costs and represented
a significant part of the sales price of the products, then the activities should
be optimized in order to improve vehicle utilization, achieve higher levels of
customer service, and other benefits (Ting & Liao, 2013; Hiibl, Altendorfer,
& Jodlbauer, 2013). Considering that the strategy is a performance antecedent,
the following hypothesis was developed:

* H,: SLM has a positive effect on OP.

The application of technologies in the SLM has occurred because trans-
portation and storage processes affect the costs and the quality of the service
provided. Thus, intelligent logistics (logistics with IoT) is applied to the
management processes so that it is able to imitate human intelligence, per-
ception, learning, reasoning, and autonomous problem-solution (Yu & Bai,
2013). In addition, by combining data with the remote-control capability,
it is possible to create optimization opportunities for logistics activities
(Porter & Heppelmann, 2015). In the transport of goods, for example, sen-
sors can be coupled to the vehicles so that sellers or dealers can be aware of
their location — they can estimate the arrival time of the merchandise to plan
their sales (Zhang, He, & Xiao, 2013). The IoT consists not only of sensors
that allow wireless communication but also of autonomous and proactive
behaviors, results of information sharing that allow object traceability, moni-
toring, and automated management (Nassar & Horn, 2014; Chu et al., 2013;
Zhang et al., 2013). Thus, the IoT offers the capability to provide (more)
timely information for decision making and lesser response times, automa-
tion of decision-making, and improved planning, due to insights created by
higher volumes of data (Brous et al., 2019). Considering these facts, the
following hypothesis was developed:

* H,: SLM has a positive effect on the application of the IoT.

ISSN 1678-6971 (electronic version) ¢ RAM, Sdo Paulo, 22(3), eRAMR210032, 2021
doi:10.1590/1678-6971/eRAMR210032



N

The role of 10T on the relationship between strategic logistics management and operational performance

Giudice (2016) stated that the IoT enabled OP because it provides refined
real-world information, streamlining the business management process.
Macaulay et al. (2015) stated that the logistics and the IoT are a perfect match
since technology connected several assets corresponding to the logistical flow
and enables the analysis of data generated from these connections in order to
capture new ideas to achieve higher levels of OP. Porter and Heppelmann
(2015) stated that the IoT consists of information processing to act and react
in order to maximize performance. In an expansion of the production scale,
which requires rapid growth in demand and storage management, the [oT
strengthens inventory control, reduces logistics and distribution costs, and
optimizes the purchasing process (Yu & Bai, 2013). Porter and Heppelmann
(2015) contributed significantly by demonstrating the relationship along a
supply chain prior to the application of the IoT — companies had to obtain
the information by verifying orders issued, submitting satisfaction and
intention questionnaires to customers, and by visiting suppliers. Brous et al.
(2019) said that IoT allows for the reduction of operating costs, generates
insights into new forms of revenue, and increases efficiency in communicating
with the customer. Considering these facts, the following hypothesis was
developed:

* H,: The application of the IoT has a positive effect on OP.

Porter and Heppelmann (2015) stated that the data generated through
sensors are valuable, whose value increases exponentially when integrated
with other data, such as service history, inventory locations, traffic patterns,
and others. As for IoT applications in logistics (internet of smart logistical
—IoSL), it is possible to increase synergy with all logistics activities-sensors
deployed in well-defined objectives; and sending information to intelligent
software can reduce inventory, shorten customer response and improve
overall production efficiency (Zhang et al., 2013). Galegale, Silva, Siqueira e
Souza (2016, p. 437) contributed by suggesting that the application allowed
a “greater and more rapid adaptation to the changes in the environment, as
well as greater agility in the decision making”— the application of sensors
that communicate with systems and equipment enhances the quality and
information for all logistical activities, which enables diverse applications,
such as production traceability. The use of sensors can impact improve-
ments in readiness, speed, flexibility, reduction of inventory costs, and
increase in the quality of products and services (Bowersox et al., 2014). Tu
(2018), in his research, mentioned that IoT brings some benefits, such as
reducing the complexity of supply chain integration, detailed product life
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cycle information, an improvement on the tracking system, and access to
product information. Hopkins and Hawking (2018) raised in their research
that the application of IoT in transportation allowed to better understand
and improve driving behaviors, in addition to monitoring live sensor data
from the company vehicle fleet, capturing speed, location, braking data, and
engine, to develop future training programs. Considering these facts, the
following hypothesis was developed:

e H,: The application of the IoT mediates the relationship between SLM
and OP.

