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Resumen

Los procesos de produccion, incluidos la adquisicion de nuevas tecnologias y
cadena de suministro, requieren el andlisis de muchas variables para la
generacion de modelos que faciliten el proceso de toma de decisiones. Sin
embargo, el costo del andlisis de todas las variables es muy alto y requiere
demasiado tiempo, por lo que en esta tesis se analizan posibles técnicas para
abordar ese problema, y se reportan cinco modelos multivariables de casos de
estudio.

Dos de ellos son modelos de ecuaciones estructurales aplicados a la cadena
de suministro del vino en La Rioja (Espana), donde se analizan variables, tales
como la proveeduria, incertidumbre de la demanda y la importancia de los
factores humanos. El analisis proviene de una encuesta aplicada a 64 empresas
del sector vitivinicola de la region y los resultados destacan la importancia de las
buenas relaciones con proveedores y clientes, asi como de la administracion del
conocimiento al interior de la empresa.

Otros dos modelos multivariables provienen de dos estudios independientes
realizados en la industria maquiladora establecida en Ciudad Judrez (México).
En el primero se reportan los resultados de una encuesta aplicada a 144 empresas
que implementan Justo a tiempo, la cual contenia 31 beneficios de su aplicacién
identificados en la literatura. Mediante un analisis factorial por el método de
componentes principales y con rotacion varimax se ha encontrado que solamente
cuatro factores pueden explicar el 67.27% de la variabilidad de todos los
beneficios, los cuales son: administracion de inventarios, proceso de produccion,
factores humanos y beneficios econdmicos. En el segundo caso de este sector se
reporta un modelo de ecuaciones estructurales que analiza el proceso de
innovacién y desarrollo de nuevos productos en ese sector cuando la demanda
de las filiales disminuye. La informacion proviene de una encuesta aplicada a 197
gerentes y se relacionan las caracteristicas del producto, del proceso de
produccion y de la organizacion con los beneficios obtenidos por las empresas y
los clientes. Los resultados indican que dichas variables independientes explican
el 31% de la variabilidad de los beneficios obtenidos.

Finalmente, en el quinto caso se reporta un modelo multicriterio y
multiatributos para evaluar y seleccionar un tractor agricola en el estado de
Colima (México). En el modelo se integran seis variables: el costo inicial, los litros
de combustible usados por hora, la seguridad del operador, la mantenibilidad y
el servicio postventa. Se usa la técnica AHP para obtener la ponderacion de los
atributos evaluados y TOPSIS para seleccionar una alternativa. Se ha demostrado
mediante un caso de estudio que el modelo es facil de usar, no requiere el uso de
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software especializado y son los propios agricultores los que realizan la
evaluacion.

Abstract

Production processes, including acquisition of new technologies and supply
chain, require the analysis of many variables for generating models in order to
facilitate the decision-making process. However, the analysis of all variables is
very difficult and requires too much time; therefore, in this thesis, possible
techniques to deal with this problem are analyzed, and five multivariate models
case studies are reported.

Two models are structural equation models applied to the supply chain for
wine production in La Rioja (Spain), where variables such as procurement,
demand uncertainty and the importance of human factors are discussed. The
information comes from 64 surveys applied to companies from that region, and
the results highlight the importance of good relations with suppliers and
customers, as well as knowledge management within the company.

Two other multivariable models come from two independent studies in the
maquiladora industry established in Ciudad Juarez (Mexico). In the first model
the information comes from a survey applied to 144 managers applying Just in
Time, which contained 31 benefits indentified in the literature that are obtained
after their implementation. Through a factor analysis by principal components
method and varimax rotation, results indicate that only four factors can explain
67.27% of total variability of all analyzed benefits, which are: inventory
management, production process, human factors and economical benefits. In the
second case of this sector, a structural equation model is reported, which analyzes
the innovation and new product development process in this sector when
demand from subsidiaries decreases. The information comes from 17 surveys
applied to managers and the model integrates the product, production process
and organization characteristics with the benefits obtained by companies and
customers. The results indicate that these independent variables explain 31% of
the variability of financial benefits.

Finally, in the fifth case here reported a multi-criteria and multi-attribute
model for evaluate and select an agricultural tractor in Colima (Mexico) appears.
Six variables are integrated in the model: the initial cost, liters of fuel used per
hour, operator safety, maintainability, and after-sales service. The AHP
technique is used for weighting the attributes evaluated, and TOPSIS is used to
select an alternative from a set of six. It has been demonstrated by this case study
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that the model is easy to use: it does not require the use of specialized software
and are farmers themselves who made the evaluation process.
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1. Introduccion

Actualmente, en todo tipo de industria se recopila informacion asociada a los
procesos de adquisicion de materia prima, transformacion y produccion de
bienes, asi como la distribuciéon de los mismos. Sin embargo, el objetivo
primordial de dicha actividad es generar algun tipo de andlisis de dicha
informacion, que permita relacionar variables y de esta manera poder encontrar
dependencia entre las mismas, y a su vez poder generar predicciones del
comportamiento que éstas tendran.

Cuando dos o mas variables se relacionan de tal manera que unas predicen o
explican a otras, se estdn generando modelos matemadticos que buscan
representar la realidad de un fendmeno, mismo que es usado para auxiliar y
facilitar el proceso de toma de decisiones. Sin embargo, es importante mencionar
que, si las variables que se integran en el modelo son equivocadas, entonces ese
modelo no sera representativo de la realidad y las decisiones que se tomen en
base a éste pueden estar equivocadas; de ahi la importancia de poder identificar
adecuadamente las variables que se integraran en el modelo.

Por lo anterior, si una decision es tomada en base a informacion erronea, el
costo de dicha equivocacidon puede representarse de diferentes maneras, ya que
se tiene que volver a obtener la informacion y medir las variables adecuadas, y
por ende, es posible que la decisidén correcta no sea tomada a tiempo. Y en un
sistema de produccion continua, eso significa que tal vez muchas piezas fueron
fabricadas de manera errénea y que no cumplen con los estandares de calidad
requeridos por el cliente.

Afortunadamente, se han desarrollado muchas técnicas para el andlisis de la
informacion que es obtenida dentro de un proceso de fabricacién, las cuales se
usan en funcidn de las caracteristicas propias de las variables medidas, del nivel
de confianza requerido y del tiempo que se requiera para su analisis.

En este trabajo se presentan una serie de modelos multivariables que son
usados en dos grandes sectores de la industria:

Sector vitivinicola de La Rioja (Espafa)
Sector maquilador de Ciudad Juarez (México)

Sin embargo, con la finalidad de entender la aplicacion de los modelos en cada
sector, a continuacion, se introduce una breve descripcién de cada uno de los
sectores que son analizados.
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1.1 Sector vitivinicola de La Rioja (Espafia)

La industria del vino es una de las actividades econémicas mas importantes de
la Comunidad Auténoma de La Rioja en Espafia, la cual ha evolucionado a través
del tiempo de manera considerable. Por ejemplo, en 1990 se tenian solamente
43,073 hectareas cultivadas, pero ya en el ano 2015 se reportaban un total de
61,870 hectareas, lo cual representa un incremento de 43.6%. La uva variedad
tempranillo es la mas cultivada, con un total de 34,485.81 hectareas.

En el afio 2015 se reportan en La Rioja un total de 2019 criadores de vino, 39
almacenistas, 28 cooperativas y 134 cosecheros. Sin embargo, se puede decir que
las empresas en este sector son pequefias en su mayoria, ya que solamente 4
bodegas tienen un tramo de comercializacion de mas de 10 millones de litros, 11
se encuentran en el rango de 5 a 10 millones de litros, 33 se encuentran en el rango
de 1 a 5 millones, 27 se encuentran en el rango de 0.5 a 1 millon, y finalmente 434
bodegas tienen una produccién menor a 0.5 millones de litros, que representan
el 85.3% del total.

Con la finalidad de apoyar a este sector y dada la importancia que tiene para
la regidn, se ha creado el Consejo Regulador de la Denominacién de Origen Rioja,
organismo que se encarga de regular la produccion y vigilar la calidad del vino
producido en la regién de La Rioja.

Gracias al trabajo de los involucrados en el sector vitivinicola de La Rioja, los
resultados indican que es uno de los sectores mas productivo y con mayor
reconocimiento a nivel nacional e internacional. Por ejemplo, en el afio 1985 se
vendieron un total de 96,377,000 litros, de los cuales 67,743,375 fueron destinados
al mercado nacional, representando el 70.29% de la produccion total, y la
diferencia, 28.633.625 litros, ha sido destinada al mercado extranjero, lo que
representa el 29.71% de la produccion de esa region. Sin embargo, 30 afios
después, ya en el afio 2015, la produccion total fue de 284,023,663 litros, lo que
representa un incremento del 194.7%. De ese total, 177,410,848 litros han sido
destinados al consumo nacional y representa el 62.46% de la produccion,
mientras que 106,612,815 litros son destinados a la exportacion, lo que representa
el 37.54%. Se observa por tanto que ha existido un incremento porcentual en la
exportacion del vino, y ello es debido a la calidad y renombre que tiene la marca
Denominacion de Origen Calificada Rioja (DOCa-Rioja).

Esos vinos que son vendidos en el extranjero son consumidos principalmente
por paises de la Uniéon Europea, pero también se puede apreciar que
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recientemente otros paises se han agregado a la lista de consumidores, lo cual se
puede aprecian en la Tabla 1.

Tabla 1. Paises consumidores de vino de La Rioja

Pais Consumo (litros) | Porcentaje
Reino Unido 36,809,065 34.53
Alemania 18,071,752 16.95
Estados Unidos de América 9,605,311 9.01
Suiza 5,927,856 5.56
Holanda 3,657,956 3.43
China 3,207,892 3.01
Canada 3,061,901 2.87
Suecia 2,958,204 2.77
Bélgica 2,926,766 2.75
Irlanda 2,513,226 2.36

1.1.1 La cadena de suministro

El proceso de siembra y produccion de uva se puede considerar como la principal
fuente de materiales para la produccion del vino. Sin embargo, una vez que éste
ha sido producido, se requiere un proceso de distribucion para llevarlo hasta el
cliente final. A ese conjunto de actividades tradicionalmente se le conoce como
cadena de suministro, en la cual a una serie de materias primas o productos
iniciales se le aporta valor agregado hasta convertirlo en un producto final que
puede ser consumido (Shafiei Kisomi, Solimanpur, & Doniavi, 2016).

Tradicionalmente se dice que una cadena de suministro estd integrada por
miembros primarios y por miembros de soporte (Rodriguez-Enriquez et al.,
2016). Los miembros primarios se refieren a companias que realizan actividades
enfocadas directamente con la satisfaccion de una necesidad por parte del cliente,
mientras que los miembros secundarios se refieren a aquéllos que brindan
recursos y capacidades a los miembros primarios para que puedan cumplir con
su objetivo.

Asi pues, durante el flujo de los materiales a través de su ciclo de produccion,
se puede observar que existen tres elementos importantes: los procesos, los
componentes y la estructura (Saif & Almansoori, 2016; Schoggl, Fritz, &
Baumgartner, 2016; Xiao & Shi, 2016). En relacion a los procesos, se refiere a las
actividades que se requiere realizar por parte de todos y cada uno de los
miembros dentro de la cadena de suministro; los componentes se pueden referir
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a la integracién y manejo que debe existir de todos aquéllos que intervienen entre
un proceso y otro; y finalmente la estructura se refiere a la forma en la que existe
algtin tipo de relacion o unién entre los diferentes miembros o componentes de
la cadena de suministro.

Una pregunta que comunmente se realiza es en relacion a la importancia que
tiene la cadena de suministro dentro de un proceso productivo, y puede haber
varias respuestas. La mas importante podria ser la que se refiere a que mediante
la buena administracion de la misma se puede lograr una ventaja competitiva
sobre otras empresas (Su et al., 2016). Algunos autores se atreven a mencionar
que en la actualidad las empresas que desean competir en un entorno globalizado
deben competir en sus cadenas de suministro, y no tanto en sus procesos de
produccién como se hacia en décadas pasadas (Xiao & Shi, 2016; Yan, Wang,
Cheng, & Huang, 2016).

Una parte importante de la cadena de suministros es la que se refiere a la
logistica, la cual se asocia mucho mas con el movimiento y flujo de todos y cada
uno de los materiales requeridos en el proceso de produccién y de los productos
terminados que seran destinados a los clientes. Y la importancia de su estudio
radica en que el transporte no agrega ningun valor a los productos, pero si
muchos de los costos, que se ven reflejados en los precios (Pfeiffer, 2016, Wan
Ahmad, Rezaei, de Brito, & Tavasszy, 2016). Asi pues, dada la importancia que
tienen los costos, en la actualidad es posible encontrar términos nuevos, tales
como administracion de la cadena de suministros, donde se considera la logistica

como un componente solamente.

Actualmente es posible identificar algunos elementos, entre los que se
encuentran los siguientes:

El transporte, mismo que es definido como la actividad mas importante
que se realiza dentro de la logistica, y se asegura que puede representar
hasta el 60% del costo logistico (Hyland, Mahmassani, & Bou Mjahed,
2016; Rezapour, Allen, & Mistree, 2016; Yu, Xue, Sun, & Zhang, 2016).

Administracion del inventario, el cual se refiere a determinar la cantidad
que debe ser ordenada por el fabricante a su proveedor, lo cual se realiza
mediante algun tipo de algoritmo. La importancia de esta actividad es que
muchos de los componentes en un producto pueden ser perecederos y la
conservacion del inventario requiere de grandes costos de conservacion
(T. Fan, Tao, Deng, & Li, 2015; Palmer, 2001; Zhao, Wu, & Yuan, 2016).
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Procesamiento de drdenes, que se refiere a los procedimientos y costos
requeridos para que el fabricante coloque una orden a su proveedor y que
ésta sea abastecida en tiempo (D. Kumar & Rahman, 2016; Sheu, 2016; Yu
et al., 2016).

Sin embargo, dentro de la logistica también es importante mencionar que se
tienen otras actividades de soporte, las cuales no son primarias, entre las cuales
se pueden encontrar las siguientes:

Almacenamientos, los cuales se pueden referir a materia prima o producto
terminado, mismos que requieren frecuentemente de mucho espacio y con
acondicionamiento especializado (Hyland et al., 2016; Lee, Cho, & Paik,
2016; Yilmaz Balaman & Selim, 2016).

Manejo de materiales, que se refiere al movimiento y flujo de los mismos
a través de un sistema productivo, y la importancia de esta actividad es
que si los flujos no son debidamente balanceados se pueden generar
cuellos de botella (J. Chung, 2015; McDonald, 2016; Mital, Goetschalckx, &
Huang, 2015; Zhang et al., 2015).

Empaques, que se refiere a los sistemas de embalaje y proteccion que se le
puede proporcionar a un producto para protegerse durante un transporte,
o bien para conservarlo (Crainic, Gobbato, Perboli, & Rei, 2016; Perboli,
Gobbato, & Perfetti, 2014; Y. Wang et al., 2016).

Proceso de adquisicion, el cual se refiere al proceso de evaluacion y
seleccion de proveedores que puedan proporcionar la materia prima con
la calidad y cantidad requerida (Brannon, James, & Lucker, 1994; D.
Kumar & Rahman, 2016; Yu et al., 2016).

Mantenimiento de la informacion, la cual se refiere a la administracion del
conocimiento e informacién generada durante las actividades de la cadena
de suministro (Ali & Kumar, 2011; Mensah, Merkuryev, & Longo, 2015;
Mensah, Merkuryev, & Manak, 2015; Suh & Lee, 2017).

1.2 El sector de la industria maquiladora de Ciudad Juarez (México)

En el ano de 1965 el gobierno de Meéxico establecié el Programa de
Industrializacion de la Frontera, mismo que dio origen a lo que hoy se conoce
como la industria maquiladora, la cual se caracteriza por ser empresas que en su
mayoria provienen de inversiones extranjeras (Alcaraz, Maldonado, Iniesta,
Robles, & Herndndez, 2014; Utar & Ruiz, 2013). Usualmente esas empresas tienen
altos niveles de importacion de materias primas, que son manufacturadas y
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ensambladas en México, pero sus productos finales son exportados a otros paises
(Hadjimarcou, Brouthers, McNicol, & Michie, 2013).

El origen de esas inversiones es principalmente de Estados Unidos de América
con un 68.3% del total de empresas, Europa con un 8.7%, empresas con socios de
Meéxico con un 12.2%, empresas asiaticas con un 9.6%, empresas canadienses con
un 0.9% y empresas de Surameérica con un 0.3% (INEGI, 2015).

En sus inicios, el Programa de Industrializacion de la Frontera estaba enfocado
a disminuir los altos niveles de desempleo que existian a lo largo de la frontera
entre México y Estados Unidos de Ameérica, e incluso puede mencionarse que es
un programa que surge después de la eliminacién del Programa Bracero, el cual
estaba enfocado solamente a trabajadores agricolas (Sargent & Matthews, 2008,
2009).

De hecho, se menciona que la industria maquiladora nace en Ciudad Juarez y
es un concepto propio de esa region. Se puede decir que en la actualidad esa area
binacional de Ciudad Judrez (México)-El Paso (USA) es la mas grande area
industrial binacional entre ambos paises y el nivel de implementacién y namero
de industrias ahi establecidas hace que sea considerado el séptimo centro
manufacturero de Norteamérica (AMAC, 2016).

Los subsectores de la industria maquiladora mas representados en la region
de Ciudad Juérez se indican en la Tabla 2, donde se puede apreciar que, de un
total de 326 empresas ahi establecidas, el 29% pertenecen al subsector de
automotriz y el 18% a la produccién de electronicos, siendo éstos los mas
representativos (AMAC, 2016).

Tabla 2. Subsectores de la industria maquiladora

Subsector Porcentaje
Automotriz 29
Eléctrico 7
Electronica 18
Medico 5

Call centers 3
Empaques 9
Plasticos y metales 9
Otros 20

La importancia que tiene la industria maquiladora en Ciudad Juarez radica en
que posee 326 empresas de un total de 482 que se han establecido en el Estado, lo
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que indica que en esa ciudad se ha establecido el 67.63% de toda la industria
estatal. Sin embargo a nivel nacional se tienen un total de 5074 empresas
maquiladoras, lo que indica que en Ciudad Juarez se han establecido el 6.42% de
la industria nacional, lo que representa el 62% de toda la mano de obra directa
actualmente activa (AMAC, 2016).

La posicion estratégica que tiene Ciudad Judrez desde un punto de vista
geografico al encontrarse en la parte norte y central de México, justo como
frontera como es con Estados Unidos, hace que las distancias fisicas a los
principales centros manufactureros tanto de México como de Estados Unidos sea
relativamente corto, y por ello en la actualidad se cuenta con una gran
infraestructura terrestre para unirlos. Actualmente Ciudad Juarez cuenta con un
total de cinco puentes internacionales que lo comunican con El Paso, Texas,

donde en el afio de 2015 se ha reportado un ingreso de 896,736 camiones de carga
(AMAC, 2016).

La industria maquiladora a nivel nacional da empleo directo a 2,241,000
personas, pero el Estado de Chihuahua en dicho sector tiene un total de 356,707
empleos directos, lo que representa el 15.91% del total nacional. Sin embargo, en
Ciudad Judrez ese sector representa 222,040 empleos directos, lo que indica que
dicha ciudad posee el 62.24% de la mano de obra directa ocupada en dicho sector
a nivel estatal y el 9.90% de la mano de obra en dicho sector a nivel nacional
(AMAC, 2016).

De hecho, algunos prondsticos en relacion al crecimiento de la industria
maquiladora en México indican que para el afio 2020 México proporcionara el
7.8% del Producto Interno Bruto Mundial, colocdndose por encima de paises
como India y Rusia (Alcaraz et al., 2014; Sargent & Matthews, 2009; Utar & Ruiz,
2013).

1.3 Los procesos de seleccion de tecnologia

Se define la tecnologia como la aplicacion de la ciencia y la técnica, la cual puede
ser considerada ya como una materializacion de las mismas, buscando satisfacer
una necesidad (Ballon, Lindmark, & Whalley, 2016). Afortunadamente muchas
veces existen varias alternativas que resuelven el mismo problema, por lo que
frecuentemente hay que enfrentarse al proceso de tener que elegir solamente
alguna de ellas dentro de un conjunto (Liao, 2005).
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Especificamente, los granjeros y el personal dedicado a la agroindustria
frecuentemente requieren elegir tecnologias para modernizar sus procesos de
produccion, y uno de los méas comunes es la seleccion de un tractor agricola (Lal,
Jones, Peart, & Shoup, 1992; Misener & McLeod, 1987). Sin embargo, uno de los
principales problemas que enfrentan los granjeros es tener que considerar todos
los atributos o caracteristicas de dicha tecnologia, ya que son muchas las que se
ofrecen y algunas de ellas es dificil de cuantificar o medir.

Otro problema al que se enfrentan los granjeros, ademas del gran niimero de
alternativas, es que esas tecnologias se caracterizan por varios atributos, los
cuales se clasifican en:

Atributos cuantitativos, que se refieren a aquéllos que pueden ser
expresados mediante algtin tipo de métrica o medida, tal como lo es el
costo, la velocidad con que se realiza una operacion, el nivel de precision
o error, entre otros (Cardoso, Pinheiro de Lima, & Gouvea da Costa, 2012).
Atributos cualitativos, los cuales se refieren a caracteristicas que no
pueden ser medidas de manera directa o expresados mediante una
métrica, por lo que se requiere de la evaluacién y valoracion subjetiva de
la persona que esta realizando el proceso de seleccion. Un ejemplo de este
tipo de atributos puede ser el servicio cliente, el nivel de seguridad
proporcionado por un robot, entre otros (Efstathiades, Tassou, &
Antoniou, 2002).

Sin duda, un proceso de evaluacion que integrara los dos tipos de atributos
que caracterizan a las tecnologias serian mas holistico o integrador, y por ello
se ha realizado una taxonomia o clasificacion de las técnicas de evaluacion en
funcion del tipo de atributos que la integran, la cual es la siguiente:

Técnicas econdmicas, las cuales se basan en la evaluacion del atributo
costo de ingreso que se puede obtener de wuna tecnologia.
Lamentablemente se consideran que son modelos o técnicas
reduccionistas, dado que ignoran muchos de los atributos que son de
tipo cualitativo, y algunos ejemplos de estas técnicas son el valor
presente neto, la tasa interna de retorno, o el periodo de retorno, entre
otros. Este tipo de técnicas representan la practica industrial para el
proceso de evaluacién y seleccion de tecnologia, ya que son las mas
difundidas (T. C. Jones & Lee, 1998).

Técnicas analiticas, las cuales ya integran en el andlisis atributos de tipo
cualitativo y de tipo cuantitativo, por lo que son consideradas técnicas
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mas completas y holisticas. Lamentablemente son poco conocidas en
el ambito industrial y se requiere de conocimientos especializados para
llevar a cabo su uso. Algunas de las técnicas mas representativas de
esta categoria son el proceso jerdrquico analitico (AHP), la técnica de
ordenacion de preferencias mediante similitud a la solucion ideal
(TOPSIS), o el analisis dimensional, entre otras (Yusuff, Yee, &
Hashmi, 2001).

Técnicas estratégicas, que se caracterizan por ser empleadas solamente
por la alta gerencia y que tienen un mayor apego a la mision y vision
de la empresa (Sohal, 1996).

1.4 Problema de investigacion

En la actualidad es posible encontrar numerosas investigaciones asociadas con la
cadena de suministro de productos genéricos (Sel, Bilgen, Bloemhof-Ruwaard, &
van der Vorst, 2015). Sin embargo, cuando se habla de productos perecederos o
consumibles, dicha cadena de suministro requiere de mayor atencion, dado que
tiene un impacto directo con la salud de los consumidores, tal como es el caso del
vino. En algunas ocasiones es posible encontrar algunas investigaciones
asociadas a productos de tipo perecedero, las cuales requieren de cuidados
especificos de conservacion (S. H. Chung & Kwon, 2016; M & K, 2016).

De la misma manera, se han reportado investigaciones que tratan de manera
especifica estudios asociados a la cadena de suministro del vino (Christ, 2014; Gu,
Yang, & Xia, 2016; Ting, Tse, Ho, Chung, & Pang, 2014), pero lamentablemente
ninguno asociado especificamente a la region de La Rioja en Espafa. Asi,
considerando la importancia econdmica que tiene la industria del vino para la
Comunidad Auténoma de La Rioja, se considera de vital importancia realizar
investigaciones cientificas que atiendan esta necesidad y carencia.

Similarmente, la industria maquiladora establecida en Ciudad Judrez (México)
ha realizado la adopcién de diferentes herramientas de manufactura esbelta, y
una de las mds importantes es la que se refiere a los procesos de justo a tiempo
(Alcaraz et al., 2014; Daniel, Reitsperger, & Morse, 2009), ya que como se ha
mencionado anteriormente, dicha industria se caracteriza por la importacion de
materias primas y a la exportacion de sus productos terminados, por lo que existe
un gran flujo de informacion, materiales y recursos financieros con los diferentes
proveedores, muchos de los cuales se encuentran ubicados en otros paises (Cua,
McKone, & Schroeder, 2001; J. L. Garcia-Alcaraz et al., 2015).
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La técnica justo tiempo ha ofrecido una serie de beneficios en las industrias
japonesas donde tuvo su origen (Fullerton & McWatters, 2001), pero
lamentablemente, al implementar dicha herramienta de manufactura esbelta en
las industrias maquiladoras, esos beneficios no son claramente obtenidos
(Alcaraz et al., 2014; J. L. Garcia-Alcaraz et al., 2015). Una de las preguntas que
frecuentemente se hacen los gerentes de estas empresas y, sobre todo, los
gerentes de la cadena de suministros, es si estan realizando todas y cada una de
las actividades consideradas factores claves del éxito para la implementacion de
dicha herramienta (Rodriguez-Méndez, Sanchez-Partida, Martinez-Flores, &
Arvizu-BarrOn, 2015; Shnaiderman & Ben-Baruch, 2016). Asi pues, se requiere
identificar aquellos factores o actividades que se consideran de vital importancia
para una adecuada implementacion de los programas justo a tiempo dentro de
la industria maquiladora.

También se ha observado que en este sector, dada su naturaleza de empresas
filiales de otras empresas matrices localizadas en otros paises, que
frecuentemente la demanda de ordenes de produccion se ve ampliamente
reducida (Hadjimarcou et al.,, 2013; Utar & Ruiz, 2013). Sin embargo, esas
empresas maquiladoras cuentan con alta capacidad tecnoldgica y de recursos
humanos, que muchas veces, al no existir demanda, permanece ociosa o se
recurre a lo que comunmente se conoce como paros técnicos, donde dos o tres
dias a la semana no se elabora en dichas empresas. Ese tipo de acciones
disminuye los ingresos economicos de los empleados, quienes después de cierto
periodo, al observar que la situacion laboral en esa empresa maquiladora no ha
mejorado, optan por abandonarla (Mollick & Wvalle-Vazquez, 2006; Sargent &
Matthews, 2008).

Lo anterior significa que esa empresa pierde recursos humanos que tenian
amplias habilidades y conocimientos para desarrollar el proceso de produccién
(J. L. Garcia-Alcaraz et al., 2015; Mollick, 2009). Para evitarlo, los gerentes buscan
aprovechar esos recursos humanos y la capacidad tecnoldgica instaladas para
generar nuevos productos o variantes de los ya existentes. Sin embargo, no se
conocen de manera adecuada los factores claves de éxito para el desarrollo de
esos nuevos productos, por lo que se requiere la identificacion de los mismos.

Otro problema que se tiene es el proceso de seleccion de tecnologia agricola
(Borchers & Bewley, 2015), donde existen muchos métodos y técnicas para
realizar los procesos de evaluacion cuando se tienen varias alternativas y de las
cuales solamente se puede seleccionar una de ellas (Dai & Dong, 2014; Loyon et
al., 2016). Especificamente, en el sector agropecuario de México, se tiene un gran
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rezago tecnoldgico en relacion al campo agricola, y uno de los mayores
problemas al que se enfrentan los granjeros es el que se relaciona con el proceso
de seleccion de un tractor, ya que la practica industrial indica que siempre se usan
técnicas de tipo econdmico en el proceso de evaluacion, cuando los tractores se
caracterizan por muchos atributos que esas técnicas econdmicas no pueden
integrar en los modelos usados (Cortez-Arriola et al., 2016; Cortez-Arriola et al.,
2015; Marinidou, Finegan, Jiménez-Ferrer, Delgado, & Casanoves, 2013).

