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Abstract: Over a period of two years, 26.3 thousand roadyHteshipments were recorded. The records include
information about truckload companies, drivers, #ml causes of non-compliance and delays in d@fwdrogistic
regression based in working conditions as indepenggiables was used to predict non-complianceeléds attributed

to cargo drivers. Results show that vehicle typedical coverage and social security, level of stremrk dissatisfaction,
and transit time were strongly associated withaftttme-delays in deliveries. The proposed model romising tool

to improve the performance of truckload companiesiamay motivate to benefit working conditionstafckers.

1 Introduction and, therefore, reduce commitment to the orgawmzati
On-Time Delivery (OTD) is one of the keynegatively affect the service that drivers providethe

performance indicators in  transportation  servicUstomer and, therefore, cause delays and non-zomel
companies. Failure to comply with OTDs can lead t# deliveries on time. _ o
breakdowns in Supp|y ChainS, loss of customers H'nd, .Fur!:hermore, previous Studles have |ndllcated ttat |
general, high costs for transportation that ararassl both deliveries are one of the main repercussions ofeds
in the short and long term. Consequently, leadingorking conditions in the supply chain [5]. The wiig
companies in the supply chain use data analysigtimize ~ activity subjects workers to risks and demandsivelr
their operations and prevent disruptions in theicpsses from the organization and technical division ofdah
[1]; however, identifying the causes of deviatiomsd Which implies strenuous work rhythms, intense wogki

preventing non-compliance in deliveries are angaiéd
task for companies involved in the transport ofdgaince
it is a highly competitive market with increasingigrrow
profit margins.

In this regard, in the international literature rth@re
studies to predict the arrival time and delayswiks. Van
der Spoel, Amrit, and Van Hillegersberg [2] carrmd a

hours, market structures and lifestyles that daterrthe
health / illness of drivers and affect their phgsiand
mental health [6,7]. Likewise, these investigatifowised
on Mexican truck drivers have stated that driveesia
precarious working conditions, do not have so@alsity,

are prone to diseases, have high stress levels, are

dissatisfied with their work, and are subjectedi¢oived

review of the literature in which they found 82workloads work organization, which include the area

investigations related to predictors for arrivaiéi In this Where they work, the type of vehicle, the size loé t

investigation, a classification of the factors fdum Ccompany and the type of relationship they have wif5-

thirteen categories was made: congestion, weatpeed, 7] o _ _

distance, type of cargo, type of truck, time of dagek, Then, the questioning arises of how the working

month, and vyear), cumulative previous deviatiorgonditions of the drivers of the freight transpane related

accidents, road work, traffic signal failures, reaadition, in their performance, specifically, in the deliveion time.

and driving style. The authors conclude that cotiges [N this way, this study aims to explore the relasioip

time of day, and accidents are the most frequentfietween work and drivers' performance, under the

mentioned factors and that, in a negative way, dreythe assertion that working conditions can explain dtiroe

ones that most influence travel time. Howevetzinds out deliveries. Thus, a case study was carried out in a

that, despite the relationship with the human facbm Manufacturing company that seeks to reduce non-

variable refers directly to the working conditiom Ccompliance in deliveries caused by causes attibtie

drivers. drivers and, based on the availability of variablbat
Despite the fact people have a crucial effect ifetermine their working conditions, the binary kigi

determining a successful supply chain [3], the absef regression was used to model and predict truckersme

the working conditions of truck drivers in the pigtn ~ deliveries.

models of on-time deliveries appears to be theqréaant

situation. It is undeniable that drivers are a sigeilink in

transport chains; and it has been establishedhft]some

working conditions of drivers lead to emotional awktion
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2 Methodology were used to determine the factors that affect the
2.1 Description of variables performance in the goods deliveries. The variables