) 3. METHODOLOGICAL PROCEDURES

3.1 Nature and type of research, collection instrument, sample,
and research subjects

This study was considered of a descriptive nature of the quantitative
type (Creswell, 2010), in which the degree of mediation of the IoT construct
was verified in the relationship between SLM and OP. For this purpose, a
questionnaire composed of objective statements segmented into four blocks
was employed: 1. demographic data (company turnover, number of employees,
and others); 2. ten assertions of the SLM construct; 3. ten assertions of the
IoT construct; and 4. ten assertions of the PO construct. In the last three
groups, respondents were asked to mark with an “X”, in the degree of agree-
ment or disagreement, on a scale of 1 (SD = strongly disagree) to 6 (SA =
strongly agree). The questionnaires were validated through a pre-test with a
sample of three logistic managers (defined by convenience); thus, it was
possible to identify and eliminate problems regarding the understanding of
the questions, the format, and the relevance of the affirmations in relation
to the constructs. After validation, the questionnaire was sent via electronic
form to 7,940 companies. The sample size was defined based on the soft-
ware G*Power 3.1.9. For the calculation, the power of 0.80, f2 median =
0.15, and two predictors were used since the OP construct received two
arrows (Hair, Anderson, Babin, Black, & Tatham, 2005). The minimum sam-
ple calculated was 68 cases. The effective sample size of the present study
was 76 respondents. However, it is known that the sample size is controver-
sial in multivariate analyzes. From a conceptual point of view, Hair et al.
(2005) argue as a general rule that there are five observations for each inde-
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pendent variable, and preferably the sample size must be greater than or
equal to 100; however, some researchers propose a minimum of 20 cases.
From a statistical point of view, Hair et al. (2005) say that, specifically for
the application of the factorial analysis technique, the researcher must
ensure that: a) data matrix has sufficient correlations, which can be verified
by the Bartlett test of sphericity, or by the measure of sampling adequacy
(MSA), in which it is possible to quantify the degree of inter-correlations
between variables and the adequacy of factor analysis. However, the researcher
can employ the concept of statistical test power to specify factor loads con-
sidered significant for different sample sizes. Thus, for a statistical test
power of 80%, a significance level of 0.05, and proposed inflation of standard
errors of factorial loads, Hair et al. (2005, p. 107) suggest a sample size
greater than or equal to 70 respondents, for a factorial load greater than or
equal to 0.70 and test power of 80%.

After defining the questionnaire, companies related to logistics manage-
ment that use the IoT technology applied to managers (directors, managers,
supervisors, and coordinators) were selected.

3.2 Data treatment and method limitations

The data were treated by descriptive statistics (mean, standard devia-
tion, and coefficient of variation) and multivariate statistics (modeling in
structural equations). Descriptive statistics allowed us to examine the data
collected (such as missing data), identify unusual observations, data entry
errors, or omission of responses. Structural equation modeling allowed a
simultaneous assessment of several different related equations (Hair et al.,
2005). Before the application of the modeling technique in structural equa-
tions, the data were submitted to measurements and scales validation
through convergent validity tests, Cronbach’s Alpha, composite reliability
(CR), and discriminant validity. To validate the structural adjustment, the
determination coefficient (R2) was used, complemented by the statistics Q’
(predictive validity) and f* (effect size). To estimate the structural relation-
ships of the model, as well as to verify the statistical significance, we used
the PLS-PM method (partial least squares — path method), which is con-
sidered the most suitable for studies that present an absence of symmetric
distributions of the measured variables or a sample of insufficient size to
estimate the model (Ringle, Bido, & Silva, 2014). Finally, to typify IoT media-
tion in the relationship between SLM and OB, whether partial, total, or non-
existent, the Sobel test was used (Baron & Kenny, 1986).
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The main limitation was the sample size that can lead to the use of sta-
tistical inferences (Creswell, 2010). However, this research explored a recent
and little-known topic in companies, a fact confirmed in the messages sent
by the interviewees during the data collection phase of the questionnaires:
they reported that they did not apply the IoT, when, in fact, they applied
(which was evidenced in questions about their logistical processes), and
who knew what it was, when, in fact, they did not.