Asi pues, se requiere de modelos que sean facilmente aplicados por parte de
los granjeros, donde no se requiera la intervencion de terceras personas
consideradas expertas en el proceso de evaluacidon; pero ademas, se requiere
integrar atributos de tipo cuantitativo y cualitativo en dicho modelo, con la
finalidad de que la seleccion sea lo mas integral posible.

Ante la problematica anterior, y tratando de aprovechar la experiencia
investigadora en técnicas de toma de decisiones de los grupos de investigacion
de la Universidad de La Rioja y de la Universidad Auténoma de Ciudad Judrez,
en esta tesis se tiene los siguientes objetivos de investigacion que buscan dar una
solucion a los sectores mas relevantes de ambas regiones y buscando sinergias
entre ellos.

1.5 Objetivos de investigacion
En esta investigacion se tienen los siguientes objetivos:

Identificar las principales variables que afectan la cadena de suministro del
vino en La Rioja Espana y relacionarlas para obtener una medida de
dependencia entre las mismas haciendo uso de modelos de ecuaciones
estructurales.

Identificar las principales variables o factores criticos de éxito que afectan la
implementaciéon de justo a tiempo en la industria maquiladora mexicana
establecida en Ciudad Juarez.

Proponer un modelo multicriterio y multiatributo para la evaluacion y
seleccion de tractores agricolas, el cual deberd integrar los principales
atributos que los caracterizan.

1.6 Limitaciones y delimitaciones
Esta investigacion es realizada en tres entornos diferentes donde se aplican las
mismas técnicas para analizar multiples variables e integrarlas en un modelo que
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permita el proceso de toma de decisiones, por lo que se pueden tener las
siguientes limitantes:

1. Los modelos generados para el caso de la cadena de suministros del vino en
La Rioja (Espafia) son validos solamente para ese entorno en particular y su
aplicacion en otras regiones vitivinicolas debe realizarse con una adecuada
adaptacion y adecuacion.

2. En relacion a los modelos propuestos para el sector de la industria
magquiladora, dadas las peculiaridades que ésta tiene de ser una industria
filial de otras establecidas en otros paises, asi como de las condiciones
socioecondmicas y culturales del pais, su aplicacion e implementacion
tienen validez solamente en la region de estudio.

3. Finalmente, en relacion al modelo multiatributo que se propone para la
seleccion de tractores agricolas, éste también es valido para el entorno del
estado de Colima en México, donde las condiciones geograficas son muy
diferentes a las de otras regiones y por ende, también los atributos y
caracteristicas demandadas en los tractores que deben seleccionarse.

4.  Sin embargo todos los resultados y las metodologias aplicadas en estos
trabajos, que por su caracter cientifico y pedagdgico se explican en detalle,
pueden considerarse como casos de estudio que sirven de orientaciéon
metodoldgica en otras aplicaciones a las que se quiera extrapolar su
aplicacion (no resultados), como por ejemplo otras decisiones relevantes en
los sectores estudiados

Pagina | 18



Modelos multivariables para la toma de decisiones en sistemas productivos. Estudios de caso
en la industria vitivinicola (Espafia) y maquiladora (México)

2. Fundamentos teoricos

En esta seccion se presentan una serie de conceptos tedricos que son la base sobre
la cual se han realizado las investigaciones que se reportan en este informe de
tesis, por lo que el objetivo no es proporcionar a profundidad el contenido de los
mismos, limitdndose solamente a explicar sus fundamentos. Algunos de esos
conceptos se indican a continuacion.

2.1 Elaboracion y aplicacion de encuestas

Para poder generar modelos aplicados a un sistema de produccion se requiere
obtener informacidon de los mismos, y una de las técnicas mads comunmente
usadas es la que se refiere a la aplicacion de encuestas a personas que poseen el
conocimiento o dicha informacién que se requiere.

La encuesta es un procedimiento por el cual un investigador pregunta a los
investigados o sujetos de investigacion sobre los datos que desea obtener y se
caracteriza por realizar a todos y cada uno de los encuestados las mismas
preguntas y de una manera similar, para poder inferir que las diferencias
existentes entre las respuestas son atribuibles a las diferencias entre las personas
entrevistadas (W. Fan & Yan, 2010). Especificamente, las encuestas de tipo
personal son las mas aplicadas en la industria, mientras que las telefénicas o
postales son mas usadas en sistemas de mercadeo (Ruppert et al., 2013).

Se puede decir que una encuesta es exploratoria o confirmatoria. La primera
busca identificar la situacion actual que tienen las variables o preguntas en la
poblacion de estudio, mientras que la segunda parte ya de una encuesta
exploratoria y busca confirmar si esas variables siguen teniendo el mismo valor
a través del tiempo (Niederhauser & Mattheus, 2010).

Aunque la obtencion de informacion es el principal objetivo de una encuesta,
es importante que el investigador siempre pueda identificar las variables que se
fungirdn como independientes y que pueden ser causa de una explicacion, asi
como las variables dependientes que pueden ser el efecto producido por las
anteriores. También, el investigador debe poder identificar las variables que son
controladas de aquéllas que no son controladas.
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2.1.1 La validez de la informacion

Una vez que se ha aplicado la encuesta, antes de proceder a su analisis se requiere
pasar por un proceso de validez, ya que de nada serviria generar modelos
complejos si la informacion proviene de fuentes que no son confiables (Wladis &
Samuels, 2016).

Muchos autores estan de acuerdo en que la fiabilidad de un instrumento o
encuesta debe estar basada en la consistencia con la que puede generar el mismo
resultado en diferentes poblaciones y en diferentes momentos, lo que indica que
para tener un cuestionario totalmente valido se requiere realizar pruebas
interactivas con la finalidad de afinar los resultados obtenidos (Huh et al., 2016;
Nascimento-Ferreira et al., 2016; Qazi et al., 2016; Rashedi, Rezaei, Foroughan, &
Delbari, 2016). Afortunadamente existen diferentes procedimientos estadisticos
que sirven para medir la fiabilidad, e incluso para mejorarla. Algunos autores
prefieren llamar a la fiabilidad como consistencia, y algunas veces parece
contradictorios los indices generados por dichos procedimientos. Sin embargo,
los investigadores deben tenerlo mas bien como indices que se complementan y
que son estimados usando diferente informacion de la encuesta (A. M. Jones et
al,, 2015).

Dado que los modelos y procesos de toma de decisiones se generen basandose
en la informacion obtenida de las encuestas, se hace necesario tener en cuenta los
siguientes aspectos para evitar generar variaciones en las respuestas obtenidas
(Liang, Lau, Huang, Maddison, & Baranowski, 2014; Ueda et al., 2013):

Se debe tener especial cuidado en la elaboracion del cuestionario,
preferentemente agrupando las preguntas de acuerdo a una categoria.
Durante la etapa de administracion del cuestionario se debe buscar
generar un ambiente de confianza con el encuestado para poder garantizar
que la informacion proporcionada a través de sus respuestas es la correcta.
Se debe usar una escala de valoracion adecuada en cada uno de los
cuestionarios; frecuentemente se usa la escala Likert, y aunque casi es un
estandar de valoracidn, puede usarse cualquier otra, siempre y cuando se
use siempre la misma escala a lo largo de todo el cuestionario. Usar escalas
diferentes en un mismo cuestionario puede dificultar su andlisis e
interpretacion.
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2.1.2 Indices de fiabilidad

Dada la importancia que tiene la validez y fiabilidad de la informacion obtenida
a través de los cuestionarios o encuestas, se han generado una serie de indices
que son usados ampliamente para observar si la informacion obtenida es valida

o no. Algunos de esos indices son los siguientes (Adamson & Prion, 2013;
Christmann & Van Aelst, 2006; Leontitsis & Pagge, 2007) :

Fiabilidad de Dispersion-media: el investigador analiza los items del
cuestionario mediante la dispersion de la mitad de los mismos. Por
ejemplo, las preguntas con numero impar serdn comparadas con las
preguntas de nimeros pares.

Kuder-Richardson #20 (K-R 20): es una variacion del anterior. Se le llama
K-R 20 porque fue la 20 férmula en el calculo eventual. EEsta es la
estadistica de opcidn para preguntas de opcion multiple.

Coeficiente Alfa: | representa la practica tradicional para la evaluacién de
la fiabilidad, ya que se encuentra integrado en alguno de los softwares
estadisticos mas cominmente usados.

Sin embargo, frecuentemente es necesario también analizar la afabilidad de
inter evaluadores, ya que diferentes personas pueden tener diferente apreciacion
sobre un mismo item o pregunta. Lo ideal siempre seria que se tuviera el mismo
tipo de respuesta de todos los evaluadores, lo que indicaria que esa pregunta es
totalmente consistente y que es entendida de la misma manera por todos. En la
actualidad suelen usarse cominmente los siguientes indices para conocer este
nivel de consistencia (Adamson & Prion, 2013; Christmann & Van Aelst, 2006):

Coeficiente de concordancia Kendall’s
Cohen’s Kappa
Coeficiente e correlacion intraclass

2.2 El analisis factorial

Una vez que la informacion obtenida a través del cuestionario ha sido validada
y se considera util para andlisis posteriores, generalmente se busca reducir el
numero de variables que se tienen. Por ejemplo, es posible que un proceso de
produccion esté siendo monitorizado mediante 100 variables observadas, pero
dentro del ambito de la ingenieria seria importante conocer cudles de esas
variables son las mas importantes y pueden explicar en una mayor cantidad el
proceso. Es decir, desde un punto de vista econdmico, el ingeniero buscaria
analizar solamente un niimero reducido de variables y no las 100 variables que
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tenia inicialmente, ya que eso reduciria también sus costos para controlar el
proceso.

Afortunadamente, se han desarrollado técnicas que se han denominado de
reduccion de dimensiones, tales como el andlisis factorial y el andlisis
discriminante; sin embargo, en este trabajo de investigacion la primera técnica es
la que mas interesa (Haidari, Samani, & Sohrabi, 2016; Rostami, Abdollahi, &
Maeder, 2016). El andlisis factorial parte del supuesto de que muchas de las
variables monitorizadas en realidad tienen interrelaciones entre ellas, que
pueden ser agrupadas en otras variables a las que se llama latentes (S. Jung, 2013).

Asi pues, el analisis factorial proporciona la estructura interna que tienen las
diferentes variables al analizar las relaciones que existen entre ellas, por lo que
simplifica la generacién de modelos al analizar solamente una cantidad reducida
de variables (Leung & Drton, 2016). Sin embargo, es importante también senalar
que muchas veces se pierde informacion del proceso y el analisis factorial no es
una técnica de dependencia, ya que no identifica varias variables dependientes
de las variables independientes (Teman, Minter, & Kasten, 2016).

2.2.1 Procedimiento para realizar un analisis factorial

Aunque muchas veces se puedan encontrar diferentes métodos para aplicar el
analisis factorial, los siguientes pasos pueden ser considerados un estandar para
llevar a cabo esta actividad (Schulze, Hilger, & Engelberg, 2015):

1. Seleccion de variables que van a analizarse, las cuales deben estar al menos
en una escala Likert.

2. Seleccion de la muestra, donde se tiene que tener al menos un nimero de
observaciones cinco veces mayor al nimero de variables, ya que de lo
contrario no se podria garantizar la convergencia de una solucion.

3. Extraccion de los factores o variables latentes, donde se busca asociar
todas las preguntas o Beatles a alguno de los factores, y existen varios
métodos para realizarlo, entre los que se pueden mencionar:

a. Factoriales por componentes principales
b. Minimos cuadrados no ponderados

¢. Minimos cuadrados generalizados

d. Maxima verosimilitud

4. Flegir el tipo de matriz a analizar, la cual puede ser la matriz de
correlaciones o la matriz de covarianzas.
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5. Determinar el numero de factores a extraer, el cual puede ser fijo o bien
estar basado en autovalores, donde se busca obtener los factores que
tengan autovalores mayores a uno.

6. Identificar el numero de alteraciones maximo que se requiere para lograr
una convergencia en la solucion buscada.

7. Determinar los indices de eficiencia del analisis factorial, los cuales
pueden ser desdel test de esfericidad de Bartlett y el indice Kaisser—
Meyer-Olkin. El primer indice se refiere a una comparacion de la matriz
identidad con la matriz de correlaciones de las variables analizadas,
mientras que el segundo se refiere a una prueba para determinar si la
matriz de correlaciones es 0 no una matriz singular. Para aplicar el analisis
factorial es necesario que el indice KMO sea mayor o igual a 0.8 en analisis
que son de tipo confirmatorio y pueden aceptarse valores de 0.7 cuando el
analisis es de tipo exploratorio.

8. Definir la rotacion que se hara a los factores; existen dos tipos:

a. Rotaciones ortogonales de los ejes, y las técnicas mas comunmente
usadas son varimax, equamax y quartimax.

b. Rotaciones oblicuas, donde los ejes no son ortogonales, y la técnica
mas representativa es la Oblimin.

9. Interpretacion de los resultados, donde se identifica a las variables o
Beatles que se asociaran con una variable latente o factor.

2.3 Modelos de ecuaciones estructurales

Una vez que la informacién se encuentra debidamente validada y se han podido
integrar los items en diferentes variables latentes o factores, entonces es posible
relacionarlas mediante un modelo de ecuaciones estructurales. Asi pues, en este

tipo de modelos se pueden apreciar dos tipos distintos de variables (Evermann
& Tate, 2016):

Variable observada, que se refiere a los items o preguntas que fueron
realizadas a través de la encuesta y que generalmente los modelos se
representan como un rectangulo.

Variable latente, la cual ha sido obtenida mediante algun tipo de analisis
factorial; estd compuesta por varias variables observadas y en los modelos
se representa mediante una elipse.

En la Figura 1 se puede apreciar como un conjunto de cinco items o preguntas
integran un factor o variable latente.
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Figura 1. Variable latente y variables observadas

De manera similar, en funcion de las relaciones que existen de las variables
latentes que integran un modelo, se puede clasificar a las variables latentes como
(Peng & Wu, 2016; Runhaar, Waarsing, & Bierma-Zeinstra, 2016):

Variables exogenas, las cuales son variables independientes y que afectan
a otras, y no reciben ningtin efecto de ninguna de ellas.

Variables enddgenas, las cuales son variables dependientes y son
afectadas por otras. A estas variables generalmente se les asocia un valor
de R cuadrada o coeficiente de determinacion para medir qué tanto es
explicado por las variables exdgenas.

En la Figura 2 se ilustra las variables endogenas y exogenas que pueden existir
en un modelo. Obsérvese que en esta ocasion, para cada una de las variables
latentes, no se han indicado las variables observadas que las componen, y de la
misma manera se indican unas flechas que unen a cada una de las variables
latentes, las cuales se analizan después.

warabls
| i 2

wonathle
Lelania 3

Figura 2. Variables exdgenas y variables enddgenas
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2.3.1 Software para modelado de cuestiones estructurales

Como se podra apreciar en la figura dos, en realidad los modelos de ecuaciones
estructurales son una extensiéon de los modelos de regresion usados
tradicionalmente en estadistica. Sin embargo, la peculiaridad este tipo de
modelos es que ahora varias variables observadas y contenidas en una variable
latente explican a varias variables observadas y contenidas a su vez en otra
variable latente (Bauldry, 2015). De hecho, algunos autores declaran que los
modelos de ecuaciones estructurales son modelos de regresiéon de tercera

generacion.

Realizar el andlisis para este tipo de modelos resulta ser un poco complejo,
pero afortunadamente se han desarrollado varios softwares que facilitan la
estimacion de los efectos que existen entre las diferentes variables latentes que se
analizan. Sin embargo, los indices de eficiencia de los modelos dependen mucho
del enfoque que tengan dichos soportes, los cuales son los siguientes (Grunz-
Borgmann et al., 2016; McVary et al., 2016):

Analisis de varianza, donde el software mas representativo es OpenMX,
Amos (SPSS), LISREL, EQS, MPlus y CALIS (SAS). El uso de este tipo de
software requiere que la informacidn tenga ciertas propiedades, tales
como: normalidad, homocedasticidad e independencia, ademas de
requerir muestras excesivamente grandes.

Minimos cuadrados parciales, donde el software mas representativo es
WarpPLS, SmartPLS, ADANCO, entre otros. Este tipo de software puede
usarse cuando la informacion proviene de valoraciones en una escala
Likert, no se cumplen las reglas de normalidad o se tienen muestras
pequenas.

2.3.2 Indices de eficiencia de un modelo de ecuaciones estructurales

Como todo modelo de regresién, los modelos usados en ecuaciones estructurales
buscan minimizar el error. Sin embargo, dado que en esta investigacion se ha
hecho uso de software basado en minimos cuadrados parciales, solamente se
definen ese tipo de indices de eficiencia, entre los cuales se encuentran los
siguientes (J. F. Hair, Ringle, & Sarstedt, 2013; Ketchen Jr, 2013):

Promedio de los coeficientes en los segmentos (Average path coefficient,
APC)
Promedio de la R cuadrada (Average R-squared, ARS)
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Promedio de la red cuadrada ajustada (Average adjusted R-squared,
AARS)

Promedio total de los indices de inflacion de la varianza (Average block
VIF, AVIF)

Promedio total de colinealidad de los indices de inflacion de la varianza
(Average full collinearity VIF, AFVIF)

Indice de bondad de ajuste de Tenenhaus (Tenenhaus GoF, GoF)
Relacion de la paradoja de Simpson (Sympson's paradox ratio, SPR)
Relacion de contribucién de la R cuadrada (R-squared contribution ratio
(RSCR).

Indice de supresion estadistica (Statistical suppression ratio, SSR)

Indice de relacién y variada no lineal y de causalidad (Nonlinear bivariate
causality direction ratio, NLBCDR).

2.3.3 Los efectos medidos en modelos de ecuaciones estructurales

En la Figura 2 se han empleado una serie de flechas para indicar la relacion que
existe entre las variables latentes que componen el modelo, las cuales casi
siempre se refieren a hipdtesis para medir el impacto entre las variables, por lo
que es necesario medir ese tipo de efectos, los cuales pueden ser clasificados de
la siguiente manera (J. F. Hair et al., 2013; Ketchen Jr, 2013):

Efectos directos, son los que existen entre una variable latente y otra, tales
como los que se indican entre la variable latente uno y la variable latente
dos y que es representada por Hi de la Figura 2. De manera similar, la
variable latente uno tiene un efecto directo sobre la variable latente tres y
es denotado mediante H: , y finalmente la variable latente dos tiene un
efecto directo sobre la variable latente tres y es denotado por Hs.

Efectos indirectos, los cuales seran a través de una tercera variable en
cuestidn, y por lo tanto se hace uso de al menos dos segmentos. Por
ejemplo, en la Figura 2, la variable latente uno tiene un efecto indirecto
sobre la variable latente tres, que es dado a través de la variable latente
dos.

Efectos totales, los cuales se refieren a la suma aritmética de los efectos
directos y de los efectos indirectos.
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2.4 Técnicas multicriterio en toma de decisiones

La toma de decisiones es un proceso complejo que no puede estar basado en un
solo atributo, ya que generalmente existen varias alternativas en evaluacion, que
tienen diferentes caracteristicas que las hacen tinicas. Asi, por ejemplo, desde un
punto de vista econdomico, un agricultor puede elegir seleccionar el tractor mas
barato; sin embargo, existen otros atributos que deberia evaluar, tales como la
potencia del motor, la seguridad al maniobrarlo, etc.

Afortunadamente, se han generado muchas técnicas que pueden integrar dos
aspectos muy importantes dentro del proceso de toma de decisiones (5.-M. Chen,
Cheng, & Lan, 2016; Hahn, Sens, Decouttere, & Vandaele, 2016):

Evaluar simultdaneamente varios atributos de un conjunto de alternativas,
los cuales pueden ser cuantitativos o cualitativos.

Permitir que la evaluacion sea realizada mediante un grupo de decision y
no solamente por una persona, lo que implica que ésta sea mas acertada.

Para los fines de esta investigacion, existen dos técnicas que son de especial
interés, el proceso jerarquico analitico (AHP) y la técnica de referencias
ordenadas por similitud a una solucion ideal (TOPSIS), que se describen
brevemente a continuacion.

2.4.1 Proceso jerarquico analitico

La técnica AHP fue desarrollada por Thomas Saaty en 1980, y pertenece a la
familia de técnicas multicriterio y multiatributos, que se caracteriza por
descomponer un problema en diferentes estructuras de tipo jerarquico, donde
existen niveles de importancia (Bologa, Breaz, Racz, & Crenganis, 2016; Elia,
Gnoni, & Lanzilotto, 2016). El objetivo principal se coloca en el primer nivel, los
atributos, subatributos y alternativas de decision se listan en los niveles
descendientes de la jerarquia.

En AHP se analizan los factores en el proceso de decisiones sin requerir que
éstos se encuentren en una escala comun. En la parte superior de la estructura se
coloca el objetivo principal que se busca resolver, y en los niveles inferiores se
van agregando las categorias y subcategorias de las mismas (Gass & Rapcsdk,
2004), lo que representa una de las mas grandes ventajas de la técnica, ya que
permite resolver problemas complejos. Otra ventaja ampliamente citada es que
se basa en el andlisis cuantitativo de una serie de valoraciones expresadas
mediante una escala (Gupta, Dangayach, Singh, & Rao, 2015; Jovanovic,
Filipovi¢, & Baki¢, 2015), como se indica en la Tabla 3, las cuales son facilmente
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entendidas por los evaluadores que no tienen una nivel elevado de
entendimiento de la técnica. Observe que los valores menores indican igualdad

de referencias y el nueve es una dominancia absoluta.

La comparacion apareada del elemento i con el elemento j es colocada en la
posicion de aij de la matriz A de comparaciones pareadas, como se muestra en
(1). Los valores reciprocos de estas comparaciones son colocados en la posicion
ajide A, con la finalidad de preservar la consistencia del juicio.

Tabla 3. Escala de Saaty para AHP

Valor Definicion Explicacion
1 Igual Dos elementos contribuyen idénticamente al
importancia objetivo.
Dominancia La experiencia manifiesta que existe una
3 /4 . 14 . . .
débil débil dominancia de un elemento sobre otro.
5 Fuerte La experiencia manifiesta una fuerte
dominancia dominancia de un elemento sobre otro.
. Demostrada La dominancia de un elemento sobre otro es
dominancia completamente demostrada.
9 Absoluta Las evidencias demuestran que un elemento
dominancia es absolutamente dominado por otro.
Valores . . .
2,4,6,8 ) . Son valores intermedios de decision.
intermedios
1/9, Valores Ocupan las posiciones transpuestas de una
1/8....1/2 Reciprocos asignacion
el ap ... ;U
é1 a
ée— 1 ... ay U
A= 8812 U (1)
& Lo v
el 1 g0
gan  a; U

Para encontrar los pesos con niveles de importancia que tiene cada uno de

los atributos se resuelve la siguiente ecuacion (2):

Donde:

Pagina | 28

A*w=A*w

(2)



Modelos multivariables para la toma de decisiones en sistemas productivos. Estudios de caso
en la industria vitivinicola (Espafia) y maquiladora (México)

A = Matriz reciproca de comparaciones apareadas (juicios de
importancia/preferencia de un criterio sobre otro)

w= Vector propio (eigenvector) del maximo valor propio (eigenvalor), A.

A = Maximo valor propio

Otra de las ventajas que tiene la técnica AHP es que permite identificar las
inconsistencias en que puede incurrir alguno de los integrantes del grupo de
decisién, ya que, como se menciond anteriormente, estas valoraciones son
subjetivas (H. Jung, 2011). Para identificar esas inconsistencias se integra en el
analisis un Indice de Consistencia (IC) y una Relacién de Consistencia (RC); la
RC es usada para medir la calidad de los juicios emitidos por un decisor. Se
considera que una RC menor a 0.10 es aceptable; en caso de que sea mayor se
deberd pedir al decisor que haga sus valoraciones o juicios nuevamente (Thanki,
Govindan, & Thakkar, 2016; Yang, Chuang, & Huang, 2009). A continuacion se
encuentran las formulas tanto para IC como para RC.

Ic= )~ 3)
n-1

rRc=1C 4)
1A

El indice RC estd en funcién de IC y del Indice Aleatorio (IA). Asi, RC
representa una medida del error cometido por el decisor, donde éste debe ser
menor al 10% del IA. La Tabla 4 muestra los IA para valores de 3 a 10 (H. Jung,
2011).

Tabla 4. IA para AHP

n| | 3 4 5 6 7 8 9 10

IA 05809112124 |132|1.41|1.45|1.49

Si en la solucién del problema participé mas de un decisor, se deben sumar y
promediar los juicios de los decisores; se sugiere que la media geométrica se use
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como promedio cuando se suman las evaluaciones en una matriz de decision
final; véase la ecuacion (5) (Mikhailov, 2004).

_ /
A = (8 * ay * Ay gy e )

2.4.2 TOPSIS

La técnica TOPSIS tiene un enfoque totalmente intuitivo, y se basa en que cada
una de las alternativas puede ser representada en un espacio euclidiano, lo cual
sucede también con los atributos que son evaluados. En la técnica se busca
seleccionar una alternativa que se encuentre lo mds cercana posible a una
alternativa ideal positiva, pero lo mas alejada posible de una alternativa llamada
ideal negativa (M.-F. Chen & Tzeng, 2004). La primera se integra con los mejores
valores nominales que tienen los atributos, mientras que la segunda se forma con
los peores valores nominales que se encuentran en los atributos.

Si se considera que existe un conjunto de k alternativas, las cuales se
representan por Ak, se consideran como un vector en el espacio euclidiano,
entonces pueden ser representadas de acuerdo a la ecuacion (6) (Mao, Song, &
Deng, 2016; Naddban, Dzitac, & Dzitac, 2016). Asi mismo, como a cada
alternativa le corresponde un punto en el espacio n-dimensional (ya que existen
n atributos), similarmente, el atributo x-ésimo puede ser analizado como un
vector en el espacio k-dimensional dado por la ecuacion (7).

A = (X X¥) parak=1,2,....k (6)

X, = (Xt X¥) paran=1,2,....n )

La técnica TOPSIS parte del supuesto de que existe una alternativa que debe
ser mejor o peor a todas las demas, por lo que a la alternativa con los mejores
valores nominales en los atributos se le llama alternativa ideal positiva y puede
ser representada de acuerdo a la ecuacién (8), mientras que la alternativa que
integre los peores valores nominales en los atributos sera llamada alternativa
ideal negativa y puede ser representada por la ecuacion (9). Cabe mencionar que
estas alternativas ideal positiva e ideal negativa en realidad no existen y que son
generadas solamente a partir de los datos que se tienen en una matriz de decisién
final.
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AT = (X, X5 e X ) ®)

A = (XX X)) )

Se puede decir que la metodologia TOPSIS se resume de la siguiente manera
(Pei, 2015; Prakash & Barua, 2015; Ramesh, Viswanathan, & Ambika, 2016):

1. Normalizar cada vector X» de los atributos que son sujetos a evaluacion y
convertirlos a TXn. Es importante senalar que esta operacion se realiza
debido a que muchos de los atributos pueden encontrarse en una escala
diferente de medicidon. Asi lo que se busca en esta primera etapa de la
metodologia es lograr tener un conjunto de datos adimensionales, es decir,
que no se encuentren expresados en una escala concreta, ya que si la
tuvieran, entonces no podrian realizarse operaciones aditivas. La
normalizacion en esta técnica se basa en la norma euclidiana del vector
atributo y puede ser obtenida tal como se indica en (10).

1 k
TXn - Xn zgxn xn
Xl &lX

.......

¢ (10)
Xl

ol

Donde ||Xn

, representa la norma euclidiana del vector del atributo

(magnitud del vector) y puede ser obtenida de acuerdo a la ecuacion (11).

X @ a

Sin embargo, una forma rapida de realizar la normalizacion o
adimensionalizacion de las alternativas en evaluacion, la alternativa ideal
positiva y la alternativa ideal negativa, es como se ilustra en las
ecuaciones (12), (13) y (14).

k k ='ﬂl >¢ E
A=(,.... :ﬁ, ..... A 12

(13)

TA=E,..£)=ce . 5
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6 )= % ¢ (14)
TA=(t,...... = T
L) % x|

2. Con los cédlculos anteriores se logra obtener una matriz de decisién
completamente sin escalas. Sin embargo, recuérdese que cada atributo
puede tener diferente peso con nivel de importancia por lo que se procede
a multiplicar cada uno de los atributos adimensionales por dicho peso.
Con el calculo anterior se tiene una matriz que es adimensional pero que
a su vez estd ponderada. Entonces se pueden calcular las distancias que
tiene cada una de las alternativas que estan siendo evaluadas, la
alternativa ideal positiva y la alternativa ideal negativa, tal como se ilustra
en las ecuaciones (15) y (16).

r(AA)=

W (TA- TA)= AW LY (15)

r(A ) A (TA- TAf = AW F (16)

Donde w representa la ponderacion o peso que los expertos han
proporcionado al atributo en evaluacion.