During two years, data of 26,312 shipments were keponsidered in the study were determined according t
track, that of a company which manufactures ligigwe ~Previous stu@es on worklng_gondltlpns of trgcks/iewco
construction systems in Mexico. Variables such fas t[6:7], and with the availability of information fno the
labour relationship (employee or owner-operatocfiess COMpany in the case study. Finally, eleven independ
to social security, age and the results of subjecti variables, which are shown in figures 1 and 2, were

assessment of stress and the satisfaction ofittliedrivers considered.
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Figure 2 Variables in the equation
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After examining the characteristics of the statati be manipulated by the users, and where the sclhedtde
distribution of the variables involved in the arm$y the captured in real time. These data are compared tivith
bivariate and multivariate relationships, and thalgsis of planned schedules and the fulfilment of time of ek
the differences between groups the data were téstedcompanies and loading dock personnel is verified.
several models of multivariate type. Finally, giteat the The delivery information is verified through global
dependent variable, which was named non-compliahce positioning systems (if the carrier has the sejvioe
deliveries ¥n.d has the characteristic of beingtelephone reports made by the drivers. Subsequendy
dichotomous (correct or incorrect delivery) a ldigis are verified through the delivery documentationiygey
regression approach was found adequate. In this wway note), in which the client signs the receipt, répanissing
examine the contribution of the independent vaesbl or apparent damage to the materials and establiblees
(figures 1 and 2) logistic regression based in wgrk date and time at which the carrier arrived, sana ih
conditions as independent variables was used thgh@en- contrasted with the date in which the delivery was
time deliveries attributed to cargo drivers, itgniicance promised.

was verified, and a model of the parsimonious tyae Finally, to assess the perception of the driveg th

constructed. documents included three mandatory Likert-type
guestions, with a scale of one to five, which assgshe

2.2 Thesending company level of work stress, dissatisfaction at work aatis$action

The manufacturing company, which producewith income. Other information about drivers, sashthe
approximately 80% of the total lightweight constion name, age and if he has social security or medasadrage,
systems that are marketed in Mexico, makes itavsigps was previously entered in the drivers register duadng
in heavy vehicles that are loaded in three pldotsited in  the planning of the shipments.
the north, east and west of the country. The differ For the logistic regression, R software and GLM
locations manufacture the same products, with #mes function (Fitting Generalized Linear Models) wersed,
quality standards, and are shipped, to be distibutand it was used as a dependent variable and itoded
throughout the national territory under the sanme@ss in  with a one (Y=1) to shipments that were delivered
three types of vehicles: single trailer 6-axle kr(i€7.37%), incorrectly, that is, with damages, out of timeaay cause
single unit 3-axle trucks (18.17%) and multi-trai®eaxle of non-compliance; and with a zero (Y = 0) for the
trucks (4.46%), with a capacity of 19, 30 and 5@stof shipments that were delivered in a timely mannettime-

payload, respectively. delivery). This classification includes only thamhents
whose causes of non-compliance were attributechdo t
2.3 Truckload Trucking companies carriers, and the derivatives for any other reasaoh as

The manufacturing company does not have its owpfogramming errors or problems in the loading asas
vehicle fleet, so all the transportation of the d®is carried excluded. o . -
out as an outsourced activity. In total, 52 truoknpanies Finally, the logistic regression coefficients wesed to
were used and were classified by the number arel afp elaborate an equation that allows calculating the
vehicles available (company size), the locationwork — Probability of non-compliance in the timely deliies of
area in which they provide the service (north-noest, truck drivers. In this way, the categories or valtaken by
south-centre and west-The Bajio), the access talsodhe variables that generate both the lowest andlitifeest
security, and vehicle ownership (is or not owneerapor). Probability of non-compliance were identified and,

therefore, can be considered protective or riskofacfor

2.4  Systematization of data fulfilment of on-time deliveries.

The information used in this study was obtained
through systematic data recording, from a modulaeth 3 Result
Shipment System -programmed and adapted as a Of the 26,312 shipments, almost 14% (3,635) were
complement to a system of Enterprise Resource Pignnregistered as inaccurate deliveries that includgdcause
(ERP)- and whose main objective is creating indicafor and not just transportation issues; that is, thegrew
transport services, that the sending company sttzms. ~ delivered with some missing, wrong materials, dasolaay
The data were divided into three components: shipmethe promised delivery schedule was not met. Ofnibre-
tracking, delivery information, and perception dfet compliances, 1,790 (6.81%) were attributed to cause
driver. related to the carriers; represent the event efdést and