) 4. DATA PRESENTATION

Data were collected in the second half of 2018. 7,940 questionnaires
were sent to the companies by e-mail. Of the total questionnaires responded,
76 (0.96%) were considered fit for the research, or 0.96% of the total sent.

4.1 Companies and respondents’ profile in the sample

As for the profile of the companies, they represent the industries of
transport (42%), transport and storage (30%), storage (9%), and the rest
(19%) are up to hybrid sectors such as retail, retail and storage, and storage
and transport.

Regarding the profile of the interviewees, the majority were executives
or held a managerial position (65.58%), and 60.53% had revenues less than or
equal to R$ 90.0 million. Since they had been using the 10T, 55.26% had
been using the technology for more than three years; 23,68% had been using
it between one and three years, and 21.05% for less than one year.

4.2 Validation of measurement and scales of the model of
measurement

Initially, the data collected were examined by descriptive statistics (mean,
standard deviation, and analysis of covariance) to identify atypical observa-
tions or extreme responses that could influence multivariate analysis. The
average values obtained were on the concordant side of the measurement
scale, with standard deviations less than 1 and coefficients of variation less
than 0.20, i.e., considered as average (Gomes, 1985).

After this phase, the data were subjected to factorial analysis to look for
mistakes, validate and define the underlying structure of the data matrix. In
this phase, the data matrix proved to be suitable for the application of factorial
analysis with an MSA/KMO equal to 0.877 and a significant Bartlett’s Test
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of Sphericity (p-value = 0.000). To obtain this result, four measures were
discarded because they had low load factors (less than 0.7), two measures
from the SLM construct, one from the IoT construct, and one measure from
the OP construct. Thus, of a total of 30 measures, 26 measures remained, that
is, eight measures for the SLM construct, nine for IOI, and nine measures
for the OP construct.

Once the initial structure of the model was identified, statistical valida-
tion was resumed. The first aspect analyzed was the convergent validity,
obtained by observing the average variance extracted (AVE). It represented
the total of data explained by each latent variable (LV), their respective sets
of measurement variables, or how much, on average, the variables corre-
lated positively with their respective constructs. In this case, to obtain a
satisfactory result, they must be greater than 0.50 (Chin, 1998; Fornell &
Larcker, 1981).

After the analysis of the AVE, the values of internal consistency, the
Cronbach’s alpha coefficient, were analyzed based on the inter-correlations
between variables. It is worth mentioning that this coefficient is sensitive to
the number of variables observed. Regarding the reference values for this
analysis, values above 0.6 and 0.7 can be considered adequate for explora-
tory and descriptive research, respectively (Hair, Hult, Ringle, & Sarstedt,
2014). Simultaneously, it was possible to evaluate the model’s Composite
Reliability (CR), which, according to Ringle et al. (2014), is more suitable for
PLS-PM, as it prioritizes variables according to their reliability without con-
sidering the number of variables observed for each construct. The reference
values for admitting that the variables are satisfactory are 0.70 and 0.90.
However, both cases (Cronbach’s alpha and CR) assessed whether the sam-
ple was free of bias, that is, whether the responses were reliable.