3. Una vez que se han calculado las distancias a la alternativa ideal positiva
y a la alternativa ideal negativa, entonces se debe proceder a realizar un
ordenamiento de las diferentes alternativas evaluadas, para lo cual se usa
la ecuacion (17).

RO )= T(ANA) (17)
r(ASAY)+r (A A)

La alternativa que debe ser seleccionada debe ser aquélla que tenga el
menor indice obtenido de acuerdo a la ecuacion (17).
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3. Metodologia

Para el logro de los objetivos planteados en la Seccion 1 de este informe se ha
seguido una metodologia cientifica, que se describe a continuacion en diferentes
etapas.

3.1 Etapa 1. Construccion del Cuestionario

La primera etapa de la metodologia seguida en este proyecto se relaciona con la
obtencién de informacién de las diferentes poblaciones o sujetos de estudio, y
por tal motivo se han construido cuestionarios para ser aplicados a las mismas.

De manera general, todos los cuestionarios usados contenian una seccion de
datos demograficos, los cuales se referian al nombre de la empresa en la cual
laboraba el encuestado, aunque muchas veces esta pregunta era opcional si se
decidia por mantener el anonimato. También se preguntaba el e-mail de la
persona que respondia la encuesta, el puesto de trabajo en el cual se
desempenaba, género, sector industrial y nimero de empleados.

Para la identificacion de los items o preguntas que debian de agregarse al
cuestionario, siempre se realizd primeramente una revision de la literatura para
justificar la pertinencia de cada uno de los mismos.

3.1.1 La escala de medicion

Independientemente del cuestionario y el sujeto de estudio, la escala usada para
realizar las valoraciones e indicar la presencia o ausencia de un elemento, asi
como la presencia o ausencia de los beneficios, fue la de Likert, tal como se ilustra
en la Tabla 5 (Al-Tahat & Bataineh, 2012; Tastle & Wierman, 2007), la cual ha sido
usada en encuestas asociadas a cadenas de suministro y de justo a tiempo por
otros autores (Alfalla-Luque, Marin-Garcia, & Medina-Lopez, 2015; Gligor,
Esmark, & Holcomb, 2015; Jakhar, 2015; Moon, Yi, & Ngai, 2012; Swafford,
Ghosh, & Murthy, 2006).

Esa misma escala ha sido usada para conocer los procesos de innovacion y
desarrollo de nuevos productos (NPD) aplicados a la empresa maquiladora; sin
embargo, para conocer los atributos evaluados en un tractor, la escala fue con
valores del uno al nueve, y en ese caso el valor cinco representa un valor medio
en la valoracion.
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Tabla 5. Escala de valoracién usada

Valor 1 2 3 4 5
El
El
El El elemento
El elemento es ] elemento
L elemento | elemento casi .
Significado , regularmente . siempre
no esta es poco siempre ,
presente , esta
presente. | presente. esta
presente
presente
El El
El El .. .. .
. . El beneficio es | beneficio | beneficio
beneficio | beneficio . .
regularmente | casi siempre
noseha | espoco , .
. , obtenido siempre es | es
obtenido | obtenido . .
obtenido obtenido

3.2 Etapa 2. Aplicacion de la encuesta

Para la aplicacion de la encuesta se hizo uso de una base de datos de empresas
maquiladoras establecidas en el norte de México y de empresas vitivinicolas
establecidas en La Rioja. Se procedi6 a contactar a cada uno de los gerentes de
materiales, gerentes de cadena de suministro, planeadores de materiales y
abastos, y en general a aquellos gerentes que tenian relacion con la cadena de
suministro y el flujo de materiales a lo largo del sistema de produccion.

Con esa informacion se procedio a dar de alta la encuesta en un sitio WEB
especializado en la aplicacion de cuestionarios y encuestas. Mediante correo
electrénico se le ha enviado a cada uno de los posibles encuestados una carta
invitdndolos a participar en la investigacion e indicadores la liga en la cual
podian dar respuesta a las interrogantes que se les planteaba. En caso de que el
candidato no respondiera a la primera invitacién realizada y a los dos
recordatorios, entonces se procedia a suspender el envio durante un periodo de
dos meses y se verificaba el correo electronico del supuesto candidato.

3.3 Etapa 3. Captura de la informacion y depuracion de la base de datos

Los datos obtenidos a través de la plataforma usada para capturar la informacion,
fueron extraidos en un formato adecuado para su andlisis. Especificamente, se
disenid una base de datos en el software estadistico SPSS v.21 ®, donde cada una
de las columnas representaba una variable analizada, pero cada uno de los
renglones indicaba un caso o encuesta respondida. Es importante sefialar que este
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tipo de analisis y bases de datos han sido utilizados por otros investigadores en
el area de cadena de suministro, tales como (Akintoye, McIntosh, & Fitzgerald,
2000; Ambulkar, Blackhurst, & Grawe, 2015; Chin, Hamid, Raslic, & Heng, 2014;
Jackson & Singh, 2015; Ketikidis, Koh, Dimitriadis, Gunasekaran, & Kehajova,
2008; R. Kumar, Singh, & Shankar, 2015).

3.3.1 Depuracion de la base de datos

Antes de iniciar cualquier tipo de analisis, fue conveniente ejecutar una serie de
rutinas y procedimientos para tener una base de datos depurada, en la que se
hace especial énfasis en la eliminacion de valores perdidos y la identificacion de
valores extremos que pudieran sesgar los analisis realizados. En el caso de los
valores perdidos, dado que la escala en la que fueron obtenidas las valoraciones
mediante el cuestionario era de tipo Likert, algunos autores recomiendan que
sean sustituidos por la mediana de los datos, e igualmente se recomienda que por
cada una de las variables analizadas, asi como por los cuestionarios o casos
analizados, no debe haber méas del 10% de valores perdidos (J. Hair, Anderson,
& Tatham, 1987; J. Hair, Black, Babin, & Anderson, 2009).

En el caso de los valores extremos que pudieran estar presentes en la base de
datos, se recurrio al método de la estandarizacion de las variables o items, el cual
consiste en obtener la desviacion estandar de cada una de dichas variables y
dirigir cada uno de los valores que se encuentran por cada caso en dicha variable
entre la desviacion estdndar estimada. Si los datos tuvieran una aproximacién a
una distribucion normal, entonces valores estandarizados que se encuentren en
el rango de -3 a 3 pueden ser considerados valores adecuados para el andlisis,
pero valores con valor absoluto mayor o igual a 3 pueden ser considerados como
valores extremos, y es conveniente realizar un analisis mas profundo. Sin
embargo, algunos otros autores recomiendan que valores estandarizados
menores o iguales a 4 pueden ser integrados en andlisis subsecuentes (Ala-Harja
& Helo, 2014; Giaquinta, 2009; J. Hair et al., 2009; R. Rosenthal & R. Rosnow, 1991;
Wold, Trygg, Berglund, & Antti, 2001).

Los andlisis anteriormente descritos se refieren a pruebas de tipo univariable
solamente, pero identificar los valores atipicos desde un punto de vista
multivariable es también muy importante, y en este caso se ha hecho uso de la
distancia cuadrada de Mahalanobis, la cual tiene la capacidad de integrar la
correlacion existente entre las variables y generar un indice més adecuado
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(Giménez, Crespi, Garrido, & Gil, 2012; Patil, Das, & Pecht, 2015; Todeschini,
Ballabio, Consonni, Sahigara, & Filzmoser, 2013).

3.3.2 Varianza cero en encuestas

Otro procedimiento realizado antes de usar las bases de datos para cualquier
analisis es aquél que consiste en identificar casos o cuestionarios en los cuales el
encuestado es poco comprometido, como por ejemplo quien ha tomado la
decision de responder a todas las preguntas con la misma respuesta o con muy
poca variacion entre ellas. Para identificar a esos encuestados, en esta
investigacion se obtuvo la desviacion estdndar de cada uno de los casos o
cuestionarios respondidos (Lourengo & Pires, 2014; Manenti & Buzzi-Ferraris,
2009; C. Wang, Li, & Guo, 2015). En el caso de que el encuestado hubiera
respondido siempre con el mismo valor, entonces la desviacion estandar seria
cero, lo cual indicaria el poco interés por parte del encuestado y esa encuesta
deberia ser eliminada.

3.3.3 Pruebas de multicolinealidad

La multicolinealidad es un problema que se presenta cuando se analizan varias
variables independientes en un andlisis de regresion multiple. Este problema
puede ser debido a que muchos de los items o preguntas que se establecieron en
el cuestionario en realidad estaban midiendo lo mismo, y por tanto las respuestas
siempre van a ser muy parecidas o semejantes. Asi, tal vez alguna de las variables
que estd siendo analizada puede ser eliminada dado que es explicada por otra, y
si se analizan los coeficientes de correlacion que estas variables guardan se
observara que son valores muy altos (Mason & Brown, 1975; 5.-G. Wang, Tse, &
Chow, 1990).

En este reporte se ha hecho uso de los indices de inflacion de la varianza para
determinar el nivel de multicolinealidad entre las variables. Se ha establecido que
los valores por encima del 3.3 son indicativos de altos indices de colinealidad
entre las variables analizadas, y eso puede ser debido a que dentro del andlisis

de los valores propios existan algunos de ellos con valores muy bajos (Cortina,
1993; Jadhav, Kashid, & Kulkarni, 2014; Sarkar, 1996; Ueki & Kawasaki, 2013).

Otro indice analizado para determinar si existe o linealidad entre las variables
analizadas es mediante el indice de condicion, el cual consiste en dividir el
maximo valor propio de las variables independientes entre cada uno de los
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valores propios obtenidos por cada variable. Valores en el nimero de condicion
por encima de 1000 indican un alto problema de o linealidad entre las variables
analizadas (Troskie & Conradie, 1986; Zimmermann, 2015) .

3.4 Atapa 4. Analisis descriptivo de la muestra y de la informacion

El andlisis descriptivo estd dividido en dos partes. La primera se refiere a la
descripcion de la muestra en la cual se detallan aspectos como los afios de
experiencia que tienen los encuestados, los puestos que ocupan actualmente, el
sector industrial de la industria, el rango en el cual se encuentra el nimero de
empleados, etc. También se hicieron algunas tablas de contingencia para indicar
de una mejor manera la relacién que tienen dos variables o mas que se encuentran
en la seccion de datos demograficos.

En relacion al andlisis descriptivo de la informacidn, ésta se refiere a que para
cada uno de los items en los cuestionarios se ha obtenido la mediana, como una
medida de tendencia central, ya que los datos han sido obtenidos en una escala
ordinal como valores que van del uno al cinco y representa solamente
valoraciones (lacobucci, Posavac, Kardes, Schneider, & Popovich). No se puede
usar la media aritmética debido a que los valores no se encuentran en una escala
de intervalos razon (Baxter, Courage, & Caine, 2015). Recuérdese, como ya se
menciond anteriormente, que los valores perdidos fueron reemplazados por la

mediana debido a esta misma razon.

Es importante sefialar que este tipo de medidas de tendencia central han sido
empleadas por otros investigadores en la misma area de cadenas de suministro
y especificamente de justo a tiempo, entre los que se pueden mencionar a (Avelar-
Sosa, Garcia-Alcaraz, Vergara-Villegas, Maldonado-Macias, & Alor-Hernandez,
2015; J. Garcia-Alcaraz et al., 2015; Villanueva-Ponce et al., 2015), todos ellos con
aplicaciones en el sector maquilador.

Otra medida comtinmente reportada es la que se refiere a la dispersion. En
este caso se ha usado el rango intercuartilico, el cual se refiere a la diferencia que
existe entre el percentil 75 y el percentil 25, y que, en un diagrama de caja y
bigotes, estad representado por la caja propiamente dicha. Al igual que la mediana
era usada como medida de tendencia central, el rango intercuartilico es usado
debido a la escala con que fueron obtenidos los datos en la encuesta, la cual es
lider en una escala con valores del uno al cinco. Es importante mencionar que
estos mismos indices de dispersion han sido usados por otros investigadores en
la misma area de estudio de cadenas de suministro, entre los cuales se pueden
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citar a (Alcaraz et al., 2014; Avelar-Sosa et al., 2015; J. Garcia-Alcaraz et al., 2015;
Villanueva-Ponce et al., 2015; Withers, Ebrahimpour, & Hikmet, 1997).

3.5 Etapa 5. Validacidn del cuestionario

Una vez que la informacion esta depurada en la base de datos, entonces el
procede a la validacion del instrumento y de todas las variables latentes que ahi
se tienen. En este caso fueron varios los indices de fiabilidad para determinar si
la informacion obtenida era adecuada. Dichos indices se describen a continuacion
de manera breve, asi como el tipo de validez o fiabilidad que se estaba midiendo

con el mismo.

3.5.1 Alfa de Cronbach, consistencia interna

Uno de los indices mas ampliamente reportados para medir la consistencia
interna de una variable latente, que a su vez estd integrada por otras que si
pueden ser medibles, es el indice alfa de Cronbach (Cronbach, 1951), el cual
puede ser estimado en base a la varianza o bien en base a los indices de
correlacion existente entre los items que integran la variable latente que se estd
midiendo (Adamson & Prion, 2013).

Es importante sefialar que, en realidad, cuando se hace uso del método de la
varianza, este indice es muy similar al coeficiente de determinacion en una
regresion lineal simple, , y es un indice definido entre los valores cero y uno. A
continuacién se hace una descripcion de la posible interpretacién que puedan
tener los valores de este indice (Rindskopf, 2015):

Coeficiente alfa >0.9 es excelente
Coeficiente alfa >0.8 es bueno
Coeficiente alfa >0.7 es aceptable
Coeficiente alfa >0.6 es cuestionable
Coeficiente alfa >0.5 es pobre
Coeficiente alfa <0.5 es inaceptable

Asi, de acuerdo a lo anterior, valores cercanos a 1 indican que esta variable
latente tiene una buena fiabilidad, mientras que valores bajos indicardn que esta
variable tiene poca fiabilidad y que por tanto los items que la integran no estan
midiendo de manera adecuada la variable latente a investigar. Cuando esto
sucede y se tienen valores bajos en el indice Alfa de Cronbach, se pueden realizar
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una serie de analisis para determinar si este valor puede incrementarse, y uno de
los mas comunes es analizar el indice que podria ser obtenido si se elimina un
elemento (Kopalle & Lehmann, 1997; Nunnally & Bernstein, 1994).

Asi, para cada una de las variables latentes se ha analizado la posibilidad de
eliminar aquellos items que eran poco explicativos dentro de la misma, logrando
incrementar de esta manera la confiabilidad interna de la variable (Fornell &
Larcker, 1981).

3.5.2 Varianza promedio extraida (AVE), validez discriminante

La validez discriminante prueba si los constructores que se cree que no estan
relacionados de hecho no lo estan y, por el contrario, la validez convergente
prueba si las construcciones que deben estar relacionadas realmente lo estan. Dos
conceptos muy similares y ampliamente usados para definir si una variable es
confiable o no. Para el caso de la AVE, se recomienda que los valores sean siempre
superiores a 0.5 (Fornell and Larcker 1981b; Kock 2013).

Sin embargo, existe también otra regla para poder decir que una variable
latente es adecuada: en una matriz de correlaciones de las variables latentes
analizadas, la raiz cuadrada de las AVE debe ser mayor a cualquiera de los
indices de correlacion que se encuentren en dicha matriz, tanto por filas como
por columnas. Cuando esta regla no se cumple, es indicativo de que alguno de
los items o variables medidas en esa variable latente tienen cargas factoriales
elevadas en otras variables latentes, lo cual indica que no es la tinica variable con
la cual se asocian sus items. Y cuando eso pasa, debe hacerse una revision de las
cargas factoriales en cada una de las variables latentes analizadas para
determinar en cudl de éstas deben asignarse de manera correcta los items.

3.5.3 Coeficiente de determinacidon, validez predictiva

Cuando se genera un modelo se busca que éste sea bastante predictivo y ayude
a pronosticar el comportamiento de las variables. En todas las técnicas basadas
en andlisis de regresion se hace uso ampliamente del coeficiente de
determinacion como una medida de la varianza explicada que tiene una variable

o conjunto de variables independientes sobre una variable dependiente (Lecchi,
2011).

En los estudios y modelos aqui presentados se hace uso de tres indices para
medir la validez predictiva, los cuales son los siguientes:
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R-cuadrada, la cual es calculada solamente para las variables dependientes
y reporta la cantidad de varianza que es explicada en la variable
dependiente por el conjunto de variables independientes (Gonzalez,
Girotti, Wakefield, & Dimick, 2013). Logicamente, altos valores en este
indice son deseados, ya que indicarian que el modelo es altamente
explicativo para predecir eventos o fendmenos. Por otro lado, bajos valores
en este indice indican que el modelo tiene poco poder explicativo. En
términos generales, se recomienda que modelos en los cuales se obtengan
valores de R-cuadrada menores a 0.02 deben ser cuidadosamente
analizados, dado que se intuye escaso poder explicativo (N Kock, 2013).
R-cuadrada ajustada es un valor muy similar a la R-cuadrada simple, pero
que considera su estimacion al tamafio de la muestra, y desde ese punto de
vista parece ser un indice mas integral que permite detectar relaciones que
podrian ser espurias o falsas (Frémont, Duchamp, Gracia, & Verdier, 2012).
Es importante mencionar que estas dos estimaciones de R-cuadrada y R-
cuadrada ajustada son estimaciones paramétricas, estimadas bajo ciertas
condiciones y caracteristicas de la informacion obtenida (Wooldridge,
1991).

Q-cuadrada es una estimacién no paramétrica de la R cuadrada, y es
reportada principalmente porque muchas veces los datos carecen de un
apego a una distribucion normal, la cual es una condicion exigida en
analisis de regresién (Aboalkhair, Coolen, & MacPhee, 2013). Se buscara
siempre que la Q-cuadrada tenga valores superiores a cero, pero ante todo,
que sean valores muy parecidos a los de R-cuadrada. Si los valores de R-
cuadrada y Q-cuadrada son similares, existen indicios de que los datos
provengan de una distribucién normal.

3.6 Etapa 6. Formulacion de los modelos de ecuaciones estructurales

Con las variables latentes o grupos de items se han generado una serie de

hipdtesis causales donde se asume que una variable latente puede explicar a otra.
Como se menciond anteriormente, existen diferentes efectos que pueden darse
entre las variables latentes que integran un modelo de ecuaciones estructurales,
los cuales pueden ser:

Efectos directos
Efectos indirectos
Suma de efectos totales

3.6.1 Efectos directos

Los efectos directos que existen entre las variables latentes se van a indicar
mediante una flecha que las une. A la variable de la cual sale la fecha se le conoce
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como variable independiente o exdgena, y a la variable latente para la cual entra
la flecha se la conoce como variable independiente o endogena (Wold et al., 2001).
Es importante senalar que para la generacion de estas hipdtesis en las que se
tienen relaciones directas se hace uso de varios aspectos para poder generar el
sentido de la relacion, y una de ellas es la temporalidad (Chatelin, Vinzi, &
Tenenhaus, 2002).

Para cada uno de los efectos directos se estimara un valor de una beta (b), la
cual puede ser entendida como la intensidad de cambio que existe de una
variable latente respecto de la otra (Wetzels, Odekerken-Schroder, & van Oppen,
2009). Asi por ejemplo, si en una relacion entre dos variables se encuentra un
valor de esa bigual a 0.53, entonces eso indicara que cada vez que la primera
variable latente incremente su desviacion estandar en una unidad, la segunda lo
hard en 0.53 unidades.

También, en los modelos realizados aparece en cada una de las bun P-valor,
el cual sirve para determinar la significancia estadistica de dicho pardmetro
(Wold et al., 2001). En otras palabras, para cada uno de esos parametros llamados
bse realiza una prueba de hipotesis para saber si su intervalo de confianza incluye
al cero; en el caso de incluirlo en el intervalo de confianza se concluye que este
parametro no es significativo desde un punto de vista estadistico y puede ser
eliminada esa relacion del modelo, pero si el cero no esta incluido en dicho
intervalo, esto significa que el pardmetro estimado es significativo y debe
permanecer en el modelo. Es importante mencionar que todas las pruebas
estadisticas realizadas en los modelos aqui planteados se realizaron con un nivel
de confianza del 95%, lo que significa que se tenia un nivel de significancia del
5%. Asi pues, para que un parametro fuera significativo, el P-valor debe ser
siempre menor o igual a 0.05.

3.6.2 Efectos indirectos

En los efectos directos mencionados anteriormente se analiza la relacion que
existe entre dos variables solamente, y de manera directa. Sin embargo es posible
que existan efectos indirectos entre dos variables latentes, los cuales pueden ser
de dos o mas segmentos, lo cual ya integra no solamente a las dos primeras
variables sino una tercera, cuarta, y tal vez hasta una quinta variable latente
(Willaby, Costa, Burns, MacCann, & Roberts, 2015). Es decir, la variable latente
moderadora sirve de conexion entre las variables que se encuentran en los
extremos (Kaynak, Sert, Sert, & Akyuz, 2015).

Igualmente, a como se ha mencionado anteriormente para los efectos directos,
también para los efectos indirectos se realiza una estimacion de su valor y para
saber su significancia se realiza también una prueba de hipdtesis estadistica, la
cual es dada a través del P-valor. Para que un efecto indirecto sea
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estadisticamente significativo se requiere que el P-valor asociado sea siempre
menor que 0.05 (Preacher & Hayes, 2004).

3.6.3 La suma de efectos totales

Como se ha venido explicando en los parrafos anteriores, una variable puede
tener un efecto directo sobre otra variable latente a través de una sola via, pero
también puede existir un efecto indirecto que es dado a través de las variables
moderadoras (Intakhan, 2014). Asi pues, si se unen los efectos directos y los
efectos indirectos, se tendria la suma de efectos totales, en los cuales, al igual que
en los efectos directos y en los efectos indirectos, se hace la estimacion de un P-
valor para estimar su significancia estadistica.

3.6.4 Efectos moderadores

Tal vez el lector se ha preguntado por qué no se ha hablado de la hipotesis cuatro
Hs, que se ilustrd en la Figura 2. Esa hipotesis tiene aspectos muy especiales y es
que se trata de un efecto moderador. Obsérvese que esta flecha que representa al
efecto sale o inicia en una variable latente, pero termina sobre una flecha que
representa a su vez un efecto directo.

Al igual que los efectos anteriormente descritos, es posible tener valores
positivos y valores negativos para la bestimada, y para conocer si es
estadisticamente significativa se realiza la estimacion del P-valor. Y tal como ya
se ha mencionado anteriormente, si el P-valor es menor a 0.05 se considera que
es estadisticamente significativo.

Esos efectos moderadores han sido ampliamente estudiados en diferentes
areas de la ciencia, dado su efecto catalizador que tienen en la relacion que
establecen dos variables latentes. Por ejemplo, ha sido estudiado en medicina y
especialmente para analizar el efecto que tiene el alcoholismo en la sintesis de
ciertas enzimas (Cho, Chin, & Kuo, 2004), en investigacion hospitalaria para
medir la calidad de atencion al paciente (Ro, 2012), en la industria automotriz
para analizar el efecto que tienen las certificaciones de calidad en los indices de
desempeno que tienen las empresas a nivel econémico (Zakuan, Yusof, Saman,
Shaharoun, & Laosirihongthong, 2012), en medicina para estudiar el impacto
social que tiene la discapacidad como una enfermedad (Rouquette et al., 2015), y
recientemente para estudiar la socializacidn que se tiene y el efecto que se
produce en la satisfaccion laboral de una persona (Song, Chon, Ding, & Gu, 2015).

Se observa por tanto que este tipo de efectos son muy importantes en la
investigacion de justo a tiempo, ya que muchas veces ayudan a entender una
mejor manera la forma en que dos variables se relacionan, y como la presencia
de otra tercera variable puede acelerar o desacelerar el resultado buscado.
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3.6.5 Tamafio de los efectos

Como se menciond anteriormente en relacion a la validacion predictiva del
modelo, se estiman varios indices para medir la validez predictiva en las
variables latentes que son enddgenos o dependientes de alguna u otra. Sin
embargo una variable latente tendra un solo valor de R-cuadrada y el tamano del
efecto consiste en descomponer ese valor de R-cuadrada en sus componentes; es
decir, se debe estimar que porcentaje de R-cuadrada se debe a cada una de las
variables (Chatelin et al., 2002; Tenenhaus, Vinzi, Chatelin, & Lauro, 2005).

Los andlisis de estos tamanos de efectos han sido ampliamente reportados en
estudios en los cuales las variables latentes dependientes son explicadas por
varias variables latentes independientes, y algunos ejemplos pueden ser
consultados en las siguientes referencias (Ay, Karadag, & Acat, 2015; Boon Sin,
Zailani, Iranmanesh, & Ramayah, 2015; Rouquette et al., 2015)

3.6.6 Indices de eficiencia del modelo
Antes de decidir si un modelo de ecuaciones estructurales es bueno, deben
estimarse una serie de indices de eficiencia para saber y conocer la idoneidad del
mismo. Al igual que en los modelos generados mediante técnicas de analisis de
regresion, en los modelos de ecuaciones estructurales también se busca
determinar el ajuste del modelo, y para ello se han propuesto varios indices, que
se describen a continuacién, ya que fueron usados en esta tesis. Para un mayor
detalle sobre los métodos de estimacidon de los mismos, se recomienda leer las
siguientes referencias (N Kock, 2013; N. Kock & Lynn, 2012). Los indices mas
importantes son los siguientes:

— Average path coefficient (APC)

— Average R -squared (ARS)

— Average adjusted R-squared (AARS)

— Average block variance inflation factor (AVIF)

— Average full collinearity VIF (AFVIF)

— Tenenhaus GoF (GoF)

— Simpson's paradox ratio (SPR)

— R-squared contribution ratio (RSCR)

— Statistical suppression ratio (SSR)

— Nonlinear bivariate causality direction ratio (NLBCDR)

De los indices anteriores, algunos de ellos pueden ser probados
estadisticamente mediante la estimacion de un P-valor, y todos ellos fueron
probados con un nivel de confianza del 95%. Especificamente, un P-valor puede
ser estimado para APC, ARS, y AARS. Esos P-valores son estimados a través de
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un proceso de remuestreo en el que se involucra el error estdandar con la vision
de algunas variables aleatorias (R. Rosenthal & R. L. Rosnow, 1991).

Algunas de las consideraciones que fueron tomadas para determinar el ajuste

del modelo de acuerdo a los pardmetros anteriormente descritos son los
siguientes:

Para que los indices en los que se pueden calcular un valor de P, la decision
de ajuste se realiza con un nivel de confianza del 95%, lo que indica que se
tenia un nivel de significancia de solamente el 5%.

Generalmente el valor de AARS es siempre menor a ARS, dado que el
primero integra el tamano de la muestra en su estimacion (Theil, 1958;
Wooldridge, 1991).

En relacion a los indices AVIF y AFVIF, se recomienda siempre que los
valores sean menores a 3.3; sin embargo, pueden ser aceptados valores
cercanos a 5 (J. Garcia-Alcaraz et al., 2015; N. (2011). Kock, 2011; N. Kock
& Lynn, 2012).

En relaciéon a GoF, también conocido como indice de Tenenhaus, o
simplemente Tenenhaus GoF, estd basado en las relaciones que tienen los
items dentro de la variable latente a la cual pertenecen (Tenenhaus et al.,
2005). Aunque han existido modificaciones a este indice, los resultados que
se tienen son muy similares, y uno de los mas importantes ha sido el
reportado por (Wetzels et al., 2009). Para este indice se tiene que: es
pequenio si el valor es menor o igual a 0.01, mediano si el valor obtenido es
igual o mayor a 0.25, y finalmente grande o adecuado si es mayor a 0.36.
Cabe mencionarse que estos valores son validos solamente si se cumplen
los supuestos (Cohen, 1988) para el caso de las AVE, las cuales deben ser
mayor o igual a 0.05.