The shipment tracking module records the timetdfsle were coded with Y=1. The rest of the shipments were
driver arrives at the loading point and is avagatal load, considered correct or on-time and were coded w#d.Y
the time it is positioned on the loading platfotme start The shipments frequency classified by correct or
and end time of the loading process, and the deneatitne  incorrect delivery is shown in figures 1 and Zah be seen
in which drivers start the trip to the final destiion. In all  that the highest percentage of incorrect delivevsirs in
these processes, several users use different ceraprtd small (2.6%) and owner-operators (2.4%) firms, fe t
record the schedules by selecting a checkbox, wigiohot  south-centre area (3.9%) and in the 6-axle truge ty
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vehicle (5.1%). As for trucks drivers, just ovegaarter that there is no effect of the independent vargkiaken
(25.5%) are owners of the vehicle (owner-operatofiith  together, on the dependent variable (p<.001).
(20.6%) have no social benefits or medical coverage Meanwhile, the Hosmer-Lemeshow test of the
average they have an age of 40.7 + 12.99 years3.dftl goodness of fit suggested the model is a good fite data
indicated having a permanent disease; mainly @s p=0.075 and the hypothesis null was not rejected
cardiovascular or chronic degenerative type. Intamtd it  (P>.05). Thus, in general, the model has a highifpity
can be seen that drivers who indicated an extrened bf (98.5%) and an average sensitivity (65.6%), so that
stress got a higher frequency in inaccurate de#iser model generated through logistic regression offans
whereas this does not seem to be related to drivees overall sample accuracy of 96.3% in the predictibthe
were very dissatisfied with work or very dissagsfiwith  event of out-of-time deliveries.
income. Table 1 provides variables in the equation in thalf
step; it contains estimated coefficients, stan@ardr, the
3.1 Logisticregression and the probability model ~ Wald statistic (z value), statistical significanaad the
of non-compliance of Odds Ratio of the variables involved. Only five ightes
Using R software, the parameters associated tgure 2) had statistical significance (P<.05)esd are
Logistics Regression were calculated. In this waylamed: Transit imeX), Type of vehicleXz,),), Medical
Omnibus tests of model coefficients showed thgoverage Xe), Level of stress X)), and Work

probability of obtaining chi-square statistic (778%37), so (j_issa(;isractipnxll,j), strongly associated with the out-of-
time deliveries.

Table 1Variables in the Equation

Variable Estimate 95% C.I.for EXP(#i,)
X (8.1 Std. Error zvalue Pr(>2) Exp(Bi;) Lower Upper
po -5.4286: 0.2595¢ -20.92 0.0C 0.004< 0.003( 0.007¢C
X2,2 0.4341" 0.1167: 3.72 0.0C 1.5437 1.228( 1.941(
X2,3 1.1848¢ 0.2141: 5.5C 0.0C 3.2702 2.149( 4.975(
X3,sc -0.0065¢ 0.0026¢ -2.51 0.01 0.993¢ 0.988( 0.999(
Xe,Di -0.5791¢ 0.0904( -6.41 0.0C 0.560¢ 0.469( 0.669(
X10,2 0.0455¢ 0.2547: 0.1€ 0.8¢€ 1.046¢ 0.635( 1.724(
X10,3 1.4386¢ 0.2436¢ 5.91 0.0C 4.2151 2.615( 6.795(
X104 4.8831: 0.2359: 20.7C 0.0C 132.040° 83.155( 209.665(
X105 5.7359¢ 0.2380¢ 24.1C 0.0C 309.803! 194.303( 493.963(
X112 -1.4419: 0.1229¢ -11.72 0.0C 0.236¢ 0.186¢( 0.301c
X113 0.2513: 0.1173¢ 2.14 0.0C 1.2857 1.022( 1.618(
X114 1.7279¢ 0.1305¢ 13.2¢ 0.0C 5.629( 4.358( 7.270(
X115 2.2970¢ 0.1371¢ 16.7¢ 0.0C 9.944 7.600( 13.012(

Otherwise =1

. - . . -1
With the coefficients of regressiopi, which were P(Y,,) = [1+e5.42863—2?:125-":1xi‘j-Bi‘].] 1)

significant, the model is formed to calculate thetgability

of non-compliance of deliverie¥{) it is presented below .
(1): Table 2 shows the codes for each of its explanatory

variables in the final equation. shows the codegé&zh of
its explanatory variables in the final equation.