The analysis shown in Figure 4.2.1 shows that all constructs had an
AVE value > 0.60. The Cronbach’s alpha of these variables was also greater
than 0.90, as well as the CR, which was also greater than the minimum of
0.90. After validating the relationship between the observed variables (OV's)
and the respective latent variables (LV), it was necessary to verify the inde-
pendence of the LVs, i.e., to verify whether the measurement variables had
a greater relationship with their construct than with others. One of the ways
to confirm discriminant validity is through cross-loading — in this case, the
indicators needed to be higher in their respective VE (Chin, 1998). For cal-
culation purposes, SmartPLS recalculated the factorial loads of each OV in
all LVs of the structural model (Ringle et al., 2014). As a result, all variables
showed a greater correlation with their respective constructs.
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The criterion of Fornell and Larcker (1981) was also used to effect dis-
criminant validity. In this case, the square roots of the AVE values for each
construct were compared with Pearson’s correlations between latent varia-
bles — the square roots must be greater than the correlations presented
(Bido, Godoy, Araujo, & Louback, 2010). Figure 4.2.1 shows results, by
construct, of descriptive statistics, bi-varied correlation, number of original
purified measurements, Cronbach’s alpha, AVE, CR, and AVE square root.

(Figure 4.2.1)

DESCRIPTIVE STATISTICS, BIVARIATE CORRELATION,
AND VALIDATION INDEXES

Descriptive statistic Bivariate correlation
constructs Mean 3;3?;?;?] Coef. variation SLM loT OoP
SIM 474 0913 0193 078 - -
loT 4.25 0819 0193 055 079 -
oP 4.73 0.839 0177 0.72** 066" 081
Quantity of original measures — 10 10 10
Quantity of purified final measurements — 8 9 9
Cronbach’s alpha — 091 09¢ 093
Average variance extracted — 062 063 0.65
Composite reliability — 093 054 094

**Significance for o< 0.01.

Source: Elaborated by the authors

Figure 4.2.2 shows the factorial loads of the observed variables in which
the factor loads (greater than 0.7) can be seen by measurements in their
respective constructs; it also shows the means (on the concordant side of
the scale), standard deviation (minimum 0.871 and maximum of 1.327) and
variation coefficient (minimum of 0.18 and maximum of 0.30), denoting
that the data have an average dispersion and within the acceptable range.
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TO THE APPLICATION OF THE FACTOR ANALYSIS TECHNIQUE

CFigure 4.2.2)
FACTOR LOADINGS, DESCRIPTIVE STATISTICS AND INDEX OF ADEQUACY

Factor loadings

Descriptive statistics

Constructs/variables/description

SLM loT 0P Mean de\f’i?c.ion vacri(;i?on
My company performs strategic logistics management...
g SLM1  Based in strategic planning 0.76 049 056 467 1193 0.26
gEJo SLMZ  As management systems. 0.80 043 047 455 1182 0.26
E SLM3  Integrated among all the company areas 0.76 044 047 454 1194 0.26
% SLM4  With distribution planning. 082 045 061 480 1083 023
éo SLM5  With quality inspection. 0.76 047 054 463 1231 0.27
?g SLME - With flexibility. 0.76 050 056 471 1175 025
& SLM7  With discipline. 0.83 036 066 472 1239 0.26
SLM8  With Focus on the necessities of clients. 0.78 029 060 526 101¢e 019
My company uses the internet of things in the logistics process and it ...
loT1 Supports the decision taken. 042 074 047 484 1108 0.23
loT2 Identifies fails before it occurs (proactive). 027 0.77 052 439 1327 0.30
Eﬂ [oT3 Interchanges resources. 048 0.88 060 479 1181 0.25
g loT4  Allows monitoring activities. 054 0.89 054 513 1.024 0.20
E [oT5  Allows to automate the management 052 0.85 051 483 1.075 0.22
E [oT6  Adjusts for change in routine (dynamic). 043 0.74 055 433 1171 0.27
[oT7  Allows control of the activities remotely. 047 078 044 471 1.24¢ 0.26
[oT8 Generates information to clients 035 0.73 043 508 1.080 0.21
0TS  Eliminates the errors from employees. 037 0.73 058 449 1183 0.26
§ My company presents in the last two years, related to logistic operational performance...
g OP1  More efficiency in the process execution. 055 055 072 451 1101 0.24
;g:- OP2  Low complaint index. 050 040 0.77 458 1.246 0.27
% OP3  Low fail process index. 049 041 077 432 1134 0.26
é OP4  Improvement in delivery service quality. 069 057 087 496 0871 018
(continue)
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CFigure 4.2.2 (conclusion))