El indice SPR que ayuda a determinar si el modelo de ecuaciones
estructurales propuesto esta libre de lo que es conocido como la paradoja
Simpson (Pearl, 2009; Wagner, 1982). Idealmente, se busca que este indice
sigue igual a 1, lo cual no siempre es posible y eso indicaria que el modelo
propuesto esta totalmente exento del problema de la paradoja Simpson. Sin
embargo, se acepta que al menos el 70% de todos los valores en las
relaciones entre variables latentes esté libre de este problema, por lo que un
valor aceptable puede ser mayor o igual a 0.7. Valores inferiores a ese valor
minimo es un indicativo de que el modelo debe ser nuevamente revisado
para analizar el sentido de las de las mismas.

El indice RSCR es una medida que expresa qué tanto el modelo propuesto
estd libre de presentar valores de R-cuadrada que sean negativos, ya que
como su nombre indica, R-cuadrada puede tomar solamente valores
positivos, dado que éste es un indice que se encuentra elevado al cuadrado,
y conceptualmente todo valor no imaginario elevado al cuadrado es un
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valor positivo. Este problema de R-cuadrada negativas es un problema que
se presenta conjuntamente con el problema de la paradoja de Simpson
(Pearl, 2009; Wagner, 1982). Se recomienda que el indice RSCR sea igual a
1, lo que indicaria que el 100% de las variables latentes dependientes tienen
valores de R-cuadrada positiva. Sin embargo, es aceptable un valor de 0.9,
lo cual indicaria que al menos el 90% de los valores de las bno tienen una
contribucion negativa a la estimacion de la R-cuadrada.

— EISSR es una medida que indica si el modelo propuesto esta libre de una
supresion estadistica, tales como la paradoja de Simpson (MacKinnon,
Krull, & Lockwood, 2000), y en estos casos se estaria hablando de la
posibilidad de causalidad en el modelo y no precisamente de una relacion,
o también que el sentido de las relaciones esta equivocado y que deberia
plantearse la hipotesis en un sentido inverso (Spirtes, Glymour, & Scheines,
1993 ). Sin embargo, debe senialarse que este indice todavia se encuentra en
una en etapa o estado experimental, pero ya se propone que valores
aceptables deben ser mayores o iguales a 0.7, lo que indicaria que el 70% de
las relaciones en las variables latentes presentadas en el modelo se
encuentran libres de supresiones estadisticas.

— Finalmente, el indice NLBCDR busca identificar si la direccion establecida
entre las variables latentes es correcta, para lo cual realiza una estimacion
de los errores obtenidos cuando una variable es independiente y cuando es
dependiente. Este indice, en estos momentos, se encuentra en una etapa
experimental, pero se hace la siguiente recomendacion: los valores
aceptables para NLBCDR deben ser mayores iguales a 0.7, lo que indica que
la direccionalidad entre las variables latentes es débil.
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4. Resultados

Dado que el objetivo este informe es presentar las evidencias requeridas para
obtener el grado de doctor en la Universidad de La Rioja (Espafia), el cual es
defendido por compendio de publicaciones cientificas realizadas, entonces se
reportan un total de cinco articulos, cuatro de ellos publicados y uno de ellos
aceptado y que se encuentra en prensa, todos ellos en revistas indexadas en el
Journal Citation Reports (JCR). El informe esta dividido en tres secciones
diferentes, agrupando los articulos segtin su enfoque o contenido.

La primera seccion comprende dos articulos asociados a la industria del vino
de La Rioja (Espana), especificamente a su cadena de suministro y sus titulos son
los siguientes:

The impact of demand and suppliers on wine’s supply chain performance
The impact of human resources on agility, flexibility and performance of
wine supply chains

La segunda seccion contiene dos articulos asociados a la industria
maquiladora establecida en Ciudad Judrez (México) y los titulos de los mismos
son los siguientes:

New product development and innovation in the maquiladora industry:
A causal model
Main benefits obtained from a successful JIT implementation

La tercera seccion esta integrada solamente por un articulo aplicado a la
seleccion de tecnologia agricola y su titulo es:

Agricultural tractor selection: A hybrid and multi-attribute approach

Cada una de las secciones y los articulos citados se describe brevemente a
continuacion.

4.1 Modelos aplicados a la cadena de suministro del vino (La Rioja,
Espafia)

Como se ha mencionado anteriormente, esta seccion se compone de dos articulos
asociados a la cadena de suministro del vino, donde se analizan varias variables
latentes y las relaciones que tienen entre ellas para validar un conjunto de
hipotesis. Dichos articulos se discuten a continuacion.
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4.1.1 The impact of demand and supplier on wine’s supply chain
performance

Este articulo ha sido publicado en la revista Journal of Food Process Engineering
con ISSN  1745-4530, el cual que puede consultarse en
http://doi.org/10.1111/jfpe.12257. La revista tiene un factor de impacto de 0.745
de acuerdo al informe del ISI Journal Citation Report 2015.

Una breve resefia de ese articulo es la siguiente:

Durante una estancia de investigacion realizada por el autor de esta tesis en el
periodo de junio 15 a noviembre 15 en la Universidad de La Rioja (Espafia),
concedida por un programa de intercambio del Campus Iberus, se aplico una
encuesta a 64 empresas vitivinicolas establecidas en la Comunidad Auténoma de
La Rioja que estaba enfocado a la cadena de suministro (CS) del vino de la DOCa-
Rioja. El cuestionario contenia un total de 66 preguntas o items enfocados a
aspectos de la CS.

Se logro obtener un total de 64 encuestas validas que podian ser analizadas.
Se generd una base de datos en el software SPSS 23, se realiz6 una depuracion
para la identificacion de valores extremos y valores perdidos. Las preguntas o
items se agruparon en diferentes categorias a las que se llamo variables latentes
y en este articulo se analizan especificamente cuatro, las cuales son: Demanda,
Proveedores, Calidad y tiempo de entrega, y Desempefio econdmico, las cuales
debian ser respondidas en una escala de valores que compren del uno al cinco.
El uno indica que esa actividad no se realiza o que los beneficios no son
obtenidos, mientras que el cinco indica que las actividades o beneficios siempre
se obtienen.

Se ha llevado un andlisis descriptivo de la muestra y de los items que se han
estudiado, donde se reporta la mediana como medida de tendencia central y
como medida de dispersion se reporta el rango intercuartilico. Antes de integrar
las variables en el modelo, se ha realizado una validacion de la informacion para
saber si ésta era confiable, por lo que se ha hecho uso del indice alfa de Cronbach
para medir la fiabilidad interna de cada variable latente. Ademas, se ha usado el
indice de varianza extraida para determinar la validez convergente, mientras que
el indice de R—-cuadrada se ha usado para determinar la validez predictiva
paramétrica y el indice de Q-cuadrada para la validez predictiva no paramétrica.
Se ha hecho uso del indice de inflacién de la varianza para determinar la
colinealidad de los items al interior de cada una de las variables latentes.
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Una vez probada la validez de las variables latentes validadas, éstas se han
integrado en un modelo de ecuaciones estructurales que contenia seis hipdtesis
que las relacionaban. El modelo fue evaluado haciendo uso del software
WarpPLS 5, y se ha llegado a las siguientes conclusiones en relacion a la cadena
de suministro del vino en La Rioja:

Hi. La Demanda del vino tiene un efecto directo y positivo sobre las relaciones con
los Proveedores.

Hoz. La Demanda del vino tiene un efecto directo y positivo sobre la Calidad y tiempo
de entrega.

Hs. La Demanda del vino no tiene un efecto en los Beneficios econdmicos que
obtienen las empresas vitivinicolas.

Ha. Los Proveedores en la industria del vino tienen un efecto directo y positivo en
la Calidad y tiempo de entrega.

Hs. Los Proveedores en la industria del vino no tienen un efecto directo y positivo
en los Beneficios econdmicos obtenidos.

He. La Calidad y tiempo de entrega tienen un efecto directo y positivo en los
Beneficios econdmicos que obtienen las empresas vitivinicolas.

En base a los resultados encontrados en el modelo aqui generado, se pueden
tener las siguientes implicaciones industriales:

Los administradores de bodegas de vino deben hacer un esfuerzo por
tener una prediccion rdpida de las variantes en la demanda para poder
realizar ajustes rapidos en las ordenes de materias primas enviados a sus
proveedores, lo que permitird también ajustar el proceso de produccion,
lo que favorecerd sus indices de agilidad y tener mayor capacidad de
respuesta a la calidad y tiempo de entrega requerido.

Solamente las empresas que demuestren tener calidad en su producto y
realizar entregas a tiempo serdn capaces de sobrevivir econdmicamente.

4.1.2 The impact of human resources on agility, flexibility, and performance
of wine supply chains

Este articulo ha sido aceptado para su publicaciéon en la revista Agricultural
Economics (AGRICECON), que tiene ISSN 0139-570X en su version impresa y
ISSN 1805-9295 en su version en linea, con un factor de impacto de 0.482 de
acuerdo al ISI Journal Citation Reports © Ranking 2015.
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Una breve resefia de ese articulo es la siguiente:

Este articulo es el resultado de la base de datos que ha sido obtenida durante
la estancia de investigacion que se ha realizado en la Universidad de La Rioja
(Espafia) en el periodo de junio 15 a noviembre 15 del afio 2014. Recuérdese que
la base de datos contenia informacion relacionada con la cadena de suministro
que tenian 64 empresas vitivinicolas ubicadas en la Comunidad Auténoma de La
Rioja.

En esta ocasiéon se ha generado un modelo de ecuaciones estructurales que
integra un total de cuatro variables latentes, que a su vez estaban compuestas por
otras variables observadas o items. Las variables latentes que se han analizado
en este modelo son las siguientes: Habilidades de los recursos humanos,
Flexibilidad de la cadena de suministro, Agilidad de la cadena de suministro y
Desemperno economico.

En este modelo, al igual que en el anteriormente descrito, se ha realizado un
analisis descriptivo de la muestra, donde se analiza el puesto de la persona que
responde la encuesta aplicada, el género de la misma y los afos en el puesto que
desempena. Pero también se ha realizado un analisis descriptivo de todos y cada
uno de los items que componen las variables latentes anteriormente descritas,
donde se ha obtenido la mediana como medida de tendencia central y el rango
intercuartilico como medida de dispersion. Altos valores en la mediana indican
que la actividad siempre es realizada o que el beneficio siempre es obtenido,
mientras que valores bajos indican que la actividad no es realizada dentro de la
cadena de suministro y que los beneficios no son obtenidos como consecuencia
de las mismas. En relacion al rango intercuartilico, valores bajos indican un
adecuado consenso entre los encuestados en relacion al item, pero valores altos
sefialan un desacuerdo en relacion al verdadero valor medio que tiene dicho
item.

Cada una de las variables latentes que eran objeto de estudio en este articulo
fueron validadas haciendo uso del indice alfa de Cronbach con la finalidad de
medir la fiabilidad interna de cada una de las mismas. Sin embargo, para conocer
la validez predictiva paramétrica de cada una de las variables latentes analizadas,
se ha hecho uso del indice R-cuadrada, mientras que para la validez predictiva
no paramétrica se ha hecho uso del indice Q-cuadrada. También con la finalidad
de tener una medida de la validez convergente de las variables latentes se ha
hecho uso del promedio de varianza extraida.

Ademas, para medir problemas de multicolinealidad al interior de cada una
de las variables latentes, se ha hecho uso de los indices de inflacidn de la varianza.
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Finalmente, con la finalidad de conocer la bondad de ajuste del modelo en
general, se hecho uso del indice de Tenenhaus.

Al igual que en el modelo anterior, las variables latentes se han relacionado
para generar un conjunto de seis hipdtesis que deberian ser validadas. Dicho
modelo fue ejecutado en el software WarpPLS 5 y se ha llegado a las siguientes
conclusiones en relacién a las hipotesis inicialmente establecidas

H:. Existe suficiente evidencia estadistica para declarar que las habilidades de los
recursos humanos tienen un efecto directo y positivo sobre la agilidad de la
cadena de suministros.

Ho. Existe suficiente videncia estadistica para declarar que las habilidades de los
recursos humanos tienen un efecto directo y positivo sobre la flexibilidad de la
cadena de suministros.

Hs. Existe suficiente evidencia estadistica para declarar que la flexibilidad de la
cadena de suministros tiene un efecto directo y positivo sobre la agilidad de la
misma.

Ha. No existe suficiente evidencia estadistica para declarar que las habilidades en
los recursos humanos tienen un efecto directo y positivo sobre el desempefio
economico de la cadena de suministro.

Hs. Existe suficiente evidencia estadistica para declarar que la agilidad de la
cadena de suministros tiene un impacto directo y positivo en el desempeno
economico de la misma.

He. Existe suficiente evidencia estadistica para declarar que la flexibilidad de la
cadena de suministros tiene un efecto directo y positivo sobre el desempefio
econdmico de la misma.

4.2. Modelos asociados a la industria maquiladora de Ciudad Juarez
(México)

Esta seccion también estd integrada por dos articulos, uno que identifica los
factores criticos de éxito para la implementacion de JIT y otro que se asocia con
el proceso de innovacion y desarrollo de nuevos productos en dicho sector. Su
descripcion de da a continuacion.

4.2.1 Main benefits obtained from a successful JIT implementation

Este articulo ha sido publicado en el International Journal of Advanced
Manufacturing Technology, el cual tiene un ISSN: 0268-3768 en su version
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impresa y ISSN: 1433-3015 en su version en linea. El articulo actualmente tiene
un DOI: 10.1007/s00170-016-8399-5 y dicha revista tiene un factor de impacto de
1.568 de acuerdo al ISI Journal Citation Reports © Ranking 2015.

Una breve resefia de ese articulo es la siguiente:

En base a una revision de literatura, se identificaron un total de 31 beneficios
que son obtenidos después de implementar exitosamente la herramienta de
manufactura esbelta que denominada Justo a Tiempo (JIT). Sin embargo, dado
que JIT tiene sus origenes en Japon, frecuentemente se reporta que las empresas
occidentales, entre ellas las del sector maquilador de Ciudad Juarez en México,
no alcanzan los beneficios esperados.

Asi pues, para conocer la situaciéon de las empresas maquiladoras en Ciudad
Judrez, se disend una encuesta con esos 31 beneficios y se aplicé a los gerentes de
cadena de suministro o administracion de materiales de empresas locales,
quienes debian responderla en una escala Likert con valores entre uno y cinco. El
uno indicaba que ese beneficio no se habia obtenido, mientras que el cinco
indicaba que ese beneficio siempre se habia obtenido después de una
implementacion de JIT en sus lineas de produccion.

Un total de 144 encuestas validas fueron capturadas en el software SPSS 23 y
se realizé un proceso de depuracion de la misma para realizar una identificacion
de valores perdidos y de posibles valores extremos mediante la estandarizacion
de sus valores. Los valores perdidos y extremos fueron reemplazados por la
mediana, dado que habian sido obtenidos en base a una escala ordinal. La
informacion obtenida se validé mediante el uso del indice alfa de Cronbach y fue
ratificada mediante el indice de Spearman-Brown para una mayor fiabilidad en
las inferencias.

Con la informacion ya validada se realizo un analisis univariado a los 31
beneficios de JIT que se han reportado en la literatura, donde se ha extraido la
mediana de cada uno de los mismos como medida de tendencia central y el rango
intercuartilico como medida de dispersion. En el caso de la mediana, valores altos
indican que ese beneficio siempre es obtenido por las empresas maquiladoras,
mientras que valores bajos indican que ese beneficio no es obtenido. En relacion
al rango intercuartilico, valores altos en los beneficios indica que no existe
consenso entre los encuestados en relacion a su valor medio, mientras que valores
bajos indican altos niveles de consenso.

Con la finalidad de conocer la forma en que se agrupan los 31 beneficios
analizados, se realizo un analisis factorial por el método de madxima
verosimilitud, basada en la matriz de correlaciones, y se consideraron solamente
valores propios mayores a la unidad. Se realiz6 una rotacion varimax, ya que los
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factores encontrados son ortogonales y no tienen dependencia entre ellos. Como
medida de eficiencia del analisis factorial se uso el indice KMO, el determinante
de la matriz de correlaciones y la prueba de esfericidad de Bartlett. Ademas, se
suprimieron los items con cargas factoriales menores a 0.5, para garantizar una
buena convergencia de los resultados.

Del proceso de revision de literatura se ha encontrado que los beneficios mas
reportados por empresas orientales es el incremento de la productividad,
incremento de la calidad del producto y motivacion del trabajador, asi como una
reduccion del desperdicio y retrabajo.

Después del andlisis de la informacion se ha encontrado que las ramas
industriales del sector maquilador mas frecuentes son las que se refieren al sector
médico, automotriz y eléctrica y electronica, dado que son los mas
representativos de la region. Ademas, el 40.85% de los gerentes encuestados tiene
de dos a tres afos en el puesto, mientras que el 30.99% tiene de tres a cinco afnos.

Del andlisis univariado se ha podido concluir que las empresas maquiladoras
de Ciudad Juarez obtienen una mayor eficiencia del proceso de produccion
después de implementar JIT, se incrementa la motivacion del trabajador y la
calidad del producto generado. El primer beneficio es una sorpresa, dado que no
se encontraba en los primero lugares en la revision de literatura, pero el segundo
y tercer beneficio concuerdan con lo reportado en otros estudios. Un aspecto muy
importante es que la industria maquiladora reporta que con JIT se incrementa el
trabajo en equipo, se reduce el inventario y se incrementa la rotacion del mismo.
La productividad, que ocupa el primer lugar en la revision de literatura, ocupa
el séptimo lugar en la industria maquiladora.

En el andlisis factorial se ha encontrado un valor KMO de 0.95 y solamente
cuatro factores explican el 67.27% de la variabilidad contenida en los 31
beneficios. Los factores encontrados son:

Una mejor administracion de inventarios, explicando el 18.42% de la
variabilidad.

Un mejor proceso de produccion, explicando el 17.99% de variabilidad.
Beneficios en recursos humanos, explicando el 16.96% de variabilidad.
Beneficios econdmicos, con solamente 13.90% de variabilidad.

4.2.2 New product development and innovation in the maquiladora industry:
a causal model

Este articulo trata un caso muy especial de la industria maquiladora ubicada en
Ciudad Juarez (México), el cual ha sido publicado por Sustainability Journal, que
tiene un factor de impacto de 1.343 de acuerdo al ultimo informe del ISI Journal
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Citation Reports © Ranking: 2015 y se puede localizar en la red bajo el
do0i:10.3390/su8080707 en el volumen 8, nimero 707.

Una breve resefia de ese articulo es la siguiente:

Actualmente en Ciudad Judrez existen un total de 326 empresas maquiladoras,
las cuales son empresas filiales de otras que tienen su origen en otros paises, por
lo que se las considera una inversion extranjera. Esa cantidad de empresas
representa el 7% de ese sector a nivel nacional, da empleo directo a 280,000
personas, y, por lo tanto, es el motor econdmico de la region.

Las empresas que mas se han establecido en Ciudad Judrez son las del sector
automotriz, electronica, y médico, atendiendo ordenes de produccion de las
empresas matrices. Dichas maquiladoras siempre son dotadas de una capacidad
de produccion muy especializada y con mano de obra entrenada.

Sin embargo, cuando la demanda de las empresas matrices disminuye,
frecuentemente se recurre a los paros técnicos, en los que en la empresa se labora
solamente dos o tres dias a la semana, lo que disminuye los ingresos de los
empleados, quienes frecuentemente prefieren abandonar la empresa, y ésta
pierde personal altamente capacitado.

Para evitar eso, las maquiladoras buscan hacer uso de la maquinaria y equipo
que ya se encuentra instalada, la mano de obra y recursos disponibles, para
generar variantes y nuevos productos. Sin embargo, se desconocen los factores
claves del éxito para el desarrollo de nuevos productos y procesos. Por ello, el
objetivo de este articulo fue el de identificar esos factores claves del éxito y
determinar si se estaban llevando a cabo o no dentro del proceso de innovacion
alinterior de las empresas maquiladoras. Pero también se buscaba relacionar esos
factores con los beneficios que podia obtener la empresa y los clientes que hacian
uso de esos productos innovadores.

Para lograr el objetivo anteriormente descrito, se ha desarrollado una encuesta
que integra los factores claves de éxito que han sido reportados en la literatura,
los beneficios obtenidos por la empresa y por los clientes, y fue aplicada a los
gerentes de disefio de nuevos productos en las industrias maquiladoras. Para la
generacion del cuestionario, éste se ha basado en los factores ya identificados por
Evanschitzky et al. (2012), quien los ha agrupado en: caracteristicas del proceso
de produccion, caracteristicas del producto, caracteristicas de la estrategia de
mercadeo, caracteristicas del mercado y caracteristicas organizacionales.
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Las preguntas debian de ser respondidas en una escala del uno al cinco, donde
el uno indicaba que esa actividad no se desarrollaba durante el proceso de
innovacién o que el beneficio no se obtenia, mientras que un cinco indicaba que
esa actividad siempre se desarrollaba durante el proceso de innovacion y
generacion de nuevos productos, o bien que este beneficio siempre se obtenia.

La informacidn fue tratada con el software estadistico SPSS 23 y se realizé un
proceso de depuracion para identificar valores perdidos en los que no se habia
dado alguna respuesta y también para detectar valores extremos, los cuales
fueron reemplazados por la mediana de cada uno de los items analizados. Con
la informacién debidamente depurada, se realizé un proceso de validacion
mediante el indice alfa de Cronbach para medir la validez interna de cada una de
las variables latentes.

Se realizo ademads un andlisis descriptivo de la muestra que fue encuestada,
donde se reportaban los afios de experiencia, el género del encuestado, el nimero
de empleados en la empresa, entre otras cosas. Sin embargo, también se realizd
un andlisis descriptivo de todos y cada uno de los items que integraban las
categorias a las que se llamo variables latentes, donde se ha obtenido la mediana
como medida de tendencia central, donde los valores altos indican que esa
actividad siempre se realiza o que el beneficio siempre se obtiene, mientras que
valores bajos indican que no se realiza o que el beneficio no es alcanzado. De
manera similar, se ha obtenido el rango inter cuartico como una medida de
dispersion de los datos, donde valores bajos indican que existe un elevado
consenso por parte de los encuestados en relacion al valor medio de la actividad
o beneficio analizado, mientras que valores altos indican la ausencia de un
consenso entre los encuestados en relacion al verdadero valor medio que tiene la
actividad o beneficio.

En este caso, se ha hecho uso solamente de tres variables latentes identificadas
por Evanschitzky et al. (2012), las cuales se refieren a las caracteristicas
organizacionales, a las caracteristicas del proceso de produccién y a las
caracteristicas del producto, mismas que se asocian mediante un modelo de
ecuaciones estructurales con los beneficios obtenidos por el cliente y los
beneficios obtenidos por la empresa.

Para medir la eficiencia del modelo de ecuaciones estructurales se hecho uso
de la R-cuadrada para medir la validez predictiva del mismo, el promedio de
varianza extraida de cada variable, los indices de inflacion de la varianza para
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determinar la colinealidad al interior de las variables latentes, el indice de
Tenenhaus para medir la bondad de ajuste del modelo, entre otros.

El modelo fue ejecutado en el software estadistico WarpPLS 5 y los resultados
o conclusiones a las que se puede llegar de las hipdtesis planteadas son las
siguientes:

Existe suficiente evidencia estadistica para declarar que las Caracteristicas
de los procesos de produccion tienen un impacto directo y positivo sobre las
Caracteristicas organizacionales.

Existe suficiente evidencia estadistica para declarar que las Caracteristicas
organizacionales tienen un impacto directo y positivo sobre las
Caracteristicas del producto.

Existe suficiente evidencia estadistica para declarar que las Caracteristicas
de los procesos de produccion tienen un impacto directo y positivo sobre las
Caracteristicas del producto obtenido.

Existe suficiente evidencia estadistica para declarar que las Caracteristicas
del producto tienen un impacto directo y positivo sobre los Beneficios para
los clientes.

Existe suficiente evidencia estadistica para declarar que los Beneficios para
los clientes tienen un impacto directo y positivo que los Beneficios para las
companias.

Existe suficiente evidencia estadistica para declarar que la relacion entre
los Beneficios para los clientes y los Beneficios para la compafia es moderada
por las Caracteristicas del proceso de produccion.

4.3 Modelo multiatributo para seleccion de tecnologia

Esta seccion contiene solamente un articulo, en el cual se propone un modelo
multiatributo para la seleccion de un tractor, mismo que da soporte a un
programa de modernizacion tecnoldgica en México.

4.3.1 Agricultural tractor selection: a hybrid and multi-attribute approach

Este articulo ha sido publicado por Sustainability Journal, el cual tiene un factor
de impacto de 1.343 de acuerdo al altimo informe del ISI Journal Citation Reports
© Ranking: 2015 y se puede localizar en la red bajo el doi:10.3390/su8020157 en el
volumen 8, numero 157.

Una breve resefia de ese articulo es la siguiente:
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La transferencia de tecnologia y modernizacion de un sector incluye siempre
un proceso de evaluacion de los diferentes atributos y caracteristicas que se
tienen. En este caso, el sector agricola mexicano ha estado recibiendo apoyos por
parte del Gobierno Federal para fomentar la adquisicion de nueva tecnologia que
facilite incrementa la productividad del campo. Una de las tecnologias mas
ampliamente solicitada es la adquisicion de un tractor agricola; sin embargo, los
compradores enfrentan al problema de que no conocen técnicas de evaluacion
para poder obtener alternativas a la solucion de su problema. Ademas, las
tecnologias son caracterizadas muchas veces por muchos atributos, algunos de
los cuales no son facilmente medibles.

Las evaluaciones tradicionales de tractores agricolas se realizan por técnicas
econOmicas que generalmente excluyen aquellas variables que son intangibles o
dificiles de medir, pero que son de vital importancia en el proceso de evaluacion.
El objetivo de este articulo es presentar modelo multicriterio que permita integrar
caracteristicas o atributos de tipo cuantitativo y cualitativo.

Para la identificacion de los atributos que debian ser evaluados se disefid una
encuesta con las principales caracteristicas que son evaluadas en un tractor
agricola, que se aplico a granjeros establecidos en Colima (México) y que eran
propietarios de 20 a 50 hectdreas de tierra, pero también se aplicé la misma
encuesta a los vendedores de ese tipo de tecnologia. Las respuestas debian estar
en una escala del uno al 9, donde el uno indicaba que ese atributo o caracteristica
no era importante, mientras que el 9 indicaba que ese atributo era

extremadamente importante.

Se realiz6 un analisis descriptivo de todos los tributos y caracteristicas, usando
la mediana como medida de tendencia central, donde los valores bajos indican
que ese atributo no es importante en la seleccion de tractores agricolas, mientras
que valores altos indican que ese atributo es muy importante. Como medida de
dispersion se usa el rango intercuartilico, donde valores bajos indican que existen
consenso entre los encuestados en relacion al verdadero valor medio de los
atributos y valores altos, indican la ausencia de dicho consenso.

En el articulo se reporta un caso de seleccion de tractores agricolas, en el cual
se analizan un conjunto de seis alternativas, de los cuales se debe elegir solamente
uno. El proceso de decisién se desarrolla con el apoyo de un grupo de decision,
compuesto por los propios granjeros de la region, quienes conocen sus propias
necesidades y pueden valorar los tributos que se deben evaluar.
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La lista de atributos se muestra a cada miembro del grupo de decision y entre
ellos eligen aquéllos que se van a evaluar, dada la importancia de su propia
situacion. La ponderacion o nivel de importancia de cada uno de los atributos se
realiza mediante el Proceso Jerdrquico Analitico (AHP, por sus siglas en inglés)
y la seleccion del tractor se realiza mediante la Técnica de Preferencias Ordenadas
por Similitud a una Solucién Ideal (TOPSIS, por sus siglas en inglés), la cual
considera a cada una de las alternativas como un punto en el espacio euclidiano
y genera una alternativa idealizada en funcion del grupo de valores en las
alternativas. Después se estima la distancia euclidiana que existe de cada una de
las alternativas en evaluacion a la alternativa ideal, eligiendo aquélla que tenga
la menor distancia, ya que indica que se tiene un mayor indice de semejanza.

En el caso presentado se evaltan los siguientes atributos o caracteristicas:

Costo inicial del tractor. Medido en dodlares, y evidentemente valores
pequenos son deseados.

Potencia. Medida por los caballos de fuerza, y valores altos son deseados.
Numero de cilindros. Medida por el nimero de cilindros en el motor, ya
que puede representar una medida mas de la potencia. Valores bajos son
deseados.