Table 2 Variables coding

Variable .
Xii Variabl e name Code
1l
po (Intercept 1: alway:
X2,2 Single unit 3-axel truck 1: present, O: otherwi:
X2.3 Trailer 6-axel truck 1: present, 0: otherwi:
Xsz,sc  Transit time (hours Continuos

: present, O: otherwi:
: present, O: otherwi:
: present, O: otherwi:
: present, O: otherwi:
: present, O: otherwi:
: present, O: otherwi:
: present, O: otherwi:
: present, O: otherwi:
: present, O: otherwi:

Xe6,Di Medical coverage and social sectL
X102 Mild Stres:
X10,3 Moderate Stre:«
X10,4 Much Stres
X105 Extreme Stres
X112  Work: Somewhat Satisfit
X11,3 Work: Neither Satisfied nor Dissatisfi
X11,4  Work: Somewhat Dissatisfi
X115 Work: Very Dissatisfie
Di: Dichotomous variable
Sc: Scale variable

PRRRPRRRRRER
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4 Discussion (variableXz) imposes on the flow of the transport chain.

Some research about drivers has demonstrated tfven that larger vehicles are more efficient imts of
stress affects the performance of workers [4[8Ls, itis Ccosts and using the different vehicle configuration
not surprising that stress has been included aobtiee depends on the planning and specific needs -suoldas
factors in the model and that, to the extent thatieases, Sizeé or market conditions- it is not feasible, otdyuse
the probability of non-compliance of on-time-delyelso smaller vehicles. Therefore, training and promotibroad
increases. However, given that the stress is cabged Safety must be promoted, so that progressivelyesi
labour journeys that do not adequately meet thelsneé have new skills that compensate the dimensionstuties
rest, the lack of training to drive their vehictasother job and reduce risks in the supply chain.

demands [8]; trying to reduce the level of stressai ~ As for work time, although the proposed model does
complicated task, it already includes practicallytae Not directly contemplate the workday, days worked p
categories of working conditions. week or resting time; it incorporates within theizbles

However, it is well-known that an important partieé ~ With statistical significance the programmed tratisne,
Working conditions of drivers is determined by théNhICh is part of the work time. Transit time isatd with
characteristics of the vehicle in which they cavuy their t0 out-of-time deliveries and calculates its highes
activities and which has an important influencetiogir ~ Probability of default (97.18%) in the scheduledhdgies
satisfaction [9]. Thus, given that in Mexico 88%the Of 36 hours (TOT=36). During that time, a workeivels
vehicle fleet is more than twenty years old [1@tays are from the origin to the destination, is present kigifioading
evident in terms of ergonomics, comfort, noiseesafind  and unloading, he feeds, rests, sleeps and trabel# one
technological devices that facilitate driving; swtold thousand kilometres. In Mexico, it is common fasck
vehicles not only affect the working conditions ahe  drivers to work by piecework and under a lax regofeof
satisfaction of the drivers, but also put in consta driving hours, which also does not include workiraurs
disadvantage the competitiveness of the companies. ~ outside the wheel. Although many hours worked m@gr d