FACTOR LOADINGS, DESCRIPTIVE STATISTICS AND INDEX OF ADEQUACY
TO THE APPLICATION OF THE FACTOR ANALYSIS TECHNIQUE

Factor loadings Descriptive statistics

Constructs/variables/description Std Coef.

SLM loT OP Mean . o
deviation variation

Improvement in delivery attendance

OP5 057 057 080 476 1.069 0.22

[0
g flexibility.
£
é OP6  Improvement in logistic process agility. 064 051 084 492 1.043 021
()
a
Tg OP7  Higher index in delivery service deadline. 056 058 082 499 0916 018
i)
g 0P8  Higher index in demand attendance. 057 062 084 487 0971 0.20
[N
o
OP9  Higher index in resource productivity. 058 051 081 466 1.040 0.22

Kaiser-Meyer-Olkin measure of sampling adequacy = 0.877.

Bartlett's test of sphericity: approx. chi-square = 1566.986; df = 325; Sig. = 0.000. The assertions were measured
by the Discordance/Concordance scale, with 6 degrees of importance ranging from totally disagree (TD = 1) to
totally agree (TA = 6)

Source: Elaborated by the authors.

After validating the measures and scales of each construct, the statistical
significances and adjustments of the measurement model were analyzed.

4.3 Evaluation of the structural relations of the measurement
model

The results of the application SmartPL3.0, the PLS-PM technique, and
the bootstrap for a sample of 76 respondents and 5,000 repetitions are
shown in Figure 4.3.1 and were used to evaluate the statistical significance
of structural relationships and the adjustment of the measurement model.
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CFigure 4.3.1)
STRUCTURAL MODEL-CONTROL AND MEDIATION VARIABLES

a) Without control and without mediation b) Without control and with mediation

R°=030

H,:0.72 H.:0.55 H, 0.38
(14.65™) (5.82*) (3.17*)
H,:0.51
R?=052 (4237
R°=061
€) With control and without mediation d) With control and with mediation
R?=030
H, 0.55 H, 035
- (5.67*%) (2.96"%) K
e 023 S.=010 s,=012 019
H,:0.75 y (2867 H, 054 ) (2897
(13.97*%) (4,53
R°=057 R°=065

** Significance fora < 0.01;S, = S, = standard error; (t statistics) in the parentheses,

Source: Elaborated by the authors

To verify the behavior of the mediating variable (IoT) in the relationship
between SLM and OP, the measurement model was examined: 1. without
the presence of the control variable and without the presence of the IoT
(Figure 4.3.1a); 2. without the presence of the control variable and with the
presence of the IoT (Figure 4.3.1b); 3. with the presence of the control varia-
ble and without the presence of the IoT (Figure 4.3.1c); and 4. with the
presence of the control variable and with the presence of the IoT (Figure
4.3.1d). In the case of the measurement model without the presence of the
control variable (figures 4.3.1a and 4.3.1b), SLM influenced OP in 0.72 (t =
14.65**) (Figure 4.3.1a). However, when submitted to the IoT, the effect
of SLM on OP decreased to 0.51 (t = 4.29**), thus, denoting the influence
of IoT as a mediating variable in the relationship between SLM and OP Still,
it is possible to verify that, in the absence of the mediating variable, the
control variable reduced the resistance to the impact of the SLM in OP by
4.64% [((14.65-13.97)/14.65) = 0.464].