Volumen. Es la cantidad de centimetros ctibicos del motor, y se desea
minimizarlo.

Seguridad del operador. Es una medida cualitativa y se obtiene de la
opinion de los evaluadores. Valores altos son deseados.

Servicio posventa. Es un atributo cualitativo y se obtiene de la opinion de
los integrantes del grupo de decision. Valores altos son deseados.

Las ventajas del modelo multicriterio aqui presentado son las siguientes:

Se hace uso de software estadistico tradicional, tal como Excel, que se
encuentra instalado en casi cualquier equipo de computo, por lo que no se
requiere de invertir en software especializado.

Son los propios granjeros los que realizan la evaluacion, dado que son
quienes conocen sus necesidades y por tanto no se requiere de la
contratacion de personas expertas que pudieran omitir atributos
importantes para el analisis y el entorno.

En base a los dos puntos anteriores, el costo incurrido en el andlisis y
proceso de toma de decisiones es muy bajo, ya que no se requiere software
especializado y son los propios granjeros los que lo realizan.
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5. Conclusiones

En este informe de tesis se han presentado cinco modelos multivariables, cuatro
de los cuales son modelos predictivos basados en ecuaciones estructurales y otro
presenta una propuesta de evaluacion multiatributos de tecnologia agricola. En
base a los resultados obtenidos de los modelos aqui propuestos, las conclusiones
son las siguientes:

Las empresas deben realizar la seleccion de las variables que son mas
importantes para sus procesos productivos y siempre mediante analisis
estadisticos eficientes, donde se puedan obtener métricas de la eficiencia.
Durante el andlisis de la informacién obtenida de los procesos
productivos, siempre debe realizarse algun tipo de validacion de las
variables que se integran en los modelos, ya que de lo contrario éstos no
seran validos y su capacidad de prediccion y de reflejar la realidad sera
bastante reducida.

El analisis factorial es una técnica que permite la reduccion estadistica de
las dimensiones, permitiendo identificar las variables o factores que son
mas importantes durante el proceso de seleccion de variables mas
importantes, a las que frecuentemente se les llama factores claves del éxito
o variables latentes. Especificamente, ha permitido identificar que los
principales beneficios obtenidos de una correcta implementacion de JIT
son los asociados a la administracion de inventarios, satisfaccion de los
recursos humanos y calidad del producto.

Los modelos de ecuaciones estructurales son una técnica que puede ser
usada en el andlisis de causalidad de los factores o variables latentes que
pueden tener los procesos productivos y las cadenas de suministro, ya que
permite identificar los efectos existentes entre las mismas.

El analisis mediante modelos de ecuaciones estructurales de la demanda,
los proveedores y los recursos humanos empleados en la industria del
vino, permite determinar su nivel de importancia y el impacto que tiene
en los beneficios econdmicos de las empresas vitivinicolas de La Rioja, lo
que permite identificar variables criticas y triviales, facilitando el proceso
de toma de decisiones de los administrativos.

Los modelos de ecuaciones estructurales constituyen una herramienta que
ha permitido de manera sencilla el modelado de procesos de innovacion
y desarrollo de nuevos productos, analizando las caracteristicas del
producto, del proceso de produccion y de la organizacion, asi como su
impacto en los beneficios que puede obtener la empresa y los clientes, lo
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que permite identificar las actividades criticas del éxito. Ademas, esos
modelos son intuitivos y faciles de interpretar, ya que ofrecen métricas de
la eficiencia del modelo y su capacidad predictiva.

La técnica de AHP en el proceso de seleccion de tractores ha permitido la
identificacion y ponderacion de los atributos mas importantes en el
proceso de seleccion de tecnologia agricola, especificamente de un tractor.
Dicha técnica, aunada a TOPSIS, ha permitido realizar de manera sencilla
la evaluacion y seleccidon de un tractor de un conjunto de seis, basada en
la semejanza a una solucion ideal. El beneficio del modelo hibrido AHP-
TOPSIS ha permitido que sean los propios granjeros los responsables del
proceso de seleccion, sin necesidad de recurrir a un experto externo y sin
requerir el uso de software especializado.

5. Conclusions

In this thesis five multivariate models are presented, four of which are predictive
models based on structural equations, and the other one is a multi-attribute
model for agricultural technology. Based on the results of models here proposed,
the conclusions are as follows:

Companies must make and adequate variable selection related their
production processes and always through efficient statistical analyses,
where it is feasible to obtain metrics about the efficiency.

During the information analysis related to a production line, always a
validation process must exist for every variable that is integrated into the
models, because otherwise they will not be valid and their predictability
and capability to reflect the reality would be very limited.

Factor analysis is a technique that allows statistical reduction in
dimensions, allowing to identify the variables or factors that are most
important during the process of selection of most important variables,
which often are called critical success factors or latent variables.
Specifically, it has identified that the main benefits from a successful JIT
implementation are associated to inventory management, human
resources satisfaction and product quality.

The structural equation modeling is a technique that can be used in the
analysis of causal factors or latent variables that can have production
processes and supply chains, allowing to identify existing effects between
them.
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The analysis by structural equation models of demand, suppliers and
human resources employed in the wine industry, to determine their level
of importance and impact on the economic benefits of wine companies of
La Rioja, allows to identify critical and trivial variables, facilitating the
process of decision making by managers.

The structural equation modeling is a tool that allows to simply modeling
processes of innovation and new product development, analyzing the
product, the production process and organization characteristics as well
as their impact on benefits for company and customers. It permits us to
identify the critical success activities. Moreover, these models are intuitive
and easy to interpret, because they offer efficiency metrics for the models
and its predictive ability.

AHP technique in the tractor selection process has allowed the
identification and weighting of the most important attributes in the
selection process of an agricultural technology, specifically a tractor. This
technique, combined with TOPSIS, has allowed a simply evaluation and
selection of a tractor of a set of six, based on similarity to an ideal solution.
The benefit of the hybrid model AHP-TOPSIS has allowed the farmers
themselves to develope the selection process, without requiring an
external expert and without requiring the use of specialized software.
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ABSTRACT

The wine industry is one of the most important income sources in the autono-
mous community of La Rioja in Spain, and this report is aimed to identify and
measure the effect of the latent variables such as Demand, Suppliers, Quality and
delivery time on Financial profits for wineries. Latent variables were integrated by
the observed variables, and a questionnaire was given to 64 wineries in La Rioja,
Spain. A descriptive analysis appears for indicators and latent variables were
related using structural equation modeling. The results indicate that there is not a
direct effect between an efficient Demand forecasting and Suppliers on the Finan-
cial profits for wineries, but there are indirect effects through a Quality and delivery
time, the most important variable being analyzed. Managers in wineries must
focus their attention on Quality and delivery time to costumers, while having a
direct relationship with suppliers.
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PRACTICAL APPLICATIONS

Winery managers must make an effort to have a fast prediction of variants in
the forecast and adjust the order to suppliers and production process so that the
supply chain can be more agile and with quality and timely deliveries with the
final result being the company’s financial profit. An agile supply chain with quality
products seems to be insignificant for managers in wineries.

problems along all subsequent activities (Lester 1998;
Poolton and Barclay 1998); hence, synchronization and con-

INTRODUCTION

A supply chain (SC) is composed of several companies that
are involved directly or indirectly with satisfying the cus-
tomer’s requests with a product or service. This definition
includes not only the manufacturer of the finished products
and the supplier components but also transporters, ware-
houses, retailers and even the customers themselves (Styles
etal. 2012). For instance, for a wine company, the SC
includes activities that are associated with a supplier’s selec-
tion process, receiving raw materials in warehouses, the
movement of parts within the production process, and dis-
tribution and delivery of wine to the final customers.

In an SC, there are flows of materials, information and
financial resources (Sun and Wing 2005); however, a low
level or suspension in material flow causes a number of

Journal of Food Process Engineering ee (2015) ee—ee © 2015 Wiley Periodicals, Inc.

tinuous flow are vital for companies.

In a consumable product, the SC is a complex network
that integrates the same industrial SC components (global
or transnational) with a well-defined production system,
transportation and distribution, and even a waste recycling
program (Hair et al. 1987; Giaquinta 2009). Particularly,
the SC of fresh produce from agriculture is widely studied
from a global point of view since their unavailability has
serious consequences (Kock 2013). In the case of wine, it
requires a continuous flow throughout the year; poor
logistics applied to it surely demerits the quality (Liu et al.
2013). In other words, the freshness and safety of agricul-
tural products are lost with time (Farrell 1957; Tastle and
Wierman 2007).
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Abstract: This research proposes a structural equation model (SEM) that integrates four latent variables: human resources
(HR) skills and availability, production process, agility, and customer satisfaction for wineries that together include fifteen
observed variables. Data was obtained from 64 surveys applied to managers in wineries in La Rioja, Spain. Direct, indirect
and total effects are analyzed to prove six hypotheses that relate the aforementioned latent variables. Results indicate that
HR skills and production process are a source of agility in supply chain for wineries in La Rioja and thus, a direct and indirect

source of customer satisfaction.

Keywords: SC agility; Customer satisfaction; Wine supply chain; Human resources

INTRODUCTION It is recognized that these actors and task do play a

. . key role in SC performance and there is a discussion related
Effective supply chains (SC) are a source of

. . ) . to identify in a specific way how and why they affect the
competitiveness for companies nowadays in globalized

. o . performance of companies in their own environment [5], but
commerce [1]. Traditionally, a supply chain is defined as

e . . due SC is considerate as a source of competitive advantage,
the sequence of activities involved in the life cycle of a

. . . . . managers are looking to maximize their operations and a lot
product, integrating design, production process, its

s . . research are focused on the identification of critical success
distribution to costumers and sometimes, reverse logistics

. factors (CSF). For example, Soin [6] identified fourteen CSF
[2]. Then, SC cover several tasks as raw materials

) ) in Australian companies using factor analyses, those factors
procurement, manufacturing processes in the company,

o include: human resources, flexibility, agility,
product storage, distribution to end costumers [3], and a lot

communication among members, regional infrastructure as
actors are been part of that SC.

. . . . roads, railways, and government participation as facilitator
Companies always are trying to have effectiveness in

. . . . ) and public administrator of several infrastructure.
their SC for gain operative and marketing benefits, then they

. . Once the CSF are identified, then companies can
make efforts to have an integration between members and

. . . follow a plan or strategy for have a better performance in SC
fortunately, that is a research area that is of interest for

. . . . and as consequence, in financial income. Nevertheless, there
researches, academics and industrials. Those activities

. . is no consensus about the list of CSF for a company, because
integrated in SC must be adequately managed and a new

. those factors can be influenced by their context,
term has emerged, supply chain management (SCM) [4].

L . . governmental policies, and education, among others. Some
However, those activities are aimed to have a fast delivery

. . ) . researchers recommend that SC must be in constantly
to costumers for a better satisfaction and that is way SC is a

. changing and evolving with synchronization among all
source of competitive advantage.

partners, aimed to reduce cycle time, integrate the logistics
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processes with customer and demand, coordinate and
simplify logistics decisions among members with shared
information, and having joined indicators [7].

For have a low or reduced SC cycle time, companies
require human resource motivated, highly trained and with
different skill for keep materials flowing along the
production process [8]. But a company can have a lean
production process with low lead time, but the information
and communication technology is poor with other partners,
reducing its agility. Other reason for low agility frequently
is the services and regional infrastructure provided by
governments [9].

However, the latest SC findings related to agility,
human resources, production process and customer
satisfaction are reported from a manufacturing context, an
very special sector. Other companies in different context
maybe must have different requirements and the wine
industry has its own SC, requiring special conditions for raw
material supply due to its perishable nature, production
process with high quality standards since wine is a
consumable product, special storage and distribution to
guarantee quality [10, 11]. Specifically, in La Rioja (Spain)
wineries are the most important industry, having a high
regional economic importance and this paper is aimed to
study the SC for that sector, analyzing three CSF associated
to human resources, the production process and agility,
impacting or having a direct or indirect effect on customer
satisfaction.

This research is a continuation from others, where the
human resources skills and training was analyzed [12], as
well as demand and suppliers in wine SC [13]. The model
here presented proposed a structural equation model that is
aimed to find a quantitative measure related the impact
among the variables analyzed, because for example, all we
know that there is an effect among human resources and
customer satisfaction in SC, but the main contribution of this
paper is that appears an effect size related to its quantity.
The items integrated in every latent variable come from a

manufacturing context and are adapted to wine sector.
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Statistics of La Rioja Wine

La Rioja is an Autonomous Community of Spain and
is considered as the most important wine producer in that
country and due to the economic importance of that sector,
there is a Regulatory Board (RB) called Denominacién de
Origen Rioja, a governmental institution that is responsible
for wine certification, generates and diffuses statistics
concerning the product. Some important statistics for wine
in that region according to that institution are as follow:
In 2012 there were 61,840 hectares dedicated to wine, which
represented 253.44 millions of liters of wine produced.
In 2013 a total of 195.48 millions of liters of Rioja wine were
sold, 138.68 millions were a domestic consumption and
56.800 millions were exported to other countries as in
European Union, as United Kingdom, Germany, United
States, Switzerland and Sweden.
In 2014 La Rioja relied on 233 winemakers, 28 cooperatives,

and 132 wine harvesters.

THEORY, HYPOTHESES AND MODEL PROPOSED

Human Resources in SC

HR are key factors for success in a company [14] and
also for SC, because a lot activities depend from them and
constitute a resource that must adequately managed as the
most important value in a company [15]. Recent research
findings declare that HR must be considered a competitive
advantage for obtain quality in product design, production
process, marketing and product distribution, and that is
because they are present in all SC as managers, supervisors,
and operators in production line [16, 17].

Currently there are a lot research reporting the
importance of HR in production systems, but most
experiences come from the manufacturing sector. For
example in Cech et al. [18] appears an analysis for the role of
HR in Chinese manufacturing companies and Jabbour et al.
[19] are reporting the role of HR management and lean
manufacturing from Brazilian automotive industry.
Fortunately, recently the HR role in other sectors is been

studied, for example in Pasaoglu [20] appears an analysis

applied in banking sector.
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In a more specific way, the role of HR applied to SC
appears in recent studies [21] and authors as Alfalla-Luque
et al. [22] introduced a list of 28 factors that affect the
integration of a SC and declare that the most important are
related to managerial commitment (high staff) and HR
related to operators (low staff). Another research indicate
that effective communication between HR is also important
[23], but sometimes information and communication
technology is indispensable. Lengnick-Hall et al. [16] have
pointed that HR are crucial for successful performance of
SC, since they are responsible for planning, execute and
define every strategy implemented and that is why the
success or failure in a SC can be associated to HR.

But the question is: how to gain the best benefits from
HR in a SC? The common response is given them the best
training and education, so tey can know tools,
methodologies and technique for fast problem solutions [24]
and with high sense of responsibility. Sometimes it is
important that companies in association with local and
regional universities to offer specialized courses according
to their needs in special context. When there is not human
resources in the region or with required skills, then
companies have two options, which are costly: preparing a
training program for recruiting new personnel or hire staff
from another region, that usually that represent other social
cost.

Specifically for La Rioja wine sector, there are studies
that demonstrate that there is a need for training in human
resources , but after that process, it is important to start a

program for keep that personnel and warrantee the

knowledge transfer process [25].

SC Agility

According to Swafford ef al. [26], SC agility can be
defined as the application of competitive bases in
production process, that usually are related to speed,
flexibility, innovation proactivity, quality, and profitability,
always integrating the available resources and best practices
for provide to customer an end costumer a product or
service in current globalized market. Agility is not a new
concept, it is an evolved concept from adaptability from a

company [27] and frequently is confused with flexibility.
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But nowadays, agility is associated to speed and
adaptability to flexibility [26]. Those two concepts are
present in wine industry, because the manager also wants to
have fast response to customers in great variety of products
for different preferences and tastes.

In current market conditions, almost every company
wants to be agile and SC is the best way for reach that goal,
but the problem is how to measure the agility and which
elements can increase it? What tasks are important for
managers? Specially, the agility is important in agricultural
products as the wine that require special conditions for
storage and distribution, where transport must be done fast
at special temperature [10]. Recent studies report that agility
is associated with HR, their abilities and skills, but also the
transfer technology [28, 29] and there are some other
research focused in critical success factors identification for
agility [30] and consequence, some models for measure the
agility have been proposed, as for example: Lin et al. [31]
have proposed a model based on fuzzy logic, while
Harrison et al. [32] have proposed a structural equations
model, all them integrating the HR as main variables in the
model.

SC for wine also requires in its own special context the
identification of critical source of agility and then we
proposed the following hypothesis:

Hi. Skills and Awvailability of HR in wineries have a

direct and positive impact on SC Agility.

Production Process
In a production process the raw material is transformed into a
finished product, for which several techniques and methodologies
are applied by operators using adequate machinery and equipment.
The production process efficiency depends on several factors, but
one of the most important is the HR, and even some authors
propose the philosophy of triple p (personnel, production,
product), whom ensures that well-educated and trained HR are
capable of providing adequate production processes, for finally
obtain products with quality [33].

Unfortunately, the benefits gained form human resources
and their impact on production processes has been extensively
studied in a manufacturing environment, such as for example,

Blaga and Jozsef [34] state that the best way to increase resource
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and activities efficiency within the production process is to
improved education and training of employees, who really work
in operational lines. Also, Martinez-Jurado et al. [35] have
analyzed the role of human resources within the lean
manufacturing philosophy and since it is seen as a philosophy,
then it always depends on human resources and their skills.
Similarly, there are studies analyzing the impact of HR on quality,
which is the product of the production process [36].

Specifically, in the wine sector of La Rioja, it has been
identified in previous studies the need for proper training of human
resources [12] and also that is required adequate knowledge
transfer, operational and administrative [25].

Therefore, and in order to explore the role of HR in the wine
production process, the following hypothesis is proposed:

Ho. Skills and Availability of HR in wineries have a

direct and positive impact on Production Process.

Currently in a production process, to ensure that there
is a constant material flow, it is common to find information
systems such Material Requirements Planning (MRP),
Manufacturing Resource Planning (MRP II) software as SAP
and Radio-Frequency IDentification (RFID) [37], which
always provide more visibility to SC, so problems are
quickly identified and fixed, which can be translated into
more agility. Those and other technologies applied to the
supply chain environment are commonly called information
and communications technology (ICT) [38, 39].

Also, it is in the production process where lean
manufacturing techniques are applied, which as seek to
reduce the cycle time of a product within the company,
delivering products on time and quality [40, 41]. Some of
these techniques are the Single-Minute Exchange of Dies
(SMED), which seeks to have short setup times between one
product and another; Total Preventive Maintenance (TPM)
looking to have the machinery and equipment in good
condition to avoid delays due to breakdowns thereof,
among others aimed to keep flow materials.

In order to assess the impact of production processes
of the wine industry in agility thereof, the following
hypothesis is proposed.

Hs. Production Process in wineries has a direct and positive

impact on SC Agility in wine companies.
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SC Performance and its Metrics

For improve a process, it is important to measure it
first, and agility also must be measured from a quantitative
and qualitative way. Fortunately, several research have
proposed different indexes and methodologies for measure
the agility; for example, Hassini et al. [42] propose the use of
marketing performance, politics and regulations, movement
of materials, product development, production process
capacity, procurement and operations, transport and
logistics indicators, as well as environmental and social
metrics. However, a simplified classification can be referred
to economic metrics [43-45], environmental metrics [43-
46], and social metrics [45, 46] in SC agility. But here is
important to remember that the most important metric for a
manager is the financial income [47], expressed as sales
growth, profitability, and inventory turnover and cash flow
[48].

Other classification or taxonomy are the metrics
related to non-financial performance based in operational
efficiency of SCs in terms of flexibility, agility, and customer
service, which are also crucial elements. According to last
paragraphs, operative benefits in SC can have different
sources, and the most important is associate to HR and their
abilities , because they can support sustainability that is
transformed in economic performance and survival for the
company [11], and give a real orientation to SC as a strategy
[16].This allows us the proposal of the following working
hypothesis.

Ha. HR Skills and Availability have a direct and positive
impact on the SC Operational Performance of wineries.

Another source of SC operational performance is
agility associated to speed of response [26]. Any company
capable of quickly adapting to changes from customer
demand for sure will get more operational benefits [49] and
the wine industry is a sector that must be attending the
different suggestions from customer, because is a product
that is necessary to taste and approved [50]. Hence, in order
to contribute to this discussion, the following hypothesis is
proposed.

Hs. SC Agility of wineries has a direct and positive

impact on SC Operational Performance.
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In a production process information and
communication technologies, machinery and equipment are
focused to gain benefits for SC, because a good TPM
program for sure mean low lead time [50], an efficient
SMED program mean that there is low time for setup
between a design and another [51]. Also, the use of
Computer Aid Design (CAD) mean low time for design and
product conception [52], and high quality in product mean
that there is not product reject or complain from customers
[53].

As it mentioned above, no doubt that all those lean
manufacturing tools are focused to get some operational
benefit for the company and SC, so the following hypothesis
is proposed for wine industry context:

He. Production Process has a direct and positive impact

on the SC Operational Performance in wine companies.

Figure 1 illustrates the relationships among variables in

//—_\
Figure 1. Initial model
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previously reported by the authors in another papers for
modeling demand and suppliers [13], analyzing the impact
of green attributes in SC [54], analyzing the impact of
traditional practices in SC performance [55], among others.
The methodology is based in structural equation models

and is described as follow:

Survey Development

In 2014 La Rioja had 233 winemakers identified, the
main source of information for this research, then a
questionnaire is designed based on literature reviewed to
find the items or variables that integrate every latent

variable here analyzed that appears in Figure 1: HR Skills

215

and Availability contained three items, while SC Agility
included four items, Production Process with three items
and SC Operational Performance included four items. Such
organization is described as follows:

HR Skills and Availability: Education and skills of HR
[6, 12, 25, 56, 57], Availability of HR in the region [6, 12, 16,
25, 58], Level of experience and competence of HR [8, 12, 22,
25].

Production Process: There is a reliable production
process [34], Lean manufacturing tools are utilized (TPM,
SMED, TQM) [59], ICT are wide used in production process
(MRP, MRP 1II, SAP, RFID) [60-62].

SC Agility: Low cycle time [63], Low Lead time [64, 65],
Fast response to customers [66], High level of product
customization [67, 68].

SC Economic Performance: Deliveries are on time [69],
deliveries are always with full orders [70], product meet the
quality specifications [71], complains related to product [69].

The questionnaire is divided into two sections, the
first one is focused to get demographic information related
winemakers and the second one has the items described
before. Answers must be answered in a Likert scale with
values between one and five, one indicate that the task or
items never is executed or the benefit is not obtained, but a
five indicate that the task or item is always executed or the

benefit is always obtained by winemakers.

Data Collection

The population of winemakers is 233 in La Rioja (Spain) and
everyone is contacted via email, inviting them to participate
and requesting a face to face interview. When a first meeting
for interview is not possible, a second one is proposed
fifteen days later. After three impossible meetings, the

interview is discarded.

Data Capture and Questionnaire Validation

Data is collected using SPSS 21® and before validation
process, a data screening is performed for detect missing
and outliers values, that are replaced by median [72]. A
value is considered outlier or extreme if its absolute

standardized values is bigger than 4.
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For validation process, several indices are estimated,
as for example:
Internal consistency is evaluated using the Cronbach’s alpha
coefficient and the composite reliability index [73],
considering a minimum cutoff value of 0.7 [74].
For parametric predictive validity the R-squared and
adjusted R-squared are estimated, but for non-parametric
validity, the Q-squared is performed.
For collinearity problems among items in a latent variable,
the variance inflation factor (VIF) is estimated, accepting
values lower than 3.3 [75].
For discriminant validity, the average variance extracted

(AVE) is estimated, accepting values bigger than 0.5 [76].

Descriptive Analysis

Once the validation process confirm that information
is valid for data analysis, median value for every item is
estimated as a central tendency measure, where low values
indicate low importance for that task or that benefit is not
gained, while high values indicate a lot importance for that
item or that benefit is always performed or gained.

Also as deviation measure, the interquartile range (IR)
is estimated using the difference between percentiles 75t
and 25%.  Low values in IR indicate that there is consensus
among responders related the values for that item or

benefits, while high values in IR indicate little consensus

among respondents [77].

Structural Equation Model

For validate and test the hypotheses in Figure 1, the
technique named structural equation model (SEM) is used
due its wide application in SC models with different
applications as in humanitarian SC [78] and green partner
selection [79], but for a recent literature review, please read
Kaufmann and Gaeckler [80].

Software WarpPLS 5.0® is used for modeling
because is based on Partial Least Squared (PLS) algorithms,
widely recommended for low sample sizes, non-normal

data or data from surveys that are answered subjectively

[76]. The model efficiency is evaluated using four index:
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average path coefficient (APC), average R-squared (ARS),
average variance inflation factor (AVIF), and Tenenhaus
goodness of fit index proposed by Kock [81]. For APC and
ARS there are p-values associated and the maximum value
accepted is 0.05, indicating that the inferences related the
hypotheses are done with 95% of confidence level. For
AVIF, the maximum value accepted is 3.3 and for
Tenenhaus index values, it should be higher than 0.36 [76].

In the final SEM, three effects are measured: (1) direct
effects (appear in Figure 1 as arrows from one latent variable
to another), (2) indirect effects (given through other
variables), and (3) total effects (the sum of direct and indirect
effects between latent variables). For test the statistical
significance for every effect, the associated P-values are

analyzed, accepting 0.05 as maximum value.

RESULTS

After three months applying the survey to winemaker from
La Rioja (Spain), sixty-four valid questionnaires were

analyzed, that represent 27.46% of total population.

Questionnaire Validation

The validation indices for every latent variable
appears in Table 1, and according to R-squared and
Adjusted R-squared values we conclude that there is
parametric predictive validity, and that is confirmed by the
Q-squared values as a non-parametric measure. Observe
that R-squared and Q - squared values are similar,
confirming the predictive validity.

Related the internal consistency and composite
reliability in latent variables, it is observed that everyone
have values higher than 0.7, indicating that accepted
parameters, and also for convergent validity, the indexes
associated to AVE are bigger than 0.5 and that mean that
enough variance is extracted from every latent variable.
Finally, related the collinearity problems, the AVIF values
are lower than 3.3 and therefore there is not collinearity
problems.

According to all values in Table 1, posterior analysis can be

done to the information and items in every latent variable.
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Table 1. Validation Indexes of the Questionnaire

Production
Coefficient SC Agility SC Operational Performance HR Skills and Availability
Process
R-squared coefficients 0.481 0.686 0.175
Adjusted R-squared coefficients 0.464 0.670 0.162
Composite reliability coefficients 0.927 0.835 0.900 0.840
Cronbach's alpha coefficients 0.901 0.732 0.834 0.720
Average variances extracted 0.718 0.564 0.751 0.725
Full collinearity VIFs 2.696 3.349 1.803 1.535
Q-squared coefficients 0.489 0.692 0.185

Descriptive Analysis
A descriptive analysis for items in latent variables

appear in Table 2, where items are sorted in a decreasing

way according to the median value. The parameters
illustrated are the first (Q1), second (Q2), and third (Q3)

quartile, as well as interquartile range (IR) values.

Table 2. Descriptive Analysis of Items Included in Latent Variables Analyzed

Latent Variable Q1 Q: Qs IR
Availability of human resources in the region 354 428 487 133

HR Skills and Availability Level of experience and competence of human resources 332 411 477 145
Education and skills of human resources. 337 402 464 127

Lean manufacturing tools are utilized (TPM, SMED, TQM) 3.61 431 488 1.28

Production Process

ICT are wide used in production process (MRP, MRP II, SAP, RFID 333 416 4.80 1.47

There is a reliable production process 280 384 465 185

High level of product customization

Fast response to customers
SC agility
Low cycle time

Low lead time

323 395 463 140

312 381 454 142

295 370 447 152

Complains related to product

SC Operational Performance — Deliveries are on time

333 416 480 147

Deliveries are always with full orders 295 390 470 175

Product meet the quality specifications 280 384 465 1.85

Analyzing the information contained in Table 2 it is e

observed the following:

In relation to HR Skills and Availability latent variable, the
most important item in accordance with their magnitude in
the median, it is associated with the availability of human
resources in La Rioja region, as it has a median of 4.28, which
also has the smaller IR, indicating that there is consensus in
relation to its value. Note that in this latent variable all items
analyzed has a median greater than 4, indicating that the

items in related to HR are very important.