In addition to the concerns about the charactesisif ~can lead bad temper, physical and mental fatigwessive
vehicles, the satisfaction comprises other dimersssuch drowsiness or anxiety, inattention at work and road
as job demands, organizational issues, work erwieot, fatalities [4], it is known that, a common practitar
remuneration, the nature of the tasks performedesed Mexican drivers is to work up to 76 hours per weekl
personal situations. In this study, satisfactionswawithout a proper rest [6]. Consequently, the effeof
evaluated from two perspectives: 1) subjective worlansit time and long hours of work, not only pbet
dissatisfaction, which evaluates in a general wag t logistics processes at risk through the inaccufelieeries,
feelings and emotions of the drivers (variafig); and 2) but are associated with adverse health effectsh sisc
Satisfaction with income (variably;) which assesses chronic diseases, or permanent physical and psygical
wellness or pleasure in relation to the money thiaiers ~ injuries[12].
receive for their work. However, only the subjeetiv  Also, despite the fact that several studies ardiied
dissatisfaction was included in the model as it wa&orld indicate that driving is among the professidhat
significant (P<0.01), and the variable relatecdtiiséaction have the greatest suffering and risk factors aasetiwith
with income was excluded (P=0.735). For these regsp their occupation [13], the subjective conditiondidease
is deduced that the drivers are satisfied withrtineiome, (Variable Xs) did not show statistical significance
although not with other working conditions that directly ~ (P=0.276) and was not considered for the final rhode
related to the inaccuracy of on-time deliveriesitsan be While in the opposite way, the medical coveragesauial
said that the higher levels of work dissatisfactire Security (VariableXs) had statistical significance (P<0.01)
related to the risk of out-of-time deliveries. and are considered for the calculation of probafli non-

On the other hand, although the income satisfacti¢i®mpliance. However, the percentage of drivers hde
variable was not significant and therefore wasmetided ~Medical coverage is high compared to the natiatal of
in the model, it is known that the drivers' incoimeelated land transit workers, 63.12% for the case studysu@r
to experience and the ab|||ty to drive |arger vitsc For 42.09% of the registered drivers in the Natloneﬂ\/SyI of
example, a driver of vehicles with multi-trailerstains Occupation and Employment [14]. It is importanintte
more income than that of trailer trucks and, imfunigher ~ that, for this case study, the amount is influenbgdhe
income than those of a single unit truck. Howetke Nnumber of companies with more than thirty vehicles,
model shows that vehicles that move more cargo t{Mul 17-31% against 2.2% in the national total [10]csinon
trailer 9-axle trucks) are more likely to fail oeliveries.  the contrary of the companies of type owner-operato

Other studies indicate that the relative odds atilen ~ greater-sized companies provide these benefitststo i
road accident increases with the size of the vehénid it employees.
increases up to 3.42 times for heavier vehicleg.[11 Consequently, having the benefit of social secixty,
Although the model does not delve into acciderghjale represents that the driver is entitled to severaileges,
crashes are considered as non_Comp“ance of deb/er which include access to health SerViceS, VaCdﬁonuseS,
and the results agree on the risk that the sizeebicles Pension systems, among others; that guaranteeircerta
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compliance in working conditions. Thus, in spitetaf fact variables (demographic, health, work and orgaropai
that in many cases, as a strategy of evasion ofildlaxes, among others), to rule omissions of factors orveahe
the companies register only minimum wage and net tltharacteristics, typical of certain industries ooducts,
real remuneration of the driver, and so that inecas which may affect the inaccurate deliveries andretfuee,
temporary or definitive disability, or retiremettiey only the competitiveness of companies.

perceive a minimum part of the usual income; tlok laf In addition, data considered subjective variablies
social security is a factor that participates mdhlculation recommended that objective methods, as validatsts, te
of the highest probability of default on deliveries are used to measure and reduce the level of sjass,

Finally, in comparison with other logistic regressi dissatisfaction and the other subjective variables.
models, and despite the fact that they have differe However, this study shows the relevance of the
objectives, it can be observed that these have somilar  working conditions of truckers in terms of how theffect
variables. Martinez, Oviedo, and Luna [15] to ekpthe non-compliance in the delivery of goods by road.
quality of working life, included variables of jattability, The results will be used to create a conceptualeinod
physical load, income and some other stressors. thtat generalizes, in any type of industry, theaféd labour
highlights the similarity of the variables relatedstress conditions on inaccurate deliveries. And, finalligspite
and physical load which are also considered in thée limitations of the model, the results show firajposed
proposed model through variables like;; and Xs. In  model is a promising tool to improve the performeuné
addition, in the same way as in the proposed moééher truckload companies and it may motivate to benefit
Martinez et al. [15] nor Villar, Delgado, and B&ad [16] working conditions of cargo drivers.
had a statistical significance for the variableome despite
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