We proceeded to verify the behavior of the mediating variable (IoT) in the
relationship between SLM and OB, in the presence of revenue as a control
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variable, according to the models shown in Figure 4.3.1c (without the presence
of the I0oT) and in Figure 4.3.1d (with the presence of the IoT).

In the model shown in Figure 4.3.1c, SLM influenced OP in 0.75 (t =
13.97**) and supported the H, hypothesis. In the model shown in Figure
4.3.1d, the hypothesis tests are represented by the structural coefficients;
between parentheses, there are the t-statistic values of the relationships
[SLM — OP], [SLM — IoT], and [IoT — OP]. Also, the standard errors of
the relationships [SLM — IoT] and [IoT — OP] are represented.

The SLM construct had a direct effect on OP with a structural coefficient
of 0.54 (t = 4.53**) and supported the H1 hypothesis. The indirect effect
was equal to 0.19 [0.55%0.35 = 0.19]. The total effect was equal to 0.73
[0.5440.55 * 0.35 = 0.73]. The proportion of IoT mediation in the OP
variance explained, directly and indirectly, by the SLM, wgich was 26.3%
[(0.55*0.35) / ((0.55*0.35) / ((0.55*0.35) + 0.54) = 0.263]. The SLM con-
struct had a direct effect on the IoT with a structural coefficient, equal to
0.55 (t = 5.67**) and supported the hypothesis H,, which in turn influenced
the OP with a structural coefficient equal to 0.35 (t = 2.96**) and supported
hypothesis H3.

The model also showed that the mediating variable, even with the con-
trol variable, continued to have a partial effect since all the relationships had
a t-value greater than 2.56 (a0 < 0.01). As for the relationship between the
SLM and OP variables, the impact of the introduction of the IoT, comparing
the two models (Figure 4.3.1c and Figure 4.3.1d), a reduction of 65.4%
[(13.97-4.53) / (13.97)*100 = 65.4%) is shown, which led to the evidence
that the mediator variable had an effect on the relationship between SLM
and OB, thus, supporting hypothesis H4.

Once the hypothesis tests (H, H,, and H,) are statistically significant at
level (a<0.01), in addition to reducing the influence of the IoT in the rela-
tionship between SLM and OP, and thus highlighting the mediating effect
of the use of 10T in the relationship between SLM and OP, we continued
to typify this effect, i.e., whether it was partial or total. For that, we used
the Sobel test (Baron & Kenny, 1986) to make a comparison between the
strength of the indirect effect of the independent variable in the dependent
variable, in which the null hypothesis is the effect equal to zero, given by

axb

Csobel =
N

between the independent variable (SLM) and the mediating variable (IoT);
and “b” refers to the path coefficient between the mediator and the dependent

, in which the letter “a” refers to the path coefficient
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variable (OP). Finally, “Sa” and “Sb” are the standard errors of the respective
path coefficients. In this case, the following values were assumed: (a): 0.55,
(Sa): 0.10, (b): 0.35, and (Sb): 0.12. The reference value for z is + 1.96 to
reject the hypothesis that the effect is null. The result for the model in ques-
tion was z = 2.58, which proved the significance of mediation in the proposed
final model (Baron & Kenny, 1986; lacobucci, Deng, & Saldanha, 2007). In
other words, the application of IoT confirmed the reduction of the direct
influence of SLM on OB, thus supporting the H4 hypothesis of the research.

As for the adequacy of the structuring model, the first analysis was the
determination coefficient (R2). Cohen (1988) defined that, for the field of
social and behavioral sciences, an R2 of 2% is classified as a small effect, an R2
of 13% as a medium effect, and an R? of 26% as a large effect. The adequacy
test (R2) was applied to the model that did not consider it and to the model
that considered the control variable (Revenue) to verify its effect. The adequacy
of the model was satisfied in both cases, whose values obtained were R2 =
0.52 and the average of 0.46 [0.30 + 0.61/2 = 0.46], denoting a large effect.