In relation to the latent variable called Production Processes,
it is noted that only two of the three items have median
higher than four and that the most important item in
relation to the median value is related to the use of lean
manufacturing tools, such as TPM, SMED and TQM, which
help to maintain the continuous flow of materials through
the production system. Similarly, it appears that this item is
the one with the least value in IR, so there is a consensus in

relation to its value.
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The latent variable associated with SC Agility shows that e

only one of the five items has a median equal to four, while e

the others four items are below that value, but higher than

three. This indicates that agility is important for SC in the

opinion of the respondents. The most important in this

latent variable in relation to the median value item is the e

level of customization that has the product, but the item
with more consensus is that associated with the rapid
response to customers because it has the smallest value in
IR.
Finally, in latent variable called SC Operational Performance,
it is observed that the most important item is the low
number of claims from customer, the only item with a
median higher than four, and has the smallest of the IR
estimates, since the other three items that make it up have
less than four on the median, but higher than three.
Structural Equation Model

After running the SEM according to the methodology
described above, the results observed in Figure 2 are
obtained. Note that for each relationships between latent
variables appears a beta () value and their respective p-
value for test the statistical significance. Also, in every
dependent latent variable it is a R-square value, which
indicates the amount of variance that is explained by the

independent variables that explain it.

R2=0.48

7 /\\\ p=0.537 //\ ;

/ HR Skills and (P<0.001) -
Availability // SC Agility

B=0.230 _—
P=0.025] =0.
$=0.419 ¢ ) (P<0.001)

(P<0.001)

p=0.112 - .

=i

P=0.177
(opduction { ) C Operatiosh
(P=0.031) 5

R2=0.18 R2=0.69

Figure 2. Evaluated model

Efficiency indexes of the Model

The model in Figure 1 is evaluated according to
methodology described using the WarpPLS5, and the
efficiency index tit are as follow:
Average path coefficient (APC)=0.350, P<0.001
Average R-squared (ARS)=0.447, P<0.001
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Average adjusted R-squared (AARS)=0.432, P<0.001
Average block VIF (AVIF)=2.025, acceptable if <= 5, ideally
<=3.3

Average full collinearity VIF (AFVIF)=2.346, acceptable if <=
5, ideally <=3.3

Tenenhaus GoF (GoF)=0.555, small >= 0.1, medium >= 0.25,

large >=0.36

Three of the last six indexes have a p-value associated,
APC, ARS and AARS, all then with values bigger than 0.2
and then is conclude that the predictive validity is passed,
because the p values are lowers than 0.001, assessing it with
more than 99% of confidence level. For VIF and AVIF, the
values are lowers than 3.3, indicating that there is not
collinearity problem among latent variables. Finally, the
Tenenhaus index of goodness of fit shows a value of 0.555,
higher than 0.36 considered as large an adequate. With that
information is conclude that the model is statistically
suitable and effects between variables can be analyzed.
Direct Effects

Direct effects are used for test the hypotheses in Figure
1. Based in results obtained and showed in Figure 2 it is
possible to state the following conclusions, where five
hypotheses are accepted (solid lines) and one rejected (dash
line).
Hi. There is enough statistical evidence to point out that HR
Skills and Availability in wine companies have a direct and
positive impact on SC Agility, because when the first latent
variable increases its standard deviation by one unit, the
standard deviation of the second latent variable increases by
0.537 units.
Ho. There is enough statistical evidence to declare that HR
Skills and Availability in wineries have a direct and positive
impact on Production Process, since when the first latent
variable goes up by one standard deviation, the second one
increases by 0.419 units.
Hs. There is sufficient statistical evidence to state that
Production Process in wineries has a direct and positive
impact on SC Agility of wineries, since when the first latent
variable increases its standard deviation by one unit, the

second latent variable increases by 0.230 units.
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Ha. There is not enough statistical evidence to state that HR
Skills and Availability in wineries have a direct and positive
impact on SC Operational Performance, since the P-value
associated to the beta parameter is 0.177, higher than 0.05.
However, this hypothesis must be analyzed late using the
indirect and total effects.

Hs. There is enough statistical evidence to affirm that SC
Agility has a direct and positive impact on SC Operational
Performance of wineries, since when the first latent variable
goes up by one standard deviation, the second one increases
by 0.584 units.

Hs. There is sufficient statistical evidence to declare that
Production Process in a winery has a direct and positive
impact on SC Operational Performance, because when the first
latent variable increases its standard deviation by one unit,
the second latent variable increases by 0.220 units.

In Figure 1 and Figure 2 appears that SC Agility and SC
Operational Performance are explained by more than one
independent latent variable and have a R-squared
associated. The question here is to determine the amount of
variance explained by every independent latent variable,
and in this case SC Agility has a R-squared value R>=0.48,
which is explained in 0.358 units by HR Skills and Availability
and 0.116 units by Production Process, indicating that for SC
Agility the HR are the most important because can explain
more variance.

Similarly, latent variable SC Operational Performance
shows a R-squared value R?=0.69, but 0.47 comes from SC
Agility, 0.138 comes from Production Process and 0.078 comes
from HR Skills and Availability. Observe that in this case, the
amount of variance from SC Agility is the bigger and the
most important, while the variance explained by HR Skills
and Availability is the smaller and the direct effect was

statistically not significant (dash line).

Sum of Indirect Effects

An indirect effect between two latent variables is
given through a mediator variable, using two or more
segments. For example, HR Skills and Availability can have
an indirect effect on SC Operational Performance using SC
Agility as mediator. The analysis of this kind of effects is

very important because sometimes can show hide
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relationships. In this case, Table 3 shown the indirect effect
among latent variables and can be observed that all indirect
effects between latent variables are statistically significant,
since all P-values are lower than 0.05.

Remember that hypothesis 4 (Hs) was rejected when
analyzing the direct effect between HR Skills and Availability
and SC Operational Performance. But analyzing the indirect
effect between those latent variables, it is statistically
significant and is the bigger one in Table 3, indicating that
those variables has a relationship but using as mediator to
SC agility and Production Process. The sum of indirect effect
is 0.462 and that mean that when HR Skills and Availability
increase its standard deviation in one unit, the SC
Operational Performance goes up by 0.462 units, explaining

the 32.1% of variance (ES=0.321).

Table 3. Sum of Indirect Effects

From
HR Skills and Production
to Availability Process
0.096 (P=0.021)
SC Agility
ES =0.064
SC  Operational ~ 0462 (P<0.001)  0.134 (P=0.001)
Performance ES=0.321 ES =0.084
ES= Effect size
Total Effects

The sum of direct and indirect effects is called the total
effects and Table 4 illustrates them. For the model evaluated
in this research, such effects are illustrated in Table 4, where
it can be observed that they are all statistically significant,
since the P-value is lower than 0.05 in all cases.

Also in Table 4 appears the effect size (ES) for every
relationship between latent variables. According to the beta
values, the bigger total effect is 0.634, between HR Skills and
Awailability and SC Agility, and that mean that when the first
latent variable increases its standard deviation in one unit,
the second one goes up by 0.634 unit. Another important
total effect according to its value is given between HR Skills
and Availability and SC Operational Performance with a value
of 0.575 and its importance is because the direct effect tested

in hypothesis 4 (H4) was rejected, but the indirect an total
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effect is statistically significant. Also is important to declare
that the first latent variable can explain the 39.8% of variance
in the second variable, indicating the importance of
mediator variables in that relationship.

Regarding the effect size in total effects, the biggest
value is associated to the relationship between SC Agility
and SC Operational Performance with 0.470, indicating that
the first latent variable can explain the 47% of variance in

the second variable.

Table 4. Sum of Total Effects

From
HR Skills
To sC Production
and
Agility Process
Availability
0.634 0.230
SC Agility (P<0.001) (P=025)
ES =0.422 ES=0.122
0.584 0.575 0.354
SC Operational
(P<0.001)  (P<0.001) (P<0.001)
Performance
ES=0470 ES=0.398 ES=0.223
0.419
Production
(P<0.001)
Process
ES=0.175

ES=Effect Size

CONCLUSIONS AND INDUSTRIAL IMPLICATIONS

Analyzing the findings obtained in Figure 3, then the
following conclusions and industrial implication can be
proposed:
HR Skills and Availability are the base for get a SC Operational
Performance, although in Has was demonstrated that the
relationship is not significant statistically analyzing only the direct
effect, but when the indirect and total effects are analyzed, then
there is a significant effect. Those demonstrate that the Production

Process and SC Agility are important mediator latent variables.

the production process using their knowledge. Similar results are
reported by Ployhart et al. [82] in the service context, Sherehiy
and Karwowski [83] in small manufacturing enterprises, among
others. Usually agility is associated to human resources and
information and communication technology [84] and that is a
possible future research in the wine context. .

SC Agility is the main source of SC Operational Performance
since the direct effect that appears in Figure 2 is the biggest. Then,
managers that want to have a low complains rate from customers
and deliveries on time, must focus their attention in improve the
product customization level, give a fast response to customers and

having a low cycle time.

FUTURE RESEARCH

This research have integrate only four latent variables
in the analysis due to parsimony, then in future research is
proposed the next:

To integrate a latent variable associated to Information and
Communication Technology, because that production
process is much automated.

To integrate a latent variable associated to quality,
separating it from the production process variable.

To integrate a latent variable associated to government,
because in La Rioja (Spain), they play an important role in
wine industry.
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Abbreviations

The following abbreviations are used in this manuscript:
SC: Supply chain

SCM: Supply chain management

SEM: Structural equation model

According to that findings, managers must focus their attention toARS: Average R-squared

education programs and training, in similarity to research reported
by Gil et al. [12].

Also, HR Skills and Availability are the main source of SC Agility,
since the direct and indirect effect is bigger than the effect received
from Production Process in wine industry. In another words, the

human resource are source of agility and the main factor impacting
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AARS: Average adjusted R-squared

VIE: Variance inflation factor

AVIF: Average block variance inflation factor
GoF: Goodness of fit

ES: Effect size

IR: Interquartile range

HR: Human Resources

CSE: Critical Success Factors

Qu: First quartile
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Q2: Second quartile
Qs: Third quartile
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sued. The 31 benefits are integrated in a questionnaire that is
administered to 144 production managers in maquiladoras in
Mexico to measure the extent to which they are obtained ac-
cording to respondents. One the one hand, a validation process
and descriptive analysis are carried out for every benefit by
considering their median values as a measure of central ten-
dency and interquartile range values as a measure of disper-
sion. On the other hand, data reduction was achieved by
means of a factor analysis based on principal components
and varimax rotation. Four main factors related to JIT benefits
are identified after the factor analysis, which explain 67.27 %
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nomic benefits.

>4 Jorge L. Garcia Alcaraz
jorge.garcia@uacj.mx

Department of Industrial Engineering and Manufacturing, Institute of
Engineering and Technology, Autonomous University of Ciudad
Juérez, Av. Del Charro 450 Norte. Ciudad Juarez, Chihuahua C.P.
32310, México

Department of Mechanical Engineering, University of la Rioja,
Edificio Departamental - C/Luis de Ulloa, 20 - 26004, Logrofio, La
Rioja, Spain

Department of Teaching, Educational Organization and Special
Education, National Distance Education University (UNED), Juan
del Rosal 14, 28040 Madrid, Spain

Published online: 29 January 2016

Keywords JIT benefits - Factoranalysis - Datareduction - JIT
implementation - Maquiladora

1 Introduction

Global competition nowadays forces manufacturing compa-
nies to improve customer satisfaction. Moreover, due to this
globalization phenomenon, companies have focused on re-
ducing costs, improve quality, and diversify products and ser-
vices [1-3]. However, they usually face fluctuations in de-
mand that require rapid adjustment of manufacturers to fulfill
requirements of costumers [4-6]. As a result, such
manufacturing organizations must adapt, readapt, and rede-
sign their production processes. Therefore, it can be stated that
the stability and survival of manufacturing companies in an
increasingly competitive world depend on the ability of these
firms to produce higher-quality products at a lower cost and in
allowable delivery times [2].

Research has focused on the identification of strategies that
could allow manufacturing companies to survive in the cur-
rent state of market and preserve the preferences of their cli-
ents [1, 7]. One of the most successful strategies to reach these
objectives is to provide high-quality products at reliable and
reduced delivery times in the supply chain within globalized
production systems. In fact, it is very common that compo-
nents or parts of a product are manufactured in one country,
while the final assembly is executed in another country or
region. To achieve these goals, companies have drawn upon
several techniques, methods, and strategies among which just-
in-time (JIT) has shown salient presence.

JIT makes it possible for companies to obtain the compet-
itive advantage required. Its elements are effective to respond
to current changes, speed, and efficiency demanded in the
market [8]. Furthermore, recent research indicates that JIT
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Abstract: Companies seek to stand out from their competitors and react to other competitive threats.
Making a difference means doing things differently in order to create a product that other companies
cannot provide. This can be achieved through an innovation process. This article analyses, by means
of a structural equation model, the current situation of Mexican maquiladora companies, which face
the constant challenge of product innovation. The model associates three success factors for new
product development (product, organization, and production process characteristics as independent
latent variables) with benefits gained by customers and companies (dependent latent variables).
Results show that, in the Mexican maquiladora sector, organizational characteristics and production
processes characteristics explain only 31% of the variability (R? = 0.31), and it seems necessary to
integrate other aspects. The relationship between customer benefits and company benefits explains
58% of the variability, the largest proportion in the model (R? = 0.58).

Keywords: innovation; new product development; structural equation model; company benefits;
customer benefits

1. Introduction

Nowadays, competition between companies mostly focuses on activities associated with supply
chain (SC) operations, such as the transportation of raw materials and finished products. However,
these activities do not usually add any value to products, so they are an area of significant opportunities
to reduce costs. Companies are currently looking for innovative business strategies that enable
them to approach their target markets while reducing distances, which in turn will allow them to
decrease production costs, deliver quality products in a timely manner, reduce cycle times, and thus
improve the overall product quality [1]. Companies often respond to these globalization processes
by establishing subsidiaries, especially manufacturing plants, in other countries as a means to obtain
a better geographical position to reach their markets. Benefits from this trend include appropriate
infrastructure, local skilled workforce, and low production costs, among others [2].

Subsidiaries established in Mexico are traditionally called maquiladoras [3]. The maquiladora
industry is made up of companies that depend on a parent corporation that has its headquarters
in a foreign country. The parent company identifies customer needs and market strategies, defines
the product to be manufactured, and assembles it at the maquiladoras’ plants [4]. This means that
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maquiladoras have no direct contact with the final customer or end user. Their direct customer is the
parent company itself [5].

Consequently, based on the needs of parent companies, maquiladoras are provided with a certain
amount of production capacity and with machinery and equipment for their production processes.
Likewise, they establish an organizational structure that meets the product requirements. These
organizational structures and production processes are highly specialized and can quickly respond to
changes in demand, thanks to the high training of employees and the technology installed.

In the case of Mexico, which is a facilitator or host country, maquiladoras offer competitiveness
and proximity to markets for the United States of America (USA) and Canada, which are two of
the most important worldwide [6,7]. Additionally, Mexico offers infrastructure, a trained workforce,
efficiency, education and job training, and the ability to use existing technology and high experience in
import and export processes [8].

Since Mexico signed the North American Free Trade Agreement (NAFTA) with the USA and
Canada, many companies have been established in Mexico’s northern region in an attempt to introduce
their products into these markets at preferential tax rates [3,9,10]. AMAC (Maquiladora Association,
A.C)) reported that, in 2013, Mexico catered for 5024 maquiladoras, 477 of which were located in
the state of Chihuahua, providing 373,794 direct jobs. More specifically, Ciudad Judrez now caters
for 327 maquiladoras that generate 245,000 direct jobs, and 87.8% (287 factories) of them are foreign
investment-based or really maquiladoras [11].

Unfortunately, the main markets of maquiladoras have been decreasing due to financial crises.
As a result, these companies face temporary shutdowns or technical stoppages, since the number of
working days is reduced to enable workers to keep their jobs and companies to hold on to skilled
human resources. Thus, although maquiladoras maintain their human resources, their financial income
is substantially reduced, and sometimes they stop working. This problem has forced top managers
to come up with new alternatives to develop new products that could be manufactured with the
available infrastructure, modern production systems, robust organizational structure, and skilled
human resources. This trend enables companies to increase their income, become more competitive,
and avoid the frequent loss of highly skilled workers, stopping the knowledge transfer.

Amid such a challenging context, maquiladoras often develop innovations and new products in
a way that is opposite to the traditional innovation process: they identify the customers’ needs and
requirements that can be met with the production process capacity and the organizational structure that
they have already installed, because they cannot make drastic changes to their production processes
and must be ready and attentive to the requirements of their parent companies.

1.1. The Importance of Innovation in the Magquiladora Industry

Most definitions of innovation are based on the adoption of an idea or behaviour [12], on the
development of new products [13], or on making changes in something established [14] using the right
technology [15]. Nowadays, the innovation process is key to differentiate countries and companies.
Schumpeter may have been the first economist who understood the importance of innovation and
development for any country [16]. Moreover, a recent overview of the economic importance of innovation
has found that there is a close relationship between these two variables for a country [17] and innovation
is considered as a strategy for small- and medium-sized companies that must adhere to long-term
plans [18], especially in a capitalist environment, where production and consumerism are vital [19].

Innovation and usual innovative practices are processes that can help maquiladora and other
industries whose traditional markets are saturated with traditional products. Maquiladoras usually
know what customers need and when due to long term forecasting process, but little modification to
products can be proposed using the structural organization and production processes. In spite of this,
thanks to their technical capabilities, maquiladoras can propose products with the right characteristics
in a fast way, and that is a great advantage, because unfortunately the time required for the whole
new product development (NPD) process is too long in a traditional company, but currently these
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maquiladoras have a lot experience in product changes and always must be ready to quickly switch
back to their parent companies’ requirements at any time.

Fortunately, many Mexican maquiladoras now have a product department or a product
development department that seeks to improve product characteristics through innovation practices
and some companies have even established technical development centres that provide technical
support to others in NPD. These companies seek to take advantage of their geographical location,
which is a strategy for success [9], but also a way to compete with Chinese products in the US and
Canadian markets [3]. Nevertheless, one of the most important issues concerning innovation in these
maquiladoras is the way in which different critical factors are associated with the success of NPD [20].
Therefore, this is an area that should be given special and consistent attention.

1.2. CSFs in Innovation and NPD

Because innovation and NPD for companies are a matter of strategic advantage [21], related
processes are necessary to identify their critical success factors (CSFs) or activities [22]. Several
authors have focused their attention on these CSFs. A literature review shows, for instance, that
management commitment is crucial for NPD [23,24], since managers are highly committed to their
companies’ success and survival. Other widely studied CSFs are team development skills [23] and
the internal processes that companies use to hold on to highly trained people. Likewise, authors
have addressed the processes for identifying market needs [25-27], the ability to translate those
needs into a workable design to be manufactured [26,28], and the cultural adaptations that must be
made as companies introduce the structural changes required to keep people up-to-date in a smooth
development process [25,28].

In the context of maquiladoras in Ciudad Judrez, Herndndez-Herndndez, et al. [29] recently
validated three dimensions addressed in Evanschitzky, et al. [26] as CSFs. These dimensions are
product characteristics (ProdChar), market characteristics, and process characteristics (PPChar).
Moreover, Martinez-Baeza, et al. [30] validated organizational characteristics (OrgChar) and marketing
characteristics, indicating that these CSFs are considered in NPD.

Finally, benefits gained from NPD for both customers and companies around the world have also
been identified, and several authors have presented and discussed their evidence. The most important
of these benefits are shown in Table 1. However, the question here is whether they have been obtained
by Mexican maquiladoras after innovation practices and processes.

Table 1. Benefits gained by companies and customers in NPD.

Benefits for Companies (BenComp)

References

Competitive edge
Financial performance
Innovation speed
Financial profit
Market share

Product adaptation to the environment

Adaptation to customer demands

Technological upper hand over competitors

Long-term view

Reduced product lifecycle
Market growth

Product acceptance in the market

[20,25,31-36]
[20,25,28,31-33,36]
[20,28,32-35]
[13,28,31,35]
[28,31,35]
[32,35]
[25,31]

[31]

[36]

[33]

[33]

[35]

Benefits for Customers (BenCust)

Customer satisfaction

Innovation of a new product
Product quality

Technological innovations

Product functionality

Reliability of the new product
Technical support and performance

[20,28,31,35,36]
[20,28,31,32,34,35]
[20,25,31,37]
[20,31,35]

[33]

[33]

[33]
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1.3. Research Problem and Objective

According to the previous literature review, it is observed that the CSF associated with NPD have
been widely studied and some authors have reported research related to any specific process during
the NPD process; for example, CSF for NPD have been identified in the toy industry in Hong Kong [38],
the NPD process in Latin American countries is reported with some interactions among factors [39],
and others. There is also some research focused on establishing relationships of some CSF with some
benefits in particular, such as the impact of ICT in the introduction rate of new products [40], the effect
of human resources integration and managers in the performance of new products in market [41], the
impact of learning processes about NPD and the use of new technologies in the performance of the
company [42], and the speed of NPD in the novelty of innovation [43], among others.

However, no research has found that relates to the whole CSF in NPD process with the profits
made by companies and customers. Specifically, maquiladora companies in Mexico have their own
innovation and NPD practices and there is not any study associated to this matter, and research
focused to this interesting area is required, due to their economic and social importance. Particularly,
this research is aimed to maquiladora companies that have saturated their own markets and need to
innovate with new product variants using the operational and administrative infrastructure already
installed to avoid technical stoppages or dismissing skilled personnel.

This paper is aimed to report a structural equation model that integrates three latent variables
identified as CSF in NPD reported by Evanschitzky, et al. [26] and denoted as organizational
characteristics, process characteristics, and product characteristics (independent latent variables)
that are associated with the benefits obtained by both Mexican maquiladoras and their customers
(dependent variables). The main contribution of this paper is therefore a quantitative measure of
direct, indirect, and total effects indicating the dependence between the CSFs for NPD identified
by Evanschitzky, et al. [26] and the benefits gained by companies and customers. Such results will
allow managers to focus on the NPD activities that are essential to ensure their success and exclude
those that are trivial and, surely these findings can be applied to other countries that have important
manufacturing clusters, like China, India, Malaysia, Turkey, and Brazil, among others.

1.4. Working Hypotheses

Almost 20 years ago, Vargas and Johnson [44] assured that maquiladoras and their production
processes in Mexico offered a competitive opportunity and, possibly, an opportunity for the American
market to access low price products. This is why the Mexican government nowadays provides
subsidies to foreign companies, so they can acquire modern machinery [45], and thus develop a
competitive production process with advantages over other countries, such as China. However,
production processes in maquiladoras are provided by the parent company and can change little in
technological terms, though they can have many uses. Depending on their capabilities, maquiladoras
must rapidly adapt their organizational structure in order to make fast deliveries to customers while
meeting production process requirements [46]. Thus, we propose the following hypothesis:

Hj. In the Mexican maquiladora industry production process characteristics have a direct
and positive effect on organizational characteristics in the NPD process.

Maertz, et al. [47] described the process of Mexican maquiladoras and reported that they frequently
had organizational structures and production processes defined by other foreign and parent companies.
These characteristics are attractive because maquiladoras are specialized in certain products [9], so the
cost of the production process is low due to large-scale orders, which is an advantage for this kind
of industry [9]. However, these companies are limited to new products that can be manufactured
with the technical and organizational resources already in place. Thus, in the event of a financial
crisis, if maquiladoras need to find new markets for innovative products and survive, their product
characteristics will depend on the organizational characteristics and technological capabilities already
installed in their production processes. This leads to the following hypotheses:
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H;. For the Mexican maquiladora industry, organizational characteristics have a direct and
positive effect on product characteristics in the NPD process.

Hj3. For the Mexican maquiladora industry, production process characteristics have a direct
and positive effect on product characteristics in the NPD process.

Identifying CSFs for innovation is crucial for companies [48], as they can guarantee survival.
Nevertheless, any company willing to take advantage of NPD must also consider location factors [49],
build needs as features into a new product [50], minimize customer risks [51], and avoid all hindrances
to the integration of customers into NPD [52]. Similarly, effective communication channels between
customers and the NPD team are the only way to correctly integrate customers’ opinions [53]. Also,
companies must continually assess how fast they generate these characteristics, since fast NPD may
exclude features that are essential in a final product [28,43].

As can be seen, product characteristics are the only way to make customers buy a product
and, consequently, generate benefits for the company. Moreover, customers always assess product
characteristics when deciding on a purchase. From this perspective, the following hypothesis
is constructed:

Hy. For the maquiladora industry, product characteristics have a direct and positive effect
on benefits for customers in the NPD process.

Companies make financial profits only when customers buy their products, but customers buy a
product only if they are satisfied or feel that they gain any benefit from it [54]. This is why companies
constantly make efforts to provide significant product advantages for their customers. Moreover,
companies try to understand them, so they can be integrated into products [55,56]. Benefits for
companies can then be expressed in terms of better knowledge performance [57], technological
advantage [42], financial profits [58], and improved risk management [59]. Consequently, the following
working hypotheses can be proposed:

Hs. For the Mexican maquiladora industry, benefits for customers have a direct and positive
effect on benefits for companies in a NPD process.

He. For the Mexican maquiladora industry, the relationship between benefits for
customers and benefits for companies in a NPD process can be moderated by production
process characteristics.

The six hypotheses before described appear graphically in Figure 1 for a better understanding.

H2

Product
characteristics

Organizational

charactw

-~

Benefits for
customers

A 4

Production
process
characteristics

Benefits for
companies

Figure 1. Hypotheses and initial model.
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2. Methodology

The research methodology comprises different stages, depending on the activities or tasks
carried out.

2.1. Stage 1: Survey Development

The questionnaire is designed based on the literature review on CSFs for product innovation. The
questionnaire contains three main sections. The first section deals with the three NPD success factors
identified in Evanschitzky, et al. [26] (independent latent variables). These factors are: production
process characteristics, product characteristics, and organizational characteristics. The second section
addresses the benefits obtained by customers and companies from NPD (dependent latent variables).
Finally, the third section elicits demographic data from respondents.

As previously mentioned, the first section of the questionnaire contains items related to the factors
reported in Evanschitzky, et al. [26]. The section is divided into three subsections.

e Product characteristics (ProdChar). Items included are: product advantage, product meets customer
needs, product price, product technological sophistication, and product innovativeness.

e Production process characteristics (PPChar). Items included are: structured approach, predevelopment
task proficiency, marketing task proficiency, technological proficiency, launch proficiency, reduced
cycle time, market orientation, customer input, cross-functional integration, cross-functional
communication, and senior management support.

e  Organizational characteristics (OrgChar): Items included are: organizational climate, project/
organization size, organizational design, external relationships, degree of centralization, and
degree of formalization.

Section two of the questionnaire is divided into two subsections: Benefits for companies (BenComp),
with a total of 12 items, and benefits for customers (BenCust), with seven items. Table 1 shows
these items.

To ensure the proper understanding of items, the questionnaire is validated by a panel of judges,
including 21 NPD industrial managers and academics from the state of Chihuahua, Mexico. During
this validation process, the questionnaire contains blank spaces, so that experts can suggest other
activities or benefits to be included. Similarly, the survey must be answered with a Likert scale for
subjective assessments. In this scale, the lowest value (1) implies that an activity is never executed in
the NPD process or a benefit is never obtained, while the highest value (5) indicates that an activity is
always executed during the NPD process or a benefit is always obtained.

2.2. Stage 2: Data Collection

The sample is stratified and includes only industries established in Ciudad Juarez with an NPD
department. Note that the name of the NPD department varies from one company to another, although
the function remains the same. The questionnaire is administered to every NPD manager as a personal
interview. Three visits are made to each manager to carry out the interview. However, if these three
attempts are unsuccessful, the case is discarded.

2.3. Stage 3: Information Capturing and Questionnaire Validation

Information is captured and analyzed using SPSS 21® software [60]. Internal consistency and
reliability of each latent variable of the questionnaire are determined with the Cronbach’s alpha
coefficient and a composite reliability index [61]. For both indices, the cut-off value is 0.7 [62].
Additional tests are conducted to improve reliability in each dimension, since when certain items are
removed, reliability of a latent variable can increase [62]. This procedure has been used in previous
NPD research [33].



Sustainability 2016, 8, 707 7 of 18

At this stage, data are also screened to detect missing and extreme values in items. As regards
missing values, they are replaced by the medians of items [63], since data are obtained with an ordinal
scale. However, if a survey contains more than 10% of missing values, it is discarded [64]. As for
extreme values, a standardization process is conducted for every item, considering a standardized
value as an outlier if the absolute value is higher than 4 [64].

Similarly, discriminant validity in latent variables is measured with the average variance extracted
(AVE) [65], whereas collinearity is found using the variance inflation factor (VIF). The maximum value
for both indices is 3.3 [66]. Finally, as for predictive validity, the R-squared and adjusted R-squared are
used as parametric measurements, while the Q-squared is used as a non-parametric measurement [65].
Note that Q-squared values should be similar to R-Squared values.

2.4. Stage 4: Descriptive Analysis

A univariate analysis is carried out to identify the central tendency and deviation measures in
data for every item of the questionnaire. On one hand, the median or 50th percentile is obtained as a
tendency measure. Thus, a high median value in an item implies that an activity is always carried out
during an NPD process or a benefit is always obtained. Similarly, a low median value indicates that an
activity is never carried out during an NPD process or a benefit is never obtained.

On the other hand, the interquartile range (IQR, difference between 75th and 25th percentiles)
is estimated as a deviation measure. Therefore, a high IQR value reveals little consensus among
respondents regarding the assessment of an activity or benefit, while a low IQR value implies low
levels of data dispersion [67], and thus greater consensus among respondents.

2.5. Stage 5: Structural Equation Model

Hypotheses are evaluated using the Structural Equation Modelling (SEM) technique. The model is
run with WarpPLS 5.0® software [68], since its main algorithms are based on Partial Least Squares (PLS),
widely recommended for small sample sizes, non-normal data, and ordinal data [64]. Additionally,
four model fit indexes are analyzed: average path coefficient (APC), average R-squared (ARS), average
variance inflation factor (AVIF), and average full collinearity VIF (AFVIF). All of them have been used in
previous NPD research [69,70]. For APC and ARS, the p-values are analyzed to determine the model’s
efficiency. In both cases the maximum p-value must be 0.05, which means that inferences are made
with a 95% confidence level. Finally, as regards AVIF and AFVIFE, values lower than 3.3 are desirable.

Also, three different effects are measured in the model: direct effects, indirect effects, and total
effects. Direct effects are shown in Figure 1 as arrows connecting one latent variable to another.
Indirect effects between two latent variables can be seen as paths with two or more segments. Finally,
total effects are the sum of direct and indirect effects. Also, to determine their significance, all the
effects include a p-value and a (3-value, considering the null hypothesis, 3; = 0, versus the alternative
hypothesis, where (3; # 0. Likewise, hypotheses are tested with a 95% confidence level.

Finally, the effect size is reported in each dependent latent variable. An effect size is defined as the
percentage of variance in a dependent latent variable that is explained by an independent latent variable.
This is very important when two or more latent variables have a direct effect on a third one [71].

3. Results

To ensure its proper understanding, this section is divided into four subsections.

3.1. Sample Description

After three months of survey application, 197 valid questionnaires are analyzed. Table 2 illustrates
the surveyed industries and their size in terms of employees (direct and indirect jobs). Note that
118 companies have more than 1000 employees, and the automotive sector is the most prominent,
with 120 participants. Finally, Table 3 introduces the work positions and years of work experience
of participants.
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Table 2. Industrial sector surveyed.

8 of 18

Number of Employees

Industrial Sector Total
<50 51-200 201-500 501-1000 >1000
Automotive 2 4 5 26 83 120
Medical 0 1 2 11 15 29
Electric/Electronic 0 2 3 8 12 25
Metal 4 3 2 4 7 20
Aeronautical 0 2 0 0 1 2
Total 6 12 12 49 118 197
Table 3. Position and years of experienc e.
Years of Experience
Position Total
<2 2-5 5-10 >10
Product engineer 16 41 40 15 112
Innovation engineer 6 17 14 3 40
Development engineer 13 8 4 4 29
Innovation team leader 3 2 5 6 16
Total 38 68 63 28 197

3.2. Survey Validation

Table 4 shows the indices used to validate the survey. For every latent variable, the table indicates
the initial (II) and the final (FI) number of items, since some of them were removed to improve
reliability of latent variables, or because they reported low loadings. That said, initial items were not
submitted to the validation process, while the final items were reported after the validation process.

Table 4. Coefficients of latent variables.

PPChar  ProdChar OrgChar BenCust BenComp PPChar*ProdChar
Index II FI II FI 1II FI 1II FI II FI
11 8 5 5 6 5 7 7 12 11
R-squared 0.308 0.222 0.581 0.208
Adjusted R-squared 0.308 0.222 0.581 0.218
Composite reliability 0.813 0.782 0.841 0.912 0.915 0.930
Cronbach'’s alpha 0.733 0.650 0.763 0.894 0.923 0.921
Average variances extracted 0.518 0.525 0.514 0.588 0.606 0.685
Full collinearity VIFs 1.400 1.522 1.393 2.364 2.463 1.161
Q-squared 0.306 0.224 0.579 0.226

II = Initial number of items; FI = Final number of items.

As regards composite reliability of latent variables, all values are higher than 0.7, the minimum
acceptable value. Similarly, in the case of discriminant and convergent reliability, the AVE value
is higher than 0.5 for each latent variable, while the collinearity test shows that VIF values are
below 3.3. Likewise, R-squared, adjusted R-squared (parametric predictive test), and Q-squared
(nonparametric predictive test) values are similar and higher than 0.2. This shows predictive validity in
the four dependent latent variables. Finally, note that the moderated effect associated with Hg appears

as PPChar*ProdChar.

Table 5 shows the correlations between the latent variables. As can be seen, the measurement
instruments used far exceed the level required for discriminant validity. In every latent variable, values
in parentheses representing square roots of AVEs are higher than any of the correlations involving that

same latent variable, checked by column and row.
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Table 5. Correlations between latent variables.

PPChar ProdChar OrgChar BenCust BenComp  PPChar*ProdChar

PPChar (0.623) 0.431 0.455 0.165 0.136 —-0.125
ProdChar 0.431 (0.652) 0.404 0.307 0.341 —0.295
OrgChar 0.455 0.404 (0.717) 0.188 0.202 0.002
BenCust 0.165 0.307 0.188 (0.699) 0.321 —-0.221
BenComp 0.136 0.341 0.202 0.321 (0.779) —0.264
PPChar*ProdChar —0.125 —0.295 0.002 —0.221 —0.264 0.534

Note: Square roots of AVEs are shown in diagonal.

3.3. Descriptive Analysis

The descriptive analysis of the final items is organized in descending order, according to the
median values, in Table 6 for independent latent variables (characteristics), and in Table 7 for dependent
latent variables (benefits). For Product characteristics the most important item is Product meets customer
needs, which reports the highest median (4.865), while its IQR has the lowest value for that latent
variable (0.598). This shows consensus among respondents regarding the importance of the item.

Table 6. Descriptive analysis of independent latent variables in NPD.

Percentile

Item 50th IOR
25th -  75th Q

Median

Product Characteristics

Product meets customer needs 4.352 4.865 4.95 0.598
Product advantage 4.05 4.591 493 0.88
Product price 3.623 4.333 4.909 1.287
Product innovativeness 3.446 4.164 4.78 1.334
Product technological sophistication 3.399 4.133 4.756 1.357
Process Characteristics
Technological proficiency 4.124 4.646 498 0.856
Market orientation 4.094 4.62 4.93 0.836
Senior management support 4.008 4.535 494 0.932
Cross-functional integration 4.008 4.529 495 0.942
Predevelopment task proficiency 3.755 4.408 4.958 1.203
Cross-functional communication 3.45 4.169 4.784 1.334
Reduced cycle time 3.42 4.166 4.793 1.373
Organizational Characteristics
External relationships 3.668 4.349 4911 1.243
Degree of formalization 3.641 4.339 4.905 1.264
Organizational design 3.424 4.168 4.8 1.376
Project/organization size 3.077 3.801 4.563 1.486
Degree of centralization 3.046 3.745 4.534 1.488

Similarly, the second place is occupied by Product advantage with a median value of 4.591 and
an IQR value of 0.88. This indicates that managers believe their products have notable advantages.
As regards Product price, it surprisingly holds the third place, which demonstrates that managers in
the Mexican maquiladora sector focus on customers when implementing a NPD project. Finally, note
that all items in this latent variable have median values higher than 4, which shows that managers
generally consider Product characteristics as highly important elements in a NPD process.

As for Process characteristics, the most important items are Technological proficiency and Market
orientation, according to their median values. Moreover, these items also have IQRs below the unit,
although Market orientation has the lowest value. This shows consensus among managers regarding
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its importance in a NPD project. As in the previous dimension, all items in this latent variable have
median values higher than 4. This shows their crucial role in NPD.

Table 7. Benefits for companies and customers.

Percentile
Benefit for Companies IOR
25th 50th 75th
Market share 3.59 4.29 4.87 1.27
Product acceptance in the market 3.57 425 4.81 1.24
Adaptation to customer demands 3.57 4.25 4.82 1.25
Generating profits 3.46 4.19 4.79 1.33
Product adaptation to the environment 3.51 417 474 1.23
Long view 3.36 413 4.78 1.42
Competitive advantage 3.40 4.10 4.71 1.31
Financial performance of the product 3.37 4.07 4.69 1.32
Technological superiority 3.27 3.97 4.65 1.38
Reduced product lifecycle 3.18 3.82 4.52 1.34
Benefit for Customers
Product functionality 3.74 4.37 4.90 1.15
Reliability 3.68 4.35 491 1.24
Product quality 3.62 4.31 4.88 1.26
Performance and technical support 3.63 4.30 4.86 1.22
Satisfaction 3.64 4.30 4.85 1.20
Innovation of a new product 3.46 413 4.72 1.26
Price 3.42 4.10 4.70 1.29

Finally, Organizational characteristics is the only latent variable that has two variables with median
values lower than 4. Also, all IQR values are higher than one, indicating that this dimension
constitutes a univariate point of view of lesser importance. Based on the median values, the most
important items are External relationships and Degree of formalization. This can be explained because
companies must develop new products with a high sense of responsibility, considering both social and
environmental impacts.

Table 7 shows the benefits obtained from a successful NPD process. Items are classified in
descending order according to their median values. As regards Benefits for companies, note that the
first three places are held by market-oriented items (Market share, Product acceptance in the market, and
Adaptation to customer demands), while, contrary to expectations, Generating profits is ranked fourth
(even though the main reason for NPD should be to generate financial profits). Finally, it is important
to observe that all items in this dimension have IQR values above one, showing moderated consensus
among respondents.

All items in Benefits for customers have median values above four and IQR values above the unit.
Item Product functionality is the most important with a median value of 4.37 and the lowest IQR.
This demonstrates consensus among respondents regarding its median value. Similarly, Reliability
holds the second place, while the third place is occupied by Product quality. Finally, Price holds
the last place, which indicates that Mexican maquiladoras seek to provide functional and reliable
high-quality products.

3.4. Structural Equation Model

This section is divided into different subsections. However, note that some indices and values are
reported only for the final model.
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3.4.1. Direct Effects, Hypotheses Testing

The initial model in Figure 1 was executed using WarpPLS 5® [68] with the methodology described
in Section 2. Each latent variable contains only the items that satisfy the validity test, which are reported
in the descriptive analyses of Tables 6 and 7. Results obtained for this initial model appear in Figure 2.
Every relationship between two latent variables is represented with an arrow. All relationships include
a p-value and the p-value for the statistical validation (with a 95% confidence level). Therefore, as can
be observed from Figure 2, all relationships and the moderator effect are statistically significant, since
all p-values are lower than 0.05.

R2=0.22

Organizational

p=0.21
(P<0.001)

R2=0.31

Product

p=0.31
(P<0.001)

R2=0.22

Benefits for

v
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characte_risty

-~

p=0.47
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$=0.76
(P<0.001)

=0.42 -7
(P<0.001) a2

- = 7 =047 \ 4
& (P<0.001)

Production
process
characteristics

Benefits for
companies

R2=0.58

Figure 2. Initial model evaluated.

Additionally, each dependent latent variable has the R-squared value to show its variance, which
is explained by independent latent variables. For instance, 22% of Product characteristics is explained by
Production process characteristics, while Product characteristics explains 22% of Benefits for customers, and
it explains 58% of Benefits for companies.

Similarly, note that 31% of Product characteristics is explained by two latent variables: Organizational
characteristics and Production process characteristics. In this case the R-squared value is decomposed
into two. Thus, Organizational characteristics explains 22% of the variability, while Production processes
explains 8.8%. Similarly, 22% of Benefits for customers is explained by Product characteristics and by the
moderator effect. The former accounts for 14.3%, whereas the moderator effect is responsible for 7.7%.

Finally, according to the p-values obtained, conclusions on the hypotheses stated in Figure 1 are
as it follows:

H;. There is enough statistical evidence to confirm that Production process characteristics
have a direct and positive effect on Organizational characteristics in a NPD process in the
Mexican maquiladora industry, because when the first latent variable increases its standard
deviation by one unit, the standard deviation of second latent variable goes up by 0.47 units.

H;. There is enough statistical evidence to confirm that Organizational characteristics have
a direct and positive effect on Product characteristics in a NPD process in the Mexican
magquiladora industry, because when the former increases its standard deviation by one
unit, the standard deviation of the latter also increases by 0.21 units.

Hj3. There is enough statistical evidence to confirm that Production process characteristics
have a direct and positive effect on Product characteristics in a NPD process in the Mexican
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maquiladora industry, since when the first latent variable increases its standard deviation
by one unit, the standard deviation of the second latent variable goes up by 0.42 units.

Hj. There is enough statistical evidence to confirm that Product characteristics have a direct
and positive effect on Benefits for customers in a NPD process in the Mexican maquiladora
industry, because when the first latent variable increases its standard deviation by one unit,
the standard deviation of the second latent variable goes up by 0.31 units.

Hs. There is enough statistical evidence to confirm that Benefits for customers have a direct
and positive effect on Benefits for companies in a NPD process in the Mexican maquiladora
industry, because when the first latent variable increases its standard deviation by one unit,
the standard deviation of the second latent variable goes up by 0.76 units.

Hse. There is enough statistical evidence to confirm that the relationship between Benefits for
customers and Benefits for companies in a NPD process in the Mexican maquiladora industry
is moderated by Production process characteristics, because when the first latent variable
increases its standard deviation by one unit, the standard deviation of the second latent
variable also increases by 0.17 units.

3.4.2. Indirect Effects and Their Effect Size

Two or more segments show the indirect effects between two latent variables. Therefore, the same
independent latent variable may have several indirect effects on many dependent latent variables
across different segments. For the final model, Table 8 shows the sum of indirect effects, the p-values,
and the effect size.

Table 8. Sum of indirect effects, p-values, and effect size.

o FROM
T
PPChar ProdChar OrgChar PPChar*ProdChar
0.1,p=0.022*
ProdChar ES = 0.052
BenCom 0.126, p = 0.001 * 0.240, p < 0.001 * 0.053, p = 0.107 0.132, p = 0.004 *
P ES = 0.021 ES = 0.074 ES = 0.010 ES = 0.029
0.165, p < 0.001 * 0.067, p = 0.091
BenCust ES = 0.022 ES = 0.013

* Statistically significant at 95% confidence level.

As can be observed in the Table 8, five indirect effects are statistically significant, since all p-values
are lower than 0.05, the maximum value allowed, but two indirect effects are not statistically significant,
since the p-values are bigger than 0.05. Also, as regards Product characteristics, it has an indirect effect
of 0.348 units on Benefits for companies. This implies that when the former latent variable increases its
standard deviation by one unit, the latter increases by 0.348 units. Another important effect occurs
between Production process characteristics and Benefits for companies. In this case, if the first latent variable
increases its standard deviation by one unit, the standard deviation of the second latent variable
increases by 0.236 units. All latent variables have an indirect effect on Benefits for companies, except
for Benefits for customers, whose effect is direct. All indirect effects between latent variables can be
similarly interpreted.

3.4.3. Total Effects

Direct and indirect effects between latent variables result in total effects. Table 9 illustrates these
total effects, their p-values, and the effect size (ES). If there is no indirect effect, the total effect equals
the direct effect. Also, if there is not direct effect, the total effect equals the indirect effect.
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Table 9. Total effects between latent variables.

PPChar ProdChar OrgChar BenCust PPChar*ProdChar
0.524, p < 0.001 * 0.212, p < 0.001 *
ProdChar ES = 0273 ES = 0.086
0.471, p < 0.001 *
OrgChar ES = 0.222
BenConm 0.126,p=0.001% 0.240,p <0.001* 0.051,p=0017* 0.762,p<0.001* 0.132,p=0.004 *
P ES = 0.021 ES = 0.074 ES = 0.010 ES = 0.581 ES = 0.029
BenC 0.165,p<0.001* 0.315,p<0.001*  0.067, p < 0.091 0.174, p = 0.006 *
enCust ES = 0.022 ES = 0.143 ES = 0.013 S =0.075

* Statistically significant at 95% confidence level.

Based on the p-values, 11 from 12 total effects are statistically significant. The largest total effect
occurs between Benefits for customers and Benefits for companies; it has a value of 0.762 units. Therefore,
when the first latent variable increases its standard deviation by one unit, the standard deviation of
the second latent variable also increases by 0.762 units, and it accounts for 58.1% of the total variance
(ES = 0.581). This indicates that companies can obtain benefits only if they make an effort to deliver
benefits to customers through well-developed products.

Another strong relationship, according to the beta values, occurs between Production process
characteristics and Product characteristics, with a total effect of 0.524 units and can explain 27.3% of the
total variance (ES = 0.273). This is not surprising, since Mexican maquiladora companies design their
products according to their processes’ capabilities. Also, note that the relationship between Production
process characteristics and Organizational characteristics has a total effect of 0.471 units and can explain
22.2% of its total variance (ES = 0.222). This proves that Mexican maquiladora companies largely
depend on their production process abilities and capacities in production lines and their technological
status. Finally, here is important to mention that Production process characteristics has a total effect on all
the other latent variables, since it is assumed that Mexican maquiladoras begin innovation processes in
accordance with their technical capabilities and the already-installed infrastructure and that is why that
variable is located to the left in the proposed model and is considered the main independent variable.

4. Conclusions

Mexican maquiladora companies are characterized by sophisticated and complex production
processes, which make them specialists in manufacturing certain products. However, when they are
required to use these established production capabilities to generate new products, their main problem
is that they do not have enough knowledge of the market for these new products, since the parent
company traditionally establishes the production orders and is their main customer having a deep
dependence. However, currently a lot maquiladora companies have their own NPD, engineering, or
product departments that always is looking to get advantages from their modern and high technology
capabilities in production process and human resources abilities or skills, and a continuous innovation
process is critical to making the best use of their production lines in place when there is low demand
from parent companies and effort can be focused on NPD variants.

However, there are other aspects that maquiladoras should consider when defining their new
Product characteristics. According to the structural equation model results here presented, they must
not rely solely on their Organizational characteristics and Production process characteristics, as these
two variables explain only 31% of the variability (R? = 0.31). Instead, they should integrate other aspects,
such as the ability and skills of human resources, leadership and teamwork for NPD. Employees are in
fact the main factor in the innovation process, since they are completely familiar with the capability
of their machinery for converting a design into a finished product. These findings are according to
reports from Hadjimarcou, et al. [9], indicating that product characteristic identification is vital and a
strategy for maquiladoras in the 21st century for breaking their dependence from parent companies.
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Also, that own innovation process in Mexican maquiladoras can be used for face the employment falls
in that sector, due to the introduction of Chinese products [3,72].

Also, it is important to mention that the strongest effect between the analyzed latent variables in
the model here presented occurs between Benefits for customers and Benefits for companies (0.76), and
the independent latent variable can explain 58% of the variability, which is the largest value in the
model (R? = 0.58). This indicates that if customers are not satisfied with the benefits gained from a
new product from maquiladora industries, these companies will not be favored. This usually occurs
when companies lack sophisticated marketing departments that successfully understand the need
from customers or the NPD teamwork does not integrate an essential product characteristic due to any
misunderstanding. Therefore, companies should strive to develop an appropriate working group and
leadership for NPD process, as this deficiency can mean the difference between success and failure of
these new products and specifically, thus can affect financially the maquiladora company, which uses
these innovation strategies in cases of financial crisis or low demand from parent companies, and an
error can worsen their financial situation [73]. This is why the team leader has an important role [74].
These findings indicate that product must be faster, better and cheaper for customers and this is accord
to results from Swink, et al. [75].

However, companies should not base the design of new products only on Product characteristics
that salesmen have identified, since the latent variable can only explain 22% of the variability contained
in Customer benefits, so it is a duty for the groups associated with NPD adding other qualities that
consumers do not expect, but are valued by them.

Note that the moderator effect described in Hy shows high statistical significance, which means
that the benefits for companies resulting from benefits for customers greatly depend on production
process characteristics. Therefore, companies and especially Mexican maquiladora companies need
to clearly define their operating capabilities in production lines, since the income from market share
depends on it; moreover, it will guarantee that products are accepted in the market by customers.
Finally, this research demonstrates that production process characteristics visibly affect product
characteristics, since the product design must be in line with the operating capabilities already installed,
but this is due to the specific case of Mexican maquiladoras. Usually, the product characteristics are
identified according to demands from customers and then the production process characteristics
capacities are defined for a traditional company, but maquiladoras cannot make drastic changes in
their production lines because they need to be attentive to orders from parent companies.

5. Future Research

This paper only addresses attributes reported by Evanschitzky et al. [26]. However, based on
additional information obtained during the personal interviews, it seems that the environmental
approaches and policies that some companies are adopting in their production processes are also
important attributes to be assessed when a new product is offered to customers. Thus, future research
will seek to integrate this new latent variable.
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Abbreviations

The following abbreviations are used in this manuscript:

SC Supply Chain

USA United States of America

NAFTA North American Free Trade Agreement

CSF Critical Success Factors

NPD New Product Development

AVE Average Variance Extracted

VIF Variance Inflation Factor

IOR Interquartile Range

SEM Structural Equation Modelling

APC Average Path Coefficient (APC)

ARS Average R-Squared (ARS)

AVIF Average Variance Inflation Factor

AFVIF Average Full Collinearity VIF

I Initial Number of Items

FI Final Number of Items

PPChar Production Process Characteristics

ProdChar Product Characteristics

OrgChar Organizational Characteristics

BenCust Benefits for Customers

BenComp Benefits for Companies

ES Effect Size
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Abstract: Usually, agricultural tractor investments are assessed using traditional economic techniques
that only involve financial attributes, resulting in reductionist evaluations. However, tractors have
qualitative and quantitative attributes that must be simultaneously integrated into the evaluation
process. This article reports a hybrid and multi-attribute approach to assessing a set of agricultural
tractors based on AHP-TOPSIS. To identify the attributes in the model, a survey including eighteen
attributes was given to agricultural machinery salesmen and farmers for determining their importance.
The list of attributes was presented to a decision group for a case of study, and their importance was
estimated using AHP and integrated into the TOPSIS technique. In this case, one tractor was selected
from a set of six alternatives, integrating six attributes in the model: initial cost, annual maintenance
cost, liters of diesel per hour, safety of the operator, maintainability and after-sale customer service
offered by the supplier. Based on the results obtained, the model can be considered easy to apply and
to have good acceptance among farmers and salesmen, as there are no special software requirements
for the application.

Keywords: agricultural modernization; investment in tractors; multicriteria and multi-attribute
selection models

1. Introduction

Usually, quality, service and cost are attributes associated with the product manufacturing sector;
however, for agricultural products, these attributes, as well as government regulations are stricter,
and compliance constitutes a strategic objective continuously pursued by agribusiness and small
farms in Western Mexico on their way to participate in current dynamic and globalized market
environments [1,2]. These small businesses have several options to achieve goals related to quality,
cost and delivery time, among other performance indexes, but one of the most used strategies consists
of investing in advanced technology (AT), which often includes tractors. These are usually acquired,
so that they can be implemented in agricultural production systems, processing lines and
industrialization activities [3-5].

Frequently, having decided to invest in AT, e.g., a tractor, managers or owners face additional
problems. Since there are many alternatives (tractors) currently available on the market (brand names),
many attributes that characterize them and many evaluation techniques of these alternatives [6,7]
create a confusing situation for them due to the complex decision making problem.
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In relation to the purchasing options for farmers interested in AT or tractor investment in Mexico,
there are distributors of foreign technology, which offer several advantages according to the vast
topography of the country.

Regarding attributes that characterize tractors, these can be objective and subjective. Objective
attributes are usually measured in terms of numbers and represent costs and engineering characteristics
of the evaluated technology, and these are usually also called quantitative or tangible attributes. These
include initial cost, energy consumption (diesel, lubricants) and maintenance cost, among others.
Usually, these kinds of attributes are provided by technology suppliers. On the other hand, subjective
attributes refer to intangible or qualitative information and must be integrated into the evaluation
process due to their relevance in decision making. In the process of selecting a tractor, the most
important subjective attributes are those related to quality customer service and safety. Besides,
determination and evaluation of these kinds of attributes require expert judgment based on experience
and are generally expressed by means of a Likert scale [8-10].

Regarding evaluation techniques for the selection of the best option in technology, these can be
classified into economic, strategic and analytical [11]. Economic techniques (ET) are commonly used in
industrial and agricultural practice; however, they have been criticized by authors for not integrating
qualitative attributes into their analysis, and said models are considered reductionist, as they cannot
represent the entire investment problem and technology selection. Some examples of these techniques
are the net present value (NPV), internal rate of return (IRR) and equivalent uniform annual cost,
pay back (PB) and cost/benefit analysis.

Strategic techniques (ST) are based on the company’s goals and mission, but criticized for not
including economic aspects in the evaluation, and although they are widely used by senior and CEO
(Chief Executive Officer) management in companies, they often cannot, however, be interpreted and
understood by people from lower positions in the organizational farm structure. Some of these ST are
sacred cows, technical specifications and government alignment, among others.

Finally, analytical techniques are little known owing to their recent application in industry
in comparison to other techniques. They also present the advantage of integrating alternative
economic, strategic, social and technological attributes into the evaluation process, so their use is highly
recommended in situations where a significant number of qualitative and quantitative attributes need
to be evaluated. Among these techniques are the analytical hierarchy process (AHP) [12], dimensional
analysis (DA) [13], technique for order preference by similarity to the ideal solution (TOPSIS) [14] and
the linear additive model (LAM) [15]. In addition, analytical techniques allow groups of participants
to make decisions together, adding consensus to the evaluation process.

Industrial application of these technology evaluation techniques is widely reported in the
literature, although mainly applied to manufacturing technology; cases applied to agricultural
technology are very few.

In the manufacturing field, some authors have proposed an economic method incorporating
various costs into the evaluation of robots [16], while others have proposed computer-aided methods
to account for industrial manipulators [17,18]. In addition, some authors have proposed goal
programming techniques for the selection of technology applied to manufacturing cells [19], while
other authors have developed an expert system for selection and evaluation of robots [20], and recently,
some TOPSIS-based models have been proposed to evaluate a set of robots [21].

On the subject of the application of quantitative techniques in the evaluation of AT applied to
agriculture, there is a stochastic simulation to evaluate forage crushing machinery [22], equations
for investment in machinery based on the provision of land and infrastructure [23] and a nonlinear
model to determine the investment limit in agricultural mechanization processes [24]; however,
in [25] appears a mixed integer linear programming model for evaluating agricultural machinery,
and recently, [26] proposed a model for site selection. However, previous assessments only used
quantitative attributes in the evaluation process, neglecting qualitative characteristics of advanced
technology in agriculture (ATA).
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The implementation of multi-attribute techniques in decision making and technology selection in
agriculture is scarcely reported in the literature. For example, there is an analysis of how water policies
impact agricultural practices [27], evaluation for irrigation system designs and evaluation [28] and a
multi-attribute approach and linear programming for risk aversion investments in agriculture [29].
Recently, a non-interactive elicitation method for non-linear multi-attribute utility functions analyzing
their application in agricultural economics was proposed [30]. Other recent multi-attribute research
can be consulted in [31,32] for utility analysis for policy selection and financing the preservation of
forests, as well as a sustainable optimization model for agricultural production.

Problem Research and Objectives

Based on the foregoing and different approaches that have been related to investment in
technology, we can say that this is a complex problem, neither defined nor structured, and traditional
approaches (usually quantitative) used in investment analysis are only considering operational and
economic attributes from technologies, ignoring qualitative attributes in the evaluation process. Specific
references related to agricultural or farm technologies are also very few.