In addition, two other indicators of goodness of fit of the model were
evaluated: relevance or predictive validity (Q?) or Stone-Geisser indicator
and effect size (f2) or Cohen indicator. The reference value of Q2 must be
greater than zero and :0.02, 0.15, and 0.35, considered to be small, medium,
and large effect sizes, respectively (Hair et al., 2014). The results are shown
in Figure 4.3.2:

CFigure 4.3.2)
MODEL ADJUSTMENT: PREDICTIVE VALIDITY AND EFFECT SIZE

Constructs Q2 2
SLM - 045
loT 016 050
oP 035 0.50

Source: Elaborated by the authors

Therefore, the estimation data of the measurement model had an excel-
lent predictive capacity (Q2), and the f? indicator demonstrated that all
variables have a highly representative effect on the model.
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4.4 Research results

Research has shown that the use of the IoT plays a mediating role in the

relationship between SLM and OP. In addition, the estimation of the measure-
ment model made it possible to verify the impact of the “Revenue” control
variable, perceived because there was a significant increase in the adjust-
ment of the model (R2) when included in the model. The result indicated
that companies with higher revenues are more likely to apply IoT because it
requires a high investment in technological structures and people training
(Yu & Bai, 2013; Evdokimov et al., 2019). Considering the general objective
of this research, which is to verify the mediating influence of the applica-
tion of IoT between SLM and OP in the areas of transport and storage of
logistics suppliers and retail companies, the results showed that:

There was a mediating relationship in the application of the IoT between
SLM and OB, that is, the application of the IoT to SLM influenced
and mediated OP. The mediating effect of the IoT application occurred
with the aid of decision making (Galegale et al., 2016), proactivity
(Hopkins & Hawking, 2018), resource interconnectivity (Presser &
Gluhak, 2009; Porter & Heppelmann, 2015; Tu, 2018), automation
(Hopkins & Hawking, 2018), dynamism (Galegale et al., 2016), genera-
tion of information to clients (Zhang et al., 2013) and elimination of
errors (Porter & Heppelmann, 2015), thus, supporting the H4 hypothesis
defined for this research.

SLM had a positive effect on the OP. In other words, to achieve Perfor-
mance, it is necessary to carry out the SLM. The SLM was performed
based on the company’s strategic planning (Ballou, 2006) and with
systems for the integration of logistical activities (Macaulay et al., 2015).
In addition, they performed distribution planning (Machline, 2011;
Kazimirova et al., 2015), inspection (Macaulay et al., 2015) based
on flexibility (Ting & Liao, 2013; Hiibl et al., 2013), discipline and
discipline focused on the client (Ting & Liao, 2013; Hiibl et al., 2013;
Bowersox et al., 2014), thus satisfying the H1 hypothesis of this research.
SLM had a positive effect on the application of the IoT. Structural models
allowed us to conclude that the application of the IoT occurs due to the
issues explored in the results of hypothesis 1. The curious thing is that
IoT was applied to obtain information about the processes, but not with
the objective of leaving the process autonomous, contradicting Chu et al.
(2013), Zhang et al. (2013), and Nassar and Horn (2014). However, the
other variables confirmed the H2 hypothesis.
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* The application of the IoT had a positive effect on OP. The OP was
benefited by the application of the IoT in its transportation and storage
operations, especially when considering the indicators related to effi-
ciency (Duong & Paché, 2015), low complaints rate, low failure rate,
quality, flexibility, speed, deadline meeting, demand meeting, and pro-
ductivity (Bowersox et al., 2014; Paiva et al., 2014), thus satisfying the
H3 hypothesis of this research.

5. CONCLUSION, IMPLICATIONS, AND SUGGESTIONS FOR
FUTURE RESEARCH

The quantitative research has guided the answer to the proposed
research problem: “Does the application of the IoT mediate the relationship
between SLM and OP?”. The answer to this question was yes, the IoT plays
a mediating but partial role in the relationship between SLM and OP. Par-
tial mediation suggested that the application of the IoT can reduce the effect
of SLM in OB, but that is not able to counter this effect. In addition, by
including revenues in the model, it is possible to see that it is able to reduce
the significance of the t-statistic from 3.17 to 2.96 of the impact of the applica-
tion of the IoT on OPin 6.62% [((3.17-2.96) / 3.17) = 0,0662] and to increase
the significance of the t-statistic from 4.29 to 4.53 of the impact of SLM in
OP in 5.59%, [(4.53 - 4.29) / 4.29) = 0.0559], in other words, the applica-
tion of the IoT was more sensitive to the control variable than the SLM.

Regarding management practices, transportation, warehousing, and
retail executives can draw some insights from this study. The main insight
is that the application of the IoT positively impacts OLP. Implementing the
IoT by enabling proactive decisions, interconnecting resources, automating,
streamlining, generating customer information, and eliminating errors can
provide better efficiency, reduce complaint rates and process failures, improve
quality, flexibility, and productivity of storage and transport services, as well
as assisting in meeting deadlines for delivering, however unusual they may be.

The bibliometric review allowed us to conclude that studies on the appli-
cation of technologies inherent to industry 4.0 are still scarce in the business
area, so this study may drive the development of research on this topic,
especially on the application in logistics activities. For researchers wishing
to study the application of the IoT, this research contributed to the develop-
ment of a measurement plan, as well as to explore practical applications of
the IoT in Logistics and demonstrate its effect on the relationship between
SLM and OP.
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5.1 Suggestions for future research

To continue research in this area, it is suggested to increase the sample
size in order to enhance the generalization power of the correlations. It is
also proposed to perform longitudinal research to verify the behavior of
the proposed model over time. Also, it is suggested to compare the results
obtained with other companies from different economic segments and to
carry out studies in model companies to seek to answer the “why” they
adopted the IoT, thus verifying whether the expectations were reached if
there were a financial return and other approaches.

O PAPEL DA loT NA RELACAO ENTRE GESTAO
ESTRATEGICA DA LOGISTICA E DESEMPENHO
OPERACIONAL

) RESUMO

Objetivo: Tendo como pano de fundo os custos de transagio e o arcabouco
tedrico da gestdo estratégica da logistica (GEL), do desempenho opera-
cional (DO) e da internet das coisas (IoT), o objetivo deste estudo é
verificar se ha efeito mediador da IoT na relagao entre GEL e OP.

Originalidade/valor: A andlise bibliométrica indicou que os estudos
sobre a IoT direcionados a area de negdcios ainda sao escassos, portan-
to hd uma perspectiva de expansao da fronteira do conhecimento no
campo da administra¢ao. Este artigo busca mostrar se a [oT tem influ-
éncia mediadora na relacio entre GEL e DO, além de destacar as varia-
veis significativas de cada constructo. Este estudo pode ajudar geren-
tes de negdcios a identificar os beneficios da ado¢iao da IoT. Quanto
aos pesquisadores, podem utilizar a escala de mensuragdo para pesqui-
sas futuras.

Design/metodologia/abordagem: Para isso, realizou-se uma pesquisa
quantitativa com coleta de dados por meio de questiondrio semiestrutu-
rado com uma amostra de 76 empresas. Os dados foram tratados com
uso da estatistica descritiva e da estatistica multivariada com a técnica
de modelagem em equagdes estruturais. Antes da aplicagdo da técnica de
modelagem em equagdes estruturais, os dados foram submetidos a tes-
tes de validade convergente e discriminante.
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Resultados: A IoT desempenha um papel mediador, mas parcial, no rela-
cionamento entre GEL e DO. A implementa¢do da IoT melhora a efi-
ciéncia com a tomada de decisdes proativas e interconexao de recursos.
Sua aplicagio busca automatizar, simplificar, controlar remotamente e
gerar informagdes sobre o cliente e eliminar erros.

) PALAVRAS-CHAVE

Gestao estratégica da logistica. Internet das coisas. Desempenho opera-
cional. Modelagem em equacdes estruturais. Escala de mensuragao.
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