Furthermore, on occasion, the models proposed in agriculture are too complex for the farmers
to understand: advanced mathematical knowledge may be required, as well as the use of special
software, and investment in farm machinery is not a frequent task, making it difficult to invest in
special software. As a result, farmers usually hire consultants, who are not always fully aware of the
investment problems for the farmer, the company’s needs or special requirements.

Additionally, in Mexico, farmers integrate associations or rural production cooperatives for facing
the limited availability of land and always join efforts in high investments, such as tractors, which are
shared among them, following a schedule, and this allows for better use of technical resource usage.

Therefore, this research proposes a multicriteria and multi-attribute model that allows the most
important attributes to be integrated into the tractor evaluation process, but also the farmers” own
opinions for the weighting process of the aforementioned attributes. The model is based on AHP and
TOPSIS, techniques that can integrate both objective and subjective technological attributes in a tractor.
TOPSIS is easy to understand for farmers, as it is based on the concepts of distances, usually learned at
high school, and is resolved completely in Excel, software available on almost every computer, saving
on specialized software investment. In this manner, the farmers in the rural cooperative are able to
assess without the need of an expert consultant and combining all of their requirements and needs
into an integrative model.

2. Materials and Methods

In a multicriteria evaluation, the first step is to determine which attributes will be included in
the evaluation followed by an evaluation of a set of alternatives to make the decision. The following
activities were carried out to reach the objective: to choose one tractor out of many.

2.1. Tractor Characterization

The first step in this work was to design a questionnaire identifying the attributes that characterize
farm tractors by reviewing existing literature and interviewing farmers and machinery salespersons
adopting some characteristics and attributes from AMT, as proposed in [9,10]. The initial questionnaire
consisted of eighteen attributes that were obtained from literature reports and validated by academics,
farmers and machinery sellers for a better understanding of the process and context adaptation. The
questionnaire was divided into two sections: the first section aimed to obtain demographic information
related to responders, and the second section contained the list of eighteen attributes grouped into
five generic categories as regards cost, technical specifications, customer service, quality and safety of
the operator.
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2.2. Questionnaire Application and Validation

The questionnaire was submitted to farmers, machinery salespersons and academics in Mexico,
using a Likert scale from one to nine to answer the questionnaire with the most common attributes,
where one represents null importance of the attribute and nine the maximum importance when farmers
are buying a new tractor [33].

To carry out the survey, we visited several governmental agencies where farmers perform some
kind of administrative paperwork, such as SAGARPA (Ministry of Agriculture, Livestock, Rural
Development, Fisheries and Food) and SEDER (Ministry of Rural Development), and in the case of
ATA vendors, the applicants are visited at their business address.

Information was processed and logged using the statistical software SPSS 21® (IBM, New York,
NY, USA)and MS Office Excel® (Washington, DC, USA) for a descriptive analysis. In addition, tests
were performed to detect missing values, and since the data contained in the surveys was on an
ordinal scale (Likert scale), missing values were replaced by the median [34]. In addition, tests were
performed to identify extreme values or “outliers” by standardizing the data and only considering a
value extreme if the standardized absolute value was greater than four [34,35].

Following the screening process, a statistical validation was conducted using Cronbach’s alpha
index (CAI), with a minimum cut-off value of 0.7 [36]. Moreover, at this stage, some tests were
performed to increase reliability, so the removal was considered of some attributes contained in every
analyzed dimension to assess whether reliability can be increased [37].

2.3. Descriptive Analysis

With a screened and validated database, some descriptive parameters were obtained. As a central
tendency measure, the median was calculated because the data represented values in an ordinal scale.
Furthermore, as a dispersion measure, the interquartile range was obtained, being the difference
between the third and first quartile [37]. This analysis helped determine the importance given by
farmers to each attribute and the dispersion or concordance among them from a univariate point
of view.

An attribute with a high median value indicates that the attribute is very important for the
surveyed participants, and low values indicate that the attribute is not that important. Similarly, a low
value in the interquartile range indicates that the surveyed participants show significant concordance
and consensus regarding the real value of the attribute, but high values indicate a high level of
dispersion and absence of consensus.

2.4. The Proposed Model

The proposed model integrated two techniques, AHP and TOPSIS. The former was used to
weight the attributes and the latter to compare the alternatives. Using the most important attributes
established in a list, for every application of the evaluation in the farmers” associations, the decision
group determined the attributes for their own selection problem. A lack of coincidence is common
when evaluating the same set of attributes, since each group of farmers has different needs. Having
identified attributes for each decision group, the next task is to explain the AHP technique, which can
be summarized as follows.

2.4.1. Analytic Hierarchy Process

AHP is a technique developed by Thomas Saaty in 1980, belongs to the family of multicriteria and
multi-attribute techniques [38] and decomposes a complex problem into hierarchies, and each level
is broken down into specific elements [39]. The main goal of the analysis is placed on the first level;
attributes, sub-attributes and decision alternatives are listed in lower levels of the hierarchy. AHP
analyzes the attributes in the decision process without requiring a common scale.
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AHP is based on pairwise comparisons, generating a decision matrix and making evaluations in
accordance with a scale that appears in Table 1. The pairwise comparison of element i with element
J is placed at the position 4;; in matrix A of paired comparisons, as shown in (1). The reciprocal
values of these comparisons are placed in the position aj; in A, in order to preserve the consistency of
the judgment.

Table 1. Saaty’s scale.

Value Definition

1 Equal importance
Weak
Moderate importance
Moderate plus
Strong importance
Strong plus
Very strong
Very strong plus
Extreme importance
If attribute i has one of the above non-zero numbers assigned to it when
compared to attribute j, then j has the reciprocal value when compared to i

O O NI ONUl =W

Reciprocals of above

1 aip ... a1y
1
—_— 1 ... Aoy
A= | M2 (1)
1 1
— — . 1
an ap

According to [40], once pairwise comparisons have been made, the selection problem is reduced
to the estimation of eigenvalues and eigenvectors, which represent the priorities and the consistency
index in the assessment process, respectively. Usually, we have:

AXW=Amax X W )

where:

A = reciprocal pairwise comparisons matrix;
w = eigenvector for the maximum eigenvalue in A;

Amax = maximum eigenvalue in A.

A benefit obtained when using AHP is that this technique allows one to identify and consider the
inconsistencies of the decision makers, as they are rarely consistent in their judgments of qualitative
factors, and there are some indexes for measuring information validity, such as the consistency index
(CI) and consistency ratio (CR) to measure the quality of a decision maker’s judgments [41]. A CR value
lower than 0.10 is considered acceptable. The CI and CR can be estimated using Equations (3) and (4),
where Anmax is the maximum eigenvalue for the pairwise comparison matrix and # is the number of
attributes evaluated.

. Amax — 11
Cl="2 ®)
Cl
CR = — (4)

The CR index is a function that depends on Al and CI, where Al represents a random index.
Thus, CR is a measure of the error incurred by a decision maker, where it must be less than 10% of the
random index (AI). Table 2 shows the values for Al for 3 to 10 attributes.
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Table 2. Random indexes.

Matrix Size 3 4 5 6 7 8 9 10
Al 0.58 0.9 1.12 1.24 1.32 1.41 1.45 1.49

However, if a decision group is analyzing a problem, their judgments must be combined in a
unique pairwise comparison matrix, and to solve this problem, [42] suggests that the geometric mean
can be used as the average of judgments values for this matrix; see Equation (5).

1
aijT = (aijl X al‘jz X al-]-3 X et X al']'n) /n (5)

Currently, there is special software available on the market that has integrated the AHP routine,
but in this paper, we have used the geometric mean estimation for attributes” weight estimation,
because it can be calculated using any spreadsheet [43].

2.4.2. Matrix Approach in Multi-Attribute Assessment

To generalize, we shall assume that there are K tractors and that the best must be selected by
a decision group. The alternatives are denoted as A, A%, ..., AK. However, in multi-attribute
assessment, two different kinds of attribute are integrated: qualitative (subjective) and quantitative
(objective), which are defined as follows:

Objective and Subjective Attribute Determination

To generalize, we shall assume that there are | objective attributes and L subjective attributes that
have been identified in a set of tractors. The | objective attributes are denoted by X1, Xa, ..., Xj and the L
subjective attributes by Xj.1, Xj42, ..., Xj4+1 [14]. The method to determine these attributes is explained
in the following paragraphs.

Objective Attribute Values Matrix

The objective attribute values matrix for the selection process was obtained from the tractors’
manufacturers and refers to aspects associated with costs and engineering characteristics. In this study,
values are represented as a matrix of objective values (OV). Equation (6) displays that matrix.

Al [ x4y X, oL XY
A% | X3 X%, L X%y

ov-= . . L (6)
AR Xk XK, L XK

where X* jis the value for attribute j and alternative k, fork=1,... ,Kandj=1,...,].

Subjective Attribute Values Matrix

The values for subjective attributes in the selection process of tractors were obtained from experts’
assessments. In this case, the experts were farmers and participants involved in investment processes.
To generalize, assume that there are P farmers constituting a decision group to evaluate the AT
according to subjective attributes. They expressed their judgments using a scale from 1 to 9, in which
1 means that the attribute is absent in an alternative, and 9 means that the attribute is present. Each
farmer builds a matrix with subjective values (SV) as indicated in Equation (7), and finally, there must
be P matrixes, one for each farmer.
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Aq D CITEED CUTT I ¢ )
Ay X X, o0 Xy

SvP = . . S @)
A | XKP XKPL, o0 XKP

The SVP P matrices provided by farmers were added term by term to generate a total subjective
values matrix, in which each one of its elements is divided by the value of P (number of farmers),
to obtain an arithmetic mean value that represents the groups’ judgment; however, we assume that the
P experts are rational in their judgment. Thus, the total subjective values matrix, which we will call
TSV, is determined by Equation (8).

Aq XY XYy oo XYy
P Ay | X XPpa o X
TSV = ). SVP/P = . 8)
P=1 . . . .o .

A | XK XK, o0 XK

ok

2 Xy

p=1

where x* j+i = ——F fork=1,..K, I =1,..L is the mean score of P experts for the AF alternative

with respect to the X;; attribute.

Final Decision Matrix

For the decision making problem, the final decision matrix (FDM) is constructed by combining
matrices OV and TSV, as shown in Equation (9). Every line or row in FDM represents a tractor, and
every column represents an attribute to be evaluated.

Al 1 1 1 1
A2 X1 e X7 XTJ41 e XTJ4L
x21 x2] x2]+1 x2]+L
FDM =[OV, VST] = . )
A'K Koo XK XK L XKy

The final decision matrix obtained is the base of the analysis. As this proposal for the evaluation
of AT applies the TOPSIS technique, the TOPSIS methodology is described in the following sections.

2.4.3. TOPSIS Technique and Its Methodology

According to TOPSIS, during the selection process, an alternative A¥ is considered a vector in a
Euclidian space, as shown in Equation (10).

Ai:(xi ....... x§+L)fori:1,2,....k (10)

Since each alternative in rows corresponds to a point in the | + L-dimensional space (] objective
attributes and L subjective attributes), in the same manner, the X-th attribute in columns can be
analyzed as a vector in a k-dimensional space (k alternatives) given by Equation (11).

Xp = (xhx) forn=1,2,....]+L (11)
n n

The TOPSIS technique starts with the assumption that a better or worse alternative exists, usually
called the ideal solution alternative (ISA) and anti-ideal solution alternative (AISA). The ideal solution
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alternative is generated from the best nominal attributes values in every attribute, as shown in
Equation (12).
At = (xf, xS, ) (12)

Likewise, the anti-ideal solution or anti-ideal alternative is generated from the worst values in
each attribute and is given by Equation (13).

AT = (x1, %y Xy p) (13)

As every alternative is considered a point in a | + K-dimensional space, an intuitive solution to the
selection problem is to select the alternative that has the least Euclidian distance to the ideal alternative,
and consequently, the selected alternative will be very similar to the ideal solution alternative. Another
option for the best alternative is to select the alternative that is farthest from the anti-ideal solution
alternative; but TOPSIS is a technique than integrates both distances, the distance to the ideal solution
alternative and the distance to the anti-ideal solution alternative, and is presented in the next paragraph.

The TOPSIS methodology consists of the following three steps:

(1) Assome attributes are usually expressed in different scales or measurement units ($, dollars for
cost; m/s, meter by seconds for speed; kg, for load capacity; etc.), the first task in TOPSIS is to
normalize each attribute X, vector and convert them to TX, following Equation (14). Thus, the
values will be dimensionless.

1 k
TX, = 20 ( Yn i ) (14)

TNX, 0 N TX, T,

where 11X, || represents the Euclidian norm for the attribute (vector magnitude) and can be obtained
using Equation (15).

(15)

Sometimes, it is preferable to work directly with the alternatives, applying the normalization
process using Equation (16). Furthermore, the ideal and anti-ideal solution alternatives must be
normalized, according to Equations (17) and (18).

TAF = (¢, ..., 15) = i s (16)
= () = | T T
+ +
+ (gt +_ (M Xn
TAY = (Koo 1) <||X1||’ ...... ’IIXnII> (17)
o (X X
TA™ = (], oo ,tn)<”Xl”, ...... ’||Xn||> (18)

(2) According to Equations (19) and (20), calculate the existing weighted Euclidian distances
between the points represented by each alternative and those represented by the ideal and
anti-ideal alternatives.

p(AF, AT) = llw x (TAF — TA) 11 (19)

p(A¥, A7) = llw x (TAF = TA7) I (20)

Here, w represents the attributes” weight obtained using AHP by the geometric mean method.
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(3) Sort the alternatives according to their distance from the ideal and anti-ideal solutions, as given
by Equation (21).
p(Ak, AT)
p(AK, AT) + p(AK, A7)

RC(AT, Al) = (21)
The selection criteria used in TOPSIS consists of selecting an alternative that includes the lowest
values for RC(A¥, A™).

3. Results

Results are shown in two subsections, the analysis of data collected through the questionnaires
and the TOPSIS application.

3.1. Sample Description

After two months surveying farmers, 416 valid questionnaires were received for the evaluation
of eighteen attributes evaluated for tractor investment. Table 3 illustrates the sample description
for each farmer’s harvest and land availability; however, farmers only reported their main harvest,
as sometimes, there were mixed harvests, e.g., coconut and banana planted on the same land, or the
same farmer has more than one crop with a low quantity of hectares.

Table 3 lists (in descending order according to farmers” harvests) corn, banana and lemon harvests
represented by 278 farmers with only three harvests, representing 66.82% of the sample. These products
are typical of the surveyed region on the Mexican coast. According to land availability per farmer, they
are in a range of five to 20 hectares, representing 45.67%.

Table 3. Sample description.

Land Availability for Main Crop

Crops
<1Ha 1to5Ha 5to 20 Ha 20 to 50 Ha >50 Ha Total
Corn 0 10 65 28 5 108 (25.96%)
Banana 0 19 39 29 5 92 (22.12%)
Lemon 1 21 43 11 2 78 (18.75%)
Alfalfa 8 12 19 11 0 50 (12.02%)
Flowers 12 15 1 0 0 28 (6.73%)
Coconut 0 2 5 9 1 17 (4.09%)
Sugarcane 2 4 8 1 0 15 (3.61%)
Sorghum 0 2 3 4 2 11 (2.64%)
Wheat 0 3 5 0 2 10 (2.40%)
Oat 2 1 2 1 1 7 (1.68%)
Total 25(6.1%) 89 (21.39%) 190 (45.67%) 94 (22.59%) 18 (4.33%) 416 (100%)

3.2. Descriptive Analysis of Attributes

Results of the descriptive analysis are shown in Table 4 for every attribute in tractors, sorted in
descending order according to the median, which also presents the first and third quartile, as well as
the interquartile range. The first three attributes are related to economic factors (initial cost, cost of
energy consumption and annual maintenance cost), but the following two factors are related to the
tractors” adaptability (number of tools to adapt and the availability of spare parts), and this means that
farmers are seeking a low cost tractor, but with the capacity to handle many parts that can be adapted
and integrated into the same tractor.
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Table 4. Attributes” descriptive analysis.

Attribute Description Median 25th Percentile  75th Percentile IR
Initial cost 8.47 8.40 8.70 0.30
Cost of energy consumption 8.41 8.15 8.88 0.73
Annual maintenance cost 8.35 7.90 8.55 0.65
Number of tools to adapt (adapted) 8.25 7.78 8.37 0.59
Availability of spare parts 8.23 5.89 6.35 0.46
Availability of customer service 8.22 8.00 8.71 0.71
Flexibility of attachments 8.21 8.03 8.53 0.50
Engine power 8.16 7.69 8.47 0.78
Maintainability 8.12 7.67 8.42 0.75
Quality customer service 8.03 7.83 8.08 026"
Variety of attachments available 7.96 791 8.02 0.10"
Expandability 7.95 7.88 8.40 0.52
Cost of parts 7.84 7.45 8.02 0.57
Safety maneuver 7.16 6.85 7.63 0.77%
Brand name 7.09 6.81 7.42 0.61
Comfort to maneuver 7.06 6.63 7.28 0.65
Safety when performing maintenance 6.33 5.89 6.81 091%
Tractor model 6.17 6.05 6.25 021"

* Low values in IR; ¥ high values in IR.

Regarding attributes occupying the last positions in Table 4, two groups of attributes can be
observed. The first relates to manufacture prestige (brand name and tractor model), but the second
group is worrying, as it relates to safety (operator’s safety, comfort of operator, safety when performing
maintenance), and that means that farmers give little importance to trademarks and their safety.

Besides, analyzing the interquartile ranges, low values in IR are represented by an asterisk, which
indicates that there is a consensus on the real value for that attribute. This work is related to quality
customer service, variety of attachments available and tractor model. Low median values and low IR
values in “tractor model” indicate that farmers are not interested in trademarks and after-sale services
from suppliers. In relation to attributes with high IR values, represented by (1) in Table 4, these are
related to “engine power”, “safety maneuver” and “safety when performing maintenance”; that means
that there is no consensus regarding the real value for that median, and that is because on interpreting
the only median, safety presented low IR values; in other words, some farmers had high assessments
for safety, while others had low values.

3.3. A Numerical Example

A tractor evaluation was executed using the AHP-TOPSIS hybrid technique, and the attributes
analyzed are described in the next paragraph:

e Initial cost of the tractor (IC, $), representing the amount of money, expressed in Mexican pesos,
that the rural cooperative must pay if they get the tractor in a single instalment. The minimum
value of this attribute is desirable.

¢ Rated power (RP, HP), representing engine power. This attribute is expressed in horsepower (HP),
and the maximum value is desirable.

e Number of cylinders (NC), representing the number of cylinders in the engine. This value is
expressed with a crisp value, and minimum values are desirables, because they are associated
with diesel consumption.

*  Displacement (DI, cm?®) is the volume swept by all of the pistons inside the cylinders of an internal
combustion engine in a single movement from top dead center (TDC) to bottom dead center
(BDC). This value is expressed in cubic centimeters, and minimum values are desirable.
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*  Safety of the operator when maneuvering the tractor (SO), representing a subjective value that
indicates the decision maker’s assessment regarding the operator’s safety. Maximum values
are desirable.

*  After-sale customer service from suppliers (CS), representing a subjective value that indicates
the decision maker’s assessment regarding services they feel they will obtain from suppliers
following the purchase of the tractor. In this attribute, maximum values are desirable.

Note that the first four attributes are quantitative and can be expressed by certain measurement
units provided by the tractor supplier, but the last two are qualitative. The decision group
was integrated by five farmers from a rural cooperative with 47 members that have 842 land
hectares available.

3.3.1. Weighting the Attributes: AHP Stage

Once the attributes have been defined by the decision group, then the next task is to obtain their
weight using AHP. The weights of all attributes appear in the last row in Table 5.

Table 5. Final decision matrix.

Attributes
Ak
IC RP NC DI SO CS
Al * 748,223 80 tq 4530 188 86
A2 520,730 *75 t4 4500 7.3 7.3
A3 ¥ 425,232.50 80 t4 4070 "6.2 *5.3
At 649,477.50 100 “6 6000 7.3 6.2
AS 585,305 95 t4 ¥ 4000 8.2 8.3
A® 702,590 110 "6 6000 8.6 85
A+ 425,232.50 110 4 4000 8.8 8.6
A- 748,223 75 6 6000 6.2 5.3
Optimization Min Max Min Min Max Max
w; 0.23857 0.08151 0.10869 0.11593 0.07696 0.37834

1 Best values according to the optimization criteria for an attribute. * Worst value according to the optimization
criteria for an attribute.

3.3.2. Alternatives’ Evaluation: TOPSIS stage

Due to space limitations, the estimation process for subjective attributes has been omitted. The
final decision matrix appears in Table 5, where the last two rows illustrate alternatives A+ and A- and
the optimization criteria for every attribute. Thus, the ideal tractor for a decision group of five farmers
must have an initial cost (IC) of $425,232.50 from A3, a rated power (RP) of 110 H.P from A, with
four cylinders (NC) from A, A2, A3 and A%, a displacement of 4000 cm® from A%, operator’s safety
of 8.8 from Al and, finally, an after-sale customer service of 8.6 from AL note that the best values are
indicated with the ¥ symbol. The worst tractor for farmers is that which has an IC of $748,223 from
Al, a rated power (RP) of 75 HP from A2, with six cylinders (NC) from A* and A®, a displacement of
6000 cm® from A* and A®, operator’s safety of 6.2 from A3 and, finally, an after-sale customer service
of 5.3 from A3; note that the best values are indicated with the * symbol. Observe that in an alternative
represented by Al, there are three attributes that belong to the ideal alternative.

Table 6 illustrates the normalized values of the attributes, obtained from Equations (10), (11) and
(12). Furthermore, the last line presents the Euclidean norms of every attribute.
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Table 6. Normalized values.

Ak Attributes
IC RP NC DI SO CSs
Al 0.4966 0.3594 0.3430 0.3758 0.4615 0.4699
A? 0.3456 0.3369 0.3430 0.3733 0.3828 0.3989
A3 0.2822 0.3594 0.3430 0.3376 0.3251 0.2896
A4 0.4311 0.4492 0.5145 0.4977 0.3828 0.3388
AS 0.3885 0.4268 0.3430 0.3318 0.4300 0.4535
A® 0.4663 0.4942 0.5145 0.4977 0.4510 0.4645
A+ 0.2822 0.4942 0.3430 0.3318 0.4615 0.4699
A- 0.4966 0.3369 0.5145 0.4977 0.3251 0.2896
Norm 1,506,604.043 222.598 11.662 12,055.530 19.070 18.301

Since each attribute has a different weighting or level of importance for the group decision, it was
multiplied by the attribute weight that is in the normalized final decision matrix in Table 5. Results
obtained are illustrated in Table 7.

With the normalized and weighted matrix, the next step is to estimate the distance that each
alternative has from those referred to as ideal and anti-ideal. The results obtained from applying
Equations (13) and (14) are illustrated in Table 8. These obtained distances generated decision indexes,
illustrated in Table 9.

Table 7. Normalized and weighted values.

Ak Attributes
IC RP NC DI SO (&)

Al 0.1185 0.0293 0.0373 0.0436 0.0355 0.1778

AZ? 0.0825 0.0275 0.0373 0.0433 0.0295 0.1509

A3 0.0673 0.0293 0.0373 0.0391 0.0250 0.1096

A4 0.1028 0.0366 0.0559 0.0577 0.0295 0.1282

AS 0.0927 0.0348 0.0373 0.0385 0.0331 0.1716

A® 0.1113 0.0403 0.0559 0.0577 0.0347 0.1757

A+ 0.0673 0.0403 0.0373 0.0385 0.0355 0.1778

A- 0.1185 0.0275 0.0559 0.0577 0.0250 0.1096

Table 8. Distance to the ideal alternative and anti-ideal.
. Distance to Ideal Alternative
Alternative
CI MC LDH SO MA (o] p(Ak,At)
Al 0.00262 0.00012 0.00000 0.00003 0.00000 0.00000 0.05256
A2 0.00023 0.00016 0.00000 0.00002 0.00004 0.00072 0.03428
A3 0.00000 0.00012 0.00000 0.00000 0.00011 0.00465 0.06990
A4 0.00126 0.00001 0.00035 0.00037 0.00004 0.00246 0.06701
AS 0.00064 0.00003 0.00000 0.00000 0.00001 0.00004 0.02678
A® 0.00193 0.00000 0.00035 0.00037 0.00000 0.00000 0.05149
. Distance to Anti-Ideal Solution
Alternative
CI MC LDH SO MA CS p(Ak, A7)

Al 0.00000 0.00000 0.00035 0.00020 0.00011 0.00465 0.07290
AZ? 0.00680 0.00075 0.00139 0.00187 0.00087 0.02278 0.18563
A3 0.00453 0.00086 0.00139 0.00153 0.00063 0.01201 0.14472
A4 0.01058 0.00134 0.00313 0.00333 0.00087 0.01643 0.18887
AS 0.00859 0.00121 0.00139 0.00148 0.00110 0.02944 0.20786

A® 0.01238 0.00162 0.00313 0.00333 0.00120 0.03088 0.22922
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Table 9. Decision indexes.

Ak p(AK, AT) p(AK, A7) RC Index Order
Al 0.05256 0.07290 0.41892251 6
A? 0.03428 0.18563 0.15587252 2
A3 0.06990 0.14472 0.32567311 5
A4 0.06701 0.18887 0.26187764 4
AS 0.02678 0.20786 0.11411747 1
A® 0.05149 0.22922 0.18343005 3

Attending to the distance from the ideal solution, the lowest distance is represented by A5, and
that alternative must be selected; however, attending to distance from the anti-ideal solution, the
biggest distance is represented by A%; however, due to the weights in attributes, the best RC index is
for A%, and this alternative must be the one selected.

4. Conclusions

This paper presents a hybrid technique that combines AHP and TOPSIS for the selection of
agricultural technology, and a case study of tractor selection is presented as an example. However, the
tractor evaluation here reported is for a group of farmers that have specific needs and preferences, and
consequently, the result obtained is a response to their proper needs; and another group of farmers in
another country, with other needs and working conditions, may have different levels of preference of
attributes to those here reported; hence, the results can be different.

The hybrid technique is easy for users to use and understand, so it has been widely accepted, as
it uses the similarity concept for evaluating a set of alternatives in relation to one ideal and another
anti-ideal alternative. Thus, the AHP-TOPSIS technique has the following advantages over other
multicriteria techniques:

®  This hybrid technique does not require the use of specialized and expensive software for the
evaluation of alternatives, as occurs with other techniques that, given their complexity, need to be
integrated into specific computer applications.

¢ This hybrid technique can be applied using any spreadsheet, such as Excel, which is a component
of Microsoft Office© and is present in most company computer equipment, therefore widely
available to users. With the spreadsheet, the application is made just integrating the attributes
weighting process with AHP, as well as the alternatives” comparison with TOPSIS.

* Given that the analysis can be performed with software widely integrated into desktops
and laptops, most farmers or decision makers, people who know the selection problem, are
able to evaluate tractors alternatives by themselves; this includes small, medium and large
agribusinesses worldwide, since Microsoft Office is widely-used commercial software present in
almost all systems.

®  Therefore, as the selection and decision process is carried out by the company’s staff, farmers
avoid outsourcing this task and decision to experts in multicriteria techniques, who are usually
unaware of the investment problem and farmers’ needs.

*  Furthermore, consequential costs incurred due to outsourcing external staff to perform the
selection process are avoided.

*  The AHP and TOPSIS techniques are very simple to understand and implement, so the time spent
performing the evaluation is minimal, allowing managers and farmers to carry out other activities.
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Abbreviations

The following abbreviations are used in this manuscript:

AHP: Analytic hierarchy process

TOPSIS: Technique for order of preference by similarity to the ideal solution
AT: Advanced technology

ET: Economic techniques

NPV: Net present value

IRR: Internal rate of return

PB: Pay back

ST: Strategic techniques

CEO: Chief Executive Officer

LAM: Linear additive model

ATA: Advanced technology in agriculture

AMT: Advanced manufacturing technology
SAGARPA: Ministry of Agriculture, Livestock, Rural Development, Fisheries and Food (in Mexico).
SEDER: Ministry of Rural Development (in Mexico)
CI: Consistency Index

CR: Consistency ratio

Al Random Index

OV: Objective values

SV: Subjective values

TSV: Total subjective values

FDM: Final decision matrix

IC: Initial cost of the tractor

RP: Rated power

NC: Number of cylinders

DI: Displacement

SO: Safety for operator

CS: Customer service
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